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ABSTRACT

V- ^Ten eastern Nebraska tallgrass prairie remnants,jvarying in size 
from 1-18 haJ were evaluated for floristic composition at/four times
during the 1979 growing seasonj^ A total of 153 species were recorded
of which seven dominated:/^Andropogon gerardii, A. scoparius, Bromus
inermis, Ceanothus americanus, Heliopsis helianthoides, Poa pratensis,
and Stipa sparteajl Floristic composition, however, varied with respect
to management, topography, season of evaluation, and prairie size. Fre- |
quent mowing reduced canopy cover of native species, such as^^dropogon
g e r a r d i i ^1^ while increasing that of non-native species, such as

^Bromus inermisj by 35^» In addition, frequently mowed sites contained |
a greater number of disturbance species (l4 species), such asĵ onyza

^  "1canadensis and Setaria glauca J than less frequently mowed sites (6 spe
cies). Canopy cover on sites mowed in early summer averaged higher 
for jwarm-season specif and 2G% lower for^ool-seas p^species than on 
sites mowed in late summer. Total vegetative cover, total grass cover, 
and total forb cover were lowest for hilltops and south-facing slopes 
although canopy cover of individual species varied with respect to 
topographic setting. Total vegetative cover and number of species re
corded were highest in August evaluations ; canopy cover of individual 
species varied throughout the growing season. A significant correla
tion was found between prairie size and Species Richness (P=0.02).



INTRODUCTION

Before European settlement in the mid l800*s, eastern Nebraska was 
dominated by true or tallgrass prairie (Weaver 1985)» Since that time, 
however, the prairie has been reduced to scattered remnants primarily 
as a consequence of extensive cultivation and development. The de
cline of the prairie ecosystem means a reduction in critical habitat 
for many organisms as well as the loss of some portion of the native 
gene pool (Wagner 1975)*

Vegetative Composition:
Weaver■(1965) described the floristic composition of tallgrass 

prairies of eastern Nebraska. Species dominating the tallgrass prairie 
included Andropogon gerardii (big bluestem) and A. scoparius (little 
bluestem) which together constituted 75^ or more of the vegetation. 
Lowlands were predominately A. gerardii (80-90^) with smaller amounts 
of Sorghastrum nutans (Indian grass), Andropogon scoparius, and Panicum 
virgatum (switchgrass). In the wettest lowlands, Phalaris arundinacea 
(reed canary grass) and Spartina pectinata (cord grass) were also impor
tant species. Upland prairies, more xeric than lowland areas, were dom
inated by Andropogon scoparius with varying amounts of Koeleria pyrami- 
data (June grass), Stipa spartea (needle grass), Sporobolus asper (drop- 
seed), and Bouteloua curtipendula (side-oats grama). On lower and mid
dle slopes, the bluestems intermingled in about equal amounts. Although 
believed to be non-native (Cronquist et 1977), Poa pratensis (Ken
tucky bluegrass) was frequent in upland and lowland prairies. The spread



of this species is attributed to its introduction by European settlers 
and the suppression of naturally caused prairie fires which are destruc
tive to it (Weaver 1965)» Forbs were an integral part of the native 
prairie vegetation with up to 25O species found in lowlstnds and 200 in 
uplands.

Previous studies in Nebraska did not include several of the eastern 
counties such as Douglas and Sarpy Counties. The only quantitative study 
known for this area was conducted by Hover and Bragg (1980) in which they 
examined aspects of burning and mowing management.

Management:
Native grasslands have recently become the focus of many studies

Qn management and restoration, in part because of their rapid rate of 
disappearance from certain regions and also because of the importance 
of maintaining prairie remnants in a relatively natural state. Prairies 
in eastern Nebraska once were subject both to grazing by large herbi
vores, such as elk and bison (Bradbury 1819, Larson 1940), and to burn
ing (Long 1823, Gregg 1845). Presently, however, most of the remnants 
are neither grazed nor burned but rather are mowed for hay. Burning has 
been reported to be the best known management practice for maintenance 
of native bluestem prairies (Aldous 193^, Ehrenreich and Aikman 19^3).
The season of burning and the time interval between fires are considered 
important aspects of burning management (Kucera and Ehrenreich 1982, 
Smiens 1973)* In areas where the use of fire is prohibited, however, 
other management techniques, such as mowing need to be considered. Hover



and Bragg (1980) suggest that summer mowing favors cool season species 
such as Stipa spartea while spring mowing or burning favors warm season 
species such as Andropogon gerardii. In addition, Weaver and Rowland 
(1952) and Hulbert (I969) suggest that frequent mowing during a growing 
season reduces net production. In combination, these studies emphasize 
the importance of considering type of management as well as season and 
frequency of treatment application in studying prairie ecosystems.

Topography, Soil and Size;
Topographic and edaphic heterogeneity, which would be greater in 

larger than in smaller prairies, influences vegetative composition 
(Crockett 1984, Smiens and Olsen 1970, Van Der Maarell 1971) thus larger 
prairies are likely to include a greater number of species. In addition, 
a large prairie is more likely to support a greater number of dispersed 
populations of any one species (Thompson 1975) so that the chance elim
ination of one does not preclude the reestablishment of the species from 
another nearby population. In a small prairie, however, with several 
species occurring as only a single population, a particular type of man
agement may result in the inadvertent destruction of a population with 
no nearby seed source for reestablishment. Should this occur, species 
diversity is more likely to decrease in small prairies than in larger 
ones. Nepstad and Hoffhines (1980) for example, suggest a direct rela
tionship between prairie size and species diversity. Prairie size, thus, 
must be an additional consideration in studying prairie ecosystems.



Seasonal Variations:
Most studies on native prairies appear to have been conducted only 

once during a growing season. Since the phenology of grassland species 
is known to vary (Anderson and Schelfhout I98O), the season-of-evalua
tion is likely to be an additional and important aspect of prairie 
studies.

The impetus for this study was provided by the absence of quanti
tative descriptive data for prairies in the study area, the rapid loss 
of prairies to development and cultivation, and the need to develop a 
better understanding of maintenance procedures for remnant prairies. 
Specifically, this study quantitatively describes the floristic compo
sition of ten native prairie remnants in Douglas and Sarpy Counties in 
eastern Nebraska. Consideration is given to management, topography, 
seasonal variation, and size, all of which are important parameters of 
grassland evaluation and of grassland management and preservation.



METHODS

Study Sites:
In 1979» a survey was conducted to locate native prairie remnants 

in Douglas and Sarpy Counties in eastern Nebraska, From the survey, 
ten sites were selected, nine in Douglas County and one in Sarpy County 
(Appendix Table l). The bases for selection were: (l) domination by 
native vegetation, (2) no evidence of cultivation, (3) no recent history 
of treatment with herbicides or of interseeding, (5) ease of access,
(6) homogeneity of soil type between sites, and (7) when possible, some 
variation between or within sites with respect to management, topography, 
and size.

The recent management history of each prairie was determined by 
contacting present landowners. All prairies evaluated had a history 
of mowing although the frequency of mowing varied from one to six or 
more times per growing season. Prairie size varied from 1-18 ha. Soils 
on all sites were silty loams (Bartlett 1975)*

Vegetative Analyses:
Six topographic settings were separately evaluated although not all 

six were found on any one prairie. These settings consisted of north- 
facing, south-facing, east-facing, and west-facing slopes, as well as 
hilltops and uplands with hilltops generally smaller in area than up- 
landCi Slopes varied from 1-30^ with 3~7% being the most common; mid
slope locations were selected for evaluations. Lowland regions were not



considered because few were available and because soil type differed. A
total of 21 topographic study areas were evaluated (Appendix Table l).

2At each study area, three, 3 x 10m , plots were equally spaced along a
2centrally located transect. Within each of these plots, ten, Im , cir

cular, microplots were systematically located and permanently marked. 
Vegetation within each microplot was evaluated three times during 1979, 
(l) May 30-June 6, (2) June 20-27, (3) July 30-August 13. Some sites 
were also evaluated a fourth time, from September 22-30, depending on 
the time of mowing or on the ability to obtain permission from land
owners to establish enclosures.

Within each microplot, percent canopy cover was estimated for each 
species as well as for general categories including: total vegetative 
cover, total grass cover, total forb cover, total woody plant cover, 
and total moss cover. Coverage categories used were: 0-5^, 5-25^, 25- 
50^, 50-75̂ , 75-95%f and greater than 95^ (Daubenmire 1959). Data were 
analyzed by using midpoint values of each coverage category. Floristic 
composition is described using two parameters, (l) average canopy cover, 
and (2) frequency. "Dominant species" are defined as those with a fre
quency of at least ^0% within a topographic study area and with the 
highest average canopy cover value for that topographic study area. 
Additional species are considered dominants, regardless of frequency, 
if their average canopy cover for a topographic study area is within 10^ 
of the species initially designated as the dominant. In addition to 
quantitative data within each microplot, species present at a prairie 
but not found within study plots were recorded throughout the season.



Plant identifications were verified at the University of Nebraska at 
Omaha Herbarium (OMA). Common and scientific nomenclature follows 
Gleason and Cronquist (I983)» Great Plains Flora Assn. (1977), and 
Sutherland (in press).

Vegetative diversity within each topographic area was calculated 
using the Shannon-Wiener diversity index (H') where H' = 5 p^(log2Pj_) 
and p^ = the relative canopy coverage value of each species occurring 
in a plot. High H ' values indicate high diversity (Krebs 1978). Per
cent Similarity between each topographic area was calculated using 
Sorenson's Quotient of Similarity (Q. S. ) where Q. S. = ^ and
where m = the total number of species in the first study area, n = the 
total number of species in the second study area, and w = the number of 
species common to both samples. A community ordination was constructed 
using Sorenson's Quotient of Similarity (Bray and Curtis 1957) to 
evaluate similarities between prairies. Species Richness, the total 
number of species present in a community, was also calculated for each 
study area and each prairie site. Pearson's Correlation was used to 
determine relationships between prairie size. Species Richness, and 
Species Diversity (H') (Ott 1977).
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RESULTS

General Floristic Composition:
Total vegetative cover ranged between 60-^8% with substantial sea

sonal variations in grass (30-9^)» forb (l-68^), woody plant (0-64^), 
and moss (0-3^) cover (Appendix Table 2).

A total of 153 species were recorded for the ten sites both within 
and outside of study plots (Appendix Table 3)* Using canopy cover data 
from the first three evaluations, seven species were found to dominate 
(Table l). Andropogon gerardii was the single most prevalent species 
occurring in all study areas, dominating in 13 of the 21 study areas, 
and averaging a higher canopy cover in all topographic settings than 
any other species. Poa pratensis also occurred in all study areas al
though it dominated in only two. Stipa spartea, a native cool-season 
grass, dominated in five areas and was present at all sites except one 
(Site 5) which was dominated by Bromus inermis (smooth brome), an intro
duced cool-season grass. Other dominants included Andropogon scoparius, 
Heliopsis helianthoides (false sunflower), and Ceanothus americanus 
(New Jersey Tea). Amorpha canescens (lead plant) and Aster ericoides 
(white aster) were common to all study areas but they were not dominants 
as defined in this study.

Mowing Management:
Frequency of Mowing: The effects of different frequencies of mow

ing are evident by comparing north-facing slopes of two adjacent sites
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Table 1 . Maximum average percent canopy cover - SE for the 1st, 2nd, or 3rd evaluation on all study areas. Only 
species with frequency greater than 75% In one or more study areas are included, tr = less than 0.5^ coverage. 
Underlined values indicate the dominant species for each location.

TOPOGRAPHIC SETTINGS AND STUDY SITES
FLORISTICS NORTH SLOPE SOUTH SLOPE

1 2 3 4 5 10 1 3 4 5 6 7
Total Cover 91*1.5 97*0.6 98*0 98*0 74*2.5 98*0 96*0.8 91*1.2 97*0.4 76*2.6 91*1.5 94*1.4
Grass 83*1.6 92*1.8 89*1.1 88*1.4 73*2.5 97*0.6 91*1.5 84*1.4 86*1.1 76*2.6 71*2.9 85*1.8

Forbs 47*3.7 43*3.8 26*3.8 49*4.5 3*0.8 59*4 .6 58*4.9 13*1.8 37*4.5 3*0.7 65*2.9 28*3.7
Woody Plants 15*4.1 2*1.2 7*1.1 71*3.3 1*0.7 8*2 .4 21*4.1 17*3.6 64*6 .0 1*0.7 50*3.2 18*3.9

Moss 22*2 .4 2*0.2 10*1.1 12*1.0 2*0.2 18*1.7 4*0.7 7*1.4 5*1.0 7*1.5 tr 1*0.2

Equisetum tr 14*2 .6 23*3.1 0 0 0 0 1*0.2 0 0 0 0
GRASSES & SEDGES:
Andropogon
gerardii 61±2.6 57*2 .9 76*3.1 48*4 .2 27*3.6 20*2.1 54*4.6 43*3.6 44*4.9 35*4 .6 34*4.5 62*1^
Andropogon
scoparius 6±2 .2 1+0.2 0 l±tr 3*0.8 50*3.7 3*0.9 4*1.8 2+0.8 3*0.8 28+3.9 18+4 .4
Bouteloua
curtipendula 4*0 .7 6*1.2 tr 1*0.7 7*1.5 0 0 tr 1*0.5 8*1.8 9*1.8 tr
Bromus
inermis 1±0.1 0 0 17*3.5 52*2.9 tr 21*5.6 2±0.1 40+5.8 59*1.9 tr 10+1.9
Bromus
.iaponicus 33*4 .0 0 0 48*3.2 2*0.2 0 29*5.0 0 41*3.3 2*0.2 0 10*2 .8
Car ex 
brevior 1*0.2 5*1.0 2*0.5 1*0.5 1*0.5 2*0.5 2*0.2 tr 0 0 tr tr
Car ex 
meadii 3*0.6 tr 2*0.2 tr 1*0.5 6*1.2 2*0.5 tr 0 0 3*0.9 tr
Dichanthelium
acuminatum tr 11*1.8 tr 0 0 12*1.4 1*0.2 tr 0 0 0 tr
Dichanthelium
linearifolium 1*0.5 4*1.1 tr tr 0 13*1.9 7*1.2 tr tr 0 tr tr
Dichanthelium
oligosanthes 8*1.2 8*1.8 1*0.5 1*0.5 4*1.5 4*0.8 10*1.2 1*0.5 7*2.2 0 8*1.5 5*1.0var scribnerianum
Koeleria 
pyrimidata 4*1.0 6*1.1 1*0.2 tr tr 2*0.7 1*0.5 3*1.4 3*1.4 0 tr tr
Poa 
pratens is 26*2 .2 43*2.9 58*1.7 29*2.1 40*3.0 34*1.6 20*2.3 32*2.3 37*1.8 21*2.7 13*2.1
Sorghastrum
nutans 3*1.0 17*2.7 4*1.6 10*2.0 2*0.5 2*0.7 0 9*1.7 2*0.5 tr 6*2.4 5*1.0
Stipa
spartea 10+2.3 12+2.9 51*7.3 27*3.9 0 18+5 .4 47*5.8 39*3.9 6+2.5 0 2+1.2 1+0.7

FORBS:
Aster
ericoides 1±0.2 1011.8 1+0.2 3*1.4 tr 1*0.2 tr tr 7*2.5 tr 1+0.2 6±1 .6
Erigeron
strigosus 6*1.0 tr tr 0 0 1*1.5 10*2.5 1*0.5 1*0.2 0 tr 0
Euphorbia
corollata 2*0.7 6*1.1 7*1.1 2*0.5 0 8*2.5 1*0.7 4*0.8 5*1.4 0 1*0.2 5*1.5
Heliopsis
helianthoides 0 tr 2*0.8 33*4.9 0 0 0 tr tr 0 56*3.6 tr
Phlox
pilosa 3*0.6 4*0.7 1*0.2 4*0.8 0 0 1*0.2 tr 3*0.9 0 1*0.5 tr
Potentilla
arguta tr 0 tr 0 0 5*1.5 0 0 0 0 1*0.5 1*0.5
Rudbeckia
hirta 4±0.9 1*0.2 0 0 0 2*0.8 1*0.5 tr tr 0 1*0.5 1*0.5
Trifolium
pratense 27*3.5 6*1.0 0 0 1*0.5 25*2.2 40*3.9 0 0 tr 0 0

WOODY PLANTS:
Amorpha
canescens 4*1.4 1*1.3 7*1.5 12*2.0 1*0.7 6*1.5 21*4.1 16*3.6 7*1.9 1*0.7 25*4.3 15*3.2
Ceanothus
americanus 11*4.1 0 0 61*4.2 0 2*2.1 1*0.5 0 58*6 .7 0 22*4.7 3*2 .8

. Rosa
arkansana 1*0.5 1*0.5 0 tr 0 0 tr tr 1*0.5 tr 4*1.3 0
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Table 1 . Maximum average percent camopy cover - SE for the 1st, 2nd, or 3rd evaluation.(continued)

FLORISTICS
TOPOGRAPHIC SETTINGS AND STUDY SITES

EAST SLOPE WEST SLOPE HILLTOP UPLAND1 10 9 10 3 4 6 10 '8 '
Total Cover 93*1.1 98+0 96*1.3 95*0.9 87*2.1 92*1.8 94*1.0 95*1.0 97*0.4
Grass 81+1.9 98*0 91*3.1 92*1.8 79*2.0 81*2 .2 85*1 .9 92*1 .5 97*1.6
Forbs 51*2.8 . 68*4.4 39*4.5 54*4.3. 15*2.9 25*2 .8 19*2 .5 47*3 .9 57*4 .3

Woody Plants 3*2.6 12*3.3 3*0.8 7*2.7 17*4.4 47*5.3 18*3 .7 10*3 .2 17*4 .1

Moss 5*0.9 20*1.7 7*1.2 33*3.6 10*2.0 5*1.1 3*0.6 29*2 .3 3*0.6
Equisetum 0 3*1.4 tr 0 0 0 0 0 tr
GRASSES & SEDGES:
AndrooOKon
gerardii 37*3.7 46*5.3 69*6.3 61*2.9 59*3.2 20*4.0 74*2 .7 45*6 .4 32*4 .4

Andropogon
scoparius 4*1.5 22*5.2 11*4.1 15*2.7 0 tr 11*2.4 25*4 .9 33*4 .6
Bouteloua

tr 1*0.5 1*0.5 1*0.2 tr 5*1.1 3*0.7 1*0 .5 8*1 .2

Bromus
inermis 0 0 5*1.8 0 2*1.4 40*5.3 0 0 1+0 .6
Bromus 
,iaponicus 9*2.6 0 0*2.1 0 0 6*1.9 0 0 0

Carex
brevior 7*1.2 4*0.5 1*0.5 1*0.2 0 tr 1*0.2 4*1.1 4*0 .9
Carex
meadii 3*0.6 2*0.5 0 3*0.7 tr tr tr 2*0 .5 3*0 .1
Dichanthelium
acuminatum 6*1.5 15*2 .1 tr 9*1.9 0 7*0.5 tr 4*1.0 tr
Di chanthelium 
linearifolium 3*0.8 28*5.1 0 16*3.3 tr 5*1.8 tr 7*1.8 2*0.8
Dichanthelium
oligosanthes var 
scribnerianum

8*1.2 11*2.6 3*1.4 4*1.5 2*0.7 4*1.1 10*1.8 7*1.2 6*1.1

Koeleria
pyrimidata 1*0.2 4*1.5 0 3*0.8 1*0.2 4*1.5 tr 2*0 .7 7*1.2

Poa
pratensis 13*1.6 40*2.6 36*1 .8 41*1.6 48*2.8 25*2.5 28*2 .9 32*1 .9 67*1 .2

Sorghastrum
nutans 1*0.5 3*1.4 25*4.2 3*1.4 2*0.8 tr 3*0 .9 2*0.2 14*4.1
Stipa
spartea 41*4.0 42*4.9 9*2.9 22*3.7 15*4.0 30*5.7 4*1.4 19*3.6 3*1 .5

FORBS:
Aster
ericoides 1*0.2 5*1.5 12*3.8 8*2.6 1*0.2 1*0.7 4*0 .9 9*2 .7 1*0.2
Erigeron
strigosus 4*0.9 4*0.9 1*0.5 10*1.1 1*0.2 tr 1*0.2 9*1.5. 1*0.2
Euphorbia
corollata 3*1.4 21*3.7 16*2 .8 8*1.6 4*1.3 1*0.2 1*0.2 6*1.5 4*1.4
Heliopsis
helianthoides 0 tr tr tr tr 4*0.9 5*1 .5 tr 0
Phlox
pilosa tr tr tr 1*0.5 0 1*0.2 1*0 .5 tr tr
Potentilla
arguta 2*0.7 8*1.6 0 2*1.3 0 0 0 2*0.8 tr
Rudbeckia
hirta 9*2.6 3*0.9 tr 3*0.7 tr 0 2*0.8 2*0 .5 tr
Trifolium
pratense 20*2.9 1*0.5 0 0 0 0 0 tr 38*5,0

WOODY PLANTS: 
Amorpha 
canescens 13*2.6 12*3.3 3*0.8 5*1.9 7*2.1 12*2.5 18*3 .7 20*3 .2 14*4.1

Ceanothus
americanus 0 0 0 0 11*4.5 31*5.1 0 0 0
Rosa
arkansana 0 0 0 0 0 2*0.5 0 tr 0



11

(sites 4 and 5) which are similar in size and topography. Site 5 had 
been mowed frequently throughout the growing season while Site 4 had 
been mowed once each year in August, Total vegetative cover, total 
grass cover, and total forb cover averaged 24^, 15%i and 46^ lower re
spectively with frequent mowing than with a single mowing (Table l). 
Mowing frequency also affected individual species. Bromus inermis 
averaged 55% and Poa pratensis 11^ higher with frequent mowing than 
with a single annual mowing whereas frequent mowing reduced Andropogon 
gerardii cover an average of 21^; Stipa spartea was absent from the 
frequently mowed area. In addition, disturbance species such as Gonyza 
canadensis (horseweed) and Setaria glauca (foxtail grass) were present 
in greater numbers on the frequently mowed area (l4 species) than on 
the area mowed once annually (6 species) (Appendix Table 2 ) .

Comparing the two adjacent prairies, Species Diversity (H') was 
25%o lower and Species Richness 28^ lower with frequent mowing than with 
annual mowing despite the increase in disturbance species (Table 2 ) .  

Similar effects on Species Diversity (H') and Species Richness were 
seen on south slopes of the same sites. Species Diversity (H') and 
Species Richness comparisons between the frequently mowed site (Site 5) 
and other non-adjacent sites indicate results similar to those noted 
when comparing adjacent sites (Table 2 ) .

Season of Mowing : The effects of mowing during different seasons
are noted by comparing hilltop settings of two sites (Sites 6 and 4) 
which are similar in size and topography. Site 6 had been mowed reg- 
larly in June while Site 4 had been mowed regularly in August. Total



12

Table 2. Species Diversity (H') and Species Richness for topographic 
study areas. n_ = total number of species recorded during the first 
three evaluations; nĵ = total number of species including the fourth 
evaluation.

evaluation TIME
SPECIES DIVERSITY (H') SPECIES RICHNESS
1 2 3 4 1 2 3 4 n^ %

North slopes 
Site 1 4.00 3.40 3.43 36 41 42 49

2 3.29 3.49 3.68 - 36 42 4l - 49 -
3 3.23 3.16 2.82 - 38 32 32 - 43 -
4 3.34 3.47 3.44 - 29 37 34 - 40 -
5 2.42 2.34 2.76 3.26 21 25 25 29 29 33
10 3.70 3.72 3.66 3.34 40 40 36 33 45 47

South slopes 
Site 1 3.47 3.34 3.44 34 38 39 45

3 3.03 2.94 2.73 - 39 31 34 - 46 -
4 3.33 3.39 3.40 - 40 33 34 - 42 -
5 2.08 2.12 2.46 2.84 15 18 18 18 22 24
6 3.37 3.61 3.26 3.30 31 36 30 33 41 46
7 3.41 2.96 2.97 3.19 32 29 38 25 42 44

East slopes 
Site 1 3.83 3.84 3.78 30 40 42 42

10 3.90 3.88 3.80 3.38 44 45 41 38 53 55
West slopes 
Site 9 3.34 3.19 2.93 3.15 31 27 25 42

10 3.66 3.50 3.61 3.63 41 38 42 34 48 49
Hilltops 
Site 3 2.73 2.78 2.53 36 31 31 45

4 3.71 3.66 3.74 - 40 42 43 - 51 -
6 2.77 2.84 2.78 2.66 27 32 31 29 40 41
10 3.70 3.69 3.71 3.63 43 39 40 33 54 56

Upland 
Site 8 3.26 3.19 3.67 3.27 40 40 37 32 54 55
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vegetative cover was similar on the two study areas but woody plant cover 
averaged 29^ higher and forb cover 8% higher on the site mowed in August 
than the site mowed in June, Differences in canopy cover of individual 
species were also noted. Andropogon gerardii averaged higher and 
A. scoparius 11^ higher on the area mowed in June than the area mowed 
in August whereas Stipa spartea averaged 26% lower with June mowingr 
Bromus inermis and B. japonicus (Japanese brome) were present at the 
site mowed in August but absent from the site mowed in June. Poa 
pratensis, also a cool-season species, did not appear to be differentially 
favored by season-of-mowing (Table l). Similar effects on floristic 
composition were noted on south facing slopes of the two sites.

Species Diversity (H') and Species Richness were highest on the 
hilltop of the site mowed later in the summer (Site 4) although on 
south-facing slopes of the two sites (Sites 6 and 4) the indices were 
similar (Table 2).

Site Individuality:
Ordination of the 21 topographic study areas indicates that the 

vegetative similarity of different topographic settings from within a 
single site is greater than that for the same topographic setting from 
different sites. Thus, the effect of management appears to be greater 
than the effect of topography (Fig. l).

Topography:
Using average values combined for all evaluation periods, total 

vegetative cover (85%)t grass cover (73%)* and forb cover (21^) averaged
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lower on hilltops and south-facing slopes than on other topographic 
settings (Table 3)« Considering dominant species, canopy cover of 
Bromus inermis, Ceanothus americanus, and Heliopsis helianthoides 
averaged highest (l7%, 10^, and 6% respectively) on south slopes. 
Andropogon gerardii averaged higher on west-facing slopes than on 
other topographic settings although it was abundant on all settings.
A. scoparius and Poa pratensis averaged 13^ and 2k% higher on the up
land area while Stipa spartea averaged l6% higher on east-facing slopes 
than other topographic settings. Such topographic preferences of 
species were also noted for individual study sites.

Species Diversity (H’) and Species Richness for all evaluation 
times averaged highest on east-facing slopes (H'=3«78j 40 species). 
Species Richness averaged lowest on south-facing slopes (33 species) 
and Species Diversity averaged lowest on hilltops (H'=3*20) (Table 2). 
Such effects, however, are not reflected in data for all sites or for 
all seasons of the year.

The combined effect of topography and management is evidenced by 
comparing north- and south-facing slopes of Site 5 which was mowed 
frequently throughout the growing season with Site 4, mowed once each 
year in late July. Frequent mowing of both north- and south-facing 
slopes apparently favored Bromus inermis whereas mowing once annually 
averaged higher for Bromus inermis (23^) on south-facing slopes than 
on north-facing slopes. In addition, Stipa spartea and Heliopsis 
helianthoides averaged 2i% and 33% lower on south slopes than on north 
slopes with mowing once annually while Ceanothus americanus was favor
ed on both north and south slopes.
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Table 3» Percent Canopy Cover by topographic setting averaged for 
all evaluations for general vegetative categories and for dominant 
species, tr = less than 0,5% coverage.

VEGETATION TOPOGRAPHIC SETTING
NORTH SOUTH EAST WEST HILLTOP UPLAND

Total Cover 87 85 90 92 85 92
Grass 79 73 84 88 77 85
Forbs 28 23 48 35 21 49
Moss 7 2 8 10 5 2
Woody Plants 14 21 8 3 l6 10
Andropogon
gerardii 33 31 36 50 42 26
Andropogon
scoparius 10 8 10 12 8 25
Bromus
inermis 11 17 0 1 8 tr
Ceanothus
americanus 9 10 0 0 7 0
Heliopsis
helianthoides 3 6 tr tr 1 0
Poa
pratensis 32 20 22 30 27 56
Stipa
spartea 16 12 32 10 12 1
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Seasonal Variations;
Combining all sites, total vegetative cover averaged lowest in the 

first evaluation (80^) and highest in the fourth evaluation (9^^),
Forb cover averaged 11-16̂  higher in the third evaluation than for all 
others (Table 4). Differences in evaluation time were reflected in data 
for individual species. Considering a frequently mowed site (Site 8), 
Andropogon gerardii averaged 18^ higher during the third than during the 
first evaluation whereas Poa pratensis reached maximum cover (67^) during 
the second evaluation. Forbs showed similar seasonal peaks in canopy 
cover: Erigeron strigosus (daisy fleabane) was highest in the second
evaluation, Aster sericeus (silky aster) averaged highest in the third, 
and Carex meadii (Mead's sedge) was observed during the first and sec
ond but not in the third and fourth evaluations.

Seasonal variations in species diversity also occurred with the 
maximum Species Diversity (H') recorded during the first evaluation 
for ten of the study areas (Table 2). Of the 99 species present in 
study plots, only 65 were found in all four evaluations. Four species, 
Lithospermum canescens (Indian paint), Senecio plattensis (prairie 
ragwort), Agoserus glauca (false dandelion), and Teucrium canadense 
(American germander) were found only in the first evaluation while 
thirteen species were present in the first, second, and third evalu
ations but not found in the fourth evaluations: Asclepias amplexi-
caulis (bluntleaf milkweed), Asclepias syriaca (common milkweed),
Erigeron strigosus (daisy fleabane), Hedeoma hispida (rough penny 
royal), Physalis heterophylla (clammy ground cherry), Sisyrinchrium
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campestre (white-eyed grass), Tragopogon dubius (goats beard), Vernonia 
baldwinii (western iron weed), Zizia aurea (golden alexanders). Echina
cea angustifolia (purple coneflower), Erigeron annuus (annual fleabane), 
and Psoralea esculenta (breadroot scruf pea) (Appendix Table 2).

Prairie Size:
The preliminary survey of prairies in the Omaha area indicated the 

size of remaining prairie remnants range from less than 1 ha to 18 ha, 
thus the largest prairie located for this study was 75^ smaller than 
the largest prairies located by investigators 40-50 years ago (Weaver 
and Fitzpatrick 1934). Additionally, the second largest prairie lo
cated in the study area was only 8 ha, A significant correlation was 
found in this study between Species Richness and prairie size when con
sidering number of species per unit area in study plots (P=0.02) and 
for number of species in total prairie areas (P=0.0l). The correlation 
is even stronger than showed when sites with extreme mowing frequency 
are omitted (p=0.004 and P=0.001 respectively) (Fig. 2). No significant 
correlation was evident between Species Diversity (H') and prairie size.
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DISCUSSION

A comparison between the overall floristic composition observed 
in this study and that observed in previous studies (Weaver and Fitz
patrick 1934) from Lancaster County, located approximately 80 km east 
of the study area, suggests that prairies in eastern Nebraska have 
changed to some extent during the last 40-50 years. Introduced spe
cies such as Poa pratensis, Promus inermis, P. .japonicus, and Trifolium 
pratense, for example, are all more common than previously recorded. 
There also appears to have been a general decline in the total number 
of species which suggests a loss of at least some native species. Other 
than possible differences in species distribution, causes of temporal 
differences in general floristic composition between the 1930's and 
1970 and of vegetative differences noted between prairies of this study 
are likely to be related to management, topography, seasonal variation, 
or prairie size either individually or in combination.

Mowing frequency and season-of-mowing are types of management that 
appear to be capable of leading to vegetative differences such as those 
noted in this study. Frequently mowed sites, while more frequently 
mowed than might be typical, nevertheless indicate the potential for 
frequent mowing to (l) decrease total vegetative cover, (2) alter 
composition by encouraging establishment of disturbance species, and 
(3) substantially reduce species diversity. In addition to mowing 
frequency, this study suggests that s eas on-of-mowing can affect species
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composition, a conclusion also noted by Hover and Bragg (198O). Past 
management is unlikely to have been identical for any two prairie rem
nants, therefore differences between the sites used in this study are 
likely to reflect these variations in management history (Fig. l). The 
significance of these results is twofold. First, past management may 
have altered species composition or caused the loss of one or more spe
cies from a prairie remnant hence preservation of a single site may not 
preserve all of the native species once extant. Second, future manage
ment, designed to perpetuate natural environmental conditions, is es
sential for the continuation of the native prairie ecosystem.

Variations in species composition were also noted between different 
topographic settings. These differences most likely reflect variations 
in microclimate. Sisson (197&); for example, found that temperature 
and evaporation rates are higher and humidity is lower on south-facing 
slopes than on other topographic settings. Moreover, different types 
of management appear to alter the topographic microclimate sufficiently 
to result in different vegetative composition. Such vegetative differ
ences were noted in this study between the same topographic settings of 
sites with different management histories. Topographic variation, thus, 
is an important consideration both in evaluating and in selecting na
tive prairies for preservation.

Seasonal variation in species composition is particularly important 
when using species diversity to make temporal, geographic, or other 
comparisons between ecosystems. This study suggests that substantial 
differences can occur through the growing season in vegetative canopy
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cover whether due to characteristic phenological differences or to less 
apparent variations such as herbivory. Ideally, it appears that vege
tation should be evaluated throughout the growing season. However, if 
time does not permit or if missing some early spring species is not sig
nificant, mid-summer seems to be a reasonable compromise. It is at this 
time of the year that total vegetative cover and Species Richness reach 
a maximum in eastern Nebraska. In addition, mature, flowering plants 
are easier to identify than those in early stages of development. The 
important point to be made from this aspect of the study is that sea
sonal variation in floristic composition should be a consideration when 
evaluating and when comparing data from the same or different native 
prairies.

The final parameter measured in this study was prairie size. The 
preliminary survey of prairies in the Omaha area suggests that there 
has been a notable decrease in the size of prairie remnants during the 
last 40-50 years. The importance of this decline is implicit in the 
significant correlation found in this study between Species Richness 
and prairie size. A similar relationship between size and species di
versity was reported by Nepstad and Hoffhines (198O). These results 
emphasize the importance of preservation of large prairies as well as 
the preservation of more than a single prairie, as discussed earlier, 
in order to maintain the greatest amount of species diversity of this 
ecosystem. Prairie size, as well as management, topography, and sea
sonal variation are all important parameters of grassland evaluation 
and of grassland management and preservation.



LITERATURE CITED

^  Aldous, A. E. 1934. Effect of burning on Kansas bluestern pastures. 
Kansas Agric. Exp. Stn. Bull., 38: 65 p.

Anderson, Roger C. and Stephen Schelfhout. 1980. Phenological
patterns among tallgrass prairie plants and their implications 
for pollinator competition. Amer. Midlands Natur., 104(2):255-263.

Bartlett, Paul A. 1975» Soil survey of Douglas and Sarpy Counties, 
Nebraska. U. S. Department of Agriculture S.C.S. 79 P*

^  Bradbury, John. I819. Travels in the Interior of America I8O9-I8II.
In; R. G. Thwaites, ed., I905. Early Western Travels 1748-1846. 
Vol. V. Arthur Clark Co., Cleveland, Ohio, 320 p.

Bray, J. R. and Curtis, J. T. 1957. An ordination of the upland forest 
communities of southern Wisconsin. Ecol, Monogr., 27*325-3^9.

Crockett, J. J. 1964. Influence of soils and parent materials on grass
lands of the Wichita Mountains Wildlife Refuge, Oklahoma. Ecology
45*326-335.

Cronquist, Arthur, Holmgren, Arthur H., Holmgren, Noel H., Reveal, James 
L., and Patricia K. Holmgren. 1977. Intermountain Flora; Vascular 
Plants of the Intermountain Western U.S.A. Vol. 6. Columbia Univ. 
Press, New York, 586 p.

Daubenmire, R. 1959. A canopy coverage method of vegetational analy
sis, Northwest Sci., 33*43-84.

^  Ehrenreich, J. H. and J. M. Aikman. I983. An ecological study of the 
effect of certain management practices on native prairie in Iowa. 
Ecol. Monogr., 33(2)* 113-130.

Gleason, Henry A. and Arthur Cronquist. I983. Manual of Vascular 
plants. D. Van Nostrand Co., New York. 810 p.

^  Gregg, Josiah. 1845. Commerce of the Prairies. 1831-1839. In* R. G . 
Thwaites, ed., 1905. Early Western Travels 1748-1846. Vol. XX. 
Arthur Clark Co., Cleveland, Ohio. 352 p.

^  Great Plains Flora Association. 1977. Atlas of the Flora of the Great 
Plains. Iowa State Univ. Press, Ames. 6OO p.

^ Hover, Edward and Thomas B. Bragg. 1980. Effects of season of burning 
and mowing on an eastern Nebraska Stipa-Andropogon prairie. Amer. 
Midlands Natur., 105(l)l3-18.



25

Hulbert, L. G. 1989» Fire and litter effects in undisturbed bluestem 
prairie in Kansas. Ecology, 50(5)*874-87?.

Krebs, Charles J. 1978. Ecology: The Experimental Analyses of Dis
tribution and Abundance. 2nd Edition. Harper and Row, New York.
878 p.

^ Kucera, C. L. and J. H. Ehrenreich. 1982. Some effects of annual 
burning on central Missouri prairie. Ecology, 43(2):334-338.

Larson, Floyd. 1940. The role of bison in maintaining the short 
grass plains. Ecology, 21(2):113-121.

^  Long, S. H. 1823. Expedition from Pittsburg to the Rocky Mountains
1819-1820. In: R. G. Thwaites ed., 1905. Early Western Travels
1748-1846. Vol. XV. Arthur Clark Go., Cleveland, Ohio. 358 p.

Nepstad, D. C. and Mike Hoffhines. Unpublished. An Island Biogeo- 
graphical Analysis of the Flora of Southwestern Michigan Fens. 
Presented at the Seventh_North American Prairie Gonferenc.e,_1.9.80. 
Springfield, Missouri.

Ott, Lyman. 1977. An Introduction to Statistical Methods and Data
Analysis. Wadsworth Publishing Go., Belmount, California. 724 p.

Sisson, Leonard. 1978. The sharp-tailed grouse in Nebraska. Nebraska 
Game and Parks Commission, Lincoln, Nebraska. 88 p.

Smiens, Fred E. 1973. Influence of fire and mowing on vegetation of
the Blackland prairie of Texas. In: Lloyd C. Hulbert, ed., Third
Midwest Prairie Gonf. Proc. Div, Biol., Kansas State Univ., 
Manhattan, pp. 4-7.

Smiens, F. E. and D. E. Olsen. 1970. Species composition and produc
tion of a native northeastern Minnesota tallgrass prairie. Amer. 
Midlands Natur., 84:398-410,

Sorensen, T. 1948. A method of establishing groups of equal amplitude 
in plant sociology based on similarity of species content and its 
application to analyses of the vegetation on Danish Commons. In: 
Slack. 1977. Species Diversity and Community Structure in
Bryophytes: New York Studies. Albany, New York.

Sutherland, D. In press. Poaceae. In; Barkley, T. and R. McGregor, 
eds., Flora of the Great Plains. Iowa State Univ. Press, Ames.

J Thompson, Paul, 1975* The floristic composition of prairie stands in 
^  southern Michigan prairie. In: Mohan K. Wali, ed., Prairie : A

Multiple View. The Univ. of North Dakota Press, Grand Forks.
pp. 317-331.



26

Van Der Maarel, E. 1971• Plant species diversity in relation to
management. In: E. Duffey and A, S. Watt, ed., The Scientific
Management of Animal and Plant Communities. Blackwell Scientific 
Publications, Oxford, London and Edinburgh, pp. 45-82,

'p Wagner, Richard H, 1975. The American prairie inventory; A prelimin
ary report, Int Mohan K. Wali, ed., Prairie : A Multiple View. 
Univ. of North Dakota Press, Grand Forks, pp. 349-352.

Weaver, J. E. 1985. Native Vegetation of Nebraska. University of 
Nebraska Press., Lincoln. I85 p.

Weaver, J. E, and T. J, Fitzpatrick, 1934. The Prairie, Ecol, Monogr., 
4;109-295. Reprint 1980.

Weaver, J. E. and N. W. Rowland. 1952. Effects of excessive mulch 
on development, yield and structure of native grassland, Bot.
Gaz., ll4-(l)il-9.



APPENDIX



28

CD
Ph II
O
rH CA 
W

-P §
to .H 
<D -P:2 oj

<D « 
Ph O- 
O CM 
I—I I 
CO o

to 0)
â §

g
P

%
e
•H
-p

0

SI
8'

NO
II

§
MSI§
§
M

3 pc;

^§t
O «iH 

-P
CO

0 3
P

-P ccJ 4h

o Td
m  0

« 2̂
II NO o
cn 0
« 3 0  

0 1-3 CA 
Ph I I 
O O CM 
iH CA CM

&- :
X

II

II

5
CO

â '■+
3 
O•iH
M C
d  o

•H
-P

I I

•rH II 

0 O -p 
X  « §g §•
tJ *H CA 
A, II

< w

I
w

;
CO

§
M%a

I
3
A)

g
M
CO

CA

CM

M

CO

CA

CM

IS

3 3
•H •H

X
'td '3 eg
0 >5 0 3g "3 g s>
S A> S <d

cd cd
X X

V A CM

CO 1—4

cd
►Xra
cd
3 CM
X 1—4
0 A

M Is
T—4 IS
%-4 NO
OH >» 1—4 >3

X Eh XP 3
v A 3 O

i o CM o
o CO oP ra TH|d- m

-̂4 cd cd
CO 1— 1 CO rHM> -Hjra ÿ
:s O W a
M S  A CO A

CA

CM

CO

I1
&q f>ï O-
M 0 CA 1-4
ffi X 1 I
H 1—1 0 0
C O X X
OH X cd cd
A CO A A

CA

CM

" S lI I
ê
C7N
NO

—̂1oa

-J
o  o
CM O 
CO 
« W

rH|N ̂
H O IS A

-3-

P
CM

%
CO

S

3
•H

"P"S § g ^s c

5
o
CM

P
P

CO

1■s
I I

ê
o
CM

P

Tl 0 0II
ê
-=f

CM

-g !>» g f>ï 1—4
1-4 X 1-4 X AEh 3 Eh 3

3 3 P
O P O NO

1-4 O 1-4 O 1-4 >3
A

w
A

w
Eh

1
cd -H|d- cd CM

IS r— 1 IS X 1-4 O
A ÿ Is

w
A o

4 * O Hla- o H||± ra
A A cd

IS

4 *
IS

4 ^ R

A

h |co
rH
¥

&q 1-4 &q 1-4 IS O
% A IS A A A

-3-

P

P

CO

g
•H

P

P

0 >sII
ê
ON

P

H 
CA 
%—I
«

f .
P  §tH O 
CO O

t-HjfM ra
:s ojS t
a  A

op

NO
CA

i
CM CA

I
VA

CA P

P  P

-P

0
■S g<II
nJ
X

3
•H

-P Tf W 
0  3g S>
s  <

PH

II
CO o

CO rH-^1 
CO A

ON

nJ

f-H cd

§ & 
v-4

^  iC
CO -p 

CO 3
tH|?0

i"  ^S  CO

3
0 cd 3
ra bû 1—1 0
3 3 1—1 >0 o X o
X A S A

NO cv CO CJN

%p
p
p

-p

h5 |  
'8  0 

S  «“•

5
CM

CO

&q

ffiI!
CA O 
CO - w
•Hjco cd 
IS rH

IS A

-pra
•H0

I

§
•H

1do
o

X§
§■sI
V,

. §
CO
0
cd
0s
ssI
0
Üg
•H

§I
Üg



29

■p

IaH
¥Ph o
O CQ

I"g WM
S"

il
0  o

§ ° s p
“ S
I&

•H

1<a om 'fto
o \ P
c^ o
On «h
rH S
* (H

0)
C

O

p P
"n 0)

-û
vO

S II
o Ü3
0^ a
p T<
o a
(H C td

(d rH
CQ Q) P
O
•H

G D
-P Q) II
CQ x:

H
pi t=>

O tp
rH o P
k O

- i i0)
t "

X  (d -p 
H  CQ ®i II ̂
|g

W

r~ iT» CO w
# m o  • o  o

o  • n  o  . M

lA W CO r- 

^ • r»i r- • <

I • CM • o

N in oi
• o

o

o

O
o o

o o o
o  o o  o o  o

O O

M

O 00 o  00

H o
vo r~ (J»rH HT CM o  o

O
o r- lA w O O o o

o
m ^ o  o o O o  o

p  (N o o o
VO r- o  o o o O o o  o o  o

• o

o  o
• o

o • o •
o

o  o
o

lO <N CM CM o o o o

z  w Z Cd 3 Z Cd 3 Z Cd 3 Z Cd 3 Z M Z 63 Z 63 a z  63 z 63O z 63 O z  63 o z  u z  63 o z  u z o z  a o  z  u a
en z CO z en z en z en z CA 2 Z COz COz COZ coz COz COz COz z z CO z z

Z z o < a
=) < < < <

CO H u < •J u
u u CO < *-4

O CO X Q u U CO
Z tu z wj > 63 oc «c CO CO
=) 63 63 o o U 63 H 63 CO <

en H wj O M a o. a oc a a o a
Cd wj < z D z D u 63 u

z en en Z wj < H > CO o U
u en m en O z u CO
> < os en o u < CO CO CO CO a a
O z o o o O < a < a u a .J
U o CL Z 3 63 63 63 < CO 63 CO CO <

iJ a z Oi Û4 ÛM a. o
ù û iJ •J •J •J wj o z z u U 63 u a a a <
< <. < < < < z u L3 wj wj wj 63 M 63 a
H H M H H 6-» a u 6-» H U CO u CJ U 6-» 6-» E-* H CO
O O O O O O u z z a CO CO CO < CO CO CO CO CO a

H H H 6-» 6-» < < < < < < < <  6-» < < < < < a



30

g
rH

i"D
MDi
oCN
ë(H

CM0)I
1
I

o o o o
• O o •

T • o o
o ̂

1 • o o
o •

o

31 • o • o o
o

o o
1 • o • po •

o o o
CO o o o o o o o o
\ • o o •

o o
o o o o

• o
o p

3S fN CN o o o o
• o

p
CO o o o o

• o . o
o o

z o o o o
1 • o

o
o o

1

z1 O o

o

CO o
o

z o o
1

o o o
X o o fN fN o o o o

o o o o o o o
z o o o o o o o oo o o f>4 fs o o o o o o ro VD

• o
o o o

o o o o o o o o o 00 o o
• o

o o o o p o
o o o o o o o o o o o o o o o o o o o
• o o • o •
o o o o ô o o o p

o o o o o o o Q o o o o o o o o o o o o• o
o o o o

£ Cd3 £  ta £ Cda £ Cd3 £ Cda £ 63 a £ 63a £ Cda £ 63a £ Cd3 £ Cda £ 63a £ Cda £ 63a £ 63 a £ Cda £ Cda £ Cda
COZ COz COz COz COz CO z COz CO z COz COz COz CO z COz COz CO z CO z COz COz

il u CO
s a



31

g
I—I

I
VOI

1
I

» O O • O O ■ I-H lA • lA m • o o

3 lAO rACM ro (N
1 • o VO

o o O P
1 o • p O

p p
X o o a a a o o o a a o6 O Ô

•O
o

X o o
1 • o o

p
o o

1 • o o o
o •
p

1
p

O p

CO o o lA
o •

p p p o p p
z o o o o o o *A o o o o1

p o p p
CO o o o o o o o o

• o
o • o p p p

z o o o o o o o o
1

o o p p p
s o o o o o o o o O o
1

o •
p o o p p

CO o o o o o o o o o o o o

p p p p p o
z o o o o o o o o o o o m o o
1

p p p p o
X o o o o o o o o o o o o

o p p p P
z o o o o o o O p o o \0 (N o o o o

• o
p o p o p o o

63 o o o o o o o o O O o o o o o o o o 00 ̂
1

p p p p p p o p p
o o o o o o o o o o o o o o o o o o o o o o o o

• o o • o •
o o o p o p p o

o o o o O p u* r- o o o o O O o o o o
1 o * o

p o
£ M a £ 63a £ u a £ 63a £ 63 a £ 63 a £ 63a £ U a £ a a £ u a £ a a £ a a £ a a £ a a £ a a £ a a £ a a £ a a
COz COz CO z COz CO z CO z COz to z COz COz CO z CO z CO z COz CO z COz COz COz£ a

u a •J < o a u < <
CO CO < H a >4 z63 < Z < o a X < < •J
Z o 63 CO u z a a 64 >4
< z u < u o a < a o z X

< £ u z > •J n3 u KJ a a O
OS a a a o z a o
03 £ £ 6-t a H £ 03 u z z < 64 a < o
Ù4 < a a < o CO CO o o CO a M a

CO CO U £ £ < CO £ u «2 £ £ o s > 3
< U a a CO a a a a •J •J

63 63 £ o o H CO u <
H a a CO o H o < CO CO a a
CO 10 ro M < o o o ro u O o uS £ o o O u U a £ •J X < < z <
a 6- a X o < CO 3 CO < O CO CO a
o < z e 64 o o z o < CO e 6-* u >4 >4 64 o•J >4 o z < a £ X X X O aa u z •J •J £ £ CO £ o O u a £ a a a a < a a a



32

m VO vO lA
> # 00 O . vO lAO v  • r o  v O  • 1*4

• O O  # o o *oo

CO o o\ m
cr* # ro 00 • m

I a o oo
) O t-H 00 o o
• o o  • O #4 # o o
o o

> ̂  00 CM o o
• .-4 ro «(MO • O O

I •  O O • 00 O fA • fA ̂

ê#r4I&
g

» O O  • i-H vO • O O o o

I
orr\
ëCh«J

.-HO •
o

^ o o

• o  * 0 0  • O O

• lA (N • CM CO • O  O

o\ o § I O O  O  O lA
• O O  * 0 0  • mH OI • o • m • m

I o O o lA f-*
• O o • O O . vD O

ft

1
I

X U 3 z U 3 X U 3 X 3 3 X U
z cn z cn Z cnH U3 X (A 3

o 3 U <
Cb 6-1 a . z

< X W
Z at «C (Ju u Z U Wu

H u X Ob
< z < 3 O
•J M uA, 3 X

X X U 3
O a 3 z yM <
Ü s 3 3 %U Ot A. >* sz u 3 V) Ku M X m 3 <
U) U) 3 W « 6-

/



33

ri? nrv O O > • iTt O • O

O O o I * VO ̂  o o 0^0
» • m o • o o

I o • o o • o o r- m CM n o o

I o # o m • o o

I
g:o\

o

1
I

I CM m • o o

CM 0> O O I O • OO 00 • O O

I o • o o • o o

• oo «oo * o o
I o o o o o• oo * o o «oo

o o o

o o g

CM <Tv m m4 
I .  ^  m4 • o CM CM * CM ̂  * CM

I CM r- CM o o 00 m4• inco # CM o * o o «lAI • iH • CM o • •

£ a a £ a a M z a z

O O

00

• <JV

• O
o oeo • o o

O CM CM
Z U 3 Z 3 3 z 3 3 z 3 3 Z 3 3 Z 3en z tnZ tnZ tnZ 3 Z 3 Z 3z 06<z Uo Z zu 3 z< u 3 Z 3 33 4 H 3 4z T X •H 4 Z 3 U3 3 H « 3 3Z 3 06 6hb) b3 4 Z 4 Z 3U U > 06 3 3X X O IH a. 6-E-i 6- Z 3 06 Z 4 4

Z Z 3 •H U 3 z 06< < rj d  M U q 0, XZ z S -] 5 3 4u 3 U o X Z u3 4 6->-• E-i l-H Ué • 4 4 X O 3O 4 o >-i O > n. n. n.



34

§•HI
ONCN.ON

I0
(TN

1

CM
(DI
1

Q o p- m tncM o O o O
o

O o
3 Q p o vn C? p  g P  g Q QT O # o o . 6 a • a a • O o . o “• oo  • O  • o  • o  •

p
Z O P1 o o  o

o  o o  o
f • o • o
O

31
O p

o  o o  o• o • o00

cp

p
o  o

m
o

Z o  o
o

c/)

p
z o  pI

p
o  o

o
p

o  o• o
p p

o  o o  o
o • o

o p p
CM CM o  o o  o o  o

o o
p p p

O  o o  p o  o o  o
• 0\ • o o • o

p p o p p
Cd o  o o  o o  o O P o  o o  o
.1 • o o • o

o o p p p o
o  o o  o o o o  o o o

• o
p p o o o o p

OV o  <N o  o o  o o  o o  o o  o o  o o  o
o • o • o o o • o

o  •
p P o

z: a o £  a o £  a o £  a a £  a £  a a £  a £  a £ a £ a a £  a a  £  a a  £  a a £  a a £  a a £  a a  £  a a £  a a
w z C/î z a z a z a z if) z if) z if) z z if) z if) z z if) z if) z z if) Z z z



35

I
I
§•H

I
gI—I

►-3
SO

Io
ëCh
ta

-p
ta

Ia

I

o  o o  o X ^

"-4 o
3

o  S•
O o  o N

°  o ® o
ro^ .

°  o

o  o OÔ
• O

•-4

X

2 °  o ‘“ h
o  •

o

3 o  o  ^ o  o
1

OV
® o ® o '®H (M O q» ^  o

a o  o o  o
1

00

w o  o

® o

?
o  o

VO
® o ® o

o  • 
o

X o  o o  o
1

® o ® o ® o ® o ^  o

o  o o  o o  o

in
® o ® Ô mOo* ® o

z o  o o  o o  o o  o
1

(MOq- °  o

°  o °  o ^  o

z o  o o  o
1

M-
°  o ^  o (MOq* ® o

X o  o o  o o  o

M-
® o °  o (MOq* °  o

o  o o  oT
fMO^ ° o

z

°  o
ro o ^ ° o

1
O o  o

ro
°  o °  o o ^  o

Z o  o
1

°  o ° o

1
O o

CNOo’ ° o
^  o

z o  o
1 o

® o ® o M (NmOo* o  ^

s a a z u a x u 3 £  Wa £ a  a

V)'J
€4

CO z to z

idIi

CO

ol
CO

z  CO

z§
1u
s
id

s

z a z

&a
£

2a to 'Je. X Uo < to 64 «
X •J o tn
X A £ o



36

1
ïü

0 
•H

1ë
g:o\
0)
o-cv
s
g

CM0)I
1

ta rOro OQ ro X 04 fM CM QQ QQ CN OJ ro V CN X vO o o 04X
• o • o(M m •CO M* m o O o ro

MP CO p OON O O o o MP p- O o o  o# vO • o • o e o
o  •

o o

z o  o o  o o  o
• o

o  •
m ̂ O o
VO r~ i-tro p  g r-tP o o HX

•O 0\ • o
o  •

3
1 *o o • o

o  •
o

a o  o
1 • o

o  •
o

o  o

® o °

o

• o
o  •

o  o
• o

z o  oi • o • o

o  o1 •ON o  o • o O o

z
t

°o ® .

p
z o  o vO o

p
o  o o  o o  o

o o

z O O o  o 1-4 X ^  04 o o
• o

rsi
o p ® o o

U o  o o o O o o  o o o o o

o o o p
a o  o X o  o o  o o  o X *-4

• o

o p p
z o  o O o o  o o  o o o o  o

• o
o  • o  •

o o o o

£ U a £ a a £ a a £ a a £ a a £ a a £ a a £ u axa a £ a a £ a a £a o £ a a £ a a £ a axa a ra axa aa z a Z z a a z a z a z a z a z a z z a z£ z a < Xa < < < u <w a 64 u < u CJU u a <
o a X o V CJ

£ a z •d > a oc c aa a a o o u a 64 a <a 64 u o Û Ùé eo X X û a Xa a u < z a £ a a X a CJoc a % a z u < 64 > a O ua a a ffi en a £ c c au > < GC en o a u c a a a a X
o oc O o o o < X < < c < X a X d64 u o Ué X 3 a a a < a a a a .4:a u z z o« Oi X
u d iJ q ■J d o z £ a a a a X X X

X < 3 2 2 < < £ a a id u u u a a a
o 64 64 64 6- 6- 64 X a 64 64 u CJ u 64 64 64 64 a
u O o o o O o u z z oc a M a a < a a a aa
Ou 64 64 64 6- 6- 64 < < < <  < <  u < <  64 < < < c



37

t3
<u

f

•H
-P§
ü

Z
C 1
O
•H
-p
nJ =

nJ
>
d)

o \
Cn.
ON z
J—t

(D X

1-3

Cn. z
CM 1
1o

CM

ë 1—1
cp

u
ü
•H

m z
•H
M
Q
rH
k

CM

(D
rH

nJ
E-t

1
I

• O O • lA CM • )

O O

XUOSUOSU
a  z a  z a

% n

X u s X u

o  o o  o O o o  o
• o

o o o °
o  o o  o o  o o  o o  o o  o o  o

X M X X u z  X u z  X u z  X u  3 X u 3  X w 3  X w D
tn z z z z z z z

«t Z en
6- en 4 u a
4 fr* o cn
P 4 z o
U z X C3

u Pm a 4 p «
X 4 0. El
a Z tn

4 U) X
4 CJ a z
B6 CA oa 4 PL, a «z O o
4 X U X u
X Z « en
O O O u «
CJ CJ CJ Q u il

4 X a
4 4 6- o a u
H Z Z en X p Q
4 en 4 a 6-
P z P Q Z o a
P 4 Z a 4 4 zO 6- « O a a X u« a a Ci] z O aO Z « m 0. X o H 4
CJ a cn X p 4 Z

4 > 0. X 4
4 X a W X a Uffi 4 4X Z 4 6- w 4« « « 4 X Z Cb 4 yo O 4 O 4 o

U H U Z5 Cb 4 Z Q P p a X CJ
a a « U U u X a 4

Ci] bi a X X X Q X



38

o O

3 O o o  o
1 • o

Z
1

O

3
1

a
°  o

° o °  o

' ' °  o

a
°  o

a
°  o °  o

a

° °
0 z o  o
CJ•ri o  •
-H °
g a o  o o  o

Z
C 1
O
•H

"îd X
a 1

1> a
1

g :
ON z

1 1
m

•b o
0) X o o

1

o o

Et z o  o o  o
CM 1 • o
1 fS

% u o  o o  o
1 • o

O
(H o

M a o  o o  o
t

O

P»
a z o  o o  o
•H 1 • o

O

k

CM

d)

£  u p £  CÜ 
in  2  cn

1—1 £
f oc p
(d u Hou <

rn M
u c d

.H
H s cn s
S m a i £$ OC 6*

■ Ô< o hC z
Ph d< d d

o

o° °

Lp z

OO
• o

o

o  o
• o

^ r-

o  o

p
O o o  o CM CM o o

• o • o (M
o  •

o

£ 63 3  £ 63 3 £ 63 3 £ 63 3 £ 63 3 £ 63 3 £ 633 £ 63 £ 63 3  £ 633 £ 63 3
tn Z en z en z cnz en Z en Z en Z en z cn en Z enZ en Z

3 63 d
d < a OC d << 64 3 >4 z dz < -c a fiU S < d

cn 63 d z X Û« 64 Xu O d 3 < 3 o z 3 S
d d CJ CJ OU os O ou

Ou 3 o z 63 o X o
Ou 64 £ 63 z z < 64 os o
o en d en o o en 63 X

K d < £ £ O > < <
en 3 6w d d
3 Q 64 64 en en d <E4 < a en ou 63q p g en C3 O O d 64 d
d 5 £ M d d X < < z <

d en < < o cn en %
d z O < cn 64 64 d > >4 64 O
63 o Z 63 £ s s s o CO
£ en £ o o 0, £ Cé 3 & Û« ou 0, eu



39

g:o\

Cn-CMI

(M
(D

I

i

3 o  o
1

vO

z

Z o  o O 3 Ô
T

3
1 o 00 o

o

3 o
1 O

O

O
Q

en

z
1

z

1

cn
1

O

O O O

GO CM

en Q ro
O

O Ch
o ro

z 00 o
1 O

CM
O

£  U £ 63 3 £  63 3  £ 3 £ 63 3 £ 3 £  63 3 £ £ 63 3 £ U 3  £  63 3 £ 3 £ 3 £ 3 £ 63 3 £  63 3 £ £ 63 3 £ 63 3
en en Z en z en Z Z Z en z en Z Z Z Z en z Z04 6h 

U U

si

il



40

^  • ro vO •
CM ffi • CM O

a

Z O (S (5
1 m

o

z
1 00 • <N ro

o

m O o 3 ô
1

s O o
1

3
1

eû

tn

z

en

a
z

c 1
•H
-P p

g o
O ro • 00 lA •

o
3̂

c
o

%g

ë
o

g: o

os r«
rH

-

ü X
§ o  •

[N- z
CM <N
1

O
O

o
Q
(H

o
ü o (M VO • tN o
•H

1q r-b P-4 3̂ fO 3̂
•H i lA • VO VO • M
U
O

s! £ ffi 3 £ 3 £  ffi 5 £  ffi 3 £ 3 z; 3  £ 3 £ 3  £ 3  £  ffi 3  £  ffi 3  £ £  CJ a £ ffi 3 £ a  £
Z Z Z ffi z Z Z Z ffi z ffi z ffi Z ffi z OT z OT z OT z ffi z z OT z

3 Z Z
O <
Z 4 ffi £ ffi
ffi c Eh ffi c Z z z OT

to eu 4 o X CJ a  £ z
0 3 d K ffi Eh < d OT z  a CJ

rH to CJ H Z £ 3 CJ 4  Eh 4 CJ
X X Œ X ffi Z £ £ X M 4 z ffi u OT

cd £ Z 3 O ffi O o Z 3 EH «  o CJ a
0H X p U O p < >4 £ M z  ta «% fH ffi 4 z

to Ci3 s > M O a z ffi 3 d d 4  z  M 4 z p 4
u Z < £ ffi d < < Z ffi OT m > 06 ffi a u

»-3 3 X ffi OT CJ < Çh S X o  M Cb Eh•H e Q ffi X £ ffi EH Eh £ ts  06 £ < 4 4
to tn d ,a ffi Z C X Il  o  p z M s

S 3 3 ffi X X X X 3 ffi X < < POT CJ a 04 X A
ï Ûg £ £ e ffi ffi Eh £ d o X £ X d o  M 4 X
f t o O 5 3 Qg z Z >4 ffi z CJ 3 CJ o 06 z p < Eh oft d ûg X O  C < < < 4 o o EH • 4  4 X o CJ z< ffi d u u O ffi Q < o M Q >  o. Cb eu 4



41

I
1o

Î
g:
ON
I—I

c--
CNJ6
CM

:
I
aë

0)I
1
I

o o
o

g g o ij o o e ô o o o ooo
o

O o o
lA <-H o o

o
2 rsi Al o o o a oO o o o o o

o o
3̂ o

o o

o 00 i-H o o m VO I
' O O • lA lA • o O # M ̂ o O O  o o  o o  o o  o o  o o  o o  o<

O O « 0 0  » O O * 0 0  # o O # O O * 0 0  # o O # ( 
• o *  o *  o # o «  o *  o *  o *  o

ffi rn o Q Q Q Q O m vo Q Q Q O Q 3̂ 3̂ 3̂ Q 3̂ Q Q Q 3̂
O o O O

ffi
1 • o

• o

z

• o

z
O O

o o
• o
o •

z o o

T

z

O O
o

o o
ir ° ° O O ° ° °

I • o o • o o

t • O o • o I

I • o o • o o

ffi Z ffi Z ffi z uozuosuo ffi z ffi Z ffi z OT Z OT Z OT Z OT

4 azEh A 4
06 U)< 4
Cb A O MOT OT a O

4 4
4 X Q B
A U

06 P S5 4 O U



42

o o

S O
1 . IC fVÏ

1

#
O

3
1

1

1

<xi
<o

g t o  o o  o
•H
-S ° o

§
)

z
c 1o
•H

1dg 1

(d
>

1 o  o

0 \
o-
Os z

1 1 o  o

— o

1

o-
N 1
1

O

o o  o o
o  o o  o ^  m

6
Ch o o o

o  o
o  o

•H-P
<a
*r4 1 o  o • o o
H
O o o

g z Ed O z M o z U X z  M X z
en z en z en z en z

en
z

CM uo
(U w3 < .
1—1 u 2

u <
nJ o O
E-4 o CL

ce en

2 o 3 Z
H Ê-» o o, < X
S en < en C3 en

i L%: en en g 0
fie O o < en E-» «
A X u o en M

< Cb X Û4 z <  en u



43

I
o\
rH

1
I
>5rH
3i-nO
£
3

d>I
I

* M r~ * rn I

^  ui r» r^oo r» ^  m 
m o  • ^  o  «(NO *\00  •• mo> # m  m  «rMf-4 # m4

I v o ^  (7\ r~ o  o  o o <
lO *vx>o # \0 #4 » c o  • oo  m  rw # m  sa * m4 o  • o  • 

m  m  fs o  o
I as (N 00 m  o  o  ui ^lO •r*‘0  * ^ o  # 3 0  • m#a
,mr» #mr~ #rwo •

«  • m i-H • m vp

m rs as as o o  o o #
o  # m o  # #M 00 # o o  • o o
mas # m as # m4 o  « o  •

I r» r* m o  o

I ^  00 mr*i m4 m o o  
# O O * lA O # (S fA

' fN A I  • f*| m  # #-4 # ^

m f-4 oo «a o <
O  # s a r #  #f-4Sp • O  *-4 • sTKN
mm # (N # ## # • <

O O O O O O

• so O  « i /s o  so • m sO • m <

• lA o «m o  ^ .mm • m (

m rs lA l/S ( 
# m • m '

r~ • m GO «mi

rH • m o • m Ias m OO rs t

m so so m <

GO O • rs lA

0) z V) z

X w Z
o X < <
g 3 u <o S o < K

•E 3 u u u)
u z zU u u o z z

< < < z Cd CdX 5 Edo o 6 z ege-> 6" c < < <

o # o
o

Q

o
o

o o
Q o

o  o
► • o

o  o
i • o

1 . o

o  o

m4 00 m

o  a Q m Q Q

1 gr ̂ o z 3  Z COo  z O Z Cd o z O z o z Cd O
" cn z Z cn z cn z z z 2 cn 2

o < eg
< P <
u < u

cn <X o u u cnCd Qg < cnCd X Cd <
a. CD OS Qg O Qg
z O >H Cd CJ< > cn o O

u cn
cn V) Og o
< < a d! s Cd CL uCd <Û. a. Ou oCd Cd u Ed Oi Og Qg <
wj u wj Cd Cd w QgV cn u u O H H 64 Ç4cn
cn w < cn cn cn cn o
<  wj < < 6" c < < < <



44

1
s
o

I
g:On
-PI
t

I

I

n  a> o  o

Z M 3 Z W 3 Z W 3 Z
V ) Z  (0 Z

o

o
o M V 6

O o

o

O

rn
X

o

Q Q Q o

O

Z X T . X z Cd X Z Cd X z Cd X z X z X z
Z z en z en z z Z

< Z en
«£ 64 o X Cd
Z Z en X O en
< Cd 64

a o z eu O en
Z X < <

OS o KD o X wo Ed z o o
oc CD eu o 64 <

X en < z
> Ou to fil <

X X z X u
< d! X X Cd

Z < 64
ûg < X 2 & y d"
pC o c O < X
o 64 Cd Qg g
< Z O Cd X
s Cd b3 Cd Cd Cd X d?
Gu O X O X ne



45

I
Io
§

•H1
<

3
ocn

g
II

o o r. o  o  m 00 o o o  o OSfS Ht Q lA
m

O

3 _ o  o
Q • O Q t O O • —4 (»i f. &  ia S CM

O •
o

Z r- ®. °
o  o

GO

O

X
M®. °

o
o  m • Q o 3  3

d o a  •
o O

3 o o  o o  o O

=)

o
o  o 'o

o  o

X

w

z

lA <N • O O

O

z o  o o  o

X

z

O O • va <N

lA m • o  o

z

o
z Cl) 3  £ M 3 Z M 3 Z M 3 Z M 3 Z M 3 Z M 3 g M 3 Z M 3 Z M 3 Z M 3 Z M 3 Z M 3 Z M 3 Z M 3 Z M 3 Z [ L l 3 Z

z  w z z  cn z  cn z z  en z tn z en z
Cd z 3 Cd «J
CJ X < O Qg w3 < <
cn < 6- X » Z _3
Cd < z  < < O XL X c < U
Z u Cd M] z ûg 64 >4
< z u < u  o 3 < 3 O z X a

< u z > w -a CJ CJ Ai C Ai
K X tu  X O z o Qg O
M g Z z X 64 IL 64 Z td CJ z Z < 64 ûg < u
a 3 X < O en D o O og
w CJ z z < cn z u < z z O > uf <

u jJ eg X IL m3 •d
3 W M z o 3 M s 64 64 <

tn W tn X 64 < o < en eu (d
52 S2 Cd < O a o en CJ o O rJ 64

« s o o Q o u  Qg z u u X a: z <<
e- 3 X m O M < en uJ en k£ o en en

o < 3 C"'i 64 U □ J  Z O cn 64 64 _3 64 O
p >4 Cd Cd O z X < Cd Cd Z o en
Bu U *4 z _3 z Z en z o o a* z Ai 3 < Ou Ai Ai



46

% o  o ô ô
1

'H

Z
1 »  o O IT)

o
o o

p o a lA
m4 <S o  o

z
1

o
1

'p z
m o
3

H

"ë
Q
ü

Z

§
•H cn
-H

3
d z
S
5}

o \ X O

ON
rH

en a>

rrt
3

1

z
o

m o

tH
T

o
1
>>
rd
0 z

(T\

g

(H

tn 00
ü
•H
•P o

z O vO
ri 1 o fS • o CO

O o

z CdX z X Z u X z  (d X z  td X z X z Cd X z Ed X z Ed X Z u X z z  Ed X z U X Z u X z Cd 3 £ U 3  £ 3  £ Cd 3
cn z z en z en z cn z cn z en z en z en z en z W Z en z en z cn z en Z en z Z Z

64 Cd en
*c u z en U 3

< ij cn o X < Cd
64 p bu 64 z en Q
z *c 5 cn < Z Z X Z z «c os <
Cd 64 «c og z Og < (d o <

3 U < 64 < X z u û tt 64 3 oc O
M X Z OS Ou 64 (d < < O U

É 64 64 u z CL z o OS o en
Eh X < «C z < X O < Ai < 64 <4

3 fj A < U z
% CJ *£ O: Oi X z 6 Z en O OS o q
•H < < < Z z u X z o X «C 3 g g

H (d ij O X X z ej o «c Ai < o o
en U U u < u z Z
t! < ffi V os X u: o o G O < < o o
âg 2 eû 64 Cd eu Ai >4 < u X bu ffi z iJ g

â o o H Q X Z w3 u en z X < os og O Q
iJ en < 3 ej Cd z Cd < z OS (d Cd z
bi CL OS en en X cn X z 64 64 64 64 > > > <



47

g

i
Io

CM0)I
1

O o • o
# PU

31 o • • o o •
e rH

Z m1 o • o o •
O

S o n M O o o o o 9s9\1 o o lA • o o •rH Xas • rH

3 QO o m o • oas
3 M • ooO

CO

X

to

z

z
iHt

CO

z as
X

z
• o

u

m
m

z f-H X m r*.1 <N om
z M 3 z 3 Z O z U 3 Z M 3 Z 3 Z M 3 z u 3 z b) 3 z 3 Z U g z u  3 Z 3  Z z 3  Z X z w 3  Z U  3

COZ Z Z Z CO z Z Z CO z z Z COZ COZ CO z

CO < Z z Z
Q < CJ 3 z

CO 64 < n3 X Z 3z Z X «c 64 X
u Z z Z X M < z
Q OC 3 64 ce CJ X
< >4 Z z  X X 64
Z Oi 3 ,1 «4 3 <
< X X X X ffi > Xu < 64 X X o M X

M 64 64 Z CJ OC z
ce < Z Z  3 M U 3 Z

3 LÜ < <  M sj M D 3
Z U a X z X U o X
>4 Ed ce U 3 U o X z U
U O o w 64 W fib • < < X

0 4 < û  M û  > eu X

z
< CJ
CJ X

X
< z
b3 <
CJ CJ

< 4f
w X
X X
id: X
64 o
X £



48

I
ON 

I—II
Î

4-i

I
I

r~ as o o  00 r* m o  mas 
i «sdOO « 0 0  # m o  «r̂ vdO # m «

r-4 • f-H O • V  « m f-H • •

z o  o
1 o
X m m  p o o1 o o
31
as

3

X

X

X

z

Xt

z

X

z o  o

\

z1

o  o

o
m  00

o
£ X z X Z X  3 Z X  3  Z Z X  3  ZX  z X z X  2 X z X z X  z X  zX < w3o z oz c X<u z HXX <« X 3X z X < CJ£ < X ' z< X X > 64 X <X z X Xu X g X «C * dC

3 3 X X o XE-* X X X  X o CJX 64 < X < <O a* < X Q zX z M: X Xq o X 2. z X X•j g or 3 64 < o CJX u X X X  Ü X

CN CN M (M

o

o
o •

o

z z X 3  Z X 3 Z X 3  Z X 3  £z Z X Z X 2 X Z

c
X X
X c < O
X u X X
X 3 u X
c C c X

•J •J 3
ffi o o 64
3 X
•J X X > <c£
3 XCD X X ZiO 3 X
X 3 z X •J CJo Z 3 O <u X CJ X c

3 X < o CJ



49

I • O O • o  o

I
g:ON

c

: u  o  £U) z I £ M 3 £ M 3
OO z  05 Z

CMIi
Q3 «e3 zM <O u3as 053o 3O 0. tf< Oï» <z OS< H3 O 05O, £ •t



50

§
•H

I
g:

I
îm
o

«
a

CM
d)I
i

m  o  m  o  m  CM
• o o  # r* o  • 00r* •mvo «mm • as o  as m m

m  o  Ht r- as m• oo *000 «as
• m m  # m  as • 

as o  as (N ̂
m  es so 00 m  r*
• ̂  o  # as o  • m

r* # m  V  • m  CM •

r~ r~ r~ m  m  cm
\ • as so • m  as # m  o
I ^  * M m «mm • m

m  CM • CM m  ̂

m  (N 00 00 o  o  CM CM m  
o  « m a o  # ̂  as « o o  • m  <n  • mrs) #cMH» # m o  # •

m  00 o  00 00 as
• cMo • r* o  * m

u'ï « m m  t m  V  #
as m as «H cm m

o  o  CM m  o  o  o  o  m
o  • m  r* # \o as * o o  « o o  #
m  so # N  P* « m O  • o  •

m CN 00 o o
• ̂  o  # m  o  • r*r* # m  so • m  Ht #

as as m m
o  m  r* m  as as
• as o  • r* o  • as

m  • m m  • m  ̂  •as 00 m  m  cm
m  so 00 m  so

• so o  * m o  • mr** • m m  # m  as •
00 m  so m  m m

00 as CM o  r~
• m o  * m o  «as

so «mcM «mm •

00 m  M" as so m
• m o  « o o  • sor-4 • m  #-4 • m  CM •

00 CM 00 CM
CM m  m m  ^  m• OO •mo «r**Ht « m c M  • m m  •

m o MO

°* ^2

-

o o o o

" o o " o
o o o o o

"

o o o o o o

" o o
o o o o

" o o
o o o o o

- o
o o o o o

o
o

o  ̂
o o o

o
o o o o o

o
o o oSXOZUOZU 

X  Z  X  Z  X
: u o 

X  z

XCûet X en
X ta X a
u > < eto X o
64 CJ X

X i < £§ i § g
64 H fri

o X { U S Z t d S Z U S S U S Z M 3ZCdO£EdOSCd3ZCd3£ X 3 £ X
z ’ en Z enZ tn z en z enZ en z X z X z X z X Z X

z o < X
< *e  < <w El H CJ < 3 UCJ CJ 11 tn l-i <tn Cd M % O U  U X

z 3 >  Ed e t l-l X
ta ta O 3 Ed M H a X <a Ed Q d, ta es e t Q X
< Z O Z o Cd >1 u
z 3 *e H > en o u
< < u X
CJ en en en X ^ o

e t M te < *e  *e Xu < en i-i X <
z z M Ot tu a, & a
O z S Cd ta Cd Cd X X X <c Ed 3 3 3 X S
ta H H CJ en u u u 64 64 64 64 X
z Z e t tn i-i X X 3
«t < <  <  < 3 Kt s  eS s < < < c  eu



51

o

3 o  o o
1

.o

vO
1

S Q g . o  (N <3 o o O -d» m
* o

o  • O o  •
o 3

2 tH O
1

o o o o O o o O o o o O o o o O o

O
1

o

t
X

p
•H O
P
g z

1
O

X
c
o

ë z
p 1

ë
o o o o O o o o o o o o o o o O o

> X
1

g: o o o o o o o o o o o o o o O o

ON X
rH 1

o o o o o o o o o o o o o o o o o o

g z

"g
1 ° ° o ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° °

<U
+? X
A 1
O
CO

z
r \ 1

o o o o o o o o o o o o o o o o o o
CM u M o

Ch

CO
U
•H
P z
•H 1 o o o o o

ë o o o o o o o o o o o o o o o o o o

[H z: M 3  z u 3 £ 3  £ 3 £  u  3  £  X 3 £  u 3 £ u 3 £ 3 £  U 3 £  u 3 3 £ 3  £ 3 3  £
Pl X  Z X  z z z Z z Z X Z z Z X Z z X  z z Z Z

u X < £
< X O < < 64 o 3 u

£ < z X ac 64 z z sa 3 O
C\2 < 3 6* X < u 3 CJ < < U 64

X £ < 6* o X o Z 3 o z O X
X U X < z o X U < z 3 < < zo U z £ CJ O 64 X o CJ CJ X Cd

3 u u U u £ X 3 5 iJ Z o O
M 3 m o < X o Z X ffi X X U o 64 C

6* £ <! X 64 £ u 3 X u -t zH X u U 3 Z X 3 < > X X X <
u < < £ < £ CJ

% < <*C U 3 z Z m < £ 3 Cd
&4 £ X X o O m Z < 6* <

"Tj X X O < X O X X X X X £ Z X ( ) <f Cl
c M M z o o u X o o « O 3 O < 3
0) X 64 X < >4 £ o 64 s CJ 64 u X Z 64

o CL X £ Z s X >4 £ X X -c Z O u u X U £ U
p < O o o u X X 3 3 X U3 3 <■

< X ffi CJ u CJ Q u X CJ o U



52

%
I
g
o

g•H

I
g:
ON

I
»

CO

R
s
£

0)I
ï
I

00

s

z
o"-4

s o o o1 Q o o  o o o
o o

o

3 t—t

o o o o o o o o o o o o o o o o o

O1

o
o

1

w

o

w

o o o o o o o o o o o o o o o o o

z

o o o o o o o o o o o o o o o o o o

x

o <= o o o o o o o o o o o o o o o o

w

o <= o o o o o o o o o o o o o o o o

z

o o o o o o o o o o o o o o o o o o

X

o o o o o o o o o o o o o o o o o o

z

<= o o o o o o o o o o o o o o o o o

u

o <= o o o o o o o o o o o o o o o

to

<= <= o o o o o o o o o o o o o o o

z
<= o o o

<= <= o o o o o o o o o o o o o o o

r u X  £ u  X £ u  X £ X £ u  X E  u  X £ Cd X £ Cd X £ X £ 3  £ 3 £ cg 3 £ 3 £ 3 £ 3  £ 3  £ 3  £ y
to z z z w  z z z z X z z z z z

c 
u

ës
al §
M  W  M e->

o. £

§6#5
tf i

6 
>4



53

■8
I
§O

g:o\

1
i
COo:

'gI

o o  o o  o m o o  oo o o  o o  o o  o o  <• oo • o o • (M (M • O O «OO * O O *00 *00 «OOo • o • m • m o • o • o • o • o • o *  <

3 O o o o o o o Q MO O
1 o  o

o o o o Q
o  o

X

Z

W

o o o o o o o o O

Z

o o o O o o o o o o

X

o o o o o o o o O

o o o o o o o o o o o o

z o o o Q Q
o  o

o o o o o o o o

X o o o  l-Ho o o Q Q

o o o o o «X o o o o o

z

o o o o o o o o o

Cd

o o o o o o o o o o

o
o  o o  o

o o ô o o o o o o o

Z M M

o o o o o o o o o o

z Z u X z Cd X z X z u  X z X Z u  X z u  X £ 3  £ 3 £  u 3  £ 3  £
tn z tn z tn z z tn z tn z tn z tn z Z z cn Z cn z

EH w
a >j z

< u en O X < U w
Eh 3 Gb EH cn
Z «C > cn < £ z 3 z

£H < a z OS a u Gû w
•J t < Cd X Z o Û Cû Eh
X z os o, EH Cd Cu < 3 <
tj Z EH EH o £ bi Z o £g
tn w X < < Z *c X o < Ai
Cd CL M U z Ai

u OS ou X £ o £ cn
< < < Z £ o o £ CJ 3

Eh u Q Cd o X X z u 3 o <
tn u tJ U < A. il a

< as M U X S X K o O w
OS os ffi EH Cd ou OU X CJ CJ tu 03o o EH O X Z u u (g 3 < AS
i j M C X tJ z Cd < M (g (g
Cb Ol. ee CCS tn cn 3 tn tn X 6- 6# E-* Eh >

• mm •CM

00 o  • m  m  • m  CO • CM

£ U O £ U O £



54

rH 00 00 m CM CM m \«o 3̂ ̂3 o o m a o 00 Hto • o rH •mm • O • o o • m o o om • CM V •CMsO •CM o •
° m

» o o CM oo • rH rÀ •mm • O o oo • m *

Z ^ OO O •mm • jH. m • o o oo •

X o o o• oo •fMVO •OO • o • o oo o •

z o o o o o o
O o o o O o o o o o o o o o o

3 m ̂o •mm • <N os • o m CM"V • m CM •o ̂

o o• vooo • ru 00 •oo • o o oo • as

o • (H. o • o o o o
CMo ̂

o • m o • o o o o • mfp o • m .o
H2 o CM o O
•H m • 00 • o o •CM m • CM o • o ̂  ̂ o ®. ®
ëo Z VO m m oo • soin • <" o • in rH o • fH.O o o • • m m •

co o o o o O o o o O o
-H o o o o o o o o O
g z o o o o o o o o o o o

> o o o o o o o o o o o o o o o o o
(D

o o o o o o
ON

m o  o  o  o  o  o

fT o o o O o o o o o o o
Ë Z
e m o o ° o o o o o ° ° *=* o ° °
(D

A
<D o o
CO m

o o o o o o o o o
O
1 o o o o o o

gj o o o o o o o o o

g o o o o
A o o o o o o o o o

Ü o o o o o
•H
P o o o o o o o o o o o
CO Z m o
Tl o o O
o o o o o o o o o o o o o o o o o
k £M3£MOZ:Cd3£MO£b] 3£WOZCd3£M3£M3£M3£W3Z:b]3£CdO£Cd 3aCU3£U3£ W 3 £ Cd3

z  cn z  cn z Z cn z cn z cn Z z cn z cn z cn z cn z Z

1 M  M  H  fc,a 4 o l-l

II
tn m

IS
•H tn °xog



55

7 o o
1 o  o

2
1 as

O

o
1 o  o o  o

7
1

O O O O o o o o o o O O o o O o o

3

o o
o  •

o

o  o

%
g en

ëo Zo 1

en
§ i•H O O O o o o o o o o o o o o o o o

ë 2p 1rH
g
(D S

1

g:
HT

o o o o o o o o o o O o o o o o o

enA
o o o o o o o o o o O o o o o o o o

s Z o
1

g
0) o
A s o
(D
CO o o o o o o o o o o o o o o o o o

O z
<N

o o o o o o o o o o o o o o o o o o

ü]
1o

A
W M

ü 1 o O o
•H o o o o o o o o ô o o o o o o

ë Z o o Q
•H 1
Uo
Si £ 3  £ 3 £ b3 3 £ Cd 3 £ Cd3  £ Cd 3 £ Cd 3  £ u  3 £  Cd 3 £ Cd 3 £ Cd3 £ 3 £ Cd 3 £ b3 3 £ W 3 £ 3  £

Z z en z en z en z enZ en z en z enZ en Z Z z en z en z en z en z
tn < u
3 Z o < <
z < bu b3 64
< < < U <u Z 64 Og en < z

cn Ed < < O Z
ry og < ü 3 Ûi Cd og 52p b3 z og O 3 en 3 U Q ac
0) £ < CU td Z Z < < < 00 5
Eh < en > 64 CU < Z U U 3 3 £

cn z Qg cn < en CJ o 6-
u «c £ < < s OU

•ri 3 z 3 o Ou ou o Cd z 3 OU en > <Eh Qg Eh og en e u o 3 en CO 2EH < td < og og U ym O sn & < a a Cd O cn 3 id < o
% OL Z < CU ü Qg 3 en •J U X
A o O en 3 z K •j s O £ 3 O < u
A u U o O 3 64 < o u og & U Qg CJ X üC
< U Qg M m en U tû td 3 OU < o u o«



56

I
ï
o

§•HI
B
I
i
CQ

R
àI
-HIs!
CM
(U

î

1

7 Q Q o  o
• rsi • o  o

Z
Q m rM o  o

o  ^

1 o  o
O

o o o

X O o o  o o  o
o o

o o
o o

7 Q
1 o  o

O
1 o  o • mes * o o  « o o

Q

en

X Q
o  o

en Q ■

* 00 ru « o o  « o o

z Q °

1 o  o

en

z

o  o

M O  MO
O O O

O o

g ° o  o

o  o  o  o  o  o

X

o

1 o  o

o  o  o

o

M o

en
o  o  o  o  o  o

z
°

1 o  o o  o o  o  o  o  o  o

£ Cd o £ C i 3 3 £ C i 3 3 £ C d 3

en
u

S

nrî en

en z
£  u g

u

en z  eni
<
U

en

% 1
en u;

z  en z

eu
en

i
tn

U
O o < en 0H X
U s u O en
Cü og Ou £  <  en u



Appendix Table 3* Plant Species list for Study Sites (1979)

SPECIES LOCATIONS
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8 9 10
GRASSES & SEDGES;

Agrostis stolonifera
Andropogon gerardii X X X X X X X X X X

Andropogon scoparius X X X X X X X X X X

Bromus inermis X X X X X X X X X X

Bromus .iaponicus X X X X X X X X

Bouteloua curtipendula X X X X X X X X

Carex brevier X X X X X X X X X X

Carex heliophilia X X

Carex meadii X X X X X X X X X

Carex sp. X X X X X X

Dactylis glomerata X

Dichanthelium acuminatum X X X X X X

Dichanthelium linearifolium X X X X X X

Dichanthelium oligosanthes 
var scribnerianum

X X X X X X X X X X

Elymus canadensis X X X X X X X X X

Festuca arundinacea X

Koeleria pyramidata X X X X X X X X X

Muhlenbergia cuspidata X

Panicum virgatum X X

Phalaris arundinacea X

Phleum pratensis X X X

Poa pratensis X X X X X X X X X X



Appendix Table 3» Plant Species list (continued)
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SPECIES LOCATIONS
1 2 :3 4 5 6 7 8 9 10

GRASSES & SEDGES CONT. 
Setaria glauca X X X

Setaria viridis X

Setaria sp. X X X

Sorghastrum nutans X X X X X X X X X

Spartina pectinata X

Sporobolus asper X X X X

Stipa spartea X X X X X X X X X

Tridens flavus X

FORBS:
Abutilon theophrasti X X

Achillea millefolium X X X X X X X X X X

Agoseris glauca X X X X

Ambrosia artemisifolia X X

Anemone canadensis X X X X X X X X X

Antennaria neglecta X X X X X X X X X

Artemisia ludoviciana X X X X X

Asclepias amplexicaulis X X X X X X

Asclepias syriaca X X X X X

Asclepias tuberosa X X X X

Asclepias verticiliata X X X X X X X X X X

Asclepias sp. X X X X X X

Aster azureus X

Aster drummondii X

Aster ericoides X X X X X X X X X X
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Appendix Table 3» Plant Species list (continued)
SPECIES LOCATIONS

8 9 - 10
FORBS CONT.
Aster laevis
Aster oblongifolius
Aster sagittifolius
Aster sericeus
Aster sp.
Astragalus canadensis
Astragalus erassicarpus 
var eras s i carpus
Baptisia leucophaea
Cacalia tuberosa
Callirhoe alcaeoides
Campanula americana
Cannabis sativa
Cassia fasciculata
Cirsium altissimum
Cirsium flodmanii
Comandra umbellata
Conyza canadensis
Coreopsis palmata
Delphinium tricorne
Delphinium virescens
Desmodium illinoense

' Echinacea angustifolia

X

X

X

X  X

X X X
X  X

X  X

X  X

X

X  X

X

X

X  X

X  X

X

X  X

X
X

X

X

X

X

X

X

X

X

X
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Appendix Table 3» Plant Species list (continued)
SPECIES LOCATIONS

A 8 9 10
FORES CONT.

Erigeron annuus
Erigeron strigosus
Erthronium mesochoreum
Euphorbia corollata
Euphorbia nutans
Euphorbia marginata
Fragaria virginiana
Gaura longiflora
Gentiana puberulenta
Glycyrrhiza lepidota
Hedeoma hispida
Helianthus rigidus
Helianthus tuberosus
Heliopsis helianthoides
Hieracium longipilum
Kuhnia eupat ori oides
Lactuca sp.
Lespedeza sp.
Lepidium densiflorum
Liatris aspera
Liatris op#
Dillimti super bum

X  X  X  X

X  X

X X X

X  X

X  X  X  X

X  X

X  X  X  X  X  X  X

X  X  X  X  X

X  X

X

X  X

X

X

X

X X X
X

X

X

X

X

X

X

X

X



Appendix Table 3» Plant Species list (continued)
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SPECIES LOCATIONS
1 2 3 4 5 6 7 8 9 10

FORBS CONT,
Linum sulcatum X X X

Lithospermum canescens X X X X

Lithospermum incisum X

Lygodesmia juncea X X X X

Medicago sativa X X X

Melilotus officinalis X X X

Monarda fistulosa X X X X X X X X

Onosmodium molle X X X X

Oxalis dillenii X X X X X X X X X

Oxalis violacea X X X X

Petalostemon candidum X X X X X X X X X

Petalostemon purpureum X X X X X X X

Phlox pilosa X X X X X X X X X

Physalis heterophylla X X

Physalis virginiana X X X X X X X X X X

Plantago rugelli X X

Polygonatum biflorum X

Polygonum sp. X

Potentilla arguta X X X X X X X X

Potentilia recta X

Psoralea argophylla X

Psoralea esculenta X X X X X

Ranunculus abortivus
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Appendix Table 3» Plant Species list (continued)
SPECIES LOCATIONS 

5 6 7 8 10
FORES CONT.

Ratibida columnifera
Ratibida pinnata x
Rudbeckia hirta x
Rumex sp.
Sanicula canadensis
Scutellaria parvula x
Senecio plattensis x
Silphium integrifolium x
Silphium laciniatum
Silphium perfoliatum
Sisymbrium loeselli
Sisyrinchium campestre x
Solidago canadensis var. x
gilvocanescens

Solidago gigantea
Solidago missouriensis
Solidago rigida x
Solidago sp. x
Taraxacum offineinale x
Thalictrum dasycarpum
Teucrium canadense x
Tradescantia sp.
Tragpogon dubius x
Trifolium pratense x

X  X  

X X X

X  X

X  X

X

X  X

X  X

X  X

X  X

X  X

X  X

X  X

X

X

X

X

X

X

X

X

X

X

X

X
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Appendix Table 3» Plant Species list (continued)
SPECIES LOCATIONS

1 2 5 4 5 6 7 8 9 10
FORBS CONT.
Verbena stricta X

Verbena sp. X X

V ernonia baldwini X X X X X X X X

Vica villosa X

Viola pedatifida X X X X X X X X X X

Zizia aurea X X X X

Other Plants
Amorpha canescens X X X X X X X X X X

Ceanothus americanus X X X X  X X X X

Equisetum laevigatum X X X

Eq_uisetum sp. X X X X X  X X X X

Juniperus virginiana X X

Prunus sp. X X X X

Rhus sp. X X X

Rosa arkansana X X X X X X X X X X

Ulmus sp. X X X

Moss sp. X X X X X X X X X X
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