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ABSTRACT

A multivariate statistical model related to plant succession was developed to 
classify seral stages and to monitor succession for sands-choppy sands ecological 
type in the Sand Hills region of Nebraska and South Dakota. This model can 
be used by range and wildlife managers to evaluate management alternatives by 
evaluating changes in plant species cover and frequency of occurrence within 
and between seral stages. Four seral stages (early to late plant succession) were 
quantitatively identified with an estimated 91% level of accuracy. Three plant 
species provide the information to assign seral stages and monitor trends based 
on index values (canopy cover (%) x frequency of occurrence (%)) for sand blue-
stem (Andropogon hallii Hack.), hairy grama (Bouteloua hisuta Lag.), and little 
bluestem (Schizachrium scoparium (Michx.) Nash). Measurement of these three 
plant species is all that is required for the model.
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INTRODUCTION

 Rangeland ecological status undergoes change over time following natural 
and anthropogenic induced disturbances. This process of plant succession has 
been used in classification studies for western forests and rangelands for many 
years (Sampson 1919; Daubenmire 1952; Daubenmire 1968; Dyksterhuis 1949; 
Westoby et al. 1989). However, subjective interpretations often made it difficult 
to obtain consistent measurements of vegetation trend. These changes can be 
quantified using multivariate statistical models of plant succession (MacCracken 
et al. 1983; Uresk 1990; Benkobi et al. 2007; Uresk et al. 2010a; Uresk et al. 
2010b). Multivariate quantitative models of plant succession allow resource 
managers to easily obtain quantitative measurements and relate current range 
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status to management effects at one point in time and trends over a long-term 
period on a repeatable basis.

Over the last few decades, rangeland classification concepts have provided 
resource managers a framework for evaluating vegetation changes in response 
to natural events and to management activities (USDA-SCS 1976; Westoby et 
al. 1989; Holechek et al. 1989). Other multivariate and ordination techniques 
(Kershaw 1973; Mueller-Dombois and Ellenberg 1974; del Moral 1975) refined 
vegetation classification, but generally lacked practical tools such as quantitative 
models for range managers to quantify succession. Our quantitative model can 
be used by managers to determine seral stage classification and to determine suc-
cession and retrogression trends within and among seral stages. 

State and transition models for plant succession have received much attention 
in recent years, primarily as an approach in ecological processes for plants (Frie-
del 1991; Samuel and Hart 1994; Bestelmyer et al. 2003; Briske et al. 2005). 
State and transition models are conceptual models that can include vegetation 
changes as a result of fire, grazing, climate, and management activities. The 
multivariate model we have developed is similar in concept but quantitatively 
defines discrete categories for community phases within a state and transition 
model of plant succession (Uresk 1990; Benkobi et al. 2007; Uresk et al. 2010a; 
Uresk et al. 2010b). These models are not linear and do not require a linear pro-
gression of plant succession from early to late by going through all seral stages. 
Plant succession may go from early to late bypassing middle seral stages. The 
current study provides discrete categories based upon a few fundamental eco-
logical processes and relationships of key plant indicators for transition or plant 
succession (Stringham, et al. 2003; Bestelmyer et al. 2003). The objectives of 
the present study were to (1) develop a model for monitoring the sands-choppy 
sands ecological type, (2) define seral stages, and (3) provide a sampling and 
monitoring protocol. Common grasses that define sands-choppy sands ecological 
type include sand bluestem (Andropogon hallii Hack.), little bluestem (Schizachy-
rium scoparium (Michx.) Nash), prairie sandreed (Calamovilfa longifolia (Hook.) 
Scribn., needle-and-thread grass (Heterostipa comata Trin. & Rupr.) Barkworth), 
hairy grama (Bouteloua hirsuta Lag.), and blue grama (Bouteloua gracilis (Kunth) 
Lag. ex Griffiths). 

STUDY AREA

The study was conducted on the Nebraska National Forest in the Sand Hills of 
central Nebraska. The Sand Hills in Nebraska include sand dune hills to sandy 
basins and valleys. This study focused on vegetation in the sands and choppy 
sands ecological sites. A map and detailed site descriptions of both ecological 
sites are presented in USDA-NRCS (2000, 2001). The Sand Hill region covers 
approximately 5 million hectares (19,300 mi2) in southern South Dakota and 
Central Nebraska (Bleed and Flowerday 1990). The specific study site is located 
in the north-central part of Nebraska, on the Samuel R. McKelvie District, and 
encompasses about 46,280 hectares (115,700 acres). The Bessey District has an 
additional 36,183 hectares (90,456 acres). 
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The climate is described as semi-arid (Burzlaf 1962) with a mean annual 
precipitation average of 53 cm (21 in) from three weather stations at Valentine, 
Halsey, and Nenzel from 1903-2006 (HPRCC 2007). Annual precipitation is 41 
cm (16 inches) in the western Sand Hills to near 61 cm (24 inches) in the south-
east part of the area. Seventy to 85% percent of the precipitation falls during 
the growing season (April-September) as short duration, intense thunderstorms. 
Average monthly temperature ranges from a low of -13 °C (9 °F) in the winter 
to a high of 32 °C (89 °F) during the summer. 

Vegetation—Sand Hills flora has been described numerous times over the last 
century. An overall review of the ecology for plants and animals, soils, livestock 
grazing, climate, geology, hydrology, streams and lakes in the Sand Hills is pre-
sented by Bleed and Flowerday (1990). Stubbendieck et al. (1989) provided an 
additional review of the literature. Burzlaff (1962) divided into range sites the 
vegetation ground cover as a measure of forage production. Three range sites (dry 
valley, rolling sands, and choppy sands) describe much of the vegetation complex 
within the Sandhills uplands. 

This study focused on vegetation in the sands and choppy sands ecological 
sites (USDA-NRCS 2000, 2001). Dominant plants include sand bluestem, little 
bluestem prairie sandreed, needle-and-thread grass, hairy grama, blue grama and 
sedge (Carex spp). Common forbs are green sagewort (Artemisia spp.), lemon 
scurfpea (Psoraidium lanceolata (Pursh) Rydb.) and cuman ragweed (Ambrosia 
psilostachya DC.). Plant nomenclature follows USDA-NRCS (2012).

METHODS

Data collection for canopy cover and frequency of occurrence followed 
Daubenmire (1959), and statistical analyses followed procedures developed by 
Uresk (1990). Data were collected on 61 macroplots (sites) during the summer 
of 1990. About half the plots were collected throughout the sands and the other 
half collected throughout the choppy sands ecological sites on Nebraska Na-
tional Forest lands. Each macroplot was randomly selected within one of three 
perceived strata of early, mid, or late seral stages (Cochran 1977; Thompson et al 
1998; Levy and Lemeshow 1999). At each macroplot, two parallel transects 30 
m (99 ft.) long were spaced 20 m (66 ft.) apart. Canopy cover and frequency of 
occurrence were obtained for individual plant species and other variables (total 
cover, bare ground, and litter) sampled at 1-m intervals along each 30 m transect. 
All macroplot data for canopy cover and frequency of occurrence were averaged 
by site. An index was created based on the product of the mean site cover and the 
mean site frequency. Index = ((transect 1 cover + transect 2 cover)/2) * (transect 
1 frequency + transect 2 frequency )/2)) (Uresk 1990). Data were analyzed with 
SPSS (1992) and SPSS (2003). 

Chi-square analysis was applied to plant index data and evaluated for differ-
ences between sands and choppy sands ecological types. Because reduction of 
variables is useful when applying clustering techniques, we used stepwise dis-
criminant analyses to reduce the number of variables derived from the perceived 
three seral satges (Uresk 1990). This procedure was used to obtain the number 
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of variables relevant to classification and not as an evaluation of the three per-
ceived seral stages. Principal component analysis is useful for data reduction and 
does not require the need for perceived seral stages; however, meaningful results 
are obtained only with far fewer variables. Data with reduced variables were 
subjected to a nonhierarchical cluster analysis using ISODATA which grouped 
the variables into seral stages (Ball and Hall 1967; del Morel 1975). The 61 sites 
(macroplots) were grouped into 4 distinct seral stages. Discriminant analyses 
(SPSS 1992, 2003) identified key variables for seral stage classification and pro-
vided a quantitative model to be used for future classification and monitoring 
(P < 0.05). Misclassification error rates were estimated with cross validation pro-
cedures (SAS 1988, SPSS 2003). Field-testing of the model was applied during 
the second year (1991). Most common and abundant (> 1%) plant species and 
other variables are reported in Table 4 and 5. 

		

RESULTS

Seral Stages—Chi-square analysis showed no significant differences in plant 
cover-frequency index (P < 0.05) between sands and choppy sands sites. There-
fore, sands and choppy sands ecological sites were combined into the sands-
choppy sands ecological type for this study. 

Table 1. Canopy cover, frequency of occurrence means (%) with standard errors (in parentheses) 
and index for key plant species by seral stages used in model development for Sands-Choppy 
Sands ecological type.

SERAL STAGE N SAND BLUESTEM HAIRY GRAMA LITTLE BLUESTEM 

Canopy Cover
Late 5 8.4(1.6) 24.2(2.0) 14.1(4.6)
Late intermediate 12 30.9(6.4) 5.0(1.5) 15.6(2.9)
Early intermediate 14 5.0(1.1) 2.7(0.9) 36.1(2.2)
Early 30 7.9(1.1) 2.1(0.6) 4.8(1.2)

Frequency
Late 5 57.7(7.6) 88.7(3.2) 48.3(13.4)
Late intermediate 12 80.8(3.3) 35.0(9.2) 50.0(8.7)
Early intermediate 14 38.6(6.9) 20.8(6.1) 85.2(2.7)
Early 30 40.5(4.9) 13.7(3.6) 17.1(3.6)

Index
Late 5 507 2184 955
Late intermediate 12 2698 327 1031
Early intermediate 14 278 164 3121
Early 30 470 101 215

n= sample size
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Seral stages were distinguished from one another by the distribution and 
abundance of key plant species that characterized the ecological type. The sands-
choppy sands ecological type was classified into four seral stages that ranged from 
early to late plant succession (P < 0.05). Discriminant analysis allowed us to 
select sand bluestem, hairy grama, and little bluestem as the best prediction vari-
ables in the model for classification and monitoring by seral stages. Index values 
of these 3 key plant species illustrate the dynamics of these species in this ecologi-
cal type (Figure 1, Table 1). Hairy grama was dominant in the late seral stage, 
sand bluestem in the late intermediate stage, and little bluestem dominates in the 
early intermediate stage. Lesser amounts of all three plant species described the 
early seral stage. Distributions of mean canopy cover, frequency of occurrence, 
and indices for the three key variables by seral stage are presented in Table 1. 

Fisher’s classification discriminant function coefficients define seral stages and 
provide model coefficients for predicting plant dynamics within the ecological 
system (Table 2). Key plant variables with the greatest indices by seral stage pres-
ent the biotic potential for predicting plant species dynamics within the ecologi-
cal system. An example of seral stage assignment for new data collected in the 
field with Fisher classification coefficients is presented in Table 3. To determine 
a seral stage score, multiply the mean site index values for sand bluestem, hairy 
grama, and little bluestem by the Fisher coefficients for each seral stage (row) 
and then sum the products for a score. The greatest score identifies assignment 
of seral stage. When the products summed are negative, the least negative score 

Table 2. Fisher’s classification discriminant function coefficients used for classification of seral 
stages in Sands-Choppy Sands ecological type.

SPECIES LATE 
LATE

INTERMEDIATE
EARLY

INTERMEDIATE EARLY

Sand bluestem 0.0024730 0.0034449 0.0018747 0.0006470
Hairy grama 0.0278607 0.0067453 0.0046673 0.0017406
Little bluestem 0.0046142 0.0042618 0.0083963 0.0008727
Constant -34.65368 -9.335991 -15.09219 -1.719941

Table 3. An example of assigning seral stages by using Sands-Choppy Sands Fisher’s discriminant 
coefficients with new index data (Index = Site cover mean x Site frequency mean) for sand blue-
stem, hairy grama, and little bluestem.

SERAL

SAND BLUESTEM HAIRY GRAMA LITTLE BLUESTEM

CONST SCORECoeff1 Index Coeff Index Coeff Index

Late (0.0024730 * 2150 + 0.0278607 * 500 + 0.0046142 * 950) - 34.65368 = -11.02

Late Int. (0.0034449 * 2150 + 0.0067453 * 500 + 0.0042618 * 950) - 9.335991 = 5.48 

Early Int. (0.0018747 * 2150 + 0.0046673 * 500 + 0.0083963 * 950) - 15.09219 = -0.75

Early (0.0006470 * 2150 + 0.0017406 * 500 + 0.0008727 * 950) - 1.719941 = 1.37
1 Coeff = Fisher's discriminant classification coefficient, Const = Constant values from Fisher's 
discriminant model, Int. - Intermediate. 
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is used for assignment of seral stage. An example from new index data collected 
in the field are sand bluestem = 2150, hairy grama = 500, and little bluestem 
= 950. In this example, the greatest score is 5.48, which assigns this site to late 
intermediate stage. The overall accuracy of the model for seral stage assignment 
based on cross validation is 91 %. Additional details on seral classification, suc-
cessional trends, data collection, plot establishment, and programs for PDAs or 
other computers may be obtained from USDA-Forest Service web site at http://
www.fs.fed.us/rangelands/ecology/ecologicalclassification/index.shtml. Benkobi 
et al. (2007) provide additional information on plot establishment, data collec-
tion, and interpretation. 

Late seral stage—Plant species richness of the late seral stage consisted of 
48 forbs, 20 graminoids, and 4 shrubs, representing 24 plant families (Figure 
2). Approximately 76% of the plants were perennial species with only 14% 
annual species (10% biennial or other combination). The late seral stage was 
dominated by hairy grama, and little bluestem with 24% and 14% canopy cover 
and 89% and 48% frequency values, respectively (Table 1). Sand bluestem had 
lesser amounts of cover and lower frequency. Sun sedge and prairie sandreed 
had canopy cover values of 8% and 5% and a greater frequency (Table 4 and 5). 
Switchgrass (Panicum virgatum L.), rough dropseed (Sporobolus compositus (Poir.) 
), and sand lovegrass (Eragrostis trichodes (Nutt.) Alph. Wood) ranged in cover 
values between 2-4%, with frequency of occurrence ranging between 10-30% 
(Table 5). Total forb cover of approximately 10% in the late seral stage was the 
lowest amount recorded among the 4 seral stages, while frequency of occurrence 
was approximately 100%. Cuman ragweed was the most common forb species 
with canopy cover and frequency of occurrence at approximately 3% and 48%, 
respectively. 

Figure 1.  Key plant species with index values (canopy cover (%) x frequency of 
occurrence (%)) displayed throughout four seral stages in the Sands-Choppy Sands 
ecological type in Nebraska and South Dakota.  Graph provides a guide for an 
approximate mixture of species at each seral stage.
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Figure 1. Key plant species with index values (canopy cover (%) x frequency of occurrence (%)) 
displayed throughout four seral stages in the Sands-Choppy Sands ecological type in Nebraska and 
South Dakota. Graph provides a guide for an approximate mixture of species at each seral stage.
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Late Intermediate seral stage—Plant species richness consisted of 60 forbs, 
28 graminoids, and 5 shrubs (Figure 2) in 23 plant families. One tree was report-
ed within this seral stage. Approximately 69% of the plants were perennial, 17% 
annual and the remaining 14% biennial or a combination of annual, biennial, 
or perennial. The composition of vegetation in this seral stage was dominated 
by sand bluestem (Table 1). Little bluestem (16% canopy cover) was followed 
by sun sedge, hairy grama, prairie sandreed, switchgrass, and sand lovegrass 
with values between 3-5%, although frequency of occurrence ranged between 
18-43% for these species (Tables 4 and 5). Total forb cover of 12% was slightly 
greater than was present in the late seral stage. The dominant species was cuman 
ragweed with 4% cover and a frequency of 52%.

Early Intermediate seral stage—Plant species richness included 64 forbs, 27 
graminoids, and 7 shrubs (Figure 2), in 25 plant families. About 67% of the 

Table 4. Canopy cover means (%) and standard errors (in parentheses) of common plant species 
and other variables by seral stages in Sands-Choppy Sands ecological type.

SPECIES OR VARIABLE LATE 
LATE

INTERMEDIATE 
EARLY

INTERMEDIATE EARLY

Sun sedge
Carex inops 8.1(1.4) 5.0(1.8) 5.2(1.5) 7.0(1.9)

Prairie sandreed
Calamovilfa longifolia 5.0(0.9) 6.3(2.0) 3.6(0.6) 5.3(1.0)

Switchgrass
Panicum virgatum 3.8(1.3) 4.6(1.5) 3.2(0.8) 5.6(2.7)

Rough dropseed
Sporobolus compositus
var. compositus (S. asper)

3.1(0.9) 1.9(0.5) 1.2(0.3) 2.9(0.6)

Sand lovegrass
Eragrostis trichodes 2.1(1.8) 3.6(0.9) 6.8(1.7) 6.2(1.7)

Prairie Junegrass
Koeleria macrantha 1.9(0.9) 1.5(0.7) 1.2(0.4) 1.0(0.5)

Heller’s rosette grass
Dicanthelium oligosanthes 0.4(0.4) 2.3(0.8) 2.6(0.9) 2.1(0.9)

Needle-and-thread grass
Hesperostipa comata
ssp. comata (Stipa comata)

0.5(0.40) 2.0(1.6) 2.8(1.3) 3.9(1.1)

Cuman ragweed
Ambosia psilostachya 2.9(1.0) 4.4(0.9) 5.1(1.0) 7.3(1.4)

Prairie rose
Rosa arkansana 3.1(2.2) 3.6(1.6) 3.7(0.9) 3.3(0.7)

Total Graminoids 67.1(4.2) 76.1(2.9) 72.7(2.5) 59.9(4.1)

Total Forbs 9.5(1.0) 12.3(1.8) 14.5(2.3) 16.1(1.8)

Total Shrubs 5.6(2.2) 6.4(1.5) 10.3(2.3) 8.3(1.6)

Total Litter 52.5(6.3) 70.(4.5) 73.2(4.0) 53.9(5.6)

Bare ground 47.8(6.4) 27.6(4.3) 26.5(4.2) 45.0(5.6)
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plants were perennial and 16-17% were either annuals or biennials. Little blue-
stem was the most common grass species in early intermediate seral stage with 36 
% cover and 85% frequency of occurrence (Table 1). Sand bluestem and hairy 
grama, both key species, had cover values of 5% and 3% and frequency of oc-
currence value of 39% and 21%, respectively. Sand lovegrass and sun sedge cover 
was between 5-6% with a frequency of 34-45%. Prairie sandreed, switchgrass, 
Heller’s rosette grass (Dichanthelium oligosanthes (Schult.) Gould) and needle 
and thread ranged between 2-4%, whereas frequency ranged between 19-41% 
(Tables 4 and 5). The most common forb was cuman ragweed with over 5% 
canopy cover and 55% frequency. Total forb cover was 15%.

Early seral stage—Plant species richness was represented by 78 forbs, 35 
graminoids, and 7 shrubs in 33 plant families(Figure 2). In this seral stage only 
about 65% of the plant species were perennials with 23% annuals and 12% bi-
ennials. Plant species diversity was greatest for this seral stage. Within this seral 
stage, sand bluestem, little bluestem, and hairy grama exhibited canopy cover 
values of 8%, 5%, and 2% with frequencies of 41%, 14%, and 17%, respec-
tively (Table 1). Graminoids with cover between 5-6% included sun sedge, sand 
lovegrass, prairie sandreed, and swtichgrass (Table 4). Frequency of occurrence 

Table 5. Frequency of occurrence means (%) and standard errors (in parentheses) of common 
plant species and other variables by seral stages in Sands-Choppy Sands ecological type1.

SPECIES OR VARIABLE LATE 
LATE

INTERMEDIATE 
EARLY

INTERMEDIATE EARLY 

Sun Sedge
Carex inops 74.7(9.2) 42.9(13.9) 44.6(11.7) 40.2(7.6)

Prairie sandreed
Calamovilfa longifolia 52.3(9.6) 39.6(7.3) 40.7(5.2) 39.4(5.4)

Switchgrass
Panicum virgatum 21.3(6.7) 24.6(7.7) 18.6(5.0) 16.6(4.8)

Rough dropseed
Sporobolus compositus 
var. compositus (S. asper)

37.33(6.0) 20.7(4.8) 17.0(3.5) 26.9(4.3)

Sand lovegrass
Eragrostis trichodes 10.0(6.7) 18.1(3.8) 34.4(7.3) 22.8(5.3)

Prairie Junegrass
Koeleria macrantha 22.33(11.7) 13.47(5.5) 16.49(5.2) 7.61(2.8)

Heller’s rosette grass
Dicanthelium oligosanthes 3.6(3.7) 19.0(5.7) 30.6(8.1) 14.6(4.4)

Needle-and-thread grass
Hesperostipa comata 
ssp. comata (Stipa comata)

7.3(6.5) 11.4(6.9) 19.1(6.7) 21.1(5.2)

Cuman ragweed
Ambosia psilostachya 47.7(12.5) 52.2(8.2) 54.5(8.0) 53.2(6.0)

Prairie rose
Rosa arkansana 15.7(9.2) 20.1(8.7) 27.3(6.0) 20.4(4.3)

1Frequency of Occurrence for Graminoids, Forbs, Shrubs, Litter and Bare ground was 100%.
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for these species ranged between 23-40% (Table 5). Needle-and-thread and 
rough dropseed were common with 3-4% canopy cover and frequency between 
21-26%. Cuman ragweed accounted for 7% of the forb cover which for all forbs 
totaled 16%. 

DISCUSSION

Canopy cover of prairie sandreed, hairy grama, and little bluestem has been 
reported to be similar between the rolling sands and choppy sands range sites 
(Burslaff 1962; Barnes et al. 1984). Soil characteristics and vegetation communi-
ties represent a continuum across the Sand Hills landscape, but are more similar 
between the rolling sands and choppy sands and often significantly different 
when comparing these two sites to the dry valley range type (Burslaff 1962; 
Barnes et al. 1984). Barnes and Harrison (1982) found similar soil moisture be-
tween rolling sands and choppy sands and much greater soil moisture, especially 
as depth increased, in the dry valleys. Plant species for both sands and choppy 
sands were not different and were combined for these analyses. Similar soils and 
soil moisture for sands and choppy sands support combining the two ranges now 
defined as sands-choppy sands ecological type.

Management based on plant seral stages provides a powerful tool to achieve, 
evaluate, and monitor desired resource conditions or status of vegetation (Uresk 
1990; Stubbendieck and Reece 1992; Benkobi and Uresk 1996; Benkobi et al 
2007; Uresk et al. 2010a; Uresk et al. 2010b). Our model describes quantitative 
interrelationships of plant species occurring throughout the four seral stages from 
early to late. Thus, our model can be used to determine seral stages regardless of 
hypothetical past or future climax vegetation. 

Figure 2.  Number of plant species by life form category throughout seral stages in 
Sands-Choppy Sands, Nebraska. 
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Figure 2. Number of plant species by life form category throughout seral stages in Sands-Choppy 
Sands, Nebraska.
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Managing for all four seral stages can be viewed as a management alternative. 
Inclusion of multiple seral stages is known to increase plant and animal diversity 
over the landscape (Rumble and Gobeille 1995; Benkobi et al. 2007; Fritcher et 
al. 2004). Because one seral stage is not practical for multiple-use management, 
the entire range of seral stages (from early to late) is desirable to accommodate 
the greatest plant species diversity, wildlife habitat and diversity, livestock pro-
duction, and recreation. In the sands-choppy sands ecological type, late and 
intermediate stages of succession may be best for livestock production due to the 
greater availability of forage species. The early seral stage may be more important 
for specific wildlife species and rare plant species such as blowout penstemon 
(Penstemon haydenii S.Watson) (Stubbendieck et al. 1989).

Wildlife managers have recognized that wildlife densities, diversity, and plant 
succession are related and important for wildlife management. In addition, 
management of sands-choppy sands rangelands with seral stages provides a man-
agement tool that can be used across the landscape. The landscape scale could 
be the best level for managers to determine their management objectives. Ap-
proximately 10-15% of the landscape is recommended to be maintained in the 
early and late stages with the remainder of the area in the intermediate categories 
(Kershaw 1973; Mueller-Dombois and Ellenberg 1974). This would provide 
a mixture of habitats on the landscape to maintain plant and animal diversity 
(Uresk 1990; Benkobi et al. 2007; Fritcher et al. 2004; Rumble and Gobeille 
1995; Vodehnal et al. 2009).

Bird species diversity was significantly greater in early seral stage compared to 
late-intermediate seral stage on Ft. Pierre National Grasslands in South Dakota 
(Fritcher et al. 2004). Birds with tall vegetation or residual vegetation (litter) 
habitat requirements were more abundant in later seral stages while birds that 
required sparse vegetation cover were common in the early seral stage. Therefore, 
all seral stages are necessary to maximize grassland bird species diversity and 
abundance across the landscape (Fritcher et al. 2004).

Perennial plants are generally considered more stable and fluctuate less on an 
annual basis compared to annuals and biennials. Land managers may consider 
management for later seral stages on soils more susceptible to wind erosion. 
Management for rare species that require specific seral stages, such as blowout 
penstemon which requires severe wind erosion areas (early seral), may require 
special management to create more habitat near known population centers to 
increase species abundance and viability.

Livestock grazing can be a tool to regulate changes in seral condition or status. 
Adjustments in timing, density, and rate of livestock grazing might result in a 
change to the preferred management alternative (desired seral stage) (Stubbendi-
eck and Reese 1992). However, when early seral communities are the desired 
objective, additional management strategies or problems such as soil erosion 
must also be considered (Mergen et al. 2001). Although greater perennial plant 
cover is generally accepted as an effective method for reducing soil erosion, ef-
fective management practices for controlling erosion have not been established. 

The classification and monitoring model developed in this paper can be used 
to quantify the relationship between various grazing intensities and plant succes-
sion to determine grazing levels necessary to maintain or restore a desired succes-
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sional status (management objectives) of the vegetation. In addition, information 
about rare plant species and wildlife activities, soil erosion and their relationships 
to seral stages in plant communities need to be included in a management plan 
(Rumble and Gobeille 1995; Fritcher et al. 2004; Vodehnal et al. 2009).

ACKNOWLEDGEMENTS

This study was completed with cooperation and partial support of the Nebras-
ka National Forest System and Colorado State University, Department of Forest, 
Rangeland and Watershed Stewardship (28-CR3-752 and 03-JV-1221609-272). 
Daryl Mergen was research associate, Colorado State University, working under 
these agreements and was located in Colorado Springs, CO. Rudy King, Rocky 
Mountain Research Station statistician (retired), provided invaluable advice 
throughout the study. Thanks are extended to Tony Hoag for help with data 
collection and analyses.

LITERATURE CITED

Ball, G.H., and D.J. Hall. 1967. A clustering technique for summarizing multi-
variate data. Behavioral Science 12:153-155.

Barnes, P.W., and A.T. Harrison. 1982. Species distribution and community
	 organization in a Nebraska Sandhills mixed prairie as influenced by plant/

soilwater relations. Oecologia 52:192-201.
Barnes, P.W., A.T. Harrison, and S.P. Heinisch. 1984. Vegetation patterns in 

relation to topography and edaphic variation in Nebraska Sandhills prairie. 
Prairie Naturalist 16:145-158.

Benkobi, L., and D.W. Uresk. 1996. Seral stage classification and monitor-
ing model for big sagebrush/prairie sandreed/blue grama.in: Barrow, J.R.; 
Durant, M.E.; Sosebe, R.E.; Tausch, R.J., editors. Shrubland ecosystem 
dynamics in a changing environment; Proceedings of the symposium; 1995 
May 23-25; Las Cruces, NM. Gen. Tech. Rep. INT-338. Ogden, UT: U.S. 
Department of Agriculture, Forest 	 Service, Intermountain Research Sta-
tion.

Benkobi, L., D.W. Uresk, and R.D. Child. 2007. Ecological Classification and 
monitoring model for the Wyoming big sagebrush shrub-steppe habitat type 
of northeastern Wyoming. Western North American Naturalist 67:347-358.

Bestelmyer, B.T., J.R. Brown, K.M. Havstad, R.Alexander, G.Chavez, and J.E. 
Herrick.2003. Development and use of state-and-transition models for 
rangelands. Journal of Range Management 56:114-126.

Bleed, A. and C. Flowerday. 1990. An atlas of the Sand Hills. Conservation and 
Survey Division Institute of Agriculture and Natural Resources University of 
Nebraska-Lincoln. Resource Atlas No. 5a.

Briske, D.D., S.D. Fuhlendorf, and F.E. Smeins. 2005. State-and-transition 
models, thresholds, and rangeland health: a synthesis of ecological concepts 
and perspectives. Journal of Range Management 58:1-10.



98	 Proceedings of the South Dakota Academy of Science, Vol. 91 (2012)

Burzlaff, D.F. 1962. A soil and vegetation inventory and analysis of three Nebras-
ka sandhills range sites. Nebraska Agricultural Experiment Station Research 
Bulletin 206. Lincoln, NE.

Cochran, W.G. 1977. Sampling techniques, 3rd ed. John Wiley and Sons, New 
York.

Daubenmire, R, 1952. Forest vegetation of northern Idaho and adjacent Wash-
ington, and its bearing on concepts of vegetation classification. Ecological 
Monographs 22:301-306.

Daubenmire, R. 1959. A canopy-coverage method of vegetational analysis. 
Northwest Science 33(1):43-64.

Daubenmire, R. 1968. Plant communities: a textbook of plant synecology. New 
York, Evanston and London: Harper & Row. 300 p.

del Moral, R. 1975. Vegetation clustering by means of ISODATA: revision by 
multiple discriminant analysis. Vegetation 29(3):179-190.

Dyksterhuis, E.J. 1949. Condition and management of range land based on 
quantitative ecology. Journal of Range Management 2(1):104-115.

Friedel, M.H. 1991. Range condition assessment and the concept of thresholds: 
A viewpoint. Journal of Range Management 44:422-433.

Fritcher, S.C., M.A. Rumble, and L.D. Flake. 2004. Grassland bird densities in 
seral stages of mixed-grass prairie. Journal of Range Management 57:351-
357.

Holechek, J.L., R.D. Pieper,, and C.H. Herbel. 1989. Range management prin-
ciples and practices. Prentice-Hall Inc. Englewood Cliffs, NJ. 501 p.

HPRCC. 2007. High Plains Regional Climate Center. Available at http://www.
hprcc.unl.edu/data/historical.  [Cited 28 April, 2007].

Kershaw, K.A. 1973. Quantitative and dynamic plant ecology, second edition. 
American Elsevier Publishing Company, Incorporated. New York. 308 pp.

Levy, P.S., and S. Lemeshow. 1999. Sampling of populations: methods and ap-
plications, third edition. John Wiley and Sons Incorporated Publication, 
New York, New York.

MacCracken, J.G., D.W. Uresk,., and R.M. Hanson. 1983. Plant community 
variability on a small area in southeastern Montana. Great Basin Naturalist 
43: 660-668.

Mergen, D.E., M.J. Trilica, J.L. Smith, and W.H. Blackburn. 2001. Stratification 
of variability in runoff and sediment yield based on vegetation characteris-
tics. Journal of American Water Resource Association 37:617-628.

Mueller-Dombois, D. and H. Ellenberg. 1974. Aims and methods of vegetation 
ecology. John Wiley and Sons Inc., New York, NY. 547 p.

Rumble, M.A., and J.E. Gobeille. 1995. Wildlife associations in Rocky Mountain 
juniper in the Northern Great Plains, South Dakota. in: D.W. Shaw; E.F. 
Aldon; C. LoSapio, Ed. Desired future conditions for piñon-juniper eco-
systems; proceedings of the symposium; 1994 August 8-12; Flagstaff,AZ. 	
General Technical Report RM-258. Fort Collins, CO: U.S. Department of 
Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment 
Station. pp.80-90.

Sampson, A.W. 1919. Plant succession in relation to range management. U.S. 
Department of Agriculture Bulletin No. 791. 76 p.



Proceedings of the South Dakota Academy of Science, Vol. 91 (2012)	 99

Samuel, M.J., and R.H. Hart. 1994. Sixty-one years of secondary succession on 
rangelands of the Wyoming High Plains. Journal of Range Management 
47:184-191.

SAS Institute Inc. 1988. SAS/STAT user’s guide, 6.04 ed. SAS Institute Inc., 
Cary, NC. 	 1,028 p.

SPSS 1992. SPSS/PC+ professional statistics version 5.0. Norusis, M.J./SPSS 
Inc. Chicago, IL.

SPSS. 2003. SPSS Base 12.0 for Windows User Guide. SPSS Inc. Chicago, Il-
linois.

Stringham, T.K., W.C. Krueger, and P.L. Shaver. 2003. State and transition 
modeling: An ecological process approach. Journal of Range Management 
56:106-113.

Stubbendieck, J.L.,T.R. Flessner and R.R. Weedon. 1989. Blowouts in the Ne-
braska sandhills: The habitat of Penstemon haydenii. Pages 223-225 in: Pro-
ceedings of the Eleventh North American Prairie Conference. Ed. T.B.Bragg 
and J. Stubbendieck, Lincoln Nebraska: University of Nebraska-Lincoln.

Stubbendieck, J.L., and P.E. Reece. 1992. Nebraska handbook of range manage-
ment. Historical materials from University of Nebraska-Lincoln extension. 
EC92-124. 66 pp.

Thompson, W.L., G.C. White, and C. Gowan. 1998. Monitoring vertebrate 
populations. Academic Press Incorporated, San Diego, San Diego, Califor-
nia, USA. 

Uresk, D.W. 1990. Using multivariate techniques to quantitatively estimate 
ecological stages in a mixed-grass prairie. Journal of Range Management 43: 
282-285.

Uresk, D.W., D. Mergen, and J. Javersak. 2010a. Model for classifying and mon-
itoring hackberry (Celtis occidentalis L.)-shrub ecological type in sand hills 
prairie ecosystem. Proceedings of the SD Academy of Science 89:105-119.

Uresk, D.W., D. Mergen, and J. Javersak. 2010b. Ecological model for classify-
ing and monitoring boxelder in northwestern Nebraska. Proceedings of the 
SD Academy of Science 89:121-128.

USDA-SCS 1976. U.S. Department of Agriculture, Soil Conservation Service. 
National range handbook. NRH-1. Washington, DC.

USDA-NRCS. 2000. Ecological site description. R065XY034NE. Nebraska 
Sand Hills 	 Technical Guide Section IIE, MRLA 65 Choppy Sands. USDA 
NRCS. 

USDA-NRCS. 2001. Ecological site description. R065XY033NE. Nebraska 
Sand Hills Technical Guide Section IIE, MRLA 65-Sands. USDA NRCS.

USDA-NRCS. 2012. The PLANTS Database. Available at http://plants.usda.
gov. National Plant Data Center, Baton Rouge, LA 70874-4490 USA. [Cit-
ed 21 June 2012].

Vodehnal, W.L., J.B. Haufler, and R.K. Baydack. 2009. A grassland conservation 
plan for prairie grouse in North America. Pages 31-43. in: Transactions of 
the seventy-third North American wildlife and natural resources conference. 
J. Rahmn editor. Wildlife Management Institute. Washington, DC. 264 pp.

Westoby, M.; Walker, B.; Noy-Meir, I. 1989. Opportunistic management for 
rangelands 	 not at equilibrium. Journal of Range Management 42(4):266-
274.


