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Tallgrass Prairie once was common along the Front 

Range in eastern Colorado. As a result of overgrazing, 

agriculture and urban development, most of tallgrass 

habitats in Colorado have been destroyed. The best 

protected remnants of Tallgrass Prairie are scattered in 

the foothills near Boulder, Colorado. This site is 

widely separated from the principal Tallgrass area of 

the eastern Great Plains. I examined the ecological 

processes that underlie this remnant Tallgrass Prairie 

and also compared and contrasted it with the Tallgrass 

Prairie to the east. 

I investigated the effect of fire on the above- 

ground vegetation and on the seed bank. Also, seed rain 

and seed bank were compared to present vegetation. In 

addition, the seed bank of Boulder Tallgrass Prairie was 

compared to that of the Konza Tallgrass Prairie. Seed 

production of the two dominant grasses which character- 

ized the Tallgrass Prairie, Andronoaon aerardii and 

Sorahastrum avenaceum were studied. 



In 1988, the cover classes for each species were 

estimated using the Braun-Blanquet method. In 1989 and 

1990, vegetation cover was estimated by percentage cover 

within quadrats. The Kruskal-Wallis Analysis was used 

to test for differences in mean cover between burned and 

unburned plants. Correspondence Analysis Ordination was 

used to examine changes in community composition due to 

burning. The seed bank was evaluated by both bioassay 

and mechanical separation. Kruskal-Wallis and 

Correspondence Analysis were used to test for 

differences in mean seed numbers and for changes in seed 

bank composition due to burning. The non-parametric 

Spearman's rank correlation coefficient, Kolmohorov- 

Smirnov two sample test, and the Czekanowski coefficient 

were used to compare seed bank and seed rain. The mean 

differences of florets, seeds, midge, midge parasites 

and seed weight were tested by using the Kruskal-Wallis 

analysis. Additional comparisons of percent seed set, 

seed parasitism and secondary parasitism were carried 

out as well. 

Above-ground vegetation was recorded for a total of 

156 species in Boulder Tallgrass Prairie. Major exotic 

grasses, Bromus spp. and Pea spp., were eliminated on 

the burned sites. Fire also caused reduction in the 

seed banks of these two weedy exotic grasses. Burning 



enhanced most native species, especially the 

shortgrasses, e.g., Chondrosum aracile, Bouteloua 

curti~endula and Buchloe dactvloides. The Tallgrass 

species responses to burning were not clear cut. This 

contrasts with previous studies done on the eastern 

Tallgrass Prairie. 

The seed banks represent potential future 

vegetation. A total of 105  plant species were 

germinated from the Boulder soil seed bank. Of these, 

35% were natives and 65% were introduced species. In 

contrast, the Konza soil seed bank comprised of 28 plant 

species, including of 65% native, 33% introduced species 

and 2% unknowns. The seed bank corresponded poorly to 

the above-ground's frequency of distribution. For 

Boulder, only 0 .33% of the soil seed bank belonged to 

the dominant grasses. This implies that should current 

aboveground vegetation die, it would be replaced with 

exotic weedy vegetation, because 

The bioassay method was used to identify seeds in 

the seed bank. Mechanical separation was used as a 

complementary method in order to get the most complete 

information about the seed bank. The seed rain showed 

little similarity to the seed bank. This difference is 

due in large part to predation, disease, and loss 

through germination. 



Andro~oaon aerardii and Sorahastrum avenaceum from 

the Boulder Tallgrass Prairie produced more seeds than 

their Konza counterparts. Year to year variation 

existed for seed reproduction and for numbers of both 

midges and midge parasites. Andro~oaon uerardii 

responded positively to burning by increasing its seed 

numbers. The opposite was true for Porahastrum 

avenaceun. The 4-year-burning regime at Konza gave 

higher seed production than either annual burning or 10- 

year-burning. Long term studies of seed reproduction 

are needed for a better understanding of reproductive 

performance. 

Practical recommendations can be taken from this 

research. Revegetation by means of seeds collected 

locally should be implemented. Seeds should be grown 

both in the greenhouse and sown in nature. For 

greenhouse germinated seeds, seedlings can be 

transplanted to the field. Also, manual removal of weed 

seedlings is highly recommended because this is the most 

effective and safest way to control weeds. Because fire 

helps reduce major weed species, I recommend periodic 

burns to eliminate the excess litter and to discourage 

the invasion of exotic grasses and £orbs. 

Many questions in population genetics and 

physiology can be approched by comparing the morphology 



vii  

and development, genetics, and physiological resources 

of the Konza and Boulder populations. understanding the 

Tallgrass ecosystem will not only help maintain and 

enhance the remnants of natural Tallgrass Prairie, but 

also help save the disturbed Prairie from extinction by 

mismanagement. 
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I dedicate this work to the Prairies and those who 

work to conserve them. 
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CHAPTER I 

INTRODUCTION 

ORIGIN OF THE NORTH AMERICAN PRAIRIES 

The origin of the North American Prairie 

probably dates back 25 million years to the 

Oligocene Epoch of the Tertiary Period (Risser, et 

a1.,1981). Earlier in the warm, moist Eocene a 

temperate forest occupied the Great Plains, but as 

the Rocky Mountains arose, they intercepted 

moisture from the prevailing western winds 

resulting in low summer precipitation and 

accompanying dry winters (Weaver and Albertson, 

1956). This climate change caused a rapid 

evolution of the grassland species during the upper 

Oligocene until the forerunner of the modern 

prairie developed by the Miocene (Clements, 1936). 

The formation and spread of extensive grasslands 

probably commenced in the Miocene-Pliocene 

transition about 7-5 million years ago (Axelrod, 

1985). 



NORTH AMERICAN GRASSLANDS 

North American Grasslands stretch from the 

highlands of central Mexico to the Canadian 

provinces of Alberta, Saskatchewan and Manitoba and 

from eastern Indiana to California (Sims, 1988). 

Grasslands are the largest of North American 

vegetation formations, originally covering 300 

million of the 770 million ha in the United States 

(Kuchler,1964). Today, grasslands remain the 

largest of natural biomes in the United States, 

covering more than 125 million ha (U.S. Forest 

Service, 1980). Most of the productive, arable 

lands in North America were once grasslands (Sims, 

1988). 

Major North America grasslands include the 

tall-grass, mixed-grass, and shortgrass prairies of 

the central plains, the desert grasslands of the 

southwestern United States and Mexico, the 

California grasslands, and the Palouse prairie in 

the intermountain region of the northwestern United 

States and British Columbia, Canada (Sims, 1988). 

The California grasslands and desert grasslands 

account for about 2% and 8% respectively of all 

grasslands, with the remaining 90% distributed as 



shortgrass (23%) , mixed-grass (21%) , tall-grass 

(22%) , and Palouse prairie (24%) (Sims, 1988) . 

In my study, I focus on the tallgrass prairie, 

which is the most mesic of the grasslands of the 

central plains. The vegetation of tallgrass 

prairie is composed of bunchgrasses and sod-forming 

grasses. The dominant grasses are big bluestem 

(Andro~oaon aerardii), Indian grass (3oruhastrum 

dvenasceum), little bluestem (Schizachvrium 

sco~arium), and switch grass (Panicum viraatum) . 
S~orobolus asDer is an important intermediate- 

height grass, especially in grazed areas. Most of 

the tallgrass prairie is now in cultivation. 

Natural tallgrass prairie remains in the Osage and 

Flint Hills of Oklahoma and Kansas, in the Nebraska 

Sandhills, and in isolated locations through the 

central lowlands geographical region (Sims, 1988). 

Tallgrass prairies are disjunct to the west of 

their principal area (Risser, et all 1985); the 

farthest west disjunct population of tallgrass 

prairie is found in the foothills near Boulder, 

Colorado (Vestal,l914). 



GRASSLANDS AND DISTURBANCES 

Grasslands evolved under a combination of the 

following disturbances: grazing by native 

herbivores, drought and periodic fire (Anderson, 

1982; Bock and Bock,1989). The same adaptations 

that permit grassland species to endure extreme 

drought also provide protection during fires 

(Anderson, 1982). These adaptations are manifested 

in the herbaceous habit and the placement of 

peremating organs beneath the surface of the soil, 

which exposes only dead annual tops during 

droughts, or when grasses are dormant (Gleason, 

1923). Grasslands can support fires whenever the 

vegetation is dry during droughts or periods of 

dormancy because the meristems of the grassland 

species are protected beneath the surface of the 

soil. Since soil is a good insulator, the heat 

from fires does not penetrate deeply. Soil 

temperatures increase little a centimeter or less 

below the surface (Anderson, 1972a; Vogl, 1974). 

Historically, fire has played a critical role 

in the spread of grassland as evidenced by buried 

layers of charcoal, and scattered tree trunks show 

fire records every few years in the past (Cooper, 

1960). Disturbance by fire is now recognized as 



essential to the perpetuation of prairie and 

savanna (~aubenmire, 1968; Gillion, 1983; White, 

1983; Bock and Bock, 1989). Without fires, 

grasslands become retarded and are invaded by 

shurbs and trees (Wright, 1974). All natural 

communities are characterized by two features. 

First, communities are dynamic systems. The 

densities and age structures of populations change 

with time as do the relative abundances of species; 

local extinctions are commonplace (Connell and 

Sousa, 1983; Sousa, 1984). Secondly, communities 

are spatially heterogenous, preserve a mosaic of 

patches, and can be identified as spatial 

communities in the overlapping distributions of 

populations (Wiens, 1976) . 
Even where background physical conditions are 

relatively uniform across a site, opportunities for 

recruitment, growth, reproduction and survival vary 

spatially, reflecting variation in the intensity of 

biological interactions, resource avialability, and 

microclimatological conditions. It is necessary to 

consider both temporal and spatial variability are 

the essential features of population and community 

(Sousa, 1984). 



Disturbance such as fire is a major source of 

temporal and spatial heterogeneity in the structure 

and dynamics of natural communities and also serves 

as an agent of natural selection in grassland. 

Sousa defined disturbance as a discrete, punctuated 

killing, displacement or damaging of one or more 

individuals (or colonies) that directly or 

indirectly creates an opportunity for new 

individuals (or colonies) to become established. 

THE SIGNIFICANCES OF THIS STUDY 

Tallgrass prairie once was common in eastern 

Colorado, and early botanists described it along 

the length of the Front Range including the 

foothills near Boulder (Vestal, 1914; Branson, et 

a1.,1965). As the result of overgrazing, 

cultivation, agricultural practices, and urban 

development, most of the tallgrass prairie habitats 

in Colorado have been destroyed. Today, a remnant 

of this prairie, acquired by City of Boulder, 

contains most of the vegetation necessary to 

restore a true tallgrass prairie. 

To restore, conserve and perpetuate the native 

plants so as to approximate natural tallgrass 

prairie, one has to understand the ecological 



processes of that plant community. In my study, I 

investigated the ecological importance of the seed 

bank and seed rain after a fire, and monitored the 

aboveground vegetation cover of Boulder tallgrass 

prairie. Additionally, I compared the seed bank of 

Boulder tallgrass prairie with the seed bank of 

Konza tallgrass prairie, a large natural tallgrass 

prairie in eastern Kansas. The results from this 

study may lead to a better understanding of this 

ecosystem and help develop management guidelines to 

restore Colorado relictual Tallgrass Prairie. 



CHAPTER I1 

COLORADO AND KANSAS TALLGRASS PRAIRIE AREA 

DESCRIPTION 

COLORADO TALLGRASS PRAIRIE: HISTORICAL 

BACKGROUND 

Moir(1972), who studied the vegetation of 

Colorado in the late 19601s, realized the 

significance of the remnants of tallgrass prairie 

in the Boulder area and encouraged the City of 

Boulder to acquire and protect this relict prairie. 

Since then the City of Boulder has purchased 

several parcels of relictual prairie and in 1984, 

Colorado Tallgrass Prairie was designated a 

Colorado Natural Area. In 1986, the city of 

Boulder and the Colorado Natural Areas program 

developed a management plan designed to maintain 

and enhance the tallgrass vegetation. This plan 

included monitored grazing and prescribed burns 

(Colorado Tallgrass Management Plan, 1986). Land 

use and manipulation patterns on the relictual 



Tallgrass Prairie prior to purchase by the city of 

Boulder are shown in  able 1. 
On April 12, 1988, prescribed burns were 

carried out on portions of Colorado Tallgrass 

parcels 3 and 7 (Figure 1). No work on the effects 

of fire on Colorado Tallgrass Prairie has been 

done. Therefore, to help understand how this 

remnant tallgrass prairie was affected by fire, I 

studied the vegetation and seed banks in the two 

parcels burned in 1988. The results of these 

findings can be compared with research in other 

places, especially at the Konza Tallgrass Prairie 

in Kansas and can be applied in management plans 

for Colorado Tallgrass Prairie. 

Site description 

The Colorado Tallgrass Prairie Natural Area is 

located immediately south of Boulder, Colorado in 

the South Boulder Creek Valley at elevation ranging 

between 1636 and 1727 meters. It is made up of 

eight parcels, totaling 1.09 km2 (269 acres) 

(Figure 1). 

South Boulder Creek Valley in the vicinity of 

the Natural Area is covered by Quaternary alluvium 

deposited as fans and aprons along the ancient 



Table 1 .  Summary of Land Use and Manipulation p a t t e r n s  on 
the r e l i c t u a l  Tal lgrass  P r a i r i e  of Boulder p r i o r  t o  purchase 
b y  the C i t y  of Boulder 

Parcel  numbers Domestic stock Land 

1 , 2  and p a r t  

of 10  

c a t t l e  

4 ,  6 , 9  and par t  c a t t l e  

of 1 0  

sheep, goats ,  

mules and 

horses 

Manipulation 

i r r i g a t e d  

hayed, 

f e r t i l i z e d ,  no 

chemical weed 

cont ro l  

hayed, i r r i g a t e d  

and f e r t i l i z e d ,  

no chemical weed 

cont ro l  





course of the river. Parcel 10, the north face of 

Davidson Mesa,'is part of a mountain pediment, 

eroded through sedimentary rocks and later covered 

with gravel (Chronic, 1980). 

Soils of the Nederland series, classified as 

very cobbly sandy loam, occur in the western 

portion of the Natural Area and on the bottomlands 

along South Boulder Creek. Soils of the Valmont 

series, classified as cobbly clay loam, occur on 

the eastern edge of the outwash fans. Hargreave 

series soils, fine sandy loam, occur in the eastern 

portion of the Natural Area (Soil conservation 

Service, 1975) . 
The climate in the vicinity of the Natural 

Area is strongly affected by the mountains. The 

precipitation in the area is orographic; moist air 

is forced upward by the mountains, moisture 

condenses and precipitates. Orographic 

precipitation falls in the lower foothills in 

spring and fall, when air masses from the Gulf of 

Mexico back up against the mountains creating 

upslope conditions. Convective storms are frequent 

on late spring and summer afternoons. The average 

annual precipitation is 45 cm(18 inches) per year. 

The area in the vicinity of the Natural Area has a 



May precipitation maximum falling as rain or heavy, 

wet snow and a midwinter precipitation minimum 

(Mutel, 1976). The average temperature in the 

vicinity of Boulder, Colorado is 10.5" C(51° F) 

with 152 frost free days (Soil Conservation 

Service, 1975 ) . 

Site Vegetation 

Tallgrass prairie communities in the Natural 

Area are assumed to be relicts from early in the 

Holocene Atlantic episode of glaciation, 800 years 

before present (Gould et a1 ., 1979, Axelrod, 1985) . 
These communities are restricted to the mesic 

conditions that exist in a narrow band along the 

foothills of the Rocky Mountains. The coarse 

gravel stones in the top layer of substrate appear 

to act as a mulch, preventing evaporation from the 

surface while at the same time allowing a rapid 

infiltration of water to support plant growth 

(Branson et al., 1965). 

A continuum of Tallgrass Prairie communities 

occur on the Natural Area. Moist, low-lying areas 

(representing mesic prairie) are dominanted by big 

bluestem (Andro~oaon aerardii), little bluestem 

($chizachvrium sco~ariurq), switchgrass (Panicuq 



yiruatum) and Indiangrass (,Torahastrum avenaceum) . 
Drier, upland sites (xeric prairie) are dominated 

by big bluestem, little bluestem, blue grama 

(Bouteloua aracllls 
. . 

) ,  and side-oats grama 

(B.curti~endula) . 

Research site description 

Study Plots: Parcel 3 

Parcel 3 is 0.099 km2 (24.6 acres) (Figure 2) 

in size and includes both xeric and mesic tallgrass 

communities (Figure 2). Under current management 

by the City of Boulder, and 0.05 km2(12.3 acres) 

are grazed by cattle, 0 .05km2 (12.3 acres) are 

ungrazed exclosures Of this 0.05 km2, 0.02 km2 (5 

acres) were burned on April 12, 1988, and 0.03 

km2 (7.5 acres) were being unmodified. My study 

plots were on burned and unburned mesic sites in 

the ungrazed exclosures. 

Soil at this parcel is in the Niwot-Loveland- 

Calkins association. This association is formed 

from loamy alluvium and occupies narrow, nearly 

level areas (slopes are 0 to 3%) adjacent to major 

streams in the eastern part of the Natural Area. 

The soil is comprised of 35% Niwot soils, 15% 

Loveland soils, 10% Calkins soils, and others 40%. 



Figure 2. Parcel 3.Boulder Tallgrass ~rarie 



The Niwot soils have a surface layer of clay loam 

and loam and are underlain by gravelly sand at a 

depth of 25 to 50 cm(l0 to 20 inches) Loveland 

soils have a surface layer and underlying material 

of clay loam. They are underlain by gravelly sand 

at a depth of 50 to 100 cm(20 to 40 inches). 

Calkins soils have a surface layer and underlying 

material of sandy loam. 

Study Plots: Parcel 7 

Parcel 7 is 0.405 km2(100 acres) (Figure 3 )  

and includes both xeric and mesic tallgrass' 

communities. Also under current management by the 

City of Boulder, 0.275 kmL (68 acres) are grazed, 

2 and 0.129 km (32 acres) are ungrazed exclosures. 

2 Of these latter, 0.032 km were burned on April 12, 

1988. My study plots are on the xeric burned and 

unburned portions of the ungrazed exclosures. 

Soil at this parcel is classified as the 

Nederland-Valmont association. It is comprised of 

approximately 25% Nederland soils, about 25% 

Valmont soils, and 50% other soils. This 

association is made up of nearly level to 

moderately steep old high terraces, benches, and 

alluvial fans in the west-central part of the 



Figure 3. Parcel 7 Boulder Tallgrass prairie 



Boulder area. The soils formed in gravelly and 

cobbly alluvium. Slopes are 1 to 25 percent. 

Nederland soils are older, higher lying 

terraces and alluvial fans. They have a very 

cobbly sandy loam surface layer and a subsoil of 

very cobbly sandy clay loam. Valmont soils are 

mainly near the eastern edge of high terraces and 

lower lying benches. They have a surface layer of 

cobbly clay loam or clay loam and a subsoil of clay 

and clay loam. 

KONZA TALLGRASS PRAIRIE: HISTORICAL 

BACKGROUND 

Konza Prairie Research Natural Area is located 

in two counties, Geary and Riley, in the Flint 

Hills of northeastern Kansas, near Manhattan, 

Kansas. Konza prairie is the largest natural 

Tallgrass Prairie left in North America. It is 

34.87 krn2 (8613 acres) in size and dominated by 

Andro~oao . . n aerardik, Schizachvrium sco~arium and 

Sorahastrum avenaceurq The Flint Hills are along 

the western border of the Tallgrass Prairie 

province and because of the steep and rocky 

topography include the only extensive area of 

unploughed Tallgrass Prairie in ~orth America. 



Most of the Konza prairie was once a part of the 

Dewey ranch. It has a history of grazing by 

cattle, and both present and past managers have 

used fire as a management strategy. The ecological 

importance of this area of Tallgrass Prairie was 

recognized thirty years ago by Lloyd Hulbert, a 

biologist at Kansas State University. The land was 

eventually purchased with funds from the Nature 

Conservancy, a foundation dedicated to preserving 

endangered habitats, and Mrs. Katharine Ordway, a 

private citizen. The area has been protected as 

Research Natural Area since 1971 and serves as a 

Long term Ecological Research Site(Reichman,l987). 

A fire management plan initiated in 1971(Hulbert, 

1973) placed different watershed units under 

variety of prescribed burning regimes varying from 

annual, 2- ,4-  and 10-year intervals and unburned. 

Prescribed burning takes place in early 

April (Abrarns, 1988) . 

Site description 

The climate at Konza Prairie is characteristic 

of the continental area with hot summers, cold 

winters, moderately strong surface winds and 



relatively low humidities. The average 

precipitation is 8.29 cm(32 inches). 

Two majors type of soil dominate Konza 

Prairie, although many other minor types also occur 

there. The flat uplands and portions of the slopes 

are from the Florence soil series, which is 

composed of loam(a silt and clay mixture) with 

fairly large pieces of chert. Chert, a type of 

flint that gives the Flint Hills their name, which 

may make up 70-80 percent of the soil. The upland 

soil form a thin veneer, usually exhibiting a top 

soil less than 30 cm thick and a subsoil no more 

than 50 cm deep. The soils were formed in situ 

from weathered limestone bedrock, which still 

exists less than one meter below the soil surface. 

Florence soils are well drained and are somewhat 

firm when wet; when dry, they are indurate, thus 

exacerbating the effects of droughts. 

The lowland Tully soils, which are 

significantly deeper, were formed by alluvial 

(stream) deposits and soils washed down the 

adjacent slopes during rainfall runoff. The Tully 

soils have a 25 cm topsoil, similar to the Florence 

soils, but they contain appreciably less chert. A 

lower horizon, about 30 cm thick, resembles the 



topsoil but contains less organic matter. Below 

that is a subsoil over 1.2 meters thick, composed 

of silty clay. The Tully soils are very 

productive, supporting what little farming occurs 

on the Flint Hills (Reichrnan, 1987). 

Site Vegetation 

Big bluestem(Fndro~oaon aerardii) and little 

bluestem(~chizachvrium sco~arium), the two main 

species of grass in Konza Prairie, compose 73 per 

cent of the vegetation. Next most important 

grasses are, in order, side-oats grama(Boute1oua 

~ u r t l ~ e n U ) ,  blue g r a m a ( ~ o s u m ~ B o u t e 1 o u a ~  

aracile), Indian grass(Sorahastrum avenaceum), 

switchgrass(Panicum viraatum), buffalo grass 

(Buchloe dactvloides) and tall dropseed (,9~orobolus 

as~er). These major grasses compose 87 to 97 

percent of the cover and forbs another 2 percent 

(Weaver, 1954). 



CHAPTER I11 

VEGETATION ANALYSIS 

INTRODUCTION 

Grassland plant community responses can be 

quite varied depending mainly on precipitation 

patterns and amounts, species composition, 

herbivory and fire intensity. For instance, in 

North American grasslands, burning generally 

enhances plant productivity in the eastern 

Tallgrass Prairies, but west of the Tallgrass 

Prairies, in areas with less rainfall, productivity 

does not always increase following burns(Wright and 

Bailey, 1982) . 
Increased dry matter production and flowering 

of the Tallgrass Prairies after burning have been 

well documented(Curtis and Partch, 1948; Knapp, 

1984a, 1984b, 1985; Knapp and Hulbert, 1986; Patton 

et al., 1988; Svejcar and Browning, 1988). 

Anderson et a1.(1970) reported the effects of early 

spring burn for 17 years on species productivity 

responses. There was a ten-fold increase in the 



flowering and production rate for the native 

grasses such as big bluestem, little bluestem and 

Indian grass; and a decrease in the exotic 

grasses,for instance, Bromus inermis and Pea 

gratensi~(Anderson et a1.,1970). Hulbert(1988) 

evaluated many possible causes for fire effects in 

Tallgrass prairies, i.e. increased light intensity, 

ash effects, direct effects of heat of the fire, 

and changes in soil nitrogen. His conclusion was 

that the incidence of solar radiation and changes 

in nitrogen are the major causes of fire effects in 

this system. 

In the Shortgrass Prairie, semi-arid northern 

mixed prairie, California prairie, Palouse prairie 

and mountain grasslands, fires do not always appear 

to cause major beneficial effects on productivity, 

but they help control invading shrubs and trees, 

improve livestock distribution or remove litter 

that retards plant growth(Wright and Bailey, 1982). 

The litter affects energy flow to the grasses by 

blocking sunlight and reducing the convective 

cooling air flow aboveground. By blocking the 

sunlight, it restricts the quantity of 

photosynthetically active radiation(PAR) available 

at soil surface, and by preventing air movement, it 



creates high temperature, especially to the young 

leaves during the early spring growth(Knapp, 1984a, 

1985) . 
Bock and Bock(1989) reported the effects of 

wildfire on virgin Northern Mixed Grassland at 

Custer Battlefield National Monument. They 

documented the elimination of big sagebrush 

(Artemisla tr 
. . 

identata) and suppression of the two 

common exotic grasses, Japanese brome (Bromus 

ia~onicus) and Kentucky bluegrass (Poa  rat ensig) 

following fires. In contrast, the native grasses 

such as bluebunch wheatgrass (AaroQvron s~icatum), 

grama grasses (Bouteloua), junegrass (Ko~leria 

macrantha), needle and thread (Sti~a comata), green 

needlegrass (Sti~a viridula) and Poa iuncifoliq all 

showed significant increases in cover during at 

least one post-fire growing season in comparison 

with unburned plots. Similarly, some native herbs 

for example, Alvssum, Gaura, Phacelia, Psorale3, 

and $~haeralcea did better on the burned plots, 

while exotic herbs, for example Melilotug and 

Lactuca were less successful on the burned sites. 

In semi-desert grassland, Bock and Bock(1986) 

found that fire reduced numbers of grasses, herbs, 

and shrubs resulting in less biomass after one 



post-fire season. Two invading shrub species, 

Mimosa biuncifera and M.dvsocar~a, were reduced by 

burning; however, another invading shrub, Baccharis 

. . gteronioides, was unaffected. The latter species 

appeared to be well adapted to surviving fires. 

Also, numbers of Aaave ~almeri and O~untia 

enaelmannii decreased on the burned plots. 

Since most of the results from the eastern 

Tallgrass Prairie showed increasing in vegetation 

percent cover of the Tallgrass species because of 

burning, and the contradictory results seemed to be 

associated with the western grassland. Also, the 

Boulder Tallgrass Prairie had no burning records in 

the past for many years, and there were no studies 

done on Boulder Tallgrass Prairie before. 

Therefore, it is important to understand the fire 

responses of the Boulder Tallgrass Prairie compared 

to the eastern Tallgrass Prairie. The following is 

the question posed in this study. 

Does burning have any effect on vegetation 

cover in terms of percent covers? 

METHODS 

In August 1988, twenty permanent transects 

(each 50 m long) were established in the Boulder 



Tallgrass Prairie. Ten were located on a mesic 

cattle exclosure(parce1 3) and ten on a xeric 

cattle exclosure(parce1 7). For each group of ten 

transects, five had been burned in 1988 and five 

were unburned. Transects in each burned and 

unburned site were set up 10 meters apart. 

The burned plots were established by means of 

a prescription fire on April 12, 1988, carried out 

by the City of Boulder in cooperation with the 

Colorado State Forest Service. The fire conditions 

were consistent with those used by Kansas State 

University, Texas Tech University, and Colorado 

Division of Wildlife for similar habitats. 

No pre-burn vegetation data were collected on the 

burned(experimenta1) plots. However, control 

(unburned) plots were established adjacent to the 

burned areas in sites matched for slope, aspect, 

and soil type with the burned plots. This 

approach, while not ideal, has been used in many 

fire ecology studies(Col1ins and Wallace, 1990). 

Vegetation cover for each species was 

estimated from vertical perspective by placing 

twenty-five 0.5 X 1 m quadrats at 2 meter intervals 

along each transect. In August 1988 when the study 

was begun, the canopy cover of each species was 



estimated using Braun-Blanquet cover scale(Causton, 

1988). In 1989 and 1990, the vegetation crown 

cover of each species was estimated in more detail 

in terms of percentages of total area of the 

quadrat(0.5 X lm) . In addition, the relative 

proportions of vegetation, litter, bare ground, and 

rock were recorded as percentages of total quadrat 

area. The rock cover was included in this study 

because it appeared to act as a mulch, preventing 

evaporation from the surface while at the same time 

allowing a rapid infiltration of water to support 

plant growth (Branson et a1 . , 1965 ) . In 1988 when 

the study was initiated, vegetation was monitored 

only on August(4 months after the fire). In the 

two following years, data were collected in both 

June and August, representing late spring and 

summer samples. 

Kruskal-Wallis Analysis(K-W), a non-parametric 

test for differences in means for data sets with 

non-normal distribution, was applied to test the 

differences in mean cover between burned and 

unburned species. The SPSS statistical 

package(SPSS Inc., Chicago, Illinois) was used to 

calculate the K-W analyses. Canonical 

Correspondence Analysis ordination was used to 



examine changes in community composition due to 

burning. This analysis is available in the program 

CANOCO- a FORTRAN program for "Cananical community 

~rdination by partial detrended canonical 

correspondence analysis" (Ter Braak,1987). 

Canonical ordination is a combination of ordination 

and multiple regression. Ordination techniques 

such as principal components and correspondence 

analysis(i.e.reciproca1 averaging) are commonly 

used to reduce the variation in community 

composition to the scatter of species in an 

ordination diagram. Accordingly, in my study the 

species scores representing the response curves of 

species with respect to the ordination axis were 

presented as a scatter diagram. The CANOCO 

analysis provides two major advantages. Firstly, 

the mean cover and the frequency distribution of 

species are taken into account simultaneously 

during the analysis. Secondly, it included Monte 

Carlo permutations which examine the variables 

randomly, and calculate the probability of 

community changes that might happen by chance 

alone, rather than as a result of the treatment 

itself. Therefore, if the difference between 

burned versus unburned species is high(P-value 



>0.05), then the burning treatment has probably not 

significantly affected the community. Any 

differences that occur will be interpreted as 

chance effects. 

RESULTS 

Vegetation Cover, Rock, Bareground and Litter 

In August 1988, four months after the 

prescription burn, neither the xeric nor the mesic 

sites showed differences in total vegetation cover 

(Braun Blanquet cover rate) between the unburned 

and burned areas(Tab1es 2,3). But, there was a 75% 

reduction in litter on the xeric burned plot and a 

90% reduction for mesic site(Tab1es 2,3). From 

June 1989 to June 1990), both xeric and mesic sites 

had significantly higher total vegtation cover on 

the burned than on unburned areas. For the two 

burned sites, litter accumulation increased through 

time after the burn, but there still was less 

litter(p<0.001) on the burned plots than on the 

unburned plots during the study. There was more 

bare ground(p<0.001) on the burned plots than on 

the unburned at all times of monitoring. 



T a b l e  2 .  Mean t o t a l  v e g e t a t i o n  c o v e r ,  r o c k ,  b a r e  g r o u n d  a n d  l i t t e r  k s . d .  compared 
be tween  x e r i c  unburned  and  b u r n e d  p lo t s (K-W) w i t h  t h e  s t a t i s t i c a l  l e v e l  of 
s i g n i f i c a n c e s  (n=500) . 

P 

Species 

VEGETATION 

ROCK 

BAREGROUND 

LITTER 

ns=non significant. '=P-value50.05. "=P-value10.01, "'=P-vaiue50.001 - 

burn 
vs nor 

burn 
UB 
B 

UB 
B 

UB 
8 

UB 
B 

Aug-88 
rneanf s.d. 

22 -02k5.5 
21.09f3.6 

12.92f 13.9 
12.70f 10.8 

18.262 16.2 
56.01k15.3 

47.06k22.2 
10.18f13.2 

signif 
level 

ns 

ns 

' ' 

' ' 

Jun-89 
mean? s.d. 

19.42f 5.2 
20.52rt4.6 

12.901t13.9 
12.72k10.9 

19.82k16.6 
45.89f14.5 

48.63f21.5 
20.86+12.9 

s igni i  
level' 

ns 

' ' 

' ' 

Aug-89 
mean? s.d. 

20.48f -- 6.1 
22.32f5.3 

13.00k13.9 
13.27f 11.0 

19.30k16.5 
36.26k14.0 

48.1 2rt21.9 
31.53k38.9 

signi 
- level 

-- ' ' 

ns 

' ' 

.- 
" 

Jun-90 . 

20.031t4.3 
21.58rt5.4 

- 

-- 

12.88k13.8 - 

12.72+10.9 
-. 

15.88k13.9 - 
34.50f15.8 -- 

-- 

51.88rt20.1 -- 
31.70+15.5 

s h n i  -- 
- level 

- 

. 

ns - 
- 

' ' 

- -- 
-- 
' ' 

.. 

. - - - Aug-90 -- 

~. 

-- -. - . .. - -- - - 
23.731t7.2 
25.28rt7.1 

.-.- 

. 13.02k13.9 . 
12.78k10.9 -- 

-- -- - - - - 

15.93k13.7 -. - .- - - - - 
17.76f 10.2 - -. - - - .- 

-- . - -. -. . 
50.70_+20.3 
46.38k15.4 

signi i  -. 

-- level  -. 

. . -- - 

. - 

ns 

-. 

ns 

. 

- - - 
' 

. - .. - - 

-. - - 



Table  3 .  Mean t o t a l  v e g e t a t i o n  cove r ,  rock,  b a r e  ground and l i t t e r  k s . d .  cornpared 
between mesic unburned and burned plots(K-W) with t h e  s t a t i s t i c a l  l e v e l  of  
s i g n i f i c a n c e s  (n=500) . 

Species 

VEGETATION 

ROCK 

BAREGROUND 

LITTER 

ns=non significant, '=P-value10.05, "=P-values0.01, "'=P-value10.001 

burn 
vs nor 

burn 
UB 
B 

UB 
B 

UB 
B 

UB 
B 

Aug-88 
meanf s-d. 

1 7.29f 3.8 
17.49f4.7 

3.48f4.6 
6.01k5.2 

9.51k6.9 
82.20f 10.1 

86.141t9.9 
7.65f4.3 

signif 
level 

ns 

' ' 

' ' 

Jun-89 
mean* s-d. 

17.88&4.2 
20.07k3.7 

3.57f 4.8 
6.04k5.2 

6.10f5.4 
84.82k6.6 

- 
88.47k10.6 

signif 
level 

' ' 

' ' 

' ' 

- 

89.881t9.8 

Aug-89 
mean* s.d. 

_ 
" 

- 

signi 
l eve l  

' ' " 

__- 90.34k11.2 ...._ 

9.06f6.0 ' ' 

. . . . . . . . . . . . . .  

Jun-90 signi ... Aug-90 - 
level _- 

16.30k4.2 
18.141t4.6 

43.06k19.1 

signid ...... 

l e v e l  

. 

' ' 

_ 

62.08k19.7 
_ ... 

' ' 

- 

. . . .  89.03-t 1 1 . 1 

- - - .. - . . -- 

25.74k5.5 --- 

3.59k4.8 

-- 
19.56k5.9 ---- 
24.18k4.9 

- 

' ' 

.. - - 

3.58k4.8 

72.30+_12.1 

6.04k5.2 

4.71f5.1 
49.12f17.7 

. . . .  
3.52k4.8 -- 

25.38k4.6 -- 
- 

- --- 
a . 

ns ..... -- 

' ... ' 

- .  

6.04f5.2 

-- 

. . . . . . .  

^ - ' 

- 
' ' 

. - 

.... 

' ' 
-- 6.021t5.2 -- 

.-- . . 

4.02k5.6 6.63k6.8 . . .  

30.34f 17.3 ' ' 21.15k9.0 _. . 

.- -- -..... - . . . . .  



Species responses after fire 

Aboveground area was recorded for a total of 

156 species in the study sites(~ppendix A.1). Mean 

cover of most common species of the xeric and mesic 

sites, calculated by year are listed in ~ppendices 

A.2 and A.3 respectively. All of the species that 

occurred in at least 1% of the samples were tested 

for mean cover differences between the burned and 

unburned sites using the Kruskal-Wallis Analysis 

Table 4,5). About half of these common species of 

the Boulder Tallgrass Prairie showed significant 

difference in mean cover between the burned and 

unburned sites at least once during the study. 

The Monte Carlo tests of the CANOCO ordination 

results indicated that the xeric burned and 

unburned sites were significantly different in 

community composition(p10.02) due to burning from 

August 1988 to August 1989(Table 6). The mesic 

burned and unburned sites were significantly 

different in community changes(p10.02) due to 

burning for from August 1988 to August 1990 

(Table 6). Therefore, the analysis of species 

responses were drawn only from the date with 

significant P-value which is during August 1988 to 





Table 4 .  c o n t *  

Species - 

~enec io  spartioides 

Psoralidium tenuiflt 
rum 

Alyssum minus 

burn 
vs nor 

burn 

CB 
B 
UB 
B 
UB 
B 

Aug-88 
mean* s.d. 

1.37k0.49 
1.43f0.50 
2.20f0.58 
2.20f0.54 
1.53k0.74 
1.20f0.45 

signif 
level 

ns 

ns 

' *  

- Opun tia compressa 

signi 
level 

ns 

ns 

ns 
1.03f 1 .I 6 

Liatris punctata 

Heterotheca fulcratzk 

- 

Bouteloua curtipend 
l a  

~ ~ i d i u r n  densifloru~ 

Poa spp. 

Panicum virgatum 

Jun-89 
meank s.d. 

.- 0.82f 0.46 
0.68f0.39 
2.012 1.47 
2.75f4.85 
1.1 6f1.56 
0.5520.25 

UB 

Aug-89 
mean+ s.d. 

0.97f0.99 
0.87f0.55 
3.48f 3.44 
3.08f5.22 
2.92f2.65 
0.50f0.00 

1 -14f0.85 1.23f101 
- 

signif 
level 

ns 

ns 

' 

1.21t_0.98 
~ 

B 
UB 
B 

- 
B 
UB 
B 
UB 
I3 
UB 
I3 
UB 
B 

- 
Jun-90 

- 

0.76k0.4 1 -. 
0.81f0.40 
1.74f 1.47 

1.64f0.63 ns 0.85f0.54 ns 1.10f 1.22 ns 1.12f 1.12 ns 1.61f 1.63 ns 

. . 
B 

1.58k0.51 0.9420.66 1 -07f0.81 . -- - - -- -. .. 

1.77f0.50 ns 0.9320.88 ns - 1.101.13 
1.56k0.51 0.69k0.40 1.09f 0.92 

0.90k1.29 0.96k0.65 0.65f 0.33 
-- - - -- 

- - .. . 

1.02f0.53 1.14f0.96 - 

ns 0.97f0.85 ns 1.18k0.95 ns 
1.00f0.74 1.35f1.37 ~ 

... . -. 

0.50f0.00 0.50k0.00 

- - - 

. . . 

-- signi 
level 

. -- . 

- 

signif 
-. level 

2.18k3.84 
2.4123.66 -- - 

0.88f1.64 

-.  ..-. 

- - - .- - . 

ns . . 1.26+0.94 - -. ns - - 
5.00f 4.94 - 

- -- - .. . - - - - 
- Aug-90 . 

- - .~ 

-- 

0.95k0.48 - ~ 

ns 1.23f1.08 ns 1.00k0.92 ns 1.01f0.88 ns --- . - - - .. - -- -. - - - - - - . .. -. . . 
1.79f0.42 -. 1.00k - 0.89 0.55k0.16 1023+1.03 

ns 

-- 

1.70k047 
- 

1.50f0.52 
l . O O f O . O O  

4.62k8.35 - -. 
2.44f3.42 -- -- 

ns 

' ' 

ns - - - . . 

- - 

2.07f 0.61 2.502 3.46 2.62f 2.59 2.90+_4.00 

ns - -- 
' 

2.33f0.49 ns 4.1 4+212F7- 3.93f2.43 • -- 2.00f1.65 ns 3.12k2.34 
-.  

1.67k2.81 - - - -- 

0.7- 

- 

0.86k0.56 
.- 0.5040.00 

0.60f0.29 ns 

ns 

0.52k0.09 
0.52*0.15 
0.8340.44 --- 

0.75k0.38 

ns 

Ins . 



sig 
level 

ns 

ns 

ns 

ns 

' ' 

-- 

- -- 

"'=P-value10.001 

Table 4 .  c o n t ,  

species 

Phacelia heterophyll 

Sporobolus cryptan- 
drus 

Chenopo~~um lepto- 
phyllum 

Koeleria macrantha 

Aristida purpurea 

Aug-88 
mean* s.d. 

2.00f 0.00 

0.86f 0.53 
1.87f0.52 
- 

1 -33rt0.58 
1.6520.49 
1.7820.44 
1 -96k0.21 

burn 
vs nor 

burn 
UB 
B 
llt) 

B 
UB 
B 
UB 
B 
UB 
B 

I r I I 

~ u n - I N ) s i ~ n ~ f  

1.08f0.86 
0.64f0.38 
0.70f 0.48 
0.78f0.51 

0.5020.00 
0.629 0.23 -- 
1.13k0.84 - 
0.58k0.20 
0.50f0.00 - 

3.65f3.88 
2.67f3.28 
0.5020.00 - - 
0.50f0.00 
1.32f 1.26 
1.92k1.51 

I I I 
-- - --- - 

signi 
level 

ns 

ns 

ns 
Erigeron flageliaris 

Plantago patagonica 

Erodium cicutarium 

C*, 
UI 

ns=non significant, '=P-value10.05, "=P-value10.01, 

ns 

- 

-- 

- 
level 

- 

ns 

ns 

- - 
-- 
ns - 

ns 

- 

ns 

ns 

- - 
ns - - -- 

-- . 

- Jun-89 
mean* s.d. 

0.5720.29 -- 

0.50f0.00 
0.6420.23 
0.69f0.63 
0.50+0.00 
0.50+0.00 
0.70f 0.27 
0.70f0.34 
1.572 1.50 
0.66+0:33 

2.00f0.63 
2.1 5rt1.72 -- 
2.1 1*2.47 
0.50*0.00 
0.50f0.00 
1.1 1k1.12 -- - 
1 -29f0.98 

-- -- - 

-- A u z 9 0  --- 

- 
- - - - - - 

~ 1.22f1.17 
0.58f0.20 
1.03f -- 0.79 
- 2.09f1.38 - - - 

- 0.50rt0.00 
A 0.87f0.75 - --- - 

0.50f 0.00 - - - - -- - 
0.61f0.21 -- -- - 
- 1.67f 1.47 - 

~ 0.50f0.00 - - - - -- - - 
5.1 - - 9f6.46 - - - - - 

2.26t2.12 
-- 0.50f0.00 - 
- 

~ - - - -- 
0.50+0.00 
. - - - - - - 
0.50f0.00 . - 

UB 
B 
UB 
B 

signif 
level 

ns 

ns 

ns 

ns 

' ' 

- -- 
signif 
level -- 

-- - - 

ns 

- 

- ' - - - 

- -- 
ns 

-- 
ns -- 
- - - - 

" - - 

-- n r  
- 

- 

n<- -- - 

- 

- 
1.OOf0.00 
1.00f 0.00 

Aug-89 
mean* s.d. 

0.91 f1.04 
0.02f0.25 
1.28f1.17 
2.77f2.30 
0.50f 0.00 
0.52f0.19 
0.50f 0.00 
0.8720.89 
02.082 1.1 1 
0.95f 1 .OO 

n s  

ns 

- 
ns 

1.85f1.69 
2 . 2 5 f 2 . 6 1 C  

- 

- -. 
0.50k0.00 



Table 5. Mean cover* s.d. comparison between mesic unburned and burned plots(K-W) with 
statistical level of significances. The species listed below occurred at least in 1% of 

-- Jun-89 
mean? s.d. - 

-- 
4.05k2.11 

2.34f 2.08 
5.09f3.26 
1.72f 1.49 
1.93f1.87 
0.52k0.09 
0.56k0.43 
2.30k2.42 
3.09k2.58 
2.80f2.68 
2.85f2.90 
1.67f 1.90 
1.35+1.18 
0.77f0.61 
1 .08f1.28 ~-- 
0.892 1.08 - 
1-93? 1.74 

signi 
level 

' ' ' 

' ' ' 

' 

ns 

ns 

ns 

ns 

' ' ' 

the the total 

9 e c i e s  

Poa spp. 

Plantago lanceolata 

Sporobolus asper 

Virgul s lalcatus 

Sorghaslrum avena- 
ceum 

Panicum virgatum 

Buchloe daclyloides 

Chondrosum gracile 

signif 
level- 

species 

burn 
vs nor 

burn 
lH3 
B 
UB 
B 
UB 
B 
lH3 
B 
UB 
B 
U3 
B 
UB 
B 
UB' 
B 
.UB 
B 

Ambrosia artemisii- 
fo l ia 

Oligoneuron rigidum 

occurrences 

Aug-88 
mean* s.d. 

2.1 5f0.50 -.-- 

1.82f0.52 
2.20f 0.59 
2.48f0.67 
2.06f 0.57 
1.83f 0.58 
1.13f0.33 
1 .I 320.34 
1 -56f0.50 
1.66f0.47 
2.24f0.64 
2.24f0.67 
1.94f0.64 
1.78f0.70 
1 -44f0.50 
1.81f0.54 
1.82f 0.58 
2.041t0.59 

G, 
m 

ns 

ns 

Aug-89 
mean* s.d. 

2.84k 1.95 
izxG-i7-------p- 1.85f 1.49 

2.96f2.17 

U3 
B 
UB 
B 

0.6520.58 
0.58f0.25 
0.56+0.17 
0.56k0.17 

1.01f1.44 
0.50k0.00 - - 

0.81f0.61 - - -. -. 

0.55k0.16 

- -. 

- " - ' 
- 
ns - - - - 

- signit - - . . . 
,. level - 
- 

' ' 

- 

1.4420.59 
1.31 f 1  .47 
-- 1.383.49 
1.60k0.60 

ns 

ns 

7.56k4.56 --- - 

1.46f 1.37 - -- 

2.05k1.56 
0.56k0.20 
0 . 5 6 k 0 . 2 6 F  

.- 4.13f3.62 
5.82f4.78 
3.36f 2.43 
3.2923.00 
2.1 7k2.11 
2.09f2.50 
2.30f 2.90 
1.56f1.99 
3.24f4.16 - - 
3.7823.17 

signi/ 
l e v e l  

' ' -- ' 

' ' ' 

- - ' ' 

- 

' 

ns 

ns 

ns 

- 
ns 

' ' ' 

ns 

ns 

' ' 

ns 

ns 

ns 

- ' ' ' 

Jun-90 

4.46k2.18 
2.54k 1.47 
4.20f 3.24- --- 

- - - - - - .- 
- 2.1 9k2.90 -. 

- 0.72k0.47 - - . . 
0.88k0.71 - - - - - - - - - - 
0.79f0.50 --- - 

- 

. . . . -- A 9 - 9 0  -. - - 

-- - - - . . - 

- - ---- 
3.03k2.13 - - -. . 
2.07k1.41 - - - -- 
6.91 - - - k4.60 - -. 

1.52k1.83 
0.75f0.49 
0.71 f 0.48 
0.75f0.64 

- - -. . . 

' . . 
- . - - . 
ns . -- - 

signit. - . . - . 
level -- 

-- 

- -- a ' 
. -. - . 

8.85k5.55 - -- - - 

2.48f -- 2.27 - 

2.79k2.07 -- - -- - . 

0.80k0.68 - - - . - - 
0.79f0.9 1 - -- - - -- - -. 
2.68+2.45 - - 
2.73k2.34 - - -- . . 

5.66k4.11 - - - - - . 
4.39k3.40 - - - -- 
- 3.03k3.18 
- 2.53f3.00 - - .- 
.- 1.28f1.33 
1.67f2.25 - - - 
3.02k3.8 1 - - - -- - - . . - 
3.94k3.26 

' ' 

- - 
ns 

5.29f3.44 
2.41 f 1.99 
2.14f 1.46 
0.57f0.21 
0.54f0.21 
1.00f 0.65 
0.81f0.51 
3.64k2.97 
3.56f3.46 
2.01f2.09 
1.59f1.63 
0.87f0.77 
1.19f1.96 
1.14f1.39 - 
2.79k2.50 

' - - ' - 
- . . - -. . 

ns . . - 

. - -. . - - 

ns . -. -. 

- -- - 
ns 
-. - - 

. -- 
ns - - -. .- 

-. ns - 

ns - 
- -- 

' ' -- ' 

ns 

ns 

ns 

ns 

ns 

- - 
' ' ' 
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Table 6 .  The s i g n i f i c a n t  d i f f e r e n c e s  i n  v e g e t a t i o n  

b e t w e e n  b u r n e d  a n d  u n b u r n e d  s i t e s  b y  using Monte C a r l o  

p e r m u t a t i o n  t e s t  

Augus t  J u n e  A u g u s t  J u n e  Augus t  

1988 1989 1989 1990 1990 

Xeric p= 0.02 p= 0.01 p= 0.01 p= 0.12 p= 0.19 



August 1989 for the xeric site. Meanwhile, 

analysis of species responses for the mesic site 

were based on the result during August 1988 to 

August 1990. The schematic ordination diagrams 

based on CANOCO analysis are shown in Appendix B.4. 

In order to analyze the vegetation changes 

after the burn, the results from two analyses, K-W 

test and CANOCO, were combined. Species were 

categorized as: Fire enhanced species, Fire 

indifferent species and Fire depressed species 

respectively. Fire enhanced species are the 

species which either have significantly higher 

cover(K-W) in the burned plots than in the unburned 

plots or tend to have higher cover or higher 

frequency(CANOC0) in the burned than in the 

unburned plots. In contrast, Fire depressed 

species are the species which either have lower 

cover(K-W) or tend to have lower cover or less 

frequency(CANOC0) in the burned than in the 

unburned plots. Fire indifferent species are the 

species that did not differ in either cover or 

frequency after the burn(Tab1es 7 , 8 ) .  



;:: 
C L n  
0'0 

-0 -4 . 
cno 





DISCUSSION 

Major weedy species of the mesic and the xeric 

site were depressed as the result of burning. The 

two introduced grasses: Pea spp.(Poa comDressa and 

Poa   rat ens is) and Bromus spp.(Bromus ia~onicus and 

Anisantha(Bro_musl tectorum) were significantly 

lower in mean cover on the burned areas of the 

mesic and xeric respectively for all three years of 

this study. Burning enhanced most native grasses 

especially the shortgrasses, for example, 

Chondrosum(Boute1oua) aracilis, Bouteloua 

curti~endula, Buchloe dactvloides, S~orobolus 

crv~tandrus. The reduction of the cover of 

introduced grasses and increase the cover of native 

species are in agreement with previous studies 

(Abrams, 1988; Bock and Bock, 1989). The 

tallgrasses, however, did not show consistent 

results. For example, Andro~oaon aerardii on the 

mesic site was fire enhanced. In contrast, it 

tended to be fire depressed on the xeric site. 

Sorahastrum avenaceum and Panicum viraatum of the 

mesic site tended to be fire depressed. The 

responses of the tallgrasses to burning in this 

study contrast with other studies done on the 

eastern Tallgrass Prairies(Curtis and Partch, 1948; 



Ehrenreich and Aikman, 1963; Anderson et all 1970; 

Johnson, 1987 and Abrarns, 1988). This might be due 

to the differences in environmental conditions, 

between the eastern Tallgrass Prairie and the 

western Tallgrass Prairie, including the average 

maximum temperature, average maximum snow depth and 

average annual precipitation. The Boulder 

Tallgrass Prairie exists at what is likely to be an 

unusually low precipitation regime, compared to the 

eastern Tallgrass Prairie such as, Kansas Tallgrass 

Prairie. This statement is supported by the 98 

years of records of Boulder's and Kansas's Mean 

Annual Precipitation with the mean of 18.24 inches 

(44.74 cm), and 32.65 inches(80.01 cm) respectively 

(Figure 4.). Perhaps, Boulder's Tallgrass Prairie 

almost never reaches the optimal water availability 

in comparison with its counterpart in Kansas, 

Missouri and Illinois. However, the average 

maximum snow depth of Boulder is approximately four 

times higher than Kansas(Tab1e 9). Also, the 

average maximun 

temperature of Kansas is 7 degree celsius higher 

than that of Boulder(Tab1e 9)' which may help 

counteract Boulder's lower precipitation. The two 
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T a b l e  9 .  Average  maximum snow d e p t h  a n d  Average  Ta:.:i~,,:-. 

,- , , n ? e r a t u r e  n c o m p a r i s o n s  b e t e w e e n  B o u l d e r ( B o u 1 d e r  Czzr.ryi 

a n d  Kansas  ( M a n h a t t a n  C o u n t y )  , r e c o r d e d  f rom 1948-15Z5 

f o r  a o u l d e r  a n d  1900-1988 f o r  K a n s a s  

L o c a t  i o n s  

-- - 

B o u l d e r  Kansas  

- -- 

Average  Maximum snow d e p t h .  1 5 . 9 i n c h .  4 . 6  i n c h .  

( 3 9 . 0 0 c m )  ( 1 1 . 2 5  zm)  

Average  Maximum t e m p e r a t u r e  104'F 11 5% 

( 4 0 ° C )  ( 4 7 O 2 )  



growing seasons following the burning of Boulder 

Tallgrass Prairie were unusually dry, especially 

1989 when annual precipitation was 12.42 

inches(30.47 cm), which closed to record low 

precipitation of 1890s, 1940s and 1960s. 

Therefore, the climatic factors may also have been 

important in controlling species responses in 

Boulder Tallgrass Prairie in addition to the 

burning. Addtional evidence showing that the 

Tallgrass species at Boulder barely exists and does 

not grow well as compared to the Konza Tallgrass 

species is the percent cover of Andro~oaon 

uerardii. The cover of Andro~ouon aerardii at 

Konza and Boulder were 76-81%(Abrams, 1988) and 5% 

from this study respectively. 

Most forbs tended to be enhanced by burning, 

i.e., Liatris Duntata, Echinocereus viridiflorus, 

Artemisia friuida, Cichorium intvbus, Plantaa~ 

lanceolata, etc. Howevertthe three major weedy 

forbs of the xeric site: Alvssum minus, O~untia 

comDressa and O~untia fraailig, were depressed in 

the burned xeric site. Alvssum minus was 

suppressed successfully on the xeric burned site 

because the plants were burned before seed set. 



In contrast, Alvssum minus, O~untia comDressa and 

O~untia fraailig, which were not the major weedy 

forbs of the mesic site were enhanced on the burned 

mesic site. The enhancement on the mesic site 

might be due to the great reduction in litter 

thickness on the mesic site. The average height of 

litter of the unburned mesic site were 2.31 cm as 

compared to 0.31 cm of the burned mesic site 

(personal observation). Plants of low stature, 

such as D~untia ComDressa and QDuntia fraailig may 

not compete and grow well under such thick cover. 

Fire also provided the opportunity for annual 

plants, such as Alvssum minus which exits as buried 

seeds in soil, to germinate and establish when the 

space is opened up. On the mesic site, burning 

also enhanced the two aggressive introduced forbs: 

Cichorium intvbus and Plantaao lanceolata. This is 

probably due to the large seed banks of the two 

species(Chapter IV). A large amount of seeds 

germinated and new plants began colonizing the 

opened space. 

SUMMARY 

Burning on Boulder Tallgrass Prairie 

eliminated two major weedy grasses: Brornu spp. and 



spp. Native shortgrasses such as 

Chondrosum(Bouteloua) araril~, Bouteloua 

curti~endula and Buchloe dactvloides were enhanced 

after the burn. The responses to burning of 

tallgrass species at Boulder varied depending on 
. . 

species and habitats. Andro~oaon aerard~~ on the 

xeric site, ,Sorahastrum avenacem and W c u m  

viraatum on the mesic site were depressed by 

burning. In contrast, Andro~oaon aerardii on mesic 

sites and Panicum viraatum on the xeric site were 

enhanced in the burned plots. 

Weedy forbs on the xeric site especially the 

annual species: Alvssum minus decreased mainly 

because either plants or seeds were destroyed by 

fire before seed set. However, on the mesic site, 

two aggressive species, Cichorium intvbus and 

Plantaao lanceolata were increased after the burn 

as the result of the large seed bank, the source of 

new generations when the open space was available. 



CHAPTER IV 

SEED BANK,SEED RAIN 

INTRODUCTION 

Significance of Seed Bank and Seed Rain 

Seed bank by definition is the population of 

viable seeds in soil(Harper, 1977). Major and 

Pyott (1966) suggested that a complete description 

of a plant community must include the buried viable 

seeds in the soil because the plants occurring in 

this form are part of the flora. The ecological 

significance of viable seeds in the soil, lies not 

only in their association with the past, but also 

in their bearing on the plant communities likely to 

develop in the future (Roberts, 1970). The seed 

bank, is a store of "evolutionary memory", 

representing a pool of long-lived seeds for 

individual species which have been laid down by 

many generations of plants. If disturbance brings 

a mixture of seeds to the surface, germination 

requirements are met, the resulting plants will be 

the progeny of parents that existed at widely 



different times. The information from seed bank 

can be applied to solve ecological problems and to 

plan for proper managements such as, agricultural 

practice, forestry, and conservation(Chippinda1e 

and Milton, 1934; Hassan, 1983; Fenner, 1985) 

The ecological significance of seed bank study 

in natural vegetation was first introduced by 

Oosting and Humphrey (1940). They found that the 

species of the early successional phases contribute 

more to the buried population than do the dominants 

of the more mature phases. Species vary a great 

deal in terms of seed lifespans. Some species have 

evolved the capacity to remain viable for at least 

decades, as documented by Beal's experiment 

(Brenchley, 1918 and Kivilaan and Bandurski, 1973). 

A general conclusion, based on previous 

studies of various plant communities, for example, 

grasslands, pastures, wetlands, and forests, was 

that there is low correspondence between the 

composition of vegetation and of its associated 

seed bank (Harper, 1977; Thompson, 1978; Thompson 

and Grime, 1979; Fenner, 1985). As a result, 

Rabinowitz (1981) suggested that seed rain should 

be more direct and appropriate basis for comparison 

between the above and below ground populations. 



Seed rain by definition is the dispersing seeds 

forming a "rain" of propagules onto the soil 

surface (Harper, 1977). Therefore, to understand 

the dynamics of any single population, it is 

essential .to quantify seed rain and seedling 

recruitment for comparison with patterns of 

established vegetation and seed banks. 

At present, there are very few records of 

total seed rain on grassland communities. In 

~issouri, Rabinowitz and Rapp (1981) found that the 

majority of common species in the seed rain 

appeared in the soil bank. In contrast, many of 

the common elements of the seed bank are not found 

in the seed rain. OIShea Stone (1988) compared the 

seed rain with the seed bank and aboveground 

vegetation of the semidesert grassland in Arizona. 

and found no strong correlations among three of 

them. Fenner (1985) generalized that in frequently 

disturbed vegetation, there is a greater similarity 

between seed banks and seed rain than for more 

stable, mature vegetation. This conclusion is 

based on the idea that colonizing species tend to 

produce large seed banks, whereas plants of the 

later successional stages tend to produce smaller, 

less persistent seed banks. 



There were no previous studies on the effect 

of burning and seed bank investigated on the 

Boulder Tallgrass Prairie. In addition, it is 

interesting to compare the seed bank of Boulder 

Tallgrass with the seed bank of Konza Tallgrass 

Prairie, as Konza Prairie represents the largest 

Tallgrass Prairie which located at the western most 

border of the principal area where the Tallgrass 

Prairies exist now a day. A complete understanding 

of seed bank dynamics must also include an 

investigation of seed rain. Therefore, the 

following questions were asked: 

1. How large is Boulder seed bank size? 

2. Does burning have any effect on seed bank 

size in terms of species number and frequency? 

3. Does Boulder seed bank differ from Konza 

seed bank? 

4. Does seed bank composition correspond to 

the ground vegetation? 

5. Does seed rain composition correspond to 

the seed bank? 



SEED BANK 

METHODS 

To answer the questions 1 to 4  the bioassay 

technique was performed. This purpose of this 

technique is to identify viable seeds in the soil 

by taking samples and maintaining them at a 

favourable temperature and stirring at intervals 

and counting the seedlings as they germinate. 

Soil samples were taken from Boulder Tallgrass 

Prairie and Konza Tallgrass Prairie. Sampling 

included soils from: 

Boulder 1) Unburned xeric site 

2) Burned xeric site 

3 )  Unburned mesic site 

4 )  Burned mesic site 

Konza 1) Non-burned site 

2 )  Annual burned site 

3 )  10 year burn cycle site 

Bioassay Germination Testa in Greenhouse 

For Boulder, at all sites during each 

monitoring, soil collections were made using a 

stratified random sampling technique along each 

transect. This technique was adopted from Bigwood 



and Inouye (1988) because it provides an adequate 

degree of precision of seed bank estimation. There 

were five collection times: August 1988, June and 

August 1989 and June and August 1990). 

For each collection time, 125 soil samples 

were collected from the burned and unburned xeric 

and mesic plots. Before the soil samples were 

taken, litter was removed in order to be certain 

that only the seeds in soil would be examined. 

Each sample was removed by using a hand shovel 

making a soil core of 7cm in diameter and 7cm in 

depth with the volume of 270ml. The soil samples 

were stored in paper bags. The germination trials 

were conducted in the Ramaley greenhouse under 

natural light conditions. One hundred ml of each 

soil sample was placed over lOOml of soil-less 

potting mix in a 3 inch plastic pot. Pots were put 

in trays filled with water to keep the soil moist. 

Before seedlings germinated and while the seedlings 

were small, soil was moistened from below by adding 

water to the trays. After seedlings were large 

enough to hold the soil, plants were watered daily 

by sprinkling. Unidentified seedlings were 

transplanted to 3 inch individual pots to grow 

until identifiable. 



During the study, seeds and seedlings were 

photographed. Herbarium plant specimens as well as 

seed specimens were made for reference purposes. 

Kodachrome 35 mrn slides of the seeds and the 

herbarium specimens are now deposited in the 

Herbarium of the University of Colorado at Boulder. 

Plant nomenclature follows Weber (1990). 

For Konza, in June 1990 and November 1990, 

fifteen soil samples were taken along a 60m 

transect in the non-burned, burned annually, and 10 

year burn cycle sites by means of stratified random 

sampling. Procedures were performed in the same 

manner as for Boulder soil samples. 

The statistical analyses followed the same 

procedures described in the preceeding chapter 

(Chapter 111) 

RESULTS OF BOULDER SEED BANK BIOASSAY 

From 2500 soil samples, there were a total of 

105 species(Appendix B.l) comprising 26,665 

seedlings: 15,728 were monocots and 10,937 were 

dicots(Tab1e 10). There were approximately 40 

seedlings recovered per liter of soil. Germinated 

seedlings classified as Native and Introduced are 

presented in Table 11 and 12. The burned xeric 



Table 10. Monocot and Dicot seedlings germinated during 1988-1990. Different 
letters indicate significant differences between burned and unburned treatment 
(K-W analysis) 

years ~onocot/Dicot Unburned xeric Burned xeric Unburned mesic Burned mesic 

1988 Monocots 505 a 573 a 1490 c 1760 c 
Dicot s 1101 b 1352 b 404 d 97 9 d 

1989 Monocots 
Dicots 

1990 Monocot s 
Dicot s 



cnb 
C 

4 3 



Table 12. Comparison of germinated seedlings classified 
as native and introduced species from the mesic unburned 
and burned plots 

MESIC UNBURN MESIC BURN LEVEL OF 
SIGNIFICANCE 

NATIVE 
SPECIES 

INTRODUCED 5240 
SPECIES 



plots contained greater seedling numbers of native 

species and fewer introduced species when compared 

to the unburned plots. The mesic burned plot 

showed no significant differences in numbers of 

native seedlings, but significantly higher in 

seedlings of introduced species as compared to the 

unburned plot(Tab1e 11/12), 

All the species had a 1% or greater occurence 

were tested for differences in mean seedling count 

on the burned and unburned sites by using the 

Krauskal-Wallis Analysis(Tab1e 13/14). About half 

of commonly found species of Boulder Tallgrass 

Prairie's seedlings showed at least once difference 

in mean seedling counts comparing between the 

burned and unburned sites (Table 13/14). 

The Monte Carlo tests of the CANOCO ordination 

results indicated that the xeric burned and 

unburned sites were significantly different in 

seedling changes(p10.02) due to burning from June 

1989 to August 1990(Table 15). The mesic burned 

and unburned sites were only significantly 

different in seedling counts (p=0.05) due to 

burning in June 1989. Meanwhile, species trends of 

the mesic site from CANOCO discussed in this study 

were based on the result of June 1989. 
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Table 15. The significant differences in bioassay seed 

bank between burned and unburned sites by using Monte 

Carlo permutation test 

August June August June August 

1988 1989 1989 1990 1990 

Xeric p= 0 .34  p =  0 .05  p=  0 . 0 1  p =  0 .02  p =  0 . 0 1  

~ e s i c  p= 0.44 p= 0 .05  p= 0 . 8 4  p= 0 .10  p= 0 . 1 4  



In order to analyze the seed bank changes 

after the burn, the results from the two analyses: 

K-W test and CANOCO were combined. Species were 

categorized as: Fire enhanced species, Fire 

indifferent species and Fire depressed species 

respectively. Fire enhanced species are the 

species which either have significantly higher 

seedling count(K-W) in the burned plots than in the 

unburned plots or tend to have higher seedling 

count or higher frequency(CANOC0) of seedling found 

in the burned than in the unburned plots. In 

contrast, Fire depressed species are the species 

which either have lower seedling count(K-W) or tend 

to have lower seedling count or less frequency 

(CANOCO) in the burned than in the unburned plots. 

Fire indifferent species are the species that did 

not differ in either seedling count or frequency 

after the burn. Species lists based on the seed 

bank fire responses are shown in Table 16 and 17. 

Schematic ordination diagrams based on 

Canonical Correspondence Analysis of the bioassay 

seedlings with respect to the burning are shown in 

Appendix B.5. 



Poa spp. l~erbascum thapsus - 
Table 16. Species list of seedlings germinated under Bioassay method, of the xerlc s i t e  
categorized as: Fire enhanced, Fire indifferent and Fire depressed species 
*= p10.05, * * =  pS0.01 (K-W analysis) 

FIRE ENHANCED 
Artemisia frigida 
Erioqeron flagellaris * 
Festuca rubra 
Juncus arcticus 
Juncus bufonius+J.dudleyi** 
Lepidium densiflorum * 
Monarda pectinata 
Plantago patagonica 

Silene antirrhina 
Traqopogon dubius * 

FIRE INDIFFERENT 
Camelina microcarpa 
Erodium cicutarium * 
Juncus marginatus 
Oligosporus pacificus 
Senecio spartioides 
Sisymbrium altissimum 
Sporobolus cryptandrus 
Talinum parviflorum 

. 

- -- - --, . - -. -- - . - - -- 
FIRE DEPRESSED 

Alyssum minus -- - * 
Bromus s w .  * *  - -- - - - - - - - - - 
Triodanis perfoliata -- - - 

- 

- -- 



Table 17. Species list of seedlings germinated under Bioassay method from the rnesic 
site categorized as: Fire enhanced Fire indifferent and Fire depressed species 
*= p10.05 (K-W analysis) 

FIRE ENHANCED 
Cichorium intybus 
Dianthus deltoides 
Epilobium ciliaturn 
Festuca rubra 
Grindelia subalpina 
Juncus arcticus 
Lepidium densiflorum 
Neolepia campestre 
Plantago lanceolata 
Verbascum thapsus 
Veronica pereqrina * 

FIRE INDIFFERENT 
Silene antirrhina 

- .+ 

FIRE DEPRESSED -- -. . - 

Alyssum minus - - 

Bromus spp. - -- - 
Camelina microcarpa -- 
Draba reptans - -- - -- -. . -. . - 

Juncus bufonius+J.dudley 
Medicago lupulina -. 

Poa spp. 
Sporobolus asper -- -. - -. - 

-- - - - -- -- - 

- - -. - . -. .- . 

A 



DISCUSSION 

Seed bank as measure by bioassay of Bromus 

spp., the major weedy grass of the xeric site was 

depressed by burning. This was confirmed by both 

K-W analysis and CANOCO analysis. However, from 

the five study periods, seedling counts of 

spp., the major weedy grass of the mesic site did 

not show significant differences(K-W analysis), 

except once in August 1989. At that time the 

seedling count was higher in the burned than in the 

unburned mesic site. According to CANOCO analysis, 

spp. showed trend of decreasing representation 

through out the five collection times. Burning did 

not appear to significantly reduced the seed bank 

size of spp. but it showed the decreasing trend 

detected by the CANOCO analysis through out the 

collection times. The native tallgrass species, 

Andro~oaon aerardu . . 
and Sorahastrum avenaceun 

showed no differences in mean seedling numbers on 

burned and unburned sites. Dominant grasses of 

Boulder Tallgrass Prairie have very small seed bank 

size. Only 0.33% of the total germinated seedlings 

belonged to the dominant grasses of this 

prairie(Tab1e 18). This finding leads me to persue 

further study on seed reproduction of the two 



Table 18.  Seedlings of the dominant grasses of Boulder Tallgrass Prairie germinated under 
the Bioassay method during 1988-1990  - - 

Mesic unburned 
Mesic burned 
Total 

sites 
Xeric unburned 
Xeric burned 

Stipa comata 
6 

15 

Andropogon gerardii 
1 
4 

The total seedling count of all species during 1988-1990= 26,665 seedlings. 
Seed bank of the dominant grasses was approximately 0.33% of the total seed bank 

0 
0 

21 

Sorghastrum avenaceum 

-. 

19 -- -. 

3 
0 
8 

50 - 

9 
60 

53 - 
9 -. .. 

89 



dominant tallgrasses: Andro~oaon aerardii and 

Sorahastrum avenaceum. This topic is discussed in 

Chapter V. 

Seed banks of most forbs especially the ones 

on the xeric site tended to be enhanced by burning. 

About half of the most common seedlings of the 

xeric site showed significantly differences in 

seedling counts(K-W analysis) between the burned 

and the unburned plot at least once during the five 

collection times(Tab1e 13). On the mesic site 

about one third of the common species showed 

differences in seedling counts at least once during 

this study(Tab1e 14). Out of 43 of most common 

species, there were 22 species categorized as Fire 

enhanced species, 11 species categorized as Fire 

depressed species and 10 species categorized as 

Fire indifferent species(Tab1e 16,17). The seed 

bank of the major weedy forbs on the xeric site, 

Alvssum minus, was also depressed by fire. This 

result corresponds with the aboveground result 

mentioned in Chapter 111. Spring burning of 

Boulder Tallgrass Prairie successfully controlled 

the population of the annual spring blooming 

plants, such as Bromus spp. and Alvssum minus. 

Burning not only controlled the aboveground 



population but also caused a smaller seed bank in 

the burned plots. 

There are two possible ways that can cause 

reducing in seed bank sizes. First, seeds might be 

lost from the seed bank by germination following 

the fire. In that case, the aboveground cover for 

that particular species should be greater than that 

of the unburned plot, for example, the Medicaao 

lu~ulina. I noticed a lot of seedlings of Medicaao 

lu~ulina(one of the Fire depressed species) in the 

field while I was monitoring the vegetation. 

Therefore, seed bank was smaller in the burned site 

than the unburned site because of the loss due to 

germination. Also, S~orobolus asDer which has a 

small seed bank in the burned than the unburned 

plot has vegetation cover greater in the burned 

than the unburned plot. It seems likely that seeds 

were recruited from seed bank by post fire seed 

germination in the burned plot. A second possible 

factor causing smaller seed bank in the burned plot 

is that the individuals were burned before setting 

seeds. In this case, the aboveground cover of that 

species should be less in the burned than in the 

unburned plot. This may be the case for Bromu~ 



spp., as both vegetation and seed bank were less in 

the burned than in the unburned xeric site. 

KONZA SEED BANK 

A total of 90 soil samples were taken in June 

1990 and November 1990 from non-burn, ten year burn 

cycle and annually burn sites. Seeds of the seed 

bankgermination were identified with the bioassay 

method in the same manner as Boulder's soil 

samples. 

R E S U L T S  

A total of 28 species comprising 159 seedlings 

were found: 126 were monocots, 30 were dicots and 3 

were unidentifiable (Appendix B.2). A total of 20 

native and 8 introduced species were identified. 

Seventy one seedlings were from native plants 

(65.14%), 35 from introduced species(32.11%) and 3 

unknowns(2.75%). In contrast, 35% and 65% of the 

Boulder seed bank belonged to native and introduced 

species respectively. 

The Boulder Tallgrass seed bank had 3451 

2 seeds/m and Konza Tallgrass seed bank had 459 

2 seeds/m . My preliminary explanation for this 

remarkable difference is that as the undisturbed 



community reaches a stable stage, long lived 

perennial native species will maximize vegetative 

rather than sexual reproduction. By contrast, the 

Boulder Prairie contains many annuals and short 

lived perennial species that tend to have high seed 

production in comparison with the long lived 

perennial grasses. 

Among the Konza sites, the annual-burned site 

had the smallest seed bank(l2 seedlings/0.9 liter 

of soil). It was approximately one-sixth of the 

size of either non-burned(83 seedlings/0.9liter of 

soil) or ten year burn cycle(73 seedlings/0.9liter 

of soil). In the annual-burned site, neither 

spp. or Bromus (the exotic grasses) seeds was 

found. The non-burned and 10-yr-burned sites are 

similar to each other in their species composition 

and total seedlings. However, the ten yr-burned 

site had fewer numbers of Pea spp. and Bromus 

spp.than the non-burned site. In addition, 10 yr- 

burned site had more Andro~oaon uerardii(7 vs 3) 

and Sorahastrurn avenaceum(2 vs 0) germinated 

seedlings than non-burned site. 

Many short-lived annuals and perennials, were 

represented in the Boulder seed bank and could 

potentially, take over the relictual prairie. 



Although, Konza Prairie seed bank is 3 times 

smaller than the Boulder seed bank, the Konza seed 

bank has a higher ratio of tallgrass seeds in the 

seed bank as compared to Boulder seed bank. This 

suggests that Konza seed reservoir, even though 

small in size, will favor perpetuation of the 

Tallgrass Prairie as opposed to the situation for 

Boulder's Tallgrass Prairie, where the introduced 

species are favored in its seed bank. 

Boulder's Prairie has very large seed bank, 

which contains approximately 3451 seedlings/m2. 

However, only 0.33% belong to native grasses. 

According to this result, it seems less likely that 

Boulder Tallgrass Prairie could reproduce itself by 

means of sexual reproduction. If the vegetative 

parts of these grasses are destroyed or lost in 

some way such as overgrazing or ploughing, the 

whole community might not come back again. In 

order to help restore and enhance this Tallgrass 

Prairie, I suggest 3 management plans: 1) seeding 

and transplanting 2) Burning is required to 

eliminate the excess litter. 3 )  Hand-picking weeds 

is recommended, especially when weedy species are 

young or just start to establish after germination. 



SUMMARY 

Burning helped eliminated aboveground 

vegetation of major weedy species as well as seed 

bank reduct ion. 

The Boulder seed bank is extremely different 

from the Konza seed bank especially in terms of 

natives vs introduced species. 

TWO ALTERNATIVE METHODS OF SEED BANK 

ESTIMATION 

Species distributions describing by vegetation 

analysis and seed bank study, show remarkable 

differences in frequency of occurrence. The 50 

most frequently occurring species in each study are 

listed in Table 19. The dominant native grasses, 

for example, Chondrosum aracile, Andro~oaon 

aerardii, Sti~a comata, Sorahastrum avenaceurn and 

Panicum viraatum are ranked in the order of 

1,3,4,15 and 18 respectively in the vegetation 

cover frequency of occurrence. In contrast, they 

ranked in the order of 86,70,46,35 and no rank for 

Panicum viraatum(no seedlings of this species 

germinated from the seed bank) in the seed bank. 

The seed bank is the source of the above ground 

vegetation, and conversely, the aboveground 



'Table 19. The top 20 species occurring during vegetation monitoring and s e e d l i n g  
bioassay methods 

SPECIES 
Chondrosum (Bouteloua) gracile 
Poa spp. 
Andropogon gerardii 
Stipa comata 
Bromus spp. 
Plantaqo lanceolata 
Cichorium intybus 
Echinocereus viridiflorus 
Artemisia frigida 
Sporobolus asper 
Ambrosia artemisiifolia 

lSorghastrum avenaceum 15 35 

Aster vulgaris 
Carex pensylvanica ssp. heliophila 
Oligosporus pacificus 

VEGETATION 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 

Tragopogon dubius - -- 1 3  - - -- . - - - . 
Alyssum minus -- -- -- 15 - - - -. - - - -- -. -. 

----- 

BIOASSAY 
8 6  
2  ., 

70  
4 6 --- 
4 -- - 
7 
- .- 

20  
42 
5 

2 7  - -- ---- .- - - 
53  

12 
13 
14 

Buchloe dactyloides 
Panicum virgatum 

I ( - ) = THE SPECIES WERE NOT DETECTABLE UNDER THE BIOASSAY METHOD 

- 
- 
3 

16 
17 

95 - - .- - 
- .. -- 
- - ---- Opuntia fragilis 18 



vegetation is the source of seed bank. However, 

the lack of close correspondence between seed bank 

and vegetation was detected, and therefore, led me 

to ask following questions: 

1. Does the bioassay method represent an 

accurate measurement of seed bank? The actual 

composition of seed bank might not be revealed by 

the bioassay if there is seed dormancy. For 

dorminant seeds to germinate, particular 

requirements, such as the fluctuating temperature, 

light, scarification, and etc. must be met 

(Bradbeer, 1988) Those seeds unable to germinate 

under the conventional conditions required by most 

seeds, such as the conditions provided in the 

Bioassay method would not be detected. To provide 

an alternative measure of the seed bank that does 

not require germination investigate whether or not, 

the Mechanical separation method was called for. 

The results from this method can be compared with 

the results from the Bioassay method in terms of 

species compositions and species frequency 

occurrences. 

2. The measurement of frequency of occurrence 

of standing vegetation may not be a proper 

descriptor of input to seed bank. Rabinowitz(l981) 



suggested that the comparison of the species 

composition of seed bank and that of emerged adult 

plants are not comparable because the counting 

units are not equivalent. The rain of seeds onto 

the soil is a more direct and appropriate basis for 

assessment of similarity of the above ground and 

below ground populations because the seed rain is 

the most proximate source of the seed bank 

(Rabinowitz, 1981). In my study, the seed rain was 

chosen as a direct measurement of the input into 

seed bank. The result then is compared with the 

seed bank measured from both the Bioassay and the 

Mechanical separation methods. 

METHODS 

Alternative seed bank measure--Mechanical 

Separation Technique 

For comparison with the conventional bioassay 

described earlier, a floating technique (Malone, 

1967) for seed removal was performed. The floating 

technique, theoretically, allowed identification of 

all (or most) seeds in the soils including those 

that did not germinate in the bioassay. 

Ten soil samples per site per collection time 

were randomly chosen from Boulder total soil 



samples. These soil samples were subsets of the 

soils tested under the bioassay method, therefore, 

they can be directly compared. For this purpose, 

each soil sample was split in half(100ml) and two 

tests were run on the halved samples. The steps 

for mechanical separation are as follows: 

One hundred ml of a soil sample was placed in 

a solution of log sodium hexametaphosphate 

(Calgon), 5g sodium bicarbonate, and 25g magnesium 

sulphate (Epsom salts), dissolved in 200 ml of tap 

water. Once the soil sample was added, it was 

stirred vigorously with a glass rod for about two 

minutes, then the soil particles were allowed to 

settle. The debris containing the seeds floated to 

the top of the solution. The supernatant was then 

decanted on to filter paper and filtered with 

suction. The flotation and suction steps were 

repeated three times. The filter disks were 

scanned under a Zeiss dissecting microscope, and 

seeds were sorted into species when possible, or 

genera. Some seeds that were not identifiable by 

species were grouped together because of the 

similarity in their seed morphology as follows: 

Poa comDressa and Poa ~ratensi~ 



Anisantha(Bromus) tectorum and BromuS 

i a~onicus 

O ~ ~ ~ O S D O ~ U S  Dacificus and Artemisia friaida 

Juncus bufoniu~ and Juncus dudlevi 

Seeds obtained from soil samples were identified 

using seed manuals (Martin and Barkley, 1961; 

Montgomery, 1977) and the reference seed collection 

made at Boulder tallgrass prairie during this 

study. This seed collection is now deposited at 

the herbarium of the University of Colorado at 

Boulder. Seeds recovered from the soil were also 

dissected to determine if they contained endosperm 

and embryos; such seeds are referred to as viable 

seeds. 

Because the data were not normally 

distributed, non-parametric tests were required, 

i.e. (lithe Non-parametric Spearman's Rank 

Correlation Coefficient(Soka1 and Rohlf, 1981) for 

testing correlations of seed/seedling counts and 

( 2 )  Kolmogorov-Smirnov two sample test for 

differences in species frequency distribution 

between the two methods. The similarity between 

Bioassay, Mechanical methods was calculated by 

using Czekanowski Coefficient (Causton, 1988). The 



range of the coefficient is from O(comp1ete 

dissimilarity) to l(comp1ete identity). 

SEED RAIN AND SEED BANK 

Seed Rain was sampled by trapping seeds 

monthly in the field from August to November in 

1988, and from June to November in 1989 and 1990. 

The traps consisted of 10 X 10 X 1 cm wooden boxes. 

Hardware cloth was fastened over the top of the 

seed traps, allowing seeds to enter, but preventing 

access by vertebrate granivores. This trap was 

designed by Dr. Ron Pulliurn, University of Georgia. 

Traps were placed at nine points in a diagonal 

across each burned and unburned plot. Seed traps 

were emptied monthly from June to November, except 

in 1988 when the collections were made from August 

to November. Seeds were stored in coin envelopes 

at room temperature. Each sample was sorted by 

hand under a dissecting microscope. The seeds were 

identified by species and counted. 

The Spearman's Rank correlation Coefficient 

and Czekanowski coefficient were performed to test 

and calculated for any correlation and similarity 

of species representatives between the seed rain, 

bioassay and mechanical separation methods. 



Kolmogorov-Smirnov two sample test was additionally 

used to test for any differences in frequency 

distributions between the seed rain method and the 

other two methods, i.e. bioassay, and mechanical 

methods. 

RESULTS 

Numbers of seeds or seedling counts per 

species from Bioassay, Mechanical Separation and 

Seed Rain are listed in Table 20. The Spearman's 

Rank Correlation Coefficient showed highly 

significant negative correlations (plO.OO1) between 

paired comparisions of the three methods(Figure 5). 

Furthermore, Czekanowski's Coefficient indicated 

little similarity among the three methods(Figure 

5). The result from mechanical separation and seed 

rain comparision represented the lowest similarity. 

To further test if this low similarity might be 

caused by the frequency distribution differences, 

Kolmogorov-Smirnov two 

sample test was performed. The species that showed 

significant difference in frequency distribution 

between each paired-comparison among the methods 

were listed in Tables 21-23. 



Table 20. Species lists and numbers of seeds or seedlings counts from Bioassay 
(n=160), Mechanical separation(n=160) and Seed rain(n=144). Species in Bioassay 
were listed according to the frequency of occurrences from the highest to the 
lowest. The numbers in parenthesis means no of seeds or seedlings been found 
from that particular methods 

Bioassay 
Poa spp.(445) 
Juncus bufonius+J.dudleyi(246~ 
Artemisia frigida+ 
Oligosporus pacificus (1 27) 
Bromus spp. (1 17) 
Lepidium densiflorum (48) 
Silene antirrhina (41) 
Cichorium intybus (39) 
Dianthus armeria (39) 
Plantago lanceolata (32) 
Juncus arcticus (29) 
Verbascum thapsus (26) 
Festuca rubra (23) 

Lank 
1 
2 

3 
4 
5 
6 
7 
8 
9 

10  
11  
12 

--- Mechanical Separation 
Poa spp. (113) 
Juncus bufonius+J.dudleyi (287; 
Artemisia frigida+ 
Oligos p orus p acificus ( 62 ) 
Bromus spp. (139) 
Lepidium densiflorum (4) 
Silene antirrhina(62) 
Cichorium intybus (25) 
Dianthus armeria (92) 
Plantago lanceolata (36) 
Juncus arcticus (3) 

--- 

Seed Rain 
Poa spp. (71 3) --- 
Juncus bufonius+J.dudleyi (3) 
Artemisia frigida+ 
Oliosporus pacificus (969) 
Bromus spp. (447) 

2Lepidium densiflorum (21 8) 
Silene antirrhina19 
~ichor ium intybus 0304) -- 

Dianthus armeria (28) 
Plantago lanceolata (221) - 

- 

Festuca rubra (54) 

Lank 
4 
1 

10  
3 

3 
9 

1 8 
5 

1 4 
3 7 

Linaria canadensis (23) 
Tragopogon dubius (22) 
Alyssum minus (19) 
Sisymbrium altissimum (1 9) 
Veronica perigrina (1 8) 
Camelina microcarpa (1 7) 
Erigeron flagellaris (1 5) 
Mollugo verticillata (12) 
Talinum parvGorum (1 1 ) 

- 
-ank 

- 2 
-- 4 0  

1 - 
3 - - 

-- 6 
-- 30  
-- 4 
-- 16 
-- 5 
-- 
--- 
12 -- 

--- 
34,Tragpp~gondubius~10) 

Alyssum minus (64) 
Sisymbrium alt&sirnum (1 1 -- 

----- . 

Erigeron -- flagellaris -- (22 

~A 

_29 
11 - - 
53 

.- 

- 
- 43 
-- 

13 - 
1 4 
15 
1 6 
17 
18  
19 
2 0 
2 1 

Tragopogon dubius (4) 
Alyssum minus (2) 

Mollugo verticillata (2) -- 
Talinum parviflorum (26) 

4 7 

4 2 
17 
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 able 20. c o n t .  
Bioassay 

Trisetum spicatum (2) 
Lomatium occidentale (2) 
Gnaphalium stramineum (2) 

- 
rank .- 

48 
49 
50  

Mechanical Separation 

- 
- 

Hypericum perforatum (2) 
Potentilla anglica (2) 
Draba reptans (2) 
Artemesia ludoviciana (1) 
Mariscus fendlerianus (1) 
Bouteloua gracilis (1 ) 
Eleocharis palustris (1) 
Chamaesyce serpyllifolia (1) . 

Carex sp. (1) 
Unknown monocots (1) 
Cirsium arvense (1) 
Died dicots (1) 
Androsace occidentalis (1) 
Lactuca serriola (1) 
Tradescantia occidentalis (1) 
Medicago lupulina (1) 
Critesion brachyantherum (1) 
Calylophus serrulata (1) 
Verbena bracteata (1) 
Oenothera villosa (1) 

- 

-ank 

A 

A 

. . - -  

.- - -- Seed .- Rain - -. - . . . - . . 

- - - - . - -. . . .- 

_____--___ . _ . 
-. - _. . _ . . 

5  1 
5 2  
5 3  
54 
55 
5 6  
5 7 
58  
59  
6 0  
6 1 
6 2  
6 3 
64 
6 5 
6 6  
6 7 
68  
6 9  
70 

anh 

z. 

- 
- - 

Hypericum perforaturn - -.. (24) - - - 

-- 
--_I_- ---- 

- 
Bouteloua gracilis (1 4) - -- - - 

---___-_.-____ 
. . 

-- 

Cirsium arvense (1) - - - - . - - . .- 

-- ..--- - - . - . - 

Lacluca serriola (1 31 - -..- 
---- -.- .- ..--. . . - 
Medicago lupulina Q?) --- - 

u -. . - -. . 

- L.. - -. - -. 

-- --- - -. -- - .- ..- . -. . . 

Oenolhera - - - - -. -- villosa - - . (8) -. . 

cryptandrus (28)- .- - - - - - . . 

Chenopod~um - -- --. leptophyllum .- -- ,... (101 . 
Camilina microcarpa - -. - - - .. (42) -- 

. 1 8  . -. 

- 
.- 

_P 

- 
. - 25 .- 
.-  

- - 
- 
4 8 -- 

- 
= 

26  

- 
2 3 -. -. 

- 
.- 

=?= 

3 2  .- 

15 - - -- 
8 - 

13 . . 

a 

- 
Draba reptans (2) 

A- 

48 

- 

Bouteloua gracilis (1) 
Eleocharis palustris (32) 

Carex spp. (9) 
- 

Cirsium arvense (4) 

- 
Androsace occidentalis (1 ) 

Tradescantia occidentalis (1 ) 
Medicago - luelina - (8) 
Critesion brachyantherum (1) 

- 
Verbena bracteata (3) 

- -- 
S~porobolus cryptandrus 
Chenopodium Ieptophyllum (81) 
Camelina k ic rocarm43)  
~ype<s esculentus (1 8) 

5 1 -- 

16 

26 

- 
36 

64 

6 1 -- 

2 7 
6 3 

-. 

38 - 

(215)-~~~Sporobolus -. 

. - -. 6 
-- 13 - 
23 
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Table 20. cont. 
Bioassay ranh 

- 
- 

~echanical Separation 

- 
- 

- 

- 

- 

-- 
rank 

Oligoneuron rgdum (3) -- -- -- - - . . 
Daucus carola (3) 

- - - -- . . . . 

Liatris punctata (3J 
. - -. -. . . .. - 

Solidago sep. (3) - - - - -.- .- . . . -. 

Gutierrezia sarolhrae (3 - - - - - 
- -- - - - - - -. ,.. 

- -- .. 

Seed Rain .-___. .. 

3 6  - . . 

. 3 - 7 
38 . . . . 

3 9 .-. .. 

4 1 
. .- . . 

- -  _-.+_ ._ 

Centauria diffussa 4) -- - .- -___ .. 
Carex pensylvanica subsp. -- - 

.. 

. 
-ank 

. _. 

4 4  

. 

heliophlla_II) -- - -- - _ . 

Muhlenbergia arenicola (1  1 
. -.. - 

Lupinus argenleus (1 ) 

4 5 -. .. 

4 7 
. . . 

5 2, 





Table 21. Frequency of seeds and seedlings comparison 
between Bioassay and Mechanical Separation methods and 
significant value of Kolmogorov- Smirnov test for 
differences in frequency distributions - - 

1 Species 1 Bioassay i~echanical l  Significance 

1251 * * *  IArtemisia frigida 
Monarda pectinata 
Tragopogon dubius 
Lepidium densiflorum 
Erodium cicutarium 
Alyssum minus 
Camelina microcarpa 
Verbascum thapsus 

7 
22  
48 

7 
1 9  

Erigeron flgellaris 
Senecio spartioides 
Sisymbrium altissimum 
Linaria cannadensis 
Sporobolus asper 
Grindelia squarrosa 

1 

1 7  
26  

Festuca rubra 
Cichorium intybus 
Sporobolus cryptandrus 
Chenopodium leptophyllum 
Neolepia campestre 
Poa spp. 
Medicago lupulina 
Juncus marginatus 
Juncus bufonius+J.dudleyi 
Ambrosia artemissiifolia 
Stipa comata 
Veronica peregrina 
Epilobium ciliaturn 

3 4  
4 
5 

7 5  
2 

1 6  
4 

1 9  
23  
1 7  

5 

Andropogon gerardii 
Juncus arcticus 
Allium textile 
Echinocereus viridiflorus 

t 4 C  

* * *  

t 

* 
-- - 

4 3  
0 

23 
5 

40  
0 
3 

456 
1 
5 

248 
5 
3 

18  
4 

* 
* * +  

0 
0 
0 
0 

4 3  
0 

9 
29  

0 
3 

* • 

t 

* 
* 

* 
- - 

0 
25 

228 
8 1 
25 

120 
8 
0 

287 
23 
2 4  
0 
0 

* + *  

I * t  

+  

* * *  

* + +  

t 

* . . *  

+ * *  

I + t  

* * *  
f 

0  
3 
5 
69 

-- 

* +  

t t *  

. + +  



I Table 2 1 cont  . i 

Significance 
1 * 

t f f  

i I 

Species I Bioassay I ~echan i ca l  

'=P-value 10.05, **=P-value 50.01, "*=P-value10.001 

1 2  
0 

32 

Carex sp. 1 0 
Agrostis gigantea 
Eleocharis palustris 

8 
0 



T a b l e  2 2 .  F r e q u e n c y  o f  s e e d s  and  s e e d l i n g s  o f  S e e d  r a i 2  
and  Bioassay methods  a n d  r e s u l t s  o f  K o l m o g o r o v - S m i r ~ e v  
two-sample  t e s t  f o r  d i f f e r e n c e s  i n  f r e q u e n c y  
d i s t r i b u t i o n  

Species / Bioassay I Seed Rain !Significance 
Olgosporus pacificus+ I 9 8 

i Artemisia frigida 
9691 . 

Talinum parviflorum 1 171 0  I ... 
Monarda pectinata I 6  1 I /  
Heterotheca fulcrata i 0  1 8 / ... 

2 1  81 . . 
0 1 

4 21 
. . . 

0 1 ... 

Lepidium densiflorum 2  4  
Erodium cicutarium I 4  
Camelina microcarpa 

, 

Verbascum thapsus 
4  9 
1 4  

Triodanis perfoliata 9 0  . 
Conyza canadensis 
Silene antirrhina 
Senecio spartioides 
Bromus spp. 
Sisymbrium altissimum 
Linaria cannadensis 
Sporobolus asper 
Grindelia subalpina 
Draba reptans 
Festuca rubra 
Cichorium intybus 
Chenopodium leptophyllum 
Lactuca serriola 
Poa spp. 
Juncus bufonius+J.dudleyi 
Stipa comata 
Sorghastrum avenaceum 
Veronica peregrina 
Plantago lanceolata 
Typha sp. 
Andropogon gerardii 
Juncus arcticus 
Aristida purpurea i 

0  
4 4  

3 
1 1 7  

1 0  
3  

1 2  
2  
8 

1 4 .  
1 1  

1  
4  

467  
1 6 7  

1  
2 

. . 

... ... ... . . 
Bouteloua curtipendula 
Panicum virgatum 
Oligoneuron rigidum 
Agrostis gigantea 

3 6 
9 

2 5 ,  
4 4 7 '  

1  
0  

1 7 0  

- P-value 50.001 = P-values 0.05, ** = P-value50.01, **' - 

... . . . 

. . *  

. . . ... 

. . 

. .  . ... ... 

141 0  

0  1 1 4  

3  1  
4 
0  
7  
0  

0  
0  
0  

0 I 

2 2 1  
0  
7  
0  
4 

' 2 3  
3 

7 5  

0  
5  4  

3 0 4  
1 0 1  

1 3  

... ... 

... . . . . 
7 1  3'  

3  
6 5  
2 3  

. . . 

... ... 



Table 23. Significant differences in frequency 
distributions of seeds and seedlings between Mechanical 
Separation and Seed Rain methods using Kolmogorov- 
Smirnov two sample t e s t  

Species 

Oligosporus pacificus + 
Artemisia frigida 
Talinum parviflorum 
Monarda pectinata 
Heterotheca fulcrata 
Lepidium densiflorum 

Mechanical 1 Seed Rain 3ignificanc( 
counts 

5 3  

Erodium cicutarium I 5 2  

counts 1 
9 6 9 )  ... 

1 

0 ! ... 
Alyssum minus 
Camelina microcarpa 
Conyza canadensis 
Silene antirrhina 
Senecio spartioides 
Bromus spp. 
Sporobolus asper 
Hypericum perforaturn 
Cichorium intybus 
Sporobolus cryptandrus 
Chenopodium leptophyllum 
Neolepia campestre 
Lactuca serriola 
Poa spp. 
Juncus bufonius+J.dudleyi 
Ambrosia artimissifolia 
Stipa comata 
Sorghastrum avenaceum 
Dianthus ameria 
Plantago lanceolata 
Andropogon gerardii 
Echinocereus viridiflorus 
Bouteloua curtipendula 
Panicum virgatum 
Agrostis gigantea 
Eleocharis palustris 1 

... 
*.. 

241 0 
3 0  

0  

= P-values 0.05, " = P-values0.01, "' = P-value ~0 .001  

I I I 

1  
8 ,  

3  

... 

... . . 
*.. 

2 1 6 4 .  

21  81 . . 

4 2  
1  

4 5  

4 2  
3  6  

9 
0 

1 1 9  
3  1  

0 
2  4 

2  51 ... 
4 4 7  
1 7 0  

2 4  
3 0 4  

... 
. . 
t . 

+ . *  

... ... ... 

... 
t . . ... . . 

. . . 
. . ... . ... 

751 2  8 
751 1 0 1  
2  1  
0 

1 0 3  
2 7 0  

1 8  
2  3 

3  
8 1 
3 4  

0 
60.  

1  
0 ,  

0 
1 3  

71 3 
3  
0 

6  5  
2 3 
2  8 

2 1  1  
7  
1  

1 4  

2 3 ,  
0 

2  8 
7 5 )  . . 

0 1 ..t 



The total number of seeds or seedlings from 

each method, including the total number of shared 

species and species unique to one or two method is 

shown in Tables 24-26. 

Table 27 shows 25 species of seeds/seedlings 

common to bioassay, mechanical and seed rain 

methods. Table 28 presents 80 species, unique to 

either one or two of these three methods, but not 

all three methods. 

The total species found in each method were 

close in numbers, between 50 and 70 .  However, only 

25 species were common to all three methods. For 

each comparison, approximately half of the species 

were common to both methods and half were uncommon. 

Seed Rain provided the lowest total species count, 

as compared to the bioassay and mechanical methods. 

DISCUSSION 

Bioassay and Mechanical separation 

Species composition in seed bank as measured 

by the bioassay and mechanical separation methods 

were strikingly different. The Bioassay and 

Mechanical separation showed significantly high 

negative correlation, indicating that species most 

common in one tended to be least common in the 



Table 2 4 .  Comparison between Bioassay and Mechanical 
s epa ra t i on  i n  t o t a l  number of  s eeds / s eed l ings  from each  
method, and t h e  t o t a l  number of shared s p e c i e s  and 
spec i e s  unique t o  one method 

Tota l  spec i e s  

Tota l  seed o r  

s eed l ing  counts 

Common spec i e s  

BIOASSAY 

Unique spec i e s  2 7  

(only  found with t h a t  

p a r t i c u l a r  method) 

MECHANICAL 

EXTRACTION 

6 2 



Table 25. Comparison between Bioassay and Seed 2 a i n  in 
total number of seeds/seedlings from each method, and 
the total number of shared species and species unique 
to one method 

BIOASSAY 

Total species 6 2 

Total seed or 

seedling counts 

Common species 

Unique species 

(only found with that 

particular method) 

SEED RAIN 

5 4 



Table 2 6 .  Comparison between Mechanical s epa ra t i on  ar,d 
Seed Rain i n  t o t a l  number of seeds / seed l ings  from each 
method, and t h e  t o t a l  number of shared spec i e s  and 
spec i e s  unique t o  one method 

To ta l  spec i e s  

Tota l  seed o r  

s eed l ing  counts 

MECXANICAL 

SEPARATION 

6 2 

Common spec i e s  30 

Unique s p e c i e s  3 2  

(only  found with t h a t  

p a r t i c u l a r  method) 

SEED R A I N  

5 4  



Table 27. Species list of 25 species of seeds/seealin;s 

common to Bioassay(n=160), Mechanical Separation(n=160) and 

Seed Rain (n=144 ) methods 

~ O ~ E T , T , A  WT r- - 
BROMUS SPP.  - - - 
v - - 

M DENSIFT,- - - - - - 
PQB S P P .  - - - - 
STIPACOMATA - 



Table 28, S p e c i e s  list o f  8 0  un ique  s p e c i e s  of 100 

s e e d s / s e e d l i n g s  found  i n  e i t h e r  one o r  two of these 

methods : B i o a s s a y  (n=l60) , E x t r a c t i o n  (n=160) and 

Trapp ing (n=144)  

- - - - - 
OLIGOSANTHES - - 
ELEOCHARIS SP. - 



Table 28, Species lisc of 80 i;r;ique species of 

seeds/seedlings found in either one or two of these 

methods :Bioassay (n=l60) , Extraction (n=160) and 
Trapping(n=144) 

PHYSALIS SP. - - - - 
,5dLuAm SP. - - 
TRADESCANTIA 

OCCIDENTALIS - 
TYPHA SP. - - - 



other. The Czekanowski's Coefficient was only 

0 . 5 0 ( 5 0 %  similarity). Some species showed up more 

frequently in one method as compared to another 

method. For example, Q ~ ~ U O S D O ~ U S  ~acificu~ and 

Artemisia friaida were found approximately twice as 

frequently with bioassay as with the mechanical 

separation. In contrast, Erodium cicutariuq was 

ten times more common with the mechanical 

separation as compared to the bioassay method (see 

Table 21 for other examples). 

This lack of correspondence between Bioassay 

and Mechanical separation may arise from two 

sources: It is possible that small seeds are not 

recovered with the mechanical separation. Most 

species that showed lower frequency under the 

mechanical separation had very small seed size. 

Perhaps the solution concentration for 

extracting(f1oating) seeds was not right for 

species of all sizes or shapes, and therefore, some 

may have been missing during the process of 

separation. Malone, who proposed this technique, 

claimed that the method is typically 100% efficient 

in extracting all seeds (Malone, 1967). However, 

more testing on Malone's floating technique should 

be performed in order to see if it is indeed 



equally suited for all sizes and for different seed 

morphology. 

In addition, the fact that some species were 

found less frequently with the bioassay method than 

with the mechanical separation method(Tab1e 2 9 )  may 

be due to their germination requirements. These 

species may not germinate under conventional 

conditions because of dormancy which must be broken 

by special conditions before germination can take 

place. These requirements may not have been met 

under the bioassay method. 

After conducting both methods of assessing the 

seed bank, I conclude that Mechanical separation is 

important because it helps complete the information 

gathered from the bioassay method alone, especially 

in terms of seed dormancy. Furture needs in seed 

morphology and seed size studies, related to 

contrasting results between the Mechanical 

separation method and the Bioassay method as well 

as the germination requirements of seeds are 

suggested to be explored in order to assess the 

proper method for seed bank recruitment. 





Seed rain and seed bank 

There was surprisingly little correlation in 

species composition between seed rain and either 

measure of seed bank species, i.e. bioassay and 

mechanical separation methods. The Czekanowski 

Coefficient for seed rain vs. bioassay was 

0.43(43%), almost twice as much agreement as 

between mechanical separation vs. seed rain(0.24 or 

24%). 

There are three possible causes for these 

differences in results across methods. The first 

is methodological: 

Trapping for my study was not done year round. 

The monitoring was performed only during the 

growing seasons, spring and summer. There might be 

some seeds produced beyond these times that were 

unrecorded. 

The second and third are biological: Both 

mechanical and bioassay methods for seed bank 

composition represent an actual measure of 

underground seed storage. They were the results of 

accumulation and screening processes occuring over 

time. Seed rain represents the input which has yet 

to be subjected to the screening processes before 

becoming part of the seed bank. Seeds must first 



go through the filtration processes of predators, 

diseases, aging, and death before they are part of 

the seed bank. Thus, the seed bank is dynamic with 

constant input from seed rain and non-random loss 

due to screening processes through time. Dormant 

long-lived seeds could cause increasing in 

dissimilarity between extraction and trapping. 

Dormant long-lived seeds will accumulate through 

time without loss by germination or death. The 

disproportion in seed bank compartment will 

increase the gap differences between seed rain and 

seed bank. 

Trapping might favor more short-lived seeds 

that would die and decay or germinate before being 

detectable in a bioassay or mechanical separation 

method(Tab1e 30). Interestingly, this list 

included most dominant grasses of Boulder Tallgrass 

Prairie: Andro~oaon aerardii, 3orahastrum 

avenaceum, Panicum viraatum and Aarostis aiqantea. 

This implied that seeds of most dominant grasses in 

this grassland are short-lived or have little 

dormancy. Therefore, their seed bank is very small 

as compared to others. The other factor that can 

cause the variation in sizes of seed bank might be 

partly due to the seed productivity of each 





species. For example, the high numbers of seeds of 

both Pea spp.and Bromus spp were found in seed 

rain. This evidence implies that both species are 

very productive in terms of seed production, even 

though they are short-lived and most seeds are lost 

before germination. In contrast, the opposite was 

true for the 4 dominant grasses mentioned above, 

where not only are they short-lived seeds, but also 

they are less productive. Thus their occurrences 

are quite low in all methods. 

SUMMARY 

The seed bank did not well correspond to 

species distribution frequency of the aboveground 

vegetation. The Bioassay method alone does not 

represent an accurate measurement of seed bank, as 

some species were found less frequently with the 

Bioassay method than with the Mechanical separation 

method. On the other hand, the bioassay method was 

very useful for recruiting most of the seeds which 

normally do not require special treatments for 

germination. Therefore, both Bioassay and 

Mechanical separation methods are suggested as 

complementary methods in order to get the complete 

information on the seed bank composition. 



Seed rain is a measure of initial input into 

seed bank but there are many other processes that 

determine the actual composition of the seed bank 

such as, predators, diseases, germination loss, 

aging and death. The seed bank is thus dynamic and 

representing an instantaneous balance between input 

from seed rain and loss due to seed bank dynamics. 

To fil the gaps between seed rain and seed bank in 

this study, seedling recruitments in the field as 

well as monitoring seed bank and seed rain all year 

round are suggested to be performed. 



CHAPTER V 

SEED PRODUCTION 

INTRODUCTION 

Andro~oaon aerardii and Sorahastrum avenaceum 

are the most abundant and most characteristic 

grasses of Tallgrass Prairies. Therefore, I 

expected to find a large seed bank of these two 

dominant species. However, very few seedlings 

germinated under the bioassay method (chapter IV) . 
To find out what might be the reason for the 

presence of so few seeds of the two dominant 

grasses in the seed bank, I studied seed production 

of the inflorescences. 

During my observations, I found infestations 

by parasitic pupae of Gall midges(0rder Diptera, 

Family Cecidomyiidae) inside the florets of both 

species. As a result, seeds did not develop, and 

therefore the plants had reduced seed set. The 

mechanism of how this parasite functions is not 

clear at the moment, but it seems to me that the 

parasites compete with the developing seeds for the 



nutrients that normally provide seed growth. The 

Gall midges lay the eggs inside the florets near 

the ovary and only one pupa develops in a position 

parallel to and behind the ovary. When the pupa is 

fully developed, it fits well inside the floret 

where the seed is supposed to be. In addition, 

there are midge parasites(0rder Hymenoptera), a 

secondary parasite, which infest the Gall midge 

larvae and may affect their population dynamics. 

Midge parasites feed on the hernolymph of the larvae 

of the Gall midge. 

These observations led me to ask the following 

questions: 

1. How large was the seed output per 

inflorescence for Andro~oaon uerardii and 

Sorahastrum avenaceum from Konza Prairie versus 

Boulder Tallgrass Prairie plants? 

2. Does burning have any effect on the number 

of flowers, seeds, parasitic pupae and egg 

parasites? 

3. Do different burning regimes have any 

effects on the number of flowers, seeds, 

infestations of parasitic pupae and population of 

midge parasites? 



In addition to focusing on the effects of fire 

upon seed reproduction and parasitism, I was also 

interested in the roles of fire in terms of seed 

quality (seed weight). Therefore, I also asked the 

following questions: 

1. Does burning cause changes in seed weight? 

2. Do different burning regimes correlate with 

changes in seed weight? 

METHODS 

Inflorescences of Andro~oaon aerardii and 

Sorahastrum avenaceurq, were randomly chosen at 

least two meters apart and collected from Boulder 

and Konza Prairie study sites in November 1989 and 

November 1990. In 1989, 25 inflorescences were 

sampled per species per site; in 1990, 10 

inflorescences were sampled per species per site. 

Study sites where inflorescences were collected are 

listed in Table 31. A stereomicroscope was used 

for dissecting the florets where the seeds, pupae 

and midge parasites are located. Numbers of 

florets, seeds, pupae and midge parasites were 

counted per inflorescence. The mean differences of 

florets, seeds, pupae, egg parasites and seed 

weight were tested by using Kruskal-Wallis 



T a b l e  3 1 .  S t u d y  s i t e s  a n d  s p e c i e s  c o l l e c t e d  for 
a n a l y s e s  o f  r e p r o d u c t i o n  b i o l o g y  

S i t e s  - Sorahast rum 

a e r a r w  d .  - a v e n a s c w  

1 9 8 9  1990 1 9 8 9  1990  

- Sorahast rum 

a e r a r w  d .  - a v e n a s c w  

1 9 8 9  1990 1 9 8 9  1990  

Konza : 

Non-burned X 

4 - y e a r - b u r n e d  X 

A n n u a l - b u r n e d  X 

1 0 - y e a r - b u r n e d  - 
T o t a l  

I n f l o r e s c e n c e s  

Boulder : 

Xeric u n b u r n e d  X 

Xeric b u r n e d  X 

Mesic u n b u r n e d  - 

Mesic b u r n e d  - 
Mesic, c a t t l e  g r a z e d  - 
T o t a l  

I n f l o r e s c e n c e s  

X means s a m p l i n g s  

- means n o  s a m p l i n g s  



analysis. Additional comparisons of percent seed 

set, seed parasitism and secondary parasitism were 

carried out as well. The descriptions and meanings 

of each calculation are as follows: 

1. Percent seed set 

Definition: 

= m ean of seeds/inflorescence X 100 
mean of florets/inflorescence 

This value represents percent success in seed 

reproduction effort. 

2. Percent seed parasitized 

Definition: 

= mean of ~u~ae/inflorescence X 10Q 
mean of pupae+seeds/inflorescence 

This value represents the percent of potential seed 

infected by pupae. 

3. Percent midge parasites per floret 

Definition: 

=mean of midae ~arasites/inflorescence X 10Q 
mean of floret/inflorescence 

This value shows the relative proportion of midge 

parasites per floret. 



RESULTS 

KONZA : Andropogon gerardii(Tab1e 32) 

In 1989, no significant differences in floret 

numbers per inflorescence were detected between the 

non-burned and the annual burned sites(p=0.94). 

However, the floret numbers at the annual burned 

site were significantly higher than that of the 4-  

year-burned site(p=0.01). In 1990, the annual 

burned site was the one that had the lowest floret 

numbers of all sites; comparisons of significance 

with other sites are as follows: non-burned 

(p<0.05), 10-year-burned(p=0.07) and 4-year- 

burned(p=0.07) sites. 

In 1989, the annual burned site had 

significantly higher seed numbers than both non- 

burned and 4-year-burned sites(p<0.05). However, 

in 1990, the 4-year-burned site had significantly 

higher seed numbers than the other sites(p10.001). 

In 1989, there were significantly higher pupae 

numbers per inflorescence on the non-burned than on 

the annual burned and 4-year-burned sites(p<0.05). 

However, in 1990, there were no significant 

differences in pupae numbers among sites. Percent 

seed parasitized varied during the two years of 

investigations. 
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In 1989, midge parasites were significantly 

higher in the 4-year-burned than in the annual 

burned ~ite(pc0.01)~ and the non-burned site, while 

the latters showed no differences. However, in 

1990, when the 10-year-burned site was first 

included, it was this site that showed the highest 

numbers of midge parasites as compared to the other 

sites(p10.01). Meanwhile, the non-burned, the 4- 

year-burned and the annual burned showed no 

significant differences in midge parasite numbers 

In general, both pupa and midge parasite 

populations fluctuated in size quite a lot among 

and within sites during the two years of study 

(Table 32, 33) . 
Seed weight from the 4-year-burned site of 

1989 was significantly higher than that at all 

other sites(pc0.05). However, no significant 

differences were found among the sites in 1990 

(Table 32) . 

KONZA: Sorghastrum avenastrum(Tab1e 33) 

No significant differences in floret numbers 

were found among the Konza sites either in 1989 or 

1990. 



Table 33. Mean florets, mean seeds, mean pupae , mean midge parasites, mean seed weight (mg) 
of 5 seeds, %seeds set, %seeds parasitized, %pupae and %midge parasites of Sorqhas t rum 
avenaceua in 1989-1990 from Konza and Boulder Tallgrass Prairie ( -  means no records) 

.. -- . -- - -. - -- - 

- Year Konza Konza Konza ~ o n z a  Boulder - Boulder - - - - - -. . . - - - - - . Boulder 
Non burn 10 yr burn 4 yr burn Annual burn Meric p r a z e d i r r  unburn jMesic burn 

MEAN MIDGE 1989 0 0 0 3.08k5.4 
-. 

PARASITEiSD 1990 0 0 0 0 

- 
MEAN SEED WEIGHT 1 9 8 9 6.4521 .O --Gxi3l 3.88k0.9 7.80k1.3 7.75f 0.9 
(5 seeds) f SO 1990 1 1.50f 5.0 9.87f1 .O 10.69f2.1 0 7.43k2.0 

.- 

MEAN FLORET 
*SD 
MUIN SEED 
 SO 
MEAN PUPA 

YSEEDS SET 1989 36.36 33.54 16.99 
1990 1.55 16.23 7.44 0 15.37 

YSEEB 1989 0 0.09 0.1 5 0.63 -- 
PARASITIZED -- 1990 0 0 0 0 0 0 - 
%MIDGE PARASITES 1 9 8 9 0 0 0 3.54 0.55 

1989 
1990 
1989 
1990 
1989 

159.8f43.8 
71 .Of 18.0 
58.1f34.7 

1 .lf2.0 
0 

80.1f30.2 

13.0f 16.7 

134.3247.2 
103.5k46.4 
45.0f34.3 
7.7f 12.5 
0.04f0.2 

160.8f43.3 
87.9f42.7 
27.3k20.2 

0 
0.04f 0.2 

77.4f23.0 

11.9f 15.2 - 

87.0k53.4 - - 
87.1 +36.1 
13.3A21.7 - -- - - -- 
46.1f29.6 
0.44f 1.6 

108.6k53.2 ---. 

. 128.6f 74.0 - 

191t16.5 - - 
.- 51 -6354.2 --- 

0.122 0.3 -- 



In 1989, seed numbers on the annual burned 

site were significantly lower than on the non- 

burned (p<0.01) and the 4-year-burned (p<0.05) 

site. In 1990, there was no seed found in the 

inflorescences of the annual burned site. The 

annual burned site differed significantly from the 

10-year-burned (p<0.01); the 4-year-burned 

(p=0.005); and the non-burned (p=0.07) sites. 

However, in the same year, the 4-year-burned site 

showed no significant differences in seed numbers 

as compared to the 10-year-burned and non-burned 

sites. There were significantly more seeds at the 

10-year-burned site than at the non-burned 

site(pc0.05). 

Sorahastrum avenaceurq showed tremendous 

reduction both in floret numbers and in percent 

seed set from 1989 to 1990. This pattern is 

probably not associated with burning regime, 

because if one looks at the trend of seed numbers 

varying between 1989 to 1990, one sees the same 

trend across all sites, regardless of burning 

regimes. 

NO significant differences in populations of 

mean pupae and midge parasites were detected among 

sites in either 1989 or 1990. In addition, 



parasitism did not seem to be the major factor 

controlling seed production for Konza Poruhastrum 

avenaceum, as the pupae were found only in 1989 at 

the 4-year-burned and annual burned sites. No 

midge parasites were found either in 1989 or 1990. 

In 1989, seeds from the 4-year-burned site 

weighed significantly more than seeds from annual 

burn sites(pc0.001), but not significantly more 

than those from the non-burned site. However, I 

noticed that most seeds of the 4-year-burned showed 

little variation in seed sizes, and appearing 

fuller when compared to seeds at the non-burned 

site. In 1990, however, there were no differences 

in mean seed weight in plants from any of the 

sites. No seeds were produced at the annual burned 

site in 1990. 

BOULDER: Andropogon gerardii(Tab1e 3 2 )  

In 1989 and 1990 data on floret numbers, seed 

counts, pupae, midge parasites and seed weights 

were collected from the xeric burned and unburned 

sites. In 1990, these data were also collected for 

the mesic burned, mesic unburned, and mesic grazed 

sites. No significant differences among sites were 

found in numbers of florets, seeds, or pupae in 



either year. However, the mesic grazed site had 

significantly more egg parasites than the unburned 

mesic(p<0.05) and slightly more than the burned 

xeric site (p=O. 09) . 
For Boulder, percent seed set and percent seed 

parasitized were dramatically different in 1989 and 

1990. The percent seed set increased by 51 and 132 

fold for the xeric unburned and xeric burned sites 

respectively from 1989 to 1990. Meanwhile, the 

percent seed parasitized decreased by 23 fold for 

both xeric unburned and xeric burned sites from 

1989 to 1990. Percent midge parasites per floret 

varied from year to year. 

In 1989, seeds from the xeric unburned site 

seemed to be heavier than the xeric burned site. 

However, the mean differences in seed numbers 

between the two sites of 1989 could not be 

statistically tested by Kruskal-Wallis analysis, 

since there was only one replicate of seed weight 

data in each site. No distinctions in seed weights 

across sites were found in 1990. 

BOULDER: Sorghastrum avenaceum(Tab1e 33) 

In 1989, the mesic burned site produced 

significantly higher floret numbers(p=O.Ol) and 



seed numbers(p<0.05) than the mesic unburned site. 

However, there were no significant differences in 

floret and seed numbers between these sites for 

1990. In that year, the mesic grazed site had 

slightly fewer floret numbers than the mesic 

unburned site(p=0.09), and significantly fewer seed 

numbers than both the mesic unburned(p=0.004) and 

the mesic burned(p<0.05) sites. 

In 1989, percent seed set of Sorahastrum 

avenaceum was higher in the mesic burned than in 

the mesic unburned site. However, in 1990, the 

mesic unburned site had the highest percent seed 

set, followed by mesic burned and mesic grazed 

respectively. 

There were no differences in numbers of pupae 

per inflorescence on any mesic site in either 1989 

or 1990. However, the percent seed parasitized, 

percent midge parasites per floret were all higher 

in the mesic unburned than the mesic burned site in 

1989. Both pupae and midge parasites decreased in 

numbers from 1989 to 1990. 

In 1989, significantly more midge parasites 

were found in plants from the mesic unburned site 

than from the mesic burned site. In 1990, neither 

pupae nor midge parasites were found in the three 



Boulder sites: mesic burned, mesic unburned and 

mesic grazed. 

In 1989, there were no differences in seed 

weights from mesic unburned and mesic burned 

plants (Table 45) . However, in 1990, mesic burned 

seeds were significantly heavier than mesic 

unburned(p=0.001) and mesic grazed(p<0.05) sites 

(Table 33). 

DISCUSSION 

FLORET PRODUCTION 

In general, floret numbers varied among 

different burning regimes and locations. However, 

many of these differences were not statistically 

significant. Also, floret numbers changed quite 

dramatically during the two years of study. In 

overview, floret numbers at Konza seemed to be 

greater than at Boulder if one takes the mean 

floret numbers of Konza and Boulder into account. 

For example, the two year mean floret numbers of 

Sorahastrum avenaceum at Konza and Boulder were 119 

and 102 respectively. The two year mean florets of 

Andr0~0~0n aerardii at Konza and Boulder were 122 

and 96 respectively. This result confirmed the 

finding of Sala et a1.(1988) on the productivity of 



central grasslands of the United States. The 

conclusion of their study was that "Lowest values 

of aboveground net primary production were observed 

in the west and highest in the east. The pattern 

of production reflected the east-west gradient in 

annual precipitation". The floret production at 

these sites can be thought of as an indication of 

reproductive effort, and seemed to follow this 

pattern as the Konza and Boulder Prairies 

represented the east and the west central 

*grassland. The mean annual precipitation is the 

major factor that limits the productivity of the 

western grassland such as Boulder Prairie. 

PARASITES 

Three generalizations can be drawn from my 

study : 

1. Andro~oaon aerardii of both Konza and 

Boulder seemed not only to be more susceptible to 

midges, but also to have higher numbers of midge 

parasites than Sorahastrum avenaceum when the 

percent seeds parasitized were compared. 

2. Boulder Andro~oaon aerardii and Sorahastrum 

avpnaceum had higher percent seeds parasitized and 

midge parasites per floret than Konza Andro~oaon 



aerardii and $orahastrum avenaceurq. Therefore, 

Boulder has higher populations of both midges and 

midge parasites than Konza. 

3. Boulder Andro~oaon aerardii seem to have 

higher fluctuations acsoss years in the percent 

seeds parasitized than do Konza. For example, the 

percent seeds parasitized decreased by 23 fold(40 

vs.1.72 and 50 vs 2.17) for both xeric unburned and 

xeric burned sites from 1989 to 1990. In contrast, 

the change between years in percent seeds 

parasitized among Konza sites was either not very 

large, or showed no clear pattern. For instance, 

on the Konza non-burned site, the difference was 

apparently only 1.78 fold between 1989-1990. And 

the difference across years for the annual burned 

site(from 0 to 101, cannot be measured in terms of 

ratios. 

SEED PRODUCTION 

In general, 3orahastrum avenaceum has higher 

seed numbers per inflorescence than Andro~ouo~ 

. . 
aerardi~. Therefore, Sorahastrum avenaceum seems 

to be more successful in terms of seed output than 

Andro~oaon aerardii. 



Frequent burns, such as those at Konza's 

annual burned site might cause a reduction in seeds 

of ,qorahastrum avenaceum. This could lead to no 

seed production at all in some cases, as in the 

1990 annual burned site at Konza. Boulder's 

-avenaceum produced more flowers and 

seeds on the mesic burned site, suggesting that 

some burning, at a frequency as yet unknown, may 

enhance seed production in Porahastrum avenastrum 

in the Boulder Tallgrass Prairie. However, these 

changes might also be due more to the climatic 

responses than to the burning responses. 

At Konza, burning was associated with an 

increase in seed numbers for the annual 

burned(1989) and 4-year-burned sites(1990) for 

Andro~oaon aerardii. Both sites showed 

significantly higher seed numbers than the other 

sites. I hypothesize that Andro~oaon aerardii may 

be more fire tolerent at Konza and more adapted to 

the frequent burns than is Sorahastrum avenaceum. 

For Boulder, however, no general distinctions 

among sites were noted in seed numbers. This could 

be because the 1988 fire was the first burn for the 

Boulder Tallgrass Prairie study sites in many 

years, and no patterns can be detected from just 



one burn. Also, I speculate that there might be 

some other contributing environmental factors in 

Boulder, such as climatic extremes, for example, in 

the winter, when the average minimum temperature is 

lower and snow depth is greater in Boulder than in 

Konza (see chapter 111). In summer, water 

deficiency is the major problem that plants in 

Boulder area have to face in order to survive 

(Callahan, 1986). These extreme conditions might 

be the key factors controlling the differences 

between the Konza and Boulder Tallgrass Prairies. 

The mean seed weight of Boulder's Sorahastruq 

avenaceum was higher in the second-post burn year. 

However, Boulder's Andro~oaon aerardii did not 

differ in mean seed weight across sites in either 

1989 or 1990. At Konza, the high quality seeds, 

i.e. seed weight and seed fullness(personal 

observation) of both Andro~oaon aerardii and 

Porahastrwn avenaceum were associated with the 4- 

year-burned site, suggesting that good health 

seeds, may be associated with the 4-year-burning 

cycle. 

The increase in vegetative growth and flower 

reproduction that would normally be associated with 

burning applied to the eastern Tallgrass Prairies 



(Curtis and Partch, 1948; Knapp, 1984a11984b,1985; 

Knapp and Hulbert,1986; Patton et a1.,1988; Svejcar 

and ~rowning, 19881, perhaps cannot be applied to 

the western Tallgrass Prairies. Plant responses in 

Boulder may be more influenced by climatic factors 

such as water supply than by burning. Therefore, 

the natural response due to burning that might have 

occurred at Boulder Tallgrass Prairie may be 

affected, or inhibited because of the limited water 

supply in Boulder. The mean annual precipitation 

of Boulder is only 45.61 cm as compared with 81.08 

cm at Konza. This scarcity of water may have 

inhibited the growth that would naturally occur as 

a response to burning. 

In general, percent seed set varied depending 

on species. For example, on the Konza's non burned 

site, this value in mdro~oaon aerardii increased 

by 1.4 fold during 1989-1990. However, .Sorahastrum 

avenacew on the same site decreased in percent 

seed set by 23 fold during the same period. This 

kind of variation is also revealed in Boulder. For 

instance, the mesic unburned and mesic burned 

Andro~oaon aerardii increased in percent seed set 

by 51 and 132 fold respectively from 1989 to 1990. 

Besides the climatic conditions and species 



v a r i a b l e s  t h a t  m i g h t  d i r e c t l y  i n f l u e n c e  t h e  

p r o d u c t i v i t y ,  b u r n i n g  m i g h t  r e p r e s e n t  a n  a d d i t i o n a l  

f a c t o r  a f f e c t i n g  seed se t  as w e l l .  F o r  example ,  

A n d r o ~ o g o n  g e r a r d i i  i n  t h e  4 -yea r -bu rned  s i t e  

i n c r e a s e d  by 6 f o l d  a f t e r  t h e  s c h e d u l e d  b u r n  i n  

1 9 9 0 .  However, i n  1990  S o r a h a s t r u m  avenaceum a t  

Konza showed a  d e c r e a s i n g  t r e n d  i n  s e e d  se t  a c r o s s  

a l l  s i t e s .  The smal les t  c h a n g e  o c c u r r e d  o n  t h e  4 -  

y e a r - b u r n e d  s i t e .  S o r g h a s t r u m  avenaceum seemed t o  

be mos t  a d v e r s e l y  a f f e c t e d  on  t h e  a n n u a l - b u r n e d  

s i t e ,  r e p r e s e n t i n g  t h e  m o s t  e x t r e m e  d e c r e a s e  f r o m  

1 6 . 9 9  t o  0  b e t w e e n  1 9 8 9  a n d  1 9 9 0 .  A l s o ,  Andropoaon 

g e r a r d i i  o f  t h e  a n n u a l - b u r n e d  s i t e  showed t h e  same 

d e c r e a s i n g  t r e n d  i n  s e e d  s e t ,  but less  e x t r e m e  t h a n  

t h a t  o f  S o r g a s t r u m  avenaceum.  

BOULDER AND KONZA PRAIRIE COMPARISONS IN 

REPRODUCTIVE PATTERNS AND PARASITISM ( T a b  1 e 

3 4 , 3 5 )  

I n  o r d e r  t o  t e s t  t h e  h y p o t h e s i s  t h a t  B o u l d e r  

a n d  Konza p o p u l a t i o n s  o f  Andropoaon g e r a r d i i  a n d  

S o r a h a s t r u m  avenaceum a r e  s i m i l a r  i n  t h e i r  

r e p r o d u c t i v e  f e a t u r e s (  i . e .  i n  numbers  o f  f lo re t s ,  

s e e d ,  midge ,  midge  p a r a s i t e s  a n d  s e e d  w e i g h t ) ,  I 

compared  t h e  B o u l d e r  m e s i c  b u r n e d ( b u r n e d  i n  1 9 8 8 )  



Table 34. Mean florets, mean seeds. mean pupae. mean midge parasites, mean seed 
weight(mg) of 5 seeds, %seed set, %seeds parasitized. %pupae and %midge parasites 
of &dLQooaon aeLUdLL and , q ~ ~ ~ w r u m  =ce\am of Konza 10-year-burned and 
Boulder mesic-burned sites. K-W test was performed for testing in mean 
differences, others was performed by relative comparisons 
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Table 35. comparison in mean seed numbers, percent seed set and seed 
weight of m o a o n  aemrdil and -urn a v w  between all site 
of Boulder and Konza (except the annual burned site) 

Andropogon gerardii 
SEED NUMBERS 
0/oSEEDSET 
SEED WEIGHT(5 seeds in mg) 

Sorghastrum avenaceum 
SEED NUMBERS 
Y ' S E T  
SEED WEIGHT(5 seeds in mg) 

Konza 
3.35 
3.04 
6.68 

22.98 
18.55 
9.02 

Boulder 
4.85 
5.38 
7.38 

25.63 
26.08 
7.82 

-- 
Differences 

1.5 - 
2.34 
0.7 

2.65 
7.53 
1.2 



population with the Konza 10-year-burned population 

(burned in 1973 and last burned in 1986) because 

they are probably the closest match in terms of the 

years they were burned and type of habitat. This 

hypothesis was tested using the ~ruskal-Wallis 

analysis to detect any mean differences in the 

features mentioned above between two populations. 

The mean floret numbers, seed weights and 

pupae did not differ between Boulder's and Konza's 

Androrsouon aerardii. Soruhastrum avenaceum showed 

no significant differences in florets, pupae and 

midge parasites between the two sites. However, 

the average of mean floret numbers from all sites 

at Konza was higher than the average of mean floret 

numbers at Boulder sites(see the discussion on page 

123) . 
Boulder Andro~oaon aerardii had slightly 

higher seed numbers than did Konza(p=0.08), and 

there were more egg parasites present in Konza 10- 

year-burned site than in Boulder mesic-burned 

site(pc0.01). Porahastrum avenacew had higher 

seed numbers at the Boulder mesic-burned site than 

at Konza 10-year-burned (p=0.07), however, seeds 

from the Konza site weighed significantly more than 

Boulder seeds(p<0.001). There were no significant 



. . 
differences in seed weight of Fndro~oaon aerardll 

between the two sites. 

I also compared seed output between the two 

locations by combining in seed output across all 

sites from both Boulder and all but the annual 

burned site at Konza. This latter site was not 

included because annual burning represents an 

unnatural situation, which historically did not 

occur in North American Grassland(Wright and 

Bailey, 1982; Hulbert, 1988). Seed output was 

compared in terms of mean seed numbers, percent 

seed set and seed weight(Tab1e 3 5 ) .  This last 

variable was included because seed size is an 

important determinant of success in seedling 

establishment: higher seed weight has been said to 

correlate with successful germination (Harper,1977; 

Marsha11,1986). Seed numbers and percent seed set 

of both species were higher in Boulder than they 

were in Konza. The seed weight of Andro~oaon 

aerardii was slightly higher in Boulder than it was 

in Konza, while the seed weight of Porahastrum 

avenaceum was higher in Konza than it was in 

Boulder. This result matched that from comparison 

between Konza 10-year-burned and Boulder mesic- 

burned site. In both species, Boulder plants put 



more effort into reproduction in terms of seed 

numbers and percent seed set than did Konza plants, 

although Konza $orahastrum avenacew had slightly 

heavier seeds than Boulder's. 

Linhart(l974) studied on the intraspecific 

competition of Veronica ~erearina encountered seed 

weight correlated with moisture gradients in vernal 

pool. His study revealed that plants in the center 

of the pool(where the moisture and the competition 

among plants was high) had larger seeds. The 

peripheral plants(1ow moisture) favored numbers of 

seeds at the expense of seed weight. According to 

my study, Konza and Boulder represent more mesic 

and more xeric locations respectively, with regard 

to substantial differences in mean annual 

precipitation. Sorahastrum avenaceum in my study 

followed the same pattern as Linhart's study, as 

Sorahastrum avenaceum at Konza, where it is moister 

had heavier seeds and smaller seed numbers than had 

Boulder. Boulder Andro~oaon aerardii, on the other 

hand, produced heavier seeds as well as higher seed 

numbers than did Konza. The trend of heavier seeds 

of Andro~oaon aerardii associated with drier 

habitat seemed to match Baker's generalization on 

seed weight and environmental 



condition~(Baker~l972). In his study, he surveyed 

the California flora involving 2500 taxa and 

analyzed the correlations between seed weight and 

environmental gradients. His conclusion about 

herbaceous plants was " Seed weights are higher on 

the average, for the taxa whose seedlings are 

exposed to the risk of drought soon after 

establishment ". At present, no general pattern 
representing both Soraastrum avenaceuq and 

Andro~oaon aerardii in terms of seed weight can be 

made. The two year information was not enough for 

drawing any firm conclusions, mainly because of the 

high fluctuations in plant responses between the 

years. 

SUMMARY 

1. On the average, Boulder Andro~oaon aerardii 

and $orahastrum avenaceuq showed higher seed 

numbers per inflorescence and higher percent seed 

set than did Konza counterparts at all sites(the 

annual burned site was excluded in this 

comparison). As a result, I conclude that, on the 
. . average, Boulder Andro~oaon aerardi~ and 

Sorahastrum avenaceum had a greater reproductive 

effort. However, seed production of Boulder both 



at xeric and mesic sites varied quite a lot during 

the two,years of my study. This year to-year 

variability might be due to either the climatic 

variations or the population dynamics.of each 

species itself. 

2. No particular conclusions can be drawn from 

either Boulder or Konza regarding the effect of 

burning on numbers of florets, seeds, midge and 

midge parasites. In general, r 

appeared to respond positively to burning, as 

reflected for example in the increased seed numbers 

on the annual-burned and 4-year-burned sites in 

1989 and 1990 respectively. On the contrary, the 

opposite was true for Sorahastrum avenaceum. The 

responses of Andro~oaon aerardii and Sorahastrum 

avenaceum to burning seemed to depend locations and 

year to-year fluctuations. Populations of midge 

and midge parasites varied a good deal from year 

to-year and seemed to be fire independent. 

3. Among different burning regimes at Konza, 

the 4-year-burned site is associated with higher 

numbers of flowers, higher numbers of seeds and 

heavier seeds as compared to the other sites. 

Therefore, 4-year-burning regime appears to be 

correlated with high seed reproduction potential. 



4. At Konza, the seed weight of Andro~oaos 

aerardii was less variable across different burning 

regimes and between years than it was in 

Sorahastrum avenaceuq. 

5. At present, there is no explanation why 

astrum avenaceun has higher seed output than 

Andro~oaon ae a 0 

rardl~. The result from seed bank 

also revealed this same trend by containing more 

seeds of m u m  avenaceum than of ~ r o ~ o u o n  

aerardii. Refering to the previous studies on 

Cytology done by Riley and Voge1(1982), Sorahastrun 

avenaceum is tetraploids (2n=40) and Andro~oaon 

aerardii is hexaploids (2n=60). Both species 

behaved meiotically as diploids with normal 

bivalent pairing. There might be other factors, 

causing this big difference in seed output of the 

two species. Therefore, the in depth studies in 

reproductive biology are suggested in order to 

explain this phenomenon 

In order to have a better understanding of the 

reproductive biology of these two tallgrasses in 

different areas and with different burning regimes, 

I suggest a long term study in reproductive biology 

of these two dominant species. This study should 

consider climatic information as well as other 



physical environments such as soil moisture, soil 

pH and soil structure. With long term information 

and measurements of multiple variables, one may 

expect to find a clearer picture of how the plants 

respond and what factors most influence their 

reproductive performances. 



CHAPTER VI 

CONCLUSION 

Tallgrass Prairie was once widespread along 

the Front Range in eastern Colorado. Human 

influences such as overgrazing, agriculture and 

urban development have destroyed most of the 

Tallgrass Prairie sites in Colorado. Only a few 

small patches of this relictual Tallgrass Prairie 

remain. The best protected ones are scattered 

around the foothills near Boulder, Colorado. The 

Colorado Tallgrass is widely separated from the 

principal Tallgrass area of the eastern Great 

Plains. 

It is important to examine the ecological 

processes that underlie this remnant Tallgrass 

Prairie. It also behooves us to compare and 

contrast it with the Tallgrass Prairie to the east. 

In this way we can come to a better understanding 

of the structure of Tallgrass Prairie and to 

grasslands in general. To this end, I studied 

reproductive resources of the Boulder Tallgrass 



Prairie, and compared them with those of the 

largest protected natural Tallgrass Prairie of 

North America: Konza Tallgrass Prairie. My goal 

for findings of this study can be applied to 

planning, management, and future research in many 

ways. 

The Boulder Tallgrass Prairie distributes 

restrictly to the mesic conditions that exist in a 

narrow band along the foothills of the Rocky 

Mountains. ~esides, temperature and moisture 

regimes of the Boulder Tallgrass Prairie are at the 

extremes of those factors at Konza(see chapter I11 

page 44). By examining the parameters of plant 

reproduction in this Tallgrass remnant we may be 

able to restore disturbed or destroyed portions of 

this flora elsewhere along the base of the Colorado 

Front Range. A few decades ago this vegetation 

extended from Boulder to Colorado Springs, 

Colorado, but now it exists only in scattered 

unprotected patches except in Boulder. 

The seed banks of both grasslands(Konza and 

Boulder) contain important exotic plants. This 

means should current aboveground vegetation die, it 



would be replaced with exotic weedy vegetation, 

because seed banks represent potential future 

vegetation. Konza's Tallgrass seeds, has half as 

many exotic seeds as that of the Boulder Prairie. 

This most likely reflects the tenuous nature of the 

relictual grassland in Colorado plus improper 

practices on this grassland for the past few 

decades. 

The Boulder seed bank represents that of a 

disturbed grassland. Its very large seed bank is 

comprised mostly of non-native weedy species. This 

indicates that there has been improper management 

of this grassland. Seed bank size appears to 

increase relatively with disturbance in a perennial 

grassland. Proportionately, the Boulder seed bank 

is comparable in size with the seed bank of the 

disturbed short grasslands(Tab1e 36). 

Practical recommendations can be taken from 

this research. Revegetation by means of seeds 

collected from the local native Tallgrass plants 

should be implemented. Seeds should be grown in 

the greenhouse and sown in nature. For greenhouse 

germinated seeds, after germination, seedlings can 

be transplanted to the field. Manual removal of 

weedy species seedlings is highly recommended 



Table 3 6 .  Compar i son  of d e n s i t i e s  o f  s e e d s / m 2  f r o m  
v a r i o u s  s t u d i e s  d o n e  o n  T a l l g r a s s  P r a i r i e  a n d  o t h e r  
g r a s s l a n d s .  

Seed/m2 A u t h o r i t i e s  

J o h n s o n  a n d  Anderson ( 1 9 8  6) 

(Wes ton  c e m e t e r y  p r a i r i e ,  I l l i n o i s )  

R a b i n o w i t z  ( 1 9 8 1 )  

( M i s s o u r i  rarnnant  t a l l g r a s s  p r a i r i e )  

300-800 L i p p e r t  a n d  Hopkins  ( 1 9 5 0 )  

( u n d i s t u r b e d  s h o r t  a n d  m i d g r a s s  

p r a i r i e )  

L i p p e r t  a n d  Hopkins  ( 1 9 5 0 )  

( d i s t u r b e d  s h o r t  a n d  midgrass p r a i r i e )  

M a j o r  a n d  P y o t t  (1966)  

( C a l i f o r n i a  bunch  grass, d o m i n a t e d  b y  

a n n u a l  g r a s s e s )  

S a n t a n a c h o t e  ( 1 9 9 1 )  

( r e l i c t u a l  B o u l d e r  T a l l g r a s s  P r a i r i e )  



because this is the most effective time and the 

safest way for weed controls. Other methods of 

weed removal may destroy native species as well as 

causing mutant plants which are resistant to that 

particular chemicals. The hand-removing weeds 

practice has never been seriously followed before 

in any of the public grasslands; weeds are 

controlled mostly either through herbicides or 

through grazing by exotic herbivores. However, the 

city of Boulder has an active volunteer corps, 

eager to participate in conservation and 

restoration activities. Therefore, this way of 

controlling weeds should be a successful project 

when it is introduced to the management planning. 

Fire reduced the aboveground vegetation of major 

weedy species and removed their seeds from the seed 

bank. Besides seeding native plants and hand- 

removing weeds, periodic burning is recommended in 

order to eliminate excess litter and invasion by 

exotic grasses and forbs. 

The biological and ecological properties of 

the plants that comprise the relictual population 

can give us an insight into long term survival vs. 

extirpation or extinction of the vegetation through 

geologic and contemporary time. Many questions in 



population genetics and physiology can be approched 

by comparing the morphology and development, 

genetic and physiological resources of the Konza 

and Boulder populations. 

Understanding the Tallgrass Prairie ecosystem 

not only helps maintain and enhance the remnants of 

natural Tallgrass Prairie to reach its maximum 

potential, but also helps save the disturbed 

Prairie from extinction by mismanagement. 



Appendix 





Appendix A. 1 . Species list of Boulder Tallgrass 

CACTACEAE 
(Sweet') 

Britton h Rose . . . Echinocereus Engelmann 
Dountia (Salisb) Macbr. . . ODuntia (Nuttall) Haworth 

CAPPRIFOLIACEAE 
os rotvndifolius Gray 

CARYOPHYLLACEAE 
Dianthus L. 
Silene L. 

CHENOPODIACEAE 
(Nuttall) 

Watson 
COMME LI NACEAE 
Tradescantia (Britton) 

Smy th 
CONVOLVULACEAE 

Evol- Roemer 6 
Schultes 

~onvolvu& arv- L. 
CYPERACEAE 

Carex Larrnarck subsp. 
(Mackenzie) Weber . . Carex Boott 

Carex s p .  
7 L. 
Eleocharis (L.) Roemer 6 

Schultes 
(Bockeler) 

KO y ama . . Mariscus (Torrey) 
Koyama 

EQUISITACEAE 
ere hvemalis (L.) Bruhin 

. . 
subsp. affLnls (A.Braun) Weber 

Prairie's Vegetation 

EUPHORBIACEAE 
EuDhorbla SP. 

FABACEAE 
Amoroha Nuttall 
Dales Michaux var. 

(Torrey) Shinners 
Palea DU- Ventenat - SP- 
LuDinus Pursh 
Medicaao L .  . . Melilotus (L.) Pallas 
-i Pursh 

urn ten- (Pursh) 
Rydberg 

d i v a r l m  Nelson 
Trifolium L .  

(Turner) Weber 
GERANIACEAE 

Erodium (L.) L'Heritier 
G e r a n i u m w m  James 

HELLEBORACEAE . . carol~nlanum Walter s u b s p  
(Nuttall) 

M.C.Johnston 
HYDROPHTLIACEAE 

Phacelia Pursh 
HYPERICACEAE 

L. 
IRIDACEAE 

Sisvrinchium Greene 
JUNCACEAE 

Juncus~ Willdenow subsp. 
(Rydberg) I l u l t e n  

JYDcus L f o n i u  1,. 
Juncus d u u  Wiegand 



Appendix A.1. Species list of Boulder Tallgrass Prairie's Vegetation ' - L -  
LAMIACEAE 

Monarda Nuttall 

MOLLUGINACEAE . . o ver- L. 
NYCTAGINACEAE 

OxvbaDhus (Pursh) B.L. 
Robinson 

ONAGRACEAE 
(Nuttall) 

Raven 
Nut tpU 

Thunberg 
OROBANCHACEAE 

Orobanche (Nutt.) Torrey 
S Gray 

OXALIDACEAE . . Jacquin 
PLANTAGINACEAE 

Plantaqo L. 
Plantaqo Jacquin 

POACEAE 
a l w  Roth 

androDoaon Vitman 
BnisanthalBromus) tectorumL.) 

Nevski . . Arlstlda Nuttall 
oua curtioendula (Michaux) 
Torrey . , BromoDsls (Leysser) Holub 

Bromus Thunberg 
Buchlae Engelmann 

(Hooker) 
Scribner 

m(Boute1oua) q r a u  
Humboldt, Bonpland 6 Kurlth 

(Nevski) 
Weber 

Ilactvlis L .  

(Schultes) Gould var . 
scribnerianum (Nash) Gould 

S ~ l w  (L. ) S U ~ S ~ .  
st ricta 

Elvmus (Smith) Gould 
. . (L.) Nevski 

Festuca Hudson 
Festuca L. 
Koeleria (Ledebour) 

Schultes 
us oh- Humboldt, Bonpland 
6 Kunth 

Muhlenbersia (Trinius) 
Rydberg 

(Nees 6 
Meyen) 

Muhlenburoia V a s e y  
cum v i r q a l J M  L. 

(Rydberg) Love 

Phleum L. 
Poa L. 

L .  
Schizachvrium (Michaux) 

Nash 
Sorqhastrum (Michaux) Nash 

Scribner 
Soorobolus (Michaux) Kunth 

tandru~ (l'orrey 6 
Gray) 

Soorobolus heterolec)ig ( G r a y )  Gray 



Appendix A.1. Species list of Boulder Tallgrass Prairie's Vegetation 

Trinius 6 Ruprecht 
POLEMONIACEAE 

Nuttall . . . . 
Nuttall 

POLYGONACEAE 
(Koch) Fourreau 

e f f w  Nuttall 
Torrey . . 

Michaux 
Pteraaonum (Torrey) Gross 
Rumex L. 

PORTULACACEAE 
Talinum Nuttall 

RHAMNACEAE 
Raf inesque 

ROSACEAE 

. . (Nuttall) Rydberg potentilla Lehmann 
Rosa Porter 

SANTALACEAE 
Cornandra urn- ( L . )  Nuttall 

SCROPHUIARIACEAE 
Linaria ( L .  ) Durn. 
Penstemon secundiflorusentharn - L .  

TY PHACEAE 

TvDha sP 
VERBENACEAE 

e h v l a  cuneifolig (Torrey) Greene 
VIOIACEAE 

Yi9- 
. . 

Pursh 



.c 3 
LI DL) 

c a  
c a  
oda m a  
k l l :  
aJ c > 3a 
o a a ,  
U k l J  

m rn 



Appendix A.2 cont. 
Species 

Ambrosia artemissifolia 

Poralidium tenuiflorum 

Chondrosum(Bouteloua) gracile 

Liatris punctata 

Opuntia compressa 

Heterotheca fulcrata 

Poa spp. 

Treatment 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 

1988 
mean* S.D. 
1.66 f 0.7 
1.78 f 0.4 
2.20 f 0.6 
2.21 f 0.5 
1.79 f 0.4 
1.70 f 0.5 
1.58 f 0.5 
1.77 f 0.5 
1.72 f 0.6 
1.64 f 0.6 
1.56 f 0.5 
1.74 f 0.4 
1.50 f 0.5 

Alyssum minus 

Panicum virgatum 

Sporobolus cryptandrus 

Comandra umbellala 

Talinum parviflorum 

Aristida purpurea 

0.73 f 0.4 
1.68 f 2.1 
0.54 f 0.2 
2.55 f 3.5 
4.03 f 2.3 
1.02 f 1.0 
1.69 f 1.9 
1.73 f 1 .O 
2.36 f 1.7 
0.50 & 0.0 
0.50 f 0.0 
1.81 f 1.1 
0.80 k 0.7 

0.81 f 0.9 
2.42 f 3.5 
1.07 f 2.0 
2.54 f 4.0 
2.60 f 2.1 
0.90 f 0.7 
1.63 f 1.3 
1.41 f 0.9 
1.38 f 0.8 
0.55 f 0.2 - 
0.50 -- f 0.0 

- - 1.13 - - f - 1.2 -- - 
0.50 + 0.0 

1989 - 
meankS.0. - 
1.16 f 1.5 
0.79 f 1.0 
2.64 f 2.6 
2.92 f 5.0 
0.81 f 0.7 
0.67 f 0.4 
1.01 f 0.7 
1.02 f 1.0 
1.08 f 1.0 
0.99 f 1.0 
0.92 f 0.8 
1.13 f 1.1 
0.84 f 0.5 --- 

Burn 
Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
~ i r n  

1990 
rneaisfs.0. - 
1.36, f 1.3 
0.65 f 0.5 --- 
3.22 + 3.8 
3.40 f 6.6 
0.93 f 0.8 
0.76 f 0.6 
1.08 f 0.8 
1.07 f 0.9 
1.22 f 1 .O 
1.42 f 1.5 -- 
1.15 f 1.1 
1.01 f 0.9 
0.65 f 0.4 

1 .OO f 0.0 
1.53 f 0.7 
1.20 f 0.5 
2.07 f 0.6 
2.33 f 0.5 
1.86 f 0.5 
1.87 f 0.5 
1.73 f 0.5 
2.1 1 f 0.3 
1 .OO k 0.0 
1 .OO f 0.0 
1.78 +_ 0.4 
1196 + 0.2 



Appendix A.2. cont 
Species 

Rosa arkansana 

Acetosella vulgaris 

Yucca glauca 

Thelesperma megapotamicum 

Lactuca serriola 

Geranium caespotosum 

Paronychia jamesii 

Cerastium stricturn 

Erigeron flagellaris 

Oxytropis lambertii 

Gutierrezia sarothrae 

Koeleria macrantha 

Eriogonum effusum 

Treatment 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn - 

Burn 

1988 
mean* S.D. 
1.88 f 0.4 
2.00 f 0.0 
1.75 f 0.5 
2.00 f 0.0 --- 
2.71 f 0.8 
2.13 f 0.4 
2.00 f 0.0 
1.75 f 0.5 
1.00 f 0.0 
1.25 f 0.5 
2.33 f 0.5 
0.00 f 0.0 
1.83 f 0.8 
1.67 f 0.6 
1.83 f 0.8 
1 .50 f 0.6 
1.67 f 0.8 
2.00 f 0.6 
1.67 f 0.5 
1.73 f 0.5 
1.67 f 0.8 
0.00 f 0.0 
1.33 f 0.6 
1.65 f 0.5 
1.80 f 0.8 
2.09 f 0.3 

1989 
mean* S.D. 
2.70 f 2.6 
1.00 f 0.0 
2.63 f 1.5 

- 1.50 - f 0.7 
10.22 f 10.7 
2.00 f 1.4 
0.63 f 0.2 
0.75 f 0.5 
0.50 f 0.0 
0.88 f 0.8 
2.93 f 1.4 
0.00 f 0.0 
0.90 f 0.7 
2.13 f 1.8 
3.53 f 2.9 
4.64 f 7.5 
1.98 f 1.7 
2.18 f 2.5 
0.85 f 0.5 
0.81 f 0.5 
1.20 f 1.4 
1.22 f 1.3 
0.63 f 0.2 
0.78 f 0.6 
4.94 f 6.9 
2.62 + 2.5 

+--- -- 

1990 
meansf S.D. -- 
2.81 f 1.9 -- -- 

0.00 f 0.0 ----- 
4.78 f 3.9 
2.44 f 1.5 
7.45 f 7.1 
5.91 f 7.7 
0.70 f 0.3 
0.56 f 0.2 
0.50 f 0.0 
0.50 f 0.0 
3.77 & 2.8 
0.00 f 0.0 
2.00 f 0.0 
2.00 -- f 1.7 
4.14 f 3.7 
4.17 f 6.8 -- 
4.42 f 5.3 
2.49 f 2.8 -- 
1.40 f 0.6 -- 
1.19 f 1.1 
1.83 f 1.5 

-- 

1.13 f 1.0 -- 
0.57 f 0.2 
0.92 f 0.7 -- - - 
3.75 f 5.6 ----- -- 

3.53 + 3.2 



Appendix A.2. cont. 
Species 

Pascopyrum smithii 

Calarnovilfa longifolia 

Unknown Monocols 

Unknown Dicots 

Dalea candida 

Virgulus falcalus 

Dalea purpurea 

Carnelina rnicrocarpa 

Phacelia heterophylla 

- 
Lepidiurn densiflorurn 

Chenopodiurn leptophyllum 

Planlago patagonica 

Tradescantia occidentalis 

Treatment 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

Unburn 
Burn 

1988 
rnean*S.D. 
0.00 f 0.0 
1.80 f 0.4 
2.00 rt 0.0 
2.13 f 0.4 
1 .OO f 0.0 
1.71 f 0.5 
0.00 f 0.0 
1.43 * 0.5 ---- 
2.00 f 0.0 
2.00 f 0.0 
1.60 f 0.6 
2.00 f 0.0 
0.00 f 0.0 
1.50 f 0.6 
0.00 f 0.0 
0.00 f 0.0 
2.00 f 0.0 
0.00 f 0.0 
0.00 f 0.0 
0.00 f 0.0 
0.00 f 0.0 
0.00 f 0.0 
0.00 f 0.0 
1.00 f 0.0 
0.00 f 0.0 
0.00 k 0.0 

1989 
mean* S.D. 
1.60 f 1.5 
0.56 f 0.2 
1.34 f 1.3 
1.10 f 0.8 
0.00 f 0.0 
0.00 f 0.0 
0.00 f 0.0 
0.50 f 0.0 
1.35 f 1.1 
0.69 f 0.4 
0.75 f 0.4 
1.00 f 0.6 
1 .OO f 0.0 
0.64 f 0.2 
0.91 f 1.1 
0.50 f 0.0 
0.67 f 0.6 
0.52 f 0.1 
0.52 f 0.1 
0.52 f 0.2 
0.50 f 0.0 
0.51 f 0.1 
0.50 f 0.0 
0.50 * 010 - 
0.53 f 0.1 - 
0.50 f 0.0 

--- 
1990 

---- meansf S.D. 
1.86 f 1.6 --- 
0.52 rt 0.1 
2.44 f 2.2 
2.10 f 1.6 
0.00 * 0.0 
0.00 f 0.0 
0.00 f 0.0 
0.00 f 0.0 
0.67 f 0.3 .-- - - 
1 .OO f 0.9 . 

0.50 f 0.0 
1.03 f 1.0 
0.50 f 0.0 
0.69 -- f 0.5 
0.65 f 0.3 -- 

0.50 f 0.0 
1.14 f 1.0 

, 

0.62 f 0.3 
0.51 --- f 0.1 
0.57 f 0.3 
0.50 f 0.0 
0.80 f 0.7 
0.50 f 0.0 

, 

0.50 f 0.0 -- 
0.50 f 0.0 
0.52 _+ 0.1 





Appendix A.3. Vegetation cover on the Mesic unburned and burned plots. In 1988, 
cover was recorded, using Braun-Blanquet classes; in 1989 and 1990, it was 
recorded in % . 
Species listed had at least 0.5% of total species occurrences. 

Species 
Poa spp. 

Plantago lanceolala 

Sporobolus asper 

virgulus falcalus 

Sorghastrum avenaceum 

Cichorium intybus 

Buchliie dactyloides 

Panicum virgalum 

Bouteloua curtipendular 

Ambrosia artimisiifolia 

Oligosporus rigidum 

Treatment 
unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

1988 
- .  

mean* S.D. 
2.16 f 0.5 
1.83 f 0.5 
2.20 f 0.6 
2.48 f 0.7 
2.06 f 1.8 
1.83 f 0.6 
1.13 f 0.3 
1.13 f 0.3 
2.24 f 0.6 
2.24 f 0.7 
1.56 f 0.5 
1.66 f 0.5 
1.44 f 0.5 
1.81 f 0.5 
1.94 f 0.6 
1.78 f 0.7 
1.82 f 0.6 
2.04 f 0.6 
1.44 f 0.6 
1.31 f 0.5 
1.38 f 0.5 
1.60 f 0.6 

1989 
mean* S.D. 
3.45 f 2.1 
2.21 f 1.6 
2.65 f 2.1 
5.19 f 3.4 
2.07 f 1.8 
2.04 f 1.7 

- -. 

0.55 + 0.2 
0.55 f 0.3 
3.22 f 2.9 
3.20 f 3.2 
1.65 f 1.9 
1.97 f 2.2 
0.82 f 0.7 
1.14 f 1.7 
1.84 f 2.0 
1.47 f 1.4 
1.01 f 1.2 
2.37 f 2.2 ------- 
1.07 f 1.4 
0.67 f 0.4 
0.64 f 0.4 -- 
0.66 f 0.5 

1990 
rneanf S.D. -- 
3.75 f 2.3 
2.30 f 1.5 
5.58 f 4.2 
8.21 f 5.1 
1.98 ? 1.9 

--- 2.43 f 1.9 -- 

0.69 f 0.5 
0.65 f 0.7 -- 

4.58 f 3.6 
3.85 f 3.2 
3.40 f 3.2 -- -- 
4.28 f 4.1 
1.71 f 2.2 
1.61 f 2.1 
1.61 f 2.4 -- 

2.30 It 2.7 
3.11 * 3.9 
3.86 f 3.2 
1.61 f 2.4 -- 
0.62 f 0.4 
0.84 f 0.7 
0.68 f 0.4 --- -- 



Appendix A.3. cont. 

Species 
Hippochaete hyemalis 

Convolvulus arvense 

Andropogon gerardii 

Psoralidium tenuiflorum 

Dianthus ameria 

Bromus spp. 

Pascopyrum smithii 

Alyssum minus 

Agrostis gigantea 

Juncus arcticus 

Carex pensylvanica ssp. heliophila 

Phleum pratense 

Tragopogon dubius 

Treatment 
unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

1988 
meanfS.D. 
1.03 f 0.2 
0.00 f 0.0 
1.24 f 0.4 
1.67 f 0.6 
2.44 f 0.7 
2.25 f 0.7 
1.75 f 0.6 
1.58 f 0.6 
1.45 f 0.5 
1.32 f 0.5 
1.32 f 0.5 
1.33 f 0.5 
1.61 f 0.7 
1.09 f 0.3 
1.71 f 0.5 
0.00 f 0.0 
1.92 f 0.9 
1.50 f 0.7 
1.42 f 0.5 
1.46 f 0.5 
1.55 f 0.5 
1.24 f 0.4 
1.10 f 0.3 
1.17 f 0.4 
1 .OO f 0.0 
1 .OO f 0.0 

1989 
mean2S.D. 
0.55 f 0.2 
0.50 f 0 

0.64 f 0.4 
0.96 f 0.9 
3.67 f 3.2 
5.53 f 4.7 
1.25 f 1.3 
0.86 f 0.8 
0.50 f 0.0 
0.53 f 0.1 
0.57 f 0.2 
0.50 f 0.0 
1.46 f 2.5 
0.64 f 0.6 
0.58 f 0.2 
0.50 f 0.0 
1.94 f 4.4 
0.63 f 0.2 
0.74 f 0.5 
0.86 + 0.5 
0.63 f 0.4 
0.53 f 0.1 
0.55 f 0.2 
0.70 f 0.5 
0.50 +_ 0.0 

1990 
meankS.0. 
0.55 + 0.2 -- 

0.50 f 0 
1.12 f 1.1 
1.61 f 1.9 - 
7.42 f 6.9 
6.04 f 5.6 
2.45 f 3.2 
1.10 f 1.1 
0.50 k 0.0 
0.51 f 0.1 -- 
0.68 f 0.5 -- 

0.50 f 0.0 
1.88 f 2.8 -- 
0.74 f 0.7 - 
1.28 f 1.5 
0.75 f 0.6 
2.29 f 4.2 ---- 
1.60 f 1.6 
0.76 f 0.6 
0.85 * 0.6 --- 
0.75 f 0.5 - 
0.56 f 0.2 
0.68 f 0.6 

---+--- 

0.73 f 0.6 - - -- 
0.50 f 0.0 - 

0.50 f 0.0 0.50 + 0.0 
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Species 
Aster porteri 

Opuntia compressa 

Chondrosum(Bouteloua) gracile 

Achillea lanulosa 

Unknown seedlings 

Opuntia fragilis 

Treatment 
unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

1988 
meanfS.D. 
1.50 f 0.8 
1.47 f 0.5 

1.17 f 0.4 
1.36 f 0.7 
2.00 f 0.0 
1.50 f 0.7 
1.40 f 0.6 
1.30 f 0.5 
1.20 f 0.5 
1 .OO f 0.0 
1 .OO f 0.0 
1.05 f 0.2 1 

1.17 f 0.7 
0.98 f 0.8 -- 

17.00 f 19.3 -- 
5.13, f 3.2 -- 
0.64 f 0.3 --- 
0.56 f 0.2 -- 
2.38 f 2.0 
0.64 f 0.4 
2.14 f 2.1 

-- 

0.72 f 0.5 
0.50,f 0.0 
0.00, f 0.0 -- 

Acetosella vulgaris 

Rosa arkansana 

Taraxacum officinal0 

Carex praegracilis 

Eleocharis palustris 

Unknown Monocots 

1989 
meanf S.D. 
1.43 f 1.8 
0.77 f 0.7 

0.94 f 0.9 
0.54 f 0.1 
0.50 f 0.0 
0.96 f 1 .O 
1.11 f 1.2 
1.42 f 1.1 
0.00 f 0.0 
0.00 f 0.0 
0.50 f 0.0 
0.51 f 0.1 

- 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

unburn 
burn 

--- 
1990 -- ---- 

mean* S.D. - -- 
2.56 f 3.4 

--.+ - 
. 1.52 It 1.2 

0.54 f 0.1 
0.64 f 0.3 
0.56 f 0.2 
0.91 k 1.0 
3.23 f 4.2 
1.88 f 1.9 ----- 
0.00 * 0.0 -- 
0.00 f 0.0 
0.50 f 0.0 
0.50 f 0.0 

0.00 f 0.0 
1.11 f 0.3 
2.33 f 1.5 
2.20 f 0.4 
0.00 f 0.0 
0.00 f 0.0 
0.00 f 0.0 
0.00 f 0.0 
1.25 f 0.5 
0.00 f 0.0 
0.00 f 0.0 
0.00 f 0.0 

0.57 f 0.2 
1.00 f 8.0 

12.50 f 13.5 
4.88 f 3.5 
0.54 f 0.1 
0.53 f 0.1 
0.85 f 1.3 
0.50 f 0.0 
0.66 It 0.5 
0.50 f 0.0 
2.71 f 2.8 
0.00 f 0.0 





Appendix B.1. Species list of Boulder Tallgrass Prairie's seed banks 

ALS I NACEAE 
s t l u m  s t r l c m  L .  . . Faronvchla T o r r e y  6 G r a y  

APIACEAE 
Lomatiurn C o u l t e r  6 R o s e  

ASTERACEAE 

Acosta(Centaurial ( L a m a r c k )  
S o  j a k  . , .  Ambrosia. L .  v a r .  
elatior (L.) D e s c o u r t i l s  . . . * 

W i  1 l d e n o w  . . . . Artemlsla N u t t a l l  
Aster G r a y  

L .  
a r v w  ( L . )  S c o p o l i  . . ( N u t t a l l )  S p r e n g e l  
vul- ( S a v i )  T e n o r e  

( L . )  C r o n q u i s t  
Eriaeron G r a y  

C a n d o l l e  
GnaDhalium H u m b o l d t ,  

B o n p l a n d  6 K u n t h  
Grindelia G r e e n e  

B r i t t o n  S R u s b y  
Heterotheca ( G r e e n e )  

S h i n n e r s  
u c a  serrlola L .  . . OliaosDorus ( N u t t a l l )  

P o l  j a k o v  . . PodosDermum ( L . )  de 
C a n d o l l e  

S a e a g ~ ~ t i n i d e s  T o r r e y  6 G r a y  
D r a x a c u  

. . 
In o f f  u l n a l e  G .  1 1 .  Weber 

m l e s ~ e r r n a  m e q a ~ o t a m i c m  ( S p r e n g e l )  
K u n t  z e  

TraaoDoaon S c o p o l i  s u b s p .  
m a j o r  ( J a c q u i n )  V o l l m a n n  

BORAGINACEAE 
CrvDtantha ( T o r r e y  6 

G r a y )  G r e e n e  . . a red- ( H o r n e m a n n )  G r e e n e  
va v1rg.a.h ( P o r t e r )  G r e e n e  

BRASSICACEAE 
Alvssum ( L . )  R o t h m a l e r  
Camelina A n d r z e  j o w s k i  
Descurainia ( L . )  Weber 
Drabs ( L a r m a r c k )  F e r n a l d  
-_caDiTnLum ( D o u g l a s )  G r e e r l e  . . R .  Brown 

NeoleDialLeDidium)camDestre . . Sisvmbrium L .  . . S c h r a d e r  
CACTACEAE . . .  Echinocereus E n g e l m a n n  

( S a l i s b )  M a c b r .  
CAMPANULACEAE 

la1 oerfollata 
( L .  ) N i e u w l a n d  

CARYOPHY LLACEAE 
Dianthus L .  
Silene L .  

CHENOPODTACEAE 
ChenoDodium ( N u t t a l l )  

W a t  S o n  
ChenoDodlum SF'. 

COMMELINACEAE 



Appendix B.1. Species list of Boulder Tallgrass Prairie's seed banks 

la oc-talis (Britton) 
Smyth 

CONVOLVULACEAE 
Convolvulus L. 

CY PERACEAE 

Cargx sp. 
Eleocharis (L.) Roemer 6 

Schultes - SP 
HemicarDha (M.Vah1) Pax 

var. aristulata Coville 
(Bockeler) 

Koyama 
EQUISITACEAE 

(L.) Bruhin . . subsp. afflnls (A.Braun) Weber 
EUPHORBIACEAE 

Chamaesvce (Persoon) 
Sma 1 1 

Tithvmalus (Larmack) 
Webe r 

FABACEAE 
L. . . Psoralldlum (Pursh) 

Rydberg 
GERANIACEAE 

(L.) L'Heritier 
HYPERICACEAE 

HvDericum L. 
I R I DACEAE 

Sisvrinchium Greene 
JUNCACEAE 

s arc- Willdenow subsp. 
& e ~  (Rydberq) Hulten 

L. 
Wiegand 

i!msxi rnarqi.n&us Rostkov - L -  
LAM1 ACEAE 

da ~ect- Nuttall 
MOLLUGINACEAE . . Molluoo L. 
ONAGRACEAE 

CalvloDhus (Nuttall) 
Raven . . 

-Lm Rafinesque 
EDilobium L. 

Douglas 
Thunberg 

OXALIDACEAE . . Jacquin 
PAPAVERACEAE 

&raemone Vitman 
PLANTAGINACEAE 

Plantaqo L. 
Plantaqo Jacquin 

POACEAE 

al- Roth 
Androooqon Vitman 
i (L.) 

Nevski 
aouteloua (Michaux) 

Tor rey 
Brornus- Thunberq 

Enqelmann 
t-' 
Cn 
u3 



Appendix B.1. Species list of Boulder Tallgrass Prairie's seed banks 

m o v l l f a  ((Hooker) 
S c r i b n e r  

Humboldt, Bonpland 6 Kunth 
Critesion ( N e v s k i )  

Weber 

( S c h u l t e s )  Gould v a r .  
scribnerianum (Nash) Gould . . ( L . )  s u b s p .  
s t r i c t a  

Festuca L -  
Koeleria (Ledebour) 

S c h u l t e s  
Phleum L -  
E o a  L.  
Pea L. 

Nash 
Sorahastrum ave- (Michaux) Nash 
SDorobolus (Michaux) Kunth 
SDorabolus crvotandrusTorrey 6 

Grav) - 
StiDa T r i n i u s  6 Ruprecht 

POLEMON I ACEAE 

ci- 
. . N u t t a l l  . . 

1s (Hooker) Greene 
POLYGONACEAE 

Acetosella (Koch) Fourreau . . Polvsonum Michaux 
Rumex L .  

PORTULACACEAE 

Portulaca L .  
Talinum N u t t a l l  

PRIMULACEAE 
Androsace Pursh 

ROSACEAE 

Potentilla_anslica Laichard ing  
SALICACEAE 

Ponulus Michaux 
SCROPHULARIACEAE 

Linaria._canadensis ( L . )  Durn. 
Verbascum L .  
Veronica L. 

TY PHACEAE 

TvDha s P  
VERBENACEAE 

Verbena Lagasca 6 

Rodriguez  



Appendix 0 . 2 .  Species list of Konza Tallgrass Prairie's seed banks 

ASTERACEAE . . .  Ambrosia I,. v a r .  
filatior ( L . )  D e s c o u r t i l s  

zxk- . . N u t t a l l  
Aster G r a y  . . 

( N u t t a l l )  S p r e n g e l  
za clannadensis ( L . )  C r o n q u i s t  

Eriaeron G r a y  
CANPANULACEAE 

( L .  ) N i e u w l a n d  
CARYOPHYLLACEAE 

Sim- L. 
CYPERACEAE 

fen- ( B o c k e l e r )  
Koyama 

EOUSITACEAE 

a r v e a  L .  
t e  ( L . )  B r u h i n  . . 

s u b s p .  ~LLULLS ( A .  B r a u n )  Weber  
l R I  DACEAE 

Sisvrinchium G r e e n e  
JUNCACEAE 

J u n c u s  W i e g a n d  
LAM1 ACEAE . . Hedeoma P u r s h  

PLANTAG I NACEAE . . .  virQlILLCra L .  
POACEAE 

Aarostis R o t h  
A n d r o D o ~ o n  ge~ardii V i t m a n  

o m u s )  t e c t m  (L.) 
N e v s k i  

m m u s  iaDonicus T h u n b e r g  

( S c h u l t e s )  G o u l d  v a r .  
scribnerianum ( N a s h )  G o u l d  

Festuca L .  
kacom~ressa L .  
Pea L .  
Sorshastrum ave- ( M i c h a u x )  N a s h  

l i s  o b t u s u  ( M i c h d u x )  
S c r i b n e r  

Soorobolus ( M i c h a u x )  K u n t h  
Soorobolus ( ( T o r r e y  c 

G r a y )  
turn  L .  



Appendix B.3. Species abbreviations using in the ordination diagrams and their 
full scientific names 

AGRPOL 

ALYMIN 

AMBART 

ANDGER 

ARTFRI 

ARTPUR 

ASTPOR 

BOUCUR 

BOUDAC 

BROSPP 

CAMMIC 

CARPEN 

CHELEP 

CHOGRA 

CICINT 

Agremone polyanthemos 

Alyssum minus 

Ambrosia artemisiifolia 

Andropogon gerardii 

Artemisia frigida 

Aristida purpurea 

Aster porteri 

Bouteloua curtipendula 

Buchloe dactyloides 

Bromus spp. 

Camelina microcarpa 

Carex pensylvanica 

ssp. heliophila 

Chenopodium leptophyllum 

Chondrosum gracile 

Cichorium intybus 

CIRARV 

CONARV 

DIAAME 

DRAREP 

ECHVIR 

ELEPAL 

EPICIL 

ERIFLA 

EROCIC 

FESRUB 

HETFUL 

HIPHYE 

HYPPER 

JUNARC 

JUNBUF 

JUNDUD 

Cirsium arvense 

Convolvulus arvense 

Dianthus armeria 

Draba reptans 

Echinocereus viridifloreus 

Eleocharis palustris 

Epilobium ciliaturn 

Erigeron flagellaris 

Erodium cicutarium 

Fes tuca rubra 

Heterotheca fulcrata 

Hippochaete hyemalis 

Hypericum perforatum 

Juncus arcticus 

Juncus buf onius 

Juncus dudleyi 



Appendix B . 3  cont. Species abbreviations using in the ordination diagrams and 
their full scientific names 

JUNMAR 

KOEMAC 

LACSER 

LAPRED 

LEPDEN 

LIAPUN 

LOMOR I 

LUPARG 

MEDLUP 

MONPEC 

NEOCAM 

OL I PAC 

OLIRIG 

OPUCOM 

OPUFRA 

PANVIR 

Juncus marginatus 

Koeleria macrantha 

Lactuca serriola 

Lepidium redowskii 

Lepidium densiflorum 

~iatris puntata 

Lomatium occidentale 

Lupinus argenteus 

Medicago lupulina 

Monarda pectinata 

Neolepia campestre 

Oligosporus pacificus 

Oligoneuron rigidum 

Opuntia compressa 

Opuntia fragilis 

Panicum virgatum 

PASSMI 

PHAHET 

PHLPRA 

PLALAN 

PLAPAT 

POASPP 

PSOTEN 

SENSPA 

S I LANT 

SISALT 

SORAVE 

SPOASP 

SPOCRY 

STICOM 

TALPAR 

TAROFF 

Pascopyrum smithii 

Phacelia heterophylla 

Phleum pratense 

Plantago lanceolata 

Plantago patagonica 

Poa spp 

Psoralidium tenuiflorum 

Senecio spartioides 

Silene antirrhina 

Sisymbrium altissimum 

Sorghastrum avenaceum 

Sporobolus asper 

Sporobolus cryptandrus 

Stipa comata 

Talinum parviflorum 

Taraxacum officinale 



~ppendix B.3 cont. Species abbreviations using in the ordination diagrams and 
their full scientific names 

THEMEG 

TRADUB 

TRAOCC 

TRIPER 

TYPSPP 

VERPER 

VERTHA 

VIONUT 

VIRFAL 

YUCGLA 

Thelesperma megapotarnica 

Tragopogon dubius 

Tradescantia occidentalis 

Triodanis perfoliata 

T Y P ~ ~  SPP. 

Veronica peregrina 

Verbascum thapsus 

Viola nuttallii 

Virgulus falcatus 

Yucca glauca 
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HETFUL 

0 
LIAPUN ECHVIR 

ERI FLA ARTFRI 

UNBURNED CENTROID 

BURNED CENTROID 

Figure 1. Ordination diagram of Boulder Tallgrass Vegetation 

with respect to burning: Xeric site, August 1988 

POASPP 

TRADUB 

species abbreviations are listed in Appendix B3. 

BOUCUR 

PSOTEN 

0 STICOM 1 . 3 5  
BROSPP 

C HOGRA OPUFRA 
OP UCOM 



A UNBURNED CENTROID 

A BURNED CENTROID 

I LOMORI I THEHEG 
BOUCUR I STICOM/ 

YUCGLA 

Figure 2. Ordination diagram of Boulder Tallgrass Vegetation 

with respect to burning: Xeric site, June 1989 

species abbreviations are listed in ~ppendix 8 3 .  



BROSPP 

- 1 
/1 UNBURNED CENTROID 

I(LL BURNED CENTROID 

PSOTEN 

LIAPUN 

STICOM 

AMBART 0 OPUCohl 

OPUFRA - 
I 

I DOLIPAC o CHELEP/ERIFU\ 
CHOGRA 

H E T F U L ~  

ARIPUR 

-3 SENSPA / BOUCUR CJ 0 

Figure 3 .  Ordination diagram of Boulder Tallgrass Vegetation 

with respect t o  burning: Xeric s i t e ,  August 1989  

species abbreviations are listed in Appendix B3. 



A BURN 

0 
V IONUT PASSM I I "OM OPUCOM ANDGER 

1 
O S I S A L T  

CAMMIC 

-1 - 2 5  

Figure 4. Ordination diagram of Boulder Tallgrass Vegetation 

with respect to burning: Xeric site, June 1990 

species abbreviations are listed in ~ppendix B3. 



A UNBURNED CENTROID 

A BURNED CENTROID 

LIAPUN 

BOUCUR S SPA 4 
A N m E R 0  I 0 O L I P A C /  BROSPP 

ALYMIN 

POASPP 

AMBART 
0 

L-1 
Figure 5. Ordination diagram of Boulder Tallgrass Vegetation 

with respect to burning: Xeric site, August 1990 

species abbreviations are listed in Appendix 8 3 .  
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A BURNED CENTROID 

MEDLUP 
BUC 3AC 

ASTPOR 

1 
-3  )I VIRFAL PS0TE3J 3 

JUNARC AMP PSI^ POASPP 
0 ELEPAL 

Figure 9. Ordination diagram of Boulder Tallgrass Vegetation 

CONARV 

with respect to burning: Mesic site, June 1990 

OOLIRIG 

SORAVE 
TAROFF 

HIPHYE 

species abbreviations are listed in ~ppendix B3. 
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/\ UNBURNED CENTROID 

A BURNED CENTROID 

POASPP JUNBUF+JUNDUD 

I 
-2 ERIFLA 1. 

PLAPAT 

EROCIC 

MONPEC n JUNARC 

TRIPER 

-2 

Figure 13. Ordination diagram of Boulder Tallgrass Seedling 

Bioassay with respect to burning: Xeric site, August 1989 

SPOCRY 

species abbreviations are listed in Appendix B3. 











r /\ UNBURNED CENTROID 

A BURNED CENTROID 
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- I 

3 

TRADUB 

ALYMIN 

BROSPP 

Figure 18. Ordination diagram of Boulder Tallgrass Seedling 

Bioassay with respect to burning: Mesic site, August 1989 

species abbreviations are listed in Appendix B3. 



0 PLALAN DIAAME 
JUNBUF+ 
JUNDUD 

0 VERPER 
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-1 
Figure 19. Ordination diagram of Boulder Tallgrass Seedling 

Bioassay with respect to burning: Mesic site, June 1990 

species abbreviations are listed in Appendix B3. 
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