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ABSTRACT

Plant species diversity is a critical element for the stability and functionality of
all types of ecosystemd he drivers of plant species diversity remain up for debate with
varying views of how a high level is achieved and maietacross all
ecosystemsLiterature states that intermediate levels of productivity and disturbance are
essential for these high levels to be pres@iis logic has been disputed through
empirical tests; however, other claims hold that these inteatedévels have not been
appropriately examined-ere, linvestigatehe influence of productivity and
disturbance (i.e., fire) on plant species diversity.

| set up experimental plots across the grassland prairies of Kansas where
diversity, productiviy, and fire patterns vamgonsiderably | conducted this study in the
wetter, tallgrass prairies of eastern Kansas at Konza Prairie Biological Station and in the
drier, mid to shortgrass prairies of western Kansas at Smoky Valley RaBaeked on
theselocations, | positioned plots under different fire frequencies across moisture
gradients topographically and regionallyassessed productivity by clipping standing
vegetation, drying it, and then weighing itcontrolled for the fire variable by
examning areas under prescribed burn treatments based on time since most recently
burned. | found that plant species diversity does not significantly differ across
topography in tallgrass prairies though it did differ significantly across the climatic
regiona gradient of KansasFrom my results, | have concluded that productivity and

disturbance influence plant species diversity of the Great Plains though other variables



likely drive plant species diversity as well such as annual versus perennial dominance,

season of burn, and grazing.
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CHAPTER |

INTRODUCTION AND LITERATURE REVIEW

Introduction

The distribuions of different species across the globe have puzzled researchers
since the era of exploration. We can readily discern patterns in vegetation across a
landscape, but why do these patterns occur? One of the most astounding vegetation
patterns is the varii@n between places in the number of plant species (Griffin 2011).
Species diversity has fascinated biogeographers and explorers for centuries. It continues
to attract attention because it is a fundamental aspect of plant communities that also has
importent conservation implications.

What contributes to varying degrees of species diversity is a contested and
unresolved issue (Griffin 2011). Some researchers have proposed that plant diversity
patterns are linked to gradients of productivity and/or to hances such as fire and
grazing (Grime 1973; Connell 1978). Productivity is the rate at which biomass
accumulates over time. It is regulated by several factors such as nutrients, soils, and
moisture (Grime 1973). Productivity varies over differentessdrom fine scales such

as topographic gradients to broader scales such as regional or global precipitation

'Reprinted with permission from fADisturbance, produc
ecol ogical t heor EdlogyBb(OA 23822896 Copyright 2@18 yehn Wiley and

Sons.

Reprinted with permission from ACompetitive excl usi
Natureg 242, 344347, Copyright 1973 by Nature Publishing Group.

Reprinted wit hDivpraty imirapisal Rain Fofestoand Coral Reeéf ,  Jckercd ,

199(4335), 1302310, Copyright 1978 by The American Association for the Advancement of Science.
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gradients. A disturbance is any discrete event in time that disrupts an ecosystem,
community, or population (Sousa 1984). Disturbance are colgrdefined as events
that kill plants or remove part of their biomass. In this project, | investigate the
influences of productivity and disturbance on plant species diversity in central North
American grasslands.

Grime (1973) proposed the IntermediBt@ductivity Hypothesis, a model that
predicts a unimodal pattern of plant species diversity along a productivity gradient.
Species diversity is predicted to be low at high productivity due to the ability of species
that require more moisture and/or neiris to outcompete those that can persist under
lesser moisture and/or nutrients. It also predicts low species diversity at low
productivity due to only the resourp@or species being able to establish. Species
diversity is predicted to be greatesida intermediate productivity becaueese
conditions are suitable for the resoupmr species to persist and not be outcompeted
by the ones that need more moisture and/or nutrients.

The Intermediate Disturbance Hypothesis is another predictive moplieinbf
species diversity proposed by Connell (1978). It predicts a unimodal trend in plant
species diversity along a gradient of varying disturbance levels. These disturbance
levels can take several forms: disturbance frequency, time since previousatisgy or
the magnitude of the disturbance. The Intermediate Disturbance Hypothesis predicts
low species diversity at sites recently disturbed since there is insufficient time for many
species to recover; therefore, only the quickly establishing speasts It also suggests

low species diversity at sites with a long period since previously disturbed because

2



competitive species limit resource availability for the quickly establishing species since a
disturbance has not reduced those competitive spedignever disturbance rates are
intermediate, it is predicted that species diversity is high as this signifies a transition in
persistence between quickly establishing plants and competitive plants.

A number of empirical studies have been conductevatuate the Intermediate
Productivity Hypothesis and the Intermediate Disturbance Hypothesis, with varying
results (AtMufti et al.1977; Rosenzweig 1992; Rosenzweig & Abramsky 1993; Tilman
& Pacala 1993; Huston & DeAngelis 1994; Abrams 1995; Aronsone&iRr1995;
Collinset al.1995; Rusch & Oesterheld 1997; Schwalkal. 1997; Townsenet al.

1997; Collins & Steinauer 1998; Floder & Sommer 1999; Beckage & Stout 2000;
Molino & Sabatier 2001; Svenssenal.2007; Sasaket al.2009; Adleret al.2011; Fox
2013). AkMufti et al.(1977), Rosenzweig (1992), Rosenzweig & Abramsky (1993),
Tilman & Pacala (1993), and Huston & DeAngelis (1994) concluded that greatest
species diversity is supported at intermediate levels of productivity. Abrams (1995),
Rusch &Oesterheld (1997), Svensseinal.(2007), and Adleet al.(2011) concluded

that species diversity does not fit the predicted unimodal trend of the Intermediate
Productivity Hypothesis. Aronson & Precht (1995), Moen & Collins (1996), Townsend
et al.(1997), Floder & Sommer (1999), Molino & Sabatier (2001), and Sverstsain
(2007) concluded that species diversity was maximized under intermediate disturbance
levels. Schwilket al.(1997), Collins & Steinauer (1998), Beckage & Stout (2000), and
Fox (20B) concluded no support for maximal species diversity at intermediate

disturbance levels. Colliret al.(1995) and Sasakit al.(2009) could not support nor
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oppose the Intermediate Disturbance Hypothesis, as the predicted unimodal trend was
found in sone empirical tests but not in others. Due to this mixed support for both
predictive hypotheses, further explanation for what limits plant species diversity is still
needed.

Huston (2014) combined the principles of both the Intermediate Productivity
Hypothesis and the Intermediate Disturbance Hypothesis by proposing the Dynamic
Equilibrium Model in hopes to better explain/predict plant species diversity. This model
proposes species diversity as a product of the dynamic combination between
productivity anddisturbance. It suggests that species diversity will vary along a
productivity gradient at a fixed point in succession as well as across a successional
gradient at a fixed point in productivity. Therefore, this predictive model suggests a link
between poductivity and disturbance that provides explanation for how a variety of
species coexist on these productivity and successional gradients. This model predicts
maximum species diversity achieved when productivity and disturbance equilibrate one
another.Species diversity is suggested to lessen as the two variables further fall from
equilibrium across their gradient ranges. Though this research must examine the
Intermediate Productivity Hypothesis and the Intermediate Disturbance Hypothesis
because thegre the foundation of the Dynamic Equilibrium Model, the overall focus of
this research is to evaluate the predictive capabilities of the Dynamic Equilibrium
Model.

Alongside the topographic moisture gradients restricted to the eastern Great

Plains andhe vast precipitation gradient from east to west across the Great Plains of the
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United States, grasslands are a dynamic biome that are exposed to distinct pressures such
as overgrazing, l nvasive encroachment, agri
2012); thus, a prime location to study the interactions of productivity and disturbance on
plant species diversity. The topographic variability in the tallgrass prairies of the eastern
Great Plains permits the fine scale component of this research torbmedta In

addition, the precipitation gradient across the Great Plains supports the evaluation of the
regional component of this research. This research focuses on the relationship between
plant species diversity and productivity/disturbance gradientssthe grasslands of

the Great Plains. Grasslands were chosen as the ecosystem upon which plant species
diversity would be examined due to two observable productivity scales (topographic and
climatic), the historic presence of multiple disturbance typgsasslands, and the

ability for easier field manipulations of grasslands compared to other ecosystems such as
forests that have longdived biota. The objectives of this research are to: 1) quantify
diversity ingrasslands gbresenspecies; 2gvaluateplant species diversity based on
productivity and disturbance across a topographic gradient (fine scadéegl@ateplant

species diversity based on productivity and disturbance across a regional gradient (broad
scale); and 4) examine species conifpwss in relation to positions along the

topographic and regional gradients.

Research Questions
1. How is species diversity of grassland plants affected by productivity and
disturbance (fire) along a topographic gradient?

5



2. How is plant species diversityg grasslands influenced by productivity
and disturbance (fire) along a regional, climatic gradient?

3. How do theabundancesf Andropogon gerardii, Bouteloua curtipendula,
Panicum virgatum, Schizachyrium scopariangdSorghastrum nutans
vary across a togpaphic gradient?

4. How does thabundancef B. curtipendulavary across a regional

gradient?

Hypotheses

Time since Burned

LONG
AFTER

LOW HIGH

Productivity

Figure 1.1 Dynamic Equilibrium ModelPredictions of plant species diversgiiown
along gradients of productivity and disturbance. Adapted fioston (2014).
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To address my first research question, | evaluate how trends in plant species
diversity shift throughout succession topographically. In recently burned tallgrass
communities (earhgtage succession), diversity would be lowest on the richgl
increase toward the valley. This corresponds roughly tal{ifég. 1.1). In tallgrass
communities under moderate time since burned-gtade succession), diversity would
lowest at the ridge and valley and greatest at the midslope. This cotespaghly to
line b (Fig. 1.1). In tallgrass communities that have not experienced burning for a long
period of time (latestage succession), diversity would be lowest in the valley and
increase toward the ridge. This corresponds roughly tel{Rey. 1.1). Also for my
first research question, | evaluate how trends in plant species diversity shift across
productivity. On ridges in tallgrass communities (low productivity sites), diversity
would be lowest soon after a fire event and increase thrauaglession. This
corresponds roughly to lir(Fig. 1.1). On midslopes in tallgrass communities
(moderate productivity sites), diversity would be lowest soon after and long after a fire
event and greatest at intermediate time since a fire event. Tresmonds roughly to
line e (Fig. 1.1). In valleys in tallgrass communities (high productivity sites), diversity
would be highest soon after a fire event and decrease through succession. This
corresponds roughly to lifgFig. 1.1).

To address my secomésearch question, | evaluate how trends in plant species
diversity shift throughout succession regionally. In communities long since previously

burned, diversity is low in the productive tallgrass prairies of the east and increases
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toward the dry, lesgroductive mixeegrass prairies to the west. This pattern

corresponds tbne c(Fig. 1.1). In grassland communities under moderate time since
burned (midstage succession), diversity is still low in the eastern, productive tallgrass
prairies and increas toward the dry, western mixgdass prairies of lesser productivity.

This pattern correspondslioe b(Fig. 1.1). Also for my second research question, |
evaluate how trends in plant species diversity shift across productivity. In grassland
communties of low productivity, diversity would be lower at rrsthge succession and
increase as time since the previous fire event increases. This corresponds roughly to line
d (Fig. 1.1).

To address my third research question, | evaluate how trends gréise species
shift throughout succession topographically. After a recent fire event-Gtadyg
succession), the more xeric rgdassesR. curtipenduleandS. scopariumshould be
able to compete with the more mesic tallgrasgegérardii, P. virgaim,andS. nutang
in the valley due to high resource and light availability. As time since the previous fire
event increases (toward latgage succession), it is expected that the xeriegradses
will retreat up the hillslope and the mesic tallgrassi®ould dominate as they
outcompete the more xeric species for resource and light availability.

To address my fourth research question, | evaluate how trends in one grass
species shift throughout succession regionally. It is anticipated that thenkgigcass
speciesB. curtipendulawill dominate in the drier, western grasslands than in the

wetter, eastern tallgrass prairies through succession after a fire event.



Literature Review

Biodiversity can take several forms and be expressed acrossynaaignts.
Biodiversity relates to three scales at which the diversity of life can be viewed:
ecosystem diversity, species diversity, and genetic diversity. Ecosystersitgt is the
broadest scale becauseonsiders the variation in ecosystems ortlicaSpecies
diversity comprises the variation in species within ecosystems, which is the medial scale
of biodiversity. Genetic diversity encompasses the variation of genes within species and
it thefinestscale of biodiversity (Griffin 2011). This remeh will focus on the medial
scale, species diversity.

The spatial and temporal variation in species diversity has intrigued humans for
centuries (Griffin 2011). Species diversity has important meaning for ecological
purposes as well as society. Witlia diversity of speciegcosystem processes are
altered and ecosystem resilience is changed, which is important because humans rely on
these innate ecosystem functions (Chapietikl.2000). Conservation is a key
component in elevating levels ofespes diversity. High levels promote more dynamic,
stable ecosystems with a wider range of habitats and supports a vast food web. Some
consequences to society by changes in biodiversity are reductions in sources of food,
fuel, structural materials, medhal, or genetic resources (Chapindtlal.2000).

Placing a higher emphasis on species diversity is critical to the future of all species, and
it starts at determining the conditions at which it is most highly obtained. It has been

proposed that spexs diversity varies on global, regional, landscape, and local scales by

9



means of several gradients such as latitude (Gaston 2002), productivity (Grime 1973),

and disturbance (Connell 1978).

Species diversity on a latitudinal gradient

The latitudinal spcies diversity gradient is one of the most intriguing patterns in
nature (Ecet al.2008). Viewing species diversity for a wide spectrum of taxonomic
groups along a latitudinal gradient shows that the tropical zones possess higher numbers
of plant and aimal species, midhtitudes are characteristic of lesser species diversity
than the tropics, and polar regions are areas that have the lowest numbers of species
compared to anywhere else on Earth (Stevens 1989; Gaston 1996; Gaston 2000). Many
different mechanisms have been proposed to help explain this general pattern (Gaston
1996) such as competition, mutualism, predation, patchiness, environmental stability,
environmental predictability, productivity, area, number of habitats, ecological time,
evolutiorary time, and solar energy (Rohde 1992).

Nearly a hundred hypotheses exist that attempt to explain the latitudinal pattern
of species diversity (Griffin 2011). These hypotheses resemble either historical or
ecological biogeographical thought (Wiens &ribghue 2004). Historical
biogeography considers the diversification of species among regions and lacks focus on
the ecological interactions of species (Wiens & Donoghue 2004). Ecological
biogeography often ignores this historical component and focusesaon the
diversification of species based on their interactions with the environment (Wiens &

Donoghue 2004). Pianka (1966) recognizes just a few of the more distinctive
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hypotheses such as the time theory and the productivity hypothesis. The tinge theor
resides in the historical biogeography classification. It assumes that as time increases,
the species present in a community diversify (Pianka 1966). On the other hand, the
productivity hypothesis sits within ecological biogeography. This hypothases ghat
greater productivity produces greater diversity of species (Connell & Orias 1964; Pianka
1966).

Gaston (1996) outlines several other attempts at explaining the diversity of life
from the equator to the poles. Colwell & Hurtt (1994) suggeasisast in part, that
species diversity is a product of random latitudinal association between the size and
placement of the geographic ranges of species. It is proposed that hard boundaries limit
the geographical distribution of species and therefoeeiss richness declines as
latitude increases (Colwell & Hurtt 1994).

Another mechanism that attempts to convey an explanation of latitudinal species
diversity considers origination, immigration, extinction, and emigration with particular
emphasis onrggination and extinction at larger scales (Cracraft 1992; Rosenzweig
1992; Rosenzweig 1995). It is suggested that origination and extinction of species
produce spatial variation in species diversity in the lower latitudes as it is argued that the
tropicsrepresent high origination and extinction rates (Cracraft 1992; Rosenzweig 1992;
Rosenzweig 1995).

Rosenzweig (1992; 1995) proposes that the larger area of the tropics conduces to
speciation. The larger area produces larger geographic range sipegpatadion sizes

for species, which buffer them from extinction and create a greater likelihood of a refuge
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remaining following an environmental perturbation (Rosenzweig 1992; Rosenzweig
1995).

Blackburn & Gaston (1996) argues that species richnessegi@n will be
dependent on the mean body size and the mean abundance of the species because these
variables rely on the division of the same basic raw materials that can be supported by
the region (Blackburn & Gaston 1996). Therefore, species richmgssatest in the
tropics and decreases toward the poles. Though many other hypotheses exist, whether
based in historical or ecological foundations, there is yet to be a resolution found to

solve this acutehexamined latitudinal gradient in species dsist.

Species diversity on a productivity gradient
Productivity is the rate at which plant biomass accumulates over time. It can
vary topographically with moisture increasing from the ridge to the valley (Fig. 1.2).
Woody species occupy the ripariareas next to the valley bottoms because their
moisture requirements are higher than that of the grasses and forb species that persist on

the ridges.
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Figur 1 Lnse a Konza rairie. Higher woody presence in the vaII
lesser on the ridgendicating a moisture gradient across topography.
Productivity can also vary regionally such as the precipitation gradient from the
eastern U.S. forests to the shortgrass prairies and steppes of eastern Colorado and
western Kansas that are boundedHhsyleeward side of the Rocky Mountains. This
regional moisture gradient is displayed in Figure 1.3. The left image demonstrates
tallgrass species at Konza Prairie Biological Station in eastern Kansas that require
greater moisture, whereas the right ggahows midto shortgrass species at Smoky

Valley Ranch in western Kansas that can persist under the lower moisture availability

that is present there.
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Figure 1.3. Comparison of study sited he left image show an individual of
Andropogon gerardi(big bluestem). This individual remains rooted in the ground and
stands taller than me. The right image depicts an individuadofeloua curtipendula
(sideoats grama). Still rooted in the ground as well, this individual stands shorter than
my knee.

The Intermediate Productivity Hypothesis suggests that plant species diversity
conforms to a unimodal trend across a productivity gradient (Grime 1973). This model
predicts that where plant productivity is low due to low availability of moistureoand/
nutrients, plant species diversity will be low because few species are adapted to these
threshold conditions. This is indicated by the brown circle (Fig. 1.4). Low moisture
and/or nutrients provide insufficient resources for establishment of higrsitiyvef

plants. Only plants that are waltlapted for low resource availability are able to occupy

these low productivity sites. Therefore, plant species diversity is suggested to be low.
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This model also proposes that high productivity results in lewtgpecies diversity due

to high amounts of moisture and/or nutrients. This is depicted by the dark green circle
(Fig. 1.4). High abundance of moisture and/or nutrients allow species that readily obtain
these resources to dominate these highly proeeisites. These dominant species

exclude other species through competition. The stodssant species are unable to
compete because they are adapted for survival under limited resource availability, so
when resources are abundant, they are outcompétextefore, plant species diversity is
predicted to be low. Finally, this model put forth that plant species diversity is high at
intermediate rates of productivity due to intermediate availability of moisture and/or
nutrients. This is shown as the ligireen circle (Fig. 1.4). Intermediate levels of

moisture and/or nutrients allow for the coexistence of staegant and competitive

species. Here, resources are not too low to preclude the survival of competitive species
that require high resourceailability, nor are they too high for competitive species to
outcompete the stresslerant species. Therefore, intermediate productivity permits

these different types of species to coexist.
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Figure 1.4. Intermediate Productivity Hypothesifredidions of plant species richness
shownacross a gradient of productivity. Adapted from Grime (1973).

The Intermediate Productivity Hypothesis has received much scrutiny over the
past several decades since Grime (1973) proposed it. The validity loypoithesis
remains up for debate with research in support of H\MAfti et al. 1977; Rosenzweig
1992; Rosenzweig & Abramsky 1993; Tilman & Pacala 1993; Huston & DeAngelis
1994) and research opposing it (Abrams 1995; Rusch & Oesterheld 1997; Swatnsson
al. 2007; Adleret al.2011). AkMufti et al.(1977) found that the greatest number of
species were achieved at intermediate rates of productivity for tall herb, woodland floor,
and grassland communities. Rosenzweig (1992) concluded that the unimtetal igat
the true productivity pattern. Rosenzweig & Abramsky (1993) attributed high
productivity to low plant species diversity due to competitive exclusion. Tilman &
Pacala (1993) compiled several studies that all support a unimodal trend for plég spec

diversity under intermediate levels of a certain proxy for productivity: biomass for
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Mediterranean grasslands (Puestal. 1990), British herbs (AMulfti et al.1977), and

the South African Fynbos (Bond 1983); water drainage for a North Americaie prai

(Dix & Smeins 1967); moisture index for a Californian climatic gradient (Westman &
Whittaker 1975); and soil nutrients for Australian vegetation (Beadle 1966), a Malaysian
rainforest (Ashton 1977), and Costa Rican forests (Holdedge 1971). Hustn &
DeAngelis (1994) concluded that a unimodal trend for plant species diversity is
supported along productivity gradients. Huston & DeAngelis (1994) also concluded that
high productivity results in lessened spatial heterogeneity and limiting resouscé&s d
competition.

Abrams (1995) argues that the competiietated theories that predict unimodal
trends in plant species diversity are either theoretically flawed, only applicable to a
narrow scope of conditions, or lacking sufficient empirical supp®herefore, Abrams
(1995) suggests that competitive exclusion may not be a mechanism by which trends in
plant species diversity are produced. Rusch and Oesterheld (1997) observed plant
species diversity in a Pampas grassland and concluded that pribgheiversity
relationships are insufficient and that predictive models of these relationships should
consider the impact of disturbances. Rusch and Oesterheld (1997) determined that plant
species richness increased when disturbed by grazing withraasedn exotic forbs
and no change in presence of native flora. Grazing shifted the the species composition
to coolseason dominance as grazing reduces wWs&aason grasses.

Svennsoret al.(2007) tested the significance of productivity to species siityeof

disturbed marine harslubstratum assemblages and found no significant difference in
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species diversity between just disturbed sites and disturbed sites observed over a
productivity gradient. Therefore, it was concluded that productivity has nidicag
influence on the diversity of marine hasttatum assemblages (Svenssbal.2007).

Adler et al.(2011) argues that the foundations set forth by the Intermediate Productivity
Hypothesis are too general to predict plant species diversity adgqudtareover, it

was found that there was no support for a unimodal trend in plant species diversity as
predicted by the Intermediate Productivity Hypothesis in herbaatmumated plant

communities at local scales, regional scales, or global scalesr gacil.2011).

Species diversity on a disturbance gradient

A disturbance is any discrete event in time that disrupts an ecosystem,
community, or population (Sousa 1984). Moreover, a disturbance is an event that kills
plants or destroys at least soofeheir biomass. Therefore, these definitions
characterize fire as a disturbance, which is the focal disturbance of this research. A
disturbance gradient varies spatially across a landscape. Time since previously burned is
an example of a disturbangeadient (Connell 1978; Huston 2014) and is the one used
for this research. A spring burn at Konza Prairie Biological Station in 2014 is depicted
in Figure 1.5. The foreground depicts a charred landscape with burned vegetation that

had been disturbed layfire. A fire burns in the background.
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Figure 1.5 Fire burning across Konza Prairie.

The amount of time since a fire event changes the landscape composition of
species types. Sites that were recently disturbed are characterized typically of
herbaceous species such as grasses and forbs, whereas woody species have a higher
propensity to establish at sites long after a disturbance and reduce the presence of the
herbaceous plants. Two position on the tsireeburned disturbance gradient are
illustrated in Figure 1.6. The image on the left burns annually and was burned in the
spring of 2015 or three months prior to the capture of the image. The right image burns
every four years and was previously burned in the spring of 2013 or two yeahsesnd t

months prior to this image being taken.
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Figure 1.6. Comparison between different burn treatmefitse image on the left
illustrates a landscape that comprises herbaceous species predominantlysuch as
gerardii andSchizachyrium scopariufittle bluestem). More woody species
dominance composes the image on the right su€oasus drummondiiroughleaf
dogwood) andRhus glabrgsmooth sumac) across that landscape.

The Intermediate Disturbance Hypothesis predicts that plant speciestgtifies
a unimodal trend across a disturbance gradient such as time since previously burned
(Connell 1978). This model suggests that plant species diversity is low soon after a
disturbance. This is demonstrated as the yellow circle (Fig. 1.7)dueiso
insufficient amount of time for species to recover. Only the few species that are quick to
establish persist. Therefore, low plant species diversity is predicted. Plant species

diversity is predicted to be low as well at sites long after arhstice. This is shown as

the red circle (Fig. 1.7). At sites long after a disturbance, competitive species reduce the
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abundance of the quickly establishing plants by consuming available resources and
limiting the intake of resources to other specienaly, this model proposes that
intermediate time since previously disturbed achieves high plant species diversity. This
is indicated as the orange circle (Fig. 1.7). Intermediate levels of time since disturbance
permit the quickly establishing and comipee species to coexist. Here, time since
disturbed is not too much for the quickly establishing species to die out or to be
competitively excluded, nor is it too little time for the competitive species to be present.
Therefore, a prediction of highait species diversity results because multiple plant

types can coexist.

High

Richness

/

Soon after ) ) Long after
Time since Disturbed

Low

Figure 1.7. Intermediate Disturbance HypothesBedictions of plant species richness
shownacross a gradient of disturbance. Adapted from Connell (1978).
The Intermediat®isturbance Hypothesis, proposed by Connell (1978), has been

debated over the past several decades since its inception in the 1970s. Its predictive
21



capabilities have been scrutinized with support (Aronson & Precht 1995; Moen &
Collins 1996; Townsendt d. 1997; Floder & Sommer 1999; Molino & Sabatier 2001;
Svenssoret al.2007), opposition (Schwilkt al. 1997; Collins & Steinauer 1998;
Beckage & Stout 2000; Fox 2013), and contradictory findings (Catilas. 1995;

Sasakiet al.2009). Aronson & Predl{1995) suggest that the Intermediate Disturbance
Hypothesis should be examined on a lasgale basis (greater than 1 hectare) to assess
its capabilities adequately. On this landsesjped scale in coral reef ecosystems,
Aronson & Precht (1995) fountidt coral species diversity in these Belizesgfswas
maximized at intermediate levels of disturbance. Moen & Collins (1996) analyzed the
Intermediate Disturbance Hypothesis in conjunction with differing trophic levels- Two
trophiclevel systems yieldka maximal diversity predictive response at intermediate
levels of disturbance, indicating support for the hypothesis, whereadribpbeslevel
systems produced a bimodal trend prediction in diversity (Moen & Collins 1996).
Therefore, Moen & Collins1(996) suggest that differerent number of trophic levels are
important determinant to consider for plant species diversity. Towreteid1997)

found that greatest diversity of macroinvertebrate taxa in streams was achieved at
intermediate levels of disrbance, which supports the unimodal trend predicted by the
Intermediate Disturbance Hypothesis. Fléder & Sommer (1999) show support for the
Intermediate Disturbance Hypothesis in natural plankton communities. The highest
number of plankton species respled at intermediate levels of experimental mixing and
grazing by zooplankton (Fléder & Sommer 1999). Molino & Sabatier (2001) found that

Guianan tropical forest communities produced greatest species diversity at intermediate
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disturbance levels by exanmg the response in number of species to natural treefall
gaps. Though Svenssenhal.(2007) found no support for productivitiversity
relationships, diversity in marine hasdbstratum assemblages was greatest at
intermediate levels of biomass remofraim scraping, therefore supporting the
predictions of the Intermediate Disturbance Hypothesis.

Schwilk et al.(1997) claim that plant species diversity in the South African
fynbos does not support the predictions of the Intermediate Disturbance elipoth
Sites that were infrequently burned achieved highest plant species diversity, whereas
diversity was lowest at sites of moderate and high fire frequency (Sativalk1997).
Collins & Steinauer (1998) argue that plant species diversity of tadlgrasries related
to number of fires does not conform to the unimodal trend of the Intermediate
Disturbance Hypothesis but instead, plant species diversity fits negatively to an increase
in fires. Beckage & Stout (2000) found no support for the Interabedisturbance
Hypothesis for a Floridian pine savanna over a fire frequency gradient. Fox (2013)
argues that the Intermediate Disturbance Hypothesis is invalid and should not be a
method by which species diversity is explained. Based on empiricabliatirahs of the
model, Fox (2013) suggests that thsturbancenechanisms on which it is founded are
flawed due to its theoretical foundations.

Collins et al.(1995) suggest varying results for the Intermediate Disturbance
Hypothesis by means of two déffent disturbance gradients. First, plant species
diversity was greatest at sites of infrequent fires and lessened as fire frequency

increased, indicating a monotonic decline instead of a unimodal trend as predicted by the
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Intermediate Disturbance Hyposis. Second, greatest plant species diversity was
achieved at intermediate levels of time since previously burned, which supports the
Intermediate Disturbance Hypothesis. These findings furthered Cellalg1995) to
conclude no support for the iratifloristic composition model of succession. Since
neither frequent fire nor immediately following a fire event optimized plant species
diversity, no support was found for the initial floristic composition model of succession.
Proposed by Egler (1954)e initial floristic composition model of succession is another
predictive model of plant species diversity that states that nearly all species are present
immediately following a disturbance at the start of succession. Wilson (2014) displays
the controersy of initial floristic composition model of succession and suggests that its
validity remains unknown. Sasadd al.(2009) found mixed results for the Intermediate
Disturbance Hypothesis. Plant species diversity was not maximized at intermediate
levds of grazing in harsh environmental conditions in the Mongolian rangelands,
therefore opposing the Intermediate Disturbance Hypothesis. These harsh conditions did
not indicate support for high plant species diversity for any one area along the grazing
disturbance gradient (Sasadtial.2009). Under benign environmental conditions,

support for the hypothesis resulted with greatest species diversity at intermediate levels

of grazing (Sasalat al.2009).
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Species diversity over gradients of produttiand disturbance

Since a general consensus regarding how plant species diversity is achieved
could not be met considering both the Intermediate Productivity Hypothesis and the
Intermediate Disturbance Hypothesis, other ways by which plant speciesitgtican be
explained is necessary. Huston (1979; 2014) proposed another predictive model of plant
species diversity that links the principles of the Intermediate Productivity Hypothesis
and the Intermediate Disturbance Hypothesis to form the DynamititEEgumn Model

(Fig 1.8).
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Figure 1.8 Dynamic Equilibrium Model prediction€EExpected results in plant species
diversity along these gradients are indicated. Adapted from Huston (2014).
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The Dynamic Equilibrium Model suggests that maximum spefiessity is
achieved whenever productivity equilibrates to the disturbance gradient (Huston 2014).
The xaxis demonstrates a gradient of increasing productivity (e.g., greater moisture
and/or nutrients) (Fig. 1.8). Theaxis indicates a successionahdjent of increasing
time since a fire event. The following three scenarios are to explain certain instances
under specific conditions that characterized predictions for species diversity maxima.

First, under low productivity and long after a fire ev@éntersection of lines
andd in Fig. 1.8), species diversity is predicted to be high because the lack of a
disturbance is not able to reduce species establishment. Therefore, species that are
capable of persisting under low productivity and-stiecesional species are present,
indicating higher species diversity to be predicted.

Second, it is predicted that high species diversity under intermediate productivity
and intermediate time since a fire event as represented at the junction bfaimoes
(Fig. 1.8). Intermediate productivity is too low for competitive exclusion to occur
quickly, meaning species that are optimized at low and high productivities coexist at
intermediate productivity. In addition, though easlyccessional and lagiccessinal
species are optimized under soon after and long after a fire event, respectively,
intermediate time since a fire event suggests that these species types coexist, meaning
high species diversity.

Third, species diversity is predicted to be higher uhigh productivity and
soon after a fire event. The above model suggests this prediction because a recent fire

event will regulate the competitive species that dominate under high productivity,
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allowing for the establishment of eaidyccessional specidsat would otherwise be
outcompeted. Therefore, competitive species that require high productivity ard early
successional species persist under these conditions, maximizing the species diversity.
This can be observed where lireeandf (Fig. 1.8).

The Dynamic Equilibrium Model also predicts under what conditions species
diversity is minimized. The following six scenarios refer to how low and moderate
species diversity are characterized (Fig. 1.8).

First, at the intersection of linesandd (Fig. 1.8), productivity is too low and the
fire event is too recent for the establishment of many species. Only the few early
successional species that can persist under low productivity are predicted to exist.

Second, where linesandejoin (Fig. 1.8), speies diversity is still not predicted
to be maximized because the fire event is too recent for species that are optimized at
high productivities to occur under an intermediate productivity. Therefore, only the
several earhsuccessional species that psrsinder an intermediate productivity are
suggested to exist. Moderate levels of species diversity are predicted compared to low
predictions at theg(, d) intersection.

Third, at the convergence of linesandd (Fig. 1.8), the time since the previous
fire event is not long enough under low productivity for species diversity to be maximal.
Low productivity sites need more time since a fire to establish high species diversity.
Only the several miduccessional species that can persist under low protuetie
suggested to exist. Moderate levels of species diversity are predicted compared to low

predictions at theg(, d) intersection.
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Fourth, where lineb andf intersect (Fig. 1.8), too much time since the previous
fire event has passed under higbdarctivity for maximized species diversity. This is
due to the competitive species that require high productivity having sufficient time to
establish and outcompete other species since fire has not been present as recently as
needed to reduce their domitc@. Therefore, only the several rsidccessional species
that require high productivity are predicted to exist. Moderate levels of species diversity
are predicted compared to low predictions at thé {ntersection.

Fifth, where linex andejoin (Fig. 1.8), species diversity is still not predicted to
be maximized because productivity is too high under long after the previous fire event.
Too much time since the previous fire event has passed to regulate species that can
outcompete latsuccessionadpecies under intermediate productivity. Therefore, only
the several latsuccessional species that can persist under intermediate productivity are
suggested to exist. Moderate levels of species diversity are predicted compared to low
predictions at théc, f)

Sixth, where lineg andf converge (Fig. 1.8), productivity is too high and the
previous fire event is too far removed temporally that only the fewslateessional
species that can occupy highly productive sites are suggested to exist. dlieisaghe
high rate of competitive exclusion.

Huston (1979; 2014) proposed this model to suggest that species diversity is
produced by a dynamic combination of productivity and disturbance gradients where
diversity changes along a productivity gradiaha fixed point in succession as well as

along a successional gradient at a fixed point of productivity. Therefore, the Dynamic
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Equilibrium Model links the principles of the Intermediate Productivity Hypothesis and
the Intermediate Disturbance Hypothdsysconsidering the degree at which species that
range on productivity and successional gradients coexist.

The model (Fig. 1.8) indicates expected trends in species diversity for particular
conditions of productivity and disturbance dynamics. At a fp@adt in early
succession and along the productivity gradient @) a positive relationship is
predicted. A unimodal relationship is suggested as time since a fire event transitions to
mid-succession (line-b Yacross this productivity gradien@s the fixed point along the
time since burned axis changes to late successiorc{tn@a negative relationship is
predicted along the productivity gradient. Another positive relationship in species
diversity is predicted as the productivity axis tw@es fixed at low levels (ling-d Yoand
time-sincedisturbance increases. The model suggests a unimodal trenet€l)e
across the disturbance gradient once the productivity becomes fixed at intermediate
levels. When the fixed point transitions tolnigroductivity (linef-f )6the model
predicts a negative trend as tisiacedisturbance increases. For my research, these
expected trends in species diversity will be tested to assess the predictive capabilities of
the Dynamic Equilibrium Model alongfae-scale, topographic gradient of a tallgrass

prairie and a broadcale, climatic gradient of a temperate grassland.

Grassland species
Grasslands comprise many different species of grasses and forbs as well as

several shrubs and trees, dependingvbatherthe landis managed with fire and/or
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grazing or nott all (Andersoret al.1970). Five warnseason grass species compose
between 60 and 80% of the plant cover of tallgrass prairie grassfamti®pogon
gerardii, Bouteloua curtipendula, Panicuntgatum, Schizachyrium scopariuand
Sorghastrum nutan@Veaver 1954; Andersaet al. 1970).

The dominant lowland species consisfoferardii, P. virgatumandS. nutans
(Weaver 1954). These grasses are considered mesic tallgrass species due to thei
competitive abilities in the valley lowlands, where resources and moisture are greatest.
A. gerardiiis one of the most widely spread species in tallgrass prairies and can reach
upward of 2.1 to 3.7 meters in height (Weaver 19%%)virgatumoccurs inmoist areas
typical of valley lowlands as well as on upland disturbed sites (Weaver 1954; Knapp
1984). It reaches heights of 1.2 to 2.1 meters (Weaver 1$b4utangrows very
similarly to A. gerardiiin terms of moisture requirements being high gras to
heights of approximately 1.8 meters (Weaver 1954).

The dominant upland species consisBoturtipendulaandS. scoparium
(Weaver 1954). These grasses are considered xerigrasd species due to their
abilities to persist under lower moistuavailability in the ridge uplands, where
resources and moisture is lessBr.curtipendulas a droughtesistant grass that
constitutes a lower percentage of the plant cover in a tallgrass prairie due to the greater
water availability (Weaver 1954)t ranges in height of 0.9 to 1.1 meters (Weaver
1954). S. scopariunis one of the more widely spread species in tallgrass prairies and

reaches heights of 0.3 to 1.1 meters (Weaver 1954).
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CHAPTER I

STUDY AREA

Study Sites
| sampled at two locations®ss a regional climate gradient in Kansas: Konza
Prairie Biological Station and Smoky Valley Ranch. These two locations are illustrated

in Figure 2.1.
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Figure 2.1 Map of the regional study area.
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Konza Prairie Biological Station
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Figure 2.2. Map of Konza Prairie Biological Station. Red points indicate sampled
plots.
Site Description
Konza Prairie (39.09° N, 96.56° W) is a 34183 native tallgrass prairie preserve
situated in northeastern Kansas, USA (Knapgal.1998) (Fig. 2.2). Thigrea receives
approximately 904 mm of annual precipitation (U.S. Climate Data). This places it on the
wet end of North Americads temperate grass|
approximately 50000 mm of annual precipitation (NASA). The average July

temperature is 33.1 °C and the average January temperature is 4.8 °C (U.S. Climate

32



Data). The growing season is a six month period that spans April to September with
precipitation and temperature peaking in June and July, respectively (Erain2012)

(Fig. 2.3).

Figure 2.3 Climograph for Konza Prairie Biological Station.

Konza Prairie is located within the Flint Hills, an ecoregion known for its hilly
terrain and exposed bedrock that deterred conversion tenamagriculture that is
commorplace within the Great Plains. This has allowed for the Flint Hills to remain in
their tallgrass prairie natural state. Typical-talhd midgrass species of the Flint Hills
areAndropogon gerardi(Big bluestem)Panicum virgatun{Switchgrass),

Schizabyrium scopariungLittle bluestem)andSorghastrum nutan@ndiangrass).
There are also a wide range of associated forbs and several woody species as well.

Konza Prairie is a Lon@erm Ecological Research (LTER) site that is funded by the
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