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Schedonorus pratensis is European forage grass associated with the systemic, 

vertically transmitted, endophytic fungus Neotyphodium uncinatum.   Endophyte infected 

(E+) grasses have been observed to have mutualistic properties with the grass that increase 

its competitive advantage over plant heterospecifics and anti-herbivorous properties. These 

benefits have been observed mainly in managed agronomic conditions. My research is 

aimed at answering the question: how are plant and arthropod communities altered when 

natural communities are invaded by endophyte infected S.pratensis.  

Plant and aboveground arthropod communities were sampled in unmanaged 

communities invaded by E+ and E- grasses.  My work suggests that three years after the 

initial invasion, communities invaded with E+ grasses were actually more biodiverse than 

communities invaded with E- grasses and differences in the plant community composition 

did not affect the associated invertebrate community. It may be that S.pratensis as an 

invader may be less harmful than other grass-endophyte combinations in a natural 

community. 
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CHAPTER 1 

An invasive European grass and its Neotyphodium endophyte: a review and introduction 

 

1.1 Introduction 

My research is aimed at answering the question: how are plant and arthropod 

communities altered when grassland communities are invaded by grasses that are infected with a 

systemic, vertically transmitted, endophytic fungus? This is an interesting question because 

endophyte infected (E+) grasses have been observed to have mutualistic properties with the 

fungus that help increase growth, reproduction, tolerance to drought, and increased competitive 

advantage over heterospecifics (i.e. competing vegetation), and anti-herbivore properties (Clay 

1990; Saari et al. 2010). Agronomists recognised the beneficial properties of these grasses and 

incorporated them for forage, turf, and amenity (e.g. parks) purposes (Hoveland 2009).  The 

desirable traits of this mutualism are ideal within the context of agronomy, however outside of 

managed systems they are widely considered invasive organisms (Rudgers et al. 2004; Rudgers 

et al. 2007; Saari 2010; Saari et al. 2010). In this chapter, I will briefly introduce the concept of 

an ‘invasive species’ and the consequences of its presence in a community. Following that, I will 

introduce my study system, the grass species (Schedonorus pratensis) along with its mutualistic 

endophyte (Neotyphodium uncinatum) and discuss its applications and land use history in North 

America.   

Invasive organisms can quickly and profoundly affect community function and diversity. 

In order for a species to be become ‘invasive’ it must overcome a series of barriers: transport, 

establishment, and spread (Desprez-Loustau et al. 2007; Craig et al. 2011). The initial 

introduction, or transport, of invasive organisms can be accidental or intentional. Accidental 

introductions are commonly facilitated by anthropogenic means. One of the most notorious 

examples is that of zebra mussels (Dreissena polymorpha) which were introduced into Canada 

via ballast water tanks from Eurasian transport ships (MacIsaac 1996; Ricciardi & MacIsaac 

2000). In a relatively short time, D. polymorpha expanded its distribution through many fresh 

water resources and eradicated multiple native species. Another example is the spotted knapweed 

(Centaurea maculosa) an invasive, aggressive weed that negatively affects crop and forage 

production in North America. The source of the invasion was accidental and started from a crop 

seed exported from Europe that was contaminated with C. maculosa seeds (Watson & Renney 
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1974).  Many parasitic fungal invasions are accidental introductions, like the causal agent of 

chestnut blight Cryphonectria parasitic originating from Asia (Desprez-Loustau et al. 2007).  

Intentional introductions, on the other hand, most often occur through integrated pest 

management (IPM) programs which use biological control agents to control pests (Usher et al. 

1988; Desprez-Loustau et al. 2007).  The western mosquito fish (Gambusia affins), a native to 

the United States, was introduced as a biological control agent in many water systems around the 

world to control mosquito populations. In the end, mosquito fish did not confer any more 

advantages than native predators of mosquitoes and instead began to attack, and decrease, native 

commercial fish populations (Lowe 2000; Desprez-Loustau et al. 2007).  Similarly, the rosy wolf 

snail (Euglandina rosea), also a native to the United States, was introduced onto islands in the 

Indian and Pacific oceans to control populations of the, already invasive, giant African snail 

(Achatina fulica).  The outcome being that E.rosea thrived in the island condition and became an 

invasive species itself and destroyed many of the island crops (Lowe 2000). 

Multiple opportunities arise for species to be transported, however the chance that an 

organism will be able to sustain itself in a new environment and successfully spread is low, 

approximately 10% (Levin et al. 2002). Successful invasive species, particularly plants, are 

thought to possess certain traits that enhance their competitive ability and increase their chances 

of survival.  The ‘novel weapons hypothesis’ (NWH), suggests that these exotic (i.e. invasive) 

plants are utilizing allelopathic processes that are novel to the invaded community. In their native 

ranges, invasive plants invest a considerable amount of their energy into defences against natural 

enemies (Callaway & Aschehoug 2000; Levin et al. 2002; Callaway & Ridenour 2004). When 

entering a new environment, the absence of these natural enemies allows exotic species to re-

allocate their energy into allelochemical defences (NWH) which may aid in their growth and/or 

reproduction along with enemy defence (Siemann et al. 1998; Callaway & Aschehoug 2000). 

The shift in energy allocation may facilitate resource acquisition by the exotic which can 

decrease surrounding competitor populations and assist in the exotic’s spread.  For example, an 

invasive plant can re-allocate its energy into extending its root system which may 1) increase the 

plant’s nutrient acquisition, 2) limit plant nutrient uptake by heterospecifics, and as a 

consequence of the invader’s enhanced competitive ability 3) increase the invasive plant’s 

distribution.  Following a successful invasion, exotic species have the potential to completely 

restructure a community through their enhanced vitality and defence ability (Callaway & 
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Aschehoug 2000; Callaway & Ridenour 2004). The disturbance after an invasion can have a 

strong influence on the biodiversity and stability of a community (Fridley et al. 2007). The 

change in structure not only impacts competing heterospecifics but also other trophic levels—

above- and belowground—and can affect the overall biodiversity of a community. The modified 

relationships between trophic levels (e.g. plant-plant, plant-consumer, plant-soil microbes) can 

directly impact the functioning of ecosystem processes such as decomposition, CO2-O2 gas 

exchange, and carbon to nitrogen ratios (C:N) (De Deyn & Van der Putten 2005; Turner et al. 

2007).    

At a glance, one can appreciate the substantial changes a community can face in the 

presence of an exotic plant invader, particularly on the vegetative and invertebrate community. 

The remainder of this chapter will introduce meadow fescue (Schedonorus pratensis), a well 

studied agronomic grassland species, and its mutualistic endophyte (Neotyphodium uncinatum). 

Although this species is well reputed within agronomy, its distribution has ranged outside 

maintained borders into unmanaged communities (Saikkonen et al. 2000; Ahlholm et al. 2002; 

Rudgers & Clay 2007; Saari et al. 2010). In these natural communities the once desired 

agronomic characteristics of this grass may make it an excellent invader and increase its impact 

on the invaded community. In the next section I review the current research looking at the grass 

and its effect on natural communities, with a particular emphasis on multi-trophic (vegetative 

and arthropod) interactions.   

 

1.2 Schedonrous pratensis and its endophytic symbiont Neotyphodium uncinatum 

  In this section, I will introduce and describe my study organism meadow fescue 

(Schedonorus pratensis (Hudson) P.Beauvois) and its endophyte Neotyphodium uncinatum 

(Malinowski & Belesky 2006).  S. pratensis has not been as well studied in North America as the 

congeneric grass, tall fescue (Schedonorus arundinacea Scherb.) and its endophyte 

Neotyphodium coenophialum (Schardl et al. 2004; Malinowski & Belesky 2006). S. arundinacea 

has been extensively studied and widely planted throughout North America. I will refer to 

research results on this congeneric species when information pertaining to meadow fescue is not 

available.  

Both meadow fescue and tall fescue are C3, or cool season grasses. C3 plants utilize 

Rubisco—an enzyme which catalyses carbon dioxide (CO2) directly from the atmosphere for use 



4 
 

in photosynthesis (Schardl et al. 2004). Both grasses originate from Europe and belong to the 

grass family Poaceae. Meadow fescue is an archaeophytic plant that was introduced into North 

America, from England, prior to the 1800s (Ahlholm et al. 2002; Fjellheim et al. 2007). It is used 

primarily as a pasture/forage grass because of its winter hardiness and quick recovery rate from 

intense grazing pressures (Fjellheim & Rognli 2005; Fjellheim et al. 2007; Fjellheim et al. 2009; 

Saari 2010; Saari et al. 2010), which were the primary motivations for its introduction and use in 

North America. Tall fescue was thought to be unintentionally introduced into North America in 

the mid 1800s as a contaminant in a meadow fescue seed lot, and was not employed as a 

pasture/forage grass until the mid 1900s (Fjellheim et al. 2009; Hoveland 2009).  In addition to 

its use as forage, tall fescue was further used as a turfgrass in North America.  Both species were 

equally integrated into agricultural practices until it was discovered, through experimental 

testing, that tall fescue was better able to resist plant diseases (e.g. yellow dwarf disease) 

resulting in the reduction of meadow fescue use in North America (Fjellheim et al. 2007). Now, 

meadow fescue is used in Europe, mostly in Nordic regions like Finland, and in the Maritime 

provinces of Canada (USDA 2013) although it is distributed widely throughout the higher  

latitudes across North America- see distribution map, Figure 1.1.  

 
Figure 1.1: The distribution map of Shedonorus pratensis across North America. The green areas  

on the map denote where it is present while the white areas represent its absence. 
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 The use of both grasses in North America and Europe, respectively, was popularized in 

pasture and turf use because of the numerous benefits these grasses exhibited, including: an 

increase in drought resistance (Schardl & Phillips 1997; Malinowski & Belesky 2000; Schardl et 

al. 2004; Malinowski & Belesky 2006); an increase in pest deterrence/resistance (Clay 1987; 

Crawley 1989; Breen 1994; Clay 1996; Schardl & Phillips 1997; Elmi et al. 2000; Keith Clay & 

Christopher Schardl 2002; Newman et al. 2003b; Lemons et al. 2005; Rudgers et al. 2006; 

Krauss et al. 2007; Yurkonis et al. 2012); and increased tolerances to disturbance and grazing 

(Schardl et al. 2004; Saari et al. 2009; Saari et al. 2010). In spite of all the benefits, some grazing 

mammals exhibited maladies when feeding on the grass. Specifically, vertebrate herbivores like 

sheep and cattle experienced significant weight loss, increased body temperatures, decreased 

blood flow to extremities, and increased deaths, which are all symptoms characteristic of the 

disease ‘fescue toxicosis’ (Saikkonen et al. 1998; Schardl et al. 2004; Malinowski & Belesky 

2006). It was later shown that both the increased competitive advantages and the detrimental 

effect on the grazing mammals both resulted from the same causal factor,a vertically-transmitted 

mutualistic fungal symbiont (Clay 1990; Saikkonen et al. 1998; Clay & Schardl 2002; Rudgers 

et al. 2004; Schardl et al. 2004; Rudgers et al. 2006). The endophyte in meadow fescue is 

Neotyphodium uncinatum (Gams, Petrini, and Schmidt) Glenn, Bacon, and Hanlin, and the 

endophyte in tall fescue is Neotyphodium coenophialum (Morgan-Jones and Gams) Glenn, 

Bacon, and Hanlin (Malinowski & Belesky 2000). Individual plants that are associated with 

these endophytes are generally referred to as ‘endophyte-infected’ or simply ‘E+’ grasses and 

those without the association are known as ‘E–‘ grasses.  Both extended phenotypes often 

coexist in the same populations. 

The Neotyphodium genus evolved from its sister genus Epichlöe. Both genera grow 

intercellularly by the extension of the fungal hyphae through the intercellular junctions within 

the host plant. Epichlöe reproduce sexually and are horizontally transmitted (Christensen et al. 

2002; Clay & Schardl 2002; Christensen et al. 2008). The hyphae emerge through the 

inflorescences of the Epichlöe host and produce ascospores (sexual spores) that grow on, and 

abort, the host’s inflorescences. The fungus essentially ‘chokes’ the host until reproduction is 

completely terminated, at which point the ascospores disperse via biotic (e.g. insects) or abiotic 

(e.g. wind) means (Clay 1990; Clay 1991; Bacon 1995; Christensen et al. 2008).  It is 

hypothesized that Epichlöe gave rise to the Neotyphodium lineage (Clay 1990; Clay 1991; 
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Groppe et al. 1999; Clay & Schardl 2002). Neotyphodium species are, instead, systemic, 

asymptomatic fungal endophytes that reproduce through asexual vertical transmission rather than 

horizontal. Vertical transmission involves the growth of the endophyte via hyphal extension into, 

rather than onto, the host’s seed (inflorescence) (Clay 1990; Christensen et al. 2002; Christensen 

et al. 2008).   

Neotyphodium endophytes can be lost from infected hosts through the death of the 

fungus, the inability of the fungus to colonise the host inflorescence, or the death of the 

endophyte in otherwise infected seed, thus maintaining both infected and uninfected morphs 

within the same host populations (Clay 1990; Schardl et al. 2004).  Between these two genera of 

endophyte, host-fungal relationships range from parasitic to mutualistic, with Neotyphodium 

species, generally, dominating the mutualistic end of the continuum (Clay 1990; Saikkonen et al. 

1998; Keith Clay & Christopher Schardl 2002; Saikkonen et al. 2004). Although both species of 

endophyte exhibit the host benefits mentioned above (e.g. drought tolerance, pest resistance, 

etc.), the remainder of this chapter will expand on the knowledge pertaining to the Neotyphodium 

species since meadow fescue, my target species, hosts a Neotyphodium endophyte.  The fescue 

hosts, as introduced above, benefit biotically (e.g. pest resistance) and abiotically (e.g. drought 

tolerance) from the presence of the endophyte.  I will briefly discuss, through examples, the 

abiotic then biotic, advantages to the host plant of possessing the endophyte association.  

 

1.3 Benefits of the endophyte association 

One of the major benefits associated with the presence of the endophyte is drought-

resistance/tolerance. Generally, endophyte infected grasses (E+) exhibit higher drought tolerance 

compared to grasses without the endophyte (E-). Several researchers found that infected meadow 

and tall fescue were better able to survive, and recover, after long periods of drought (Clay 1990; 

Bacon 1993; Bacon 1995; Clay 1996; Malinowski & Belesky 2000; Niemeläinen et al. 2001). 

Irrespective of endophyte presence, nitrates, nitrogen, and prolines are the main compounds 

produced to combat heat stress and protect enzymatic plant functions (Bacon 1993; Belesky & 

Bacon 2009). Endophyte presence tends to increase these compounds in host plants, compared to 

uninfected plants, during extreme drought conditions (Belesky & Bacon 2009). Drought stressed 

infected plants have also been shown to elongate their roots, which decreases root diameter, 

thereby increasing opportunities for water acquisition (Cheplick & Clay 1988; Cheplick et al. 
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1989; Bacon 1993; Malinowski & Belesky 2000; Schardl et al. 2004; Belesky & Bacon 2009). 

Along with the competitive advantage under drought, E+ grasses have been recognised as having 

a greater re-growth rate after herbivory, higher biomass, and greater tiller production compared 

to endophyte free grasses (Bacon 1993; Bacon 1995; Elmi et al. 2000; Schardl et al. 2004; 

Belesky & Bacon 2009; Saari et al. 2009; Saari et al. 2010).   

Meadow and tall fescue have been shown to be excellent inter-specific competitors 

regardless of their endophyte status (Malinowski & Belesky 2000; Brem & Leuchtmann 2002; 

Clay & Schardl 2002; Schardl et al. 2004; Lemons et al. 2005). Both grasses have outcompeted 

native vegetation in grazed pastures and, over time, become the dominant species in these 

invaded areas (Malinowski & Belesky 2000; Saikkonen et al. 2000; Niemeläinen et al. 2001; 

Malinowski & Belesky 2006; Saari et al. 2010). This impact seems to be stronger for endophyte 

infected populations than for endophyte free populations.  For example, Clay and Holah (1999) 

not only observed a decrease in native plant diversity in the presence of infected tall fescue, 

compared to plots invaded with E- tall fescue, but they also noted a decrease in mammalian and 

insect abundances between E+ and E- treatments.  The negative effects on inter-specific 

competitors have been linked to the presence of endophytes and the production, by the 

endophytes, of secondary nitrogen metabolites called alkaloids (Siegel et al. 1990; Bacon 1995; 

Bush et al. 1997; Faeth & Fagan 2002; Schardl et al. 2004; Bultman et al. 2012). Plants, in 

general, produce a suite of secondary metabolites that play a role in their maintenance and 

protection, although grasses in particular tend to be poorly defended in this way (Clay 1987; 

Clay 1990; Clay 1996; Schardl et al. 2004). The alkaloids the endophyte produces enhance the 

plant’s competitive ability by making them less susceptible to herbivory (Breen 1994; Bush et al. 

1997; Schardl & Phillips 1997; Clay & Schardl 2002; Schardl et al. 2004). The alkaloids 

produced by endophytic fungi tend to be from four major groups: peramines, lolines, ergots, and 

lolitrems. Each alkaloid group seems to affect a different group of herbivores.  

Ergot and lolitrem alkaloids are prominently linked to disruptions in mammalian 

physiology. The symptoms associated with fescue toxicosis (see above) in grazing livestock are 

caused by the presence of ergovalines, an alkaloid belonging to the ergot group (Breen 1994; 

Bacon 1995; Schardl et al. 2004; Malinowski & Belesky 2006). The toxic symptoms seen in E+ 

tall fescue has also been observed in other grass–endophyte relationships. For example, 

sleepygrass (Achnatherum robustum), found in North American, and drunken horse grass 
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(Achnatherum inebrians), found in Asia, are both infected with Neotyphoidum endophytes. 

These grasses, as suggested by their common names, have high levels of ergots which have 

serious health impacts on vertebrate consumers (Schardl et al. 2004; Faeth et al. 2006). An 

important distinction, as reviewed by Malinowski and Belesky (2000), is that meadow fescue, 

unlike tall fescue, does not produce ergots. This difference is an important consideration in why 

meadow fescue is used primarily as forage material for mammals. The production, and 

consumption, of lolitrems in E+ grasses is associated with another mammalian malady known as 

‘ryegrass staggers’. Upon excess consumption, mammals such as sheep and cattle develop a 

staggering walk and eventually are unable to support themselves. Symptoms associated with 

lolitrem ingestion can also be seen in the South African grass Melica decumbens and the 

Argentinean Poa huecu that host endophyte hybrids of Epichlöe and Neotyphoidum species 

(Schardl et al. 2004).   

Although, ergots and lolitrems have some deterring effects on insects, the main insect-

resistance role is played by peramine and loline alkaloids. Several researchers (Breen 1994; 

Grewal et al. 1995; Schardl et al. 2004; Malinowski & Belesky 2006; Rudgers et al. 2006; 

Christensen et al. 2008; Belesky & Bacon 2009) have found that peramines, in general, are 

linked to palatability of host (meadow and tall fescue) plant material, and that herbivory induces 

an increase in the production of peramine (Clay 1990; Siegel et al. 1990; Bacon 1995; Bush et 

al. 1997; Bouton et al. 2002; Faeth & Fagan 2002; Schardl et al. 2004). This defense-induction is 

particularly problematic for grazing/chewing insects like weevils and lepidopteran and dipteran 

larvae (Breen 1994; Grewal et al. 1995; Dougherty et al. 1999). Although peramines are 

unappetizing to these invertebrates, peramines, thus far, have not been shown to be toxic, but 

rather act as general deterrents against pests (Grewal et al. 1995; Bush et al. 1997; Schardl et al. 

2004). Lolines have been shown to be insecticidal, with invertebrate responses varying 

depending on alkaloid exposure. Higher concentrations of lolines in infected plants can act as a 

metabolic toxin while lower concentrations act as general deterrents (Breen 1994; Grewal et al. 

1995; Dahlman et al. 1997; Schardl et al. 2004) similar to peramines.  

Lolines, along with traces of permaines (Bush et al. 1997; Latch 1993), have been 

reported in soils below tall fescue plants (Latch 1993; Bush et al. 1997). Although Neotyphoidum 

endophytes are systemic fungi that reside only in aboveground plant material, they have been 

shown to have effects on below ground organisms as well, suggesting that peramines and lolines 
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are translocated throughout the host plant and are perhaps present in root exudates where they 

persist in the soil (Latch 1993). For example, Elmi et al. (2000) demonstrated that free living soil 

nematode populations were higher in E- tall fescue conditioned soils compared to E+ 

conditioned soil. The increase in soil toxicity, due to the alkaloids, may make the soil 

inhospitable for competing plants as well (Bennett & Bever 2007)—along with microbial 

populations (Kourtev et al. 2002; Popay & Jensen 2005)—and decrease their occurrences (or 

presence) in an E+ invaded community, therefore decreasing the biodiversity of the community 

(Lemons et al. 2005; Bennett & Bever 2007; Rudgers et al. 2009; Rudgers & Orr 2009; Rudgers 

et al. 2010). 

The benefits associated with the presence of Neotyphodium endophytes are not always 

observed however, challenging the generality of these conclusions. The vast majority of research 

on grass-endophyte symbioses comes from experiments that use only one cultivar of grass in 

combination with one strain of the endophyte.  Experiments that have used multiple cultivars 

and/or multiple strains of endophyte have typically found more mixed results.  Cheplick et al. 

(2000) and Rasmussen et al. (2007) tested multiple endophyte-grass combinations, and found 

that all combinations did not necessarily exhibit the supposed advantages associated with 

endophyte presence. Several Lolium perenne genotypes (cv. Yorktown III) infected with a single 

Neotyphodium lolli endophyte strain displayed varying degrees of plant productivity under 

drought stressed conditions. A large proportion of infected plants showed a decrease in 

productivity, such as a decrease in tiller production and decreased plant growth when infected 

with the same endophyte genotype. In multiple cases, the E-varieties of the grass genotypes 

tested were better able to resist and recover from drought (Cheplick et al. 2000). This experiment 

demonstrates how varying genotypes of a single cultivar—all infected with the same 

endophyte—can display multiple responses, not all of which are beneficial to the host plant. 

Rasmussen et al.(2007; 2008), along with others (Saikkonen et al. 1998; Saikkonen et al. 2000; 

Saikkonen et al. 2004; Bultman et al. 2006; Tintjer & Rudgers 2006; Bultman et al. 2009; 

Bultman et al. 2012), found that the same cultivar infected with different strains of the endophyte 

perform differently and this effect is further emphasised depending on surrounding 

environmental conditions.  Specifically, along with drought, changes in nutrient input (i.e. 

nitrogen) can have varying effects on the endophyte-cultivar. Rasmussen et al. (2007) found that 

L. perenne cultivars associated with novel strains of the endophyte generally had lower 
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endophyte concentrations under high nitrogen levels compared to L. perenne cultivars associated 

with the common strain of the endophyte (CS). These lowered endophyte frequencies can lead to 

decreased production of alkaloids, and hence decreased defense against herbivores (Lehtonen et 

al. 2007; Rasmussen et al. 2007; Rasmussen et al. 2008). This experiment demonstrates how 

varying genotypes of the endophyte, instead of the cultivar, can display multiple responses to 

abiotic additions (i.e. nutrient additions) which are not necessarily beneficial to the host species. 

More generally, I think these experiments highlight the contingent nature of the mutualism.  The 

symbiotic relationship may only be a mutualism under certain environmental conditions. I 

believe that the work done by Cheplick et al.(2000), Rasmussen et al. (2007; 2008), and others 

(Saikkonen et al. 1999; Faeth & Fagan 2002; Cheplick & Cho 2003; Saikkonen et al. 2004; 

Faeth et al. 2006; Vesterlund et al. 2011) also emphasises how generalisations about grass-

endophyte mutualisms cannot be made from a single cultivar exemplar.  

It has also been difficult to draw general conclusions for invertebrates who feed on E+ 

and E- grasses. For example, the effects of peramines and lolines are not universally applicable 

to all invertebrates, or even to the same species of invertebrate. For example, the bird cherry-oat 

aphid’s (Rhopalosiphum padi) activity is sometimes strongly related to the presence of lolines, 

but relatively unaffected by peramine presence (Bush et al. 1997; Schardl et al. 2004).  However, 

others have shown that multiple species of aphids, including R. padi, are severely impaired in the 

presence of ergots but not necessarily lolines (Crawley 1989; Schardl et al. 2004; Belesky & 

Bacon 2009). It may be that certain insects have developed specializations and only react under 

certain alkaloid profiles (Breen 1994; Newman et al. 2003a; Schardl et al. 2004; Hunt & 

Newman 2005; Malinowski & Belesky 2006). The process of measuring, let alone collecting, 

pure alkaloid samples with which to conduct controlled experiments is difficult (Faeth & Fagan 

2002; Jani et al. 2010), making sorting out these relationships between insects and alkaloids 

difficult. However, regardless of the causal agent, it is also hard to predict or associate a specific 

invertebrate response to specific alkaloids due to the variability of exposure, resistance, 

measuring/sampling ability, and sheer diversity of invertebrates.  

To summarize, Neotyphodium endophyte species have a reputedly mutualistic 

relationship with their fescue grass hosts. From an agronomic perspective, cultivars harbouring 

an endophyte can increase host fitness via: increased plant productivity, protection against 

drought and herbivory, and increased host competitive ability. For the most part these benefits 
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are apparent but can vary depending on host or endophyte genotype (Niemeläinen et al. 2001; 

Rasmussen et al. 2007; Rasmussen et al. 2008; Saari et al. 2009; Saari et al. 2010).  These 

fitness enhancing traits conferred by endophyte infection are ideal within the context of 

agronomy, however, outside managed systems, the suite of benefits associated with the 

mutualism can be, and has been, detrimental to natural communities. In the next section, I will 

discuss the impacts Neotyphodium infected grasses have on plant and insect communities when 

they escape cultivation and invade surrounding ecosystems.   

 

1.4 S. pratensis and S. arundinacea as invaders 

In the previous section, I introduced meadow and tall fescue, their mutualistic 

Neotyphodium symbionts, and addressed the advantages the host acquires when associated with 

the endophyte. In this section, I will continue to look at the fescue-endophyte mutualism but 

instead focus on its impacts in invaded unmanaged communities. The challenges in studying 

such invasions arise in how to assess the effects that the endophyte-grass combination has on 

multiple trophic levels (i.e. vegetation, herbivores, secondary consumers, etc.) because the 

interactions within a community can become quite complex.  It is more common for researchers 

to take a reductionist approach and concentrate on single trophic chains of two or three species 

than it has been to study entire community responses. Next, I will first discuss the mutualism’s 

influence on interspecific competition in plant communities, and then its influence on higher 

interacting trophic levels (i.e. arthropod communities).   

An early piece of work that demonstrates the competitive ability of the fescue-endophyte 

mutualism in an old field grassland community was done by Clay and Holah (1999). They 

examined the effects of invading infected tall fescue (var. KY-31), versus E- KY-31, into an 

unmanaged grassland—in which tall fescue was not the dominant species—and examined how 

its invasion affected the invaded plant community. They found that over a four year period the 

proportion of the E+ pastures grass increased from 80 to 90 percent cover and E- grasses 

decreased from 80 to 60 percent cover. The reduction in E- cover also correlated to an increase in 

species richness (S) with other species becoming more abundant including Kentucky blue grass 

(Poa pratensis) and quackgrass (Elymus repens) (Clay & Holah 1999). Clay (2001) also 

observed an increase in species richness in E- tall fescue plots when judged against E+ plots 

which were almost completely dominated by tall fescue. Others (Cheplick et al. 1989; Marks et 



12 
 

al. 1991; Clay et al. 1993; Rudgers & Clay 2007; Rudgers et al. 2007) have obtained similar 

results suggesting that E+ grasses are better competitors, than E- grasses, and decrease 

surrounding plant diversity. In other experiments, using Arizona fescue (Festuca arizonica), this 

homogenizing response was not seen (Saikkonen et al. 1998; Saikkonen et al. 1999; Faeth & 

Fagan 2002; Faeth & Sullivan 2003; Faeth et al. 2006).   

The interaction between the mutualism and its impact in a community becomes 

complicated when incorporating abiotic and biotic disturbances, which, in effect, simulate 

natural processes in a community. Spyres et al. (2001), for example, were interested in how a 

community would respond in the presence of the mutualism and biotic and abiotic disturbances. 

They were interested in how endophyte frequency and vegetative diversity varied between 

mowed and un-mowed E+ plots, which they took to simulate the effects of grazing by a large 

mammal. With the added ‘grazing’ they found that endophyte frequency increased in both 

mowed and unmowed treatments. However, the plant diversity increased in mowed plots, but 

decreased in unmowed plots. Similar to Clay and Holah’s (1999) results for their E+ plots, 

Spyres et al. observed a decrease in diversity in the undisturbed plots but with the addition of the 

disturbance, the relationship with diversity changed. Spyres et al. (2001) also noted an 

interaction with soil moisture and mowing, where E+ infection (and diversity) was higher in 

mowed plots which, in general, were drier than unmowed plots. In their paper, they suggest that 

E+ tall fescue may be allocating its resources to protect itself in drought conditions rather than 

protect against competitors There have been multiple studies that look at the relationship 

between the infected grass and interacting abiotic factors like nitrogen and carbon inputs (Marks 

& Clay 1990; Mayer et al. 2005; Faeth et al. 2006), soil quality, and nutrients (Saikkonen et al. 

1999; Saunders & Kohn 2009) in unmanaged communities.  These experiments all examine a 

single trophic chain (e.g. how the invader impacts plant heterospecifics or how the infected plant 

is affected by grazing) with Neotyphodium infected species in an attempt to extrapolate to what 

happens with this mutualistic relationship in an entire community.  

Researchers have also attempted to measure how the grass-endophyte mutualism impacts 

higher interacting trophic levels, particularly its affect on the arthropod community. Much of the 

research looking at the impact on higher trophic levels has been on primary consumers that 

directly feed on the infected grass (i.e. herbivores) (Clay 1987; Clay et al. 1993; Hammon & 

Faeth 1993; Clay 1996; Tibbets & Faeth 1999; Brem & Leuchtmann 2001; Hunt & Newman 
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2005; Lemons et al. 2005; Ball et al. 2006; Bultman et al. 2006; Bennett & Bever 2007; Rudgers 

& Clay 2007) but little work has focussed on how secondary consumers, like carnivores and 

parasitoids, respond to these infected grasses. The rest of this section will focus on the impact 

that endophyte infected grasses have on these secondary consumers. 

Omacini et al. (2001) measured the impact that an endophyte infected grass may have on 

parsitoids. They examined populations of multiple parasitic wasps that fed on, and parasitized, R. 

padi and Metopolophium festucae aphids which were fed E+ or E- Neotyphodium infected 

Lolium multiflorum grasses (Italian ryegrass). Aphid populations, of both species, decreased 

when fed E+ grasses—significantly for R. padi but not for M. festucae—which, in turn, 

decreased parasitoid populations. Rates of parasitism were higher in R. padi populations fed E+ 

material compared to R. padi populations fed E- material, or compared to M. festucae 

populations fed E- or E+ grasses. Parasitoid life history traits, specifically fecundity, also 

depended on aphid diet; where parasitoids that fed on R. padi that consumed E+ grasses 

produced smaller offspring than those parasitoids that fed on E- fed R. padi, or E-/E+ fed M. 

festuca.  Decreases in fecundity and growth of these parasitoids are thought to be due to the 

alkaloids which were originally ingested by the aphids that fed on the E+ grasses (Bacon 1995; 

Omacini et al. 2001; Ball et al. 2006; Belesky & Bacon 2009; Bultman et al. 2009; Bultman et 

al. 2012). This study demonstrates the indirect effect the endophyte can have on secondary 

consumers. However, this relationship between prey and predator was not consistent between the 

two aphid prey species which may represent the varying alkaloid sensitivities of the aphids 

(Omacini et al. 2001; Bultman et al. 2009; Bultman et al. 2012). Grewal et al. (1995) looked at 

the parasitism rates of Japanese beetle larvae (Popilla japonica) by parasitic nematodes 

(Heterorhabditis bacteriophora) for larvae fed on diets of E+ or E- fescue pasture material [var. 

KY-31, Georgia Jesup improved, and Red fescue (Festuca rubra)]. Populations of larvae that fed 

on E- material did not differ from populations that fed on E+ material. However, larvae fed E+ 

plant material were more susceptible to parasitism by these nematodes, suggesting compromised 

larval defences; most likely caused by ingesting the alkaloids. Furthermore, the reproductive 

rates of the nematodes were not altered by the E+/E- diet, suggesting that these parasitoids may 

not be adversely affected by their prey’s diet. Alternatively, the digested endophyte material may 

be too dilute for the parasitoid to experience any adverse effects (Breen 1994; Grewal et al. 

1995; Omacini et al. 2001; Schardl et al. 2004).  The literature looking at multi-trophic 
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interactions is filled with similar inconsistencies, many of which may be due to different grass-

endophyte species pairs and varying invertebrate behaviours/responses (Crawley 1989; Hammon 

& Faeth 1993; Breen 1994; Bultman et al. 1997; Saikkonen et al. 1999; Oliver et al. 2005; Faeth 

et al. 2006; Tintjer & Rudgers 2006; Bultman et al. 2009; Faeth & Shochat 2010; Bultman et al. 

2012). Many of these experiments focus on isolating direct (consumer) and indirect (consumer 

and predator) trophic interactions which are generally represented by two or three model species. 

For example, primary consumers tend to be pests like aphids (e.g. R. padi) or lepiopteran larvae 

(S. frugiperda), and secondary consumers are specialist parasitic invertebrates of the primary 

consumers such as wasps or nematodes. More specifically, they tend to focus on agronomically 

relevant species that may impede growth or affect yield numbers (Schardl et al. 2004; Rudgers & 

Clay 2007; Rudgers & Clay 2008).  That is not to say that the information gathered from these 

experiments is not useful but, instead, is only a glimpse into the multitude of responses and 

interactions possible involving invertebrates in meadow or tall fescue invaded systems.   

There have only been a handful of researchers who have looked at arthropods which 

range outside of agronomic pest-predator relations. Finkes et al. (2006), for example, did an 

extensive study looking at spider abundances/responses in infected tall fescue systems. The study 

identified and measured richness and abundance of multiple spider families and, taking it one 

step further, collected and quantified spider prey (tall fescue herbivores) in order to assess how 

spider abundances were affected in natural field trials. In considering only the endophyte 

treatment, average family and morphospecies richness was lower in plots with E+ grasses 

compared to E- grasses and this difference was independent of the effect of time (i.e. 

endophyte*time=not significant). Generally, spider abundances were not significantly different 

between E+ and E- treatments except for two families of spiders (Linyphiidae and Thomsidae) 

whose abundances decrease in E+ plots. Additionally, they found that herbivore abundances 

were 25% to 55% lower in E+ plots than in E- plots which translated to a decrease of prey 

capture for a common aerial web building spider, demonstrating a minor trophic cascade on one 

spider species—a classic bottom-up trophic cascade: endophyte affects herbivores which affects 

the single spider predator (Finkes et al. 2006). This study is a prime example of how complicated 

measuring multitrophic interactions can be and how the impact of the endophyte is not consistent 

amongst, let alone within, trophic levels. Similarly, Rudgers et al. (2007) measured the 

community wide impact that the mutualism has on succession in a natural community. They 
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established E+ and E- plots (8 of each) in an upland and bottomland site. They identified 

growing tree species and measured abundances and tree characteristics (height, width, etc.) over 

a twelve year period. They found that the fescue-endophyte mutualism decreased tree diversity 

by 64-74% in the upland site and 68-82% in the bottom land site. There was a divergent effect on 

tree presence in which some tree species continually declined (e.g. silver maple) and some were 

not affected at all (e.g. white mulberry). They found the bottomland site, not upland, also had 

species with reduced and/or stunted growth (e.g. white ash) which is similar to the decreased 

parasitoid growth in the Omacini et al. (2001) study. Additionally, they noticed an increase in 

woody seedling (i.e. trees) predation by voles in plots invaded with the E+ grasses compared to 

plots with E- grasses. By the study’s end the percentage of seedling survival was 81% lower in 

E+ than E- plots probably caused by a behavioural avoidance of E+ grasses by the voles. The 

presence of endophyte infected grasses, in this case, directly and indirectly (via vole predation 

preferences) affect tree establishment and success which has consequences for forest 

development and succession (Orr et al. 2005; Rudgers et al. 2006; Rudgers et al. 2007; Rudgers 

et al. 2009; Rudgers et al. 2010).  

Finkes et al.’s (2006) and Rudgers et al.’s (2007) experiments are examples of the large 

scale response the fescue-endophyte invader can have on an arthropod and plant community 

individually—but how does the fescue-endophyte invader affect the arthropods and plants 

together? To date Rudgers and Clay (2008) conducted the only thorough study that looks into the 

impact that fescue-endophyte mutualisms can have jointly on plant and invertebrate 

communities. They measured arthropod and plant abundance and richness in unmanaged 

communities invaded with E+ or E- tall fescue over a two year period. They identified 

individuals down to family, order, and species levels for reoccurring samples and noticed an 

overall decrease in plant and arthropod abundance and diversity in the E+ plots. They concluded 

that the invading mutualism outcompeted conspecifics which homogenized the plant community, 

leaving E+ tall fescue the dominant species in the plots. The decrease in plant diversity indirectly 

decreased invertebrate populations due to the decrease in available food sources. Considering 

that infected tall fescue is the dominant species in the plot, the decrease in invertebrate 

populations may also be due to an increased exposure to alkaloids.  The impact on primary 

consumers, via alkaloid consumption or population decreases, indirectly decreased the secondary 

consumers demonstrating a large scale bottom-up trophic cascade (Siemann et al. 1998; Symstad 
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et al. 2000; De Deyn & Van der Putten 2005; Desprez-Loustau et al. 2007). The change in 

aboveground community composition, as indicated by Rudgers and Clay (2008) can have serious 

implications in the biodiversity and succession of a invaded community (Rudgers et al. 2004; 

Finkes et al. 2006; Rudgers et al. 2006; Rudgers & Clay 2007; Rudgers et al. 2007; Rudgers et 

al. 2009; Rudgers & Orr 2009; Rudgers et al. 2010).  

With the study of whole community responses to a grass-endophyte invasion being 

limited to just Rudgers and Clay (2008), and with the variability in responses reported between 

studies that use different grass-endophyte species and/or different herbivore species, a serious 

question that remains is whether or not there are likely to be general community level responses 

to such invasions.  Addressing such a question requires an examination of the impacts of such 

invasions using multiple grass-fungal combinations.  Moreover, as I mentioned above, most 

experiments (including Rudgers and Clay 2008) investigate the impact of a single cultivar of a 

single grass species, usually with and without the endophyte.  Doing so makes generalization of 

responses and impacts, even within a grass species, difficult.  To really assess generality, we 

ideally would like to investigate the impacts of the grass-endophyte invasion not just across 

grass-fungal species, but within a species across multiple cultivars (i.e. genetic populations).  

The search for such generality is the overall objective of a large-scale, long-term field 

experiment of which my thesis research is a part.  In the next section I explain the immediate 

objectives of my thesis research.   

 

1.5 Objective 

 The fescue grass-endophyte mutualism has been thoroughly studied from an 

agronomic perspective. The mutualism has been linked with many beneficial properties 

including: increased drought-resistance (mainly with S. arundinacea), increased competition 

against conspecifics, and increased anti-herbivore properties. S. pratensis and S. arundinacea are 

highly prized within agronomy but their distribution has ranged outside maintained borders and 

has invaded unmanaged natural communities. The literature surrounding the impacts of this 

invasive perturbation on aboveground communities (vegetation and arthropod) are limited—

especially for arthropods. Furthermore, the invader has had varying responses from neutral 

impacts (no change in the community) to substantial changes (decrease in community 

biodiversity and impeded succession).  The focus of this thesis is to determine how the invasive 
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grass Schedonorus pratensis will affect plant (Chapter 2) and arthropod (Chapter 3) assemblages 

based on its mutualistic association with the endophyte Neotyphodium uncinatum, in replicate 

unmanaged grassland communities. Unique to this study is the manipulation of endophyte 

presence by using multiple cultivars of meadow fescue in order to account for the differences 

associated with the genetic variability of the host population. Based on the literature, I expected 

to find that plots invaded with highly infected meadow fescue (E+) cultivars would have more 

meadow fescue and have lower surrounding plant diversity than those plots invaded with 

minimally infected meadow fescue (E-) cultivars.  I expected that the decrease in the plant 

biodiversity in my E+ plots would result in decreased invertebrate biodiversity.  I summarize my 

findings and place them in the context of the previous literature in Chapter 4. 
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CHAPTER 2 

The impact on a plant community invaded with Schedonorus pratensis infected with the 

endophyte Neotyphodium uncinatum 

 

2.1 Introduction 

Plant assemblages are particularly vulnerable to invading organisms, although in many 

cases the impact is much more benign, less apparent, or not successful (Lowe 2000; Levin et al. 

2002; Desprez-Loustau et al. 2007). For example diffuse knapweed (Centaurea diffusa), a 

Eurasian forb that invaded North America, the impact was considerably more violent (Callaway 

& Aschehoug 2000; Callaway & Ridenour 2004). This forb species decreased the biomass of 

three native North American grass species by approximately 86 percent (Callaway & Aschehoug 

2000), thereby demonstrating the restructuring effect that an invader can have on a native plant 

community.        

Meadow fescue (Schedonorus pratensis) is a cool season C3 grass that is widely used as 

an agricultural forage grass in Nordic European countries like Norway and Finland.  Meadow 

fescue has two natural forms: one involved in a mutualistic-symbiotic relationship with the 

fungal endophyte Neotyphodium uncinatum, and one that is not (Schardl et al. 2004; Saari et al. 

2009; Saari 2010; Saikkonen et al. 2010).  This endophyte is a seed transmitted fungus that is 

embedded in the embryo of some meadow fescue seeds. Upon germination of the seed, the 

endophyte grows in conjunction with the grass by extending its hyphae through the intercellular 

junctions of the plant (Clay 1990; Christensen et al. 2008). The plant provides the energy and 

nutrients the endophyte needs in order to grow, and the endophyte produces nitrogen based 

alkaloids which increase the grass’ resistance to herbivory (Bush et al. 1997). The presence of 

the endophyte also helps the grass efficiently take up and utilize nutrients, better resist drought 

compared to uninfected grasses, and improves winter hardiness (Clay 1990; Marks & Clay 1990; 

Kölliker et al. 1999; Newman et al. 2003a; Hunt & Newman 2005).  Endophyte presence has 

also been linked to an increase in competitive ability against uninfected conspecifics and 

heterospecifics. In managed systems, endophyte infected (E+) meadow fescue outcompeted and 

decreased the surrounding plant diversity in maturing pastures (Saari 2010; Saari et al. 2010).   

From an agronomic perspective, the fescue-endophyte mutualistic relationship is ideal 

because of the multitude of benefits obtained from the presence of the endophyte. However, 

outside of a managed agronomic system, the advantages associated with the presence of the 
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endophyte become problematic. Meadow fescue has been observed invading into nearby, 

unmanaged, natural communities and with all the benefits associated with the mutualism, S. 

pratensis has the ability to restructure and extirpate fauna from the native community (Saari 

2010; Saari et al. 2010; Saikkonen et al. 2010). In North America, a similar fescue-endophyte 

relationship exists with tall fescue (Schedonorus arundinaceus) and its endophyte Neotyphodium 

coenophialum. This North American invader has already established itself in natural systems and 

has been known to outcompete native fauna, in turn, dominating the community (Clay 1990; 

Clay & Holah 1999; Malinowski & Belesky 2006; Rudgers & Clay 2007; Rudgers et al. 2007; 

Rudgers et al. 2010). Similar results have been observed by others (Ahlholm et al. 2002; 

Rudgers et al. 2004; Wäli 2006; Rudgers et al. 2007; Rudgers et al. 2010; Saari et al. 2010) who 

documented related restructuring patterns with meadow and tall fescue under controlled field and 

laboratory conditions. Experiments examining the changes endophyte-grass mutualisms have on 

the plant community generally only use a single grass cultivar with and without the endophyte. 

Such experiments are useful in that, by controlling the genetic variability, they are better able to 

detect treatment effects if they do exist.  On the other hand, the results are not necessarily 

generalizable, and may simply reflect the impacts of one or a few grass cultivars that interact 

strongly with the fungal endophyte. The genotypes of cultivars can vary significantly and result 

in many physical and physiological differences with respect to the mutualism itself and its 

influence on the surrounding vegetation (Rasmussen et al. 2007; Rasmussen et al. 2008; 

Cheplick & Faeth 2009). For example, Rasmussen et al. (2007) found differing responses in 

endophyte alkaloid production and growth between two Lolium perenne cultivars, which further 

differed depending on the strain (i.e. genotype) of the endophyte. In addition to changes at the 

physiological level, land management practices and nutrient availability (e.g. nitrogen, 

phosphorus, and water) can add to the unpredictability of how the mutualism will perform in a 

natural community.  

In this chapter I discuss my experimental work investigating how the invasive grass 

Schedonorus pratensis will affect plant assemblages based on its mutualistic association with the 

endophyte Neotyphodium uncinatum in an old field grassland community. While others have 

conducted similar studies, my work is unique in my use of multiple replicate cultivars of 

meadow fescue in order to examine the impacts associated with the genetic variability of these 

genetic populations of the grass. In general, I predict communities invaded with endophyte 
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infected (E+) cultivars will be less diverse than communities invaded with E- cultivars. In 

observing multiple genetic variants of meadow fescue, I hope to produce more general insights 

into the effect endophyte-grass invaders have on a community, than has been done previously.   

 

2.2 Method  

2.2.1 Study site and experimental set-up 

The experimental field site was a 20 year old field orchard community located at the 

University of Guelph Turfgrass Institute (GTI) and Environmental Research Center Institute 

(Guelph, ON Canada; 43° 32’ 56” N, 80° 12’ 39” W). The land was mainly composed of Guelph 

Sandy Loam soils (Brunisolic Gray-Brown Luvisol) developed on loam till. Vegetation in the 

area, prior to the study, was dominated by the non-native species: Elymus repens L. Gould, Poa 

pratensis L., Taraxacum officinale F.H. Wigg, and Cirsium arvense L.Scop (Yurkonis et al. 

2012).  In 2008, 80 2x2 meter plots, separated by 0.5 meter mowed boundaries, were established 

in an 826 m2 area in a completely randomised block design.  Of the 80 plots, 70 were seeded 

with one of seven variants of S. pratensis (meadow fescue) and 10 were left as control plots. The 

seven S. pratensis cultivars were obtained from Finland where they are mainly used as forage 

grasses for livestock (Niemeläinen et al. 2001; Fjellheim et al. 2007; Saari et al. 2009). Seeds 

were stored at -16°C until sowing. 

In establishing the experimental site, the eighty plots were tilled twice and divided into 

ten blocks with eight plots in each. In every block, seven plots were randomly seeded with one of 

seven meadow fescue cultivars at a rate of 5 g m-2 (cf. Clay and Holah 1999; Yurkonis et al. 

2012), with the final eighth plot remaining as a control (i.e. a plot that received no additional 

seed).   

Within the block of seven cultivars, four of the cultivars acquired had a low endophyte 

frequency (E-) and three cultivars had a high endophyte frequency (E+). The three E+ meadow 

fescue cultivars used were Kasper (E+), Inkeri (E+), and Salten (E+), and the four E- meadow 

fescue cultivars were Kalevi (E-), Ilmari (E-), Antti (E-), and Fure (E-).  All 80 plots were 

watered until germination at which point the plots were left undisturbed to grow unmanaged. 
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2.2.2 Endophyte association 

In order to assess endophyte frequency over the experimental period, I collected, 

approximately, ten meadow fescue grass tillers from each of seven meadow fescue planted plots 

in each block for a total of 700 tillers (=100 tillers per cultivar) in July 2010 and August 2011. 

The collected tillers were labelled and stored in reclosable 4 mil (8 ̎ x 8 ̎) bags and refrigerated in 

a -8°C walk-in freezer until the time of endophyte testing. Endophyte presence was tested using 

Agronostics Ltd. Co. Phytoscreen Neotyphodium Field tiller kits. 

Endophyte infection frequency/percentages for 2010 and 2011 are shown in table 2.1.  

 

2.2.3 Vegetation survey 

In July 2010 and August 2011, a vegetative survey was conducted using non-destructive 

point-intercept (PI) sampling (Jonasson 1988; Bråthen & Hagberg 2004; Yurkonis et al. 2012) 

on all 80 plots.  The sampling method consisted of a one meter PVC pipe elevated diagonally 

across the 2 m x 2 m plot, with eight steel pins vertically dropped through the pipe into the 

vegetation. The steel pins were 10 cm apart on the pipe with the first and last steel pins (1 and 8) 

located 0.5 m into the plot to account for associated edge effects. The vegetation touching each 

pin was identified to species level (if possible). The number of times the species touched each 

pin was also recorded.  

 

2.2.4 Statistical analysis 

Because of the imbalance in the number of cultivars with high frequencies of endophyte 

infection (3) and those with low endophyte infection frequency (4), my analysis followed an 

incomplete factorial design. I treated the seven cultivars and the control plots as a single ‘cultivar 

treatment’ with eight levels in the ANOVAs, and separated the endophyte effects using pre-

planned contrast analyses. 

Measures of community richness (S; see Table 2.2.), evenness, and biodiversity (1/D) 

were the main response variables tested in a split-plot analysis of a repeated measures design.  

Plots were nested in the cultivar treatment (the whole plot factor) and cross factored with year 

(the subplot factor). Biodiversity, a combined measure of richness and evenness, was analysed 

using the Simpson’s Evenness diversity index (1/D). The response variables were tested for 

significant differences with respect to cultivar treatment, year, and the interaction term cultivar 
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treatment*year. The effect of the endophyte presence was tested by averaging over the E+ or E- 

cultivars by running a priori non-orthogonal pre-planned contrast analyses. Specifically, the 

contrasts look at the relationships between E+ vs. E- , E+ vs. control, and E- vs. control plots.  In 

screening for the presence of the N. uncinatum endophyte, the Salten (E+) cultivar, which was 

reputedly a highly infected cultivar, had intermediate infection frequencies, averaging 6.25% 

infection in 2010 and 12.5% in 2011 (see table 2.1). Therefore, contrasts involving the E+ 

cultivars were run with and without the Salten data to account for the infection discrepancy of 

the cultivar.  Doing so did not affect the results; therefore I present only the contrast statistics 

with the Salten (E+) cultivar included. 

In addition, statistically significant tests concerning the cultivar were further subjected to 

a post-hoc analysis using a Tukey HSD (honestly significant difference) test.  Prior to running 

the ANOVA, response variables were subject to a Box-Cox transformation, if necessary, in order 

to meet assumptions of normality and homogeneity of the error variance.  

Although useful, an analysis of biodiversity indices provides only a general awareness of 

what occurs in the community, and provides no information about the individual species and 

their relationship with the community. Although individual ANOVA’s for each species are 

possible, the resulting deductions are highly prone to a type I error (i.e. incorrectly rejecting a 

true null hypothesis) (Kessell & Whittaker 1976; Anderson & Willis 2003). For this reason, a 

Principal Component Analysis (PCA) and a Factor Analysis (FA) were used to gain insight into 

the species’ distributions across the different endophyte-cultivar combinations.   

Principal Components Analysis is a powerful exploratory tool that takes into account the 

total variance of each response variable (i.e. species). Total variance consists of: variance unique 

to each variable, variance common among variables (communality), and the error variance 

(Anderson & Willis 2003; Everitt 2005; Brown 2009).  The tables were reformatted to account 

for the increase in richness in 2011, therefore, for the PCA, the species are organised according 

to the species present in 2011. An abundance value of zero was recorded for those species 

present in 2011 that were not present in 2010 (e.g. Bromus inermis had an incidence of two in 

2011 but zero in 2010).  The final data used for the PCA analysis are shown in table 2.3.   

In considering how many principal components (PC) to incorporate into the analysis, I 

followed the relative percent criterion method as suggested by McGarigal et al. (2000). This 

method suggests retaining as many components as it takes to account for 80% of the cumulative 
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variance in the original data. I, then, ran a factor rotation that, in essence, transforms the data to 

control for variables with high inherent (unique) variance (Brown 2009). The number of factors I 

retained was equal to the number of retained PCA components.   

In order to extract the maximum information from these communities, I used two 

abundance measures in my multivariate analysis: absolute and proportional abundance measures. 

By using both measures of abundance, one can detect how the species shift together as a 

community (proportional) and how influential the species are irrespective of their ties to the 

community (absolute) (Hopkins & Kennedy 2004; Magurran 2004).  

The resulting rotated factors were Box-Cox transformed, if necessary, and tested for 

significance using the same split-plot analysis of a repeated measures design as described above. 

As with the biodiversity data, a priori pre-planned contrasts were used, and post-hoc tests were 

applied where necessary.  All statistical tests were conducted using R statistical software (version 

2.13.2) and JMP (version 10).  

 

2.3 Results 

2.3.1 Biodiversity  

Richness: Preplanned contrasts suggest that species richness in E+ plots significantly differed 

from control plots (f(1,63)=4.75, P=0.03, figure 2.1a) and E- plots (f(1,63)=4.31, P=0.04, figure 

2.1a). Plots that were seeded with highly infected cultivars (E+) were more species rich than 

control plots or plots seeded with E- cultivars. Richness also significantly differed between years 

(f(1,72)=24.15, P=<0.0001, figure 2.2), with 2011 being more species rich than 2010.  

In considering the cultivars separately (i.e. irrespective of their endophyte status), 

richness was marginally significant with respect to cultivar (P=0.08) and the interaction term 

cultivar by year (P=0.08). 

 

Evenness: Pre-planned contrasts suggest that evenness did not significantly differ between E+, E-

, and control plots. Species abundances were more evenly distributed in 2010 than in 2011 

(f(1,72)= 36.80, P=<0.0001, figure 2.3). The interaction term cultivar by year was also significant 

(f(7,72)=3.82, P<0.005, figure 2.4). Of the important differences, in 2010, vegetation in the Kasper 

(E+) plots were more evenly distributed than vegetation in plots seeded with the Fure (E-) 

cultivar.  In 2011, species abundances in Ilmari (E-) seeded plots were less evenly distributed 
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than species in Fure (E-) and Salten (E+) plots. There were several significant differences 

between select cultivars between years, for example the Kasper 2010 plant community was more 

evenly distributed than the Kalevi 2011 plant community. Although the cultivar by year 

interaction gives insight into invasion rate and advancement of each cultivar, in considering the 

generality of this study, the detailed comparisons between cultivars are outside of the scope of 

this experiment. 

 

Simpson’s biodiversity: Similar to the richness response variable, pre-planned contrasts suggest 

that Simpson’s biodiversity in E+ plots significantly differed from control plots (f(1,63)=8.01, 

P<0.01, figure 2.1b) and E- plots (f(1,63)=12.37, P<0.001, figure 2.1b). Plots that were seeded 

with E+ cultivars were more diverse than control plots and plots seeded with E- cultivars.  

In considering the cultivars as a single treatment (i.e. 8 levels including the control), there 

was a significant difference in biodiversity (f(7,63)=2.62, P=0.02, figure 2.5). The resulting post-

hoc analysis was unable to separate the means, however visually the effect does not appear to be 

different than the endophyte effect reported in the previous paragraph. The interaction term 

(Cultivar*Year) significantly differed with respect to biodiversity (f(7,72)=2.20, P=0.04, figure 

2.6). In 2010 there were no significant differences between cultivars with the exception that 

Kasper (E+) plots had greater biodiversity than the control plots.  However, by 2011 this 

difference had disappeared, but Salten (E+) seeded plots were now more diverse than either 

Ilmari (E-) or Kalevi (E-) seeded plots.  The differences between cultivars from year to year 

seem to be linked to the changes endophyte infection (see table 2.1). 

 

2.3.2 Plant community responses 

Although I analysed both proportional and absolute abundances, there were no 

differences in the results. I therefore report results only for the absolute abundances. I converted 

the factor scores to positive values by adding a constant, and tested these using the split-plot 

analysis described in the Methods section. Preplanned contrasts examining the effects of 

endophyte presence were also run on the factor scores. According to McGarigal et al. (2000), 

loadings > 0.30 or < -0.30 are ‘significant’, >0.40 or < -0.40 are ‘more significant’, >0.50 or < -

0.50 are ‘highly significant’. For this presentation, I only discuss factors that had highly 

significant loadings. 
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Two rotated factors were sufficient to explain 80% of the original variance in these data. 

Aster lanceolatus (0.977) and Phleum pratense (0.834) loaded positively and heavily onto 

rotated factor 1 (RF1). Rotated factor 2 (RF2) comprised mainly Poa pratensis (0.985). 

RF1: Preplanned contrasts showed no effect of the endophyte treatments. There was a 

significant difference between years (f(1,72)=31.48, P=<0.0001, figure 2.7) in which species 

abundances (A.lanceolatus and P.pratense) were significantly lower in 2011 than in 2010.  

RF2: Preplanned contrasts suggested that E+ plots were significantly different compared 

to E- and control plots, with E+ plots having the lowest P. pratensis abundances  (f(1,63)=7.70, 

P<0.005 and f(1,63) =4.67, P=0.03, respectively. See figure 2.8). There was a significant 

difference between years (f(1,72)=92.66, P=<0.0001, figure 2.9), with lower P. pratensis 

abundances in 2010 than in 2011. Cultivar was marginally significant (P=0.08). 

 

2.4 Discussion 

I was interested in the generality of the impact of endophyte infected grasses on natural 

communities. Specifically, I was interested to see if communities were generally (i.e. irrespective 

of the cultivar in use) impacted by endophyte infected grasses or were the effects specific to the 

cultivar planted. In this study endophyte infection, averaged over the different cultivars, 

significantly increased the biodiversity of the vegetative community, suggesting a general impact 

of endophyte presence that is independent of the cultivar of the host grass.  

Experiments that have studied the competitive vigor and endurance of Schedonorus 

pratensis have had variable results. Takai et al. (2010) found that two genetically different E+ S. 

pratensis populations performed better—that is, they displayed increased abundances and 

endophyte frequencies—when grown in plots with Dactylis glomerata (orchard grass) and 

Trifolium repens (white clover) compared to when these species (D. glomerata and T. repens) 

were grown with E- grasses. Similarly, Niemeläinen et al. (2001) noted that E+ meadow fescue 

abundances increased in presence of Phleum pratense (timothy grass) and Trifolium pratense 

(red clover) species compared to when grown with E- grasses. Both experiments highlight that 

meadow fescue may perform better (i.e. show increased abundances) and may be more 

aggressive in mixed vegetative cultures rather than as a monoculture. However, the effect could 

also have been due simply to the presence of the clover, a legume, which would have increased 

the soil N status and perhaps improved meadow fescue’s performance (Cheplick & Faeth 2009; 
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Saari et al. 2009; Saari 2010; Saari et al. 2010). The multivariate analysis I performed 

highlighted that Poa pratensis (Kentucky blue grass) abundances were lowest in plots associated 

with a high endophyte frequency (E+). The decrease in P. pratensis abundances seem to 

correlate to an increase in S. pratensis abundances in E+ plots but this observation was not 

obvious from the multivariate analysis. Additionally, I found that highly infected endophyte 

communities (E+) harboured more species (~5) than communities with low levels of infection 

(E-) or control communities. Endophyte infected communities differed mainly because of the 

presence of D. glomerata (orchard grass), Cirsium arvense (Canada thistle), and Vicia cracca 

(tufted vetch).  Groppe et al. (1999) found that populations of the grass Bromus erectus infected 

with the endophyte Epichloë bromicola had greater plant productivity, more potential 

reproductive tillers, and an increase in stromata (sexual cycle of E.bromicola) when grown in 

communities with medium (12 species) and/or high (31 species) plant species diversities. That 

work illustrated that the richness of the community, along with the presence of particular species 

(Niemeläinen et al. 2001; Takai et al. 2010), could determine the success of S. pratensis 

populations. Considering this, the increase in richness between years (2011>2010) may be 

foreshowing a trend towards an increase in meadow fescue productivity in subsequent sampling 

years. In retrospect, it may have been beneficial to implement a sampling method that would 

capture more species (i.e. a quadrat method) and given a more complete community 

composition. The new method may have flushed out particular plant-plant relationships that may 

have explained the increase in richness. Overall, biodiversity paralleled the results of richness, 

with respect to endophyte treatment, suggesting that richness rather than evenness may be 

driving changes in community biodiversity.  

Saari et al. (2010) examined the long term longevity of N. uncinatum in grazed and non-

grazed meadow fescue pastures in Finland. The pastures were sowed with a turf seed mixture of 

grasses which were not naturally found in the area [S. pratensis (~30%), P. pratense (~30%), 

Lolium pernne (~20%), D. glomerata (~10%), and P. pratensis (~10%)]. They found that 

meadow fescue was abundant across all pastures and endophyte frequencies were highest in the 

oldest (21 years) non-grazed pastures. Furthermore, non-grazed areas were more species rich 

compared to the grazed pastures. The non-grazed areas were also invaded, along with other 

species, by C. arvense and V. cracca; similar to my results. On the other hand, they (Saari et al. 

2010) found that meadow fescue was the dominant grass in the community. The abundance 
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measurements from the PI sampling method showed that on average meadow fescue in my plots 

made up 7.4% of the plant community in E+ invaded plots and approximately 4% in E- invaded 

communities. In considering the E+ cultivars separately in my experiment, communities invaded 

with the Kasper cultivar were most aggressive, with S.pratensis percent cover to be ~12% of the 

entire vegetative community, followed by Inkeri (~7%), and finally Salten (~3%).   

There are several important differences between my study and Saari et al.’s (see below) 

but one worth mentioning here is the duration of study.  I was looking at the early effects of the 

meadow fescue invasion (3-years post invasion) while Saari et al. looked at plots that had been 

constructed from 4 to 21 years earlier.  It may be that with time meadow fescue will also come to 

dominate my plots too.  The lack of dominance of meadow fescue in my experimental 

communities may have been attributed to the availability of resources (e.g. water, nutrients, etc.) 

since their abundance, or presence, are not always guaranteed in natural environments.  Both 

(Niemeläinen et al. 2001; Ahlholm et al. 2002) found that E+ populations of meadow fescue did 

not differ from E- populations in low nutrient, and low light/dry soil conditions in the field, 

respectively.   Saari et al. (2010), however, had resources (e.g. water, nutrients, etc.) and 

environmental conditions similar to my experimental area—similar annual precipitation [~ 600-

650 mm (Saari et al.) versus 749mm] and annual snow cover [~125 days (Saari et al.) versus 

~130 days) (Pelmorex 2013). Following this, the lack of meadow fescue in my plots may not be 

due to a decline in resources or be affected by extreme environmental variation. Also, both 

experiments (Niemeläinen et al. 2001; Ahlholm et al. 2002) found that productivity of S. 

pratensis was highest during the establishment phase and decreased in successive growing 

seasons, thereafter.  Marks et al. (1991) also found a similar decrease in vigour with endophyte 

infected perennial ryegrass (Lolium perenne). Consequentially, it may be that meadow fescue 

abundances are also decreasing in my E+ communities, becoming more similar to E- or control 

plots. At this early stage of what was designed to be a long-term experiment, it is not possible to 

say with any confidence in which direction S. pratensis abundance is moving 

I think another important distinction between our studies is the land use history of the 

experimental site. In establishing my plots, P. pratensis was a naturally occurring species in the 

area and has been deemed invasive in its own capacity (Saikkonen et al. 1998; Saikkonen et al. 

2000). The P.pratensis conditioned (i.e. its presence in the seed bank) soil may have provided a 

competitive advantage for P.pratensis, over S. pratensis, and dampened the effects of the 
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endophyte. If this is the case, it may say more about P.pratensis as an invader rather than 

showcase differences between infected versus uninfected meadow fescue.  

Also, Saari et al. (2010) were comparing grazed to non-grazed populations of E+ grasses 

only—they were not interested in comparing the productivity of E+ to E- grasses—which is 

more representative of an agronomic situation and less mimicking an invasion. However, they 

found that non-grazed meadow fescue plots had higher endophyte frequencies and abundances 

thus indicating that grazing negatively affects infection rates of meadow fescue. This is contrary 

to infected tall fescue populations that have demonstrated an increase in endophyte incidence 

with grazing (Cheplick & Clay 1988; Clay 1990; Spyreas et al. 2001; Cheplick & Faeth 2009). 

Furthermore, the grasses found in Saari et al.’s (2010) pastures were of an unknown variety of S. 

pratensis. Although, my findings suggests that the identity of the cultivar may not make a 

difference with respect to generalisations about the impact the infected grass has on the 

community.  

 Tall fescue (S.arundinacea), which has a similar history to meadow fescue, is the 

dominant turf and agriculture grass used in North America. Studies that have examined its 

impact in natural communities have noted an opposite effects to those found in the present study 

for S. pratensis. Clay and Holah (1999) found that unmanaged populations of infected tall fescue 

(var. KY-31) had a lower diversity (decrease in richness) compared to plots seeded with 

endophyte free KY-31.  Similarly, others (Orr et al. 2005; Rudgers et al. 2007; Rudgers & Orr 

2009) have found that infected tall fescue populations of KY-31 substantially decreased tree 

biodiversity and impeded successional processes (i.e. transition from grassland to a forest). 

Although both tall fescue and meadow fescue have similar endophyte associations and land use 

histories, their impacts in natural communities seem to be substantially different—particularly 

the KY-31 variant of tall fescue—over similar periods of time. 

The endophyte in the seed may die prior to germination or just not colonize the seed in 

the fescue host if the presence of the endophyte is antagonistic to the hosts’ growth and/or 

survival. Saari et al. (2009) measured endophyte infection percentages of popular forage infected 

and uninfected S. pratensis cultivars collected from non-grazed monoculture pastures. Cultivars 

that are characteristically associated with a high endophyte infection, specifically Kasper and 

Salten, had varying infections ranging from 0% to 96% and 40% to 100%, respectively. In the 

case of the Salten cultivar in my plots, infection frequencies ranged from 0% to 20% and the 
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remaining two E+ cultivars (Kasper and Inkeri) maintained a relatively high endophyte 

association over the two experimental years and seem to be still viable (table 2.1). Additionally, 

my E- cultivars (Antti, Fure, Ilmari, and Kalevi) displayed increasing endophyte frequencies 

over the sampling years. In fact, all seven cultivars showed increases in the frequency of 

endophyte infection, regardless of the reputed status.  In all of these mixed infection 

communities, endophyte infected plants may have had a fitness advantage, thus increasing in 

abundance.  However, the Agronostics kit used to test endophyte frequency only tests for 

endophyte presence/absence and does not quantify the concentration of endophyte in the plant 

and an increase in infected tillers does not necessarily suggest a high, or an increase in, 

endophyte concentration. Considering a low endophyte concentration, meadow fescue may not 

be performing optimally in the community which may also explain the increase in E+ 

community richness. Endophyte frequencies <100% are not exclusive to meadow fescue and 

have been noted in natural populations of many grasses including: S.arundinacea (tall fescue), 

Festuca rubra (red fescue), L. perenne (perennial rye), Festuca arizonica (Arizona fescue), and 

Achnatherum robustum (sleepy grass) (Saikkonen et al. 1998; Saikkonen et al. 1999; Faeth & 

Fagan 2002; Faeth et al. 2006; Rudgers & Clay 2007; Rudgers et al. 2007; Cheplick & Faeth 

2009).  

In my experiment, biodiversity significantly differed among cultivars and richness was 

marginally significantly different.  These differences may become larger over time, but this 

remains to be seen.  Cultivars, in general, are developed with certain traits in mind for use as 

forage and pasture material, or amenity purposes (Hoveland 2009). Breeding these cultivars to 

exhibit specific characteristics or functionality may decrease the phenotypic plasticity of the 

plant (i.e. the range of conditions a species may be able to adapt to) (Kölliker et al. 1999; 

Ghalambor et al. 2007). Introducing these agricultural grasses that are genetically predisposed to 

function, and succeed, under a narrower range of conditions (i.e. ample amount of nutrients) may 

lower their invasion potential where those requirements are not met.  For example, Yurkonis et 

al. (2012) found that high endophyte tall fescue forage cultivars were more abundant than tall 

fescue turf cultivars when grown in the same sized plots, and collocated with those used in my 

experiment (hence the same climate, soil and background plant community). Forage cultivars are 

selected to co-exist in mixed cultures whereas turf cultivars excel in intensively managed 

systems, which Yurkonis et al. (2012) suggest may be the reason for their differential success in 
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these natural populations (Saikkonen et al. 1998; Kölliker et al. 1999; Faeth & Shochat 2010; 

Jani et al. 2010; Faeth & Saari 2012). Similarly, Rudgers et al. (2010) also noted the specificity 

of grasses and endophytes and their impacts in a natural community. Vertically transmitted 

endophytes are clonal, whereas their grass hosts are not. A cultivar infected with a specific 

endophyte strain may exhibit different characteristics compared to when the same strain is found 

in another cultivar – the genotype of the hosts and endophytes may interact differently (Marks et 

al. 1991; Cheplick & Cho 2003; Cheplick & Faeth 2009; Rudgers et al. 2010). Rudgers et al. 

(2010) also realised that most changes between the cultivar-endophyte combinations, with 

respect to surrounding plant competitors, occurred within the first few years of growth and then 

treatments tended to converge again in composition.  This suggests that the invasion effect may 

be transient.  Finally, similar to my experiment, Rudgers et al. found that their E- tall fescue 

invaded communities did not remain completely endophyte free. Again, E+ grasses within 

largely E- plant communities may gain a competitive advantage that aid in their fitness which 

may increase endophyte infection frequency within the population.  

Overall, I think all the experiments I have discussed lend claim to importance of time in 

understanding how a community will respond to an invasion. In this case of Schedonorus 

pratensis and its endophyte (Neotyphodium uncinatum), there was supporting evidence for its 

eventual advancement in the community, but two years of data, although a start, is not enough to 

draw concrete conclusions. Despite the time constraint, endophyte infected communities did 

experience increased biodiversity.  

While many have been interested in the impact that endophyte-infected grasses have on 

the vegetative community, studied less often have been the impacts the mutualism has had on 

higher trophic levels, specifically invertebrates, in a natural community. Interactions with 

agronomically relevant pests have been studied in controlled lab and field conditions which 

indicate how a single arthropod population may respond in pure stands of an infected grass, but 

these results have varied depending on the grass-endophyte strain in use, for example see Tintjer 

and Rudgers (2006) and Rasmussen et al. (2008). Few studies have observed how entire 

aboveground invertebrate communities are affected by the mutualism in a natural community 

context (Omacini et al. 2001; Rudgers & Clay 2008; Bultman et al. 2012). In the next chapter of 

this thesis, I will address the effect that endophyte infected S. pratensis has on above-ground 

invertebrate communities and whether these impacts are cultivar specific or general to E+ 
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grasses. Following this, in the concluding chapter, I will consider the overall impact the infected 

grasses have had on the entire community (vegetative and invertebrate) and discuss the 

implications and consequences of grass-endophyte invasions in natural systems.     
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Table 2.1: Endophyte infection frequencies (%) of Schedonorus pratensis cultivars in 2010 

and 2011 

Cultivar Endophyte Status Percent Infection 2010 (%) Percent Infection 2011 (%) 

Kasper E+ 74.29 87.05 
Inkeri E+ 81.17 87.64 
Salten E+ 6.25 12.5 
Antti E- 8.86 20.94 
Kalevi E- 5.21 8.56 
Fure E- 3.47 12.41 

Ilmari E- 3.23 13.89 
 

 

 

Table 2.2: Species list of grasses, forbs, legumes, and vines used in the 2010 and 2011 

biodiversity analyses. 

  2010 2011 

Grasses Schedonorus pratensis (Meadow Fescue) Schedonorus pratensis (Meadow Fescue) 
  Schedonorus arundinacea (Tall Fescue) Schedonorus arundinacea (Tall Fescue) 
  Poa pratensis (Kentucky Blue Grass) Poa pratensis (Kentucky Blue Grass) 
  Elymus repens (Quack Grass) Elymus repens (Quack Grass) 
  Dactylis glomerata (Orchard Grass) Dactylis glomerata (Orchard Grass) 
  Phleum pratense (Timonthy Grass) Phleum pratense (Timonthy Grass) 
  Bromus inermis (Brome Grass) 
      
Forbs Cirsium arvense (Canada Thistle) Cirsium arvense (Canada Thistle) 
  Taraxacum officinale (Dandelion) Taraxacum officinale (Dandelion) 
  Sonchus arvensis (Sow Thistle) Sonchus arvensis (Sow Thistle) 
  Solidago 1 (Goldenrod)* Genus: Solidago 1 (Goldenrod)* 
  Aster lanceolatus (Lance-leaved Aster) Aster lanceolatus (Lance-leaved Aster) 

  

Crysanthemum leucanthemum (Ox-eye 
Daisy) 

Crysanthemum leucanthemum (Ox-eye 
Daisy) 

  Lychnis alba (Chickweed) Lychnis alba (Chickweed) 
  Linaria vulgaris (Yellow Toadflax) Linaria vulgaris (Yellow Toadflax) 
  Nepeta cataria (Catnip) 
  Solanum dulcamara (Bitter Nightshade) 
      

Legume Vicia cracca (Tufted Vetch) Vicia cracca (Tufted Vetch) 
      
Shrub Genus: Cornus (Dogwood) Genus: Cornus (Dogwood) 
*We were only able to identify to genus for one goldenrod species. In order to maintain consistency, all individuals 
resembling the one species were named as Solidago 1 
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*We were only able to identify to genus for one goldenrod species. In order to maintain consistency, all individuals 
resembling the one species were named as Solidago 1 

 

 

 

 

 

 

 

 

 

Table 2.3: Species list of grasses, forbs, legumes, and vines used in the final Principal 

Components Analysis (PCA) and Rotated Factor (RF) analysis 

  Species 

Grasses Schedonorus pratensis (Meadow Fescue) 
Schedonorus arundinacea (Tall Fescue) 
Poa pratensis (Kentucky Blue Grass) 
Elymus repens (Quack Grass) 
Dactylis glomerata (Orchard Grass) 
Phleum pratense (Timonthy Grass) 
Bromus inermis (Brome Grass) 

    

Forbs Cirsium arvense (Canada Thistle) 
Taraxacum officinale (Dandelion) 
Sonchus arvensis (Sow Thistle) 
Genus: Solidago 1 (Goldenrod)* 
Aster lanceolatus (Lance-leaved Aster) 
Crysanthemum leucanthemum (Ox-eye Daisy) 
Lychnis alba (Chickweed) 
Solanum dulcamara (Bitter Nightshade) 
Linaria vulgaris (Yellow Toadflax) 
Nepeta cataria (Catnip) 

    

Legume Vicia cracca (Tufted Vetch) 

    

Shrub Genus: Cornus (Dogwood) 



 

Figure 2.1a: Richness response to endophyte treatment. High associated endophyte treatments 

(E+) consist of the data collected from plots seeded with the 

Kasper, Inkeri, and Salten and the low associated endophyte treatments (E

plots seeded with the S.pratensis

communities which represented the natural background community (not invaded with 

S.pratensis). Pre-planned contrasts suggest that species rich

from control plots (P=0.0327) and E

invaded with E+ S.pratensis cultivars compared to E

untransformed data is plotted in this graph.

results of the pre-planned contrast analysis with bars not sharing identical letters being 

significantly different. 
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Richness response to endophyte treatment. High associated endophyte treatments 

(E+) consist of the data collected from plots seeded with the Schedonorus pratensis

Kasper, Inkeri, and Salten and the low associated endophyte treatments (E-) consist

S.pratensis cultivars Antti, Fure, Ilmari, and Kalevi. The control plots were 

communities which represented the natural background community (not invaded with 

planned contrasts suggest that species richness in E+ plots significantly differed 

from control plots (P=0.0327) and E- plots (P=0.0419). Richness was highest in communities 

cultivars compared to E- or control communities. The 

untransformed data is plotted in this graph. The letters above the individual bars denote the 

planned contrast analysis with bars not sharing identical letters being 

Richness response to endophyte treatment. High associated endophyte treatments 

Schedonorus pratensis cultivars 

) consist of data from 

cultivars Antti, Fure, Ilmari, and Kalevi. The control plots were 

communities which represented the natural background community (not invaded with 

ness in E+ plots significantly differed 

plots (P=0.0419). Richness was highest in communities 

or control communities. The 

The letters above the individual bars denote the 

planned contrast analysis with bars not sharing identical letters being 



 

Figure 2.1b: Simpson’s biodiversity response to endophyte treatment. High associated 

endophyte treatments (E+) consist of the data collected from plots seeded with the 

pratensis cultivars Kasper, Inkeri, and Salten and the low associated endophyte treatment

consist of data from plots seeded with the 

The control plots were communities which represented the natural background community (not 

invaded with S.pratensis).  Pre-planned contrasts suggest th

significantly differed in E+ plots from control plots (P=0.0062) and E

Biodiversity was highest in communities invaded with E+ 

or control communities. The untransformed data 

individual bars denote the results of the pre

identical letters being significantly different.  
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Simpson’s biodiversity response to endophyte treatment. High associated 

endophyte treatments (E+) consist of the data collected from plots seeded with the 

cultivars Kasper, Inkeri, and Salten and the low associated endophyte treatment

consist of data from plots seeded with the S.pratensis cultivars Antti, Fure, Ilmari, and Kalevi. 

The control plots were communities which represented the natural background community (not 

planned contrasts suggest that Simpson’s biodiversity 

significantly differed in E+ plots from control plots (P=0.0062) and E- plots (P=0.0008). 

Biodiversity was highest in communities invaded with E+ S.pratensis cultivars compared to E

or control communities. The untransformed data is plotted in this graph. The letters above the 

individual bars denote the results of the pre-planned contrast analysis with bars not sharing 

identical letters being significantly different.   

Simpson’s biodiversity response to endophyte treatment. High associated 

endophyte treatments (E+) consist of the data collected from plots seeded with the Schedonorus 

cultivars Kasper, Inkeri, and Salten and the low associated endophyte treatments (E-) 

cultivars Antti, Fure, Ilmari, and Kalevi. 

The control plots were communities which represented the natural background community (not 

at Simpson’s biodiversity 

plots (P=0.0008). 

cultivars compared to E- 

is plotted in this graph. The letters above the 

planned contrast analysis with bars not sharing 



 

Figure 2.2: Richness (S) between the two sampling years 2010

treatments (endophyte and cultivar) applied to the plots, there were a greater number of 

vegetative species recorded in 2011 than in 2010 (P=<0.0001). On average, there were 

approximately four species per plot found in 2010 a

recorded in 2011. The untransformed data is plotted in this graph.
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Richness (S) between the two sampling years 2010 and 2011. Irrespective of the 

treatments (endophyte and cultivar) applied to the plots, there were a greater number of 

vegetative species recorded in 2011 than in 2010 (P=<0.0001). On average, there were 

approximately four species per plot found in 2010 and approximately five species per plot was 

recorded in 2011. The untransformed data is plotted in this graph. 

and 2011. Irrespective of the 

treatments (endophyte and cultivar) applied to the plots, there were a greater number of 

vegetative species recorded in 2011 than in 2010 (P=<0.0001). On average, there were 

nd approximately five species per plot was 



 

Figure 2.3: Evenness of the communities between sampling years 2010 and 2011. Evenness 

explains how evenly the abundances were distributed amo

community. Irrespective of treatments (endophyte and cultivars), abundances were significantly 

more evenly distributed between the species present in the communities in the year 2010 than in 

2011 (P=<0.0001). The untransform
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Evenness of the communities between sampling years 2010 and 2011. Evenness 

explains how evenly the abundances were distributed amongst the species present in the 

community. Irrespective of treatments (endophyte and cultivars), abundances were significantly 

more evenly distributed between the species present in the communities in the year 2010 than in 

2011 (P=<0.0001). The untransformed data is plotted in this graph. 

Evenness of the communities between sampling years 2010 and 2011. Evenness 

ngst the species present in the 

community. Irrespective of treatments (endophyte and cultivars), abundances were significantly 

more evenly distributed between the species present in the communities in the year 2010 than in 



 

Figure 2.4: Evenness of the vegetative species between the cultivars between the two years. The 

solid lines separate cultivars by their endophyte status [low endophyte (E

Kalevi; high endophyte (E+) = Kasper, Salten, and Inkeri; and control].The interaction term 

cultivar by year tested significantly (P=0.0014).

pairwise results of Tukey’s Honestly Significant Difference (HSD) test with bars not s

identical letters being significantly different. The untransformed data is plotted in this graph.
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Evenness of the vegetative species between the cultivars between the two years. The 

solid lines separate cultivars by their endophyte status [low endophyte (E-) = Antti, Fure, Ilmari, 

e (E+) = Kasper, Salten, and Inkeri; and control].The interaction term 

cultivar by year tested significantly (P=0.0014). The letters above the individual bars denote the 

pairwise results of Tukey’s Honestly Significant Difference (HSD) test with bars not s

identical letters being significantly different. The untransformed data is plotted in this graph.

Evenness of the vegetative species between the cultivars between the two years. The 

) = Antti, Fure, Ilmari, 

e (E+) = Kasper, Salten, and Inkeri; and control].The interaction term 

The letters above the individual bars denote the 

pairwise results of Tukey’s Honestly Significant Difference (HSD) test with bars not sharing 

identical letters being significantly different. The untransformed data is plotted in this graph. 



 

Figure 2.5: Simpson’s biodiversity between the cultivars. The solid lines separate cultivars by 

their endophyte status [low endophyte (E

Kasper, Salten, and Inkeri; and control]. In considering the cultivars as separate treatments (i.e. 8 

individual treatments including the control), there was a significant difference in biodiversity 

(P=0.0195). The resulting post-hoc analysis showed no detectable difference in the pairwise tests 

between the cultivars. The untransformed data is plotted in this graph.
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Simpson’s biodiversity between the cultivars. The solid lines separate cultivars by 

their endophyte status [low endophyte (E-) = Antti, Fure, Ilmari, Kalevi; high endophyte (E+) = 

Kasper, Salten, and Inkeri; and control]. In considering the cultivars as separate treatments (i.e. 8 

individual treatments including the control), there was a significant difference in biodiversity 

hoc analysis showed no detectable difference in the pairwise tests 

between the cultivars. The untransformed data is plotted in this graph. 

Simpson’s biodiversity between the cultivars. The solid lines separate cultivars by 

Fure, Ilmari, Kalevi; high endophyte (E+) = 

Kasper, Salten, and Inkeri; and control]. In considering the cultivars as separate treatments (i.e. 8 

individual treatments including the control), there was a significant difference in biodiversity 

hoc analysis showed no detectable difference in the pairwise tests 



 

Figure 2.6: Simpson’s biodiversity of the vegetative species between the cultivars between the 

two years. The solid lines separate cultivars by their endophyte status [low endophyte (E

Antti, Fure, Ilmari, Kalevi; high endophyte (E+) = Kasper, Salten, and Inkeri;

interaction term (Cultivar*Year) significantly differed with respect to biodiversity (P=0.0436).  

In 2011, Salten (E+) seeded plots were significantly more diverse

) plots. The letters above the bars denote

Difference (HSD) test with bars not sharing identical letters being significantly different. The 

untransformed data is plotted in this graph.
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Simpson’s biodiversity of the vegetative species between the cultivars between the 

two years. The solid lines separate cultivars by their endophyte status [low endophyte (E

Antti, Fure, Ilmari, Kalevi; high endophyte (E+) = Kasper, Salten, and Inkeri; and control]. The 

interaction term (Cultivar*Year) significantly differed with respect to biodiversity (P=0.0436).  

In 2011, Salten (E+) seeded plots were significantly more diverse than Ilmari (E-

The letters above the bars denote the pairwise results of Tukey’s Honestly Significant 

Difference (HSD) test with bars not sharing identical letters being significantly different. The 

untransformed data is plotted in this graph. 

Simpson’s biodiversity of the vegetative species between the cultivars between the 

two years. The solid lines separate cultivars by their endophyte status [low endophyte (E-) = 

and control]. The 

interaction term (Cultivar*Year) significantly differed with respect to biodiversity (P=0.0436).  

-) and Kalevi (E-

the pairwise results of Tukey’s Honestly Significant 

Difference (HSD) test with bars not sharing identical letters being significantly different. The 



 

Figure 2.7: Results of the rotated factor analysis bet

(0.977) and Phleum pratense (0.834) loaded positively and heavily onto rotated factor 1 (RF1). 

The was a significant difference between years ( P=<0.0001) in which species abundances 

(A.lanceolatus and P.pratense) were significantly lower in 2011 than in 2010. 

untransformed data is plotted in this graph.
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Results of the rotated factor analysis between years. The species Aster lanceolatus

(0.834) loaded positively and heavily onto rotated factor 1 (RF1). 

The was a significant difference between years ( P=<0.0001) in which species abundances 

were significantly lower in 2011 than in 2010. The 

untransformed data is plotted in this graph. 

Aster lanceolatus 

(0.834) loaded positively and heavily onto rotated factor 1 (RF1). 

The was a significant difference between years ( P=<0.0001) in which species abundances 

The 



 

Figure 2.8: Results of the rotated factor analysis between endophyte treatments. High associated 

endophyte treatments (E+) consist of the data collected from plots seeded with the 

pratensis cultivars Kasper, Inkeri, and Salten and the low associated endoph

consist of data from plots seeded with the 

Rotated factor 2 (RF2) had a heavy loading consisting of only 

plots were communities which represented t

S.pratensis). Pre-planned contrasts suggested that E+ plots were significantly different compared 

to E- and control plots, with E+ plots having the lowest 

P=0.0345, respectively). The letters above the individual bars denote the results of the pre

planned contrast analysis with bars not sharing identical letters being significantly different.
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Results of the rotated factor analysis between endophyte treatments. High associated 

endophyte treatments (E+) consist of the data collected from plots seeded with the 

cultivars Kasper, Inkeri, and Salten and the low associated endophyte treatments (E

consist of data from plots seeded with the S.pratensis cultivars Antti, Fure, Ilmari, and Kalevi. 

Rotated factor 2 (RF2) had a heavy loading consisting of only Poa pratensis (0.985).The control 

plots were communities which represented the natural background community (not invaded with 

planned contrasts suggested that E+ plots were significantly different compared 

and control plots, with E+ plots having the lowest P.pratensis abundances  (P=0.0072 and 

pectively). The letters above the individual bars denote the results of the pre

planned contrast analysis with bars not sharing identical letters being significantly different.

Results of the rotated factor analysis between endophyte treatments. High associated 

endophyte treatments (E+) consist of the data collected from plots seeded with the Schedonorus 

yte treatments (E-) 

cultivars Antti, Fure, Ilmari, and Kalevi. 

(0.985).The control 

he natural background community (not invaded with 

planned contrasts suggested that E+ plots were significantly different compared 

abundances  (P=0.0072 and 

pectively). The letters above the individual bars denote the results of the pre-

planned contrast analysis with bars not sharing identical letters being significantly different. 



 

Figure 2.9: Results of the rotated factor analysis between sampling years. Rotated factor 2 (RF2) 

had a heavy loading consisting of only 

and endophyte), there was a significant difference between years (P=<0.0

P.pratensis abundances in 2010 than in 2011. 
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Results of the rotated factor analysis between sampling years. Rotated factor 2 (RF2) 

had a heavy loading consisting of only Poa pratensis (0.985). Irrespective of treatment (cultivar 

and endophyte), there was a significant difference between years (P=<0.0001), with lower 

abundances in 2010 than in 2011.  

Results of the rotated factor analysis between sampling years. Rotated factor 2 (RF2) 

(0.985). Irrespective of treatment (cultivar 

001), with lower 
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CHAPTER 3 

Does the presence of Schedonorus pratensis infected with the endophyte Neotyphodium 

uncinatum affect above-ground arthropod communities? 

 

3.1 Introduction 

Plant assemblages are particularly vulnerable to disturbances incurred by invading 

organisms, although in many cases the impact is much more benign, less apparent, or not 

successful (Lowe 2000; Levin et al. 2002; Desprez-Loustau et al. 2007). For example, diffuse 

knapweed (Centaurea diffusa) is a Eurasian forb that invaded North America (Callaway & 

Aschehoug 2000; Callaway & Ridenour 2004). This forb species decreased the biomass of three 

native North American grass species by approximately 86 percent (Callaway & Aschehoug 

2000).  Not all invasions produce such dramatic impacts but this example demonstrates the 

restructuring effect that an invader can have on a native plant community.  A change in the 

vegetative biodiversity can also translate to an impact on higher trophic levels in a community, 

i.e. a bottom-up trophic change (Siemann et al. 1998; Omacini et al. 2001; De Deyn & Van der 

Putten 2005; Rudgers & Clay 2008). For example, Siemann et al. (1998) found that the species 

diversity, and richness, of the plant community translated into a similar change in the arthropod 

community, with richer plant communities having richer arthropod assemblages. 

Meadow fescue (Schedonorus pratensis) is a cool season C3 grass that is widely used as 

an agricultural forage grass in Nordic European countries like Norway and Finland, and was 

introduced into North America.  Eventually, however, the use of tall fescue (Schedonorus 

arundinaceus) a similar fescue species, largely displaced the use of meadow fescue in North 

America, due to its greater resistance to disease. Although tall fescue is now more commonly 

used, both grasses are found throughout the United States and nearly all of Canada (USDA 

2013). 

 Meadow and tall fescue have two natural forms: one that has developed a mutualistic-

symbiotic relationship with a fungal endophyte and one that has not.  Specifically, meadow 

fescue is associated with the endophyte species Neotyphoidum uncinatum and tall fescue is 

associated with the endophyte species Neotyphodium coenophialum. These endophytes are 

obligately seed transmitted fungi that are embedded in the embryo of some meadow and tall 

fescue seeds (Schardl et al. 2004; Saari et al. 2009; Saari 2010; Saikkonen et al. 2010). Upon 

germination of the seed, the endophyte grows in conjunction with the grass by extending its 
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hyphae through the intercellular junctions of the plant (Clay 1990; Christensen et al. 2008). The 

plant provides the energy and nutrients the endophyte needs in order to grow, and the endophyte 

produces nitrogen based alkaloids which increase the grass’ resistance to herbivory.  The 

presence of the endophyte in tall fescue has been known to help the grass efficiently take up and 

utilize nutrients and better resist drought compared to uninfected grasses (Clay 1990; Marks & 

Clay 1990; Newman et al. 2003a; Hunt & Newman 2005). Endophyte association in meadow 

fescue has also been linked to an increase in plant productivity, increased resistance against 

disturbances (i.e. grazing pressures), greater winter hardiness (Niemeläinen et al. 2001; Ahlholm 

et al. 2002; Wäli 2006; Saari 2010; Saari et al. 2010), and an increase in competitive ability 

against conspecifics and heterospecifics (Schardl et al. 2004; Saari et al. 2009; Saari et al. 2010).  

From an agronomic perspective, the fescue-endophyte mutualistic relationship is ideal because of 

the many benefits obtained from the presence of the endophyte, however outside of a managed 

system endophyte infected meadow fescue is invasive (Saari et al. 2010). There has been a 

considerable amount of research studying the effect of the endophyte on fescue plants, however, 

the secondary effects that it has on heterospecifics, specifically invertebrates, have been less well 

studied.   

The majority of studies that incorporate invertebrates have been in laboratory 

experiments looking at linear tri-trophic fescue-endophyte-herbivore impacts (Siegel et al. 1990; 

Breen 1994; Newman et al. 2003b; Hunt & Newman 2005; Bultman et al. 2006), occasionally 

extending research to include primary carnivores (i.e. fescue-endophyte-herbivore-carnivore) 

(Breen 1994; Omacini et al. 2001; Bultman et al. 2009). The number of studies that incorporate 

multiple trophic levels (e.g. multiple herbivores, carnivores, and detrivores), in comparison, are 

limited. Meager, in comparison to the multi-trophic experiments, is the literature surrounding 

how shifts in plant communities that have been invaded by a grass-endophyte mutualism may 

influence, or impact, whole interacting arthropod communities. Rudgers and Clay (2008) were 

among the first to survey, and attempt to quantify, the relationship between arthropod 

communities and plant assemblages invaded by endophytic grasses. In their work, they found 

that the presence of tall fescue (Schedonorus arundinaceus) and its endophyte (Neotyphodium 

coenophialum), reduced both plant and arthropod biodiversity and, similar to Siemann et al. 

(1998), concluded that changes at the arthropod level may have likely occurred through changes 

at the plant community level. 
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A weakness of these and other experiments examining the changes endophyte-grass 

mutualisms have on communities is the use of a single grass cultivar to study the effects of the 

endophyte’s presence. The results, although informative, may not generalize to other populations 

(Rudgers et al. 2006). The genotypes of other grass cultivars can vary significantly and result in 

differing responses with respect to the mutualism itself and its effect in the community. For 

example, Ramussen et al. (2007) found differing responses in endophyte alkaloid production and 

growth between two Lolium perenne cultivars, which further differed depending on the strain 

(i.e. genotype) of the endophyte.  Ramussen et al. (2008) showed that the effects the endophytes 

had on insect abundances were highly dependent on the strain of the endophyte. This all suggests 

the need to investigate the degree of generality in grass-endophyte relationships across grass 

populations. 

The experimental focus of this research was to determine how the invasive grass 

Schedonorus pratensis would affect invertebrate assemblages based on its mutualistic association 

with the endophyte Neotyphodium uncinatum in an old field grassland community. Unique to 

this study, I manipulated the endophyte presence by using multiple cultivars (genetic 

populations) of meadow fescue that differed in their degree of fungal association, from relatively 

low levels of infection (E- cultivars) to relatively high levels of infection (E+ cultivars). 

Originally, I expected varying arthropod diversities between the individual cultivars but, on 

average, I expected the communities invaded by grass populations associated with high levels of 

endophyte infection to be less diverse than communities invaded by grass populations associated 

with lower levels of endophyte infection.  However, given the results from chapter two (i.e. an 

increase in community biodiversity), one might expect that arthropod biodiversity will increase 

in concert with plant community biodiversity. From this analysis, I hoped to gain more general 

insights into the secondary effects that the endophyte-grass invader has on community structure.   

 

3.2 Method 

3.2.1 Study site and experimental set-up 

The experimental field site was a 20 year old field orchard community located at the 

University of Guelph Turfgrass Institute (GTI) and Environmental Research Center Institute 

(Guelph, ON Canada; 43° 32’ 56” N, 80° 12’ 39” W). The land was mainly composed of Guelph 

Sandy Loam soils (Brunisolic Gray-Brown Luvisol) developed on loam till. Vegetation in the 
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area, prior to the study, was dominated by the non-native species: Elymus repens L. Gould, Poa 

pratensis L., Taraxacum officinale F.H. Wigg, and Cirsium arvense L.Scop (Yurkonis et al. 

2012).  In 2008, 80 2x2 meter plots, separated by 0.5 meter mowed boundaries, were established 

in an 826 m2 area in a completely randomised block design.  Of the 80 plots, 70 were seeded 

with one of seven variants of S. pratensis (meadow fescue) and 10 were left as control plots. The 

seven S. pratensis cultivars were obtained from Finland where they are mainly used as forage 

grasses for livestock (Niemeläinen et al. 2001; Fjellheim et al. 2007; Saari et al. 2009). Seeds 

were stored at -16°C until sowing. 

In establishing the experimental site, the eighty plots were tilled twice and divided into 

ten blocks with eight plots in each. In every block, seven plots were randomly seeded with one of 

seven meadow fescue cultivars at a rate of 5 g m-2 (cf. Clay and Holah 1999; Yurkonis et al. 

2012), with the final eighth plot remaining as a control (i.e. a plot that received no additional 

seed).   

Within the block of seven cultivars, four of the cultivars acquired had a low endophyte frequency 

(E-) and three cultivars had a high endophyte frequency (E+). The three E+ meadow fescue 

cultivars used were Kasper (E+), Inkeri (E+), and Salten (E+), and the four E- meadow fescue 

cultivars were Kalevi (E-), Ilmari (E-), Antti (E-), and Fure (E-).  All 80 plots were watered until 

germination at which point the plots were left undisturbed to grow unmanaged. 

 

3.2.2 Endophyte association 

In order to assess endophyte frequency over the experimental period, I collected, 

approximately, ten meadow fescue grass tillers from the meadow fescue planted plots (total=70) 

in July 2010 and August 2011. The collected tillers were labelled and stored in reclosable 4 mil 

(8 ̎ x 8 ̎) bags and refrigerated in a -8°C walk-in freezer until the time of endophyte testing. 

Endophyte presence was tested using Agronostics Ltd. Co. Phytoscreen Neotyphodium Field 

tiller kits. 

Endophyte infection frequency/percentages for 2010 and 2011 are shown in table 2.1. 

 

3.2.3 Arthropod community survey 

In June 2010 and July 2011, invertebrate samples from each plot were collected using a 

Vortis Insect Suction Sampler (Burkard Manufacturing Co. Limited). Samples were collected 
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between 10 am and 2pm—a time when a large proportion of invertebrates are active. The area 

sampled was approximately 0.5 m into the plot to account for edge effects, and sampled for 60 

seconds (Masters et al. 1998; Borges & Brown 2003; Helden & Leather 2004; Woodcock et al. 

2005). The samples were transferred from the Vortis sampler and stored in a -23°C freezer. The 

collected invertebrates were counted and identified to their family (if possible) or order level.   

 

3.2.4 Statistical analysis 

Because of the imbalance in the number of cultivars with high frequencies of endophyte 

infection (3) and those with low endophyte infection frequency (4), my analysis followed an 

incomplete factorial design.  I treated the seven cultivars and the control plots as a single 

‘cultivar treatment’ with eight levels in the ANOVAs, and separated the endophyte effects using 

pre-planned contrast analyses. 

Measures of community richness (S; see table 3.1), evenness, and biodiversity (1/D) were 

the main response variables tested in a split-plot analysis of a repeated measures design.  Plots 

were nested in the cultivar treatment (the whole plot factor) and cross factored with year (the 

subplot factor).  Biodiversity, a combined measure of species richness and evenness, was 

characterized using the Simpson’s Evenness diversity index (1/D). The response variables were 

tested for significance with respect to cultivar treatment, year, and the interaction term cultivar 

treatment*year. The effect of the endophyte presence was tested by averaging over the E+ or E- 

cultivars by running a priori non-orthogonal pre-planned contrast analyses. Specifically, the 

contrasts look at the relationships between E+ vs. E- , E+ vs. control, and E- vs. control plots.  In 

screening for the presence of the N. uncinatum endophyte, the reputedly highly infected Salten 

(E+) cultivar had intermediate infection frequencies, averaging 6.25% infection in 2010 and 

12.5% in 2011 (table 2.1). Therefore, contrasts involving the E+ cultivars were run with and 

without the Salten data to account for the infection discrepancy of the cultivar.  Doing so did not 

affect the results; therefore I present only the contrast statistics with the Salten (E+) cultivar 

included. 

In addition, statistically significant tests concerning differences in cultivar treatment were 

further subjected to a post-hoc analysis using a Tukey HSD (honestly significant difference) test.  

Prior to running the ANOVA, response variables were subject to a Box-Cox transformation, if 

necessary, in order to meet assumptions of normality and homogeneity of the error variance.  
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Although useful, an analysis of biodiversity indices provides only a general awareness of 

what occurs in the community, and provides no information about the individual species and 

their relationship with the community. Although individual ANOVA’s for each species are 

possible, the resulting deductions are highly prone to a type I error (i.e. incorrectly rejecting a 

true null hypothesis) (Kessell & Whittaker 1976; Anderson & Willis 2003). For this reason, 

Principal Component Analysis (PCA) and a Factor Analysis (FA) were used to gain insight into 

the species’ distributions across the different endophyte-cultivar combinations. 

Principal Components Analysis is a powerful exploratory tool that takes into account the 

total variance of each response variable (i.e. families). Total variance consists of: variance 

unique to each variable, variance common among variables (communality), and the error 

variance (Anderson & Willis 2003; Everitt 2005; Brown 2009). Some families present in 2010 

were not present in 2011, I therefore conducted the PCA only on abundances for families present 

in both years. Secondly, many multivariate tests can be skewed and misinterpreted with 

disproportionately low community abundance values, therefore to avoid erroneous PCA tests, 

abundance cut-off values were established. McGarigal et al. (2000) suggest the minimum cut-off 

equate to the number of samples/observations of the dataset. Following this, families that 

summed to more than 80 individuals (>80) were kept in the PCA analysis. Those families whose 

cumulative abundance were less than eighty (0 ≤ families < 80) were rearranged into several 

“Other” groupings corresponding to their order. For example, the families Musicidae, 

Camillidae, and Sciomyzidae all had abundances lower than 80 and were amalgamated to create 

the grouping “Other Diptera”. The final dataset used for the PCA analysis is shown in table 3.2.  

In considering how many principal components (PC) to incorporate into the analysis, I 

followed the relative percent criterion method as suggested by McGarigal et al. (2000). This 

method suggests retaining as many components as it takes to account for a cumulative percent 

variance of 80% of the original data variance. I then ran a factor rotation which, in essence, 

transforms the data to control for variables with high inherent (unique) variance (Brown 2009). 

The number of factors I retained was equal to the number of retained PCA components.   

In order to extract the maximum information from these communities, I used two 

abundance measures in my multivariate analysis: absolute and proportional abundance measures. 

By using both measures of abundance, one can detect how the families shift together as a 
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community (proportional) and how influential the species are irrespective of their ties to the 

community (absolute) (Hopkins & Kennedy 2004; Magurran 2004).  

 The resulting rotated factors were Box-Cox transformed, if necessary, and tested for 

significance using the same split-plot analysis of a repeated measures design described above. As 

with the biodiversity data, a priori preplanned contrasts and post-hoc tests were applied where 

necessary.  All statistical tests were conducted using R statistical software (version 2.13.2) and 

JMP (version 10).  

 

3.3 Results 

3.3.1 Biodiversity 

Richness: There were no significant differences in richness with respect to the contrast analyses 

and the ANOVA terms treatment, year, and treatment*year interaction. 

Evenness: Preplanned contrasts showed no significant difference between the endophyte 

treatments. Evenness was significantly different between years (f(1,72)=24.11, P=<0.0001, figure 

3.1). Invertebrate abundances were more evenly distributed amongst the families in 2011 than 

the abundances of the families in 2010.  

Simpson’s biodiversity: There were no significant differences between the preplanned contrast 

analyses. However, invertebrate community biodiversity was higher in 2011 than in 2010 

(f(1,72)=48.07, P=<0.0001, figure 3.2).  

 

3.3.2 Arthropod community response 

Although I analysed both proportional and absolute abundances, there were no 

differences in the results. I therefore report results only for the absolute abundances. I converted 

the factor scores to positive values by adding a constant, and tested these using the split-plot 

analysis described in the Methods section. Preplanned contrasts examining the effects of 

endophyte presence were also run on the factor scores. According to McGarigal et al. (2000), 

loadings > 0.30 or < -0.30 are ‘significant’, >0.40 or < -0.40 are ‘more significant’, >0.50 or < -

0.50 are ‘highly significant’. For this presentation, I only discuss factors that had highly 

significant loadings. 

Four factors were sufficient to explain these data. The families Anthomyzidae (0.817), 

Chloropidae (0.732), Cercopidae (0.506), the suborder Nematocera (0.568), and other Dipterans 
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(0.672) loaded heavily and positively onto rotated factor 1 (RF1). The second rotated factor 

(RF2) had a high and positive loading consisting of the families Cicadellidae (0.520) and 

Parasitidae (0.603), and the orders Thysanoptera (0.732) and Collembola (0.744). Rotated factor 

3 (RF3) had a single positive significant loading consisting of the family Galumnidae (0.596). 

Finally, the fly family Sphaeroceridae (0.831) loaded positively and heavily onto rotated factor 4 

(RF4).   

RF1: There were no significant differences in the contrast analyses. Family and order 

abundances associated with RF 1 were significantly lower in 2010 than in 2011 (f(1,72)=96.42, 

P=<0.0001, figure 3.3).  

RF2: There were no significant differences detected in the contrast analyses.  Families and order 

abundances associated with RF 2 were significantly lower in 2010 than in 2011 (f(1,72)=105.43, 

P=<0.0001). In addition, there was a treatment*year interaction (f(7,72)=2.3829, P=0.03). The 

post-hoc analysis, however, suggests that the interaction was caused by idiosyncratic differences 

between the cultivars. Family abundances in the control plots, one E+ cultivar (Sultan) and one 

E- cultivar (Kalevi) differed between the two years but that these abundances did not differ in the 

remaining five cultivars (see figure 3.4). 

RF3: There were no significant differences in the contrast analyses. Year was significant 

(f(1,72)=73.58, P=<0.0001, figure 3.3) with respect to Galumnidae abundances which decreased in 

2011. 

RF4:  There were no significant differences in the contrast analyses. Family abundances of 

Sphaeroceridae were significantly lower in 2010 than in 2011 (f(1,72)=4.90, P=0.03, figure 3.3). 

 

3.4 Discussion 

Research related to the impact endophyte associated grasses have on entire arthropod 

communities is rare. A large proportion of the literature focuses on direct effects endophyte 

infected grasses have on herbivores, specifically the effects of pests, such as aphids and beetle 

larva, on agriculturally relevant grass cultivars. Generally, most suggest that herbivore 

populations are negatively affected by endophyte presence (i.e. populations decrease) and is 

thought to be due to the alkaloids produced by the endophyte, however, these negative impacts 

seem species specific (Breen 1994; Bush et al. 1997; Ball et al. 2006). Multiple studies have 

gone on to examine how the endophyte affects secondary consumers (i.e. predators of the grass 
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herbivores), similarly, results are species specific with certain predator populations being 

negatively affected (Breen 1994; Omacini et al. 2001; Bultman et al. 2012) while other predators 

remain unaffected (Breen 1994; Omacini et al. 2001).  The commonalities between these studies 

are observations of single linear relations (grass-herbivore-carnivore), and measurements under 

controlled laboratory and/or field conditions. Furthermore, experiments tend to focus on 

populations of agronomically relevant pests. Although these interactions are informative, in a 

natural un-manipulated community, rarely do we find only a single linear food chain but instead 

a web of inter-related plant-arthropod interactions. This experiment, along with a handful of 

others (Rudgers & Clay 2008; Jani et al. 2010; Faeth & Saari 2012), are some of the first to 

attempt to measure the impact/effect endophytic grasses have on an entire aboveground 

invertebrate community.   

In examining the invertebrate community, I found that the effects of the endophyte, in 

general, did not extend to the invertebrate community and, furthermore, did not vary between 

cultivar treatments. However, there was a temporal significance with 2011 being a more diverse 

year than 2010. Evenness, rather than richness, as observed with the vegetation data (chapter 2), 

was the influential component of biodiversity, with family/order abundances being more evenly 

distributed in 2011 than in 2010. In this instance, my experiment demonstrates that endophyte 

infected grasses may not affect invertebrate populations in natural communities, at least in the 

early years following the invasion. In the previous chapter, I showed that populations of S. 

pratensis were relatively low compared to the other grasses—especially Poa pratensis—and 

other plant species. On average (i.e. since establishment), meadow fescue made up 7.4% of the 

plant community in E+ invaded plots and approximately 4% in E- invaded communities. In 

considering the E+ cultivars separately, communities invaded with the Kasper cultivar were most 

aggressive, with S.pratensis percent cover to be ~12% of the entire vegetative community, 

followed by Inkeri (~7%), and finally Salten (~3%).  Although there were some changes at the 

vegetative level in my communities, considering that meadow fescue abundances were low, it is 

perhaps not surprising that E+ invaded plots did not impact the invertebrate community.  On the 

other hand, the vegetative community experienced an increase in species richness (i.e. more 

plants species) in 2011 in E+ plots, which might have translated into an increase in resources 

(e.g. food, habitat, etc.) , especially for the herbivorous orders Hemiptera, Thysanoptera, and the 

dipteran larva. 
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Not many have looked at the impact that endophyte-invaded communities have had on 

the entire invertebrate community (Rudgers et al. 2006; Rudgers & Clay 2008). However, there 

have been select experiments that measure the arthropod community on endophyte infected, and 

uninfected, plants directly in a natural community (Faeth & Shochat 2010; Jani et al. 2010).  

They found increases in invertebrate biodiversity on populations of Arizona fescue (Festuca 

arizonica) (Faeth & Shochat 2010) and sleepygrass (Achnatherum robustum) (Jani et al. 2010) 

infected with Neotyphodium endophytes compared to plants not infected with the endophyte. In 

these instances, changes in arthropod community composition can be attributed directly to E+/E- 

grasses because the plants, rather than the entire community, were sampled directly. They (Faeth 

& Shochat 2010; Jani et al. 2010) found that mean total arthropod abundances, especially 

herbivore populations, increased on E+ plants of F. arizonica and A. robustum, respectively. 

Both studies observed invertebrate populations on E+ plants and analysed the alkaloid content in 

the plants. Specifically, Jani et al. (2010)  looked at plants that harboured alkaloids (E+A+) and 

on E+ plants that lacked alkaloids (E+A-). They (Jani et al. 2010) found E+A+ plants supported 

greater mean arthropod abundance than E+A- plants, suggesting that invertebrates may not be as 

sensitive to alkaloid concentrations as previously thought. Furthermore, S. pratensis grasses do 

not produce ergot alkaloids (Malinowski & Belesky 2006) which have been known to be lethal 

to invertebrate populations. If the arthropods in my communities are exposed to, or feeding on, 

the E+ meadow fescue, the increase in arthropod abundances may be attributed to lack of ergots 

in my communities Jani et al. (2010) reported, similar to my observations, that Cicadellidae 

populations were the main herbivore that increased on E+ and E+A+  grasses (i.e. they 

increased). Hopper families—such as Cicadellidae, Cercopidae, and Delphacidae—tend to be 

specialised feeders of plant exudates (phloem and xylem) and, in turn, may have developed a 

metabolism that enables the break-down or sequestration of toxic chemicals (Orenski 1964; 

Hammon & Faeth 1993; Faeth et al. 2006; Rudgers et al. 2009; Jani et al. 2010).  It has been 

suggested that highly endophytic grasses decay more slowly than low endophyte infected grasses 

and therefore persist longer in the litter layer (Malinowski & Belesky 2006). Collembolan 

populations are able to digest these toxic materials (i.e. more specialized), whereas individuals 

from the family Galumnidae (in my experiment) may be more sensitive which may explain the 

decline in their 2011 abundances. From the multivariate analysis on plant composition data, I 

found that as Poa pratensis abundances significantly decreased in E+ invaded plots ( P=<0.0001) 
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and with their decline S.pratensis populations increased (but not significantly) (see above). It 

may be that, given enough time, meadow fescue abundances will increase which will increase 

the arthropods’ exposure to E+ meadow fescue.  If these experimental plots continue to be 

monitored, an endophyte effect may emerge, and trends similar to those similar of Faeth and 

Shochat (2010) and Jani et al. (2010) may be uncovered.  

The aforementioned points were only hypotheses as what that may be driving my results. 

To reiterate, there may be no actual effect of the endophyte on the community because 1) only 

small differences were detected in the community of which none were related to 

endophyte/cultivar presence, and 2) S.pratensis, itself, was not a dominant component in the 

communities. However, arthropod abundance may be impacted by endophyte treatment, but my 

experimental design was not powerful enough to detect these effects. In hindsight, I believe 

several aspects of this experiment might have interfered with my ability to observe these effects. 

Alternative sampling methods and protocols might have been more likely to detect differences. 

Invertebrates are naturally more transient than plants, and with my current sampling method 

many families may be under represented or completely absent. By sampling at multiple points in 

the season, similar to others (Finkes et al. 2006; Rudgers & Clay 2008; Jani et al. 2010; Saari et 

al. 2010), I may be able to obtain a better representation of community inhabitants and their 

abundances. However, such multiple sampling periods would have vastly increased the time 

required to sort and identify samples.  As it was, I spent approximately 8 hours processing each 

sample (80 x 2 x 8 = 1280 hours or approximately 160 days).  Secondly, researchers have noted 

that changes in the surrounding vegetation in communities invaded with the endophyte infected 

grass occur, at least, two years after the initial introduction (Rudgers et al. 2006; Rudgers & Clay 

2007; Rudgers & Clay 2008), although I detected some differences sooner than this (see Chapter 

2). Logically, it follows, if there is an indirect impact on invertebrates, via a change in the 

vegetative community, one would expect at least a two-year lag to detect a change in invertebrate 

community. The last major change I would consider would be identifying the commonly 

reoccurring individuals to species level rather than stopping at family level identification 

(Rudgers & Clay 2008). By identifying these common species, one would expect to achieve a 

more sensitive assessment of change. Any or all of these changes might have made it more likely 

that I would detect endophyte effects if such effects were present. 
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While I might have found different results with different sampling techniques and 

protocols, I nevertheless failed to detect any impacts of the endophyte on the arthropod 

community.  This result contrasts with some previous research that detected strong negative 

impacts of endophyte-grass invasions on the resulting arthropod communities (Lemons et al. 

2005; Finkes et al. 2006; Rudgers & Clay 2008).  These previous studies all used a single 

cultivar of tall fescue (KY-31 or Jessup).  It might well be the case that meadow fescue – 

endophyte associations do not have such strong impacts as invading mutualists.  If this is the 

case, it suggests that studies that use tall fescue and its endophyte (which are common) are not 

good models of all grass-endophyte associations. Examining well-studied questions in multiple 

grass-endophyte systems, particularly as I have done using multiple cultivars of the same 

species, will be important for assessing the generality of these supposedly strong and pervasive 

impacts of the endophyte. 
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Table 3.1: List of families and orders used in the 2010 and 2011 biodiversity analyses. 
 Order 2010 2011 Order 2010 2011 

Diptera Opomyzidae Opomyzidae Hemiptera Aphididae Aphididae 
  Dolichopodidae Dolichopodidae   Pentatomidae Pentatomidae 
  Lonchoptera Lonchoptera   Miridae Miridae 

  Anthomyzidae Anthomyzidae   Cicadellidae Cicadellidae 

  Chloropidae Chloropidae   Cercopidae Cercopidae 

  Phoridae Phoridae   Delphacidae Delphacidae 
  Sphaeroceridae Sphaeroceridae   Nabidae Nabidae 
  Drosophila  Drosophila    Psyllidae Psyllidae 
  Empididae Empididae   Phymatidae Phymatidae 
  Ephydridae  Ephydridae    Derbidae Derbidae 
  Camillidae Camillidae   Membracidae Membracidae 
  Sepsidae Sepsidae   Ditcyopharidae Ditcyopharidae 
  Muscidae Muscidae     Tingidae 
  Agromyzidae Agromyzidae     Lygaeoidea (super family) 
  Syrphidae Syrphidae       
  Milichiidae Milichiidae Coleoptera Coccinellidae Coccinellidae 
  Lauxanidae Anthomyiidae 

 

Curculionidae Curculionidae 
  Nematocera Pipunculidae 

 

Cleridae Cleridae 

    Heleomyzidae 
 

Bruchidae Bruchidae 

    Asilidae 
 

Mordellidae Mordellidae 
    Tephritidae 

 

Chrysomelidae Chrysomelidae 
    Nematocera 

 

Cantharidae Cantharidae 
        Staphalinidae Staphalinidae 
          Histeridae 
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Table 3.1: List of families and orders used in the 2010 and 2011 biodiversity analyses. 
  Order 2010 2011 Order 2010 2011 

Hymenoptera Formicidae Formicidae Orthoptera Acrididae Acrididae 
  Ichneumonidae Ichneumonidae   Gryllidae Gryllidae 
  Braconidae Braconidae       

  
Cynipoidea (super 
family) Cynipoidea (super family)       

  
Chalcidoidea (super 
family) Chalcidoidea (super family) Lepidoptera Moths Moths 

  
Proctotrupoidea (super 
family) Proctotrupoidea (super family)       

    Tiphiidae Gastropoda Snails Snails 
    Pompilidae     
            
Other Forficulidae Forficulidae       
  Coniopterygidae Coniopterygidae       
  Mantidae Mantidae       
  Galumnidae Galumnidae       
  Parasitidae Parasitidae       
  Trombidiidae Trombidiidae       
  Thysanoptera (order) Thysanoptera (order)       
  Collembolla (order) Collembolla (order)       
  Opiliones Opiliones       

  Isopoda (order) Araneomorphae (suborder)       

  

Araneomorphae 
(suborder)         
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Table 3.2: List of families and orders used in the final Principal Components Analysis and Rotated Factor (RF) analysis. 

Order   Order   Order   

Diptera Opomyzidae Hemiptera Aphididae Coleoptera Chrysomelidae 

  Lonchoptera Pentatomidae 
Other 

Coleoptera Coccinellidae 
  Anthomyzidae Cicadellidae   Curculionidae 

  Chloropidae Cercopidae   Cleridae 
  Phoridae Delphacidae   Bruchidae 
  Sphaeroceridae Nabidae   Mordellidae 
  Drosophila      Cantharidae 
  Nematocera     Staphalinidae 
        Histeridae 

Other Diptera Dolichopodidae Other Hemiptera Miridae Hymenoptera 

Chalcidoidea 
(super family) 

  Empididae Psyllidae   

Proctotrupoidea 
(super family) 

  Ephydridae  Phymatidae 
Other 

Hymenoptera Formicidae 
  Camillidae Derbidae   Ichneumonidae 
  Sepsidae Membracidae   Braconidae 

  Muscidae Ditcyopharidae   
Cynipoidea 
(super family) 

  Agromyzidae Tingidae   Tiphiidae 

  Syrphidae 
Lygaeoidea (super 
family)   Pompilidae 

  Milichiidae       
  Anthomyiidae       
  Pipunculidae       
  Heleomyzidae       
  Asilidae       
  Tephritidae         
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Table 3.2: List of families and orders used in the final Principal Components Analysis and Rotated Factor (RF) analysis. 
Order   Order Order   
Orthoptera/ 

Lepidoptera Acrididae Opiliones Other  Forficulidae 

  
Gryllidae 

Araneomorphae 

(suborder)   Coniopterygidae 

  Moths 
Thysanoptera 

(order)   Mantidae 

    
Collembolla 

(order)   Trombidiidae 
        Isopoda (order) 
Families Galumnidae       
  Parasitidae       
          

  

 

      

  

 

      

  

 

      

  

 

      

          

          

          

          

          

          

          

          

          

          

          



 

 

Figure 3.1: Evenness [S/(1/D)] of invertebrate families/orders over the sampling period. Irrespective of the 

treatment (endophyte and cultivar) evenness was significantly different between years (P=<

invertebrate abundances being more evenly distributed amongst the f

abundances of the families/orders in 2010. The 
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of invertebrate families/orders over the sampling period. Irrespective of the 

treatment (endophyte and cultivar) evenness was significantly different between years (P=<

invertebrate abundances being more evenly distributed amongst the families/orders in 2011 than the 

abundances of the families/orders in 2010. The untransformed data is plotted in this graph

of invertebrate families/orders over the sampling period. Irrespective of the 

treatment (endophyte and cultivar) evenness was significantly different between years (P=<0.0001) with 

amilies/orders in 2011 than the 

d data is plotted in this graph



 

 

 

Figure 3.2: Simpson’s biodiversity (

period. Irrespective of the treatment (endophyte and cultivar) invertebrate community 

biodiversity was higher in 2011 than in 2010 (P=<0.0001). The 

this graph. 
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Simpson’s biodiversity (1/D) of invertebrate families/orders over the sampling 

period. Irrespective of the treatment (endophyte and cultivar) invertebrate community 

biodiversity was higher in 2011 than in 2010 (P=<0.0001). The untransformed data is plotted in 

 

) of invertebrate families/orders over the sampling 

period. Irrespective of the treatment (endophyte and cultivar) invertebrate community 

untransformed data is plotted in 



 

Figure 3.3: The rotated factor analysis over the 

Anthomyzidae [factor loading (FL)=0.817], 

the suborder Nematocera (FL=0.568), and other Dipterans (FL=0.672) loaded heavily and 

positively onto rotated factor 1 (RF1) as indicated by the blue bar. The second rotated factor 

(RF2), as indicated by the red bar, had a high and positive loading consisting of the families 

Cicadellidae (FL=0.520) and Parasitidae

and Collembola (FL=0.744). Rotated factor 3 (RF3), as indicated by the green bar, had a single 

positive significant loading consisting of the family 

family Sphaeroceridae (FL=0.831) loaded positively and heavily onto rotated factor 4 (RF4) as 

indicated by the purple bar. The family/order abundances associated with RF1, RF2, and RF4 

significantly increased in 2011, while the 

in 2011. 
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The rotated factor analysis over the two year sampling period. Families 

[factor loading (FL)=0.817], Chloropidae (FL=0.732), Cercopidae 

(FL=0.568), and other Dipterans (FL=0.672) loaded heavily and 

ely onto rotated factor 1 (RF1) as indicated by the blue bar. The second rotated factor 

(RF2), as indicated by the red bar, had a high and positive loading consisting of the families 

Parasitidae (FL=0.603), and the orders Thysanoptera

(FL=0.744). Rotated factor 3 (RF3), as indicated by the green bar, had a single 

positive significant loading consisting of the family Galumnidae (FL=0.596). Finally, the fly 

(FL=0.831) loaded positively and heavily onto rotated factor 4 (RF4) as 

indicated by the purple bar. The family/order abundances associated with RF1, RF2, and RF4 

significantly increased in 2011, while the Galumnidae abundances (RF4) significantly decreas

sampling period. Families 

Cercopidae (FL=0.506), 

(FL=0.568), and other Dipterans (FL=0.672) loaded heavily and 

ely onto rotated factor 1 (RF1) as indicated by the blue bar. The second rotated factor 

(RF2), as indicated by the red bar, had a high and positive loading consisting of the families 

optera (FL=0.732) 

(FL=0.744). Rotated factor 3 (RF3), as indicated by the green bar, had a single 

(FL=0.596). Finally, the fly 

(FL=0.831) loaded positively and heavily onto rotated factor 4 (RF4) as 

indicated by the purple bar. The family/order abundances associated with RF1, RF2, and RF4 

abundances (RF4) significantly decreased 



 

 

 

Figure 3.4: The rotated factor analysis for the treatment*year interaction. Rotated factor 2 (RF2) 

had a high and positive loading consisting of the families 

(FL)=0.520] and Parasitidae (FL=0.603), and the o

Collembola (FL=0.744). The treatement*year interaction (P=0.0300) was significant. The letters 

above the individual bars denote the pairwise results of Tukey’s Honestly Significant Difference 

(HSD) test with bars not sharing identical letters being significantly different.  
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The rotated factor analysis for the treatment*year interaction. Rotated factor 2 (RF2) 

had a high and positive loading consisting of the families Cicadellidae [factor loading 

(FL=0.603), and the orders Thysanoptera (FL=0.732) and 

(FL=0.744). The treatement*year interaction (P=0.0300) was significant. The letters 

above the individual bars denote the pairwise results of Tukey’s Honestly Significant Difference 

ng identical letters being significantly different.   

 

CHAPTER 4 

The rotated factor analysis for the treatment*year interaction. Rotated factor 2 (RF2) 

[factor loading 

(FL=0.732) and 

(FL=0.744). The treatement*year interaction (P=0.0300) was significant. The letters 

above the individual bars denote the pairwise results of Tukey’s Honestly Significant Difference 
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Conclusions 

4.1 Summary of results 

The main purpose of this thesis was to attempt to observe and quantify the changes 

caused by an invading endophyte infected grass on, more or less, the entire aboveground 

community. In particular I was interested in the role of genetic diversity in the host grass 

population.  I characterized the changes in the vegetative and arthropod communities invaded 

with highly endophyte infected (E+) and relatively endophyte free (E-) grass populations. The 

unique aspect of this work was the use of multiple cultivars of meadow fescue in order to create 

the differences in the genetic variability of these populations.  

Previous work has suggested that invading grasses that are infected with Neotyphodium 

endophytes have stronger, more pervasive negative impacts on the invaded community, than 

when the invading grass is uninfected (Clay & Holah 1999; Rudgers et al. 2006; Rudgers & Clay 

2007; Rudgers & Clay 2008). My work suggests that three years after the initial invasion, 

communities invaded with E+ grasses were actually more biodiverse than communities invaded 

with E- grasses, and that this difference was largely due to the increased richness of plant species 

in the E+ invaded communities. The modest differences in plant community composition, 

however, did not affect the associated invertebrate communities.    

Despite seeding the initial invasion at a rate similar to that used in other studies (Clay & 

Holah 1999), none of the meadow fescue cultivars became the dominant species in the plant 

community which differs substantially from the results found in other studies.  In my plots, after 

three years, the most aggressive invading cultivar was Kasper, but even this cultivar did not 

achieve average abundances (i.e. since establishment) greater than 10 individuals per plot; on 

average S.pratensis made up approximately 12% of the Kasper invaded community.   Compared 

to previous studies, which found meadow fescue to be the most abundant species in the 

community (Saari et al. 2009; Saari et al. 2010), in my plots meadow fescue was nowhere near 

as invasive.  There are a variety of differences that could account for the discrepancies between 

my findings and these previous studies.  Below I discuss the possibilities in some detail. 

 

4.1.1 Environmental and genetic variability 

 Meadow fescue— native to Europe—seems to be not as invasive in our soils with 

our climate, although several websites list it as invasive in North America (USFS ; USDA 2013). 
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Meadow fescue is distributed across Sweden, Norway, and Finland and one study (Fjellheim et 

al. 2007) note that meadow fescue grass populations, generally, were not very stable in areas of 

high altitude and latitude. Specifically, the S. pratensis grass populations (endophyte infection 

unknown) were not readily able to adapt to local environmental variation and therefore those 

populations were not likely to persist. However, Saikkonen et al. (2000) found endophyte 

infection in meadow fescue populations did not vary latitudinally.  It may be the genotype of the 

grass, and its relationship with the environment (specifically latitude), dictates the success of 

meadow fescue in the community rather than the grass’ endophyte status.  

One means that grasses have of coping with environmental variability is through 

phenotypic plasticity.  Phenotypic plasticity is sometimes linked to genetic diversity (Kölliker et 

al. 1999; Ghalambor et al. 2007; Yurkonis et al. 2012) although not always.  In a study of 81 

local populations from Norway and Lithuania, and 26 commercial cultivars of meadow fescue 

from Norway, Sweden, Finland, Denmark, Lithuania, Latvia, and Estonia, Fjellheim et al. (2009) 

found that the cultivars were highly genetically homogeneous compared to the natural 

populations.  This lack of genetic variability in the cultivars may decrease the chances of 

successful invasion in natural communities, particularly in the face of environmental variability.  

This is true whether or not the cultivar is highly infected with the endophyte.  I did not assess the 

genetic variability of the particular cultivars I used in this study.  Since most deliberate plantings 

of meadow fescue, particularly in North America, use commercially available cultivars 

(Niemeläinen et al. 2001) like those used in my experiment, the genetic variability present in a 

typical cultivar represents the variability available for the typical invasion.  I believe that my 

experiment therefore correctly mimicked the genetic diversity present at the start of a typical 

invasion.  But this observation reinforces my point about the necessity of assessing invasion 

potential in multiple cultivars.  If genetic diversity of the invading population influences the 

success of that invasion, then studying invasion in only one of many possible cultivars (sources 

of invading individuals or seeds) does not help us assess the general invasiveness of the species 

in any particular environment.  Finding that one cultivar is highly invasive may simply reflect the 

particular traits or genetic variability present in that cultivar, and not the invasion potential of the 

species. 

 

4.1.2 Dominance over time 
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I think time is important when considering meadow fescue’s dominance in the 

community. Takai et al. (2010) found that meadow fescue establishment and endophyte 

infections became significantly apparent at least two years after establishment. Saari et al. (2010) 

measured endophyte frequency in 4, 5, 7, and 21 year old grazed and non-grazed pastures of E+ 

S. pratensis (cultivar variety unknown). They found that, in general, endophyte frequencies were 

significantly higher in non-grazed, versus grazed, pastures for all time periods except the four 

year old pasture (higher but not significantly) with endophyte frequencies nearing 90% in the 21 

year old pasture. Similarly, Saikkonen et al. (2000) and Saari et al. (2009) found high endophyte 

frequencies in pastures 2-11 years in age. Additionally, Saari et al. (2010) found that meadow 

fescue abundances were highest (i.e. the most dominant species) in each of these pastures.  In the 

case of Schedonorus pratensis and its endophyte (Neotyphodium uncinatum) in my plots, there 

was supporting evidence for its eventual advancement in the community and that the grass will 

be able to maintain high infection frequencies in progressive years.  Two years of data, although 

a start, is not enough to draw concrete conclusions about meadow fescues’ impacts on the 

community. The experiments discussed above suggest that, given enough time, meadow fescue 

may become the dominant species in my plots—while maintaining a high endophyte 

association—and given this increase in infected abundances, greater bottom-up impacts may 

emerge.    

 

4.1.3 Initial plant community composition 

In establishing my plots, I invaded an area that was dominated by another species which 

may have masked the endophyte’s success.  Saari et al. (2010) also partially monitored the 

vegetative community and the species that invaded into the 4, 5, 7, and 21 year old grazed and 

non-grazed pastures. Contrary to my results, they found that meadow fescue was the dominant 

grass in the community in all four time periods.  During establishment their pastures were sowed 

with a turf seed mixture of grasses which were not naturally found in the area [(S. pratensis 

(~30%), P. pratense (~30%), Lolium pernne (~20%), D. glomerata (~10%), and P. pratensis 

(~10%)].  My plots, however, were established on a 20 year old field orchard community that 

was already dominated by the grass species Poa pratensis. Arguably my experiment, although 

not without its drawbacks, is a better mimic of the invasion process than is Saari et al.’s.  

Niemeläinen et al. (2001) and Takai et al. (2010) have both noted that the presence of 
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certain species (Dactylis glomerata and certain clover species) enhanced the performance of 

infected meadow fescue as a competitor and increases meadow fescue’s abundances in the 

community. That work demonstrated the importance of the composition of the invaded 

community to the success of meadow fescue as an invader.  Unfortunately, there are not a 

sufficient number of studies available to predict a priori the invasion success of meadow fescue 

as a function of the invaded community composition.  Until we know more about these 

interspecific competitive relationships, I think we will have to expect some discrepancies in the 

outcomes of different field experiments.     

 

4.1.4 Invader species 

Much of the previous work looking at invading endophyte infected grasses has been with 

infected cultivars of Schedonorus arundinacea. With the work done with tall fescue, most 

studies conclude that the impacts of the invader are detrimental to the natural community. 

Rudgers and Clay (2008), for example, had experimental communities that consisted mainly of 

infected tall fescue with relatively few other species compared to communities of uninfected tall 

fescue. They also concluded that changes at the vegetative level altered the invertebrate 

community composition. These differences were heavily influenced by the decrease in non-

fescue plants and direct increase of infected tall fescue grasses. Furthermore, the infected grasses 

were associated with endophyte frequencies ranging from 92%–94% infection, therefore 

herbivores were directly exposed, and more likely to feed on infected S. arundinacea plants. 

Work done by Rudgers et al. (2007) found that the mutualism had an influence on the 

successional development in a natural community. They found that the presence of endophyte 

infected tall fescue decreased tree diversity between 64–82 percent in these communities. 

Similarly, Rudgers and Orr (2009) also found that tree diversity and growth decreased in the 

presence of endophyte tall fescue.    

Generalizing from these tall fescue studies would suggest that endophyte infected grasses 

will be highly invasive, at least more so than their uninfected conspecifics.  However, several 

experiments looking at grassland community responses to invasion by E+ S. pratensis, Lolium 

perenne, and other infected grasses, suggest that these invaders are benign in comparison to tall 

fescue. Researchers looking at meadow fescue invasion (Kölliker et al. 1999; Fjellheim et al. 

2007; Fjellheim et al. 2009; Saari et al. 2009; Saari et al. 2010) have generally found a decrease 
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in vigor and abundance after a few years, and those that found increased vigor had intensely 

managed sites/plots. L. perenne cultivars have shown varying plant productivity (increases and 

decreases) which become more variable with the addition of nutrients or environmentally 

stressed conditions. Specifically, endophyte infected L. perenne cultivars did not perform well 

(e.g. low abundances, low endophyte frequencies, decreased herbivore resistance) in drought 

conditions (Cheplick et al. 1989; Clay et al. 1993; Cheplick et al. 2000; Malinowski & Belesky 

2006; Cheplick & Faeth 2009) which are more representative of a natural environment. 

Originally, the experimental area that Yurkonis et al. (2012) discuss (which is adjacent to my 

experimental area) had multiple plots invaded with L. perenne cultivars. However, L. perenne 

invasions did not persist in these plots three years after its establishment. It is speculated that the 

L. perenne cultivars were not well suited (i.e. decreased phenotypic plasticity) to the 

environmental conditions (e.g. temperatures) and led to its eventual demise in the community 

(Yurkonis & Bolton 2010).  

In comparing meadow fescue to tall fescue, although both species are invasive in North 

America (Niemeläinen et al. 2001; Schardl et al. 2004; Rudgers & Clay 2007; USDA 2013), it 

may that tall fescue is highly invasive whereas meadow fescue is not. In reviewing the literature 

it seems likely that tall fescue is a better competitor and perhaps the impacts observed with 

infected tall fescue should not be generalized to other Neotyphodium infected grass species. 

 

4.1.5 Specific invader cultivars 

Many of the adverse effects seen with tall fescue in natural environments (Lemons et al. 

2005; Orr et al. 2005; Rudgers et al. 2007; Rudgers & Clay 2008; Rudgers & Orr 2009; Rudgers 

et al. 2010) seem to have one aspect in common—the use of a single pasture cultivar (KY-31), or 

a few closely related cultivars (Gerogia 5, Jessup). The work looking at the invasibility of 

infected meadow fescue (Fjellheim et al. 2009; Saari et al. 2010; Saikkonen et al. 2010) has been 

done with the cultivars I study in my plots (Salten, Inkeri, and Kasper) infected with the 

Neotyphodium uncinatum endophyte. The endophyte strain (genotype) in these cultivars are 

hardly mentioned but may contribute to the variability in community response. Tall fescue, 

however, is infected with the endophyte species Neotyphodium coenophialum and cultivars 

possess only one specific strains of the endophyte (typically the common toxic strain (CS). With 

respect to the impacts Rudgers et al. (2007) and Rudgers and Clay (2008) saw, their 
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communities were invaded with the grass cultivar KY-31 infected with the CS N.coenophialum 

endophyte. In considering this, it may not be that tall fescue results are not generalizable to 

meadow fescue, and other grasses, but that results from this cultivar (KY-31) are not 

generalizable.  Indeed, this may be the case, considering Yurkonis et al. (2012) found that high 

endophyte tall fescue pasture cultivars, in general, were more abundant than tall fescue turf 

cultivars when grown in same size plots as mine (plots were adjacent to my experimental site). 

Pasture cultivars are selected to co-exist in mixed cultures whereas turf cultivars excel in 

intensively managed systems, which Yurkonis et al. (2012) suggest may be the reason for their 

differential success in these natural populations. 

 

4.2 Putting it into perspective 

There is a general perception that endophyte-infected cool season grasses are more 

invasive and have much greater impacts on the invaded community than are their uninfected 

conspecifics.  These invasions can not only change the invaded plant community composition, 

structure, and function, but can also change the biodiversity, and hence ecosystem function, of 

the associated animal communities as well.  Given the widespread use of these cool season 

grasses, for everything from grazed pastures to golf courses, the potential for invasion is 

enormous.  Seed companies have been rapidly expanding the availability of these endophyte 

infected cultivars over the past 10-15 years.  If endophyte infected (or ‘enhanced’ as the seed 

producers refer to it) plants really do cause much more damage when they escape cultivation and 

enter unmanaged systems, then we have a lot to worry about.  The strongest evidence for these 

concerns comes from a few studies that looked at the effects of endophyte infection in just a 

single species of grass, tall fescue, and then often in only a single cultivar of that grass (KY-31).   

The results of my work do not strongly support the conclusion that endophyte-infected 

grasses are particularly threatening to unmanaged communities.  Minimally, what my results do 

suggest is that drawing general conclusions about all endophyte-infected grasses, across all 

environments is fraught with difficulties.  While such generalizations are a laudable goal and 

would be valuable for forming environmental policies, providing these generalizations still 

require a lot of additional research. 
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