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ABSTRACT 

COMMUNITY LEVEL IMPACTS OF MICROSTEGIUM VIMINEUM ON 

ARTHROPOD COMMUNITY STRUCTURE AND FOODWEB DYNAMICS IN A 

TEMPERATE DECIDUOUS FOREST 

 

Judith L. Metcalf 

September 27, 2013 

  Invasion by non-native primary producers are generally expected to lead to a 

decline in native species richness, however in some cases, these invasions can actually 

lead to an increase in diversity and abundance of certain groups of organisms.  

Arthropods are extremely sensitive to changes in the plant community, particularly 

herbivores, and the response of these primary consumers can influence predator 

populations. 

Microstegium vimineum is an invasive C4 grass that has developed strong 

populations in the understory of temperate deciduous forests along the east coast of the 

U.S.  This work evaluates the influence that this invader may have on insect and spider 

abundance and diversity, including changes at the trophic group and functional guild 

levels.  Additionally we evaluate the impacts of both an increase in invasion density and a 

decrease in native plant diversity on arthropod community structure. 

In general, we find a significant increase in herbivore abundance, primarily as a 

result in the increased abundances of concealed chewers, free-living chewers and free-

living sap feeders.  Free-living sap-feeders also showed an increase in biomass.  Spider 
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abundance and diversity also increased in association with invasion by M. vimineum.  

Both active hunters and sit-and-wait predators showed significant increases in invaded 

sites.  The ratio of adult:immature spiders however had a negative relationship with 

invasion.   

 These changes in the arthropod community appear to be related to both changes in 

vegetation structure as well as changes in plant biomass.  We found increased abundances 

in our treatments in which invasion density increased and decreases in the arthropod 

community in sites where native plants were removed from the system.  We also show 

some support for the idea that carnivores, specifically spiders, may respond more strongly 

to changes in vegetative complexity, while herbivores, specifically leaf hoppers, may 

respond more strongly to changes in plant biomass. 
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CHAPTER 1: INTRODUCTION 

The introductions of exotic species alter regional biota and cause native species to 

decline, making them a major threat to global ecosystems (Elton 1958, Winemiller and 

Polis 1996, Adams and Engelhardt 2009).  However, exotic species’ presence can 

sometimes lead to increases in diversity and abundance of some groups of organisms.  

Plants serve as the foundation of terrestrial food webs and non-native invasive plants may 

have mixed effects on diversity.  One group of organisms that is expected to be highly 

sensitive to invasive plant presence is arthropods, especially herbivores that form close 

associations with the plant community (Carvalheiro et al. 2010).  Changes to the 

herbivore community can in turn impact predator abundance and fitness (Oliver 1998). 

Further, invasive plants can influence arthropod predators by altering habitat availability 

(Standish 2004). It becomes important to quantify multi-trophic level effects of plant 

invasions in order to best understand how the overall ecosystem will respond to these 

non-native primary producers.  

The first step in understanding invasive plants’ effects on other trophic levels is to 

quantify their impacts within trophic levels. Non-native plant invaders can alter the native 

plant community via three primary pathways:  decreases in native plant diversity and 

biomass, increases in overall productivity, and alterations in structural complexity (Mack 

et al. 2000, Meiners 2001, Denno et al. 2002, Civitello et al. 2008, Maron and Marler 

2008, Wimp et al. 2010, Ehrenfeld 2011) (Fig. 1).  These three pathways can each lead to 

changes in higher trophic levels, potentially altering arthropod abundance and diversity in 

the invaded system. 



 

2 

 

Native plant diversity can be significantly reduced by exotic plants that 

outcompete native species (Mack et al. 2000, Meiners 2001). Reductions in plant species 

diversity can mean a loss of habitat and food resources for arthropods (Civitello et al. 

2008, Cheplick 2010).   In many cases, invading plant species are not as nutritionally 

beneficial to herbivores in a system, and this reduced nutritional quality may limit 

herbivore biomass, leading to reduced prey quality for predators (Winemiller and Polis 

1996, Heleno et al. 2008).  Heleno et al. (2008) showed a significant decrease in insect 

biomass and diversity as native plants were replaced by non-native primary producers on 

Sao Miguel Island in the Azores archipelago.  The lack of accompanying change in insect 

abundance indicates that the larger insects are being replaced by similar numbers of 

smaller insects.  This depletion of high-quality prey could have significant consequences 

for higher trophic levels (Heleno et al. 2008). 

While native plant diversity frequently declines as a result of non-native plant 

invasion, total plant productivity and standing crop biomass often increase by as much as 

56% (Levine et al. 2003, Ehrenfeld 2003).  Increases in plant productivity can lead to 

increases in herbivore density and species richness (Wimp et al. 2010).   Increases in 

herbivore density can lead to increases in abundance of predators, which can then feed 

back onto the herbivore population as a function of increased prey consumption or 

changes in herbivore foraging behavior, potentially decreasing the effectiveness of 

herbivores in controlling primary producers (Carpenter et al. 1985, Strong 1992, Schmitz 

et al. 2000, 2004, Werner and Peacor 2003, Grabowski et al. 2008). 

Although plants are generally thought of as energy providers for higher trophic 

levels, they are also capable of affecting these groups of organisms in other direct ways 

(Pearson 2009).  Primary producers, both native and invasive, create three-dimensional 
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landscapes in which higher trophic levels interact (Pearson 2009).  Structure and 

architecture of plant communities have been shown to be determining factors in both the 

abundance and diversity of both herbivorous and predatory arthropods (Lawton and 

Strong 1981, Lawton 1983). Spiders in particular show predictable responses to variation 

in habitat structure (Gibson et al. 1992), with habitat complexity impacting prey capture 

rates, as well as altering intra-guild interactions. Changes in habitat structure can also 

expand niche diversity for parasitoids, leading to increased abundances of these 

organisms (Kneitel and Miller 2002, Langellotto and Denno 2004). 

The ability to differentiate among effects of invasive plants on plant community, 

structure and biomass are vital to the effective management and control of invasive 

plants.  A clear understanding of how these different components of plants invasion can 

impact both the plant community and higher trophic levels, will allow land managers to 

better prioritize management objectives in terms of control or removal regimes for 

invasive plants. 

ORGANIZATION OF DISSERTATION 

In this dissertation, I use a community-level approach to understand the impacts 

of invasion on arthropod communities. I use observational field studies and a 

manipulative field experiment to identify patterns of arthropod diversity associated with 

one particular invasive plant common to the Eastern US, and to identify potential 

mechanisms by which this invasive plant alters arthropod communities.  

 In the second and third chapters of this dissertation, I examine associations 

between the aggressive invader, Microstegium vimineum and insect and spider 

community structure, including abundance, diversity, biomass and trophic level 

interactions in a disturbed temperate forest in Brownsboro, KY.  I use the natural patchy 
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distribution of M. vimineum in this system to compare arthropod communities in habitats 

both invaded and uninvaded by M. vimineum. In the second chapter, I show that invasion 

by M. vimineum is associated with increases in arthropod abundance, richness and 

diversity, mostly due to increases in herbivores, particularly concealed chewers, free-

living chewers, and sap feeders.  Microstegium vimineum was also associated with 

decreases in forb abundance and increases in standing crop biomass.  These results 

indicate that the arthropod community may be responding to an increase in plant cover 

and structural complexity, rather than a change in food availability. 

 In the third chapter I examine the association between spiders, the dominant 

invertebrate predator in the system, and M. vimineum.  Spiders can respond not only to 

the available prey in a system, but also to changes in the structural complexity in the 

environment.  Using the same observational study design as in chapter two, I compared 

spider abundance, diversity, functional guilds, and demographic structure (adult: 

immature ratios) in invaded and uninvaded sites.  I show that invasion by M. vimineum is 

associated with increases in spider abundance and diversity, mostly due to significant 

increases in the active hunter and sit-and-wait functional guilds.  Additionally, the ratio 

of adult:immature spiders was negatively associated with invasion by M. vimineum.  

While I cannot determine the mechanism for these associations without further study, 

these results indicate that M. vimineum invasion could lead to increased abundances of 

spiders. 

 In chapter four, I manipulated the plant community to address potential 

mechanisms by which M. vimineum presence could alter arthropod communities.  I was 

particularly interested in the different effects that a reduction in native plant diversity vs. 

increases in plant community biomass and structure could have on arthropods.  I utilized 
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four treatments (a control; a Microstegium removal [Mv(-)]; a Microstegium monoculture 

[Mv mono]; and a Microstegium addition [Mv(+)]) to show that M. vimineum can alter 

arthropod abundance and diversity through both increases in structural complexity and 

biomass availability and reductions in native plant diversity.  Carnivores, specifically 

spiders, appear to be responding more strongly to changes in structural complexity, while 

herbivores, particularly leaf hoppers, may respond more strongly to changes in biomass 

availability.   

 In chapter five, I give a general summary of the findings of my dissertation 

research and present possible future research directions, including expanding the 

manipulative study to improve our understanding of the differential effects of plant 

biomass and structure, as well as the possible influences of patch size on arthropod 

community structure.  

SITE DESCRIPTION 

 All research described in this dissertation took place in the University of 

Louisville Horner Wildlife Refuge (Brownsboro, KY: 38:20:27N, 85:31:53.7W).  This 

81-ha, highly disturbed, second-growth temperate forest has an upland area devoid of any 

natural permanent water source, and a lowland area that borders a stream. An invasion of 

M. vimineum of unknown age is patchily distributed throughout the forest.  The forest, 

which lies between interstate I-71 and a limestone quarry in Brownsboro KY, was 

donated to the University in the 1960’s by Mr. and Mrs. William Horner, Sr. for use as a 

wildlife sanctuary and bird refuge.  The property is bounded on the south by the south 

fork of Harrods Creek and on the north by the “Standing Stone Branch” or north branch 

of Harrods Creek.  The property was residential at one point in its past, containing an Inn, 
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the Babbitt Mill, a farm house and a barn, among other structures that are no longer 

standing (personal communication, John Kielkopf September 6, 2013).   

Surveys described in chapters two and three were designed utilizing the naturally 

patchy distribution of M. vimineum in this system.  Twenty-four transects, each 25 m 

long were established in both the upland (12 sites) and lowland (12 sites) habitats (Fig. 

1).  Within each habitat, six transects were located in ‘invaded’ sites (>10% M. 

vimineum) and six were located in ‘uninvaded’ sites (<10% M. vimineum) (Fig. 2) 

The experiment described in chapter four was established in a large, invaded area of 

understory in the upland habitat.  Treatments (control; a Microstegium removal [Mv(-)]; a 

Microstegium monoculture [Mv mono]; and a Microstegium addition [Mv(+)]) were 

randomly assigned to the 40 2m x 2m plots, laid out in a 4 x 10 grid (Fig. 3).  The interior 

1m
2
 of each plot was identified by flags indicating treatment by color and delineating the 

sampling area for each plot (Fig. 4). 
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Figure 1.  Mechanistic effects of plant invasion on native plant and arthropod communities 
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Figure 2.  Photographs of typical 'uninvaded' and 'invaded' sites and diagram of the layout for each of the 24 transects 

used in this study 
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Figure 3: Plot arrangement of the randomly assigned treatments within the 4 x 10 grid 

of establised 2m x 2m plots 

 

 

 

 

 

 

 

 



 

10 

 

Figure 4: A) diagram showing layout of individual plots with interior squares indicating sampling 

area and circles indicating pitfall traps.  B) Photographs of plots showing typical plant 

communities after application of each treatment. 
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CHAPTER 2 

CHANGES IN INSECT COMMUNITY STRUCTURE ASSOCIATED WITH 

INVASION BY MICROSTEGIUM VIMINEUM 

SUMMARY 

Microstegium vimineum is an annual C4 grass that is invasive in many eastern deciduous 

forests.  Because this grass plays an important role in determining the plant community 

structure in the understory of these forests, it also has the potential to significantly alter 

insect community structure (Flory and Clay, 2010a; 2010b).  In this study we evaluated 

the relationship between Microstegium vimineum and insect communities in a disturbed 

forest in Kentucky.  Total insect abundance, richness and diversity showed a positive 

association with M. vimineum presence.  Trophic analysis showed significantly higher 

abundances of herbivores, including concealed chewer, free-living chewer and free-living 

sap-feeder functional guilds where M. vimineum was present.  Herbivore biomass 

increased in the presence of M. vimineum; however this increase was limited to the free-

living sap feeder functional guild.  Forb abundance, which serves as the primary food 

source for herbivorous arthropods in this system, was lower in sites invaded with M. 

vimineum.  Invasion by this non-native was also associated with significant increases 

aboveground plant biomass which was nearly 50% greater in invaded sites.  These results 

indicate that the arthropod community may be responding to increased biomass rather 

than the loss of native forbs resulting in a loss of food resources. 
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INTRODUCTION 

Invasive plant species are considered a major threat to biodiversity and ecosystems 

worldwide (Heleno et al., 2008).  These invasive non-native plants have the potential to 

alter regional biota, specifically impacting plant community composition and native plant 

species abundance (Hobbs and Humphries, 1995; Adams and Engelhardt, 2009). These 

effects can consequently alter diversity of other trophic groups, including herbivorous 

insects that often depend on native vegetation for habitat and food.  Invasive plants can 

alter the structure and function of plant communities to such a degree that they have 

significant impacts on the arthropod communities (Simberloff, 1996;  Mack and 

D’Antonio, 2003; Adams and Engelhardt, 2009; Tang et al., 2012).  The typical reduction 

in native plant biomass that accompanies invasion often results in a reduction in the 

abundance and biomass of primary consumers, and consequently their predators, as 

invasive plants outcompete native plants (Tallamy, 2004; Carpenter and Cappuccino, 

2005).  For example, Heleno et al. (2008) found a negative relationship between percent 

invasive plants and total species richness of both plants and insects on Sao Miguel island, 

part of the Azores archipelago.   A number of other studies have also demonstrated a 

decrease in insect total abundance, species richness and diversity, and trophic and guild 

structure, particularly for herbivorous insects, in relationship to invasion by non-native 

plants (Mgobozi et al., 2008; Wu et al., 2009; Yoshioka et al., 2010; Simao et al., 2010). 

However, there is often an associated increase in overall productivity that 

accompanies plant invasion that can have positive effects on certain arthropods as a result 

of increased cover, expansion of niche diversity, and micro-climate alterations at ground 

level (Strauss, 1987; Siemann, 1998; Gratton and Denno, 2003; Cebrian et al., 2009).  For 

example, Pearson (2010) found significant increases in predator densities of Dictyna 
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spiders in areas where spotted knapweed, Centaurea maculosa, had invaded as a result of 

altered vegetative complexity that increased availability of necessary web-building 

substrates that are limited in the absence of this invader.  Others have found increases in 

arthropod communities at multiple trophic levels (Samways and Moore, 1991; 

Lambrinos, 2000; Mayer et al., 2005; Topp et al., 2008) in a variety of invaded habitats.  

Wimp, et al. (2010) demonstrated that increases in plant productivity associated with 

invasion, decoupled from changes in plant community composition, were associated with 

increased arthropod species richness at all trophic levels, as well as increased overall 

diversity of rare species in salt marshes invaded by monoculture stands of Spartina 

alterniflora.  It is likely that the various arthropod groups being studied, as well as the 

level of invasion and the identity of invading plants being studied contribute to these 

differences (Simao et al., 2010).  

In this study, we evaluated the associations between insect communities and the 

invasive grass Microstegium vimineum (Trin.) A. Camus.  This annual C4 grass 

(Poaceae), also known as Japanese Stiltgrass, was accidentally introduced to the US in 

the early 1900s as packing material (Fairbrothers and Gray, 1972; Barden, 1987), and is a 

prevalent invader throughout the eastern U.S.  It is considered a species of concern due to 

its ability to thrive in the understories of deciduous forests, often outcompeting native 

forbs and grasses (Oswalt et al., 2007; Civitello et al., 2008; USDA, 2008; Flory and 

Clay, 2009; Adams and Engelhardt, 2009; Flory, 2010). Microstegium vimineum is an 

early spring germinating annual that reaches peak biomass in late summer, produces a 

high volume of seed in early fall and leaves behind a dense mat of litter (Barden, 1987; 

Hunt and Zaremba, 1992, Redman, 1995).  Microstegium vimineum has been shown to 

significantly impact plant community composition, reducing native plant diversity and 
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biomass which could have serious effects on arthropod community structure (Barden, 

1987; Civitello et al., 2008; Flory and Clay, 2009; Adams and Engelhardt, 2009; Simao et 

al., 2010). 

The goal of this study was to evaluate the response of the insect community to 

invasion by M. vimineum in a deciduous forest in Kentucky.  In particular, we ask: (1) Is 

invasion by M. vimineum associated with changes in plant community structure and 

available biomass?  (2) Do sites invaded by M. vimineum differ from uninvaded sites in 

terms of arthropod abundance, biomass and diversity? (3) Do arthropod trophic level and 

functional group abundance and diversity (predator, parasite, parasitoid, concealed 

chewer, free-living chewer, free-living sap feeder, pollinator, scavenger/shredder) differ 

between sites invaded by M. vimineum and uninvaded sites?  

METHODS 

Sampling Design 

This study was conducted at the University of Louisville Horner Wildlife 

Research Forest in Brownsboro, Kentucky (38:20:27°N, 85:31:53.7°W). This is an 81 ha, 

highly disturbed, second-growth, temperate, deciduous forest in Northern Kentucky, with 

an upland area devoid of any natural permanent water source, and a lowland area 

bordering the south-fork of Harrods Creek.  In May 2010, we established 24 25 m 

transects, 12 in upland habitats and 12 in lowland habitats.  Using a visual estimate of 

percent cover within each habitat, six transects were located in ‘invaded’ sites (averaging 

~48% M. vimineum) and 6 were located in ‘uninvaded’ sites (averaging ~4% M. 

vimineum).   

Arthropod sampling.  
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Arthropod samples were collected once per month during two growing seasons 

(May-October 2010, 2011) using pitfall traps and sweep nets.  Pitfall trap transects were 

20m in length, with one pitfall trap placed every 5 m along the length of each transect, for 

a total of 4 pitfall traps per transect.  Traps were made using 10.16 cm diameter PVC pipe 

cut to 10.16 cm long and placed flush into pre-dug holes in the soil.  Traps were set by 

placing empty 0.24 L plastic cups into the PVC.  After 48 hours, the cups were removed 

from the PVC and samples were pooled and emptied into zip-top bags for transport back 

to the lab.  Two 1 m wide sweep net samples (15 sweeps per transect) were collected 

along each transect.  Sweep net samples were pooled for each transect, transferred to zip-

top bags and returned to the lab.  Samples were stored at -10°C until processing.   

Individual arthropods were identified to the family level using Johnson and 

Triplehorn (2005), and were assigned to a trophic group (carnivore, herbivore, omnivore 

and detritivore) and guild (parasite, parasitoid, predator, concealed chewer, free-living 

chewer, free-living sap feeder, pollinator, scavenger/shredder) using feeding information 

found in Marshall (2009) and Gratton & Denno (2005).Samples were then sorted by 

sampling method, family, site and date, and placed in a drying oven (40°C) for 48 h and 

weighed.   

Vegetation and environmental sampling.  

Above-ground standing-crop biomass and litter biomass were collected using two 

0.25 m x 0.25 m quadrats, randomly placed along each transect, while ensuring that no 

location was sampled twice, each month.  Live biomass was clipped at ground level; litter 

included tree leaf litter and other non-living plant material rooted or lying on the ground, 

but excluded woody debris.  Live M. vimineum and litter material were separated from all 

other plant material, oven dried at 40 C for 48 hours, and weighed.   
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Two ‘permanent’ community plots (1 m
2
) were established along each transect 

(one at each end, on alternating sides) to visually estimate percent cover of M. vimineum, 

forbs, non-M. vimineum grasses, sedges, tree seedlings and bare ground for each transect.  

In 2011, additional data were collected in these community plots, canopy cover (using a 

Spherical Crown Densiometer), and plant height (measured using a standard meter stick).  

Canopy cover data were collected by averaging the open space for each of the four sides 

of the community plot.  Plant height was reported as the average plant height from five 

measurements (one at each corner, and one in the center of each community plot) 

Data Analysis 

We conducted a mixed general linear model with habitat (upland vs lowland) as a 

random factor, invasion status as a fixed factor and year and season as covariates on data 

from the 24 transects to compare the associations of invasion and plant community 

structure and biomass, environmental variables, and arthropod abundance, biomass and 

diversity.  Shannon diversity indices (Shannon, 1948) were calculated using both 

arthropod family abundance values and arthropod biomass.  Initial analyses were 

completed at the family and trophic levels, then significantly different trophic levels were 

analysed at the functional guild level.  All analyses were completed using Systat v. 13 

(2009).   

Multi-response permutation procedures (MRPP) with a Euclidean distance measure 

(Zimmerman et al., 1985) were used to compare arthropod community composition 

between invaded and uninvaded sites.  MRPP is similar to multivariate analysis of 

variance (MANOVA) but does not rely on the assumptions of normality, which is rare in 

community data such as these.  To better visualize the differences in family diversity 

between invaded and uninvaded sites, we used Nonmetric Multidimensional Scaling 
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(NMS) (McCune and Grace, 2002) with Bray-Curtis dissimilarity measures.  This 

ordination technique is similar to Principal Components Analysis, but uses ranked 

distance between plots to estimate similarity to avoid assumptions about linearity or 

unimodality of the community data.  This analysis is well suited for ecological 

community data as they tend to be non-normal and discontinuous  (McCune and Grace, 

2002).   For this analysis, we used a random starting configuration with 250 runs with 

real data and 250 runs with simulated data.  PC-ORD v 5.10 (McCune and Mefford, 

1999) was used for the MRPP and NMS analysis. 

Results 

Vegetation and environmental variables. 

The plant community differed significantly between invaded and uninvaded sites 

(Table 1A, Fig. 5A).  Microstegium vimineum percent cover was significantly higher in 

invaded sites (38.7% ± 2.17) than in uninvaded sites (5.81% ± 1.19).   Forbs made up a 

significantly larger percentage of the overall plant community in uninvaded (33% ±1.68) 

sites as compared to invaded (24% ±1.29) sites, but there were no differences in grasses, 

sedges or tree seedlings.  Additionally, there was significantly more bare ground present 

in uninvaded (53% ±2.31) as compared to invaded (28% ±2.12) sites (Table 1B, Fig. 5B). 

Biomass of primary producers also differed between invaded and uninvaded sites 

(Table 1B, Fig. 5C).    

Analyses of plant height and canopy cover showed significant, although opposing 

differences between treatments with 23% taller plants (F=14.92, p<0.001) in invaded 

sites and 2.1% more canopy cover (F=35.07, p<0.001) in uninvaded sites. 

Arthropod abundance and biomass.--Over the course of the 2010-2011 field seasons, 

26861 total arthropods comprising 138 families were collected using pitfall traps (3657 



 

18 

 

total arthropods; 40 families) and sweep nets (23204 total arthropods; 98 families).  

Sweep net samples showed significant increases in abundance (Table 2, Fig. 6A) in areas 

invaded by M. vimineum, with invaded sites containing approximately 57% more 

individuals than uninvaded sites.  Biomass was 9.5% higher in invaded sites; however 

after adjustment for multiple comparisons this difference was no longer statistically 

significant (Table 2, Fig. 6B).  Because there were no significant differences between 

invaded and uninvaded sites for pitfall traps in either abundance ( ̅=6.4± 0.9; F<0.001, 

p=0.990) or biomass ( ̅=0.09g ± 0.02; F=0.105, p=0.746), these data were eliminated 

from further analyses.   

Arthropod diversity 

Diversity (Fig. 6C) and family richness (Fig. 6D) differed between treatments, 

with invaded sites containing 27% more families, and having 16% higher Shannon 

diversity index at the family level.  Shannon evenness (Eh), calculated by dividing 

Shannon diversity by the natural log of species richness, did not differ between 

treatments (Table 2). 

Invaded sites differed from uninvaded sites in community composition (MRPP: 

p=<0.01; A=0.02).  The NMS analysis indicated that sites were most clearly separated by 

Axis 2 components (Fig. 7, R
2
=0.67).  Bi-plot analysis shows that aboveground biomass 

had important influence along this axis.  Invasion by M. vimineum was generally 

positively associated with Acrididae, Tetrigidae and Tettigonidae (grasshoppers), 

Cercopidae (Tree hoppers), Curculionidae (Weevils), Lepidopteran larvae (Larva), 

Pentatomidae (Stinkbugs), and Rhyparochromidae (Seed bugs).   

Arthropod trophic groups and guild structure. 
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Herbivore abundance differed significantly between treatments with uninvaded 

sites having 55% fewer individuals than invaded sites (Table 3A, Fig 8A).  Trophic level 

increases in arthropod biomass were found between invaded and uninvaded sites for both 

herbivores (95%) and carnivores (67%) (Table 3B, Fig 8B).   

 Because herbivores were the only trophic group to differ statistically across sites 

after Bonferroni correction, we followed with an analysis of functional guilds within this 

trophic group only.  We found significant increases in the abundance of concealed 

chewers (58%), free-living chewers (61%) and free-living sap-feeders (53%) in invaded 

sites (Table 4A, Fig 8C).  Pollinators did not differ between treatments.   Differences in 

biomass at the functional guild level were limited to the free-living sap feeders which 

demonstrated a 75% increase in biomass in invaded sites (Table 4B, Fig 8D). 

DISCUSSION 

The effects of Microstegium vimineum on native plant communities are well 

documented, with consistent decreases in native plant community diversity and general 

overall increases in aboveground biomass (Barden, 1987; Oswalt et al., 2007; Flory, 

2010).  This study supports those effects, showing definitive changes in plant community 

structure as well as increases in both aboveground biomass and leaf litter associated with 

the presence of M. vimineum.  The most notable difference in the plant community was 

the decrease in native forbs in invaded sites.  

The results of this study show a clear increase in the abundance and family richness 

and diversity of insect communities, as well as shifts in trophic and functional guild 

structure in sites invaded by M. vimineum.  Increases in abundance were restricted to 

herbivores; and within this trophic group increases were consistent across all functional 
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guilds, excluding pollinators.  The free-living sap feeder guild showed increases in 

biomass as well as abundance.  

There are several mechanisms by which M. vimineum could increase herbivore 

abundance in this system.  While M. vimineum is predicted to have lower nutritional 

quality compared to C3 plants such as the forbs found in this area due to lower levels of 

protein, carbohydrate, and water, along with increased levels of silica and fiber typically 

present in C4 plants (Caswell et al., 1973; Barbehenn, 2005; Cebrian et al., 2009), there is 

evidence that C4 plants in general, and M. vimineum specifically, can serve as a food 

source for certain arthropod groups (Barbehenn, 2005; Bradford et al., 2009; Tang et al., 

2012).  Bradford (2009) found that certain guilds, i.e. chewers and sap-feeders, may use 

the invader as an exclusive food source.  We did find increased herbivore abundance, 

primarily free-living sap feeders, which may indicate the use of M. vimineum as a food 

source in invaded sites in this system.  Alternatively, the increase in vegetation density 

associated with M. vimineum invasion could be driving the herbivore increase.  

Increasing plant biomass increases habitat availability and cover, and is a good predictor 

of arthropod abundance (Borges and Brown, 2001).  Samways (1996) showed that 

increasing vegetation height increased arthropod species richness in South African 

grasslands.  We did indeed find increased plant height with M. vimineum invasion (mean 

height of 50 cm as compared to mean height of 40 cm in uninvaded sites). The 

combination of increased cover provided by M. vimineum combined with the remaining 

C3 food resources may result in an increase in habitat complexity that is able to support 

higher arthropod richness in this system.  

While we did see some differences in arthropod abundance and biomass 

associated with habitat, year, and season, there were no consistent patterns in these 
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differences, and the differences in invaded and uninvaded sites were highly significant 

even with these factors incorporated into the model.  Yearly variation is likely attributed 

to differences in climate with increased annual rainfall which was 76% higher in 2011 

(mean precipitation of 172.78 cm as compared to 2010 (mean precipitation=97.82 cm 

(NOAA, 2011) and corresponding to higher arthropod abundance in the second year of 

the study.   These types of variation in arthropod communities are common (Denlinger, 

1980; Lowman, 1982) and do not directly address the questions in this study.  

This study adds to a relatively limited body of literature evaluating the impacts of 

M. vimineum on arthropod communities.  Other studies have previously demonstrated 

that invasion by M. vimineum invasion is associated with increases in (Tang et al., 2012), 

decreases in (Civitello et al., 2008; Simao et al., 2010), or no effect on arthropod 

abundance and diversity (Marshall and Buckley, 2009).  Simao (2010) used a common 

garden approach, creating artificial communities and invasions, and found decreases in 

the arthropod community (abundance and richness) associated with invasion.  Tang 

(2012) and Marshall and Buckley (2009) established their transects in previously existing 

M. vimineum invasions and found increases in or no effect on arthropod community 

associated with invasion.  These contradictions lead us to conclude that the effects of this 

invasive plant on arthropod communities may be context dependent, and more work is 

necessary to evaluate the specific factors that may be driving these changes in different 

systems.  For example, the density of the M. vimineum invasion may be responsible for 

driving some of the changes in these systems.  Future work on impacts of M. vimineum 

density on insect communities would be useful in evaluating this hypothesis.   

If differences in invasion density affect arthropod abundance, we would expect to 

see a significant effect of M. vimineum biomass on arthropods in our study.  Indeed, we 
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found some positive, though non-significant, correlation between aboveground biomass 

and insect abundance (r=0.122, p=0.24) and insect biomass (r=0.143, p=0.17) in sites 

invaded by M. vimineum.  This correlation, although small, along with the association 

between M. vimineum and plant community structure indicate that invasion density may 

be affecting changes in these arthropod communities.   The age of the invasion in this 

area is unknown; however the limited number of invaded patches, as well as the presence, 

although reduced, of native forbs remaining in invaded sites lead us to believe that it is a 

relatively new invasion.  Over time, increasing invasion density could lead to M. 

vimineum outcompeting native forbs for resources, ultimately resulting in reduced 

arthropod abundance and diversity.   

Because arthropods play an important role in many ecosystems, serving as 

decomposers, herbivores, carnivores (consumers) and pollinators, changes in arthropod 

communities could have important implications, beyond their biodiversity value, for 

ecosystem function and diversity at other trophic levels.  Herbivores play an important 

role in the transfer of energy from primary producers to higher trophic levels (Price et al., 

2011).  Therefore increasing herbivore densities associated with increased invasive plant 

presence could also indirectly affect the fitness of native plants through apparent 

competition (Lau and Strauss, 2005).  More detailed studies of the mechanisms driving 

changes in higher trophic levels due to plant invasion are needed. 
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Table 1: Results from mixed general linear models for plant community percent cover (A) and 

Aboveground and Litter Biomass (B).  Bonferroni adjusted significant p-values are shown in bold.  

 

(A) DF 
Forb Grass M. vimineum Sedge Tree Seedling 

F,p F,p F,p F,p F,p 

Invasion 1 27.24, <0.001 0.416, 0.520 184.06, <0.001 1.339, 0.249 2.107, 0.149 

Habitat 1 32.51, <0.001 0.156, 0.694 2.192, 0.141 4.92, 0.028 7.922, 0.006 

Year 1 1.48, 0.226 1.20, 0.035 1.012, 0.316 1.877, 0.173 0.032, 0.859 

Season 2 19.03, <0.001 1.804, 0.168 2.941, 0.056 3.787, 0.025 0.022, 0.978 

 

 

 

Table 2: Results from mixed general linear models for total arthropod abundance, biomass, richness 

and diversity.  Bonferroni adjusted significant p-values are shown in bold. 

 

 

DF Abundance Biomass Richness 

Shannon 

Diversity 

Shannon 

Evenness 

F, p F, p F, p F, p F,p 

Invasion 1 7.84, 0.006 4.30, 0.04 17.40, <0.001 8.52, 0.004 0.197, 0.657 

Habitat 1 9.82, 0.002 0.37, 0.54 18.55, <0.001 2.33, 0.13 0.389, 0.533 

Year 1 26.72, <0.001 0.47, 0.49 0.79, 0.375 0.09, 0.76 1.508, 0.221 

Season 2 0.48, 0.49 3.01, 0.05 73.16, <0.001 78.75, <0.001 22.91, <0.001 

 

 
Table 3: Results from mixed general linear models for Trophic Group Abundance (A) and Biomass 

(B).  Bonferroni adjusted significant p-values are shown in bold. 

 

(A) DF 
Carnivore Omnivore Herbivore Detritivore 

F p F p F p F p 

Invasion 1 1.30 0.26 1.67 0.20 12.50 0.001 1.31 0.23 

Habitat 1 4.43 0.04 4.87 0.03 5.95 0.02 0.005 0.95 

Year 1 0.11 0.74 0.21 0.65 0.39 0.54 0.66 0.42 

Season 2 22.77 <0.001 10.89 <0.001 8.83 0.001 4.09 0.02 
 

(B) DF 
Carnivore Omnivore Herbivore Detritivore 

F p F p F p F p 

Invasion 1 4.09 0.05 1.50 0.23 18.82 <0.001 0.03 0.87 

Habitat 1 0.11 0.74 0.01 0.91 446 0.04 0.007 0.93 

Year 1 2.20 0.15 0.03 0.97 0.48 0.62 2.03 0.14 

Season 2 3.78 0.03 0.84 0.37 0.55 0.46 1.87 0.18 

(B) DF 
Bare Ground Aboveground Biomass Litter Biomass 

F p F F p p 

Invasion 1 83.28 <0.001 127.34 <0.001 82.58 <0.001 

Habitat 1 19.73 <0.001 36.61 <0.001 1.531 0.216 

Year 1 0.015 0.902 23.20 <0.001 55.58 <0.001 

Season 2 20.21 <0.001 10.49 <0.001 223.18 <0.001 
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Table 4: Results from general mixed models for Guilds associated with significant Herbivore 

Abundance (A) and Herbivore Biomass (B).  Bonferroni adjusted significant p-values are shown in 

bold  
 

(A) DF 
Chewer Concealed FL-Sap Feeder FL-Chewer Pollinator 

F p F p F p F p 

Invasion 1 10.05 0.003 7.31 0.010 11.11 0.002 3.20 0.08 

Habitat 1 8.01 0.007 5.40 0.03 0.59 0.45 2.65 0.08 

Year 1 0.32 0.57 0.99 0.33 0.40 0.53 1.17 0.29 

Season 2 13.71 <0.001 5.85 0.006 6.09 0.005 5.4 0.008 
 

(B) DF 
Concealed Chewer FL-Sap Feeder FL-Chewer Pollinator 

F p F p F p F p 

Invasion 1 5.12 0.03 9.61 0.003 1.81 0.19 3.07 0.09 

Habitat 1 0.70 0.51 12.14 0.001 0.20 0.66 1.10 0.34 

Year 1 11.27 0.002 1.07 0.308 0.02 0.88 0.46 0.50 

Season 2 6.68 0.003 9.73 <0.001 1.49 0.24 3.17 0.05 
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Figure 5: A) % cover of forbs, non-M. vimineum grasses, M. vimineum, and sedges.  B) % bare 

ground and C) Litter (g) and aboveground biomass (g).  All variables were averaged across seasons 

and habitats for data collected from collected from Microstegium vimineum invaded (dark bars) and 

uninvaded (light bars) sites in 2010-2011.  *=p<0.001, Error bars are +/- S.E. 
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Figure 6: (A) Mean abundance of arthropods, (B) Mean Biomass (g), (C) Mean Shannon Diversity 

(H’) and (D) Mean Family Richness (S) All variables were averaged across seasons and habitats for 

data collected using Sweep Nets from Microstegium vimineum invaded (dark bars) and uninvaded 

(light bars) sites in 2010-2011.  *=p<0.01 (Bonferroni adjusted significance), Error bars are +/- S.E. 
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Figure 7: Results of NMS analysis.  Open squares represent mean arthropod abundance for uninvaded sites, closed circles represent mean arthropod abundance for invaded 

sites for sweep net samples collected in 2010-11.  We used a Sorenson Distance measure with a final stress of 14.06 after 250 runs with real data and 500 iterations for the final 

solution.  Axis 2 explained 67% of the variation in the data while Axis 1 explained 23%.   Live biomass correlated with Axis two and trends toward invaded sites, % Forbs 

correlated with Axis 1. 
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Figure 8:  Trophic group A) mean abundance and B) mean biomass; C) Herbivore guild mean 

abundance and D) Herbivore guild mean biomass.  (Gray bars = Invaded sites, open bars = 

uninvaded sites; D=Detritivore, H=Herbivore, O=Omnivore, C=Carnivore, CC=Concealed Chewer, 

FL-C=Free-living Chewer, FL-SF=Free-living Sap Feeder, Poll=Pollinator).  All variables were 

averaged across seasons and habitats for data collected using Sweep Nets from Microstegium 

vimineum invaded (dark bars) and uninvaded (light bars) sites in 2010-2011.  *=p<0.01 (Bonferroni 

adjusted significance), Error bars are +/- S.E. 

 

 



   

30 

 

CHAPTER 3 

CHANGES IN SPIDER COMMUNITY STRUCTURE ASSOCIATED WITH 

INVASION BY MICROSTEGIUM VIMINEUM 

 

SUMMARY 

Spiders can have complex responses to invasive plants due to direct and indirect 

effects of invasions on food supplies (insects) and habitat.  Because these invertebrate 

predators integrate both biotic and abiotic ecosystem changes, and occupy a wide variety 

of niches and habitats, spiders can serve as indicators of ecosystem health.  In this study I 

evaluate the relationship between Microstegium vimineum, an invasive C4 grass that 

thrives in the understory of deciduous forests, and the abundance and community 

structure of spider communities.  Mean abundance, richness and diversity increased in 

association with invasion by M. vimineum.   These increases were seen in active hunter 

and sit-and-wait functional guilds, specifically in the Thomisidae, Salticidae, Oxyopidae 

and Pisauridae families.  Ratios of adult: immature spiders were significantly lower in 

invaded sites.   While the mechanism for this increase is impossible to determine without 

further study, our results indicate that spiders are likely responding to either increased 

structural complexity associated with invasion by M. vimineum, or to the increased prey 

availability (herbivores) associated with invasion in this system.   These results indicate 

that invasion by M. vimineum could lead to increased spider abundances.   
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INTRODUCTION 

Many invasive plant species are known to have negative impacts on diversity, 

both for other plants as well as other trophic levels (Heleno et al. 2008, Adams and 

Engelhardt 2009, Haddad et al. 2009, Simao et al. 2010).  However, the impacts of 

invasive plant species on higher trophic levels are somewhat understudied especially for 

predators such as spiders, which can have complex responses to invasive plants due to 

direct and indirect effects of invasions on food supplies (insects) and habitat (Finke and 

Denno 2002, Langellotto and Denno 2004, 2006, DeVore 2011).  As invertebrate 

predators, and because of the extremely diverse set of niches and habitats occupied by 

spiders, the contribution these predators make to ecosystem function can be unique 

(Foelix 2011).  The integration of both abiotic and biotic changes in the system via 

behavioral adaptations to vegetative structure and predation on lower trophic levels 

makes spiders useful as ecological indicators (Finke and Denno 2002, DeVore 2011, 

Foelix 2011).  Indeed, changes in spider communities often indicate greater changes in 

the ecosystem that supports these predators (Mgobozi et al. 2008), so understanding the 

cascading effects of invasive plants on this trophic group becomes very important for 

ecologists and conservation biologists.    

It has been widely shown that insect communities, especially herbivores, respond 

strongly to invasive plant species presence (Mgobozi et al. 2008, Cebrian et al. 2009, 

Yoshioka et al. 2010, Simao et al. 2010, Metcalf 2013a).  Since insects make up the 

largest part of spider diets, I expect that changes in insect communities can have 

significant impacts on both the abundance and population demographics of these 

dominant predators (McCormick and Polis 1982).  For example,  Miyashita (1992) found 

that food serves as a limiting factor at both the individual and population levels for 
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Nephila clavata, an orb-weaver in forest systems.  Observational studies indicate that 

changes in available prey diversity in a system can significantly alter spider 

demographics, including survival rates of juveniles (Miyashita 1968, Vandyke & Lowrie 

1975, Riechert & Harp 1987).  For example, Uetz (1992) reared juvenile wolf spiders, 

collected from two separate locations (Highlands County, Florida and Kenton County, 

Kentucky) on different diets.  Survivorship and age and size at maturity was directly 

related to dietary breadth, with higher diversity prey resources associated with increases 

in all of these important demographic variables.  Such changes in population 

demographics, especially those parameters related to juveniles, can have serious impacts 

for predators such as the Lycosids, whose breeding population the following year is 

dependent on over-wintering juvenile survival (Scott et al. 2006).   

Spiders also show considerable sensitivity to habitat disturbance and structure 

within ecosystems (Anderson 1990, Peck et al 1998).  Changes in ground cover, above-

ground biomass and vertical plant architecture have been shown to influence spider 

communities (McIver et al 1992, Lassau and Hochuli 2004, Pinkus-Rendon et al 2006).  

For example, Pearson (2010) found increases in densities of Dictyna spiders in areas 

where spotted knapweed, Centaurea maculosa, had invaded.  Centaurea maculosa 

altered vegetative complexity and increased the availability of necessary web-building 

substrates that were limited in the absence of this invader.  Different life stages of spiders 

can also show contrasting responses to vegetation structure.  For example, Hallander 

(1970) reported a preference of two species of juvenile Pardosa for shaded habitat as 

compared to the adults of the same species that preferred habitats with greater sun 

exposure.  Because spiders tend to travel relatively small distances, many exhibiting a 

very sedentary nature, they serve as an excellent basis for evaluating the impact of habitat 
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changes that result from non-native plant invaders (Mgobozi et al 2008, Riechert 1974, 

Wise 1993, Pinkus-Rendon et al 2006). 

While interest in spider responses to plant invasions is growing, most studies on 

invasive plant-spider interactions have evaluated effects on individual spider families or 

species (Pearson 2009, Pétillon et al. 2010a), while relatively little work has been done 

evaluating community-level effects of invasive plants on these dominant invertebrate 

predators (Parr et al. 2010, Simao et al. 2010; though see Bultman and DeWitt 2008).  

Understanding whole community effects, rather than single species effects, can give 

insight into shifts in functional group composition as well.  Analysis of communities at 

the functional level is not uncommon and allows for evaluation of groups of organisms 

that exploit resources in the environment in similar ways, regardless of taxonomic 

relationships (Root 1967, Uetz 1977, Hatley and Macmahon 1980).   

Spider communities are often categorized into functional groups based on hunting 

mode.  Differences in hunting mode will often correspond with differences in prey choice 

as a result of differential susceptibility of prey to certain hunting methods including 

active hunting, web-building, and sit-and-wait predators (Uetz 1977, Bultman et al. 1982, 

Foelix 2011). These different functional groups coexist, playing unique roles in the 

community and their relative distributions can change depending on habitat 

characteristics.  For example, active hunting spiders have been shown to make up as 

much as 43% of ground dwelling arthropods and comprise the majority of spider biomass 

in forest systems (Uetz 1977).  Pajunen et al (1995) found higher numbers of ground 

dwelling spiders in mature forests, compared to younger managed forests with higher 

disturbance.  Increases in vegetation complexity due to increased leaf litter and invasion 

by C. maculosa (spotted knapweed) were associated with increases in both cursorial 
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spiders (Hallander 1970) and web-building spiders (Pearson 2009) respectively, which in 

turn can feed back to alter prey community structure.  

In this study, I evaluated the associations between spider communities and the 

invasive grass Microstegium vimineum (Trin.) A. Camus.  This annual C4 grass 

(Poaceae), also known as Japanese Stiltgrass, was accidentally introduced to the U.S. in 

the early 1900s as packing material (Fairbrothers and Gray 1972, Barden 1987), and is a 

prevalent invader throughout the eastern U.S.  It is considered a species of concern due to 

its ability to thrive in the understory of deciduous forests, where it often outcompetes 

native forbs and grasses (Oswalt et al. 2007, Civitello et al. 2008, USDA 2008, Flory and 

Clay 2009, Adams and Engelhardt 2009, Flory 2010).  Microstegium vimineum is an 

annual and early spring germinator that reaches peak biomass in late summer, produces 

high volumes of seed in early fall, and leaves behind a dense mat of litter (Barden 1987, 

Hunt and Zaremba 1992, Redman 1995).  While M. vimineum has been shown to 

significantly impact plant community composition by reducing native plant diversity and 

biomass, its impacts on herbivorous insects and their invertebrate predators appear to be 

highly variable and context dependent (Barden 1987, Civitello et al. 2008, Flory and Clay 

2009, Adams and Engelhardt 2009, Simao et al. 2010).    

The goal of this study was to evaluate the associations of spiders with M. 

vimineum in a deciduous forest in Kentucky.  In particular, I ask: 1) Do sites invaded by 

M. vimineum differ in spider abundance, diversity, and community composition 

compared to uninvaded sites?  2) Are there differences in spider demographics 

(developmental stage ratios) in M. vimineum invaded sites as compared to uninvaded 

sites?  3) Do spider functional guilds respond differently to M. vimineum invasion?  
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METHODS 

Sampling Design 

This study was conducted at the University of Louisville Horner Wildlife 

Research Forest in Brownsboro, Kentucky (38:20:27°N, 85:31:53.7°W).  This is an 81 ha 

highly disturbed second-growth temperate deciduous forest in Northern Kentucky, with 

an upland area devoid of any natural permanent water source, and a lowland area 

bordering a stream.  In May 2010, I established 24 transects, each 25 m long, in both 

upland (12 transects) and lowland (12 transects) habitats.   Using a visual estimate of 

percent cover, within each habitat, six transects were located in ‘invaded’ sites (>10% M. 

vimineum, with invaded sited averaging ~48% M. vimineum) and 6 were located in 

‘uninvaded’ sites (<10% M.vimineum, with uninvaded sites averaging ~4% M. 

vimineum). 

Spider Collection 

Samples were collected once per month during two growing seasons (May-

October 2010, 2011) using pitfall traps and sweep nets.  One pitfall trap was placed every 

5 m along the length of each transect, for a total of 4 pitfall traps per transect.  Traps were 

made using 10.16 cm diameter PVC pipe cut to 10.16 cm long and placed flush into pre-

dug holes in the soil.  Traps were set by placing empty 0.24 L plastic cups into the PVC.  

After 48 hours the cups were removed from the PVC and samples were pooled and 

emptied into zip-top bags for transport back to the lab.  Two 1 m wide sweep net samples 

(15 sweeps per sample) were collected along each transect.  Sweep net samples were 

pooled for each transect, transferred to zip-top bags and returned to the lab.  Spiders were 

sorted from other arthropods and transferred to glass vials containing 70% ethanol for 

preservation. 
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 Spiders were identified to genus and developmental stage (immature, adult) using 

Ubick (2005).  Spider families were assigned to a functional guild based on common 

hunting strategies (see appendix II) (Uetz 1977, Bultman et al. 1982, Uetz et al. 1999, 

Foelix 2011).  I calculated both total abundance as well as relative abundance of each 

functional guild for analyses. 

Data Analysis 

I conducted a two-factor mixed model ANOVA with habitat as a random factor, 

invasion status as a fixed factor, and year and season as covariates on data from the 24 

transects to compare the associations of invasion with spider abundance, diversity and 

evenness, and developmental stage.  The community composition and functional groups 

that are typically collected using pitfall traps and sweep nets are different from one 

another.  Therefore these trap types were analysed separately.  Shannon diversity and 

evenness indices (Shannon 1948) were calculated using spider abundance values.  

Analyses were completed at the family and genus levels as well as by functional guild.  

Response data were ln(abundance +1) transformed as necessary to improve normality.   

ANOVA analyses were conducted using Systat v. 13 (2009). 

Multi-response permutation procedures (MRPP) with a Euclidean distance 

measure (Zimmerman et al. 1985) were used to compare spider community composition 

at both the family and genus level found with each sampling method between invaded 

and uninvaded sites.  Within group homogeneity is reported as A, with values ranging 

from -1 (highest heterogeneity) to 1 (totally homogenous).  MRPP is similar to 

multivariate analysis of variance (MANOVA) but does not rely on the assumptions of 

normality, which is rare in community data such as these.  To better visualize the 

differences in family and genus composition between invaded and uninvaded sites, I used 
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Nonmetric Multidimensional Scaling (NMS) (McCune and Grace 2002) with Bray-Curtis 

dissimilarity measures.  I only analysed sweep net diversity data using NMS due to the 

relatively low abundances found in pitfall traps.  NMS is an ordination technique similar 

to Principal Components Analysis, but uses ranked distance between plots to estimate 

similarity to avoid assumptions about linearity or unimodality of the community data.  

This analysis is well suited for ecological community data as they tend to be non-normal 

and discontinuous  (McCune and Grace 2002).   For this analysis, I used a random 

starting configuration with 250 runs with real data and 250 runs with simulated data.  PC-

ORD v 5.10 (McCune and Mefford 1999) was used for the MRPP and NMS analysis. 

RESULTS 

Spider Abundance and Diversity 

 In 2010 and 2011, 1925 spiders, comprising 21 families and 64 genera, were 

collected and identified using pitfall traps (325 spiders) and sweep nets (1600 spiders).  

Both sampling methods showed increased spider abundance associated with M. vimineum 

invasion, although pitfall traps were only marginally significant (p=0.03, F=4.57) after 

Bonferroni correction (Table 5A, Fig. 9A).  Spiders captured using pitfall traps were 64% 

more abundant in invaded sites while sweep-net captured spiders were 99% more 

abundant.  Family richness was 56% higher in pitfall traps and 45% higher in sweep nets 

in invaded sites (Table 5B, Fig. 9B).  Genus richness was 70% higher in pitfall traps and 

46% higher in sweep nets in invaded sites (Table 5C, Fig. 9C). Sweep net samples 

contained 29% higher genus diversity associated with invasion by M. vimineum (Table 

5C, Fig. 9D).  There were no associations between invasion and spider community 

evenness at either family or genus level. 
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Invaded sites differed from uninvaded sites in family composition for both pitfall 

(MRPP: p=0.02; A=0.02) and sweep net collections (MRPP: p<0.01; A=0.03).  NMS 

analysis for sweep net families indicated that sites were most clearly defined by Axis 1 

(Fig. 10A, R
2
=0.46). Invasion by M. vimineum was generally associated with increases in 

Oxyopidae (lynx spiders – 454%), Pisauridae (nursery web spiders – 255%), Salticidae 

(jumping spiders – 124%), and Thomisidae (crab spiders – 83%).   

Invaded sites also differed from uninvaded sites in spider genus-level composition 

for both pitfall (MRPP: p=0.04, A=0.01) and sweep net (MRPP: p<0.001; A=0.02).  The 

NMS analysis for sweep net genera indicated that sites were most clearly defined by Axis 

1 (Fig. 10B, R
2
=0.56).  Invasion by M. vimineum for sweep net samples was generally 

associated with increases in: Oxyopidae: Oxyopes (453%); Pisauridae: Pisaurina (255%); 

Thomisidae: Mecaphesa (91%); and Salticidae: Eris (142%), Sassacus (138%), Thiodina 

(147%). 

Spider Population Demographics 

 

There was a significant association between M. vimineum presence and ratios of 

adult:immature spiders in sweep net samples (Table 6, Fig. 11).  The ratio of 

adult:immature spiders was 12.4% lower in invaded sites than in uninvaded.  There was 

no significant association between invasion status and the ratio of adult:immature spiders 

in pitfall samples (Table 6, Fig. 11).    

Spider Functional Guilds 

  In sweep net samples, ambush predators were the only guild to show significant 

differences between invaded and uninvaded treatments after Bonferroni correction (Table 

7A, Fig 12A).  Ambush spider abundance was 43% higher in M. vimineum invaded than 

uninvaded sites.  In pitfall trap samples, no functional groups were significantly different 
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after Bonferroni correction (Table 7B, Fig. 12B).  Web builder abundance did not differ 

greatly in either the sweep nets or pitfall traps.  In sweep net samples, the percentage of 

ambush predators was significantly higher in invaded sites, although this significance was 

lost after Bonferroni correction (Table 7C, Fig. 13A,).  In pitfall samples, the percent of 

ground runner spiders was significantly higher in uninvaded site; however this 

significance was lost after Bonferroni correction (Table 7D), Fig 13B).   

DISCUSSION 

While significant research has been conducted evaluating the effects of 

Microstegium vimineum on plant (Barden 1987, Oswalt et al. 2007, Flory 2010) and 

insect communities (Civitello et al. 2008, Marshall and Buckley 2009, Simao et al. 2010, 

Tang et al. 2012), research evaluating associations between this invasive grass and 

changes in the overall structure of the spider community are lacking (Simao et al. 2010).  

Because spiders are important indicators of ecosystem health, understanding the 

associations between invasion by M. vimineum and changes in the spider community can 

help provide insights into changes in the ecosystem (Foelix 2011).   

Do sites invaded by M. vimineum differ in terms of spider abundance, diversity and 

community composition compared to uninvaded sites? 

The results of this study clearly indicate an increase in the abundance of spiders 

associated with M. vimineum invasion across both sampling methods, as well as increases 

in diversity and evenness at both the family and genus level.  These increases coincide 

with increases in above-ground biomass and insect herbivore abundance and biomass 

(Metcalf 2013a).  

There were also differences in spider community composition between invaded and 

uninvaded sites.   Thomisidae, Salticidae, Oxyopidae and Pisauridae were the families 
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with the most significant increases in abundance associated with M. vimineum invasion.   

Intra-guild predation is relatively common among these families (Hallander 1970, 

Langellotto and Denno 2004, 2006).   The increased abundance of these families likely 

resulted from the increased structural complexity provided by M. vimineum which could 

potentially decreasing intra-guild predation success rates.  

This study adds to the relatively limited body of literature evaluating the impacts of 

M. vimineum on arthropod communities.  Currently the consensus on the impacts of this 

invasive grass on arthropods is believed to be context dependent, with certain invaded 

communities demonstrating increases (Marshall and Buckley 2009, Tang et al. 2012, 

Metcalf 2013a) and others demonstrating decreases (Simao et al. 2010) in overall 

arthropod abundance associated with M. vimineum.  If spider communities are responding 

to changes in herbivore prey abundance, I would expect to see a similar context-

dependent response by the spider communities to M. vimineum invasion.  For example, 

Simao et al (2010) found that decreases in insect herbivore abundance were associated 

with decreases in spider abundance in M. vimineum invasions in Indiana. 

Our study actually shows a positive impact of plant invasion on spider communities.  

This effect has been demonstrated in other plant invasions in both terrestrial and estuarine 

systems.  Increased structural complexity associated with invasion by Elymus athericus in 

European salt marshes let to increased abundance and survival of cursorial spiders during 

inundation floods (Pétillon et al. 2010b, 2010a).  In a M. vimineum invasion in the 

Georgia Piedmont, DeVore (2011) found significant associations between increased 

structural complexity and increases in spider abundances, particularly Lycosids (wolf 

spiders).   
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Are there differences in spider demographics in M. vimineum invaded sites as 

compared to uninvaded sites? 

  I found significantly lower ratios of adults to immature spiders in invaded sites 

within the sweep net samples.  There were no significant differences in the ratios of 

adults to immature spiders in the pitfall samples.  Juvenile survivorship positively 

correlated with prey diversity (Uetz et al. 1992), and higher insect abundance and 

diversity are associated with invasion by M. vimineum in this system (Metcalf 2013a), 

providing one potential explanation for juveniles being more common in invaded sites.  

Intra-guild predation (cannibalism) would be an additional mechanism that could be 

driving the differences in the adult:immature ratios between treatments.   Since 

cannibalism, particularly adults preying on juveniles, among spiders is common, and 

increased structural complexity can reduce the effects of cannibalism and intra guild 

predation, it is likely that the increased adult:immature ratio in uninvaded sites is related 

to the reduced structural complexity in these sites (Hallander 1970, Uetz et al. 1992). 

Do spider functional guilds respond differently to M. vimineum invasion? 

Only one spider functional guild (ambushers) evaluated showed significant 

increases in abundance associated with M. vimineum invasion after correcting for 

multiple analyses.  This guild includes families of spiders that would be expected to 

benefit from the added cover provided by increased biomass that accompanies M. 

vimineum invasion (see appendix II).  Increases in this guild are expected in plant 

invasions that increase structural complexity, as it reduces the impact on intra-guild 

predation and cannibalism between these groups; however web building spiders may 

suffer from higher levels of intra-guild predation in these sites when the families 

associated with ambush spider abundances are higher (Finke and Denno 2002, 2006, 
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Langellotto and Denno 2004, Denno et al. 2004).  Structural complexity has been shown 

to decrease the effects of intra-guild predation which is common in spiders (Finke and 

Denno 2002, Langellotto and Denno 2004). 

 The lack of structural complexity impact on all types of web-builders was 

surprising in light of the work by Pearson (2009) in which Dictyna spiders increased as a 

result of increased structural complexity associated with C. maculosa.  However, the 

attachment sites provided by this larger woodier invasive would be more stable, and thus 

more beneficial to web-building spiders than the attachment sites provided by the 

smaller, herbaceous M. vimineum.   

There were significant associations between habitat, season and year for many of the 

response variables I addressed (abundance, diversity and richness, functional guild 

abundance, adult:immature ratio).  Spider abundance was higher in the lowland habitat 

than in the upland habitat.  This is likely a function of the slightly higher plant biomass 

present in the lowland sites related to the nearby stream that borders this habitat.  

Seasonal differences are common and generally relate to the life history of spiders 

following closely the insect prey populations that also show a seasonal response to plant 

productivity.  For most spider response variables, fall had significantly lower numbers 

than spring and summer with the exception of the ratio of adult:immature spiders.  These 

were highest in the fall, likely as a function of immature spiders preparing to overwinter 

below the leaf litter making them less likely to be captured in sweep net samples (Cramer 

and Maywright 2008).  Yearly variation indicated higher spider abundance, diversity, 

functional guild abundance and adult:immature ratios in 2010 than 2011.  Late fall and 

early winter temperatures were higher (by 11%) in 2009 than 2010, which may have 

increased survivorship of nymph and juvenile spiders over the winter, thus increasing the 
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adult spider abundance in the following year (Cramer and Maywright 2008, NOAA 2009, 

2010).     

Based on our current study, it is impossible to separate the exact mechanisms by 

which M. vimineum presence can increase spider abundance and diversity; further 

manipulative experiments would be needed to address this.  However, as the predominant 

invertebrate predator in terrestrial systems, spiders play a vital role in the control of insect 

populations and in the transfer of energy from primary consumers to higher vertebrates.  

If changes in the spider abundances are due to increased structural complexity rather than 

increased insect herbivore presence, I might expect increased spider numbers to have 

significant feedbacks on herbivore communities over time (Denno et al. 2002, Finke and 

Denno 2002, Langellotto and Denno 2004).  More detailed studies evaluating the changes 

in and consequences of spider community structure due to plant invasion are needed.  
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Table 5: Results from mixed general linear models for total A) Total abundance B) Family richness, 

diversity and evenness C) Genus richness, diversity and evenness for sweep net and pitfall communities.  

Bonferroni adjusted significant p-values are shown in bold. 

 

(A) DF 
Sweep Net Pitfall 

F, p F, p 

Invasion 1 20.12, <0.001 4.57, 0.03 

Habitat 1 12.75, <0.001 3.74, 0.05 

Year 1 19.8, <0.001 7.06, 0.01 

Season 2 19.31, <0.001 8.26, <0.01 
 

(B) DF 

Sweep Net Pitfall 

Richness Diversity Evenness Richness Diversity Evenness 

F, p F, p F, p F, p F, p F, p 

Invasion 1 15.78, <0.001 0.24, 0.63 1.57, 0.21 8.11, <0.01 3.1, 0.08 0.99, 0.32 

Habitat 1 21.28, <0.001 2.77, 0.1 7.4, 0.007 2.84, 0.09 1.36, 0.25 1.93, 0.17 

Year 1 43.36, <0.001 4.16, 0.04 28.83, <0.001 10.98, 0.001 8.14, 0.005 3.94, 0.05 

Season 2 88.93, <0.001 1.04, 0.35 13.19, <0.001 9.3, <0.001 5.98, 0.003 4.55, 0.01 
 

(C) 
D

F 

Sweep Net Pitfall 

Richness Diversity Evenness Richness Diversity Evenness 

F, p F, p F, p F, p F, p F, p 

Invasion 1 16.88,<0.001 9.13, 0.003 1.36, 0.24 8.9, 0.003 3.1, 0.08 1.21, 0.27 

Habitat 1 2.12, 0.15 0.48, 0.49 3.68, 0.06 4.23, 0.04 3.19, 0.08 2.66, 0.1 

Year 1 23.08, <0.001 24.82, <0.001 11.35, 0.001 10.17, 0.002 7.36, 0.007 2.49, 0.12 

Season 2 17.42, <0.001 15.79, <0.001 11.33, <0.001 9.52, <0.001 7.45, 0.001 5.56, 0.004 

 

 
Table 6: Results from mixed general linear models for ratios of adult:immature developmental stages 

for both sweep net and pitfall trap communities.  

 

 DF 

adult:immature 

Sweep Net Community 

adult:immature 

Pitfall Community 

F P F p 

Invasion 1 8.083 0.005 2.232 0.136 

Habitat 1 3.259 0.072 8.977 0.003 

Year 1 17.199 <0.001 6.317 0.013 

Season 2 4.027 0.019 9.788 <0.001 
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Table 7: Results from mixed general linear models for functional guild total abundance for A) Sweep Net Abundance and B) Pitfall trap Abundance; and 

functional guild relative abundance for C) Sweep Net and D) Pitfall Trap.  Bonferroni adjusted significant p-values are shown in bold. 

 

(A) DF 
Ambusher 

Foliage 

Runner 

Ground 

Runner 

Orb Weaver Sheet Web 

Builder 

Space web 

Builder 
Stalker 

Wandering 

Sheet Weaver 

F, p F,p F,p F,p F,p F,p F,p F,p 

Invasion 1 14.8,<0.001 2.5,0.12 0.71, 0.40 0.001, 0.97 0.41, 0.53 1.72, 0.20 6.00, 0.02 1.67, 0.2 

Habitat 1 0.742,0.390 2.67, 0.13 3.11, 0.08 6.41, 0.01 1.39, 0.26 2.2, 0.15 0.49, 0.49 0.68, 0.41 

Year 1 7.451,0.007 0.29, 0.59 0.12, 0.73 3.57, 0.06 1.33, 0.27 0.33, 0.57 0.05, 0.83 0.95, 0.33 

Season 2 11.793,<0.001 0.38, 0.69 0.97, 0.38 0.38, 0.68 0.97, 0.34 0.34, 0.72 6.61, 0.002 1.05, 0.36 
 

(B) DF 
Ambusher 

Ground 

Runner 
Stalker 

Wandering 

Sheet Weaver 

F, p F,p F,p F,p 

Invasion 1 0.14, 0.72 0.74, 0.39 0.28, 0.60 0.18, 0.68 

Habitat 1 0.67, 0.42 2.21, 0.14 0.37, 0.55 1.63, 0.22 

Year 1 1.80, 0.18 2.21, 0.11 0.78, 0.84 0.63, 0.55 

Season 2 0.11, 0.75 0.09, 0.77 24.51, <0.001 0.37, 0.56 
 

(C) DF 
Ambusher 

Foliage 

Runner 

Ground 

Runner 

Orb Weaver Sheet Web 

Builder 

Space web 

Builder 
Stalker 

Wandering 

Sheet Weaver 

F, p F,p F,p F,p F,p F,p F,p F,p 

Invasion 1 4.76, 0.03 2.62, 0.11 0.66, 0.42 0.004,0.95 1.48, 0.23 0.006, 0.94 0.40, 0.53 1.65, 0.20 

Habitat 1 0.12, 0.73 2.54, 0.113 0.70, 0.41 2.55, 0.11 0, 0.99 0.36, 0.55 0.46, 0.50 2.57, 0.11 

Year 1 0.11, 0.75 0.60, 0.44 0.05, 0.82 0.06, 0.81 0.09, 0.77 8.92, 0.003 5.52, 0.02 1.11, 0.29 

Season 2 1.47, 0.23 10.07, <0.001 2.03, 0.13 7.2, 0.001 1.81, 0.17 2.2, 0.11 14.58, <0.001 3.94, 0.02 
 

(D) DF 
Ambusher 

Foliage 

Runner 

Ground 

Runner 

Orb 

Weaver 

Sheet Web 

Builder 

Space web 

Builder 
Stalker 

Wandering 

Sheet Weaver 

F, p F,p F,p F,p F,p F,p F,p F,p 

Invasion 1 0.03,0.87 2.38, 0.13 4.34, 0.04 0.37, 0.55 0.02,0.90 0.02, 0.89 2.10, 0.15 1.14, 0.29 

Habitat 1 7.52, 0.007 0.08,0.78 3.91, 0.05 2.99, 0.09 0.27,0.60 2.08, 0.15 0.001, 0.98 0.18, 0.67 

Year 1 0.37, 0.55 9.52,0.002 22.70, <0.001 0.21, 0.65 2.20, 0.14 1.38, 0.24 12.68, 0.001 4.34, 0.04 

Season 2 2.12, 0.13 2.93, 0.06 1.78, 0.17 4.09,0.02 2.28, 0.11 0.92, 0.40 0.53, 0.59 1.74, 0.18 
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Figure 9: A) Mean abundance of spiders in sites invaded with M. vimineum (dark bars) and sites uninvaded by 

this grass (light bars), B) Mean Family Richness (S), C) Mean Genus Richness (S) and D) Mean Genus Shannon 

Diversity (H’) collected for both pitfall (PF) and sweep net (SN) trapping in 2010-2011.  *=p<0.01 (Bonferroni 

adjusted significance), Error bars are +/- S.E.  
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Figure 10. Results of NMS analysis using Sorenson Distance measure, open squares are uninvaded sites, dark circles are invaded sites.   A) Sweep net 

families with a final stress of 18.54 after 250 runs with real data and 500 iterations for the final solution.  Axis 1 explained 46% of the variation in the 

data while Axis 2 explained 34.8%.  B) Sweep net genera (Salticidae and Thomisidae families) with a final stress of 21.47 after 250 runs with real data 

and 500 iterations for the final solution.  Axis 1 explained 58.5% of the variation in the data while Axis 2 explained 17.3%. 
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Figure 11.  Ratio of adult:immature spiders caught in pitfall traps and sweep nets in invaded (Dark 

Bars) and uninvaded (Light Bars) sites in 2010-201.   *=p<0.01 (Bonferonni adjusted significance), 

Error bars are +/- S.E. 
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Figure 12.  Mean functional guild total abundance for A) Sweep Net and B) Pitfall Trap sampling methods.  

Dark bars indicate sites invaded by M. vimineum while open bars are uninvaded sites. captured from May-

October 2010,2011.  *=p<0.01 (Bonferroni adjusted significance), Error bars are +/- S.E. 
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Figure 13.  .  Mean functional guild relative abundance for A) Sweep Net and B) Pitfall trap sampling methods 

captured from May-October 2010,2011 
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CHAPTER 4 

THE INVASIVE PLANT MICROSTEGIUM VIMINEUM ALTERS ARTHROPOD 

COMMUNITIES THROUGH CHANGES IN VEGETATION STRUCTURE AND DIVERSITY 
 

SUMMARY  

The impact of invasive plants on plant community structure, ecosystem processes 

and resource availability can have serious implications for the composition and structure 

of higher trophic levels.  Microstegium vimineum is an invasive plant of Eastern 

deciduous forests that has been shown to alter not only native plant diversity and biomass 

availability, but also structural complexity in forest understories, both of which can 

influence arthropod abundance and diversity.  In this study I ask whether changes in 

native plant community composition or increases in structural complexity associated with 

M. vimineum invasion are driving changes in arthropod community structure in a north 

central Kentucky disturbed forest.  I manipulated the plant community in a field 

experiment with four treatments: a control; a Microstegium removal [Mv(-)]; a 

Microstegium monoculture [Mv mono]; and a Microstegium addition [Mv (+)].  Results 

from our study indicated that M. vimineum invasion can alter arthropod communities 

through changes to both structural complexity and native plant diversity.  I found 

significant increases in arthropod abundance, specifically in herbivore and carnivore 

trophic groups, associated with our Mv(+) treatments.  Significant decreases in arthropod 

community abundance, diversity and richness were associated with our Mv mono 

treatments.  These results indicate that carnivores, specifically spiders may be responding 

more strongly to increases in structural complexity; while herbivores, specifically leaf 
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hoppers, may be responding more strongly to changes in biomass availability.  While the 

overall effects of M. vimineum invasion appear to be context dependent, it is possible that 

at moderate levels of invasion, the increased biomass cover and structural complexity can 

benefit arthropods in the invaded system.
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INTRODUCTION 

While invasion biology is one of the fastest growing fields in ecology, the impacts 

of invasive species on multiple trophic levels has only recently been evaluated 

(Bartomeus et al. 2008, Heleno et al. 2008, Marshall and Buckley 2009, Simao et al. 

2010).  Invasive plants in particular have the ability to seriously impact trophic dynamics 

within a system as they are known to dramatically alter not only plant community 

structure, but ecosystem processes and resource availability (Ehrenfeld et al. 2001, 

Crooks 2002, Ehrenfeld 2003, McGrath and Binkley 2009).  While some experimental 

and theoretical work has examined trophic interactions in the context of invasions and 

other historical factors (Yodzis 1981a, 1981b, Post and Pimm 1983, Drake 1990, 1991), 

work on natural communities remains limited (Kitching 1987, Topp et al. 2008, Haddad 

et al. 2009).  While several studies have shown clear impacts of plant invasion on 

arthropod community structure (Belnap and Phillips 2001, Belnap et al. 2005, Kappes et 

al. 2007, Topp et al. 2008), the mechanisms causing such impacts remain unclear. 

Invasive plants can alter the abundance and diversity of higher trophic levels in a 

variety of ways.  Invasion effects are often seen in the reduction of native plant biomass 

and loss of plant diversity as invasion density increases (Carvalheiro et al. 2010, Simao et 

al. 2010).  In many cases, invading plant species are not as nutritionally beneficial to 

herbivores, and this reduced nutritional quality may limit the performance of  herbivores, 

and consequently predators and parasitoids (Winemiller and Polis 1996, Couture et al. 

2010).  The potential impact of such bottom-up effects on consumers from a reduction in 

consumable resources is considered to be much stronger than that of top-down effects of 
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predation (Osenburg and Mittlebach 1996).  Additionally, plant invasion can result in 

increases in plant biomass and changes in structural complexity.  Increases in plant 

biomass often result in increased cover and habitat availability for arthropods (Borges 

and Brown 2001).  A meta-analysis, conducted by Langelletto and Denno (2004), found a 

significant positive effect of plant invasions on the abundance of natural enemies 

(carnivores) of arthropods in studies that controlled for or manipulated vegetative 

structural complexity.  Increases in vegetation structural complexity could lead to a 

variety of trophic level impacts including reducing encounter rates between prey and 

predators by limiting predators ability to detect prey (Janssen et al. 2007), or increasing 

predation rates by providing increased niche availability for predators.  For example, 

Pearson (2010) found that indirect effects of Centaurea maculosa invasion on arthropod 

prey resulted from the increased number of attachment points available to web building 

spiders.  Further, changes in structural complexity have been associated with significant 

reductions in intra-guild predation and cannibalism, limiting the effects of multiple 

predators on each other and increasing their combined effect on herbivore prey in the 

system (Crooks 2002, Finke and Denno 2002, Langellotto and Denno 2004, Janssen et al. 

2007, DeVore 2011).  Teasing apart these multiple effects of invasive plants on other 

trophic levels becomes important when trying to predict and manage ecosystem effects of 

invasion.  

In this study I ask whether manipulated changes in native plant community 

structure or increases in structural complexity are driving changes in arthropod 

community structure associated with invasion of Microstegium vimineum (Trin.) A. 

Camus.  Microstegium vimineum is an annual C4 grass that readily invades the understory 

of temperate deciduous forests in the eastern portion of the U.S., often outcompeting 
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native forbs and grasses (Oswalt and Oswalt 2007, Civitello et al. 2008, USDA 2008, 

Flory and Clay 2009, Adams and Engelhardt 2009, Metcalf 2013a).  This invasive plant 

is associated with increased vegetation biomass as well as increased structural 

complexity, and is reported to be unpalatable to native arthropod herbivores, further 

increasing its competitive advantage over native plant species (Flory and Clay 2009, 

2010a, 2010b, Adams and Engelhardt 2009, Strickland et al. 2010, DeVore 2011, Metcalf 

2013a).   

The effects of M. vimineum on arthropod communities appear to be context 

dependent, with studies showing that this invasive grass can increase, decrease or have no 

effect on insect and spider communities (Civitello et al. 2008, Marshall and Buckley 

2009, Simao et al. 2010, Tang et al. 2012, Metcalf 2013a, 2013b).  Our own work has 

previously demonstrated a clear increase in arthropod abundance and diversity, with 

significant increases in both carnivore and herbivore functional guilds in areas invaded by 

M. vimineum (Metcalf 2013a, 2013b).  Given these findings, I conducted a manipulative 

experiment designed to examine potential mechanisms by which M. vimineum invasion 

could alter arthropod abundance.  In this study, I ask the following questions: 1) Are 

reductions in native plant abundance in habitats invaded by M. vimineum associated with 

reductions in arthropod abundance and diversity? 2) Are increases in vegetation structural 

complexity or biomass in habitat invaded by M. vimineum associated with increases in 

arthropod abundance and diversity?  And 3) Does the strength of these different effects 

depend on arthropod functional guild identity?    
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METHODS 

Experimental Design 

This study was conducted at the University of Louisville Horner Wildlife 

 esearch  orest in Brownsboro,  entucky (    0      ,     1   .   W).  This is an 81 ha 

highly disturbed second-growth temperate deciduous forest in Northern Kentucky, with 

an upland area devoid of any natural permanent water source, and a lowland area 

bordering a stream.   

In March 2012, forty 2m x 2m plots arranged in a 4 x 10 grid were established in 

a large area of understory with a relatively low-density M. vimineum invasion (~ 27% 

cover) and an intact native plant community (~ 9 species/m
2
).  The plots comprised 10 

replicates of each of four treatments:  a control; a Microstegium removal [Mv(-)]; a 

Microstegium monoculture [Mv mono]; and a Microstegium addition [Mv(+)] (Table 8).  

The Mv mono treatment tested whether loss of native plants was the primary mechanism 

by which M. vimineum altered arthropod abundance and diversity.  The Mv(-) and Mv(+) 

treatments alternatively tested whether changes in plant community biomass and structure 

were responsible for arthropod community changes.  Plant communities were left 

undisturbed in the control sites.  In the Mv(-) treatment, all M. vimineum plants were 

removed by hand approximately two weeks prior to initial sampling by either pulling by 

the root if possible without significant soil disturbance, or clipping at ground level.  

Additional treatment maintenance was conducted approximately 1 week prior to each 

monthly sampling event over the course of the summer.  In the Mv mono treatment, all 

herbaceous plants except M. vimineum were removed from plots in a similar manner to 

the Mv(-) treatment, and treatments similarly maintained monthly throughout the 

summer.  For the Mv(+) treatment approximately 500 additional M. vimineum seeds were 
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added to each of the 10 replicate plots approximately 2 months prior to initial arthropod 

sampling.  Stem counts indicated that I effectively doubled the invasion density with this 

seed addition.   

Vegetation sampling 

To evaluate the effectiveness of our treatments, plant community data were 

collected each month from May-October 2012 by visually estimating the percent cover of 

each of four plant morpho-types: M. vimineum, forbs, non-Microstegium grasses, and 

sedges.  Because destructive sampling to estimate biomass cover was not possible due to 

plot size, percent bare ground in each plot was visually estimated as a surrogate for 

biomass cover.  Vegetation structural complexity was estimated by placing a standard 

meter stick perpendicular to the ground at 5 points in each treatment (one in each corner 

and one in the center) and taking the mean of the number of contact points between the 

plants and the meter stick at each point.  These measurements were averaged to create an 

overall estimate of plant architecture per plot. 

Arthropod sampling 

Arthropod community samples were collected once per month, from May-

October 2012 using pitfall traps and sweep nets.  These two sampling methods allow for 

a more complete survey of the arthropod community as they target different functional 

groups in the system.  Two pitfall traps were placed in the center 1m
2 

of each plot 

approximately 2 weeks prior to the initial sampling event.  Traps were made using 10.16 

cm diameter PVC pipe cut to 10.16 cm long and placed flush into pre-dug holes in the 

soil.  Traps were set by placing empty 0.24 L plastic cups into the PVC.  After 48 hours, 

the cups were removed from the PVC and samples were pooled for each plot and emptied 

into zip-top bags for transport back to the lab.  Two sweep net samples (4-sweeps per 
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sample) were collected from the interior 1 m
2
 of each plot, with 30 minutes between 

samples to allow for community recovery after disturbance.  Sweep net samples were 

pooled for each plot, transferred to zip-top bags and returned to the lab.  Samples were 

stored at -10 °C until processing. 

Individual arthropods were identified to family and morpho-group using Johnson 

and Triplehorn (2005).  Families were assigned to a trophic group (carnivore, herbivore, 

and detritivore),  functional guild, and morpho-group (Table 3) using typical feeding 

information found in Marshall (2009) and Gratton & Denno (2005).  Some families were 

best classified as omnivores; however these were not common and were therefore 

eliminated from guild analysis.  Shannon diversity and evenness indices for pitfall and 

sweep net traps (Shannon 1948) were calculated using arthropod family abundance 

values.      

Data Analysis 

 I conducted an ANOVA using treatment as a fixed factor and season as a 

covariate to account for known variation in arthropod communities on plant and 

arthropod data from the 40 sites to compare the effects of plant community manipulations 

on arthropod abundance and diversity.  Sampling months were combined to roughly 

approximate season: Spring (May-June); Summer (July-August); and Fall (September-

October).  Tukey’s HSD post-hoc test was then used to conduct pairwise comparisons 

between each of the treatments on significant ANOVA results.  The community 

composition and functional groups that are typically collected using pitfall traps and 

sweep nets are different from one another.  Therefore arthropods collected by each of 

these trap types were analysed separately.  Analyses were completed for overall 

abundance and diversity at the family level for each trap type.  Further trophic group 
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analyses were done only when overall arthropod abundance significantly differed among 

treatments; follow-up functional guild analyses were done for those trophic groups that 

showed significant differences among treatments; and follow-up morpho-type analyses 

were done within the functional guilds that showed significant differences among 

treatments.  Simple Pearson correlations were used to evaluate the relationship between 

responsive functional guilds, the plant architecture and percent bare ground.  To avoid 

problems with multiple comparisons with each model, I used Bonferroni corrected p-

values based on the number of comparisons within each analysis.  All analyses were done 

using Systat v. 13(2009). 

RESULTS 

Vegetation  

The treatments effectively altered plant community diversity, physical structure and 

cover.  While the control sites showed both non-M. vimineum grasses and M. vimineum 

as co-dominant, with forbs the third most dominant plant type, I saw a shift to forbs as 

the dominant plant group in the Mv(-) plots and M. vimineum as the sole dominant in the 

Mv(+) and Mv mono plots (Table 9A, Fig. 14A).  As compared to controls, percent cover 

of forbs was significantly higher in the Mv(-) plots (by 65%) and significantly lower in 

the Mv mono plots (by 99%).  Percent cover of non-M. vimineum grasses in the Mv(+) 

plots were significantly lower (by 69%) and as compared to other treatments.   

Plant architecture was significantly different in all treatments, with the Mv(+) plots 

having the highest values and the Mv mono having the lowest (Table 9B,  Fig. 14B).  

Mean contacts in the Mv(+) plots were higher (by 15%) and Mv mono plots were lower 

(by 51%) than the control (Fig. 14B).  Percent bare ground was used to estimate biomass 

cover by difference, and compared to controls was significantly reduced in the Mv(+) 
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plots(by 45%, indicating higher biomass cover), but increased dramatically in the Mv 

mono plots (by 128%, indicating reduced biomass cover) over the seasons (Fig. 14C).     

Arthropod Abundance and Diversity 

Over the course of the 2012 field season, 3618 total arthropods comprising 80 

families were collected using pitfall traps and sweep nets.  Abundance of arthropods 

captured by sweep net was highest in the Mv(+) plots and lowest in the Mv mono plots 

(Table 10A, Fig. 15A).  The Mv(+) treatments had significantly higher arthropod 

abundances (by 35%), and the Mv mono plots were significantly lower (by 49%) than 

controls.  The Mv(-) treatments did not show any statistical difference from the control.  

Because there were no significant differences in the abundance of arthropods captured by 

pitfall traps for any of the treatments (Table 10A, Fig. 15A), these data were eliminated 

from further analysis.   

Shannon diversity differed in the sites dominated by M. vimineum with Mv(+) 

treatments resulting in increased arthropod diversity, and Mv mono treatments resulting in 

a decreased arthropod diversity  as compared to other treatments (Table 10B, Fig. 15B).  

Post hoc analysis showed that the Mv(+) treatment  had a significantly higher diversity 

index (by 32-136%) than the Mv(-) and Mv mono treatments, but did not differ from the 

control.  Mv mono plots had a significantly lower diversity index (by 13-24%) than the 

control and the Mv(-) treatments (Fig. 15B).    Family richness showed a similar pattern 

to diversity, with Mv(+) resulting in an overall increase in richness and Mv mono 

resulting in an overall decrease as compared to other treatments (Table 10B, Fig. 15C).   

Arthropod richness was highest in the Mv (+) plots (by 46-161%) as compared to other 

treatments, but did not differ from the control.  The lowest richness was in the Mv mono 
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treatment (by 44-6172%) as compared to other treatments (Fig. 15C).  Shannon evenness 

(Eh) did not differ between treatments. 

While I did see seasonal differences as well as season-by-treatment interactions in 

overall abundance and diversity indices (Table 10A, B), these types of variation are 

common in arthropod communities (Denlinger 1980, Lowman 1982) and are not further 

discussed here.   

Arthropod Trophic Groups and Functional Guild Structure 

Trophic group analysis showed significant differences in two of the three groups 

analyzed (Table 10C).  Carnivore and herbivore abundance showed similar patterns (Fig. 

15D), with the highest increases in abundance in the Mv(+) treatment (35-58% greater 

than control) and lowest in the Mv mono treatment (56-59%  less than control).  There 

were no significant differences between the control and the Mv(-) treatments for either of 

these trophic groups. 

Further functional guild analyses were conducted for all trophic groups except 

detritivores, which did not differ among treatments (Table 10C).  Within the carnivore 

trophic group, only the predators showed significant differences among treatments after 

Bonferroni corrections (Table 11A).  Predator abundance was highest in the Mv(+) 

treatments and lowest in the Mv mono treatments.  Predator abundance values in the 

Mv(+) treatment increased by 64% , while abundance values in the Mv mono treatment 

decreased by 56% , when compared to the control (Fig. 16A).  Significantly responsive 

taxa in the predator functional guild included Formicidae (ants), Reduviidae (assassin 

bugs), and spiders (Table 11B).  Of these, spiders abundance exhibited the most 

significant increase in the Mv(+) treatments (73% greater than control) and the most 

significant decrease in the Mv mono treatments (63% less than control) (Fig. 16B).   
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Within the herbivore trophic group, only the free-living sap feeders showed 

significant differences between treatments after Bonferroni correction (Table 11C).  Free 

living sap feeder abundance followed the same overall pattern as the predators, with the 

highest abundance in the Mv(+) treatment and the lowest in the Mv mono.  Free-living 

sap feeder abundance in the Mv(+) treatment was higher (by 49%), while abundance 

values in the Mv mono treatment decreased (by 65%), when compared to controls (Fig. 

16C).  Significantly responsive taxa in this functional guild were the Cicadellidae (leaf 

hoppers), Delphacidae (plant hoppers) and Cercopidae (spittle bugs).  Of these, 

Cicadellidae (leaf hopper) abundance exhibited the most significant increase in Mv(+) 

treatments (68% greater than control) and the most significant decrease in Mv mono (71% 

less than control) (Fig. 16D). 

Simple correlation analyses showed a difference in the relationships between 

responsive functional guilds and plant structure and biomass surrogate variables.  

Carnivore (predator) abundance was significantly correlated positively to plant 

architecture (r=0.436, p=<0.001) and negatively to percent bare ground (r= -0.437, 

p<0.001).  Herbivore (free-living sap feeder) abundance was also significantly correlated 

with these vegetation variables, but the relationship was weaker for plant architecture 

(r=0.312, p=<0.001) than it was for percent bare ground (r= -0.451, p<0.001).   

DISCUSSION 

Results from our study indicate that M. vimineum invasion can alter arthropod 

communities through changes to both architecture and native plant diversity.  Arthropods 

collected via sweep net indicate community diversity and abundance responds 

dramatically and differently to the treatments applied to plant communities.  However, 

arthropods in the pitfall traps showed little response to any of the plant community 
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treatments in this study.  Below, I discuss the multiple ways that M. vimineum invasion 

may alter arthropod communities.  

Are reductions in native plant abundance in habitat invaded by M. vimineum 

associated with reductions in arthropod abundance and diversity? 

Removal of native plant abundance (Mv mono treatments) resulted in a significant 

decrease in structural complexity and a decrease in biomass cover.  Removing native 

plants had the largest effect on arthropod diversity, reducing arthropod family richness 

and diversity by half compared to control plots.  These data support other research 

showing that decreases in native plant diversity can reduce arthropod abundance and 

species richness through a variety of mechanisms (Haddad et al. 2009).  The decrease in 

arthropod abundance, richness, and diversity associated with M. vimineum monoculture 

plots could be related to a loss of preferred food resources.  While there is evidence that 

certain arthropod groups (specifically free-living sap feeders) may use M. vimineum as a 

food source (Bradford et al. 2009), the predicted lower nutritional quality due to 

increased levels of silica and fiber compared to native vegetation (Caswell et al. 1973, 

Barbehenn 2005, Cebrian et al. 2009), and the availability of native food resources in 

neighboring treatments may have resulted in herbivores seeking better quality food 

resources elsewhere.  Time since invasion could have significant impacts on the use of M. 

vimineum as a food resource as herbivore damage on non-native plants is dependent on 

herbivores that are able to recognize and utilize this novel resource (Carpenter and 

Cappuccino 2005).  As this is a relatively small invasion in this experimental location, 

and native plant resources are still plentiful, it is likely that the creation of monoculture 

stands of M. vimineum resulted in a significant decrease in arthropod abundance and 

diversity due to food limitation. 
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However, food limitation is not the only mechanism that could be operating in 

this system.  Removal of all non-M.vimineum herbaceous plants also resulted in a   

significant decrease in structural complexity and biomass cover.  Because the invasion 

density in this forest is relatively low, several of the plots assigned to this treatment were 

left relatively bare (32-91% bare ground), resulting in a decrease of habitat and niche 

availability for arthropods.  Reduction in plant productivity is expected to result in a 

decline in abundance and biomass of primary consumers (Tallamy 2004, Carpenter and 

Cappuccino 2005).  For example, Wimp et al, (2010) evaluated trophic level impacts of 

plant biomass on arthropod species richness and found a positive linear relationship.  

Increased primary productivity provides necessary habitat to support higher abundances 

of herbivores, leading to increases in herbivore species richness.  Without studies 

explicitly examining herbivore food preferences in this system, it is impossible to clearly 

separate these two mechanisms.   

Are increases in physical structure or biomass in habitat invaded by M. vimineum 

associated with increases in arthropod abundance and diversity?   

Of the three experimental treatments, the M. vimineum seed addition Mv(+), which 

effectively doubled the density of the invader, showed the largest increase in overall 

arthropod abundance over the control sites.  However, M. vimineum seed addition had no 

effect on arthropod diversity or family richness.  While the level of invasion in the M. 

vimineum addition plot did reduce the occurrence of forbs in these treatments, I did not 

achieve an invasion density that completely eliminated all native food sources while still 

providing increased structural complexity and biomass cover.  This treatment instead 

showed that native plant presence alone does not solely structure arthropod communities. 

Instead, as long as some native plants are still in the ecosystem, dense invasions of M. 
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vimineum may actually increase arthropod abundance.  It is most likely that the increases 

in arthropod abundance associated with denser invasions of M. vimineum are due to 

increases in vegetation structural complexity.  Predators, in particular, have been shown 

to respond positively to such increases in structural complexity, due to increases in niche 

diversity and reduction of intra-guild predation (Finke and Denno 2002, 2006, 

Langellotto and Denno 2004, 2006).  However, the expected response of herbivores to 

increased structural complexity is less clear.  Langellotto and Denno (2004) found no 

effect of increased structural complexity on herbivore populations, while other 

researchers found that herbivorous prey (specifically leaf hoppers) should have reduced 

abundance in more structurally complex habitats (Finke and Denno 2006, Janssen et al. 

2007).  The increase I found in herbivores, specifically leaf hoppers, could result from a 

differential response to the increased structural complexity by intra-guild predators 

(spiders) and herbivorous prey that may have influenced encounter rates, and impacted 

predation rates through reduced capture success (Finke and Denno 2006).  Another 

potential explanation for the increased herbivore abundance in this treatment is the 

continued presence of native food sources along with the additional biomass cover.  More 

detailed work is needed to assess the long-term effects of increased structural complexity 

associated with changes in higher trophic level responses 

Does the strength of these different effects depend on arthropod functional guild 

identity?   

I demonstrate increased insect and spider abundances, as well as increases at both 

the carnivore and herbivore trophic levels associated with M. vimineum invasion in this 

system (Metcalf 2013a, 2013b).  This study provides additional support not only for 

increased arthropod abundance and diversity in M. vimineum invaded sites, but also 
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provides support for the idea that increased biomass and increased structural complexity 

that results from this invasive grass are driving the current increases of carnivores and 

herbivores in this system.   

Changes in both arthropod diversity and abundance were mostly driven by 

responses of spiders and leaf hoppers.  The M. vimineum monoculture treatment (Mv 

mono) resulted in a significant decrease in overall abundance, diversity, and family 

richness when compared to the control.  This difference was seen in carnivore and 

herbivore trophic levels, with assassin bugs and spiders (carnivore -- predator), and leaf 

hoppers and plant hoppers (herbivore -- free-living sap feeder) showing the most 

significant differences from the control sites.   

Because of the different roles these groups play in food webs, I expected that 

carnivores would respond to increases in plant architecture, while herbivores would be 

more sensitive to changes in plant biomass (Tallamy 2004, Denno et al. 2004, Carpenter 

and Cappuccino 2005, Finke and Denno 2006, DeVore 2011).  The differential response I 

demonstrated through the correlational analyses indicate a stronger response of 

carnivores (spiders) to plant architecture, and a stronger response of herbivores (leaf 

hoppers) to biomass cover.  While these differences were minor, it is possible that as 

invasion density increases, these differences could be magnified.  This response is likely 

context dependent, and as invasions increase in extent and age, the role of increasingly 

scarce native plants may override the benefits of increased habitat and cover provided by 

M. vimineum.    

While the overall effects of M. vimineum invasion appear to be context dependent, 

there is significant evidence that at moderate levels of invasion, the increased biomass 

cover and structural complexity can lead to increased abundance and diversity of 
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arthropods in the invaded system.  Complete removal of M. vimineum is not realistic, 

however land management officials and decision makers should seriously consider 

mechanisms by which native plant diversity can be maintained in spite of the presence of 

this invader, thus limiting its negative impacts and potentially increasing the arthropod 

diversity in the system. 
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Table 8: Description and mechanisms tested for each treatment 

Treatment Description Mechanism tested 

Control Native plant community  
Baseline community for comparison  

 

Mv(-) M. vimineum removal 
Effect of plant community biomass and structure 

reduction on arthropod communities 

Mv mono M. vimineum monoculture 
Effect of loss of native plant resources on arthropod 

communities 

Mv(+) M. vimineum addition (+500 seeds) 
Effect of plant community biomass and structure 

increase on arthropod communities 

 
 

Table 9: Results from ANOVAs for A) % cover of forbs, grasses, M. vimineum and sedges and B) plant 

architecture and % bare ground.  Significant p-values are shown in bold. 
 

A 
Forb Grass M. vimineum Sedge 

F p F p F p F p 

Treatment 112.77 <0.001 78.33 <0.001 100.39 <0.001 67.591 <0.001 

Season 6.26 0.002 3.133 0.045 4.75 0.010 11.301 <0.001 

Treat x Season 0.991 0.432 0.875 0.514 0.739 0.619 3.355 0.003 
 

B 
Plant Architecture Bare ground 

F p F p 

Treatment 12.04 <0.001 90.61 0.001 

Season 8.71 <0.001 21.863 <0.001 

Treat x Season 1.919 0.079 0.144 0.990 

 

Table 10: Results from ANOVAs for A) Sweep net (SN) and Pitfall (PF) trap arthropod abundance, B) 

Sweep net Shannon diversity (H’),  amily  ichness (S) and Shannon Evenness (Eh), and C) Sweep net 

carnivore, Detritivore, herbivore and omnivore abundance.  Bonferroni adjusted significant p-values are 

shown in bold. 

 

A 
SN ABUNDANCE PF ABUNDANCE 

F p F p 

Treatment 26.33 <0.001 0.95 0.418 

Season 39.09 <0.001 35.55 <0.001 

Treat x season 0.98 0.441 0.32 0.924 
 

B 
Shannon Diversity (H’) Family Richness (S) Shannon Evenness (Eh) 

F p F p F p 

Treatment 29.42 <0.001 35.35 <0.001 1.73 0.161 

Season 92.99 <0.001 130.86 <0.001 1.25 0.288 

Treat x season 2.80 0.012 4.51 <0.001 1.229 0.292 
 

C 
Carnivore Herbivore Detritivore 

F p F p F p  

Treatment 17.36 <0.001 19.13 <0.001 0.997 0.395 

Season 0.595 0.553 75.43 <0.001 7.291 <0.001 

Treat x season 1.299 0.258 2.764 0.013 1.535 0.168 
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Table 11: Results from ANOVAs for (A) Sweep net carnivore functional group abundance (B) Sweep net 

predator morpho-group abundance, (C) Sweep net herbivore functional group abundance, (D) Sweep net 

free-living sap feeder morpho-group abundance.   Bonferroni adjusted significant p-values are shown in 

bold. 

 

A 
Parasite Parasitoid Predator 

F p F p F p 

Treatment 1.297 0.276 3.189 0.025 17.97 <0.001 

Season 10.15 <0.001 23.565 <0.001 0.485 0.616 

Treat x season 1.602 0.147 1.921 0.078 1.147 0.336 
 

B 
Ant Assassin Bug Beetle Harvestman Spider Stinkbug 

F, p F, p F, p F, p F, p F, p 

Treatment 5.03,0.002 4.83,0.003 1.20,0.312 0.45, 0.72 19.17,<0.001 0.83, 0.48 

Season 12.23,<0.001 10.68,<0.001 6.45,0.002 16.27,<0.001 0.63, 0.53 0.38, 0.69 

Treat x season 13.24, 0.25 3.83, 0.001 1.20, 0.31 0.94,0.47 0.43,0.86 0.71,0.64 
 

C 
Concealed Chewer Free-living Chewer Free-living Sap Feeder 

F p F p F p 

Treatment 0.667 0.573 3.304 0.021 16.871 <0.001 

Season 2.00 0.138 1.725 0.180 85.73 <0.001 

Treat x season 0.667 0.677 0.948 0.461 4.659 <0.001 
 

D 
Aphid Leaf hopper Plant Hopper Spittlebug 

F p F p F p F p 

Treatment 2.57 0.06 11.92 <0.001 8.951 <0.001 4.60 0.004 

Season 5.36 0.005 51.84 <0.001 68.63 <0.001 8.09 <0.001 

Treat x season 2.97 0.008 4.54 <0.001 6.372 <0.001 2.73 0.014 
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Figure 14. A) Mean % cover of forbs, non-M. vimineum grasses, M. vimineum, and sedges  

B) Mean plant  architecture, and C) Mean % bare ground for each treatment: Control, M. 

vimineum removal [Mv(-)], M. vimineum monoculture [Mv mono], and M. vimineum 

addition [Mv+)] in 2011 +/- SE.   Different letters indicate significant differences of p<0.05.  

Error bars are +/- SE 
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Figure 15.  A) Mean arthropod abundance for both pitfall (PF) and sweep net (SN) samples, B)Mean 

Shannon Diversity for sweep net samples, C) Mean family richness for sweep net samples, and D) 

mean trophic group abundance for sweep net samples for each treatment: Control, M. vimineum 

removal [Mv(-)], M. vimineum monoculture [Mv mono], and M. vimineum addition [Mv(+)] in 2011 +/- 

SE.   Different letters indicate significant differences of p<0.05.  Error bars are +/- SE 
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Figure 16. A) mean abundance of the carnivore functional guild: predators from sweep net (SN) samples, B) 

mean abundance of predator morpho-groups for sweep net samples, C) mean abundance of the herbivore 

functional guild: free-living sap feeders, and D) mean abundance of free-living sap feeder morpho-groups for 

sweep net samples for each treatment: Control, M. vimineum removal [Mv(-)], M. vimineum monoculture [Mv 

mono], and M. vimineum addition [Mv(+)] in 2011 +/- SE.   Different letters indicate significant differences of 

p<0.05.  Error bars are +/- SE 
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CHAPTER 5 

SUMMARY AND FUTURE DIRECTIONS 

SUMMARY 

 The work presented in this dissertation addressed the associations between 

invasion of a primary producer and abundance and diversity of higher trophic levels.  The 

survey work presented in chapters two and three show that there is a positive association 

between invasion and arthropod abundance and diversity at multiple trophic levels.  By 

comparing my findings with similar studies, it appears that this association may be 

context dependent.  The manipulative field experiment discussed in chapter four provides 

insight into potential mechanisms that may be driving the increased abundance and 

diversity of arthropods in association with plant invasion.  I have shown that increases in 

structural complexity or biomass availability and decreases in plant community diversity 

associated with invasion can differentially impact predators and herbivores.  While the 

findings from my research clearly demonstrate relationships (and potential mechanisms) 

between an invasive plant and increased arthropod community abundance, further 

research is needed to tease apart specific mechanisms as well as explain conflicting 

results from similar studies.  

FUTURE DIRECTIONS 

My dissertation work addressed the relationship between arthropods and plant 

invasion from a community perspective.  Few studies have addressed the impact of 

invasion on the arthropod community as a whole, but those that have report conflicting 

results (Standish 2004, Heleno et al. 2008, Hartley et al. 2010), including studies focusing
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 on M. vimineum itself (Civitello et al. 2008, Marshall and Buckley 2009, Simao et al. 

2010, Tang et al. 2012). Studies evaluating the mechanisms driving these changes are 

even less common (Simao et al. 2010).  Understanding these mechanisms is vital to 

improve our ability to manage and control impacts of invasion in temperate forest 

systems, as well as to explain conflicting results in studies on M. vimineum to date. I see 

two important future directions for my research to take in order to address these issues.  

1. Better understanding of the differential effects of plant biomass and structure 

Future work in this system would start with additional seasons utilizing the basic 

design presented in chapter four, with a few additions.  I lacked the ability to 

destructively sample biomass in our treatments due to plot size, and therefore had to use a 

proxy that was auto-correlated with structural complexity.  The addition of biomass plots 

adjacent to the data collection plots would allow for a stronger evaluation of biomass 

cover for each treatment.  Establishing four biomass plots, one for each treatment, and 

sampling 1/3 of each plot each season (June/August/October) would provide an overall 

estimate of biomass for each treatment over the growing season.   

I was unable to effectively separate vegetation structure from biomass using the 

existing design.  The addition of a treatment that combines a M. vimineum monoculture 

with the seed addition would provide an opportunity to evaluate the effect of M. 

vimineum biomass on arthropod communities, without the influence of the native food 

resource.  A second additional treatment would include the replacement of all living plant 

material with non-living (plastic or silk) plants that would provide structural complexity 

and cover, but would not provide any food resource.  I would also like to include a 

treatment that provides structure, but not biomass cover, potentially using wood, wire or 

plastic structures without “leaves”.  In order to accomplish the final treatment, I would 
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recommend a methods study comparing wire, wood and plastic structures.  This 

comparative study would allow me to evaluate the effectiveness of each of the three 

materials to determine if there preference or avoidance of any of the three before 

establishing the treatment in the field. 

2. Evaluating the role of invasion density and size in explaining conflicting 

findings 

The question of changes in invasion density differentially affecting arthropod 

communities is another that I would like to address in the future.  I effectively doubled 

the density of the existing invasion in manipulative experiment (Micvim(+)), yet still 

found increased arthropod abundance and diversity. However, the M. vimineum densities 

at Horner (5-70% are substantially lower than at other regional sites, possibly indicating 

that the Horner invasions are relatively new.  Invasion densities in systems where other 

studies evaluating effects of M. vimineum on arthropods were conducted were 

significantly higher, ranging from 80-100% cover in some sites (Flory 2010, DeVore 

2011).  I would propose an experiment that would systematically increase invasion 

density by seed addition, to evaluate whether there is a threshold level of invasion that 

becomes detrimental to both the plant and arthropod communities in the Horner system.  

As elimination of M. vimineum is not likely, this study would aid managers in planning to 

control and limit the spread of this invasive plant.   

Finally, the question of invasion extent is another that needs to be addressed.  The 

study sites at Horner consisted of fairly small patches of M. vimineum (<0.01 ha), while 

studies in other habitats invaded by M. vimineum found invasions of several hectares in 

size (Jayna DeVore, personal communication, September 9, 2013).  Arthropods may be 

able to freely move between small patches of M. vimineum and neighboring uninvaded 
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habitat at Horner, allowing them to benefit from the extra cover provided by M. vimineum 

but also access needed native food supplies.  As the invasion extent increases, arthropod 

movement between invaded and uninvaded patches may become limiting, resulting in a 

negative impact of invasion on arthropod abundances.  Such differences in invasion 

extent may help explain the conflicting findings between my study and those conducted 

in larger-scale invasions (Civitello et al. 2008, Simao et al. 2010).  In order to test this, I 

would conduct an experiment manipulating the size of invaded and uninvaded plots via 

removal of M. vimineum.  The pilot study for this work would take place at the University 

of Louisville Horner Wildlife Research Forest in Brownsboro, KY, and survey 

arthropods associated with natural patches of M. vimineum of varying size within this 

forest.  A larger follow-up study would take place in either Bernheim Forest (Kentucky) 

or Big Oak National Wildlife Forest (Indiana) where the invasion patch sizes exceed 1 

ha.  Invaded plots of varying sizes would be surrounded by areas of similar size in which 

M. vimineum would be removed.  The use of a grass-specific post emergent herbicide 

would be utilized within a large invasion patch to create these uninvaded areas.  This 

method of removal was shown to result in the greatest native plant biomass and species 

richness following removal (Flory and Clay 2009).  Arthropods would be collected using 

sweep nets and pitfall traps.  Analysis at the family, trophic and functional guild levels 

would improve our understanding of the impacts of M. vimineum patch size on arthropod 

community structure.  Measures of biomass, plant diversity, and stem counts will be 

collected and used as covariates in the analysis.  This portion of the study will allow me 

to evaluate how patch size influences the impacts of M. vimineum invasion on arthropod 

food webs.   
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Appendix I:  Mean abundance and biomass for all insects collected May-October 2010-2011 broken down by Family by trap type, 

invasion status, trophic group, functional guild, order and morpho group 

Trap 

Invasion 

Status 

Trophic 

Group Functional Guild Order Morpho-group Family 

Mean 

abundance 

Mean 

Biomass 

PF Invaded Carnivore Parasite Unknown Mite Mite 1.00 0.0001 

     

Tick Ixodidae 1.60 0.0081 

   

Parasitoid Hymenoptera Wasp Braconidae 1.33 0.0006 

      

Diapriidae 1.00 0.0001 

      

Pteromalidae 1.00 0.0003 

   

Predator Chilopoda Chilopod Chilopoda 1.00 0.0075 

    

Coleoptera Beetle Cleridae 1.00 0.0013 

      

Coccinellidae 1.00 0.0010 

      

Histeridae 1.00 0.0047 

      

Staphylinidea 1.10 0.0019 

     

Firefly Lampyridae 1.00 0.0286 

    

Hemiptera Assassin Bug Reduviiadae 1.00 0.0002 

    

Hymenoptera Ant Formicidae 1.45 0.0028 

    

Opiliones Harvestman Phalangidae 1.61 0.0294 

  

Detritivore Scavenger/Shredder Archeognatha Bristletail Machilidae 1.25 0.0126 

    

Coleoptera Beetle Leiodidae 1.33 0.0002 

      

Tenebrionidae 1.00 0.0049 

    

Collembola Springtail Entomobryidae 1.33 0.0003 

    

Diplopoda Diplopod Diplopoda 1.33 0.1045 

    

Isopoda Isopod Isopod 3.03 0.0510 

    

Orthoptera Cricket Rhaphidophoridae 1.18 0.0399 

  

Herbivore Concealed Chewer Coleoptera Weevil Curculionidae 1.00 0.0020 

    

Diptera Midge Ceccidomyidae 2.00 0.0001 
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Trap 

Invasion 

Status 

Trophic 

Group Functional Guild Order Morpho-group Family 

Mean 

abundance 

Mean 

Biomass 

PF Invaded Herbivore Concealed Chewer Hymenoptera Wasp Eurytomidae 1.00 0.0003 

   

Free-living Chewer Coleoptera Beetle Chrysomelidae 1.17 0.0026 

   

 Hemiptera Seed bug Rhyparochromidae 1.33 0.0070 

   

 

Hymenoptera Sawfly Tenthredinidae 1.00 0.0005 

    

Lepidoptera Larva Lepidoptera Larva 1.00 0.0891 

    Orthoptera Grasshopper Tetrigidae 1.00 0.0006 

    

Coleoptera Larva Coleoptera larva 1.00 0.0003 

   

Free-living Sap Feeder Hemiptera Aphid Anoeciidae 1.00 0.0002 

      

Aphididae 1.00 0.0001 

     

Plant hopper Delphacidae 1.00 0.0008 

    

Lepidoptera Moth Microlepidoptera 2.00 0.0066 

   

Pollinator Coleoptera Beetle Byturidae 1.00 0.0008 

  

Omnivore Free-living Chewer Orthoptera Cricket Gryllidae 1.55 0.0072 

    

Diptera Small Fly Microdiptera 1.00 0.0024 

 

Uninvaded Carnivore Parasite Diptera Mosquito Culicidae 1.00 0.0005 

    

Unknown Mite Mite 1.00 0.0001 

     

Tick Ixodidae 1.40 0.0033 

   

Parasitoid Hymenoptera Wasp Braconidae 1.50 0.0007 

      

Cynipidae 1.00 0.0001 

      

Pteromalidae 1.00 0.0003 

   

Predator Chilopoda Chilopod Chilopoda 1.00 0.0470 

    

Coleoptera Beetle Coccinellidae 1.00 0.0004 

      

Staphylinidea 1.00 0.0010 

    

Hymenoptera Ant Formicidae 1.27 0.0045 

    

Opiliones Harvestman Phalangidae 1.79 0.0193 

  

Detritivore Scavenger/Shredder Archeognatha Bristletail Machilidae 2.16 0.0184 
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Trap 

Invasion 

Status 

Trophic 

Group Functional Guild Order Morpho-group Family 

Mean 

abundance 

Mean 

Biomass 

PF Uninvaded Herbivore Scavenger/Shredder Coleoptera Beetle Tenebrionidae 1.00 0.0012 

    

Collembola Springtail Entomobryidae 1.50 0.0005 

    

Diplopoda Diplopod Diplopoda 1.50 0.6907 

    Isopoda Isopod Isopod 3.07 0.0569 

    

Orthoptera Cricket Rhaphidophoridae 1.21 0.0332 

    

Diptera Larva Diptera Larva 1.00 0.0010 

   Concealed Chewer Hymenoptera Wasp Eurytomidae 2.00 0.0005 

   

Free-living Chewer Coleoptera Beetle Chrysomelidae 1.40 0.0034 

      

Scarabeidae 2.75 0.0212 

      

Mordellidae 1.00 0.0006 

     

Larva Coleoptera larva 1.00 0.0014 

     

Weevil Bruchidae 1.00 0.0015 

    

Hemiptera Seed bug Rhyparochromidae 1.00 0.0013 

    

Hymenoptera Sawfly Tenthredinidae 1.00 0.0001 

    

Lepidoptera Larva Lepidoptera Larva 1.00 0.0084 

    

Orthoptera Grasshopper Tetrigidae 2.00 0.0015 

   

Free-living Sap Feeder Hemiptera Aphid Aphididae 1.00 0.0001 

     

Leaf Hopper Cicadellidae 1.00 0.0002 

     

Plant hopper Delphacidae 1.00 0.0003 

  

Omnivore Free-living Chewer Orthoptera Cricket Gryllidae 1.24 0.0151 

SN Invaded Carnivore Parasite Diptera Mosquito Culicidae 1.51 0.0008 

    

Hymenoptera Wasp Eupelmidae 1.00 0.0001 

      

Orussidae 1.17 0.0003 

    

Unknown Mite Mite 1.33 0.0001 

     

Tick Ixodidae 1.00 0.0001 
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Trap 

Invasion 

Status 

Trophic 

Group Functional Guild Order Morpho-group Family 

Mean 

abundance 

Mean 

Biomass 

SN Invaded Carnivore Parasitoid Hymenoptera Wasp Bethylidae 2.00 0.0008 

      

Braconidae 2.01 0.0005 

      

Chalcididae 1.00 0.0007 

      

Chrysididae 1.17 0.0006 

   

 

Hymenoptera Wasp Cynipidae 1.00 0.0001 

      

Diapriidae 1.38 0.0001 

      

Encyrtidae 1.50 0.0004 

      

Eulophidae 1.14 0.0005 

      

Evaniidae 1.00 0.0004 

      

Ichneumonidae 1.31 0.0043 

      

Pteromalidae 2.00 0.0002 

      

Tiphiidae 1.50 0.0027 

     

Larva Hymenoptera Larva 1.33 0.0020 

   

Predator Coleoptera Beetle Cantharidae 1.00 0.0045 

      

Ciccindellidae 1.00 0.0013 

      

Cleridae 1.00 0.0010 

      

Coccinellidae 1.40 0.0055 

      

Histeridae 1.00 0.0018 

      

Staphylinidea 1.00 0.0004 

     

Firefly Lampyridae 1.50 0.0155 

    

Hemiptera Ambush Bug Phymatidae 1.25 0.0020 

     

Assassin Bug Reduviiadae 1.76 0.0044 

     

Damsel Bug Nabidae 2.00 0.0006 

     

Stinkbug Pentatomidae 1.25 0.0089 
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Trap 

Invasion 

Status 

Trophic 

Group Functional Guild Order Morpho-group Family 

Mean 

abundance 

Mean 

Biomass 

SN Invaded Carnivore Predator Hymenoptera Ant Formicidae 7.84 0.0039 

     

Wasp Crabrionidae 1.33 0.0015 

      

Pompilidae 1.00 0.0005 

      

Sphecidae 1.00 0.0003 

      

Vespidae 1.00 0.0080 

   

 

Mantodea Mantiss Mantidae 1.00 0.2433 

    

Neuroptera Brown Lacewing Hemerobiidae 1.00 0.0022 

     

Green Lacewing Chrysopidea 1.00 0.0049 

    

Orthoptera Grasshopper Grylacrididae 1.00 0.0162 

     

Katydid Tettigonidae 2.33 0.0270 

  

Detritivore Scavenger/Shredder Archeognatha Bristletail Machilidae 1.00 0.0062 

    

Blattodea Cockroach Blattellidae 1.00 0.0045 

    

Coleoptera Beetle Endomychidae 1.00 0.0006 

      

Eucnemidae 1.25 0.0025 

      

Leiodidae 1.45 0.0012 

      

Tenebrionidae 2.15 0.0015 

    

Collembola Springtail Entomobryidae 1.80 0.0008 

    

Diptera Midge Mycetophilidae 2.00 0.0003 

    

Isopoda Isopod Isopod 1.00 0.0474 

    

Orthoptera Cricket Rhaphidophoridae 1.33 0.0328 

    

Psocoptera Barklice Amphipsocidae 1.00 0.0004 

      

Mesopsocidae 1.00 0.0007 

      

Myopsocidae 1.00 0.0003 

      

Peripsocidae 1.00 0.0001 

    

Diptera Larva Diptera Larva 1.00 0.0017 

 



 

 

 

9
2
 

Trap 

Invasion 

Status 

Trophic 

Group Functional Guild Order Morpho-group Family 

Mean 

abundance 

Mean 

Biomass 

SN Invaded Herbivore Concealed Chewer Coleoptera Weevil Curculionidae 1.82 0.0024 

    

Diptera Midge Ceccidomyidae 2.00 0.0001 

    

Hymenoptera Horntail Siricidae 1.00 0.0001 

     

Wasp Eurytomidae 1.38 0.0003 

   

Free-living Chewer Coleoptera Beetle Aderidae 1.00 0.0004 

      

Anobiidae 1.00 0.0001 

      Buprestidae 2.00 0.0020 

      

Cerambycidae 1.40 0.0044 

      

Chrysomelidae 1.56 0.0045 

      

Elateridae 1.00 0.0086 

      

Ptilodactylidae 1.67 0.0031 

      

Scarabeidae 1.60 0.0083 

      

Mordellidae 1.79 0.0014 

     

Larva Coleoptera larva 1.00 0.0063 

     

Weevil Attelabidae 1.00 0.0011 

      

Bruchidae 1.44 0.0023 

      

Curculionidae 1.00 0.0003 

    

Diptera Crane Fly Tipulidae 1.39 0.0018 

    

Hemiptera Seed bug Rhyparochromidae 3.03 0.0059 

      

Lygaeidae 1.00 0.0001 

    

Hymenoptera Sawfly Pamphiliidae 1.00 0.0012 

      

Tenthredinidae 1.00 0.0012 

    

Lepidoptera Larva Lepidoptera Larva 1.94 0.0249 

    

Mecoptera Scorpion fly Panorpidae 1.25 0.0116 

    

Orthoptera Grasshopper Acrididae 1.92 0.0249 

      

Tetrigidae 1.38 0.0227 
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Trap 

Invasion 

Status 

Trophic 

Group Functional Guild Order Morpho-group Family 

Mean 

abundance 

Mean 

Biomass 

SN Invaded Herbivore Free-living Sap Feeder Hemiptera Aphid Anoeciidae 1.00 0.0003 

      

Aphididae 2.27 0.0003 

     

Lace Bug Tingidae 1.00 0.0003 

     

Leaf Hopper Cicadellidae 6.06 0.0095 

     

Negro bug Thyreocoridae 1.93 0.0050 

     

Plant hopper Caliscellidae 11.50 0.0173 

     Plant hopper Delphacidae 3.02 0.0018 

      

Derbidae 4.00 0.0062 

      

Dictyophoridae 1.00 0.0060 

      

Issidae 1.50 0.0078 

     

Spittle bug Cercopidae 4.16 0.0214 

     

Tree Hopper Membracidae 1.82 0.0054 

     

Whitefly Aleyrodidae 1.00 0.0003 

    

Lepidoptera Moth Microlepidoptera 1.39 0.0113 

    

Thysanoptera Thrips Thripidae 1.00 0.0001 

   

Pollinator Coleoptera Beetle Byturidae 1.25 0.0022 

    

Hymenoptera Bee Apidae 1.00 0.0429 

      

Halictidae 1.00 0.0035 

  

Omnivore Free-living Chewer Orthoptera Cricket Gryllidae 1.77 0.0108 

    

Diptera Large Fly Macrodiptera 3.81 0.0052 

     

Small Fly Microdiptera 5.57 0.0020 

 

Uninvaded Carnivore Parasite Diptera Mosquito Culicidae 1.35 0.0017 

    

Hymenoptera Wasp Eupelmidae 1.00 0.0001 

      

Orussidae 1.00 0.0001 

    

Unknown Tick Ixodidae 1.00 0.0020 
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Trap 

Invasion 

Status 

Trophic 

Group Functional Guild Order Morpho-group Family 

Mean 

abundance 

Mean 

Biomass 

SN Uninvaded Carnivore Parasitoid Hymenoptera Wasp Bethylidae 1.00 0.0001 

      

Braconidae 2.17 0.0007 

      

Chalcididae 1.75 0.0002 

      

Chrysididae 1.75 0.0026 

      

Cynipidae 1.00 0.0003 

      

Diapriidae 1.44 0.0002 

      

Encyrtidae 1.29 0.0002 

      Eulophidae 1.50 0.0003 

      

Evaniidae 1.00 0.0001 

      

Ichneumonidae 1.43 0.0050 

      

Pteromalidae 1.38 0.0002 

      

Tiphiidae 1.20 0.0007 

   

Predator Coleoptera Beetle Coccinellidae 1.00 0.0084 

      

Histeridae 1.00 0.0009 

      

Staphylinidea 1.00 0.0007 

     

Firefly Lampyridae 1.25 0.0106 

    

Hemiptera Ambush Bug Reduviiadae 1.00 0.0032 

     

Assassin Bug Reduviiadae 1.44 0.0030 

     

Stinkbug Pentatomidae 1.00 0.0185 

    

Hymenoptera Ant Formicidae 7.07 0.0034 

     

Larva Hymenoptera Larva 1.00 0.0080 

     

Wasp Crabrionidae 1.50 0.0045 

      

Pompilidae 1.00 0.0035 

      

Vespidae 1.00 0.0030 

    

Neuroptera Brown Lacewing Hemerobiidae 1.00 0.0031 

    

Opiliones Harvestman Phalangidae 2.25 0.0479 
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Trap 

Invasion 

Status 

Trophic 

Group Functional Guild Order 

Morpho-

group Family 

Mean 

abundance 

Mean 

Biomass 

SN Uninvaded Carnivore Predator Orthoptera Katydid Tettigonidae 1.06 0.0035 

  Detritivore Scavenger/Shredder Blattodea Cockroach Blattidae 1.00 0.0007 

    

Coleoptera Beetle Leiodidae 1.00 0.0005 

      

Tenebrionidae 1.70 0.0018 

    

Collembola Springtail Entomobryidae 1.73 0.0007 

    

Diptera Midge Mycetophilidae 1.00 0.0010 

    Diptera Larva Diptera Larva 5.00 0.0006 

    

Isopoda Isopod Isopod 1.00 0.0312 

    

Mecoptera Larva Panorpid Larva 1.00 0.0058 

    

Orthoptera Cricket Rhaphidophoridae 1.00 0.0063 

    

Psocoptera Barklice Amphipsocidae 1.00 0.0008 

      

Peripsocidae 1.00 0.0003 

  

Herbivore Concealed Chewer Coleoptera Weevil Curculionidae 1.33 0.0012 

    

Hymenoptera Wasp Eurytomidae 1.60 0.0002 

   

Free-living Chewer Coleoptera Beetle Buprestidae 1.00 0.0015 

      

Cerambycidae 1.00 0.0048 

      

Chrysomelidae 1.63 0.0036 

      

Elateridae 1.00 0.0106 

      

Mordellidae 1.53 0.0015 

      

Ptilodactylidae 1.00 0.0009 

      

Scarabeidae 1.00 0.0009 

     

Larva Coleoptera larva 2.67 0.0026 

     

Weevil Bruchidae 1.00 0.0020 

    

Diptera Crane Fly Tipulidae 1.33 0.0031 
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Trap 

Invasion 

Status 

Trophic 

Group Functional Guild Order Morpho-group Family 

Mean 

abundance 

Mean 

Biomass 

SN Uninvaded Herbivore Free-living Chewer Hemiptera Seed bug Rhyparochromidae 2.80 0.0037 

    

Hymenoptera Sawfly Tenthredinidae 1.00 0.0017 

    

Lepidoptera Larva Lepidoptera Larva 1.90 0.0105 

    

Orthoptera Grasshopper Acrididae 1.75 0.0160 

      

Tetrigidae 1.08 0.0172 

   Free-living Sap Feeder Hemiptera Aphid Anoeciidae 2.00 0.0006 

      

Aphididae 3.25 0.0003 

     

Lace Bug Tingidae 2.20 0.0006 

     Larva Hemipteran Larva 1.00 0.0003 

     

Leaf Hopper Cicadellidae 3.18 0.0051 

     

Negro bug Thyreocoridae 1.43 0.0039 

     

Plant hopper Caliscellidae 3.50 0.0057 

      

Cixiidae 1.00 0.0006 

      

Delphacidae 2.82 0.0015 

      

Derbidae 1.00 0.0014 

      

Issidae 1.00 0.0103 

     

Spittle bug Cercopidae 1.68 0.0071 

     

Tree Hopper Membracidae 2.20 0.0121 

     

Whitefly Aleyrodidae 1.00 0.0002 

    

Lepidoptera Moth Microlepidoptera 1.41 0.0076 

    

Thysanoptera Thrips Thripidae 1.00 0.0003 

   

Pollinator Coleoptera Beetle Byturidae 1.33 0.0019 

    

Hymenoptera Bee Halictidae 1.00 0.0027 
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Trap 

Invasion 

Status 

Trophic 

Group Functional Guild Order Morpho-group Family 

Mean 

abundance 

Mean 

Biomass 

SN Uninvaded Omnivore Free-living Chewer Orthoptera Cricket Gryllidae 1.37 0.0079 

    

Diptera Large Fly Macrodiptera 2.28 0.0064 

     

Small Fly Microdiptera 4.74 0.0011 
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Appendix II:  Mean abundance of spiders collected May-October 2010-2011 broken down by trap type, invasion status, functional 

guild, and Genus and morpho group for Adults, Immature and Totals 

Trap Type 

Invasion 

Status 

Functional 

Guild Family Genus 

Mean 

Adult 

Mean 

Immature 

Mean 

Abundance 

PF Invaded Ambusher Philodromidae Philodromus 1 1.5 1.4 

    

Thanatus 0 1 1 

   

Pisauridae Pisaurina 0 1 1 

   

Thomisidae Coriarachne 0 1 1 

    

Mecaphesa 2 1 1.5 

    

Misumena 0 1.2 1.2 

    

Misumenops 2 0 2 

    

Tmarus 1 0 1 

    

Unknown 0 1 1 

  

Folliage Runner Clubionidae Clubiona 1.4 1.5 1.4 

  

Ground Runner Gnaphosidae Drassyllus 1 0 1 

    

Gnaphosa 1.2 0 1.2 

   

Lycosidae Hogna 0 1 1 

    

Lycosa 0 1 1 

    

Pardosa 1.1 1.1 1.1 

    

Pirata 1.32 1 1.3 

    

Schizocosa 1.1 0 1.1 

    

Trebacosa 1 0 1 

    

Unknown 0 1 1 

  

Orb Weaver Araneidae Cyclosa 1 0 1 

   

Tetragnathidae Leucauge 1 0 1 

    

Tetragnatha 0 1 1 

  

Sheet Web Builder Agelenidae Agelenopsis 1 1 1 

  

Space Web Builder Pholcidae Pholcus 1 0 1 
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Trap Type 

Invasion 

Status 

Functional 

Guild Family Genus 

Mean 

Adult 

Mean 

Immature 

Mean 

Abundance 

PF Invaded Stalker Mimetidae Mimetus 1 0 1 

   

Oxyopidae Oxyopes 1.666666667 1 1.4 

   

Salticidae Eris 1 1.5 1.166666667 

    

Pellenes 2 0 2 

    

Sassacus 1.2 1 1.166666667 

    

Thiodina 1 1 1 

    

Unknown 0 1 1 

    

Zygoballus 1.333333333 0 1.333333333 

  

Wandering Sheet Weaver Linyphiidae Agyneta 1 0 1 

    

Bathyphantes 1 0 1 

    

Drapestisca 1 1 1 

    

Horcotes 1 0 1 

    

Lepthyphantes 1 0 1 

    

Neriene 1.5 0 1.5 

    

Unknown 1 1 1 

 Uninvaded Ambusher Philodromidae Philodromus 1 1 1 

    

Unknown 0 1 1 

   

Pisauridae Pisaurina 0 1 1 

   

Thomisidae Mecaphesa 0 1 1 

    

Misumena 2 1 1.5 

    

Misumenops 1 0 1 

    

Unknown 0 2 2 

  

Folliage Runner Clubionidae Clubiona 1 1 1 

  

Ground Runner Gnaphosidae Drassyllus 1.2 0 1.2 

    

Gnaphosa 1 1.5 1.142857143 

    

Unknown 0 1 1 
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Trap Type 

Invasion 

Status 

Functional 

Guild Family Genus 

Mean 

Adult 

Mean 

Immature 

Mean 

Abundance 

PF Uninvaded Ground Runner Lycosidae Allocosa 1 0 1 

    

Pardosa 1 1.25 1.090909091 

    

Pirata 1.461538462 1 1.4 

    

Schizocosa 1.181818182 0 1.181818182 

    

Unknown 0 1 1 

   

Oonopidae Orchestina 1 0 1 

  

Orb Weaver Araneidae Acanthepiera 1 0 1 

    

Araneus 1 0 1 

  

Sheet Web Builder Agelenidae Agelenopsis 1 0 1 

  

Space Web Builder Pholcidae Unknown 1 0 1 

  

Stalker Oxyopidae Unknown 0 0 1 

   

Salticidae Eris 1 0 1 

    

Salticus 1 0 1 

    

Sassacus 1 0 1 

    

Thiodina 1.5 0 1.5 

    

Unknown 1 0 1 

    

Zygoballus 1 0 1 

  

Wandering Sheet Weaver Linyphiidae Agyneta 1 0 1 

    

Bathyphantes 2 0 2 

    

Neriene 1 0 1 

    

Unknown 1 1 1 

SN Invaded Ambusher Philodromidae Philodromus 1.133333333 1.6 1.366666667 

    

Tibellus 1 0 1 

   

Pisauridae Pisaurina 2.3 2.8 2.528735632 
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Trap Type 

Invasion 

Status 

Functional 

Guild Family Genus 

Mean 

Adult 

Mean 

Immature 

Mean 

Abundance 

SN Invaded Ambusher Thomisidae Mecaphesa 1.266666667 1.710526316 1.58490566 

    

Misomenoides 0 1 1 

    

Misumena 1 1.428571429 1.25 

    

Misumenops 1 0 1 

    

Tmarus 2 0 2 

    

Unknown 0 1 1 

  

Folliage Runner Clubionidae Clubiona 2.142857143 1.588235294 1.8125 

    

Unknown 0 3.4 3.4 

   

Miturgidae Cheiracanthium 1 0 1 

    

Unknown 0 1 1 

  

Ground Runner Ctenidae Anahita 1.5 1 1.25 

   

Gnaphoside Drassyllus 1.2 2 1.272727273 

    

Gnaphosa 1.090909091 1 1.071428571 

    

Sergiolus 1 0 1 

    

Unknown 0 2 2 

   

Lycosidae Allocosa 1 0 1 

    

Hogna 1.5 0 1.5 

    

Pardosa 1.25 1 1.166666667 

    

Pirata 1 1 1 

    

Schizocosa 1 0 1 

  

Orb Weaver Araneidae Araneus 1.695652174 1 1.615384615 

    

Araniella 1.5 0 1.5 

    

Argiope 1 1 1 

    

Larinoides 1 0 1 

    

Mangora 1 0 1 
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Trap Type 

Invasion 

Status 

Functional 

Guild Family Genus 

Mean 

Adult 

Mean 

Immature 

Mean 

Abundance 

SN Invaded Orb Weaver Araneidae Micrathena 1 0 1 

    

Unknown 2 1.5 1.4 

    

Verrucosa 1 0 1 

    

Zygiella 1.5 0 1.5 

   

Tetragnathidae Leucauge 1.166666667 0 1.166666667 

    

Tetragnatha 1.636363636 0 1.636363636 

  

Sheet Web Builder Agelenidae Agelenopsis 1 0 1 

    

Tegenaria 1 0 1 

    

Unknown 0 3 2 

  

Space Web Builder Dictynidae Cicurina 1 0 1 

   

Pholcidae Pholcus 1.75 1 1.6 

   

Theridiidae Enoplognatha 1.625 0 1.625 

    

Euryopsis 1.666666667 0 1.666666667 

    

Theridion 1.416666667 1 1.384615385 

  

Stalker Mimetidae Mimetus 1 1 1 

   

Oxyopidae Oxyopes 1.133333333 2.291666667 1.846153846 

   

Salticidae Eris 1.954545455 1 1.84 

    

Maevia 0 1 1 

    

Pellenes 1 0 1 

    

Phidippus 1.176470588 1 1.166666667 

    

Pholcus 1 0 1 

    

Sassacus 1.592592593 1.461538462 1.528301887 

    

Thiodina 1.4 1.5 1.448275862 

    

Unknown 0 1.461538462 1.428571429 
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Trap Type 

Invasion 

Status 

Functional 

Guild Family Genus 

Mean 

Adult 

Mean 

Immature 

Mean 

Abundance 

SN Invaded Wandering Sheet Weaver Linyphiidae Agyneta 1 0 1 

    

Bathyphantes 1.466666667 0 1.466666667 

    

Drapestisca 1 2.5 1.214285714 

    

Drassyllus 0 1 1 

    

Neriene 3 1 2 

    

Unknown 0 2.7 2.7 

 

Uninvaded Ambusher Philodromidae Philodromus 1.444444444 1.5 1.470588235 

    

Tibellus 0 1 1 

   

Pisauridae Pisaurina 1.347826087 1.823529412 1.55 

   

Thomisidae Mecaphesa 1 1.346153846 1.257142857 

    

Micrathena 1 0 1 

    

Misomenoides 1 1 1 

    

Misumena 1 1 1 

    

Misumenops 0 1 1 

    

Tmarus 0 1 1 

    

Xysticus 1 0 1 

  

Folliage Runner Clubionidae Clubiona 1.2 1.923076923 1.583333333 

    

Unknown 0 1 1 

   

Miturgidae Cheiracanthium 1 1 1 

    

Unknown 0 1.5 1.5 

  

Ground Runner Ctenidae Anahita 1 1 1 

   

Gnaphosidae Drassyllus 1.333333333 0 1.333333333 

    

Gnaphosa 1.333333333 1.5 1.363636364 

    

Unknown 0 2 1.5 
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Trap Type 

Invasion 

Status 

Functional 

Guild Family Genus 

Mean 

Adult 

Mean 

Immature 

Mean 

Abundance 

SN Uninvaded Ground Runner Lycosidae Allocosa 1 0 1 

    

Hogna 1 0 1 

    

Pardosa 1.25 1 1.2 

    

Schizocosa 1 0 1 

    

Trebacosa 2 0 2 

    

Unknown 0 2 2 

  

Orb Weaver Araneidae Acanthepiera 1 0 1 

    

Araneus 1.333333333 1 1.3125 

    

Argiope 0 4 4 

    

Micrathena 1.166666667 0 1.166666667 

    

Unknown 0 2 2 

    

Zygiella 1 0 1 

   

Tetragnathidae Leucauge 1.75 2 1.8 

    

Tetragnatha 1.666666667 1 1.571428571 

  

Sheet Web Builder Agelenidae Agelenopsis 1 0 1 

    

Tegenaria 1 1 1 

  

Space Web Builder Theridiidae Enoplognatha 1 0 1 

    

Steatoda 1 0 1 

    

Theridion 2.2 1.333333333 2 

    

Thiodina 4 0 4 

    

Unknown 0 0 1 

  

Stalker Oxyopidae Oxyopes 1 1.125 1.083333333 

   

Salticidae Eris 1.266666667 0 1.266666667 

    

Maevia 1 0 1 

    

Pellenes 1 0 1 

    

Phidippus 1.222222222 1.333333333 1.25 
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Trap Type 

Invasion 

Status 

Functional 

Guild Family Genus 

Mean 

Adult 

Mean 

Immature 

Mean 

Abundance 

SN Uninvaded Stalker Salticidae Sassacus 1.210526316 1.222222222 1.214285714 

    

Synemosyna 1 0 1 

    

Thiodina 1.125 1 1.083333333 

    

Unknown 0 1.25 1.222222222 

  

Wandering Sheet Weaver Linyphiidae Agyneta 0 1.5 1.5 

    

Bathyphantes 1.375 1.25 1.35 

    

Drapestisca 1.375 1 1.333333333 

    

Erigione 1 0 1 

    

Unknown 0 1.625 1.625 
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Appendix III:  Mean abundance of arthropods collected May-October 2012 broken down by trap type, treatment [Control; Mv(+): M. 

vimineum seed addition; Mv(-): M. vimineum removal; Mv mono: M. vimineum monoculture], trophic group, functional guild, Order, 

morpho-group and family. 

 

Trap 

Type Treatment Trophic Group Functional Guild Order Morpho-group Family 

Mean 

Abundance 

PF Control Carnivore Parasite Unknown Mite Mite 1.00 

   

Parasitoid Hymenoptera Wasp Pteromalidae 1.00 

   

Predator Chilopoda Chilopod Chilopoda 1.00 

    

Coleoptera Beetle Carabidae 1.63 

    

Hemiptera Assassin Bug Reduviiadae 1.00 

     

Stinkbug Pentatomidae 1.00 

    

Hymenoptera Ant Formicidae 3.00 

    

Opiliones Harvestman Phalangidae 1.70 

    

Unknown Spider Unknown 1.74 

  

Detritivore Scavenger/Shredder Archeognatha Bristletail Machilidae 1.00 

    

Blattodea Cockroach Blattellidae 1.00 

    

Collembola Springtail Entomobryidae 2.77 

      

Sminthuridae 1.00 

    

Diplopoda Diplopod Diplopoda 1.00 

    

Isopoda Isopod Isopod 1.61 

    

Orthoptera Cricket Rhaphidophoridae 1.67 

  

Herbivore Free-living Chewer Coleoptera Beetle Buprestidae 1.00 

      

Chrysomelidae 1.00 

      

Scarabeidae 1.00 

     

Larva Coleoptera Larva 1.00 

    

Lepidoptera Larva Lepidoptera Larva 1.00 
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Trap 

Type Treatment Trophic Group Functional Guild Order Morpho-group Family 

Mean 

Abundance 

PF Control Herbivore Free-living Chewer Orthoptera Grasshopper Acrididae 1.00 

      

Tetrigidae 1.00 

   

Free-living Sap Feeder Hemiptera Leaf Hopper Cicadellidae 1.00 

     

Negro bug Thyreocoridae 1.00 

     

Plant hopper Delphacidae 1.00 

  

Omnivore Free-living Chewer Orthoptera Cricket Gryllidae 1.33 

    

Diptera Small Fly Microdiptera 1.00 

 

Mv (-) Carnivore Parasite Unknown Mite Mite 1.17 

     

Tick Ixodidae 1.33 

   

Parasitoid Hymenoptera Wasp Braconidae 1.00 

      

Pteromalidae 1.00 

   

Predator Chilopoda Chilopod Chilopoda 1.00 

    

Coleoptera Beetle Carabidae 1.56 

      

Staphylinidea 1.00 

     

Firefly Lampyridae 1.00 

    

Hemiptera Stinkbug Pentatomidae 1.00 

    

Hymenoptera Ant Formicidae 1.85 

     

Velvet Ant Mutilidae 1.00 

    

Opiliones Harvestman Phalangidae 1.70 

    

Unknown Mite Unknown 1.00 

     

Spider Unknown 2.17 

  

Detritivore Scavenger/Shredder Archeognatha Bristletail Machilidae 1.00 

    

Blattodea Cockroach Blattellidae 1.00 

    

Coleoptera Beetle Leiodidae 1.00 

    

Collembola Springtail Entomobryidae 4.57 
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Trap 

Type Treatment Trophic Group Functional Guild Order Morpho-group Family 

Mean 

Abundance 

PF Mv (-) Detritivore Scavenger/Shredder Diplopoda Diplopod Diplopoda 1.00 

    

Isopoda Isopod Isopod 2.06 

    

Orthoptera Cricket Rhaphidophoridae 1.00 

    

Psocoptera Barklice Mesopsocidae 1.00 

  

Herbivore Concealed Chewer Coleoptera Weevil Curculionidae 1.00 

   

Free-living Chewer Coleoptera Beetle Chrysomelidae 1.00 

      

Scarabeidae 6.50 

    

Diptera Midge Mycetophilidae 1.00 

    

Hemiptera Seed bug Rhyparochromidae 1.00 

    

Lepidoptera Larva Lepidoptera Larva 1.00 

    

Orthoptera Grasshopper Acrididae 1.00 

   

Free-living Sap Feeder Hemiptera Plant hopper Delphacidae 1.00 

  

Omnivore Free-living Chewer Orthoptera Cricket Gryllidae 1.89 

 

Mv (+) Carnivore Parasite Unknown Tick Ixodidae 2.00 

   

Parasitoid Hymenoptera Wasp Pteromalidae 1.00 

   

Predator Coleoptera Beetle Carabidae 1.63 

    

Hemiptera Stinkbug Pentatomidae 1.00 

    

Hymenoptera Ant Formicidae 2.10 

     

Velvet Ant Mutilidae 1.00 

    

Opiliones Harvestman Phalangidae 1.95 

    

Unknown Spider Unknown 1.85 

  

Detritivore Scavenger/Shredder Archeognatha Bristletail Machilidae 1.00 

    

Blattodea Cockroach Blattellidae 1.00 

    

Coleoptera Beetle Tenebrionidae 1.00 

    

Collembola Springtail Entomobryidae 3.13 
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Trap 

Type Treatment Trophic Group Functional Guild Order Morpho-group Family 

Mean 

Abundance 

PF Mv(+) Detritivore Scavenger/Shredder Diplopoda Diplopod Diplopoda 1.00 

    

Isopoda Isopod Isopod 2.60 

    

Orthoptera Cricket Rhaphidophoridae 1.20 

  

Herbivore Free-living Chewer Coleoptera Beetle Scarabeidae 1.00 

     

Weevil Bruchidae 1.00 

     

Larva Coleoptera Larva 1.00 

    

Lepidoptera Larva Lepidoptera Larva 1.00 

    

Orthoptera Grasshopper Acrididae 1.00 

      

Tetrigidae 1.00 

   

Free-living Sap Feeder Hemiptera Aphid Aphididae 1.00 

     

Leaf Hopper Cicadellidae 1.00 

     

Plant hopper Delphacidae 1.00 

     

Whiteflies Aleyrodidae 1.00 

  

Omnivore Free-living Chewer Orthoptera Cricket Gryllidae 1.38 

 

Mv mono Carnivore Parasite Unknown Mite Mite 1.50 

     

Tick Ixodidae 1.00 

   

Parasitoid Hymenoptera Wasp Tiphiidae 1.00 

   

Predator Coleoptera Beetle Carabidae 1.25 

      

Staphylinidea 1.00 

    

Hemiptera Stinkbug Pentatomidae 1.00 

    

Hymenoptera Ant Formicidae 1.60 

    

Opiliones Harvestman Phalangidae 1.50 

    

Unknown Spider Unknown 2.30 

  

Detritivore Scavenger/Shredder Archeognatha Bristletail Machilidae 1.00 

    

Collembola Springtail Entomobryidae 3.96 
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Trap 

Type Treatment Trophic Group Functional Guild Order Morpho-group Family 

Mean 

Abundance 

PF Mv mono Detritivore Scavenger/Shredder Isopoda Isopod Isopod 1.42 

    

Orthoptera Cricket Rhaphidophoridae 1.00 

  

Herbivore Concealed Chewer Coleoptera Weevil Curculionidae 1.00 

   

Free-living Chewer Coleoptera Beetle Buprestidae 1.00 

      

Elateridae 1.00 

      

Scarabeidae 6.50 

     

Larva Carabidae Larva 1.00 

     

Weevil Bruchidae 1.00 

    

Hymenoptera Sawfly Tenthredinidae 1.00 

    

Lepidoptera Larva Lepidoptera Larva 1.00 

   

Free-living Sap Feeder Hemiptera Aphid Aphididae 1.00 

     

Leaf Hopper Cicadellidae 1.00 

     

Spittle bug Cercopidae 1.00 

  

Omnivore Free-living Chewer Orthoptera Cricket Gryllidae 2.78 

SN Control Carnivore Parasite Diptera Mosquito Culicidae 1.00 

    

Hymenoptera Wasp Eupelmidae 1.00 

   

Parasitoid Hymenoptera Wasp Braconidae 3.00 

      

Chrysididae 1.00 

      

Cynipidae 1.00 

      

Encyrtidae 1.00 

      

Ichneumonidae 1.00 

      

Pteromalidae 1.67 

   

Predator Coleoptera Beetle Carabidae 1.00 

     

Firefly Lampyridae 1.00 

    

Hemiptera Ambush Bug Phymatidae 1.00 
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Trap 

Type Treatment Trophic Group Functional Guild Order Morpho-group Family 

Mean 

Abundance 

SN Control Carnivore Predator Hemiptera Assassin Bug Reduviiadae 1.44 

     

Stinkbug Pentatomidae 1.50 

    

Hymenoptera Ant Formicidae 1.50 

     

Wasp Crabrionidae 1.00 

      

Sphecidae 1.00 

    

Opiliones Harvestman Phalangidae 2.00 

    

Orthoptera Katydid Tettigonidae 1.33 

    

Unknown Spider Unknown 2.16 

  

Detritivore Scavenger/Shredder Coleoptera Beetle Leiodidae 1.00 

    

Collembola Springtail Entomobryidae 1.00 

    

Psocoptera Barklice Peripsocidae 1.00 

  

Herbivore Concealed Chewer Coleoptera Weevil Curculionidae 1.00 

   

Free-living Chewer Coleoptera Beetle Chrysomelidae 1.14 

      

Mordellidae 1.00 

      

Ptilodactylidae 1.00 

     

Larva Coleoptera Larva 1.00 

     

Weevil Bruchidae 1.00 

    

Hemiptera Seed bug Pachygronthidae 1.00 

      

Rhyparochromidae 1.67 

    

Lepidoptera Larva Lepidoptera Larva 1.00 

      

Unknown 

Microlepidopteran 1.00 

    

Orthoptera Grasshopper Acrididae 1.73 

      

Tetrigidae 2.00 

   

Free-living Sap Feeder Hemiptera Aphid Aphididae 3.20 
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Trap 

Type Treatment Trophic Group Functional Guild Order Morpho-group Family 

Mean 

Abundance 

SN Control Herbivore Free-living Sap Feeder Hemiptera Leaf Hopper Cicadellidae 4.56 

     

Negro bug Thyreocoridae 1.00 

     

Plant hopper Delphacidae 4.46 

      

Derbidae 1.00 

     

Spittle bug Cercopidae 1.55 

     

Squash Bug Coreidae 1.00 

  

Omnivore Free-living Chewer Orthoptera Cricket Gryllidae 1.00 

    

Diptera Large Fly Macrodiptera 1.30 

     

Small Fly Microdiptera 1.65 

 

Mv(-) Carnivore Parasite Diptera Mosquito Culicidae 1.00 

   

Parasitoid Hymenoptera Wasp Braconidae 1.89 

      

Chrysididae 1.00 

      

Cynipidae 1.00 

      

Diapriidae 1.33 

      

Encyrtidae 1.00 

      

Pteromalidae 1.00 

      

Torymidae 1.00 

   

Predator Coleoptera Beetle Coccinellidae 1.00 

    

Hemiptera Assassin Bug Reduviiadae 1.00 

     

Stinkbug Pentatomidae 1.00 

    

Hymenoptera Ant Formicidae 1.67 

    

Opiliones Harvestman Phalangidae 1.00 

    

Orthoptera Katydid Tettigonidae 1.25 

    

Unknown Spider Unknown 1.78 

  

Detritivore Free-living Chewer Hymenoptera Sawfly Tenebrionidae 1.00 
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Trap 

Type Treatment Trophic Group Functional Guild Order Morpho-group Family 

Mean 

Abundance 

SN Mv(-) Detritivore Scavenger/Shredder Coleoptera Beetle Leiodidae 1.00 

      

Tenebrionidae 1.00 

    

Collembola Springtail Entomobryidae 2.00 

    

Psocoptera Barklice Peripsocidae 1.00 

      

Psocidae 1.00 

  

Herbivore Free-living Chewer Coleoptera Beetle Chrysomelidae 1.17 

      

Mordellidae 1.00 

      

Ptilodactylidae 1.00 

     

Larva Unknown Coleoptera 1.00 

    

Diptera Crane Fly Tipulidae 1.00 

    

Hemiptera Seed bug Rhyparochromidae 2.00 

    

Hymenoptera Sawfly Tenthredinidae 1.00 

    

Orthoptera Grasshopper Acrididae 1.29 

      

Tetrigidae 1.00 

   

Free-living Sap Feeder Hemiptera Aphid Aphididae 1.00 

     

Leaf Hopper Cicadellidae 3.29 

     

Negro bug Thyreocoridae 1.00 

     

Plant hopper Delphacidae 4.07 

      

Derbidae 1.00 

     

Spittle bug Cercopidae 1.13 

     

Whiteflies Aleyrodidae 1.00 

   

Unknown Lepidoptera Larva 

Unknown 

Microlepidopteran 1.00 

  

Omnivore Free-living Chewer Orthoptera Cricket Gryllidae 1.00 

    

Diptera Large Fly Macrodiptera 2.00 
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Trap 

Type Treatment Trophic Group Functional Guild Order Morpho-group Family 

Mean 

Abundance 

SN Mv(-) Omnivore Free-living Chewer Diptera Small Fly Microdiptera 3.00 

 

Mv (+) Carnivore Parasite Diptera Mosquito Culicidae 1.25 

   

Parasitoid Hymenoptera Wasp Braconidae 1.21 

      

Chrysididae 1.20 

      

Cynipidae 1.00 

      

Diapriidae 1.67 

      

Encyrtidae 1.00 

      

Eupelmidae 1.00 

      

Ichneumonidae 1.00 

      

Pteromalidae 1.17 

   

Predator Coleoptera Beetle Cleridae 1.00 

      

Histeridae 1.00 

    

Hemiptera Assassin Bug Reduviiadae 1.00 

     

Stinkbug Pentatomidae 1.00 

    

Hymenoptera Ant Formicidae 1.81 

    

Mantodea Mantis Mantidae 1.00 

    

Opiliones Harvestman Phalangidae 2.00 

    

Orthoptera Katydid Tettigonidae 1.43 

    

Unknown Spider Unknown 3.22 

  

Detritivore Scavenger/Shredder Coleoptera Beetle Leiodidae 1.00 

      

Tenebrionidae 1.00 

    

Collembola Springtail Entomobryidae 3.80 

    

Orthoptera Cricket Rhaphidophoridae 1.00 

    

Psocoptera Barklice Peripsocidae 1.00 

  

Herbivore Concealed Chewer Coleoptera Weevil Curculionidae 1.00 
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Trap 

Type Treatment Trophic Group Functional Guild Order Morpho-group Family 

Mean 

Abundance 

SN Mv(+) Herbivore Free-living Chewer Coleoptera Beetle Chrysomelidae 1.22 

      

Mordellidae 1.00 

     

Weevil Bruchidae 1.00 

    

Hemiptera Seed bug Rhyparochromidae 1.20 

    

Lepidoptera Larva Lepidoptera Larva 1.00 

    

Orthoptera Grasshopper Acrididae 1.32 

   

Free-living Sap Feeder Hemiptera Aphid Aphididae 1.00 

     

Leaf Hopper Cicadellidae 7.11 

      

Delphacidae 2.00 

     

Negro bug Thyreocoridae 1.00 

     

Plant hopper Delphacidae 5.67 

      

Derbidae 1.00 

      

Issidae 1.00 

     

Spittle bug Cercopidae 1.79 

      

Hymenoptera 1.00 

    

Lepidoptera Moth Microlepidoptera 1.00 

    

Thysanoptera Thrips Paleothripidae 1.00 

      

Thripidae 1.00 

  

Omnivore Free-living Chewer Orthoptera Cricket Gryllidae 1.13 

    

Diptera Large Fly Macrodiptera 1.00 

     

Small Fly Microdiptera 2.37 

 

Mv mono Carnivore Parasite Diptera Mosquito Culicidae 1.00 

    

Unknown Mite Mite 1.00 

     

Tick Ixodidae 1.00 

   

Parasitoid Hymenoptera Wasp Braconidae 1.00 
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Trap 

Type Treatment Trophic Group Functional Guild Order Morpho-group Family 

Mean 

Abundance 

SN Mv mono Carnivore Parasitoid Hymenoptera Wasp Chrysididae 1.00 

      

Cynipidae 1.00 

      

Diapriidae 1.00 

      

Ichneumonidae 1.00 

   

Predator Coleoptera Firefly Lampyridae 1.00 

    

Hemiptera Ambush Bug Phymatidae 1.00 

    

Hymenoptera Ant Formicidae 1.00 

    

Opiliones Harvestman Phalangidae 1.00 

    

Orthoptera Katydid Tettigonidae 1.00 

    

Unknown Spider Unknown 1.55 

  

Detritivore Scavenger/Shredder Coleoptera Beetle Leiodidae 1.00 

    

Collembola Springtail Entomobryidae 1.17 

  

Herbivore Free-living Chewer Coleoptera Beetle Chrysomelidae 1.00 

     

Weevil Bruchidae 1.00 

    

Lepidoptera Larva Lepidoptera Larva 1.00 

     

Microlepidoptera 

Unknown 

Microlepidopteran 1.00 

    

Orthoptera Grasshopper Acrididae 1.46 

      

Tetrigidae 2.00 

   

Free-living Sap Feeder Hemiptera Aphid Aphididae 1.33 

     

Leaf Hopper Caliscellidae 1.00 

      

Cicadellidae 3.00 

     

Plant hopper Delphacidae 2.86 

      

Derbidae 1.00 

     

Spittle bug Cercopidae 1.00 
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Trap 

Type Treatment Trophic Group Functional Guild Order Morpho-group Family 

Mean 

Abundance 

SN Mv mono Herbivore Free-living Sap Feeder Thysanoptera Thrips Thripidae 1.00 

  

Omnivore Free-living Chewer Orthoptera Cricket Gryllidae 1.00 

    

Diptera Large Fly Macrodiptera 1.00 

     

Small Fly Microdiptera 1.36 
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