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Vegetation diversity in the Wyoming big sagebrush/Thurber needlegrass

(Artemisia tridentata Nutt. ssp. wyomingensis Beetle & Young/Achnatherum

thurberianum (Piper) Barkworth. syn. Stipa thurberiana Piper) plant association

was studied across a condition class gradient in southeastern Oregon.

All observable vascular plant species were counted during 6 seasons and

2 years and diversity indices were calculated using both density and percent

cover. Soil surface characteristics were evaluated once per year for 3 years.

The measures of vegetation diversity evaluated in this thesis are: Species

Richness, Simpson's Index, Shannon's Index, and Hill's diversity numbers, NO,

NI, N2, and evenness ratio E5. Functional categories were addressed using

Raunkiaer's Biological Classification system (1934) and life form classes used

by the USDA. Soil surface patterns were evaluated using types described by

Eckert et al. (1986a).

High seasonal and yearly variation exhibited by all classification

schemes studied (species richness counts, diversity indices, functional groups,
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and soil surface microtopography) confounded their ability to consistently

distinguish among condition classes. Highest diversity was obtained in the

spring and least in the fall.

A significant correlation was obtained between diversity and a modified

condition class index calculated using actual field data by season, and showed

that based on diversity, sites might be classified as poor in one year and good in

the next.

Five distinct soil surface types showed apparent trends across the

gradient, but no statistically significant results were obtained between the

amount of cover of any of the soil surface types and range site condition.

Significant natural changes in the amount of cover by soil surface

microtopography category did occur in the year following grazing exclusion

regardless of range condition. This may indicate system resilience is initially

high and that recovery thresholds may be approached quickly regardless of

initial range condition.

Our results indicate that in ecosystems where distinct seasonal changes

affect plant community composition, species richness numbers and diversity

indices should be used with caution as a criterion for ecological assessment. An

a priori delineation of the temporal scale for measurement is an essential

condition of using any vegetation or soil indicator as an evaluation tool.
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QUANTIFICATION OF VEGETATION DIVERSITY AND VARIATION
ON INTACT AND DEGRADED RANGELANDS

CHAPTER 1

INTRODUCTION

OVERVIEW

Biodiversity and Health

Increasing and maintaining biodiversity has become a worldwide

political goal and is the basis of environmental conservation efforts from the

African savanna (McClanahan and Young 1996) to tropical rainforests (Tuichin

and Rudman 1991, CIFOR 1999, McCarthy 2000) to individual backyards

(Stein 1993).

On June 5, 2001, the United Nations and its participating partners

launched the Millennium Ecosystem Assessment (MA 2001) an extensive 4-

year, $21 million effort to study the earth's ecosystems. The MA has been

recognized by governments as a mechanism to meet the assessment needs of

three international environmental treaties the UN Convention on Biological

Diversity, the Ramsar Convention on Wetlands, and the UN Convention to

Combat Desertification (MA 2001). The goal of the project is to map the health

of planet earth, and so fill important gaps in the knowledge that we need to

preserve it (MA 2001). MA is an international assessment of the impact of
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changes to ecosystems on the goods and services they provide and the result will

be used as the foundation for future environmental policy decisions (MA 2001).

Merriam-Webster (1999) defines diversity as the condition of being

diverse. Diversity as a political concept stems from the societal fact that the

world has many 'diverse' groups of people living on it with a need to survive.

Diversity in the social sense is generally accepted and can be defined

ideologically, religiously, genetically, or by any other number of subdivisions or

criteria. In this sense, high diversity is viewed as a favorable societal condition.

Ecosystem Diversity and Health

Health is generally accepted as a human condition of well being

(Merriam-Webster 1999), and that state of health is an optimum condition, or a

condition most favorable to the proper functioning of the organism (Wicklum

and Davies 1994).

As an analogy to the human condition, the ecosystem health paradigm

has emerged as a new integrative concept for environmental management that

merges socioeconomic and traditional ecological/environmental values, for

example the use of natural resources to sustain human society and ecosystem

integrity. The ecological concepts of biodiversity, resilience, and self-

organizing capacity, which are largely seen as being in the scientific domain

Gaudet et al. (1997) are thus incorporated into the ecosystem health paradigm.



High species diversity is generally viewed as an optimal condition for an

ecosystem, and rainforest communities are often referenced as representatives of

maximum species diversity due to their richness of flora and fauna (Riede 1993,

Dumetz 1999, W. Wayte Thomas 1999, MA 2001). Never the less, each and

every ecosystem, landscape, ecological site and community has its own unique

mix and level of biodiversity that has yet to be quantified (Pimm and Gittleman

1992). Variation in species diversity also exists between the world's three main

tropical rainforest blocks the American, the Asian, and the African (Ojo and

Ola-Adams 1996). As noted by Mares (1992) rangelands in South America

have a greater number of mammal species, and more endemic taxa than

Amazonian rainforests.

The anthropomorphic analogy to the human condition implies that

health, diversity and integrity used in the ecosystem management context have

met four important criteria: 1) that the terms can be ecologically defined, 2) that

baseline conditions can be assessed, 3) that changes from these baselines can be

meaningfully measured, and 4) results can be supported by empirical evidence

and/or scientific theory.

Maintaining the world's species diversity is currently the main driving

force for conservation efforts. More specifically, maintaining native plant

diversity, detecting exotic species, and monitoring rare species are becoming

important objectives in rangeland conservation (Stohlgren 1998). Never the

less, the concept of diversity and how to measure it has been an important
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ecological topic for the past 50 years. Despite considerable interest, however,

no generally accepted definition of diversity has emerged (Peet 1974) even

today (Rapport 1998).

Diversity has always been defined by the indices that were used to

measure it (Peet 1974), and species richness (the total number of species in a

sample) is the most common and widely used surrogate for biodiversity (Peet

1974, Heliman and Fowler 1999).

Species selection strategies that emphasize diversity assume species-rich

ecosystems are more stable and less susceptible to damage from unusual

climatic events, disease, or insects. According to Whisenant (1999), there is

compelling evidence provided by Smith (1996) and Tilman (1996) that

biodiversity confers ecosystem stability by buffering against natural and

artificial perturbations.

The ecological concept of diversity is not only composed of the number

of species (richness) in a sample, but also the evenness with which those species

are distributed in the community. Conceptual indices to describe community

properties of diversity, richness and evenness alone or in combination have long

been proposed, producing a substantial array of measurement tools, e.g.,

richness Margaleff (1958) and Menhinick (1964), evenness Pielou (1975, 1977),

dominance Simpson (1949), diversity Shannon and Weaver (1949), and

evenness and heterogeneity Hill (1973). These indices can be distinguished by

their sensitivity to changes in the importance of the most abundant species
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(Simpson 1949) and their sensitivity to changes in the rarer species (Shannon

1949).

Tropical rainforests have high species diversity because they contain

many plant species, but also and because there is a relatively equal abundance

distribution among those species, for example long-lived members of many tree

species.

Spatial Scale/Inventory vs. Differentiation Diversity

Another aspect of diversity, the scale of measurement, has proved

important. Whittaker (1977) identified several spatial scales of measurement of

diversity. The diversity of a homogenous community is alpha or within-habitat

diversity (inventory); the extent of change in species composition among

different communities along habitat gradients is a beta or between-habitat

diversity (differentiation); a landscape that includes the alpha diversity of its

communities and the degree of beta differentiation among them is gamma

diversity (inventory); and a change along climatic gradients or between

geographic areas is referred to as delta diversity (differentiation). If species

richness or diversity is to be used for conservation or management purposes, a

distinction must be made as to which level is being considered.

The species/area relationship is a well-known function in ecology and

the shape of the species/area curve has been used to infer biological processes

such as disturbance (Lawrey 1991), describe the theory of island biogeography



(MacArthur 1965), and has been proposed as a means to estimate the

biodiversity of large regions or preserves (Palmer 1990). Basically, the larger

the sample area the greater the number of species observed.

Therefore not only is it important to compare types of diversity

(inventory to inventory or differentiation to differentiation), but spatial scale of

measurement must also be well defined before diversity comparisons can be

made. For policy purposes, comparisons should be consistent.

On the other hand, much of the stability, resistance to damage, and self-

repairing capacity associated with species-rich ecosystems probably results from

functional diversity rather than species diversity (Whisenant 1999) which is not

necessarily obtained by adding species to the system. A function can be

performed by several species and a particular species might perform multiple

functions. If this is the case, then grouping vegetative species by functional

groups should be able to distinguish among sites varying in condition, but

having equal vegetation potential (e.g., alpha diversity within one ecological

site).

Temporal Effects

The fecundity and inertia of tropical ecosystems is a result of more or

less a constant temporal component, that being a single hot, moist year-round

growing season. Although species richness appears more or less constant

through time, a total inventory of the floristically rich tropics is immeasurable
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because of the effort involved (Webb et al. 1967), and also because subtle

changes in species composition occur over time as a result of natural

disturbances (Connell 1978).

Environmental variability is one of the major forces that has been

suggested as limiting species richness (Tilman and El Haddi 1992). Climatically

extreme conditions such as droughts may periodically lower population densities

and thus increase the probability of extinction for rare species. If all else were

equal, habitats that experienced greater environmental fluctuations would have

greater extinction rates, and thus lower species richness than more stable

habitats (Tilman and El Haddi 1992).

Therefore, if governmental regulation and conservation policy is to be

based on the human diversity and health analogy of 'the more diverse the

healthier the system,' with its underlying model being based on the tropical

rainforest, it is legitimate to ask if this model of vegetation diversity is

appropriate for all ecosystems particularly those that have seasonal changes and

which can be impacted by long periods of drought.

We believe that for diversity to be a universally accepted tool it must be

able to distinguish differences at all scales in all types of climates.

The question then becomes: can diversity as defined and measured by

common diversity indices (richness and/or evenness) distinguish among

temperate rangeland sites varying in ecological condition but having equal

vegetation potential, e.g., alpha diversity within one sagebrush steppe ecological



site? The hypothesis being that range sites in good condition are presumed to be

healthier, and therefore should have a higher species diversity than poor

condition sites.

SAGEBRUSH STEPPE ECOSYSTEM DIVERSITY

Background

As noted by West (1999), rangelands where native biotas intermingle

with humans and their domestic livestock involve a huge fraction of the earth's

surface. The majority of rangeland occurs where grasslands, shrub steppes,

deserts, woodlands, or savannas prevail, in other words, most of the untilled or

undeveloped western U. S. (about 70% of the area). Rangelands can also be

described as areas where self-sown vegetation is managed extensively based on

ecological principles. Plant responses are fundamentally low due to meager

precipitation, as well as salty, steep, and rocky soils, etc. (West 1999).

Rangeland in the lowlands of the Intermountain West often takes the

form of sagebrush steppes, which once occupied about 45 million hectares

(West and Young, 1998). The variation in climate is high being drier than most

grasslands and wetter than deserts, and characteristically receive precipitation in

the winter. Some years have grassland-like climate and other years are desert-

like (West 1999). Therefore, they contain organisms and life forms of both

deserts and grasslands. Freezing temperature and winter precipitation are also

common.



Because environmental conditions of the sagebrush steppe are harsh and

highly variable over time and space, the dominant organisms are few and widely

distributed. Vegetation is mainly comprised of woody shrubs (predominately

Arternisia spp.) and bunchgrasses. Perennial bunchgrasses associated with

Artemisia vary greatly throughout the region. The C3 bunchgrasses

(Pseudoroegneria spicata (Pursh) A Love, Festuca idahoensis Elmer,

Achnatherum spp., Poa ssp. Elvmus elymoides (Raf.) Swezey) dominate the

herbaceous layer in the north and western parts of the type (West 1999). C3 sod

grasses (Pascopyrum smithii (Rydb.) A. Love) become more common in the

south and east where more growing season precipitation occurs (West 1999).

Even when sagebrush is dominant, a moderate number of other plant

species exist. On relict sites in the Artemisia tridentata-Pseudoroegneria

spicata association in Washington and Idaho, Daubenmire (1975) found an

average of 15 vascular plant species in 5 m2, Tisdale et al. (1965) found a range

of 13-24 vascular plants depending on community while studying three

Artemisia ssp. communities in the pristine vegetation of a kipuka near Carey,

Idaho, and Zamora and Tueller (1974) found a total of 50 vascular plant species

in a set of 39 late seral stands in three Artemisia ssp. communities in northern

Nevada.

In the United States, the Bureau of Land Management (BLM) is

currently responsible for managing and evaluating the condition of a large

portion of public rangeland in the Intermountain West. Condition here follows
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the current use by the USDIIBLM based on their ecological site inventory (ESI)

for determination of ecological status (USDI/BLM 1990).

Vegetation parameters included in the BLM condition protocol are: a

species dominance rating, a percent species composition based on foliar cover,

and an estimated species composition based on a percent by weight. Current site

condition is assigned by comparison of an index based on these estimates with

estimates of the same parameters for the potential native plant community

(PNC) as detailed in the ecological site description (C. Leet, pers. comm., 1995).

Plant species diversity per se is not presently included as a parameter in

the official assessment procedure. Introduced plant species such as Bromus

tectorum (L.) and annual species such as Allium lemmonii (S. Wats.) are not

currently included when calculating the condition assessment index.

The National Resources Conservation Service (NRCS) is responsible for

evaluating the condition on privately owned grazing lands of which about 400

million acres are considered rangeland and approximately 60 million acres are

forested (USDAINRCS/GLTI 1997a). The NRCS protocol follows a

successional, production-based model. Condition is assessed based on site

similarity to a pre-determined reference vegetation state (USDAJNRCSIGLTI

1997b). This assessment does not currently use species diversity as part of its

procedure.
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In its 1994 publication, Range/and Health, the National Research

Council defined rangeland health as "the degree to which the integrity of the soil

and ecological processes of rangeland ecosystems are maintained."

In 1995, the Society for Rangeland Management's committee on Unity

in Concepts and Terminology recommended that rangeland assessments should

focus on the maintenance of soil at a site and redefined the previous definition to

read "the degree to which the integrity of the soil, vegetation, water, and air, as

well as the ecological processes of the rangeland ecosystem, are balanced and

sustained."

A most recent qualitative assessment procedure developed through an

interagency cooperative effort by the BLM, NRCS, USGS, and ARS (Pellent,

Pyke, Shaver, and Herrick 2000) describes indicators of rangeland health and

interprets the health indicators from an ecosystem function standpoint.

However, whether 'condition' or 'health' is the evaluation goal, none of

these procedures specifically uses plant species diversity in their evaluation

critena.

In addition, all current assessments regardless of their protocols, are

point in time measurements that are confounded by the natural temporal

variability of rangeland (semi-arid) plants, e.g., assessments for one region may

begin in the spring and end in the fall. Temporal variation in species richness on

rangeland is expected to be high, especially within xeric plant communities such

as the sagebrush steppe where the appearance of its ephemeral members is
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highly dependent upon seasonal windows of temperature and moisture for

completion of their growth and reproduction cycles. Therefore, species counts

taken at one point in time are likely to underestimate species richness depending

on species composition, year and season.

Environmental/Disturbance Factors Influencing Species Diversity

The number of species in a habitat should represent a balance between

forces that allow species to invade and persist and forces that drive species to

local extinction (MacArthur and Wilson 1967). Numerous factors including

climate, colonization strategies, resource fluctuations and localized disturbance

can be important in allowing species to persist (Tilman and El Haddi 1992), all

of which interact to form a complex community pattern (McLendon and

Redente 1990).

Animal use by large grazers such as cattle and by small herbivores such

as pocket gophers can affect plant species diversity by modifying local edaphic

conditions both above and below ground. McLendon and Rendente (1990)

working in a sagebrush steppe community in northwest Colorado showed that

by mechanically disturbing soil they could produce different trajectories of

succession that included significant changes in species richness. Initially

species richness decreased, then increased for four years, and then decreased

again as succession continued.
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Ungulate grazing is an important process in sagebrush steppe

ecosystems, and removal of grazing can destabilize some systems. Livestock

grazing will actually increase the chances of survival of some species, and

moderate livestock grazing can also enhance community and landscape-level

diversity in many instances (West 1993).

Hobbs and Hobbs (1987), Hobbs and Mooney (1985), and Koide et al.

1987) have shown that soil disturbance in California annual grasslands by

pocket gophers changed community structure by affecting ion uptake rates by

plants, seed dispersal, and differential seedling survivorship within the

community.

Grime (1973) presented much direct evidence that plant species richness

in British pastures is greatest at intermediate levels of either disturbance or

physiological stress, and Connell (1978) asserts that the high level of species

richness observed in tropical rainforests and coral reefs is also a result of

intermediate levels of natural disturbance e.g. trees are killed by windstorms,

landslides, lightning strikes, plagues of insects; corals are destroyed by agents

such as storm waves, freshwater floods, or sediments. Both conclude that

diversification in the regeneration niche accounts for a large part of plant species

diversity (Fox 1979).

Eckert et al. (1986a, 1989) described the relation between ecological

range condition and the patterned ground created by 5 soil surface

morphological types (regeneration niches) and their microtopographic position
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in the Wyoming big sagebrush/Thurber needlegrass (Artemisia tridentata Nutt.

ssp. wyomingensis Beetle & YoungJAchnatherum thurberianum (Piper)

Barkworth. syn. Stzpa thurberiana Piper) plant association.

The amount of soil surface covered by each type and its distinct

morphology was found to have significant effects on emergence and survival of

seedlings in big sagebrush communities.

The ecological and conservation literature to date have focused either on

discussions of the major issues of diversity definition and measurement

(Whittaker 1977, Zahl 1977, Cousins 1991, Palmer 1995, Margules and Pressey

2000, McCann 2000, Purvis and Hector 2000) or presentation of species

diversity results primarily from landscape scale studies done in mesic or

tropical, grassland or forested ecosystems (Biondini 1989, Tilman and El Haddi

1992, Montalvo 1993, Hartnett 1996, He 1996, and Tilman 1996).

Relatively little research has been directed towards the quantitative

measure of plant species diversity and function in semi-arid regions such as the

sagebrush steppe of the intermountain West on a scale relative to management

such as the ecological site. A quantitative measure of temporal plant species

diversity, comparison of measurement indices, and sampling effort will provide

a quantitative evaluation of the ability and appropriateness of the health and

diversity concepts to delineate ecological condition. Development of this

assessment is the focus of this research.
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TEMPORAL VARIA TIONIN SPECIES RICHNESS A CROSS A
CONDITION GRADIENT INA XERIC SAGEBRUSH STEPPE PLANT

ASSOCIATION

Patricia L. Dysart and Lee E. Eddleman
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ABSTRACT

In ecology, species richness is thought of as an acceptable measure of the

multifaceted concept of biodiversity and ecosystem health; and, in many cases

species richness has become the goal of both conservation efforts and

management priorities. Point in time quantification of vegetative species

richness and sampling schemes have been documented for some forested and

grassland ecosystems. However, the natural temporal variation of plant species

richness including both annuals and perennials and the temporal effect on

sampling effort are alluded to, but not well documented, particularly for xeric

ecosystems such as the sagebrush steppe. Using currently grazed rangeland in

eastern Oregon, a condition class gradient of good, fair, to poor condition sites

was established within the Wyoming big sagebrushlThurber needlegrass

(Artemisia tridentata Nutt. ssp. wyomingensis Beetle & YounglAchnatherum

thurberianum (Piper) Barkworth. syn. Stipa thurberiana Piper) ecological site

(loamy 10-12 inch precipitation zone) (Appendix XII). A modified condition

class index using actual field data was computed for each study site in each of 6

seasons in order to establish a gradient (IX).

All observable vascular plant species were counted and compared with

two common unbiased estimates of species ricimess (first and second order

jackknife) across six seasons and two years (1996/97) at a study site level and at

a condition class level. Seasonal changes in sampling effort were also

determined. Our primary goal was to document the temporal change in species
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richness, with the secondary goal of assessing the applicability of species

richness to range condition assessment.

A total of 101 vascular plant species were observed during the study and

their appearance showed significant temporal and spatial patterns. The

ecological site is more diverse in terms of species richness than was indicated by

any one study site, including those field classified to be in good condition,

therefore, measurements taken from a small number of individual study sites

may be misleading. Species richness on the condition class level was two to

three times greater than on any individual study site within and across seasons.

More species were observed in the spring of both years, and more species in

general were observed in 1996 than in 1997. Temporal (year, season) effects

were statistically significant which accounted for 60% of the variance in

observed species richness, and indicated a need for greater sample areas to be

used in the fall, particularly on poor condition sites. The main effect of

condition class accounted for only 10% of the variance and was not statistically

significant.

At a study site level, calculated minimal areas captured between 59-73%

of the observed species, and on the condition class level captured between 58-

68% of the observed species.

Using 1 m2 quadrats, an average of 15 m2 per hectare appears to

adequately represent the common species of the community, and as much as 150

m2 per hectare may be needed to adequately capture 95% of the species richness
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within this ecological site. Given the natural variation of species richness within

and between study sites, at least 8 (hectares) per condition class would be

necessary to detect a 50% difference in condition class means and 31 hectares

per condition class would be necessary to detect a 25% difference in condition

class means at the a = 0.05 level of significance.

Spring was the only season when species richness counts came close to

the overall observed species richness for the year. Only when estimators (1st and

2d order jackknife) were applied to spring data where they good predictors of

species richness for the year. They under-estimated total species richness by as

much as 44% during those seasons when fewer species were observed (summer

and fall).

Classification of these communities based on a modified condition index

as percent of PNC showed that on only 3 study sites did the index remain

relatively constant and on 6 study sites classification was heavily influenced by

year and season. Some study sites responded positively and others negatively to

removal of grazing by adjusting their relative composition.

There was a significant relationship between the observed number of

species at any point in time and the modified condition index in 4 out of 6

seasons, although none of the point in time measurements on any site equaled

the total annual species richness of the study site. However, summer season

provided the most consistent ranking of all study sites along a condition class

gradient in both years. There was a significant correlation between the number
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of species observed in the summer and the modified index of percent PNC in

1996 but not in 1997.

Our results indicate that in ecosystems where distinct seasonal changes

affect plant community composition, observed species richness numbers should

be used with caution as a criterion for ecological assessment. Species richness

data taken at one point in time appear to represent only that period of time and

did not provide good predictive results particularly in the fall when observed

species counts significantly underestimated the total number of plant species

observed annually on the study site. Therefore, an a priori delineation of the

temporal scale for measurement is an essential condition of using richness of

vascular plants as an evaluation tool. In this study, in the absence of cattle

grazing, the natural variation in the number of species present both seasonally

and annually appears to be significantly influenced by temperature and moisture

inputs to the site.

INTRODUCTION

Species richness is a widely used surrogate for the more complex

concept of biological diversity (Hellmann and Fowler 1999). A change in

species richness is considered to be a measure of vegetative response to varying

levels of disturbance including drought, grazing and fire (Hartnett and Fay

1998); therefore, assessment of vegetative species richness on rangelands may

help to prioritize management plans for public lands in the western U.S., as well
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as advancing our basic knowledge of the complex community dynamics of

shrub/steppe ecosystems.

Preference for the use of species richness as a criterion stems from the

assumptions that species richness can be accurately and easily assessed.

However, measuring the actual species richness of a community may not be as

simple as it may seem.

Understanding how species richness varies over space and time has been

a major endeavor in ecology (Palmer and White 1994). The complex

relationship between species richness and area sampled or species-area curve

has been one of the most studied relationships in all of ecology (Kohn 1994,

Palmer and White 1994); however, temporal variability of species richness has

been given less empirical attention (Rosenzweig 1995).

Although plant species richness appears to be an important attribute of

plant communities, it has not been sufficiently tested in arid land ecosystems to

warrant its use as an indicator of ecological status, condition or health.

Therefore several questions need to be addressed. Is plant species richness a

reliable indicator of the ecological status of individual communities within areas

purported to have the same vegetation potential? That is, does species richness

change significantly in detectable ways as an ecological site deteriorates in

condition? Condition here follows the current use by the USDIIBLM based on

their ecological site inventory (ESI) for determination of ecological status

(USD1, BLM 1990).
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Temporal variation in species richness on rangelands is expected to be

high, especially within xeric plant communities such as the sagebrush steppe

where the appearance of its ephemeral members is highly dependent upon

seasonal windows of temperature and moisture for completion of their growth

and reproduction cycles. Therefore, species counts taken at one point in time

are likely to underestimate species richness depending on species composition,

year and season. These temporal fluctuations in dryland plant communities are

well known to rangeland managers, but not well documented.

Species/area relationships are well documented in mesic and tropical

systems (Pires, Dobzhansky and Black 1953, Webb et al. 1967, Rice and

Westoby 1983, Palmer 1995, and He 1996), but are not well known for

sagebrush steppe communities such as those in eastern Oregon and the northern

Great Basin.

Hellmann and Fowler (1999) found that simple richness estimators, such

as the sum total of observed species in a sample, across all communities they

studied, were the most precise. However, they were also the most biased,

yielding the largest underestimate of species richness regardless of sample size,

and in addition were the least accurate.

Improvement in the species richness statistic can be achieved by use of

the jackknifing technique (Heltshe and Forrester 1983, Magurran 1988). Both

first-order and second-order jackknife techniques have been developed based on

degrees of rarity in samples and both were calculated in this study. Hellman and
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small sample sizes. Smith and Van Belle (1984) and Colwell and Coddington

(1994) supported these results in previous research. In a recent parasitology

study, Walther and Morand (1998) found the first-order jackknife performed

consistently better than the second-order jackknife especially at low sample

sizes.

Therefore, to examine the assumption that species richness is a function

of condition class, an a priori condition class gradient from good to poor was

established in one xeric ecological site in southeastern Oregon whose co-

dominant vegetation consists of Wyoming big sagebmsh and Thurber

needlegrass. Species richness was recorded over 6 seasons and 2 years

(1996/97). The results were used to address the following questions:

1. Can plant species richness be used as a criterion (alpha diversity
within habitat diversity) to distinguish between condition classes
within the same ecological site?

a. Do temporal dynamics of observed plant species richness
influence its use as an assessment tool?

b. What are the temporal influences on the relationship between
sample area and observed plant species richness?

This paper examines temporal fluctuations in observed species richness

across a disturbance gradient and develops minimal sample area curves based on

local species/area relationships.
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SITE DESCRIPTION

Within the northern Great Basin sagebrush steppe ecosystem, a xeric-end

Wyoming big sagebrush/Thurber needlegrass ecological site was selected

(Appendix XII). The ecological site designation is ARTRW/STTH2 Loamy 10-

12 inch precipitation zone, Maiheur High Plateau, Oregon D-23 Major Land

Resource Area (USDA, NRCS 1988).

Nine hectares included in this study were located on the dominant soil

map unit for the ecological site, that is B-520, whose representative soil is the

Raz-Brace complex; 55% Raz (Loamy, mixed, frigid, shallow, xeric,

haplodurid), 45% Brace (Fine Loamy, mixed, frigid, xeric, argidurid) (USDA,

NRCS 1988).

Three study sites (hectares) were located south of Maiheur Lake along

Foster Flat road, and 6 study sites (hectares) were located in and adjacent to the

Northern Great Basin Experimental Range near Riley, Oregon. All 9 study sites

were located in Harney County in southeast Oregon (Legal Descriptions

Appendix XI).

Harney County lies between 42 ° and 44 north latitude and 118 and

120 ° west longitude. Although Wyoming big sagebrush and Thurber

needlegrass are prominent species in this ecological site, other common grasses

include Sandberg bluegrass (Poa sandbergii Vasey), other Poa species, and

squirreltail (Elymus elymoides ssp. elymoides (Raf.) Swezey), while bluebunch
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within the site in areas of higher soil moisture.

Woody vegetation within this ecological site includes green rabbitbrush

(C. viscidflorus (Hook.) Nutt.), spineless horsebrush (Tetradymia canescens

DC), and littleleaf horsebrush (Tetradvmia glabrata Torr & Gray). The native

perennial forb component is represented by a wide variety of species, such as

longleaf phlox (Phlox longfolia Nutt) and basalt milkvetch (Astragalus fihipes

Ton. Ex. Gray), and common native annual forbs include maiden blue-eyed

Mary (Collinsia parvflora Lindl) and Great Basin woolystar (Eriastrum

spars iflorum (Eastw.) Mason. Introduced annual grasses are represented by

cheatgrass (Bromus tectorum L).

Study site elevation ranged from 1433-1600 meters (4300-4800 ft.).

Precipitation maxima occur during early winter and late spring months

(November to June). Minima occur in middle and late summer (July to

September). Mean annual precipitation is 280 mm (11 in.) of which 31% falls

as snow. Mean annual variation in precipitation is 22%. The mean annual

temperature is 7.6 °C with a summer mean daily maximum of 26.8 °C and

winter daily minimum of 4.8 °C. Frost-free season is approximately 80 days,

but killing frosts can occur in any month (Lentz and Simonson 1986).

Although we describe below the recent grazing history of the general

areas involved in this study, we cannot know precisely the complex grazing

history of each individual hectare. Therefore, we made the assumption that the
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present vegetative condition of the nine study sites is a function of the

accumulated past disturbances of which grazing is assumed to be of paramount

importance. We also made the assumption that the present vegetative condition

is a product of long-term disturbance rather than recent.

Cattle grazing occurred primarily in the summer on the study sites

located on Foster Flat road (East Warm Springs allotment) from 1972 until

present with between 8-60% utilization of key forage species (needlegrass and

bluebunch wheatgrass) according to the Bureau of Land Management (BLM)

Burns office grazing plant data (N. Taylor, pers. comm., 1995).

Cattle grazing occurred primarily in the summer on the study sites on the

east side of the Northern Great Basin Experimental Range (NGBER) (Juniper

Ridge allotment) from 1982 to the present. Utilization was between 21-55%

each year, however, a rest year occurred in 1989 according to BLM grazing plan

data (N. Taylor, pers. comm., 1995).

Cattle grazing was primarily rotational by season on the study sites

located on land south of the Northern Great Basin Experimental Range

(NGBER) Wagontire allotment) from 1981 to present. Utilization was between

25-55% each year, however, a rest year occurred in 1989 (N. Taylor, pers.

comm., 1995).

Study sites on the Northern Great Basin Experimental Range (NGBER)

(Range 5.8) were characterized as having cattle utilization dates that varied from

1 £' 'ioth long and short term grazing was included along
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with an irregular yearly rest cycle during the critical early growing season of

April, May and June (J. Swindlehurst, pers. comm., 1999).

Fire as a recent disturbance was excluded from this study, therefore, all

sites selected contained mature stands of Wyoming big sagebrush.

METHODS AND MATERIALS

Nine 1-hectare areas were selected in 1995 as study sites. Study sites

were sought representing a range from excellent to poor range condition, based

on criteria in the Ecological Site Inventory (ESI) protocol for determining range

condition used by the Bureau of Land Management, Burns District. Maps, GIS

information, previous ESI inventory data, ESI worksheets and ESI personnel

(USD1, BLM 1990) were employed in study site location. Vegetation

parameters included in the condition classification protocol are: a species

dominance rating, an estimated percent species composition, and a composition

based on an estimated percent by weight for each plant species observed.

Current site condition was assigned by comparison of these estimates in 1994

with estimates of the same parameters for the potential native plant community

(PNC) detailed in the ecological site description (C. Leet, pers. comm., 1995).

A 1 00-point scale is used and a range of 25 points is assigned to each condition

class based on field observations. For example, if the overall current site index

calculated in the field was 77%, the site would be classified as being in excellent
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condition. In addition to the vegetation, local soil parameters such as erosion

potential are included in the assessment protocol.

A sufficient number of areas in excellent condition that were accessible

for study could not be located for inclusion in this study. However, the 9 study

sites, represented a condition class gradient from good to poor condition. Three

study sites were located as replicates within each condition class. Two

hierarchical levels were analyzed: hectare (study site) and an abstract condition

class level that contained 3 replicate study sites.

Four types of species lists were compiled: 1) Within season per study

site. Observed species on the study site level are those plant species that were

observed and recorded per season. Because this was a repeated measures study,

the same plant species were recorded more than once during the year; 2) Within

study site. Unique species on the study site level are the species that were

observed on that study site using data from all seasons and years combined.

Individual species were recorded only once; 3) Within season per condition

class. Observed species on the condition class level are the mean number of

plant species that were observed seasonally on the 3 individual study sites within

a condition class; and 4) Within condition class. Unique species on the

condition class level are those species that were found on all study sites within

the condition class during all seasons and years. Plant species were recorded

only once.
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The boundaries of each study site (hectare) were located and fenced in

1995 to preclude livestock grazing during the course of the study.

Experimental Design

Vegetation

This was an observational study. Five permanent transects, each 90

meters long were randomly established on each study site using a stratified

random design. Baselines were located on the north side of each study site with

transects running in the N-S direction. Along each of the five transects, nine 1-

m2 permanent quadrats were located using a stratified random design. One

quadrat was randomly located within each 10-rn segment along the transect.

These 45 permanent 1-rn2 quadrats per hectare were used for all vegetation

measurements. Species richness data were derived from a broader study of plant

species density and cover. Species were counted for species richness only when

the individual plant was rooted in the quadrat.

The observed number of species was quantified during 2 years and 6

seasons (spring, summer, and fall of 1996 and 1997), and this data set was used

for the temporal analysis of species richness.

Preliminary vegetation data was taken beginning in the fall of 1995 with

copious plant sampling and mounting for accurate identification particularly of

graminoids and composites. The staff of the Rangeland Resources Department
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then verified plant sample identifications. Plant vouchers are on reserve in the

Rangeland Resources Herbarium at Oregon State University.

Soil Moisture

During 1996 and 1997, gravimetric soil moisture (Og) (USDA, NRCS

1996) was determined monthly (May-November) at 5 cm and 18 cm under

sagebrush and in the interspaces. Samples were oven-dried at 80 C for 48

hours. Results were averaged to represent the top 18-cm of the soil profile.

Species/Area

To examine the dependence of species richness on area sampled, we

modified the minimal area approach of Mueller-Dombois and Ellenberg (1974)

by randomly placing rather than nesting quadrats within a study site. The

minimal area is defined as the smallest area on which the common species of the

community in question are adequately represented. It gives an indication of the

quadrat size, or in our case, the sample area that should be used. We examined

the temporal relationship between the area needed to represent the most

common species of the community and the area needed to quantify overall

species richness of the community. Since this study was not attempting to

compare sampling methodologies, sample size estimates were based on a

commonly used 1- x 1-m square quadrat. This quadrat which was chosen for its

ease of use, and its appropriateness to the vegetation scale and distribution

a1 site.



Measurement Schedule

In order to determine temporal changes in species richness, presence data

were taken in three seasons each year based on the perennial herbaceous species:

(SP) Main flowering
(SU) Seed Development
(FA) Major Senescence

Analysis

(Late-May/June)
(July)
(Late August-September)

A repeated measure, mixed model (ANOVA) compared temporal

(yearly, seasonal) differences in species richness among the three condition

classes (SAS 1998) and among calculated estimators of species richness.

Two Jackknife estimators, (1st and 2' order) were calculated to provide a

less biased estimate of species richness using the PCORD multivariate statistical

package (McCune and Mefford 1997). Jackknife estimates in PCORD are

calculated using nonparametric resampling procedures based on Heltshe and

Forrester (1983) and Palmer (1990) for the 1st order estimates (Jacki = S +

[ri (n-i )/n] where S total observed number of species in n quadrats, ri the

number of species occurring in one and only one quadrat, and n = the number of

quadrats), and Bumham and Overton (1979) and Palmer (1991) for the 21x1 order

estimates (Jack2 5 + {[rl(2n-3)/n] [r2(n-2)2] / [n(n-1)]} where S= total

observed number of species in n quadrats, ri = the number of species found in

one and only one quadrat, r2 = the number of species found in exactly two

quadrats.
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A Pearson's correlation test was performed to examine the relationship

between the observed number of species and the Jack 1 and Jack2 estimators of

species ricimess.

A modified index of site condition was calculated for each of 6 seasons

using the actual field data from the project. The methodology was similar to

that used in the BLM protocol except that we measured basal cover of perennial

grasses rather than foliar cover. The same conversion factors were used in order

to estimate weight from cover values, and these estimated dry weights were used

to obtain a percent relative composition based on weight. Percent relative

composition by weight was then compared to and adjusted to coincide with the

maximum allowable percentages for each species and each species group

according to the relative composition criteria detailed in the ecological site

description (Appendix XII). The group percentages were then summed to

provide an overall modified condition class rating for the study site.

A Spearman 's rank correlation test was performed for each of the 6

seasons of the study to determine the relationship between the number of species

observed at any given time and the modified condition class index.

The effect of sample size on species richness was analyzed graphically

using a modified minimal area approach of Mueller-Dombois and Ellenberg

(1974) to show efficiency of species capture against study site, condition class,

season, and year. Sample size determinations were based on cumulative areas

using 1-rn2 quadrats. The number of unique species observed was plotted



against cumulative area (McCune and Mefford 1997). A lognormal y = Yo + a in

x regression was used to fit the data. The minimal areas used for comparison

across the condition class gradient were defined as that area beyond which a

10% increase in sample area would not yield a 10% increase in species

observed. The minimal area represents a point of diminishing returns on

sampling effort.

The minimal areas needed to represent the most common members of the

community were then compared to the total area needed to obtain the level of

species ricimess observed in the study, and to the amount of sample area needed

based on the Jackknife estimators (Jacki, Jack2). Species-area curves were

generated at both the study site and condition class level.

In addition to minimal area, the number of sites (hectares) needed to

detect a 50% and 25% difference among condition class means with 80%

probability at the 5% confidence level was also calculated.

RESULTS AND DISCUSSION

Environmental Conditions

Environmental conditions were expected to fluctuate among years,

seasons and study sites. Further, spatial and temporal variation in plant

available resources due to fluctuations in precipitation, temperature and water

flow were expected to impact species richness. Although these fluctuations are
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difficult to tie directly to species richness differences, they do provide possible

explanations.

Precipitation

The total annual precipitation during each year of the study, 1996 (294

mm) and 1997 (368 mm) was greater than but not statistically different from the

30-year mean precipitation (269 mm) (p=O.3 and p=0.i respectively) for the

Northern Great Basin Experimental Range (Oregon Climate Service 2001).

Figure 2.1 shows the variation in monthly inputs of precipitation compared to

the 30-year monthly averages.

Timing of precipitation events shows that late summer/fall season during

the study years were drier than the 30-year average would predict. Winter peak

precipitation occurred one month later in 1997 and the early spring was drier

while the spring and early summer period was wetter. It may be that February

and March moisture may be critical for fuller species richness expression and

that later precipitation events are not compensatory. Although lower estimates

of species richness in the summer and fall as compared to spring might be

expected for 1996 where effective precipitation events ceased in June, similar

underestimates were encountered in 1997 when both June and July receive about

20 mm of precipitation.
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(NGBER station, Oregon Climate Service 2001).

Temperature

Mean monthly air temperature patterns during the study followed closely

the 30-year average values and there were no outstanding differences between

patterns among the three years of the study.

Soil Moisture

Results of gravimetric soil moisture (Og) samples taken at two depths,

one shallow (5 cm) and one deep (18 cm) were averaged to represent the top 18

cm of soil both under sagebrush and in the interspaces. June soil moisture

although not significantly different tended to be higher in the interspaces than

under sagebrush on all sites in both years. There was a significant difference
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between the average soil moisture in 1996 all sites versus 1997. June 1996 soil

moisture under sagebrush ranged from 25-38% higher than for June of 1997

depending on condition class and from 50-86% higher in the interspaces than for

June of 1997 depending on condition class.

Temporal Species Richness

Across all study sites, a total of 101 vascular plant species were observed

during the three years of the study (Appendix I). During this time, several plant

species appeared and disappeared. For purposes of comparison only. 19 of the

species were encountered only in 1995, 18 of the species were encountered only

in 1996, and 1 new species was encountered only in 1997 (Appendix II). Only

data from 1996 and 1997 are presented in this paper.

Among all study sites, within condition class there is strong evidence to

suggest that the number of observed species is significantly different across

seasons (p=O.000l) which accounted for 37% of the variance and years

(p=O.0028) which accounted for 23% of the variance. The main effects of

season and year accounted for 60% of the variance, but there were no

significant season by year interaction effects. The number of species changed

from season to season and year to year, but these changes occurred across all

condition classes (good, fair, poor) with relatively equal magnitude (Figure 2.2).
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1997. Means within the same condition class with the same letter are not
significantly different at P < 0.05.
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The general trend was for more species to be observed in the spring

compared to summer and fall on all study sites.

Figure 2.2 illustrates the mean number of species that were observed

seasonally on the 3 hectares that make up the condition class. These values do

not reflect the total unique species richness for each condition class.

Within season there was no significant difference in observed number of

species based on condition class (p=O.2744) with condition accounting for only

10% of the variance (Figure 2.3). Within season within year, the observed

number of species was significantly less on poor sites in the fall of 1996 and in

the summer and fall of 1997.

Summer and fall sampling underestimated the overall species richness by

as much as 50% in 1997 (Table 2.1) with greater overall species richness

occurring in 1996 (Table 2.2).



40

35
U,

C.)

0 30
U)

25

o 20
0

15

10
0

5

0

40

35
U,
0
C.)

ii, 30
a-
U)

25

o 20
0

j15
10

0

5

0

SPRING SUMMER FALL

SPRING SUMMER FALL

44

Figure 2.3. Observed species richness within Season for 1996 and 1997. Means
within the same season with the same letter are not significantly different at P
0.05.
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Table 2.1. Comparison of species richness capture by year, season, and study
site.

All seasons
Percent (%) of total species richness

captured by season

Year!
Unique

Study Site
Species

2Richness Spring Summer Fall
1996

G11 32 97 81 75
G4 39 92 69 59
G7 34 97 74 59
F2 40 93 73 78
F5 32 93 75 69
F8 29 93 72 55
P3 31 100 74 58
P6 22 91 82 68
P9 35 97 71 57

1997
Gi 28 89 71 61
G4 31 90 74 48
G7 31 94 61 52
F2 25 100 76 64
F5 27 93 82 48
F8 23 91 74 78
P3 18 100 50 50
P6 18 89 56 50
P9 32 100 69 53

Gi, G4, G7 Good condition, F2, F5, F8 Fair condition, P3, P6, P9 Poor
condition 2

number of plant species all seasons combined

When the total number of species are combined for both years, 92-100%

appeared in 1996 depending on study site, with only 58-89% appearing in 1997

(Table 2.2).



Table 2.2. Comparison of species richness (%) combining 1996 and 1997.

Total number of Percent of total species appearing by year
Study species combining
site both years 1996 1997

Gi 33 97 85
G4 40 98 78
G7 35 97 89
F2 41 98 61
F5 35 94 77
F8 30 97 77
P3 31 100 58
P6 24 92 75
P9 38 92 84

Comparison of the number of species that were observed seasonally per

study site to the total unique species richness found on the study sites taking all

seasons into account, shows that on only three study sites, two poor (P3, P9) and

one fair (F2), did the number of species observed in any single season equal that

of the total annual unique species richness for the study site (Table 2.3). On P3,

the number of species that were observed in the spring 1996 did prove to be the

total unique species richness for that study site for both years.

The highest number of seasonally observed species was 37, which was

on F2, a fair condition site in the spring of 1996. The lowest number of species

recorded was 9, which was observed on P3 and P6, poor condition sites in the

fall of 1997.
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Table 2.3. Comparison of observed species to unique species richness by year,
season, and study site.

Year! Observed Observed Observed Unique Species richness
Study Site Spring Summer Fall all seasons
1996

Gi 31 26 24 32
G4 36 27 23 39
G7 33 25 20 34
F2 37 29 31 40
F5 30 24 22 32
F8 27 21 16 29
P3 31 23 18 31
P6 20 18 15 22
P9 34 25 20 35

1997
Gi 25 20 17 28
G4 28 23 15 31
G7 29 19 16 31
F2 25 19 16 25
F5 25 22 13 27
F8 21 17 18 23
P3 18 9 9 18
P6 16 10 9 18
P9 32 22 17 32

Seasonal species richness differs from the unique species richness, years

and seasons combined. Study site F5 (Figure 2.4) illustrates that difference with

all other study sites showing similar patterns.
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If condition of the study sites is primarily a response to climate and

domestic cattle grazing and climate is expected to be similar across study sites,

then the effect of grazing on species richness was not significant. In this study,

the relationship between species richness and range condition appears to be

driven by stochastic climate events. These results are similar to those obtained

recently by Bai, Abouguendia, and Redmann (2001) who studied 8 native

grassland sites in southern Saskatchewan which varied in grazing intensity.

Their results showed no significant effect of grazing on species richness and no

clear relationship between species richness and range condition on the square

meter scale.



Study Site vs. Condition Class Level

The issue of scale further complicated the temporal component of

species richness in this study. For any given season, the number of observed

species present at the study site scale was significantly lower than the number of

unique species that were actually observed in the condition class. For example,

on the 3 study sites that were replicates making up the good condition class, 31,

36, and 33 species were observed in the spring 1996. However, when the

number of unique species listed from those individual study sites was complied,

a total of 59 species were actually present on the good condition class in the

spring of 1996 (Table 2.4). At the condition class level, 59 species represents

almost twice the number of species encountered at the individual study site

level. For any given season, at the condition class level, all condition classes

exhibited at least a doubling of the species present at the study site scale.

During the summer and fall of 1997, counts of species richness on the poor

condition class level were 2 1/2 times greater than on the individual study site

scale (Appendices VI, VIII).
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Table 2.4. Species richness by Condition Class by year and season.

Spring Summer Fall
Year/ Unique Unique Unique Unique species
Condition species species species All seasons
1996

Good 59 45 39 60
Fair 53 44 42 57
Poor 52 40 34 54

1997
Good 46 40 30 50
Fair 42 38 30 45
Poor 41 29 23 41

Jackluiife Estimates of Species Richness

Our intent was to look at temporal changes in species richness and to

estimate the maximum temporal expression of species present as accurately as

possible using 45 1-rn2 permanent quadrats per study site. Realizing that rare

plant species are elusive and that simple observed species richness numbers

were probably the most precise, but least accurate (Hellmann and Fowler 1999),

we calculated two non-parametric jackknife estimators. Although the literature

on the use of jackknife estimators is mixed, Hellmann and Fowler (1999) found

that the second-order jackknife was the least biased estimator when the sampled

area is less than 25% of the total area of the site under investigation. Smith

and Van Belle (1984) and Colwell and Coddington (1994) support these results

in previous research. However, in a recent parasitology study, Walther and

Morand (1998) found the first-order jackknife performed consistently better than
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the second-order jackknife especially at low sample sizes. Both Jacki and Jack2

were calculated for this study on a temporal basis (Table 2.5).

Jack! and Jack2 seasonal estimates of species richness were linear and

highly correlated with the observed species richness values (Pearson r-values

range from 0.8754 to 0.980 depending on year and season).

Within any measurement period (season) on both the study site scale

(Table 2.5) and condition class level (Table 2.6), Jacki and Jack2 provided

estimates of species richness uniformly larger than the seasonally observed

species richness. However, only the jackknife estimates for the spring season in

both years (Table 2.5, 2.6) provided estimates that were consistently higher than

the unique species richness combining all seasons and species. Since the

jackknife estimators are based on the number of species occurring in one sample

unit (1St order), and the number of species occurring in exactly two units

(21TK1 order), ecologically these results would be expected since rare species are

less likely to be encountered later in the year in this xeric system. The number

of 'rare' species in the summer and fall (those found in only 1 or 2 quadrats)

would be fewer and the estimators should tend toward the number of species

observed.

Hellmann and Fowler (1999), CoIwell and Coddington (1994), and

Palmer (1991) using empirical data and a simulation found that compared to

other estimators for small sample sizes, the second-order jackknife appears to be

the least biased when comparing woody species in forested systems. In this data
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set, from a xeric system and incorporating both temporal and spatial dimensions

Jack 1 and Jack2 estimators proved to be less useful, and exhibited a downward

bias in the summer and fall at both treatment levels-study site (1-ha) and

condition class (3-ha) (Tables 2.5, 2.6).

Table 2.5. Comparison of first and second-order jackknife estimators Jacki and
Jack2 with species richness by season by study site.

Species richness
All seasons
Combined SPRING SUMMER FALL

1996 Jackl Jack2 Jacki Jack2 Jacki Jack2
Gi 32 35 36 29 27 26 23
G4 39 47 55 34 37 28 29
G7 34 38 40 29 29 25 27
F2 40 46 52 25 36 41 47
F5 32 41 49 29 31 29 33
F8 29 34 40 25 28 21 26
P3 31 37 39 26 24 22 23
P6 22 26 30 21 19 19 23
P9 35 41 46 27 25 24 27

1997 Jacki Jack2 Jacki Jack2 Jacki Jack2
Gi 28 30 32 25 23 24 28
G4 31 37 44 28 29 20 24
G7 31 36 36 25 28 22 27
F2 25 33 39 26 31 21 23
F5 37 32 37 30 34 18 22
F8 23 24 25 21 24 26 33
P3 18 20 18 12 13 11 11
P6 18 21 24 14 17 10 10
P9 32 41 47 29 33 20 21
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Table 2.6. Comparison of first and second-order jackknife estimators Jacki and
Jack2 with species richness by season by condition class.

Species richness
All seasons
Combined SPRING SUMMER FALL

1996 Jacki Jack2 Jack! Jack2 Jacki Jack2
Good 60 71 80 52 53 45 45
Fair 57 66 73 55 61 55 63
Poor 54 60 63 44 42 43 50

1997

Good 50 55 59 49 49 43 54
Fair 45 50 52 52 63 41 48
Poor 41 47 47 40 46 28 28

Our results support those of Hellmann and Fowler (1999), that there

appears to be a dependency of the estimators on the properties of the community

including the total number of species, the number of rare species, the pattern of

species distribution (in space), and from our study we would add a dependency

on the pattern of species distribution in time.

Species Richness Relationship to Condition Class Index

Although the traditional point-time measurements of the mean number of

observed species was not able to distinguish among condition classes, depending

on season and year, there appears to be a trend toward more plant species being

observed on good condition sites.

To further examine the relationship between the observed number of

species and site condition, a modified condition class index for each season was

developed using our actual field data. The modified condition index was
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calculated using the same methodology as was used by the BLM in 1994 to

establish our original a priori condition class gradient (see Materials and

Methods section). Results of a Spearman rank correlation test showed that in 4

out of 6 seasons observed species richness appears to be significantly correlated

to the modified condition class index (Table 2.7).

Table 2.7. Spearman rank correlation (r) between observed species numbers and
modified condition class index.

Spring Summer Fall

1996
SR-r 0.41 0.73 0.84
p-value 0.27 0.03 0.005

1997
SR-r 0.88 0.64 0.68
p-value 0.002 0.06 0.04

Although the data looks promising 2/3 of the time and there appears to

be a relationship between the observed number of species and the modified

condition index, our index remained consistent on only 3 out of the 9 study sites

through seasons and years. The modified condition indices for 6 study sites

were highly variable over the same time period.

Evaluation of the data suggests that the fluctuations in the indices on

these 6 study sites were due to significant changes in the relative amounts of

Sandberg bluegrass, squirreltail, and Thurber needlegrass. For example,

changes in the relative amounts of cover from 1996 to 1997 resulted in a 35%
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decrease in the summer index value for Gi, and a 28% increase in the summer

index value for G7.

This high variability in the relative amount of the dominant grasses has

previously been reported by Hugie et al. (1982) who have shown similar yearly

variations in species composition on rangelands in the Intermountain West.

In our study, we would expect summer season data to be the fullest

expression of the cover of the main contributing plant species in this ecological

site. Therefore, we would expect the summer measurement period to provide

the best input for calculation of an index of status for these sites and for the

establishment of a condition gradient. The summer season showed the most

consistent condition gradient using the modified index. Figures 2.5 and 2.6

show that a condition gradient existed in both years.
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Figure 2.5. Summer 1996. Relationship between the observed number of
species and the modified index of percent PNC. Spearman conelation
coefficient r = 0.73 p 0.03.
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It can be seen that P9 originally field classified in 1994 as a poor

condition site, ranks higher than most sites classified as fair in both 1996 and

1997. P9 ranks high on our modified index basis in 1996 because of high levels

of Sandberg bluegrass, and squirreltail and in 1997 primarily due to high levels

of squirreltail. Very little Thurber needlegrass exists on P9 in any year.

The modified condition index also shows G7 to be similar to P9, F2, and

F5 in 1996, but not so in 1997.

Therefore given that a condition gradient based on summer data appears

to be present, we found a positive relationship between the observed number of

species and the modified condition class index in 1996 but not in 1997 (Table

2.7).

Species Richness Area Sampled

Values for species richness are expected to change with sample area

(MacArthur 1965, Magurran 1988, Lawrey 1991, Palmer and White 1994). We

found a positive relationship between area sampled and number of species

observed. For example, spring 1997 show a positive near linear log-log

relationship at both the individual study site (1-ha) and condition class (3-ha)

scales (Figures 2.7, 2.8). All other seasons show the same pattern across study

sites, with the good and fair condition sites loosely grouping together and the

poor condition sites showing a weak grouping tendency. Grouping patterns did

not readily distinguish one study site from another.
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Species Area Curves

Quadrat data summarized by the species-area option in the multivariate

statistical package PCORD (McCune and Mefford 1997), and a modified

minimal area method developed by Mueller-Dombois and Ellenberg (1974)

were used to develop classical species-area curves. Figure 2.9 shows how the

species-area curve and minimal area changes with season for H9 a poor

condition site during 1996 and Figure 2.10 shows how the species-area curve

and minimal area changes with season for the good condition class during 1996.

All other study sites and condition classes show similar patterns in both years.

The minimal area by season among the study sites ranged from 5-13 m2

and indicates that approximately 60-75% of the observed species would be

captured (Table 2.8). In 1996, when more species were present, the minimal

area in spring and summer ranged from 5-9 m, but in the fall the range

increased from 8-12 m2, with the greatest minimal areas being associated with

the poor condition sites. In 1997, observed species richness overall was lower

than 1996, and the range of minimal areas increased. Spring and summer

minimal areas ranged from approximately 8-10 m2 and 8-13 m2 in the fall.

Again the highest minimal areas are associated with the poor condition sites.

Table 2.9 lists the minimal area comparisons for the condition class

level. In our study as the sample area increases to 3 hectares per condition class,

observed species richness increases as expected Table 2.9. Given the overall

heterogeneity within the system, the minimal sample areas per condition class



were remarkably similar across year and season and no clear trends were

evident. However the species capture rate ranged between 58-68% which was

slightly lower than the species capture rate predicted by the minimal areas per

individual hectare (60-75%). On the study site level, in order to observe as

many species as predicted by either jackknife estimator, a sample area size >50

m2 would be needed as shown by Figure 2.11. On the condition class level,

Figure 2.12 shows that >135 m2 per condition class (in excess of a 1% sample)

may be the necessary sample area size for this ecological site.
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Figure 2.10. Seasonal minimal area curves for Good Class in 1996. a) minimal
area to represent community b) area needed for 95% capture of species
observed, c) 1st order Jackknife estimate.



Table 28. Temporal change on the hectare level in observed species and percent species capture using the minimal area (M2)

SPRING SUMMER FALL
Miii. Species Miii. Species Miii. Species

Species Area In Mm Species Area In Miii % Species Area In Mm %
Observed (M 2) Area Capture Observed (M 2) Area Capture Observed (M 2) Area Capture1996

01 31 8 22 71 26 8 17 65 24 9 17 71
04 36 5 23 64 27 8 17 63 23 9 15 65
G7 33 8 23 70 25 8 17 68 20 9 14 70
F2 37 7 24 65 29 9 18 62 31 9 19 61
F5 30 7 19 63 24 8 17 71 22 9 15 68
F8 27 6 18 67 21 7 14 67 16 8 11 69
P3 31 7 20 65 23 8 16 70 18 11 13 72
P6 20 9 13 65 18 8 11 61 15 11 11 73
P9 34 9 23 68 25 8 16 64 20 12 14 70

1997
Gi 25 8 18 72 20 10 13 65 17 8 10 59
04 28 8 19 68 23 9 16 10 15 9 11 73
G7 29 8 19 66 19 8 13 68 16 9 11 69
F2 25 9 17 68 19 8 12 63 16 10 10 63
F5 25 9 17 68 22 9 14 64 13 10 9 69
F8 21 9 15 71 17 8 12 71 18 9 12 67
P3 18 10 11 61 9 9 6 61 9 11 6 67
P6 16 9 11 69 10 8 7 70 9 10 7 72
P9 32 9 22 69 22 10 15 68 17 13 12 71



Table 2.9. Temporal change in observed species by condition classes and percent species capture using the minimal area
(M2)

SPRING SUMMER FALL
Mm. Species Miii. Species Miii. Species

Species % Species Area In Miii % Species Area In Mm
1996

Observed 2 Area Capture Observed 2
A.rea Capture Observed capture

Good 59 22 37 63 45 22 30 67 39 21 25 64
Fair 53 24 36 68 44 24 30 68 42 22 25 60
Poor 52 23 35 67 40 22 27 68 34 23 22 65

1997

Good 46 26 31 67 40 22 23 58 30 26 18 60
Fair 42 25 28 67 38 24 23 61 30 23 18 60
Poor 41 27 27 66 29 23 17 59 23 22 14 61
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Since we were also interested in some measure of the thoroughness of

our sample size, an area estimate for a 95% species capture was examined

(Table 2.10). This area is approximately four times greater than the minimal

area needed to define the most common species in the community. An increase

in sample area also increases the time needed for sampling. Although we

measured many vegetation variables within each quadrat, these I -x 1-rn2

samples required 20 minutes to complete in the spring and 12 minutes in the fall.

Species richness measurements alone should require less time depending on the

identification skill of the observer, but there is clearly a tradeoff between time

and information even in a fairly low species rich area such as this xeric

sagebrushlbunchgrass site.



Table 2.10. Temporal change in minimum sample area (M2) needed for 95%
species capture by study site.

SPRING SUMMER FALL
1996 95% Mm Area (M) 95% Mm Area (M2) 95% Mm Area (M2)

Gi 32 32 32
G4 38 36 42
G7 31 40 42
F2 38 42 40
F5 38 37 43
F8 38 32 36
P3 38 40 36
P6 37 37 35
P9 32 32 37

1997
Gi 32 38 40
G4 38 35 36
G7 41 40 39
F2 39 38 39
F5 37 40 37
F8 36 35 39
P3 39 39 35
P6 37 39 31

37 43 35

Given that the number of replicate hectares per condition class was

limited to 3 in this study and seasonal repeated measures confounded the

treatment variable, Table 2.11 demonstrates the difficulty of getting significant

results based on species richness and condition class. The scope of observation

that would be necessary to detect a 50% or 25% difference in mean species

richness with 80% probability at the 5% significance level would be a daunting

exercise at best.



67

Table 2.11. Sample sizes needed at the condition class level in order to detect
differences in species richness with 80% probability at the 5% significance
level.

Using N=3 Hectares needed Hectares needed
Error minimum to detect a 50% to detect a 25%

Variance difference difference difference
detectable in means in means

Treatment 76 80 8 31
Year 24 45 2 10
Season 6 23 1 3

SUMMARY

Quantification of species richness in the sagebrush steppe ecosystem

demonstrates that seasonal and year to year variation is quite high and that

species counts taken at one point in time may not accurately represent the

temporally functioning vegetative state of the sagebrush steppe.

Since species richness was not able to distinguish among the a priori

condition class gradient within season, but was able to differentiate seasons. If

sampling can only be done once a year, it would be seem appropriate to

establish which sampling period produces the best overall estimate of species

richness for the local system. This requires initially sampling in multiple

periods. The season having the highest species richness may not be the same as

that having the peak standing crop, which is the current assessment criterion.

Additionally, simply tallying seasonal species richness within an

ecological site (e.g., alpha diversity presence or absence data) may not provide

important information on truly rare species. In this study, the number of plant



species and the types of species present were similar across study sites whether

they were highly disturbed or not. Plant species were added seasonally to the

list if they were observed. However, without some measure of abundance

(density/cover), productivity (biomass), or bare ground, species presence or

absence is difficult to interpret.

For example, a forb species that appears early in the year, grows and

completes its life cycle, dies quickly, and disappears above ground might not be

one that is in danger of extinction. It may simply be an ephemeral, biennial, or a

satellite species that takes advantage of long dormant periods in times of stress

in xeric ecosystems. This functional rhythm appears to occur whether the site is

in good or poor condition. This study demonstrates that the sampling effect

mechanism of having the right species in the right place at the right time (Purvis

and Hector 2000), is an important criteria of the design, analysis and

interpretation of experiments that aim to quantify species diversity.

The data also suggest that year and season heavily influence any

classification of these communities using an index that is based on observed

species richness even in association with an abundance measure such as cover.

We found that there was a significant relationship between the observed

number of species and our modified condition index in 4 out of 6 seasons and 1

out of 2 summers, even though all Spearman correlation coefficients (r) were

below 0.9, ranging from 0.41 to 0.88.



Based on the temporal fluctuations we found in our modified condition

index of percent PNC on 6 out of 9 study sites, doubt should be raised as to the

potential of classifying sites accurately and consistently by measurements made

at any one point in time even from detailed measurements.

We found not only fluctuations in the number of species present but also

temporal fluctuations in relative amounts of the dominant grass species.

Although our modified condition index based on our 1996/97 field data

indicates a gradient of condition existed, in some cases the classification does

not agree with 1994 field classification. Several possibilities exist for this

disagreement:

a). mis-classification in 1994

b). normal dynamic fluctuations in relative species abundance

c). species response to grazing protection for varying periods of time
i.e., 2 years (1996 data), and 3 years (1997 data)

d). a combination of (b) and (c)

We suspect (d) as being more nearly the reason.

The effort required to produce accurate species richness estimates in

terms of data acquisition and analysis is very high. In many dryland systems,

vegetation abundance is low and spatial distribution is high, therefore, scale of

measurement becomes important. If the goal of determining species richness is

to detect ecological site degradation, sampling designs will necessarily need to

include many replicates across the landscape. These replicates may or may not
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be in evidence or even available. If replicate sites can be located, sub-sampling

across seasons and years can become extreme. A sampling scheme covering

many months and years may be necessary to determine the true species richness

of the site and the sampling matrix expands quickly.

Spatial distribution also has a temporal component, i.e., sample size to

determine species richness varies with season, site condition and local climate.

In the northern Great Basin, we found greater sample sizes associated with

summer and fall, particularly fall in dry years on poor condition sites. However,

in this study, no single season on a single study site (hectare basis) provided a

species richness number that equaled the total species richness for that hectare

taking 2 years and 6 seasons into account. The same was true at the condition

class level.

Mathematical estimators of the number of species (based on rare species)

such as the first and second order jackknife procedures also showed a

susceptibility to temporal variations. They tended to be biased during the

summer and fall seasons (particularly the second-order jackknife estimator)

underestimating the actual species richness observed across all seasons and

years on both the hectare and landscape levels.

It is our conclusion that species richness when presented as numbers

alone has limited usefulness as a surrogate for ecological condition. However,

the value of species richness determinations would be increased by presentation

as species lists. Present protocol in use by the USDIIBLM for their ESI does not
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include less common perennial species and annuals. Preparation of a species list

has important value even in the absence of acceptable species richness standards

for ecological sites particularly when evaluations are made in the spring of

reasonably good moisture years. Stohigren et al. (1998) have rightfully pointed

out that not only are rare species important contributors to plant diversity but

also that their identification may provide early detection of exotic and noxious

plant species.

It is possible that had excellent condition study sites been available that

different conclusions may have been reached. However, the Core and Satellite

hypothesis (Hanski 1982), currently being evaluated in the mesic tallgrass

prairie ecosystem, indicates that a significant number of species are spatially and

temporally unpredictable (satellite) due to their main population processes being

propagule dispersal and local extinction (Hartnett and Fay 1998).

The Core and Satellite hypothesis, the inconsistent temporal correlation

between the observed number of species and a condition class index, and the

form of the species-area curves all suggest:

1) that observed species counts alone should be used with caution in
range condition classification.

2) that accurate estimates of species richness cannot be obtained in a
single season, year, or sample area, since they produce significant
underestimates of species richness.

3) that late season measurements are particularly prone to
underestimation of species richness.
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4) that standards for species richness may require decade long

repeated measurements to have significant value.

REFERENCES

Bai, Y., Z. Abouguendia, and R. E. Redmann. 2001. Relationship between
plant species diversity and grassland condition. J. Range.Manage.
4: 177-183.

Burnham, K. P. and W. S. Overton. 1979 Robust estimation of population size
when capture probabilities vary among animals. Ecology 60:927-936.

Coiwell, R. K., and J. A. Coddington. 1994. Estimating terrestrial biodiversity
through extrapolation. Philosophical Transactions of the Royal Society
ofLondon B 345:101-118.

Hanski, I. 1982. Dynamics of regional distributions: the core and satellite
species hypothesis. Oikos 38:210-221.

Hartnett, D. C. and P. A. Fay. 1988. Plant populations: Pattern and Process. In
Knapp, A., K., J. M. Briggs, D. C. Hartnett and S. L. Collins (eds).
Grassland Dynamics:Long-term ecological research in the tallgrass
prairie. Oxford, Oxford University Press.

He, F. P. Legendre, J. V. LaFrankie 1996. Spatial pattern of diversity in a
tropical rain forest in Malaysia. J. Biogeogr. 23:57-74.

Heilman, J. J. and G. W. Fowler. 1999. Bias, precision and accuracy of four
measures of species richness. Ecological Applications 9 (3): 824-834.

Heltshe, J. F. and N. E. Forrester. 1983 Estimating species richness using the
Jackknife procedure. Biometrics 39:1-12.

Hugie, V. K., H. B. Passey, E.W. Williams, and D. E. Ball. 1982. Relationships
between soil, plant community, and climate on rangelands of the
intermountain West. USDA Tech. Bull. 1669.

Kohn, D. D., and D. M. Walsh. 1994. Plant species richnessthe effect of
island size an habitat diversity. The Journal of Ecology 82 (2):367-377.



73

Lawrey J. D. 1991. The species-area curve as an index of disturbance in
saxicolous lichen communities. Bryologist 94:377-382.

Lentz, R. D., and G. H. Simonson. 1986. A Detailed Soils Inventory and
Associated Vegetation of Squaw Butte Range Experiment Station,
Special report 760, AES! Oregon State University, Corvallis, Oregon
97331.

Magurran, A. E. 1988. Ecological Diversity and its Measurement. London
Croom Helm.

MacArthur, R. H. 1965. Patterns of species diversity. Biologial Review
40:510-533.

Margalef, R. 1958. Information theory in ecology. General Systematics 3:36-
71.

McCune, B., and M. J. Mefford. 1997. PCORD. Multivariate Analysis of
Ecological Data, Version 3.0, MjM Software, Gleneden Beach, Oregon.

Menhinick, E. R. 1964. A comparison of some species-individuals diversity
indices applied to samples of field insects. Ecology 45:859-861

Mueller-Dombois, D., Heinz Ellenberg. 1974. Aims and Methods of Vegetation
Ecology. New York:John Wiley & Sons.

Oregon Climate Service 2001. Oregon State University Climate data base for
the Malheur, OR Station and Northern Great Basin Experiment Station,
Riley, OR. from http://www.ocs.orst.edu.

Palmer, M. W. 1990 The estimation of species richness by extrapolation.
Ecology 71:1195-1198.

Palmer, M. W. 1991. Estimating species richness: the second-order jackknife
reconsidered. Ecology 72:1512-1513.

Palmer M. W. and P. S. White 1994. Scale dependence and the species-area
relationship American Naturalist 144 (5): 7 17-740.

Palmer, M. W. 1995. How should one count species? Nat. Areas J. 15 (2): 124-
135.



74

Pires, J. M., T. Dobzhansky, and G. A. Black. 1953. An estimate of the number
of species of trees in an Amazonian forest community. Bot. Gaz. 114:467-477.

Purvis, A. and A. Hector. 2000. Getting the measure of biodiversity. Nature
403:212-219.

Rice, B. and M. Westoby 1983. Plant species richness at the 0.1 hectare scale in
Australian vegetation compared to other continents. Vegetatio 52:129-
140.

Rosenzweig, M. L. 1995. Species Diversity in Space and Time. New York:
Cambridge University Press.

SAS Institute, Inc. Cary, N. C. 1998. SAS Statistical Program. Version 7.

Smith, E. P. and G. van Belle. 1984. Nonparametric estimation of species
richness .Biometrics 40:119-129.

Stohigren, T. J., K. A. Bull, and Y. Otsuki. 1998. Comparison of rangeland
vegetation sampling techniques in the Central Grasslands. J. Range
Manage. 51:164-172.

USDA, NRCS. 1988. Technical Guide and Ecological Site Descriptions,
MLRA D-23, 023XY2 120 ARTRW/STTH2, March, 1988.

USDA, NRCS 1996. Soil Survey Laboratory Methods Manual, Report #42,
Version 3.

USD1, BLM 1990. Rangeland Inventory Biological Status Worksheet. Form
44 10-1, Section 305-NRH, June, 1990.

Waither, B. A. and S. Morand. 1998. Comparative performance of species
richness estimation methods. Parasitology 116:395-405.

Webb, L. J., J. G. Tracey, W. T. Williams, and G. N. Lance. 1967. Studies in
the numerical analysis of complex rain-forest communities: I. A
comparison of methods applicable to site/species data. J. Ecol. 55:171-
191.

Whittaker, R. H. 1972. Evolution and measurement of species diversity. Taxon
21:213-25 1.



75

CHAPTER 3

USE OF DI VERSITY INDICES AND FUNCTIONAL GROUPS AS
INDICATORS OF RANGE CONDITION

Patricia L. Dysart and Lee E. Eddleman
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ABSTRACT

Biodiversity is considered to be an important criterion of ecosystem

health, and any change in diversity is considered to be a measure of disturbance.

Therefore, assessment of plant diversity on rangelands may help to prioritize

management plans for public lands in the western US. In the absence of a

formal definition, diversity has primarily been defined by the abundance

measures used to calculate it, i.e. species richness, evenness, and combination

(heterogeneity) indices such as Simpson and Shannon's indices. Many

theoretical indices were developed up through the 1970's and used by ecologists

in the field. More recently, statistical modelers are examining the biases,

precision, and accuracy of these measures; however, the overall assumption is

that the commonly used indices of diversity can detect real change in plant

species diversity at any level.

Six common diversity indices, Simpson's index (A), Shannon's (H'),

Hill's (NO, Ni, N2, and E5) were calculated and compared across a gradient

from good to fair to poor condition range in eastern Oregon during 1996 and

1997 in the Wyoming big sagebrush/Thurber needlegrass (Artemisia tridentata

Nutt. ssp. yomingensis Beetle & YounglAchnatherum thurberianum (Piper)

Barkworth. syn. Stipa thurberiana Piper) plant association. Analyses were

performed using plant cover and density taken in six seasons and two years to

study the temporal relationship between diversity and study site condition.
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The first relationship that we examined was between the diversity indices

and our initial a priori condition class gradient, the second relationship examined

was between diversity and a new modified condition class index using actual

field data, and the third analysis examined the relationship between functional

classifications of diversity such as the Raunkiaer Biological Classification

system (Raunkiaer 1934) and a Life form classification (USDA, NRCS 1978)

and our initial a priori condition class gradient.

Within condition class, diversity as measured by species richness and the

combination indices showed high temporal and spatial responses, and within

season showed very little ability to distinguish among study sites based on the

initial a priori condition class gradient.

Results of a Spearman rank correlation indicated that diversity is

correlated to condition. Based on a modified condition class index using a

percentage of PNC (potential native community), diversity appears to change as

the index changes. Temporal dynamics are significant from year to year and

season to season, such that a study site can and did move up or down along the

gradient based primarily on temperature and moisture inputs to the site.

In this study, the functional diversity classifications we chose were not

able to distinguish among study sites along the gradient within this one

ecological site.



INTRODUCTION

A change in species diversity is considered to be a measure of vegetative

response to varying levels of disturbance including drought, grazing and fire

(Hartnett and Fay 1998); therefore, assessment of plant diversity on rangelands

may help to prioritize management plans for public lands in the western U.S., as

well as advance our basic knowledge of the complex community dynamics of

shrub/steppe ecosystems.

Although there is no agreed upon formal definition of diversity (Patil and

Taillie 1982), Whittaker (1977) described two conceptions of species diversity

which are in current use, that is (1) the number of species in communities or in

samples of communities (species richness), or (2) as a synthetic characteristic

comprising both richness and evermess (total diversity). Questions arise as to

the sensitivity or use of either of these approaches as plant community

descriptors suitable for detecting change in semi-arid communities. It may be

important to examine a number of common indices of diversity that include

richness, rarity, and abundance as criteria.

Species richness (the total number of species in a sample) is a widely

used surrogate for biodiversity (Peet 1974, Heliman and Fowler 1999), but

conceptual indices to describe community properties of richness and evenness

alone or in combination have long been proposed producing a substantial array

of measurement tools e.g., richness (Margaleff 1958, Menhinick 1964),
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evenness (Pielou 1975, 1977), dominance (Simpson 1949), diversity (Shannon

and Weaver 1949), and evenness and heterogeneity (Hill 1973).

In practice, species richness numbers are usually the preferred criterion

because diversity indices are difficult to interpret and have no uniform scale for

comparison (Hill 1973), and species counts alone do not provide a useful

method for making inferences about the underlying community (Peet 1974).

Species richness is used as a simple surrogate for biodiversity.

Biodiversity, as measured by common diversity indices such as the Shannon

index (H'), has been used as a surrogate expression of the more complex

concept of ecosystem health and function across both natural and man-made

systems (Shafi and Yarranton 1972 boreal forest, Montalvo, 1993 Mediterranean

grasslands, He 1996 Malaysian tropical rain forest, Hartnett 1996 taligrass

prairie, Zhang 1998 inner Mongolia steppe vegetation, and Bai et al. 2001

southern Saskatchewan grasslands). But without a clear interpretative value,

diversity indices may have limited application for rangeland management

purposes.

Hill's (1973) attempt to resolve the interpretation issue was to develop a

family of indicators which he called the effective number of species (ES) and

are based on species richness, Simpson's index, and Shannon's index. Hill's

effective number of species includes two contributing components, the number

of species and the distribution of individuals among those species (Alatalo and

Alatalo 1977) and therefore, is an index of heterogeneity. The effective number



of species are defined by Hill as: NO = species richness (total species in the

sample), Ni = number of abundant species in the sample, N2 = very abundant

species in the sample, and E5 evenness which is a ratio of N2 to Ni.

Because all the diversity numbers in Hill's series have the same units

(species), their results can be compared independently or in the form of ratios

and interpreted relatively easily. Since the different Hill's indices have varying

sensitivities to changes in rare and common species, variation in the values of

the ratios expresses variation in the contribution of rare and common species to

the measured heterogeneity (Peet 1974). Hill's ratios depend only on the

calculated diversity numbers. Thus for all diversity numbers except NO, the

ratios are independent of sample size. Hill's numbers can be used anytime

heterogeneity can be calculated.

Peet (1974) further classified diversity indices into two types based on

their relative sensitivities to changes in the composition of a community. Type I

are those most sensitive to changes in rare species, for example NO and Ni, and

Shannon's index. Type II are those most sensitive to changes in common

species, for example N2 and Simpson's index.

In this paper, we examined the sensitivity of 6 diversity indices including

Simpson and Shannon indices to season of measurement across a condition class

gradient of good to poor sites within one sagebrush!bunchgrass community

(alpha diversity Whittaker 1977) in eastern Oregon.
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Even if interpretable results concerning rare and common species can be

obtained by using diversity indices, two underlying assumptions 1) that all

individuals assigned to a specific species or life form are assumed to be equal,

and 2) that all species or life forms are assumed to be equally different, may also

limit their usefulness. For example, individual adult members and individual

larvae of an insect species would be considered equal in importance. Thickspike

wheatgrass (Elymus macrourus (Turcz.) Tzvelev), a sod former, and Thurber

needlegrass a bunchgrass would be treated as equally important by Shannon's

index (H') (which is based on percent composition by species) without regard to

life strategy. In contrast, comparisons of plant species that have been grouped

by a functional criteria such as placement of over-wintering buds in relation to

the soil surface (Raunkier 1934), may provide a more ecological insightful

information for rangeland health assessment purposes.

Although diversity appears to be an important attribute of plant

communities, never the less it has not been sufficiently tested in and land

ecosystems to warrant its use as an indicator of ecological status, condition or

health. Therefore several questions need to be addressed. Are the most

commonly used indices of diversity reliable indicators of the ecological status of

individual communities within areas purported to have the same vegetation

potential (e.g. within an ecological site)? That is, do these indices significantly

change in detectable ways as an ecological site deteriorates in condition?

Condition here follows the current use by the USDI!BLM based on their



ecological site inventory (ESI) protocol for determination of ecological status

USDI, BLM 1990).

Temporal variation of the main components that comprise diversity

indices (species richness and evenness) is expected to be high, especially within

xeric plant communities such as the sagebrush steppe where the appearance of

its ephemeral members is highly dependent upon seasonal windows of

temperature and moisture for completion of their growth and reproduction

cycles. Therefore, diversity measured at one moment in time is likely to be

underestimated depending on species composition, year and season. These

temporal fluctuations in dryland plant communities are well known to rangeland

managers, but not well documented. We have previously documented (Dysart

and Eddleman 2001) that species richness taken at one moment in time tends to

underestimate vegetative species richness depending on site condition, year and

season.

To examine the assumption that diversity is a function of condition class,

an a priori condition class gradient of good to poor was established on one xeric

ecological site in southeastern Oregon whose co-dominant vegetation consists of

Wyoming big sagebrush and Thurber needlegrass. Based on plant data recorded

over 6 seasons and 2 years (1996/1997), plants were grouped by species into two

functional classification systems Raunkiaer (1934) and USDA (1978), and 6

common diversity indices (Hill's NO, Ni, N2, E5, Simpson index, Shannon

index) were calculated, in order to answer the following questions:



A. Can plant diversity be used as a criterion to distinguish between

condition classes within the same ecological site? If so, then diversity indices

should not be sensitive to short term seasonal affects.

a. What are the temporal dynamics of common indices of diversity?

b. What are the temporal dynamics of functional diversity?

In this paper, we explore the temporal affects on diversity indices

developed by Hill, Shannon, and Simpson as possible assessment tools for

expression of rangeland biodiversity.

SITE DESCRIPTION

Within the northern Great Basin sagebrush steppe ecosystem, a xeric-end

Wyoming big sagebrush/Thurber needlegrass ecological site was selected

(Appendix XII). The ecological site designation is ARTRW/STTH2 Loamy 10-

12 inch precipitation zone, Maiheur High Plateau, Oregon D-23 Major Land

Resource Area (USDA, NRCS 1988).

Nine hectares included in this study were located on the dominant soil

map unit for the ecological site, that is B-520, whose representative soil is the

Raz-Brace complex; 55% Raz (Loamy, mixed, frigid, shallow, xeric,

haplodurid), 45% Brace (Fine Loamy, mixed, frigid, xeric, argidurid) (USDA,

NRCS 1988).

Three study sites (hectares) were located south of Maiheur Lake along

Foster Flat road, and 6 study sites (hectares) were located in and adjacent to the



Northern Great Basin Experimental Range near Riley, Oregon. All 9 study sites

were located in Harney County in southeast Oregon (Legal Descriptions

Appendix XI).

Harney County lies between 42 and 44 north latitude and 118 and

120 O west longitude. Although Wyoming big sagebrush and Thurber

needlegrass are prominent species in this ecological site, other common grasses

include Sandberg bluegrass (Poa sandbergii Vasey), other Poa species, and

squirreltail (Elymus elymoides ssp. elymoides (Raf.) Swezey), while bluebunch

wheatgrass (Pseudoroegneria spicatum (Pursh) A. Love ssp. spicata occurs

within the site in areas of higher soil moisture.

Woody vegetation within this ecological site includes green rabbitbrush

(C. viscidiflorus (Hook.) Nutt.), spineless horsebrush (Tetradymia canescens

DC), and tittleleaf horsebrush (Tetradyrnia glabrata Ton & Gray). The native

perennial forb component is represented by a wide variety of species, such as

longleaf phlox (Phlox longfolia Nutt.) and basalt milkvetch (Astragalus fihipes

Ton. Ex. Gray), and common native annual forbs include maiden blue-eyed

Mary (Collinsia parvflora Lindl) and Great Basin woolystar (Eriastrum

spars iflorum (Eastw.) Mason. Introduced annual grasses are represented by

cheatgrass (Bromus tectorum L).

Study site elevation ranged from 1433-1600 meters (4300-4800 ft.).

Precipitation maxima occur during early winter and late spring months

(November to June). Minima occur in middle and late summer (July to



September). Mean annual precipitation is 280 mm (11 in.) of which 31% faIls

as snow. Mean annual variation in precipitation is 22%. The mean annual

temperature is 7.6 °C with a summer mean daily maximum of 26.8 °C and

winter daily minimum of 4.8 °C. Frost-free season is approximately 80 days,

but killing frosts can occur in any month (Lentz and Simonson 1986).

Although we describe below the recent grazing history of the general

areas involved in this study, we cannot know precisely the complex grazing

history of each individual hectare. Therefore, we made the assumption that the

present vegetative condition of the nine study sites is a function of the

accumulated past disturbances of which grazing is assumed to be of paramount

importance. We also made the assumption that the present vegetative condition

is a product of long-term disturbance rather than recent.

Cattle grazing occurred primarily in the summer on the study sites

located on Foster Flat road (East Warm Springs allotment) from 1972 until

present with between 8-60% utilization of key forage species (needlegrass and

bluebunch wheatgrass) according to the Bureau of Land Management (BLM)

Bums office grazing plant data (N. Taylor, pers. comm., 1995).

Cattle grazing occurred primarily in the summer on the study sites on the

east side of the Northern Great Basin Experimental Range (NGBER) (Juniper

Ridge allotment) from 1982 to the present. Utilization was between 21-55%

each year, however, a rest year occurred in 1989 according to BLM grazing plan

data (N. Taylor, pers. comm., 1995).



Cattle grazing was primarily rotational by season on the study sites

located on land south of the Northern Great Basin Experimental Range

(NGBER) Wagontire allotment) from 1981 to present. Utilization was between

25-55% each year, however, a rest year occurred in 1989 (N. Taylor, pers.

comm., 1995).

Study sites on the Northern Great Basin Experimental Range (NGBER)

(Range 5.8) were characterized as having cattle utilization dates that varied from

July 1 through late fall. Both long and short term grazing was included along

with an irregular yearly rest cycle during the critical early growing season of

April, May and June (J. Swindlehurst, pers. comm., 1999).

Fire as a recent disturbance was excluded from this study, therefore, all

sites selected contained mature stands of Wyoming big sagebrush.

METHODS AND MATERIALS

Nine 1-hectare areas were selected in 1995 as study sites. Study sites

were sought representing a range from excellent to poor range condition, based

on criteria in the Ecological Site Inventory (ESI) protocol for determining range

condition used by the Bureau of Land Management, Burns District. Maps, GIS

information, previous ESI inventory data, ESI worksheets and ESI personnel

(USD1, BLM 1990) were employed in study site location. Vegetation

parameters included in the condition classification protocol are: a species

dominance rating, an estimated percent species composition, and a composition



based on an estimated percent by weight for each plant species observed.

Current site condition was assigned by comparison of these estimates in 1994

with estimates of the same parameters for the potential native plant community

(PNC) detailed in the ecological site description (C. Leet, pers. comm., 1995).

A 100-point scale is used and a range of 25 points is assigned to each condition

class based on field observations. For example, if the overall current site index

calculated in the field were 77%, the site would be classified as being in

excellent condition. In addition to the vegetation, local soil parameters such as

erosion potential are included in the assessment protocol.

A sufficient number of areas in excellent condition that were accessible

for study could not be located for inclusion in this study. However, the 9 study

sites, represented a condition class gradient from good to poor condition. Three

study sites were located as replicates within each condition class. Two

hierarchical levels were analyzed: hectare (study site) and an abstract condition

class level that contained 3 replicate study sites.

The boundaries of each study site (hectare) were located and fenced in

1995 to preclude livestock grazing during the course of the study.

Experimental Design

Vegetation

This was an observational study. Five permanent transects, each 90

meters long were randomly established on each study site using a stratified



random design. Baselines were located on the north side of each study site with

transects running in the N-S direction. Along each of the five transects, nine 1-

m2 permanent quadrats were located using a stratified random design. One

quadrat was randomly located within each 10-rn segment along the transect.

These 45 permanent 1-rn2 quadrats per hectare were used for all vegetation

measurements. Species ricimess data were derived from a broader study of plant

species density and cover. Species were counted for species richness only when

the individual plant was rooted in the quadrat.

The observed number of species was quantified during 2 years and 6

seasons (spring, summer, and fall of 1996 and 1997), and this data set was used

for the temporal analysis of species richness.

Preliminary vegetation data was taken beginning in the fall of 1995 with

copious plant sampling and mounting for accurate identification particularly of

graminoids and composites. The staff of the Rangeland Resources Department

then verified plant sample identifications. Plant vouchers are on reserve in the

Rangeland Resources Herbarium at Oregon State University.

Soil Moisture

During 1996 and 1997, gravimetric soil moisture (Og) (USDA, NRCS

1996) was determined monthly (May-November) at 5 cm and 18 cm under

sagebrush and in the interspaces. Samples were oven-dried at 80 C for 48

hours. Results were averaged to represent the top 18-cm of the soil profile.



Measurement Schedule

In order to determine temporal changes in species richness, presence data

were taken in three seasons each year based on the perennial herbaceous species:

(SP) Main flowering
(SU) Seed Development
(FA) Major Senescence

Analysis

Diversity Indices

(Late-May/June)
(July)
(Late August-September)

Species richness lists were compiled on the study site level and condition

class level and consists of those plant species observed and recorded per season.

The mean species richness of three study sites per season was used as the

species richness of the condition class. Plant density and cover were recorded

for each season (basal cover for perennial grasses and canopy for shrubs and

herbaceous forbs).

Six measures of diversity were calculated for each season as presented in

Ludwig and Reynolds (1988):

The diversity measures were first calculated using density (numbers of

individuals) as the abundance measure and analyzed using a repeated measure,

mixed model ANOVA to determine seasonal and yearly variation among the

three condition classes, means separated by LSD (SAS 1998).



The same six diversity indices were also calculated using cover as the

abundance measure to determine the relationship between diversity and

ecological site condition using a Spearman rank correlation.

The six common diversity indices used in this study were:

Shannon's index H'
in(.IJ

Simpson's index =
ni(ni 1)

n(n-1)

where ni is the number of individuals belonging to the ith of S species in the

sample, and where n is the total number of individuals in the sample.

Hill's Diversity Numbers:

NO S

Ni e"

N2 =
2

Modified Hill's ratio E5
(1/2) 1 N2 1
eH_1 Nii

where S is the total number of species in the sample, H' is Shannon's index, and

) is Simpson's index

NO is equal to S, the total number of species in the sample, Ni is the

number of abundant species in the sample, and N2 is the number of very

abundant species in the sample. Both Ni and N2 tend toward 1 when diversity

of a community decreases and one species tends to dominate. E5, Hill's
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modified evenness ratio, tends toward 0 as one species becomes more and more

dominant, and remains relatively constant with sampling variations such as the

occurrence of rare species. It is a ratio of the number of very abundant to the

number of abundant species in the sample. In this regard, it does not measure

evenness in the traditional sense, and may be misleading unless clearly

explained. Hill's numbers are interpreted in species units.

Simpson's index (X) varies from 0 to 1 and is the probability that two

individuals drawn at random from a population belong to the same species

(Ludwig and Reynolds 1988). Zero represents maximum diversity. Shannon's

index (H') is a measure of the uncertainty in predicting to what species an

individual drawn at random will belong. The maximum value for Shannon

index is in N, where N is the total number of individuals in the sample (Peet

1975). This maximum occurs when each individual belongs to a different

species (Peet 1975).

A modified index of site condition was calculated for each of 6 seasons

using the actual field data from the project. The methodology was similar to

that used in the BLM protocol except that we measured basal cover of perennial

grasses rather than foliar cover. The same conversion factors were used in order

to estimate weight from cover values, and these estimated dry weights were used

to obtain a percent relative composition based on weight. Percent relative

composition by weight was then compared to and adjusted to coincide with the

maximum allowable percentages for each species and each species group
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according to the relative composition criteria detailed in the ecological site

description (Appendix XII). The group percentages were then summed to

provide an overall modified condition class rating for the study site.

A Spearman's rank correlation test was performed for each of the 6

seasons of the study to determine the relationship at any given time between

diversity as calculated by the diversity indices and the modified condition class

index.

Functional Diversity

Functional diversity across the condition class gradient was first

explored by classif'ing the cover of above ground vegetation into 5 categories

based on Raunkiaer's (1934) Biological Classification (RK) groups. These

groups are based on the kind of protection afforded to the buds and shoot apices

of the plant.

Dr. Raunkiaer's (1934) 5 general categories include:

Phanerophytes which are plants whose surviving buds or shoots are

projected into the air, Chamaephytes, whose surviving buds or shoot-apices are

borne on shoots very close to the ground, Hemicryptophytes, which situate their

surviving buds or shoot apices in the soil surface, Geophytes, which bury their

surviving buds or shoot apices (includes rhizomes, bulbs, stem tubers, and root

tubers) in the ground at a distance from the surface that varies by species, and

Therophytes, which are annual plants.
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The second functional classification scheme is one based on the standard

life form categories listed by the USDA, NRCS (1978). Life form groups were

combined and the analysis was run on a final set of 7 groups. These life form

groups were: native shrubs, native perennial forbs, native annual forbs,

introduced annual forbs, native perennial grass, introduced perennial grass, and

introduced annual grass.

For analysis of both the Raunkiaer and modified NRCS life form groups,

cover values were summed over all the individual species that made up the

group.

A mixed model, repeated measures (ANOVA) compared temporal

(yearly, seasonal) differences by Raunkiaer functional group and by life form

group among the three condition classes, means separated by LSD (SAS 1998).

RESULTS AND DISCUSSION

Environmental Conditions

Environmental conditions were expected to fluctuate among years,

seasons and study sites. Further, spatial and temporal variations in plant

available resources due to fluctuations in precipitation, temperature and water

flow were expected to impact diversity. Although these fluctuations are difficult

to tie directly to species diversity differences, they do provide possible

explanations.



Precipitation

The total annual precipitation during each year of the study, 1996 (294

mm) and 1997 (368 mm) was greater than but not statistically different from the

30-year mean precipitation (269 mm) (p0.3 and p=O.l respectively) for the

Northern Great Basin Experimental Range (Oregon Climate Service 2001).

Figure 3.1 shows the variation in monthly inputs of precipitation compared to

the 30-year monthly averages.

Timing of precipitation events shows that late summer/fall season during

the study years were drier than the 30-year average would predict. Winter peak

precipitation occurred one month later in 1997 and the early spring was drier

while the spring and early summer period was wetter. It may be that February

and March moisture may be critical for fuller species richness expression and

that later precipitation events are not compensatory. Although lower estimates

of species richness in the summer and fall as compared to spring might be

expected for 1996 where effective precipitation events ceased in June, similar

underestimates were encountered in 1997 when both June and July receive about

20 mm of precipitation.
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Figure 3.1. Seasonal fluctuations in mean monthly precipitation from October
1995 September 1997 vs 30-year average precipitation (1960 1991)
(NGBER station, Oregon Climate Service 2001).

Temperature

Mean monthly air temperature patterns during the study followed closely

the 30-year average values and there were no outstanding differences between

patterns among the three years of the study.

Soil Moisture

Results of gravimetric soil moisture (Og) samples taken at two depths,

one shallow (5 cm) and one deep (18 cm) were averaged to represent the top 18

cm of soil both under sagebrush and in the interspaces. June soil moisture

although not significantly different tended to be higher in the interspaces than

under sagebrush on all sites in both years. There was a significant difference



between the average soil moisture in 1996 all sites versus 1997. June 1996 soil

moisture under sagebrush ranged from 25-38% higher than for June of 1997

depending on condition class and from 50-86% higher in the interspaces than for

June of 1997 depending on condition class.

Temporal Effects on Diversity

Across all study sites, a total of 101 vascular plant species were observed

during the three years of the study (Appendix I). During this time, several plant

species appeared and disappeared. For purposes of comparison only. 19 of the

species were encountered only in 1995, 18 of the species were encountered only

in 1996, and only 1 new species was encountered in 1997 (Appendix II). Only

data from 1996 and 1997 are presented in this paper.

Among all study sites, there is strong evidence to suggest that diversity

as measured by NO is significantly different across seasons (p=O.000l) which

accounted for 37% of the variance and years (p=O.0O28) which accounted for

23% of the variance. The combined temporal component accounted for 60%

of the variance in the observed species richness values, but there were no

significant season by year interaction effects. The number of species changed

from season to season and year to year, but these changes occurred across all

condition classes (good, fair, poor) with relatively equal magnitude (Table 3.1).

The general trend was for all study sites to have significantly higher

species numbers in the spring compared to summer and fall, and in most case



significantly lower species numbers in the fall compared to spring and summer.

The number of plant species observed was highly dependent on the amount of

area sampled. Observed species richness increased asymptotically, in all

seasons with varying slopes to the species area curves depending on condition

class and season (Dysart and Eddleman 2001).

Table 3.1. Temporal change in NO (species numbers) within season across the
condition class.

Year SPRING SUMMER FALL

Good Fair Poor Good Fair Poor Good Fair Poor

1996 33 a 31a 28 a 26 a 24 a 22 a 22 a 23 a 17 a

1997 27a 24a 22a 21a 19a l4a l6a l6a 12a
Treatment means within year within season with the same letter are not
significantly different at P 0.O5

Overall, there was no significant difference in NO within season based on

condition class (p=O.Z744.) with condition accounting for only 10% of the

variance (Table 3.2). However within season within years, NO was significantly

less on poor sites in the fall of 1996 and in the summer and fall of 1997 (Table

3.1).

Figures 3.2 and 3.3 show the temporal variation in diversity across the

condition class gradient for 1996 and 1997, and the relationship among the 6

diversity indices.
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Table 3.2. Comparison of 6 diversity indices including species richness (NO)
based on the statistical ability of the general model to discriminate among range
site condition (p<O.O5).

Index Season Variance Year
%

Variance Condition

NO 0.0001 37 0.0028 23 0.2744
Ni 0.0030 13 0.0991 -- 0.5148
N2 0.0187 8 0.1270 -- 0.2372
E5 0.3688 0.4216 -- 0.1081

Simpson 0.0185 5 0.2415 -- 0.2287
Shannon 0.0020 10 0.1288 -- 0.4123

Overall, season of measurement is significant for all diversity indices

with the exception of E5 evenness. For any given season, year and condition

class, mixed results were obtained for all of the diversity indices (Table 3.2).

Within condition class, species richness has the most consistent pattern

of detecting differences across seasons (Table 3.3). Changes in Ni (abundant),

and N2 (very abundant) species were significantly different in the spring than

summer and fall of 1996 and between spring, summer and fall in 1997 across all

sites. This may be a function of the variation in only 5 species having many

individuals: three native annual forb species e.g., desert madwort (Alyssum

desertoruin Stapf), maiden blue-eyed Mary (Collinsia parviflora Lindi.), Great

Basin woolystar (Eriastrum sparsflorurn (Eastw.) Mason), one native perennial

forb longleaf phlox (Phlox ion gifolia Nutt), and one native perennial spring

grass Sandberg bluegrass (Poa secunda J.Presl) whose individuals are senescent

by late summer or fall. For example, these five species accounted for 67%, 62%
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and 53% of the total number of individuals in spring, summer, and fall 1996

respectively on the good condition class. The fact that Ni, which is sensitive to

changes in the importance value of rarer species, decreases particularly from

spring to fall within condition class suggests that individuals of the rarer species

are leaving the system during the year but that this happens with the same

magnitude across the condition classes. The changes appear to be an effect of

season rather than grazing.

Simpson's index varied between 0.1825 (higher diversity) in the spring

of 1996 on the good condition class to 0.389 (lower diversity) in the summer of

1997 on the poor condition class. Shannon's index varied between 1.89 (lower

diversity) on the poor condition class in the summer of 1997 to 2.55i(higher

diversity in the spring on the good condition class. Both had mixed seasonal

discrimination patterns (Tables 3.3, 3.4).

Within season, the only consistent pattern of discrimination by any of the

diversity indices across the condition class gradient (Table 3.4) was between

good study sites and fair and/or poor study sites. Fair and poor study sites were

consistently lumped together perhaps due to greater fluctuations in the presence

of individuals or species. Nl, an indicator of changes in the importance of rarer

species, shows minor discriminate ability among the condition classes, and even

in the drier year 1997, significant changes in rarer species importance is not

evidenced.



102

Species evenness (E5) on the good condition sites consistently decreased

toward fair with a range between 0.38 and 0.26. In general, there was lower

evenness during 1997 when there were fewer species. These results indicate a

temporal rather than a grazing effect.

We found fairly linear relationships between the diversity indices and

range condition, while Bai et al. (2001) in looking at the relationship between

plant species diversity and grassland condition in ecoregions of southern

Saskatchewan, found that Shannon's diversity index followed a curvi-linear

relationship increasing from fair to good, but decreasing from good to excellent

condition. Species evenness in the Bai et al. (2001) study also followed a curvi-

linear relationship to range condition. We were not able to incorporate excellent

sites into our study, and perhaps we would have obtained similar results. The

results we obtained for species richness in the sagebrush steppe, on the other

hand, did substantiate the Bai et al. (2001) results in that diversity varied among

sites and plots, but changed little with range condition.

Carson and Pickett (1990) using species richness as their diversity

measure, examined the temporal role of disturbance and resource availability,

and found no significant differences in diversity between their disturbed and

undisturbed treatments. However, during the 2-year study varying levels of

light, water and nutrients did have significant community effects.

Ortega et al. (1997) studying vegetation dynamics at the Welder Wildlife

Refuge in Sinton, Texas, found that cattle grazing, regardless of treatment,
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increased Shannon diversity (H') with time until drought conditions persisted

and diversity declined.

Our results showed a similar trend. Although the total annual

precipitation between 1996 and 1997 was not significantly different, the spring

of 1996 was wetter than 1997 which may be reflected in our calculated diversity

indices being higher in 1996 than in 1997 across the entire condition class

gradient.

All 6 diversity indices were then re-calculated using vegetative cover as

the abundance measure. Again, within season, the results show no discriminate

ability of the indices across the gradient within the one ecological site (Table

3.5).



Table 3.3. Within Condition Class Diversity (using density as abundance measure) across seasons.

GOOD' FAIR' POOR'Year/Diversity Index
Spring Summer Fall Spring Summer Fall Spring Summer Fall

1996
NO 33 a 26 b 22 c 31 a 24 b 23 be 28 a 22 b 17 c
NI 12.83 a 10.52 b 10.31 b 12.58 a 10.38 b 8.84 b 12.25 a 8.84 b 8.39 b
N2 5.49a 4.66b 4.49b 4.89a 3.98b 3.15b 4.73a 3.45b 3.15b
E5 0.38 a 0.38 a 0.37 a 0.33 a 0.32 a 0.32 a 0.31 a 0.29 a 0.28 a

Simpson 0.18 a 0.22 a 0.23 a 0.23 a 0,26 a 0.25 a 0.25 a 0.33 b 0.35 be
Shannon 2.55 a 2.35 b 2.33 b 2.49 a 2.30 a 2.37 a 2.45 a 2.13 b 2.08 b

1997
NO 27a 20b 16c 23a 19b 15e 22a 13b lib
NI 10.66 a 9.50 a 7.87 b 8.67 a 8.81 a 7.29 b 8.84 a 6.89 b 7.25 b
N2 4.43 a 4.21 a 3.39 b 3.04 a 3.51 a 2.85 ab 3.37 a 2.78 b 2.81 b
E5 0.35 ac 0.36 ab 0.34 c 0.26 a 0.30 b 0.28 ab 0.30 a 0.29 a 0.28 a

Simpson 0.23 a 0.27a'b 0.32 b 0.34 a 0.36 a 0.39 a 0.32 a 0.39 b 0.38 ab
Shannon 2.37 a 2.22 a 2.03b 2.15 a 2.15 a 1.96b 2.14 a 1.90b 1.95 be

Seasonal means within year within treatment in the same row with the same letter are not significantly different at P.0.O5

0



Table 3.4. Within season diversity (using density as abundance measure) across condition class.

Year/Diversity
Index SPRING' SUMMER' FALL'

Good Fair Poor Good Fair Poor Good Fair Poor
1996

NO 33 a 31 a 28 a 26 a 24 a 22 a 22 a 23 a 17 b
Ni 12.83 a 12.58 a 12.25 a 10.52 a 10.38 a 8.84b 10.31 a 8.84 a 8.39b
N2 5.49 a 4.89 b 4.73 b 4.66 a 3.98 b 3.45 c 4.49 a 3.15 a 3.15 b
E5 0.38a O.33b O.31b O.38a 0.32b 0.29b O.37a 0.32b 0,28c

Simpson 0.18 a 0.23 ab 0.25 bc 0.22 a 0.26 a 0.33 b 0.23 a 0.25 a 0.35 b
Shannon 2.55 a 2.49 a 2.45 a 2.35 a 2.30 a 2,13 b 2.33 a 2.37 a 2.08 b

1997
NO 27a 23a 22a 20a 19a 13b 16a 15a lib
Ni 10.66 a 8.67 b 8.84 b 9.50 a 8.81 a 6.89 b 7.87 a 7.29 a 7.25 a
N2 4.43 a 3.04 b 3.37 b 4.21 a 3.51 b 2.78 c 3.39 a 2.85 b 2.81 b
E5 0.35 a 0.26 b 0.30 c 0.36 a 0,30 b 0.29 b 0.34 a 0.28 b 0.28 b

Simpson 0.23 a 0.34 b 0.32 b 0.27 a 0.36 a 0.39 a 0.32 a 0.39 a 0.38 a
Shannon 2,37a 2.lSb 2.14b 2.22 a 2.15 a 1.90b 2.03 a 1.96a 1.95 a

Treatment means within year within season in the same row with the same letter are not significantly different at PO.05



Table 3.5. Within season diversity (using vegetative cover as abundance measure) across condition class.

Year/Diversity
Index SPRING' SUMMER' FALL1

Good Fair Poor Good Fair Poor Good Fair Poor
1996

NO 33 a 31 a 28 a 26 a 24 a 22 a 22 a 23 a 17 b
Ni 7.65 a 5.82 a 5.44 a 7.37 a 4,16 a 4.83 a 7.34 a 6.21 a 4.47 a
N2 2.75 a 2.12 a 2.10 a 2.77 a 2.06 a 2.03 a 3.15 a 2.40 a 1.81 a
E5 0.26 a 0.23 a 0.23 a 0.27 a 0.22 a 0.23 a 0.32 a 0.25 a 0.22 a

Simpson 0.38 a 0.49 a 0.55 a 0.38 a 0.50 a 0.56 a 0.35 a 0.45 a 0,56 a
Shannon 2.03 a 1.74a 1.60a 1.98 a 1.70a 1.50a 1.97a 1.79a 1.46a

1997
NO 27a 23a 22a 20a 19a i3b 16a iSa lib
Ni 6.86 a 5.27 a 4.56 a 7.02 a 4.25 ab 3.81 b 5.42 a 4.16 a 3.95 a
N2 2.48 a 1.90 a 1.85 a 2.80 a 1.60 a 1.64 a 2.33 a 1.66 a 1.68 a
E5 0.25 a 0.20 a 0.19 a 0.29 a 0.18 a 0.18 a 0.27 a 0.20 a 0.19 a

Simpson 0.41 a 0.55 a 0.63 a 0.38 a 0.63 ab 0.68 b 0.48 a 0.62 a 0.66 a
Shannon 1.92a 1.65 a i,40a 1.94a 1.44ab 1.27b 1.65 a 1.42a 1.31a

Treatment means within year within seasonin the same row with the same letter are not significantly different at PO.O5
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Diversity Indices Relationship to Condition Class Index

To further examine the relationship between the 6 common diversity

indices and the current way range condition is assessed (which uses foliar cover

as an estimate of production), we re-calculated all 6 indices using vegetative

cover as the abundance measure (basal cover for perennial grasses and canopy

cover for shrubs and forbs). We also calculated a modified condition class index

for each season based on our actual field data for 1996 and 1997. The modified

condition index was calculated using the same methodology that was used by

the BLM in 1994 to establish our original a priori condition class gradient (see

Materials and Methods section).

Results of a Spearman rank correlation test showed that diversity appears

to be significantly correlated to the modified condition class index, but no

particular diversity measure was significant in all seasons (Table 3.6).

Although the data looks promising and there appears to be a relationship

between the diversity indices and the modified condition index, our condition

index remained consistent on only 3 out of the 9 study sites through seasons and

years. The modified condition indices for 6 study sites were highly variable

over the same time period (Appendix IX).

Evaluation of the data suggests that the fluctuations in the modified

condition class indices on these 6 study sites were due to significant changes in

the relative amounts of Sandberg bluegrass, squirreltail, and Thurber

needlegrass.



Table 3.6. Spearman rank correlation (r) between common diversity indices
calculated using vegetative cover and the modified condition class index.

Year/r Spring Summer Fall
1996

NO r 0.41 0.73 0.84
p-value 0.27 0.03 0.0049
Ni -r 0.80 0.93 0.65
p-value 0.0096 0.0002 0.06
N2 r 0.82 0.92 0.73
p-value 0.007 0.0005 0.02
E5 r 0.77 0.77 0.70
p-value 0.02 0.02 0.04
Simpson r -0.82 -0.92 -0.73
p-value 0.007 0.0005 0.02
Shannon r 0.80 0.93 0.65
p-value 0.01 0.0002 0.06

1997
NO r 0.88 0.64 0.68
p-value 0.002 0.06 0.04
Ni -r 0.87 0.93 0.77
p-value 0.003 0.0002 0.02
N2 r 0.93 0.92 0.60
p-value 0.0002 0.0005 0.09
ES r 0.92 0.85 0.52
p-value 0.005 0.004 0.15
Simpson r -0.93 -0.92 -0.60
p-value 0.0002 0.005 0.09
Shannon-r 0.87 0.93 0.77
p-value 0.0025 0.0002 0.02

For example, changes in the relative amounts of cover from 1996 to

1997 resulted in a 35% decrease in the summer index value for Gi, and a 28%

increase in the summer index value for G7.
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This high variability in the relative amount of the dominant grasses has

previously been reported by Hugie et al. (1982) who have shown similar yearly

variations in species composition on rangelands in the Intermountain West.

In our study, we would expect summer season data to be the fullest

expression of the cover of the main contributing plant species in this ecological

site. Therefore, we would expect the summer measurement period to provide

the best input for calculation of an index of status for these sites and for the

establishment of a condition gradient. Our summer season data showed the

most consistent condition gradient using the modified index and that the

condition gradient existed in both years (Appendix IX).

P9 originally field classified in 1994 as a poor condition site, ranks

higher than most sites classified as fair in both 1996 and 1997. P9 ranks high on

our modified index basis in 1996 because of high levels of Sandberg bluegrass,

and squirreltail and in 1997 primarily due to high levels of squirreltail. Very

little Thurber needlegrass exists on P9 in any year.

The modified condition index also shows G7 to be similar to P9, F2, and

F5 in 1996, but not so in 1997.

Therefore, given that a condition gradient based on summer data appears

to be present, we found a positive relationship between the all diversity indices

(except species richness NO) and the modified condition class index in the

spring and summer of both years. Fall season provided mixed results (Table

3.6). A significant correlation would be expected in the summer since the
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diversity indices and the modified condition class indices are all calculated using

a site-specific plant species list and the vegetative cover of those species as the

abundance measure.

Overall, our results indicate no clear advantage to using any of these 6

common diversity indices either as surrogates for range site health or as the

basis of range site assessments within one ecological site. The indices results

are difficult to interpret and difficult to compare to prior literature since there is

no standard abundance measure used to calculate the diversity indices (e.g.,

density, foliar cover, biomass). Data is potentially lost in that the diversity index

number itself does not indicate which plant species are present, and in this study,

did not appear to provide a strong discriminate ability among the sites levels of

the at any point in time.

On the other hand, the high correlation between the diversity indices and

the modified condition class indices does indicate that as the modified condition

class index increases so does the diversity index. This increase in a diversity

number does not necessarily mean the specific site is in good condition or in a

healthy state. An increase in the number of invading or weedy species can and

does change the species richness, diversity index, and the modified condition

class index results.
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Temporal Effects on Functional Diversity

Raunkiaer Biological Classification

Table 3.7. Comparison of 5 main RK groups based on the statistical ability of
the general model to discriminate among range site condition. Percent cover by
RK group was the variable analyzed.

% %
RK Group Season Year Condition
_________ Variance Variance

Chamaephytes 0.0153 5 0.1106 0.0980
Geophytes 0.0817 0.1671 -- 0.7621
Hemicryptophytes 0.1736 0.0205 15 0.3144
Phanerophytes 0.0005 15 0.0276 2 0.8873
Therophytes 0.5412 0.3427 -- 0.4392

Overall, season of measurement was significant for chamaephytes and

phanerophytes, and year was significant for hemicrptophytes and phanerophytes.

Chamaephytes, those plants whose surviving buds are borne on shoots very

close to the ground, such as tansyaster (Machaeranthera species), phlox

(Leptodactylon pun gens (Tor.) Ton. Ex Nutt.), and low pussytoes (Antennaria

dimorpha (Nutt) Ton & Gray) is the only category appearing to be affected by

condition (p 0.098) (Table 3.7).

Within condition class, species richness continues to have the most

consistent pattern of detecting differences across seasons (Table 3.8) compared

to any of the RK functional groups.

However, while not being significantly different among condition classes

or seasons, the variation year-to-year in the hemicryptophyte and phanerophyte
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groups, does indicate a natural flux in cover of the dominant plant species of this

ecological site, e.g., bunchgrass (hemicryptophyte), sagebrush (phanerophyte),

particularly the reduction in basal cover for the hemicryptophyte group (which

includes Thurber needlegrass) on the fair condition class in summer of 1996 to

1997 from 4% to 1% respectively and for shrub cover on the poor condition sites

from 15% to 12% (Table 3.8).

In addition to native perennial bunchgrasses, the hemicryptophyte group

overlaps with several other life form categories, and consists of many native

perennial forbs such as wavyleaf Indian paintbrush (Castilleja applegatei (Fern.

ssp. martinii (Abrama) Chuang & Heckard), milkvetch (Astragalus species), a

native biennial forbs such as spreadingpod rockcress (Arabis divaricarpa A.

Nels. (pro sp.) [drummondii x holboellii]), and an introduced perennial grass

bulbous bluegrass (Poa bulbosa L.).

Zhang (1998) found that species richness were generally higher in their

grazed plots and was most pronounced for the hemicryptophyte group. While

their result showed that season was important, our data indicated that year was

more important to the variation of hemicryptophytes. The total cover and cover

of chamaephytes was higher in their ungrazed plots, while therophytes were

highest on the grazed sites (Zhang 1998). Condition class was not significant to

either group in our study perhaps since all of our study sites had been previously

grazed.
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In addition to protection from grazing, the high temporal flux in the two

RK groups that place their over-wintering buds at the soil surface or just beneath

it (hemicryptophytes and chamaephytes) may have resulted from climate

induced soil surface changes (e.g., freeze/thaw impacts, negative hysteretic

effects caused by wetting and drying of the top centimeters of soil, and/or

intolerable extremes in soil surface temperatures and moisture, and small rodent

disturbance impacting on the reproductive structures). For example, Huntly and

Reichman (1994) found that subterranean herbivores excavate and inhabit

extensive burrow systems and deposit the tailings in abandoned tunnels or as

mounds on the soil surface. The typical outcome of many of these activities is

to change plant-species composition.



Table 3.8. Change in percent cover of RK group within condition class across seasons.

GOOD' FAIR' POOR'Year/RK OUP
Spring Summer Fall Spring Summer Fall Spring Summer Fall

1996
Phanerophytes 13.23a 13.19a 11.76a 14.79a 13,27ab 10,75b 15.47a 14,61a 14,Ola
Hemicryptophytes 4,12a 4.93 a 4.14a 4.21 a 3.60b 3.70a 2.66a 2.SOa 2.46a
Chamaephytes 0.68a 0.49b 0.37e 0.30a 0.25ab 0.16b O.15a 0.09a 0.07a
Therophytes 0.68 a 0.59 a 0.39 a 1.35 a 0.66 a 0,86 a 1.39 a 0.97 a 0.99 a
Geophytes 0.17 a 0.02 a 0.01 a 0,05 a 0.02 a 0,01 a 0.07 a 0.06 a 0.002 b
Species Richness 33 a 26 b 22 c 31 a 24 b 23 be 28 a 22 b 17 c

1997
Phanerophytes 14.42a 12.27 a 9.09b 15.73 a 11.23b 10.18b 14.63 a 1l.64b 11.80b
Hemicryptophytes 3.77a 3.39a 0.68b 3.50a 1,40a 1.30a 2,16a 0,90a 1,16a
Chamaephytes 0.69 a O.64a b 0.56 b 0.33 a 0.21 b 0.15 be 0.16 a 0.10 a 0.07 a
Therophytes 0.59 a 1.00 a 0.72 a 0.94 a 0.65 a 0.78 a 0.65 a 0.93 a 0.77 a
Geophytes 0.02 a . 0.01 a 0 a 0.01 a 0.002 a 0 a 0.03 a 0.00 a 0.003 a
Soecies Richness 27 a 21 b 16 c 24 a 19 b 16 b 22 a 14 b 12 b
Seasonal means within year within treatment in the same row with the same letter are not significantly different at P0.05

Phanerophytes, shrub=canopy cover; all others basal cover



Table 3.9. Change in percent cover of RK group within season across condition class gradient.

YearfRK GroU SPRING SUMMER FALL
Good Fair Poor Good Fair Poor Good Fair Poor

1996
Phanerophytes 13.23a 14.79a 15.47a 13.19a 13.27a 14.61a 11.76a 10,75ab 14.Olac
Hemicryptophytes 4.12 a 4.21 a 2.66 a 4.93 a 3.60 a 2.80 b 4.14 a 3.7 a 2.46 b
Chamaephytes 0,68 a 0.30 b 0.15 c 0.49 a 0.25 b 0.09 c 0.37 a 0.16 b 0.07 b
Therophytes 0.68 a 1.35 a 1.39 a 0.59 a 0.66 a 0.97 a 0.39 a 0.86 a 0.99 a
Geophytes 0.17 a 0.05 a 0.07 a 0.02 a 0.02 a 0.06 a 0.008 a 0.014 a 0.002 a
Species Richness 33 a 31 a 28 a 26 a 24 a 22 a 22 a 23 a 17 b

1997
Phanerophytes 14.42a 15.73a 14,63a 12.27a 11.23a 11.64a 9.09a 1O.18a 11.8a
Hemicryptophytes 3.77 a 3.50 a 2.16 a 3.39 a 1.40 a 0.90 c 0.68 a 1.30 a 1.16 a
Chamaephytes 0.69 a 0.33 b 0.16 c 0.64 a 0.21 b 0.10 c 0.56 a 0.15 b 0.07 b
Therophytes 0.59 a 0.94 a 0.65 a 1.00 a 0.65 a 0.93 a 0.72 a 0.78 a 0.77 a
Geophytes 0.02 a 0.01 a 0.03 a 0.01 a 0.002 a 0.004 a 0 a 0 a 0.003 a
SDeciesRichness 27a 24a 22b 21a 19a 14b 16a 16a 12b
Treatment means within year within season in the same row with the same letter are not significantly different at P0.05

Phanerophytes, shrub=canopy cover; all others basal cover
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Life Form

Table 3.10. Comparison of the 7 main LF groups based on the statistical ability
of the general model to discriminate among range site condition. Percent cover
by LF group was the variable analyzed (pO.O5).

Life
% % Yearx %form Season Year ConditionVariance Variance Condition VarianceGroup

NS1 0.0005 15 0.0276 2 0.8873 0.3310

NPF 0.0001 24 0.0004 4 0.2661 0.03 12 1

NAF 0.9818 0.8473 -- 0.8690 0.5569

IAF 0.4404 0.2907 0.4424 0.3872 --
NPG 0.2769 0.0337 14 0.2940 0.4176 --

IPG 0.3333 0.2980 -- 0.5573 0.4728

lAG 0.0166 2 0.0429 1 0.5373 0.9780 --
'Native shrub (NS), native perennial forb (NPF), native annual forb (NAF),
introduced annual forb (IAF), native perennial grass (NPG), introduced
perennial grass (IPG), introduced annual grass (JAG)

Overall, native shrubs (NS) show the same temporal response as the RK

phanerophyte group because they are both comprised of the same 4 species: 1

sagebrush, 1 rabbitbrush, and 2 horsebrush species. The native perennial grasses

are comprised mostly of hemicryptophytes and geophytes on this ecological site.

The native perennial forb category that consists of all RK groups except annuals

and shrubs shows a significant interaction between year and condition class

although contributing very little to explanation of the overall variance (Table

3.10).

Within condition class, all of the life form groups show that spring is

significantly different from summer and fall (Table 3.11), and within any given
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season, the good condition class is consistently distinguished from fair and poor

condition sites (Table 3.12).



Table 3 11. Temporal change in percent cover by Life Form within condition class.

Year! GOOD' FAIR' POOR1

Life form Spring Summer Fall Spring Summer Fall Spring Summer Fall

1996
NS 13.23 a 13.19 a 11.77 a 14.79 a 13,27 ab 10.75 b 15.47 a 14.61 a 14.01 a

NPF 1.66 a 0.97b 0.49c 1.23 a 0.60b 0.60b 0.79 a 0.18b 0.06b
NAF 0.37 a 0.35 a 0.22 a 0.81 a 0.31 a 0.52 a 0.99 a 0.61 a 0.73 a

IAF 0.26 a 0.21 a 0.15 a 0.44 a 0.07b 0.27 ac 0.21 a 0.17 a 0.13 a

NPG 3.02 a 4.33 a 3.93 a 3.29 a 3.00 b 3.24 ac 2.00 a 2.71 a 2.42 a

IPG 0.01 a 0.01 a 0.01 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a

lAG 0.05 a 0.03 a 0.01 a 0.07 a 0.03 a 0.03 a 0.15 a 0.18 a 0.12 a

1997
NS 14.42a 12.27a 9,09b 15.73 a 11.23b 10.18b 14.63 a 11.64b 11.80b

NPF 1.09 a 0.58 b 0.34 b 1.09 a 0.65 b 0.41 b 0.25 a 0.05 a 0.02 a

NM 0.25 a 0.90 b 0.61 ab 0.68 a 0.52 a 0.65 a 0.34 a 0.73 a 0.57 a

IAF 0.31 a 0.09 a 0.11 a 0.19 a 0.12 a 0.11 a 0.13 a 0.10 a 0.08 a

NPG 3.19 a 3.12 a 0.61 a 2.67 a 0.91 a 1.00 a 2.00 a 0.87 a 1.14 a

IPG 0.01 a 0,01 a 0.01 a 0,01 a 0.01 a 0.00 ab 0.00 a 0.00 a 0.00 a

JAG 0.02 a 0.00 a 0.00 a 0.05 a 0.01 a 0.01 a 0.18 a 0.09 b 0.12 ab

onal means within year within treatment in same row with the same letter are not significantly different at P0.05
NS, native shrub=canopy cover; all others basal cover

00



Table 3.12. Change in percent cover by Life Form within season across the condition class.

Year!
SPRING1 SUMMER' FALL'

Life form
Good Fair Poor Good Fair Poor Good Fair Poor

1996
NS 13.23 a 14.79 a 15.47 a 13.19 a 13.27 a 14.61 a 11.77 a 10.75 a 14.01 b

NPF 1.66 a 1.23 b 0.79 c 0.97 a 0.60 b 0.18 c 0.49 a 0.60 a 0.06 b

NAF 0.37 a 0.81 a 0.99 a 0.35 a 0.31 a 0.61 a 0.22 a 0.52 a 0.73 a

IAF 0.26 a 0,44 a 0.21 a 0.21 a 0.07 b 0.17 a 0.15 a 0.27 a 0.13 a

NPG 3.02 a 3.29 a 2.00 a 4.33 a 3.00a b 2.71 ac 3.93 a 3.24 a 2.42 a

1PG 0.01 a 0.00 b 0.00 c 0.01 a 0.00 a 0.00 a 0.01 a 0.00 a 0.00 a

JAG 0.05 a 0.07 a 0.15 b 0.03 a 0.03 a 0.18 b 0.01 a 0.03 a 0.12 b

1997
NS 14.42a 15.73a 14.63a 12.27a 11.23b 11.64bc 9.09a 10.18b 11.80b

NPF 1.09 a 1,09 a 0.25 b 0.58 a 0.65 a 0.05 b 0.34 a 0.41 ab 0.02 ac

NAF 0.25 a 0.68 a 0.34 a 0.90 a 0.52 a 0.73 a 0.61 a 0.65 a 0.57 a

JAF 0.31 a 0.19 a 0.13 a 0.09 a 0.12 a 0.10 a 0.11 a 0.11 a 0.08 a

NPG 3.19 a 2.67 a 2.00 a 3.12 a 0.91 a 0.87 a 0.61 a 1.00 a 1.14 a

IPG 0.01 a 0.01 a 0.00 b 0.01 a 0.01 a 0.00 a 0,01 a 0,00 b 0.00 c

lAG 0.02 a 0.05 a 0.18 b 0.00 a 0.01 ab 0.09 b 0.00 a 0.01 a 0.12 b

neans within year within season in the same row with the same letter are not significantly different at

P<0.05
NS, native shrub=canopy cover; all others basal cover
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SUMMARY

Quantification of plant species diversity in the sagebrush steppe

ecosystem demonstrates that many of the commonly used measures of diversity

could not consistently distinguish among good, fair, and poor condition range,

and that high temporal sensitivity may preclude their use as an effective tools for

assessment of biodiversity in rangeland ecosystems.

Within any given season, NO (species richness), the most commonly

used surrogate for biodiversity, was not able to distinguish among good, fair,

and poor condition sites determined by an a priori condition class gradient, and

within condition class results showed a strong seasonal dependence and spatial

response.

Within condition class, Ni, N2, Simpson and Shannon's indices showed

the same seasonal dependence as species richness. For any given season, year,

and condition class, mixed results were obtained when density was the

abundance measure used to calculate the diversity indices. In the spring and

summer of both years, the fair and poor condition study sites were lumped

together and were statistically different from the good study sites. However,

when vegetative cover was the abundance measure, there was no difference in

diversity across the condition class gradient in any year or season.

Season of measurement was significant for all diversity indices studied

with the exception of Hill's E5 evenness, (ratio of the number of very abundant

species to the number of abundant species). Although the E5 ratio is somewhat



121

difficult to interpret, the result may indicate that seasonally, the dominant plant

species (sagebrush and bunchgrasses) and their number of individuals stayed

relatively constant during this 2-year study across all condition classes relative

to the remaining plant species.

The 6 diversity measures studied (based on cover) were highly correlated

to a modified condition class index generated from actual field data, in spring

and summer, but not in the fall of both years. Moreover, the condition class

index itself was consistent on only 3 study sites and highly variable on the other

6 study sites (Appendix IX). In our study, poor and fair condition sites in

certain seasons had a higher modified condition class index than the good

condition study sites. For example, the modified condition index shows G7 to

be similar to P9, F2, and F5 in the summer of 1996, but not so in the summer of

1997. Therefore, year to year and season to season, diversity changes

directionally as species composition and species richness change.

Only the chamaephyte group of the five Raunkiaer functional groups

studied was able to distinguish among good, fair, and poor condition sites. But

in the fall when most species in this group are senescent, cover of this group on

fair and poor sites was not significantly different.

Within season, the native perennial forb life form category was

inconsistently (in only 3 of the 6 seasons) related to good, fair and poor

condition class. This group has a slight seasonal component on the good
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condition sites and a strong seasonal component between spring and summer/fall

on the fair and poor condition sites.

Therefore, if diversity is to be used as an assessment tool for rangelands,

the most useful measure would have to meet four criteria: 1) be able to

distinguish among sites in varying levels of condition within an ecological site

(alpha diversity), 2) be independent of area sampled, 3) be insensitive to

temporal influences, and 4) be insensitive to the number of species in the

sample. Only one of the indices in this study generally met that set of criteria,

Hill's measure of evenness E5 which is a ratio of the number of very abundant

to the number of abundant species in the sample.

Zhang (1998) studying steppe vegetation in Inner Mongolia also

concluded that high vegetation diversity per se may be no indication, or

guarantee of a healthy and productive ecosystem.

It may be more important to maintain current plant diversity per

ecoregion, rather than thinking in terms of maximizing it; and, standards for any

one ecological site appear to require innovative approaches to the measurement

of diversity using aspects of exotic and rare species. Having plants and animals

that perform a wide variety of biological functions, different ways of capturing

sunlight and soaking up nutrients, for example may be more important that the

total number of species according to Michael Huston of Oak Ridge National

Laboratory (Tangley 1999).
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Alternatively, if diversity indices were to be of significant indicator

value as to ecological status, it would be desirable for them to track with range

condition classifications based on plant species composition. That is when

condition class changes, they should change in an appropriate way. Although

we used a limited number of study sites, when all sites and all seasons are

combined, the results indicate that diversity does change as the modified

condition index changes.

REFERENCES

Alatalo R., and Risto Alatalo. 1977. Component of diversity: multivariate
analysis with interaction. Ecology. 58:900-906.

Bai, Y., Z. Abouguendia, and R. E. Redmann. 2001. Relationship between
plant species diversity and grassland condition. J. Ran ge.Manage.

54: 177: 183

Carson, W. and S. T. A. Pickett. 1990. Role of resources and disturbance in the
organization of an old-field plant community. Ecology. 7(1):226-238.

Dysart, P. L. and L. E. Eddleman. 2001. Temporal variation in species richness
across a condition class gradient in a xeric sagebrush steppe plant
association. PhD diss., Chapter 2, P. L. Dysart, Oregon State University
2001.

Hartnett, D. C. and P. A. Fay. 1988. Plant populations: Pattern and Process. In
Knapp, A., K., J. M. Briggs, D. C. Hartnett and S. L. Collins (eds).
Grassland Dynamics:Long-term ecological research in the tallgrass
prairie. Oxford, Oxford University Press.

Hartnett, D. C., K. Hickman and L. Fischer Walter. 1996. Effects of bison
grazing, fire, and topography on floristic diversity in tallgrass prairie. I
Range. Manage. 49:413-420.

He, F. P. Legendre, J. V. LaFrankie 1996. Spatial pattern of diversity in a
tropical rain forest in Malaysia. JBiogeogr. 23:57-74.



124

Heliman, J. J. and G. W. Fowler. 1999. Bias, precision and accuracy of four
measures of species richness. Ecological Applications 9 (3):824-834.

Hill, M. 0. 1973. Diversity and evenness: a unifying notation and it's
consequences. Ecology 54 (2):427-43 1.

Hugie, V. K., H. B. Passey, E.W. Williams, and D. E. BaIl. 1982. Relationsh,s
between soil, plant community, and climate on rangelands of the
intermountain West. USDA Tech. Bull. 1669.

Huntly, N. and 0. J. Reichman. 1994. Effects of subterranean mammalian
herbivores on vegetation. Journal of Mammalogy 75(4):852-859.

Lentz, R. D., and G. H. Simonson. 1986. A Detailed Soils Inventory and
Associated Vegetation of Squaw Butte Range Experiment Station,
Special report 760, AES/ Oregon State University, Corvallis, Oregon
97331.

Ludwig, J. A. and J. F. Reynolds. 1988. Statistical Ecology. New York:John
Wiley & Sons.

Margalef, R. 1958. Information theory in ecology. General Systematics 3:36-
71.

Menhinick, E. R. 1964. A comparison of some species-individuals diversity
indices applied to samples of field insects. Ecology 45:859-861

Montalvo, J., M. A. Casado, C. Levassor, and F. D. Pineda. 1993. Species
diversity patterns in Mediterranean grasslands. J. Veg. Sci. 4:213-222.

Oregon Climate Service 2001. Oregon State University Climate data base for
the Malheur, OR Station and Northern Great Basin Experiment Station,
Riley, OR. from http://www.ocs.orst.edu.

Ortega, I. M., S. Soltero-Gardea, F. C. Bryant, and D. L. Drawe. 1997.
Evaluating grazing strategies for cattle: Deer forage dynamics. J. Range
Manage. 50(6):615-621.

Patil, G. P. and C. Taillie. 1982. Diversity as a concept and its measurement.
Journal of the American Statistical Association, 77:379 548-560.

Peet, R. K. 1974. The measurement of species diversity. Annual Review of
Ecology and Systematics 5:285-307.



125

Peet, R. K. 1975. Relative Diversity Indices. Ecology 56:496-498.

Pielou, E. C. (1975). Ecological Diversity. New York: Wiley and Sons.

Pielou, E. C. (1977). Mathematical Ecology. New York: Wiley and Sons.

Raunkiaer, C. 1934. The Life Forms of Plants and Statistical Plant Geography.
London: Clarendon Press.

SAS Institute, Inc. Cary, N. C. 1998. SAS Statistical Program. Version 7.

Shafi, M. I., and G. A. Yarranton. 1972. Diversity, floristic richness, and
Species evenness duringa secondary (post-fire) succession. Ecology 54
4:897-902.

Simpson, E. H. 1949. Measurement of diversity. Nature 163:688.

Shannon, C. E. and W. Weaver 1949. The Mathematical Theory of
Communication. Urbana: Univ. of Illinois Press.

Tangley, L. 1999. Keeping the delicate balance of nature. How many species
does an ecosystem need? US. News and Word Report. Nov. 15.

USDA, NRCS. 1978. National List of Scientific Plant Names, Technical guide
SCS-TP-159, Vol. 1.

USDA, NRCS. 1988. Technical Guide and Ecological Site Descriptions,
MLRA D-23, 023XY2 120 ARTRW/STTH2, March, 1988.

USDA, NRCS 1996. Soil Survey Laboratory Methods Manual, Report #42,
Version 3.

USD1, BLM 1990. Rangeland Inventory Biological Status Worksheet. Form
4410-1, Section 305-NRH, June, 1990.

Whittaker, R. H. 1972. Evolution and measurement of species diversity. Taxon
21:213-251.

Whittaker, R. H. 1977. Evolution of species diversity in land communities. In
Hecht, M. K., W. C. Steere, and B. Wallace (eds) Evolutionary Biology
10 New York:Plenum Press.



126

Zhang, W. 1998) Changes in species diversity and canopy cover in steppe
vegetation in Inner Mongolia under protection from grazing.
Biodiversity and Conservation 7:1365-1381.



127

CHAPTER 4

SOIL SURFACE MICROTOPOGRAPHY: RELATIONSHIP TO RANGE
CONDITION, TIME, AND PLANT DIVERSITY

Patricia. L. Dysart and Lee. E. Eddleman
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ABSTRACT

The A soil horizon is often the most influential on plant species and

diversity and different kinds of A horizon soil surface types occur on silty

Durargids in the Intermountain sagebrush steppe. Five major soil surface types

as described by Eckert et al. (1986a) have been identified on sites within the

Wyoming big sagebrush! Thurber needlegrass (Artemisia tridentata Nutt. ssp.

wvoiningensis Beetle & Young) (Achnatherum thurberianum (Piper) Barkworth.

syn. Stipa thurberiana Piper) plant association. These soil surfaces occupy

different microtopographic positions, and have different physical properties that

may influence species richness and diversity. Shrub Type I, non-crusted,

occupies the coppice dune beneath shrubs, Type II, non-crusted, occurs adjacent

to shrub Type I on coppice benches, Type III has a crusted mineral surface

appearing to be dominated by biological crusts and occurs on intercoppice

microplains, Type IV has a crusted mineral surface primarily dominated by a

vesicular horizon and is the playette occupying the lowest microtopographic

position in the water accumulation area. Bunchgrass Type I is similar to shrub

Type I, usually non-crusted but may be dominated by biological crusts, occupies

the coppice dune beneath bunchgrasses. The entire bunchgrass Type I may be

situated on a Type IV playette surface.

This study examined the relationship between the amount of cover by

each of these soil surface types and an a priori condition class gradient from

good to fair to poor in eastern Oregon during 1995, 1996, and 1997.
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Within any given year, there was no significant difference found that

would strongly relate a particular soil surface morphologic type to range

condition. However, there was a trend for more coverage by soil surface types

that have positive hydrologic characteristics such as Type II and Bunchgrass

Type I to be found on study sites classified in good condition sites than on fair

or poor condition study sites.

Significant natural changes in the amount of coverage by the various soil

surface types in the year following grazing exclusion regardless of range

condition indicates that system resilience is initially high, but continued

exclusion did not produce the same response. Abiotic influences on changes in

soil surface types appear to be long term controlling site factors, and that

recovery thresholds may be approached very quickly regardless of initial range

condition.

Management practices designed to increase the proportion of soil surface

types that have positive hydrologic and natural revegetation characteristics such

as Type II surfaces may, in the short term produce a trend toward an increase in

diversity including cryptogamic species. However, in the long term diversity

may again tend to decrease because those soil surface types are also the most

conducive environments for sagebrush seedlings to germinate and establish.
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Patterned ground, a function of several abiotic and biotic driving forces,

is of interest due to its contribution directly or indirectly to vegetation pattern

and process. Such patterns have been of interest to geologists, soil scientists,

and plant ecologists for many years (Hugie and Passey 1964).

Intensive freezing and thawing in arctic, alpine and semi-arid

environments as well as dust deposition, shrink/swell characteristics of the

surface layers of mineral soil and the gelatinous sheaths around living crusts

(cryptogams) produce considerable horizontal and vertical displacement within

soil materials. This displacement produces various macro- and micro-relief

patterns such as boulder ridges in the arctic at the landscape level and cracks,

polygons and vesicular crusts at the microtopography level in semi-arid regions

such as the sagebrush steppe of the Intermountain West.

Patterned ground has been recognized and described by Eckert et al.

(1986a) who studied the relation between ecological range condition and the

proportion of soil surface types, Hugie and Passey (1964) who studied the

relationship between soil surface patterns and soil properties, as well as

scientists investigating the distribution of and factors influencing cryptogamic or

biological soil surface crusts (Belnap et al. 2001) in the Great Basin and

Colorado Plateau.
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Eckert et al. (1986a) described five distinctive soil-surface

morphological types of A horizons on fan piedmonts and basin floors of the

Humboldt Loess Belt in the Wyoming big sagebrush/Thurber needlegrass plant

association. These soil surface types are closely related to their

microtopographic position, and each type has its own characteristic water

relations and infiltration properties.

Similar surfaces were recognized by Hugie and Passey (1964) to occur

on bare surface soil between clumps of plants on well-drained and moderately

well drained silt loam, silty clay loam, and very fine sandy loam textured soils

within the bluebunch wheatgrass-Idaho fescue-Sandberg bluegrass plant

association (Pseudoroegneria spicatum (Pursh) A. Love ssp. spicata)-Festuca

idahoensis Elmer-Poa sandbergii Vasey) in northern Utah, southern Idaho, and

northeastern Nevada. The most prominent soil surface patterns occurred on

soils having very fine silty or silty texture in the A horizon.

Eckert et al. (1986a) found that the proportion of the soil surface types

under shrub or bunchgrass cover varies with range condition and also that the

proportion of surface types found in the interspace between shrubs varies with

range condition. Their results showed that good condition sites have a greater

cover of the soil surface type associated with bunchgrass cover (bunchgrass

Type I). Conversely, their results showed that poor condition sites have

essentially none of the soil surface type associated with bunchgrass cover, but a

large amount of the soil surface type with little micro-relief (Type III and IV).
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Description of Soil Surface Types

The following is a description of the five soil surface morphological

types and their mictropographic positions as taken from Eckert et al. (1986a):

Type I non-crusted, found on coppice dunes, Type II non-crusted,
found on coppice benches, Type III crusted, found on intercoppice
microplains, and Type IV crusted, found on playettes. The surface
cover of each type varies among sites. These patterns can occur under
shrubs or under bunchgrasses. If they occur under a bunchgrass, it is
designated as a Bunchgrass Type I and considered a fifth type of
surface.

Typically, Type I and II surfaces have from 1-4% organic matter, a soft
or only very slightly hard consistence, a very fine subangular blocky
structure, a dry-soil infiltration of up to 7 cmlhour, a sediment-
production potential of as much as 160 ka/ha, and lack of significant
crusts with vesicular porosity.

Type I shrub and Type I bunchgrass surfaces are almost always
associated with cover of established vegetation on a coppice dune that
accumulated under a shrub and bunchgrass canopy (Wyoming big
sagebrush and Thurber needlegrass in this study). Type I surface is
comprised of round-topped, small polygons that are separated by
relatively wide, trench-like, cracks and the surface is commonly
covered with litter.

Type II surface is found most commonly as a margin around a Type I
coppice dune. The Type II surface has pinnacled, small polygons
separated by trench-like cracks. Cryptogams such as lichens and moss
stabilize this surface. Water rapidly infiltrates into Type I and II
surfaces during heavy rain or snowmelt.

Type III and IV surfaces have less than 1% organic matter and form
durable crusts after wetting and drying cycles. These crusts have
prominent vesicular pores and may be either massive or weakly platy.
Crusts dry to slightly hard or hard consistence and have a dry-soil
infiltration rate of up to 4 cm/hr and a sediment production potential of
as much as 400 kg/ha.
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Type III surface forms on the short, very gentle slopes, or
'microplains,' that occur between and around the coppice dunes and
benches on which the Type I and TI surfaces occur. These microplains
have also been called 'shrub interspaces.'

Type III surfaces have flat-topped, moderately large polygons separated
by narrow cracks. The Type IV surface has flat-topped, very large
polygons separated by narrow cracks.

Type III and IV surfaces are mostly barren, except for partial
cryptogam cover on polygons or around polygon margins. During a
heavy rain or snowmelt, water runs over the Type III surface and sands
on the Type IV surface, and saturates the upper few centimeters of both
for short periods.

Type II and Type III surfaces are of particular interest because of the

extent of their cover and location in livestock traffic patterns. Type II surface

contains two distinct microsites: 'pinnacles' which are polygons with convex

tops, and 'trenched cracks' that are the wide openings between pinnacles.

Microsites of the Type III surface are "polygons" with a flat, crusted, vesicular

A11 horizon, and 'cracks' which are the narrow openings between polygons

(Stephens 1979 unpublished). These two surfaces and microsites have unique

properties that can influence seedling emergence and plant establishment.

First, these soil surfaces have a unique 'pinnacle/trench crack' or

'polygon/crack' micro-surface morphology that may provide 'safe sites' with

suitable microenvironments for seed germination, seedling emergence, and

establishment. Second, a crusted surface may be a mechanical barrier to

seedling emergence when the surface is dry.
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Pinnacles of the Type II surface were also found to be important by

Belnap et al. (2001) because they are dominated by growth of cyanobacteria,

which holds soil particles together and stabilize the soil surface. This stabilizing

effect has been shown to decrease the germination of vascular plant species that

do not have self-burial mechanisms such as the exotic annual cheatgrass

(Bromus tectorum L.) (USDA, NRCS 1999).

Eckert et al. (1 986b) found that emergence and survival of perennial

grasses generally were greatest on the shrub Type I surface, in the untrampled

trench microsites of the Type II surface, and on moderately trampled trench and

pinnacle microsites of the Type II surface. Emergence of annual and perennial

forbs generally was greatest on untrampled trench and crack microsites of the

Type II and III soil surfaces.

Disturbance such as trampling may destroy these 'safe sites' creating

more extensive physical crusts and destroy the biological crusts.

Simultaneously, however, trampling may plant seeds in an otherwise smooth,

crusted polygon surface and thereby provide new microenvironments for

seedling emergence (Stephens et al. 1979 unpublished).

Wood et al. (1982) found that in seeding trials with trampling more

seedlings emerged and established on coppice soil beneath shrubs (shrub Type I)

than on physically or biologically crusted soils between shrubs (Type II, III, IV).

Crested wheatgrass (Agropyron desertorum (Fisch. Ex Link) J. A. Schultes) was

the most successful species followed closely by squirreltail (Elymus elymoides
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ssp. elymoides (Raf.) Swezey) and distantly by Thurber needlegrass and

fourwing saitbush (A triplex canescens (Pursh) Nutt.). Based on these findings

and field observation microtopographic units are expected to contribute to

vegetation diversity.

Eckert et al. (1986a), proposed a scenario that sites in PNC (potential

natural community), late and mid-seral range condition should also have a larger

number of favorable microsites due to a dominance of shrub and bunchgrass

Type I surfaces mainly because these types have favorable hydrologic

characteristics. Sites in early-seral condition would have a larger proportion of

soil surface types with poor hydrologic characteristics e.g., Type III and Type

Iv.

In order to explore the hypothesis that various proportions of soil surface

morphological types may be correlated with range condition, a soil surface

microtopography study was initiated in eastern Oregon, as part of a larger

vegetation diversity study in the Wyomingensis sagebrush/Thurber needlegrass

ecological site. We wanted to know if 1) the same soil surface patterning could

be identified in eastern Oregon, 2) what relation, if any, do the soil surface types

have with condition class, and 3) how do these soil surface types change with

time.
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SITE DESCRIPTION

Within the northern Great Basin sagebrush steppe ecosystem, a xeric-end

Wyoming big sagebrush/Thurber needlegrass ecological site was selected

(Appendix XII). The ecological site designation is ARTRW/STTH2 Loamy 10-

12 inch precipitation zone, Malheur High Plateau, Oregon D-23 Major Land

Resource Area (USDA, NRCS 1988).

Nine hectares included in this study were located on the dominant soil

map unit for the ecological site, that is B-520, whose representative soil is the

Raz-Brace complex; 55% Raz (Loamy, mixed, frigid, shallow, xeric,

haplodurid), 45% Brace (Fine Loamy, mixed, frigid, xeric, argidurid) (USDA,

NRCS 1988).

Three study sites (hectares) were located south of Maiheur Lake along

Foster Flat road, and 6 study sites (hectares) were located in and adjacent to the

Northern Great Basin Experimental Range near Riley, Oregon. All 9 study sites

were located in Harney County in southeast Oregon (Legal Descriptions

Appendix XI).

Harney County lies between 42 and 44 ° north latitude and 118 0 and

120 0 west longitude. Although Wyoming big sagebrush and Thurber

needlegrass are prominent species in this ecological site, other common grasses

include Sandberg bluegrass (Poa sandbergii Vasey), other Poa species, and

squirreltail (Elymus elymoides ssp. elymoides (Raf.) Swezey), while bluebunch
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wheatgrass (Pseudoroegneria spicatuin (Pursh) A. Love ssp. spicata occurs

within the site in areas of higher soil moisture.

Woody vegetation within this ecological site includes green rabbitbrush

(C. viscidiflorus (Hook.) Nutt.), spineless horsebrush (Tetradymia canescens

DC), and littleleaf horsebrush (Tetradymia glabrata Ton & Gray). The native

perennial forb component is represented by a wide variety of species, such as

longleaf phlox (Phlox longfolia Nutt.) and basalt milkvetch (Astragalus fihipes

Ton. Ex. Gray), and common native annual forbs include maiden blue-eyed

Mary (Collinsia parvlora Lindl) and Great Basin woolystar (Eriast rum

spars iflorum (Eastw.) Mason. Introduced annual grasses are represented by

cheatgrass (Bromus tectorum L).

Study site elevation ranged from 1433-1600 meters (4300-4800 ft.).

Precipitation maxima occur during early winter and late spring months

(November to June). Minima occur in middle and late summer (July to

September). Mean annual precipitation is 280 mm (11 in.) of which 31% falls

as snow. Mean annual variation in precipitation is 22%. The mean annual

temperature is 7.6 °C with a summer mean daily maximum of 26.8 °C and

winter daily minimum of 4.8 °C. Frost-free season is approximately 80 days,

but killing frosts can occur in any month (Lentz and Simonson 1986).

We describe below the recent grazing history of the general areas

involved in this study, but we cannot know precisely the complex grazing

history of each individual hectare. Therefore, we made the assumption that the
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present vegetative condition of the nine study sites is a function of the

accumulated past disturbances of which grazing is taken to be of paramount

importance. We also made the assumption that the present vegetative condition

is a product of long-term disturbance rather than recent.

Cattle grazing occurred primarily in the summer on the study sites

located on Foster Flat road (East Warm Springs allotment) from 1972 until

present with between 8-60% utilization of key forage species (needlegrass and

bluebunch wheatgrass) according to the Bureau of Land Management (BLM)

Bums office grazing plant data (N. Taylor, pers. comm., 1995).

Cattle grazing occurred primarily in the summer on the study sites on the

east side of the Northern Great Basin Experimental Range (NGBER) (Juniper

Ridge allotment) from 1982 to the present. Utilization was between 21-55%

each year, however, a rest year occurred in 1989 according to BLM grazing plan

data (N. Taylor, pers. comm., 1995).

Cattle grazing was primarily rotational by season on the study sites

located on land south of the Northern Great Basin Experimental Range

(NGBER) Wagontire allotment) from 1981 to present. Utilization was between

25-55% each year, however, a rest year occurred in 1989 (N. Taylor, pers.

comm., 1995).

Study sites on the Northern Great Basin Experimental Range (NGBER)

(Range 5.8) were characterized as having cattle utilization dates that varied from

July 1 through late fall. Both long and short term grazing was included along
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with an irregular yearly rest cycle during the critical early growing season of

April, May and June (J. Swindlehurst, pers. comm., 1999).

Fire as a recent disturbance was excluded from this study, therefore, all

sites selected contained mature stands of Wyoming big sagebrush.

METHODS AND MATERIALS

Nine 1-hectare areas were selected in 1995 as study sites. Study sites

were sought representing a range from excellent to poor condition, based on

criteria in the Ecological Site Inventory (ESI) protocol for determination of

range condition in use by the Bureau of Land Management, Burns District.

Maps, GIS information, previous ESI inventory data, ESI worksheets and ESI

personnel (USD1, BLM 1990) were employed in study site location. Vegetation

parameters included in condition protocol are: a species dominance rating, an

estimated percent species composition, and an estimated percent by weight for

each plant species observed. Current site condition was assigned by comparison

of these estimates in 1995 with estimates of the same parameters for the

potential native plant community detailed in the ecological site description (C.

Leet, pers. comm., 1995). A 100-point scale is used and a range of 25 points is

assigned to each condition class based on field observations. For example, if the

overall current site index calculated in the field were 77%, the site would be

classified as being in excellent condition. In addition to the vegetation, local

soil parameters such as erosion potential are included in the assessment protocol.
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A sufficient number of areas in excellent condition that were accessible

for study could not be located for inclusion in this study. However, the 9 study

sites represented a condition class gradient from good to poor condition. Three

study sites were located as replicates within each condition class.

Three study sites, one each of good, fair and poor condition were located

along Foster Flat road and 6 study sites, two each of good, fair, and poor were

located near and on the Northern Great Basin Experimental Range.

The boundaries of each study site were located and fenced in 1995 to

preclude livestock grazing during the course of the study.

The dominant soil series within this ecological site is the Raz/Brace

complex (Raz-xeric Argidurid/Brace-xeric Haplodurid). This complex occurs

on lava plateaus, structural benches, and foothills elevation range 1300-2000

meters. One soil pit was dug at each study site and profiles were described in

detail. A11 horizon thickness (vesicular) ranged from 1.5-2.5 cm. A horizon

thickness ranged from 15-25 cm, and varied in texture from loam to fine silt

loam to very fine silt loam. Indurated duripans when present were at an average

50 cm with basalt and hard welded tuff forming the R horizon.

Soil profiles derived from on-site soil pits varied in the amount of

skeletal fragments, but in general met the diagnostic criteria of the official

USDA, NRCS (2001) description. For this project, the relevant features of the

soil profile include an A11 vesicular horizon between 0-5 cm thick, an A1

horizon texture of loam to fine sandy loam, and intermittent argillic Bt1, Bt2
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horizons occurring at depths ranging from 23-48 cm. Profiles were shallow to

an indurated duripan with none greater than 70 cm. Official soil profile

descriptions (USDA, NRCS 2001) for the individual Raz and Brace soil series

are listed in Appendix X.

During 1995, 1996 and 1997, gravimetric soil moisture (eg) (USDA,

NRCS 1996) was determined monthly (May-November) at 5 cm and 18 cm

under sagebrush (shrub Type I soil surface) and in the interspaces (Type IV

playette soil surface). Samples were oven dried at 80 °C for 48 hours. Results

were averaged to represent the top 18 cm of the soil profile.

Experimental Design

Soil Surface Types

Five permanent transects, each 90 meters long were randomly

established on each study site using a stratified random design. Baselines were

located on the north side of each hectare with transects running in the N-S

direction. Two 3-rn2 permanent quadrats consisting of 3 contiguous 1-rn2

quadrats were randomly located along each of the five transects, and these 30

permanent 1-rn2 quadrats per hectare were used for all soil surface

microtopography measurements. A 10- x 10-cm portable PVC grid was used in

each quadrat to estimate percent cover of each soil surface type in the summer of

1995, 1996 and 1997 during seed development of the main perennial herbaceous

species(July) in this ecosystem.
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Reconnaissance of the study areas initially revealed 27 potentially

different functional classifications of microtopography which were considered

subsets of the original (Eckert et at. 1 986a) classifications, for example active

ant hills on a Type IV surface, abandoned ant hills on a Type IV surface, Type II

surface with fresh rodent activity, Type II with old rodent activity, shrub Type I

under living sagebrushlshrub Type I under dead sagebrush. For analysis, cover

values of these categories were combined for a more appropriate comparison to

the original (Eckert et at. 1986a) soil surface types.

In order to repeatedly and consistently identify specific soil surface

types, the following data was recorded in each quadrat: mean height of pinnacles

(mean of 5) as measured from the base, mean diameter of polygons (mean of 5),

mean width of cracks (mean at 5 locations along the crack), and mean depth of

cracks (mean at 5 locations along the crack).

Vegetation

A suite of vegetation measurements were taken along the same five

transects using nine 1-rn2 permanent quadrats placed using a stratified random

design. One quadrat was randomly located within each 10-meter segment along

the transect. These 45 permanent 1-rn2 quadrats per hectare were used for all

vegetation measurements. Species presence, density by species and cover by

species were recorded in each plot. Presence and density were recorded when

the plant was rooted in the quadrat. Diversity, as measured by species richness,
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was calculated at the hectare and at the condition class level during spring,

summer and fall (Dysart and Eddleman 2001 a), but only data from the summer

season (seed development stage of main perennial herbaceous species-July) of

1995, 1996 and 1997 was used in this study.

Germinable Seed Bank

A gemìinable seed bank study was conducted in the greenhouse at

Oregon State University with soil samples taken from beneath sagebrush plants

(Type I coppice dune) and from interspace areas (Type IV playettes) of the

study sites (Eddleman 2001 unpublished). Four sub-samples were taken in late

fall from the surface layers (0-5 cm) around the base of sagebrush plants which

included both the organic layer (if present) and mineral soil. These four sub-

samples were mixed together and 1 composite sample of 400-cm3 was used for

the germination study. Eight randomly chosen sagebrush plants per hectare

were sampled. The same procedure was used to obtain samples from interspace

areas. Sixteen total samples were obtained from each study site. Germinated

seedlings were counted for 60 days.

Analysis

A mixed model, repeated measures (ANOVA) compared temporal

(yearly) differences in soil surface types among the three condition classes (SAS

1998).
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Data included percent canopy cover of sagebrush, percent basal cover of

Thurber needlegrass, percent basal cover of squirreltail plus basal cover of

Sandberg bluegrass (Dysart and Eddleman 2001b), as well as percent cover of

each soil surface type observed by Eckert et al. (1986a) shrub Type I, Types II

through IV, and bunchgrass Type I.

RESULTS AND DISCUSSION

Environmental Conditions

Precipitation

The total annual precipitation during each year of the study, 1995 (431

mm), 1996 (294 mm) and 1997 (368 mm) was greater than but not statistically

different from the 30-year mean precipitation (269 mm) (p=O.l, p0.7 and pO.3

respectively) for the Northern Great Basin Experimental Range (Oregon Climate

Service 2001). Figure 4.1 shows the variation in monthly inputs of precipitation

compared to the 30-year monthly averages with late summer/fall season during

the study years being drier than the 30-year average would predict.

Comparison among years (Figure 4.2) shows that winter peak

precipitation occurred one month earlier in 1996 with early spring being drier

than 1995 but wetter than 1997. Peak spring precipitation occurred in April

1995. In 1996, effective precipitation events ceased in July while 1995 and

1997 continued to receive 10-20 mm of precipitation into late summer.
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Temperature

Mean monthly air temperature patterns during the study followed closely

the 30 year mean values and there were no outstanding differences between

patterns among the three years of the study.

Soil Moisture

The results of gravimetric soil moisture (Og) samples taken at two

depths, one shallow (5 cm) and one deep (18cm) were averaged to represent the

top 18 cm of soil both under sagebrush (shrub Type I soil surface) and in the

interspaces (Type IV playette soil surface). June soil moisture although not

significantly different tended to be higher in the interspaces than under

sagebrush on all sites in all years. There was a significant difference between

the average soil moisture in 1996 in both microtopographic positions on all sites

versus 1995 and 1997, which showed no difference. June, 1996 soil moisture

under sage ranged from 25-38% higher than for June of 1995 or 1997 depending

on condition class, and from 50-86% higher in the interspaces than for June of

1995 or 1997 depending on condition class.
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Soil Profile

The dominant soil series within this ecological site is the Raz/Brace

complex (Raz-xeric Argidurid/Brace-xeric Haplodurid). This complex occurs

on lava plateaus, structural benches, and foothills elevation range 1300-2000

meters. Soil profiles derived from on-site soil pits varied in the amount of

skeletal fragments, but in general met the diagnostic criteria of the official

USDA, NRCS (2001) description. For this project, the relevant features of the

soil profile include an A11 vesicular horizon between 0-5 cm thick, an A1

horizon texture of loam to fine sandy loam, and intermittent argillic Bt1, Bt2

horizons occurring at depths ranging from 23-48 cm. Profiles were shallow to

an indurated duripan with none greater than 70 cm (Figure 4.3). Official soil

profile descriptions (USDA, NRCS 2001) for the individual Raz and Brace soil

series are listed in Appendix X.

Soil Surface Morphology

Our results suggest that five distinct soil surface types could be identified

within the Wyoming big sagebrush/Thurber needlegrass ecological site in

eastern Oregon. These results support those of Eckert et al. (1986a) as to the

presence of the dominant soil surface types as well as microtopographic position

they occupy (Figures 4.4, 4.5). Although within any given year, there were

similar trends in coverage by the various soil surface types, our results did not
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support the hypothesis that the proportion of soil surface types necessarily

related to condition class (Table 4.1).

Within year there was no difference in the area covered by any of the soil

surface types that strongly related to condition class (Table 4.1). The percent

cover for 1997 bunchgrass Type I is extraordinarily different, which could

indicate a real difference or be an outlier due to observer error. Our results also

indicated that depending on initial site condition, between 20-50% of the soil

surface either had no pattern, was covered with surface rock, had been recently

disturbed by small rodent casts which cut across all microtopographic positions

and soil surface types, and/or had new active ant hills present.

Shrub Type I was the most prevalent soil surface type, which is

consistent with the ubiquity of sagebrush across the sites, and this result was the

same as the earlier study (Eckert et al. 1986a). The data tended toward lesser

amounts of shrub Type I surface on the poor condition sites in all three years.

The shrub Type I is an important surface mainly because of increased infiltration

rates under sagebrush plants (Blackburn 1975, Eckert et al. 1986a), and because

emergence and survival of perennial grasses generally are greatest on an

untrampled Type I surface (Eckert et al. 1986b).

A bunchgrass Type I soil surface was also identified similar to the earlier

study. As with the shrub Type I, the bunchgrass Type I also has important

positive hydrologic characteristics. Although not statistically different, there
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was a trend for more of the bunchgrass Type I to occur on the good condition

sites than on the fair and poor condition sites (Table 4.1).

The original Eckert et al. (1986a) study postulated that since the

increaser grasses did not vary across condition class, and decreaser grasses did,

that formation and maintenance of the bunchgrass Type I surface is more

dependent on the decreaser grasses (Table 4.1).

On this ecological site Thurber needlegrass is the major decreaser

species, with Sandberg bluegrass and squirreltail being the principal increaser

species. As in the previous Eckert et al. (1986a) study, we also found no

difference among the condition classes in the amount of combined cover of the

two increaser grasses. The cover values did change from year to year, but did so

across all condition classes.

Within each year there was an apparent trend for the cover of bunchgrass

Type I surface to decrease across the condition class gradient from good to fair

to poor corresponding to a decrease in basal cover of Thurber needlegrass across

the gradient (Table 4.1).



Centimeters
Pale brown (1OYR 6/3) dry, brown (IOYR 4/3) moist, fine sandy loam; moderate platy; slightly hard

o dry; very friable moist; non-sticky, slightly plastic wet; few very fine, fine, and medium roots; few,
fine and medium pores, common, course, and many vesicular pores; prominent polygonal surface

A soil pattern (units 8-13 cm wide); slightly effervescent; abrupt, smooth boundary.
5

Pale brown (1OYR 6/3) dry, brown (IOYR 4/3) moist, loam; weak, fine granular; soft dry, very friable

A moist; slightly sticky, slightly plastic wet; common very fine and medium roots; few fine, medium
2 irregular tubular pores slightly effervescent clear smooth boundary.

Pale brown (IOYR 6/3) dry, brown (IOYR 4/3) moist; clay loam; weak-moderate, sub-angular

' 'j

Bt1 blocky, few common thin clay films occur on face of peds; soft dry, very friable
moist; sticky, slightly plastic wet; common fine, medium and coarse roots; few

fine, and medium irregular pores; slightly effervescent; clear smooth boundary.

Light yellowish brown (IOYR 6/4) dry, dark yellowish brown (1OYR 4/4) moist; clay loam; moderate
48 \ Bt sub-angular blocky/weak, fine angular blocky; common ,thin clay films occur on face of peds;

slightly hard dry, firm moist; sticky, plastic wet; few fine, medium and coarse roots; few, fine-
medium irregular tubular pores; effervescent; abrupt, smooth boundary.

58 Bkqm Pinkish white (7.5YR 8/2) dry, pink (7.5YR 7/4) moist; massive, indurated, brittle; strong-
violently effervescent.

65
R Hard basalt

Figure 4.3 General soil profile description-Raz-Brace Complex. (soil pit description 1995- Hectare 8 fair
condition-NGBER)
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Figure 4.5 Patterning of soil surface types within Wyoming big sagebrush/Thurber needlegrass ecological
site. AShrub Type I, B=Type II, CType III, DType IV, E= Bunchgrass Type I growing on Type III
surface.



Table 4.1. Mean vegetation and soil surface types associated with three range condition classes in eastern Oregon on
Wyoming big sagebrush/Thurber needlegrass sites.

Vegetation Characteristics Soil Surface Types
(% Cover/M2) (% Surface Cover/M2)

Year! Canopy Basal Basal Bunch-
Condition big Decreaser Increaser Shrub grass Type Type Type

sagebrush grass2 grasses Type I Type I II ffl IV Other
1995

Good 12a' la 2a 34a la 5a 20a 3a 37a
Fair 14a la 3a 46a Ta5 3a 17a 13a 21b
Poor 16a Tb 2a 49a Ta 2a 15a 3a 31a

1996
Good 12a 2a 2a ha 5a 18a la 8a 51a
Fair 13a la 2a 22a la 15a 4a 17a 41a
Poor 14a Tb5 3a 22a la 16a la 6a 54a

1997
Good lOa 2a la 13a 20a6 20a Ta 6a 41a
Fair ha Tb ha 21a 7b 32a Ta iSa 25b
Poor ha Tb la 21a 6b 38a Ta 4a 31a

'Treatment means in the same year same column followed by different letters are significantly different (PO.O5), 2Thurber
needlegrass, 3Sandberg bluegrass+ squirreltail, 4No pattern, surface rock, rodent disturbed surface, ant hill,

T=trace <0.5% cover, 6 possible outlier.
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In the absence of cattle disturbance, on the good condition sites from

1995 to 1996, the basal cover of Thurber needlegrass increased with a

corresponding increase in bunchgrass Type I surface. During this time, the

density of Thurber needlegrass also increased although non-significantly across

all condition classes. From 1996 to 1997, basal cover of Thurber needlegrass

stayed approximately the same, densities stayed the same, but the cover of

bunchgrass Type I surface continued to increase. This increase in coppice dune

area is ecologically desirable due to its positive effect on the hydrologic

characteristics of the site. Coppice dunes beneath existing bunchgrasses can

increase in size since both shrub Type I and bunchgrass Type I surfaces are

postulated to be largely formed by windblown soil particles accumulating

around the bases of shrubs and bunchgrasses. It appears that the change in

coverage by the bunchgrass Type I surface may be more related to climatic

events that create more or less soil deposition as opposed to an increase in native

bunchgrass density or vigor.

If the canopy cover of sagebrush is the primary vector for the capture of

airborne soil particles, then a reduction in sagebrush canopy cover may coincide

with a reduction in shrub Type I cover which was observed from 1995 to 1997.

This reduction also coincides with an increase in Type II surface and decrease in

Type III surface. Eckert et al. (1989) found that an increase in Type II surface

and a decrease in the proportion of Type III surface on sites in early-seral range

condition appears to begin soon after soil disturbance ceases. They (Eckert et al.
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1989) found a non-significant trend evident after one year and significant

changes after four years of protection. In that study, sites were protected from

grazing for different lengths of time before data was taken.

In our study, all sites were grazed until fencing was put in place in 1995.

The temporal pattern of change in the amount of coverage demonstrated in this

study may be important as it relates to thresholds of improvement that can or

should be expected within a particular range site with release from grazing.

Large changes in all soil surface types were observed from 1995 to 1996, with a

slower rate of change in all surface types occurring from 1996 to 1997. The rate

of change does not appear to be dependent on initial range condition. As long as

the microtopographic positions are still in place, the entire system including the

poorer condition sites may be very resilient to disturbance, but that the recovery

rates are likely to decline.

The fair condition sites consistently had 3-4 times as much coverage by

Type IV than the good or poor condition sites (Tables 4.1, 4.2). This result was

unexpected, however, this pattern may be associated with a loss in bunchgrass

Type I from good to fair and increases in shrub Type I from good to poor.

Again on a system level, perhaps a threshold has been approached and then

compensated for over time.
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Table 4.2. Yearly comparisons of soil surface types within condition class.

% Surface Cover by Soil Surface Type/M2

Condition
Class/Year Shrub Bunchgrass

Type Type I Type II Type III Type IV Other4

Good
1995 34a1 la 5a 20a 3a 37a
1996 17b 5a l8ab lb 8a 51a
1997 13 b 20 b2 20 b Tb3 6 a 41 a

Fair
1995 46a Ta 3a 17a 13a 21b
1996 22b la 15a 4ab 17a 41a
1997 21b 7a 32b Tb 15a 25b

Poor
1995 49a Ta 2a 15a 3a 31b
1996 22b la 16a lb 6a 54a
1997 21b 6a 38b Tb 4a 31b
Yearly means within condition class same column followed by different letters

are significantly different (P<0.05), 2 possible outlier, T=trace <0.5% cover,
pattern, surface rock, rodent disturbed surface, ant hill.

Type II surfaces are postulated to be the flattened, somewhat eroded

remnants of former Type I coppices (Stephens 1979 unpublished), and there

appears to be an increase in Type II associated with a corresponding decrease in

both shrub Type I surface cover and sagebrush cover from 1995 to 1997. This

may have decreased the soil surface area being ameliorated by shrub canopy,

allowing pinnacle forming processes such as frost-heaving, shrink/swell of the

mineral surface, and shrink/swell of any filamentous biological crust that may be

present (Danin 1998) to become accelerated thereby increasing the amount of

Type II surface. It was also noted by Eckert et al. (1989) that following

crushing and powdering of a soil surface by tillage or heavy livestock trampling,
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each surface type seems to re-form if its microtopographic position has not been

obliterated. A powdered Al sub-horizon of the Type II surface reforms into

small polygons with marginal cracks and small pinnacles. The cracks become

trenched, the entire polygon top becomes pinnacled, and the initially massive

surface regains its platyness and friability (Eckert et al. 1989). Grazing was

excluded from our study sites prior to the winter of 1994/1995, and the first

baseline data was taken in the summer of 1995, therefore, this increase may not

be unreasonable.

Since biological crusts (living crusts) are major components of these

pinnacled interspace surfaces, increases in the cryptogamic cover may also have

occurred, but this was not measured in this study. Kaltenecker (1999), studying

recovery of biological soil crusts in the Wyoming big sagebrush ecosystem in

east-central Idaho, found that the amount of biological surface crust cover in

Wyoming big sagebrush exclosures released from grazing 8 years prior to

measurement was double the amount of cover outside the exclosures. Greene

(1990) found that in a semi-arid eucalypt woodland, heavily invaded by shrubs,

that cryptogam cover reached pre-burn levels in only 4 years.

Therefore, in the absence of disturbance, if the natural variation in

coverage by Type II surface significantly increases in very short periods of time

e.g., 1-2 years particularly on poor condition sites, this result may point to a

positive effect on the natural variation and recovery of biological crusts as well.
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Diversity

Across all condition classes, greater species richness was observed in

1996 than in 1997 (Table 4.3).

Table 4.3. Changes in species richness, and percent cover by soil surface type
within condition class.

Year! Diversity Soil Surface Type (%) Cover
Condition

Species Shrub Bunchgrass
Richness Type I Type I Type II Type III Type IV

Good
1996 26a' 17a 5a 18a la 8a
1997 20b 13a 20b2 20a Ta3 6a

Fair
1996 24a 22a la iSa 4a 17a
1997 19b 21a 7a 32b Ta 15a

Poor
1996 22a 22a la 16a la 6a
1997 13b 21a 6a 38b Ta 4a
Yearly means within condition class same column followed by different letters

are significantly different (P< 0.05), 2 Outlier, suspect, 3Trace=<0.5% cover

Preliminary data from an associated germinable seed bank study

indicates that germinable seed resources were consistently higher beneath

sagebrush plants (shrub Type I) than in the interspaces (Types IV) regardless of

condition class with annuals contributing the most to this disparity. An example

of the germinable seed bank results from one good and one poor study site by

microtopographic position, are shown in Table 4.4 (Eddleman 200lunpublished

data).
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Table 4.4. Average germinable seed bank at Foster Flat on Hi (Good
Condition) and on H3 (Poor condition) by microtopographic position
(Sagebrush Type I beneath sagebrush canopies and Playette Type TV
interspace areas) by year (1995, 1996, 1997) in number of seedlings per 0.1 m2

Total Perennial Annual ARTRW ACTH7 POSA12
GOOD
Type I

1995 570 162 408 9 17 130
1996 89 9 80 6 0 0
1997 309 117 273 11 6 98

Type TV
1995 177 118 59 9 5 103
1996 23 20 3 5 0 14
1997 250 42 208 5 0 33

POOR
Type I

1995 397 210 188 9 0 0
1996 305 122 183 5 0 3

1997 997 114 883 5 0 44
Type TV

1995 187 97 90 11 0 17
1996 39 17 22 1 0 1

1997 180 19 161 5 0 2

Big sagebrush and Sandberg bluegrass seedlings were usually more

abundant in samples taken from beneath sagebrush plants and the same was true

for Thurber needlegrass but only on the good and fair condition sites. This is

consistent with the more positive hydrologic environment and protected position

beneath the sagebrush canopy.

The reduction in the coverage of shrub Type I from 1996 to 1997 across

all study sites may have contributed to the lower species richness overall in
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1997, however, there was no clear pattern between the change in amount of

other soil surface types and species evenness.

For example, on the good condition study sites from 1996 to 1997

coincidentally with a reduction of shrub Type I, there was a reduction in the

numbers of very abundant native annual forb species such as maiden blue-eyed

Mary (Collinsia parvflora Lindi.). The density of Collinsia parvUlora Lindl.

which prefers shrub Type I surfaces was reduced by 73% from 1996 to 1997.

However, Desert madwort (Alyssum desertorum Stapf, a very abundant

species that prefers drier interspace Type III and Type IV surfaces, increased by

41% over the same time period, but cover of interspace soil surface Types III

declined and IV remained essentially the same.

Type II surface increased significantly on the fair condition sites from

1996 to 1997, and the density of sagebrush (including seedlings) which prefer

the trench like cracks of Type II surfaces (Stephens 1979) also increased

significantly on the fair condition sites during that same time.

In the absence of grazing disturbance, the amount of coverage by soil

surface types (Types I, II) appears to be cyclic and somewhat at odds with a

constant rate of increase in species diversity. For example, an increase in Type

II soil surface, may in the short term promote an increase (either basal cover or

density) in native bunchgrasses such as Thurber needlegrass, Sandberg bluegrass

and filamentous cryptogams; but, in the longer term, may decrease species

richness by promoting the germination and establishment of dominant shrub
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species such as sagebrush, which in much longer terms becomes the best sites

for establishment of a variety of species.

SUMMARY

On rangeland in eastern Oregon within the Wyoming big sagebrush and

Thurber needlegrass plant association, distinct soil surface microtopography can

be observed. Five soil surface types were observed on all study sites, but there

was no consistent pattern of coverage relating soil surface types with more

positive hydrologic characteristics e.g. shrub Type I, bunchgrass Type I, and

Type II cryptogam stabilized surfaces to the good condition class, and less

favorable crusted soil surfaces e.g., Types III and IV to the poor condition class.

Although we were unable to include study sites in excellent condition,

within any given year the good condition sites did consistently have more

bunchgrass Type I surface than the fair and poor condition sites, while the fair

condition sites had more of the surfaces associated with less microrelief such as

Type III and Type IV. The poor and the good condition sites had similar percent

cover of the unfavorable Type III and Type IV surfaces.

Across years from 1995 to 1996, significant changes by all soil surface

types may indicate a rapid system response to disturbance, but this response was

not maintained during the following year. Therefore, we conclude that the

proportion of coverage by the various soil surface types has a strong temporal

component affecting change regardless of initial range condition, but
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particularly on the fair and poor condition sites. Recovery appears to be initially

rapid, but that recovery is confounded by current climactic conditions.

Measurements should include multiple time periods (years) since recovery rates

based on data from 1 year may be misleading.

Even though there was no difference among condition classes these

yearly temporal changes may reflect subtle functionality changes within the sites

related to the natural revegetation characteristics of the site. Any changes in

amount of coverage by the various soil surface types that either positively or

negatively affect hydrologic functioning of these semi-arid rangelands have to

be considered important.

Species diversity on rangelands or public land in general should be

considered in the context of the existing environment and management time

frames. For example, shrub Type I surfaces in particular present a dichotomy

for increasing native plant species diversity. In the short term, management for

an increase in the amount of Type II soil surface associated with sagebrush plant

may increase species diversity including cryptogamic species which stabilize

this surface, but it is also the preferred soil surface for sagebrush seedlings to

germinate and establish. Longer term, as sagebrush matures and canopy cover

increases, it can reach levels where diversity declines particularly in the more

arid regions of the sagebrush steppe where resources are scarce. On the other

hand, the organic rich, friable, structured soil of the shrub Type I coppice dunes

beneath the sagebrush plants is the most favorable area for many native plants to
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germinate and establish within the Wyoming big sagebrush/Thurber needlegrass

community.

Longer term, these coppice dunes and their associated Type II surface

with its cryptogamic component may become more spatially uniform across the

site improving hydrologic site characteristics even more. The Type II surfaces

appear to be naturally resilient recovering quickly from grazing disturbance.

Depending on where in the natural cycle the initial observations are

taken, different conclusions on site condition would be made. Our study sites

seem to be in flux, having large yearly variations. A poor site in one year may

be classified as a fair site the next year, or given the amount of Type IV on the

fair condition sites in either year, using the soil surface criteria alone, they might

be classified as being in poor condition.

The mixed results obtained in this study suggest that: 1) within any given

year, there is no direct relation between the amount of cover by any soil surface

morphological type and range condition, 2) high system responses, as measured

by changes in coverage by the various soil surface types when sites are initially

released from grazing may not be maintained with continued exclosure, 3) initial

system resilience is high regardless of range condition, 4) initial system response

may represent an upper threshold of recovery within management time frames,

5) changes in the proportion of the soil surface types, particularly those with

positive hydrologic characteristics (shrub Type I, bunchgrass Type I, Type II)

may in the short term, increase species diversity particular in dry years, but
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longer term may decrease species diversity due to increased microsites for

shrubs, and 6) changes in soil surface microtopography should be monitored

over time in conjunction with vegetation parameters of a site.
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CHAPTER 5

SUMMARY

Investigation into the temporal heterogeneity of species diversity using

one ecological range site (Wyoming big sagebrushlThurber needlegrass) within

the larger Intermountain West sagebrush steppe ecosystem has resulted in the

extension of our understanding of the natural variation that can occur in plant

species diversity across condition classes and years in the absence of disturbance

by large grazing ungulates.

The natural temporal component of plant species diversity (year and

season) was high and accounted for 60% of the variation in the observed

species richness regardless of initial range condition. All measures of diversity

considered in this study, (species richness counts, Simpson's and Shannon's

indices, and Hill's Ni, N2) were affected by these seasonal and yearly

fluctuations. Within season, none of the diversity indices whether based on

density or percent cover could consistently distinguish among sites in varying

levels of range condition. Fair and poor condition sites were most often lumped

together and distinguished from the good condition sites.

A seasonal re-classification of our study sites based on a modified

condition index as percent of PNC showed that not only does species

composition change, but the index of condition also changed. On only 3 study

sites did the index remain relatively constant, and on 6 study sites, year and
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season heavily influenced the classification. Some study sites responded

positively and others negatively to removal of grazing by adjusting their relative

species composition.

A Spearman rank test showed that there was a significant relationship

between the observed number of species at any point in time and the modified

condition index in 4 out of 6 seasons, although observed species richness at any

one point in time, particularly fall, even when averaged over replicate sites

appears to significantly underestimate the actual species richness at the

ecological site level.

The initial a priori condition class gradient designations were supported

by our summer index data, and there was a significant correlation between the

modified index and species richness in 1996 but not in 1997.

Our results also showed that there was a significant correlation between

the 6 diversity indices and the modified condition class index in spring and

summer but not in fall. The temporal dynamics are such that from season to

season and year to year, a study site can and did move up or down along the

condition gradient based primarily on temperature and moisture inputs to the

site.

Within season Hill's E5 evenness appeared to be least affected by

seasonal changes of the individual species.
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From an ecological standpoint, bow evenness is distributed among the

species that are present may be the best indicator of ecosystem function. From a

range management standpoint, evenness among the plant species would be the

most difficult to effect.

Functional classifications based on life form and Raunkiaer's biological

classification of placement of over-wintering buds, did not add any more useful

information for management purposes. It may be that there is a high degree of

functional redundancy in the system.

In a compensatory life form example, if the abundance of a native

perennial bunchgrass such as Thurber needlegrass decreases going from good to

poor condition, abundance of another perennial bunchgrass species such as

Sandberg bluegrass (Poa secunda J. Presi.) may increase on the poor sites in a

compensatory function. This type of substitution was observed in this study.

In a compensatory Raunkiaer's biological classification example, if the

abundance of one therophyte group such as Great Basin woolystar (Eriastrum

sparsiflorum (Eastw.) Mason) decreases going from good to poor condition, its

function may be compensated for by another therophyte entering the system on

the poor site, for example cheatgrass (Bromus tectorum L.). This was the case

in this study. Even though one is a native annual forb, and the other an

introduced annual grass, they are both classified as therophytes because they

survive the unfavorable season in the form of seed; but they complete their
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entire life-history from seed to seed during the favorable season perhaps even in

a few weeks.

We tend to agree with Wicklum and Davies (1995) when they state that

defining an optimal condition at the ecosystem level is not possible.

Ecosystems do not rely on individual components to function as a whole.

Health implies a state of well being (Rapport 1998), but vegetation dynamics

shows that ecosystems function whether they contain many species or few. At

the range site level, one considered to be in poor condition is just as functional

as one that is considered to be in good condition. Even at the delta level of

comparison, semi-arid ecosystems such as the sagebrush steppe with the

approximately 101 plant species we observed are just as functional ecosystems

as is a tropical rainforest. It is not possible to quantify the minimum number of

species, which make a functional ecosystem. A complete ecosystem dominated

by lichens in Antarctica consists of 6 species. The health criterion is not so

much the 6 species but rather an ecosystem in which 6 species handle all the

different functions, such as photosynthesis and decomposition.

Recognizing that we had a limited sample size which did not include any

study sites in excellent condition and past history of disturbance both intensity

and duration was only partially known, our results do not appear to support the

definition of the intermediate disturbance hypothesis (Grime 1973, Horn 1975,

and Connell 1978). The distribution of species richness across the condition

class gradient did not show the characteristic bell shaped curve indicating
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maximum species diversity occurring on fair condition sites. However, during

some seasons, fair and poor condition study sites did have greater species

diversity than good condition study sites. Overall within season, there was no

statistical difference in diversity among the condition classes. Regardless of

condition class, spring diversity was statistically higher than summer or fall.

High rates of positive change were observed in soil surface micro-

morphology after the first year of exclusion from cattle grazing, but the high rate

of change was not observed the following year suggesting climactic influences

at the microtopography level.

It is our conclusion that climactic influences on the macro (vegetation)

and microscale (soil surface) are substantial in this Wyoming big

sagebrushlThurber needlegrass plant association, and that management of these

areas based on one measure such as plant species diversity would not provide

proper direction for management purposes.

Our results indicate that in ecosystems where distinct seasonal changes

affect plant community composition, observed species richness numbers should

be used with caution as a criterion for ecological assessment. Species richness

data taken at one point in time appear to represent only that period of time and

did not provide good predictive results particularly in the fall when observed

species counts significantly underestimated the total number of unique species

observed on the study site.
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Unless a specific delineation of the temporal scale of measurement is

included in the protocol, the high spatial-temporal variation of diversity renders

the diversity concept and its indices ineffectual as a goal in assessing the

condition of temperate ecosystems including sagebrush steppe rangelands. For

example, in this ecological site, plant diversity data would be most

representative of the site if begun and completed during flowering of the main

herbaceous plant species. Species counts taken in the fall would be least

representative of the ecological site.

It has not yet been convincingly demonstrated in the ecological literature

that greater plant species richness indicates a more stable, resistant, or resilient

ecosystem. Ecologically, current indices of diversity do not take into account

the quality of species in concert with the functioning of the whole community

e.g., photosynthesis or decomposition. Diversity's role in the new dynamic

equilibrium theory of stable states and transitions has yet to be detennined.

We have also shown that a combination of biotic and abiotic factors

measured seasonally over long periods of time are needed to provide reasonable

estimates of the natural amplitude of variation in species presence, and to

identify possible mechanisms for plant species diversity within an ecosystem.

This is the baseline information against which deviation assessment criteria can

be created.

Finally, even if plant species diversity was able to delineate among sites

in varying levels of condition, that diversity still does not provide answers to
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such basic questions as 1) what is the desired mix of plant species 2) how should

introduced plant species be counted 3) how long of a period (years) must be

analyzed and 4) what is the appropriate size of permanent plots which would be

vegetation type or ecological site specific.

In the end, no matter how much field effort is exerted, good, fair, and

poor ecosystem states carmot be defined scientifically. They can only be based

on the kind of ecosystem desired by society.

"Not all that is counted counts and not all that counts can be counted"
A. Einstein
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APPENDIX I

MASTER VEGETATIVE SPECIES LIST
(101 TOTAL SPECIES ENCOUNTERED)
1995/1996/1997 INCLUSIVE

Plant
Code Genus Species

1 ACHY Achnatherum hymenoides (Roemer & J. A. Schultes) Barkworth
2 ACTH7 Achnatherum fhurberianum (Piper) Barkworth
3 ACWE3 Achnatherum webberi (Thurb). Barkworth
4 AGDE2 Agropyron desertorum (Fisch. Ex Link) J. A. Schultes
5 AGGL Agoseris glauca (Pursh) Raf
6 AGGR Agosens grandifiora (Nutt.) Greene
7 ALDE Alyssum desertorum Stapf
8 ALLE3 Allium Iemmonii S. Wats.
9 ALLIU Allium species x

10 ALPA3 Allium pervum Kellogg
11 AMIN3 Amsinckia intermedia Fisch & C. A. Meyer
12 ANDI2 Antennaria dimorpha (Nutt.) Torr & Gray
13 ARDI2 Arabia diver/carps A. Nels.
14 ARHO2 Arabia ho/boelIll Hornem
15 ARTRW Artemisia trident at aiwyom Nutt.
16 ASCU4 Astragalus cu,vicarpus (Sheldon) J. F. Macbr.
17 ASFI Astragalus Wipes Torr. Ex Gray
18 ASLE8 Astragalus lentiginosus Dougl. Ex Hok.
19 ASOB4 Astragalus obscurus S. Wats.
20 ASPU9 Astragalus purshii Dougl. Ex Hook
21 ASSC3 Aster scopulorum Gray
22 ASTRA Astragalus species x
23 BRIE Bromus tectorum L.

24 CACH7 Castilleja chromosa A. Nels.
25 CADO2 Carex douglasii Boott
26 CATA2 Camissonia** tenacetifolia (Torr. & Gray) Raven (**Oenothera)
27 CHDO Chaenactis douglasii (Hook.)Hook. & Am.
28 CHVIB Chrysothamnus viscidiflo,us (Hook.) Nutt.
29 CHWA2 Chorizanthe watson/i Torr & Gray
30 COPA3 Collinsia parviflora Lindl.
31 CORA5 Cordylanthus ramosus Nutt. Ex enth.
32 CRAC2 Crepis acuminate Nutt.
33 CRCC Crapis occidental/s Nutt.
34 CRCI2 Cnjptantha circumscissa (Honk. & Am.) I. Johnst.
35 CRWA2 Cryptantha watsonii (Gray) Greene
36 DEAN Delphinium anderson/i Gray
37 DENU3 Delphinium nuttallii Gray
38 DEPI Descurainia pinnata NaIter) Britton
39 DERI2 Descurainia richardsonii (Sweet) 0. Schultz
40 ELELE Elymus elymoides (Raf.) Swezey
41 ELLAL Elymus Ianceolatus (Schribn. & J. G. Sm.) Gould sap lanceolatus
42 EPBR3 Epilobium brachycarpum Presl. (**paniculatum)
43 ERCV Eriogonum ovalifolium Nutt.
44 ERFI2 Erigeron filifolius (Hook.) Nutt.
45 ERPO2 Erigeron poliospermus Gray
46 ERSP3 Eriastrum sparsfflorum (Eastw.) Mason
47 ERVI5 Eriogonum vimineum Doug. Ex. Benth.
48 FEID Festuca idahoensis Elmer
49 FRPU2 Fritillaria pudica (Pursh) Spreng.
50 GANU2 Gayophytum nuttallii Torr & Gray (**lasiospermum)
51 GARA Gayophytum racemosum Torr & Gray
52 GARA2 Gayophytum ramosissimum Torr & Gray
53 HAPLO2 Haplopappus species x
54 HECOC8 Hesperostipa comets Trin. & Rupr.
55 KOPY Koeleria pyramidata (Lam.) Beauv. (**cristata)
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APPENDX (continued)

MASTER VEGETATIVE SPECIES LIST
(101 TOTAL SPECIES ENCOUNTERED
199511996/1997 INCLUSIVE

Plant Nrn
Code Genus Species

56 LARE Lappula redowskii (Hornem.) Greene

57 LEPE2 Lepidium pelfoliatum L.

58 LEPU Leptodactylon pungens (Torr.) Torr. Ex Nutt.

59 LERE7 Lewisia re4wiva Pursh.

60 LILI2 Linanthus IinifJorus (Benth.) Greene (**pharnaceoides)

61 LOMA3 Lomatium macrocarpum (Nutt. Ex Torr. & Gray) Coult. & Rose

62 LONE Lomatium nevadense (S Wats.)

63 LUAR3 Lupinus agenteus Pursh.

84 LUBR2 LUP1nUS brevicaulis S. Wats.

65 LULE2 Lupinus lepidus Dougl. Ex LindI.

66 LUSU1O Lupinus subvexus C. P. Smith (**mjcrocarpus)

67 MACA2 Machaeranthera canescens (Pursh) Gray

68 MEDI Mentzelia dispersa" depressa **

69 MIGR Microsteris grad/is (Hook.) Greene

70 ORFA Orobanche fascjculata Nutt.

71 PENST Penstemon species x

72 PESP Penstemon speciosus DougL Ex Lindl.

73 PHHA Phacelia hastata Dougl. Ex Lehm.

74 PHHO Phlox hoo4ii Richards

75 PHLI Phacelia linearis (Pursh) Holz.

76 PHLO2 Phlox longifolia Nutt.

77 PLMA4 Plectritis macrocera Torr & Gray

78 POBU Poa bulbosa L.

79 POGU3 Poa cusickii Vasey

80 POMI Polemonium mioranthum Benth.

81 POPR Poa pratensis L.

82 POSA12 Poa sandbergii Vasey

83 POSC Poa scebrella (Thurb.) Benth. Ex Vasey

84 PSSPS Pseudoroegneria spicate (Pursh) A. Love sap. Spicata

85 RATE Ranunculus festiculafus Crantz

86 SCAN3 Scutellaria arlgustifolia Pursh.

87 SEIN2 Senecio integernrnus Nutt.

88 SEST2 Sedum sfenopef alum Pursh.

89 SIAL2 Sisymbnum aitissimum L.

90 TARAX Taraxicum species G. H. Weber

91 TECA2 Tetradymia canescens DC.

92 TEGL Tetradymia glabrata Torr & Gray

93 UNLIO xx xx xx

94 UNLII xx xx xx

95 CJNLI2 XX XX XX

96 UNL13 xx xx xx

97 UNLI5 xx xx xx

98 UNL16 xx xx xx

99 UNL17 xx xx xx

100 VUBR Vulpia bromoides (L.) S. F. Gray

101 ZIPA2 Zigadenus paniculafus (Nutt.) S. Wats.

* New nomenclature as listed in the National Plants database
USDA, NRCS 1999. The PLANTS database. National Plant Data Center, Baton Rouge, LA.
** name changes according to SCS-TP-159.
All other nomenclature as listed in National List of Scientific Plant Names Vol. 1 SCSTP1 59

USDA, SCS 1978.
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APPENDIX II

MASTER VEGETATIVE SPECIES LIST
BY YEAR ENCOUNTERED IN SAMPLE

Plant
Code Genus Species

IBN
1 ACHY Achnatherum hymenoides (Roamer & J. A. Schultes) Barkworth

2 *HEco5 Hesperostipa comata Tn,,.& Rupr.

3 AMIN3 Amsinckia mtarmed ía Fisch& C. A. Meyer

4 ASOB4 Astragalus obscurus S. Wats.

5 ASTRA Astragalus species x
8 CATA2 Camissonia tanscetifolia (Torn. & Gray) Raven (Oenothera)
7 DENU3 Delphinium r,uttallui Gray

8 DERI2 Descurainia rioharcisonil (Sweet) 0. Schultz

9 FEID Festuca idahoensis Elmer

10 GARA Gayoptiytum racemosum Tori & Gray
11 LILI2 Linanthus linif/orus** (Benth.) Greene (pharnaceoides)
12 LOMA3 Lomatium macrocarpum (t4utt ExTor,. & Gray) Coult &Rose

13 LUAR3 Lupinus argenteus Pursh.

14 LUBR2 Lupinus brevica u/is S. Wets.

15 PENST Penstemon species x
16 PLMA4 Plectritis macracers Torn &Gray

17 POBU Poa bulbo.sa L.

18 POPR Poa pratensis L.

19 UNL15 xx xx xx

1"G
20 CI-IWA2 Chonzanthe watson/i Torr & Gray

21 CRWA2 Cryptantha watsonli (Gray) Greene

22 FRPU2 Frititlaria pudica (Pursh) Sprang.

23 GANU2 Gayophytum nuttallil Torn & Gray (*iasiospermum)

24 tARE Lappula ,edowsk,/ (Home,,,.) Greene

25 LEPE2 Lepidium perfoliatum L.

28 PHLI Phacelia /inearis (Pursh) Holz.

27 POMI Polemonium micranthum Benth.

28 RATE Ranunculus feat/cu/at us Cranlz

29 SCAN3 Scutellana angustifolsa Pursh.

30 SEIN2 Senecio integerrimus Nutt
31 SEST2 Sedum stenopof alum Pursh.

32 SIAL2 Sisymbrium atlas/mum L
33 TARAX Taraxicum species 0. H. Weber

34 UNI1O xx xx xx
35 UNL11 xx xx xx
36 UNL12 xx xx xx
37 UNL17 xx xx xx

i's'

38 UNLI8 xx xx xx
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APPENDX (continued)

MASTER VEGETATIVE SPECIES LIST
BY YEAR ENCOUNTERED IN SAMPLE

All Plant
Years Code Genus Species

I AGOL Agoseris glsuca (Pursti) Ref
2 AGGR Agoseris grand/flora (Nutt.) Greene
3 ALDE Alyssum desertorum Stapf
4 ALLE3 Album !emmonhi S. Wats.
5 ALLIU Album species x
8 ALPA3 Album parvum Kellogg
7 ANDI2 Antennaria dimcrpha (Nut) Tort & Gray
8 ARDI2 Arabis divaricarpa A. Nels.
9 ARHO2 Arab is ho/boe/lii Hornem
10 ARTRW Artemisia fr/dentatalwyom Nufl
11 ASCU4 Astragalus cwvicarpus (Sheldon) J. F, Macbr.
12 ASFI Astragalus f/lipe.n Torr. Ex Gray
13 ASLE8 Astragalus lent iginos us Dougl. Ex Hok.
14 ASPU9 Astragalus purshii Dougl. Ex Hook
15 ASSC3 Aster scopu/cwm Gray
18 BRTE Bromus teotorum L.
17 CACH7 Castilieja ohmmosa A. Nels.
18 CADO2 Carex douglasii Scott
19 CHDO Chaenactis doug/osii (Hook.)Hook. & Am.
20 CHVI8 Chrysothamnus viscidiflonis (Hook.) Nut
21 COPA3 Collinsia parviflora Lindl.
22 CORA5 Cordylanthus ramosus Nut Exenth.
23 CRAC2 Crepis acuminate Nutt.
24 CRCC Crepis oockientalis Nutt.
25 CRCI2 Cryptantha circumsoissa (Hook. & Am.) I. Johnst
26 DEAN Delphinium and el'sonii Gray
27 DEPI Descurainia pinnate (Wafter) Britten
28 EPBR3 Epilobium brachycarpum** Presl. (*panjculafJjm)
29 ERCV Eriogonum osalifolium Nutt.
30 ERFI2 Erigeron rd/f olius (Hook.) Nutt
31 ERPO2 Erigeron po/iospermus Gray
32 ERSPS Eriastrum sparsiflorum (Eastw.) Meson
33 ERVI5 Eriogonum vimineum Doug. Ex. Benth.
34 GARA2 Gayophytum ramosissimum Tort& Gray
35 HAPLO2 Haplopappus species x
36 KOPY Koeleria pyramidata ** (Lam.) Beauv. (cristate)
37 LEPU Leptodactylon pungens (Forr.) Tort. Ex Nut
38 LERE7 Lewisia rediviva Pursh.
39 LONE Lomatium nevadense (S. Wats.)
40 LULE2 Lupinus lepidus Dougl. ExLindl.
41 LUSU1O Lupinus subvexus C. P. Smith ('microcarpus)
42 MACA2 Machaeranthera cenesoens (Pursh) Gray
43 MEDI Mentzelia dispersa' depressa **
44 MIGR Microsteris graci/is (Hook.) Greene
45 ORFA Orobanche fasciculata Nut
46 PESP Penstemon spec/os us Dougl. Ex Lindl.
47 PHHA Phacelia hastata Dougl. Ex Lehm.
48 PHHO Phlox hood/i Richards
49 PHLO2 Phlox /ongifo/ia Nufl
50 POCU3 Poe cusickii Vasey
51 POSAI2 Poa sandbe.'gii Vasey
52 POSC Poe soabrella (Thurb.) Benth. Ex Vasey
53 TECA2 Tetradymia canescens DC.
54 TEGL Tetradymia glebreta Tort & Gray
55 UNLI3 ra xx
56 VUBR Vulpia b,omoides (L.) S. F. Gray
57 ZIPA2 Zigadenus paniculatus (Nut) S. Wats.

* New nomenclature as listed in the National Plants database
USDA, NRCS 1999. The PLANTS database. National Plant Data Center, Baton Rouge, LA.
** name changes according to SCS-TP-159.
All other nomenclature as listed in National List of Scientific Plant Names Vol. 1 SCS-TP-1 59
USDA, SOS 1978.



APPENDIX III

SPRING 1996

Species Presence by Hectare

HI H4 Hi H2 H5 H8 H3 HG H9
31 36 33 37 30 27 31 20 34

I ACHY ACHY ACTH7 ACHY ACTH7 ALDE ACTH7 ACTH7 ACTH7
2 ACIH7 ACIH7 AGDE2 ACTh7 ALOE ALPA3 AGGL AGGR AGGR
3 AGGL AGGR AGGR AGOL ANDI2 ANDI2 ALLE3 ALOE ALOE
4 ALOE ALOE ALOE ALDE ARDI2 ARTRW ALUU ARDI2 ALPA3
5 ALUU ANDI2 ANDI2 ALLIU ARIRW ASPI ANOI2 ARIRW ANOI2
6 ARIRW ARIRW ARTRW ALPA3 ASLE8 ASLE8 ARHO2 ASLES ARTRW
7 ASPI ASPI ASPI ANDI2 ASSC3 ASPU9 ARTRW BRIE ASCU4
8 BRIE ASLE8 ASLE8 ARIRW BRIE BRIE BRIE COPA3 ASPI
9 CACH7 ASSC3 ASPU9 ASPI CHVIS COPA3 CHDO CRCC ASPU9

10 CHVI8 BRIE BRIE ASLEE COPA3 CRCC CHWA2 CRCI2 ASSC3
11 COPA3 CHWA2 CHVI8 ASPU9 CRCI2 CRCI2 COPA3 DEAN BRIE
12 CRAC2 COPA3 COPA3 BRIE CRWA2 OEAN CRAC2 OEPI CADO2
13 OEAH CORAS CRCC CACH7 DEAN DEPI CRWA2 ELELE CHDO
14 DEPt CRAC2 CRCI2 CHDO DEPt EPBR3 DEAN EPBR3 CHVI8
15 ELELE CRCC DEAN CHWA2 ELELE ERSP3 OEPI ERSP3 COPA3
16 EPBR3 CRWA2 DET'I COPA3 ELLAI. KOPY ELELE LONE CRCC
17 ERCV DEAN ELELE CRAC2 EPBR3 LEPU EPBR3 MEOI CRCI2
18 HAPLO2 DEPI EPBR3 DEAN ERCV LONE ERVI5 MIGR CRWA2
19 LONE ELELE ERCV DEPI ERPO2 LULE2 GARA2 POMI DEAN
20 LUSLIIO ERCV ERPI2 ELELE ERSP3 MEDI LARE POSAI2 ELELE
21 MIGR ERSP3 ERSP3 EPBR3 FRPU2 MIGR LEPE2 ELLAL
22 PESP GANU2 KOPY ERCV LONE PHLO2 LERE7 EPBR3
23 PHHA GARA2 LEPU ERSP3 MEDI POCU3 LONE ERSP3
24 PHU LEPU LONE HAPLO2 MIOR POSe MIOR OARA2
25 PHLO2 LERE7 LULE2 LEPU PHHO P05*12 PHHA KOPY
28 POSAI2 LONE MEDI LONE PHLO2 ELELE POMI LEPU
27 PSSPS LULE2 MIGR LULE2 POCU3 ACIH7 POSAI2 LONE
28 SCAN3 MIGR PHI.02 LUSU1O POSAI2 PSSPS MEDI
29 TECA2 P11140 POCU3 MIGR RAIE RATE MIGR
30 IEGL PHLO2 P05*12 PESP UNLI2 SIAL2 PHLO2
31 ZIPA2 POSAI2 POSC PHHA UNLIO POSAI2
32 PSSPS SESI2 PHLO2 POSC
33 RAIE UNLII POSAI2 RATE
34 UNLI3 PSSPS SEIN2
35 VUBR IARAX
36 ZIPA2 TEGL
37 VUBR
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Unique Species
Presence by
Condition Class

Good Pair Poor
59 53 52

I ACHY ACHY ACIH7
2 ACIH7 ACIH7 AGGL
3 AGOE2 AGGL AGGR
4 AGGL ALOE ALOE
5 AGGR ALUU ALLE3
6 ALOE ALPA3 ALLIU
7 ALLIU ANDI2 ALPA3
8 ANDI2 ARDI2 ANDI2
9 ARTRW ARTRW ARDI2
10 ASPI ASPI ARHO2
11 ASLE8 ASLE8 ARIRW
12 ASPU9 ASPU9 ASCU4
13 ASSC3 ASSC3 ASPI
14 BRIE BRIE ASLE9
15 CACH7 CACH7 ASPU9
16 CHVI8 CHDO ASSC3
17 CHWA2 CHVI8 BRIE
18 COPA3 CHWA2 CADO2
19 CORA5 COPA3 CHDO
20 CRAC2 CRAC2 CHVI8
21 CRCC CRCC CHWA2
22 CRCI2 CRCI2 COPA3
23 CRWA2 CRWA2 CRAC2
24 DEAN DEAN CRCC
25 DEPt DEPt CRCI2
26 ELELE ELELE CRWA2
27 EPBR3 ELLAL DEAN
28 ERCV EPBR3 DEPt
29 ERFI2 ERCV ELELE
30 ERSP3 ERPO2 ELLAL
31 GANU2 ERSP3 EPBR3
32 GARA2 FRPU2 ERSP3
33 HAPLO2 HAPLO2 ERVIS
34 KOPY KOPY GARA2
35 LEPU LEPU KOPY
36 LERE7 LONE LARE
37 LONE LULE2 LEPE2
38 LULE2 LUSIJIO LEPU
39 LUSUIO MEDI LERE7
40 MEDI MIGR LONE
41 MIGR PESP MEDI
42 PESP PHHA MIGR
43 PHHA PHHO PHHA
44 PHHO PHLO2 PHLO2
45 PHLI POCU3 POMI
46 PHLO2 P0SAI2 POSAI2
47 POCU3 POSC POSC
48 POSAI2 PSSPS PSSPS
49 POSe RATE RAIE
50 PSSPS IARAX SEIN2
51 RAIE IEGL SIAL2
52 SCAN3 UNLI2 UNLIO
53 SESI2 VUBR
54 TECA2
55 IEGL
56 UNLII
57 UNLI3
58 VUBR
59 7JPA2



APPENDIX IV

SPRING 1997

Species Presence by Hectare

HI 114 117 H2 H5 118 113 116 119

25 28 29 25 25 21 ill 16 32

I ACHY ACHY ACTH7 ACHY ACTH7 ACHY ACTH7 ACIH7 ACHY
2 ACTH7 ACTH7 AGDE2 ACIN? ALDE ACTH7 AGGL AGOR ACIH7
3 AGGL AGGR AGGR ALOE ANDE AGOE2 ALI.E3 AU)E AGGR
4 ALDE ALOE ALOE ALUU ARDI2 ALOE ANOIZ AROG ALOE
5 ALUU ANDI2 ANOI2 ARIAW ARHO2 ANDI2 ARHO2 ARHO2 ALPA3
9 ARTRW ARIRW ARTRW ASPi AreTRW ARTRW ARTRW ARIRW ANDI2
7 ASFI ASFI ASFI ASPU9 ASLE8 ASFI BRIE ASLE8 ARO(2
8 BRIE ASLE8 ASLE8 BRIE ASSC3 ASPU9 CHDO COPA3 ARIRW
9 CACH? ASSC3 ASPU9 CACH1 BRIE BRIE CRAC2 CRCC ASCU4
10 CHVI8 BRIE BRIE CR00 CR00 COPA3 DEAl DEAN ASPI
11 COPA3 COPA3 CHVIS CRAC2 HVI8 SRCC ELELE DEPI ASLE8
52 CRAC2 CRCC COPA3 DEAN COPA3 ELELE EPBR3 ELELE ASPIJ9
13 DEAN DEAN CRCC DEPI CRCC EPBR3 ERV15 EPBR3 ASSC3
14 DEPI DEPI DEAN ELELE DEAN ERSP3 GARA2 ERSP3 BRIE
15 ELELE ELELE DEPt ERCV DEPt 1EPU IGR GR CADO2
16 EPBR3 ERV ELELE ERPO2 ELELE FDI PSIHA POSAI2 CR047
17 ERCV ERSP3 EFSR3 ERSP3 ELLAL 1GR P05*12 CHVI8
18 HAPLO2 GARA2 ERCV HAPLO2 EPBR3 PHLO2 PSSPS COPA3
19 MIGR LEPU ERFI2 LEPU ERCV POCU3 CRCC
20 ORFA LERE7 ERSP3 LUSUIO ERSP3 POSAI2 CRt2
21 PHHA LONE KOPY PESP GARA2 PO$C ELELE
22 P111.02 LULE2 LEPU PHLO2 GR ELLAL
23 POSAI2 EGR LU(.52 P03*12 P9940 EPBR3
24 TECA2 PHHO MACA2 1801. P141.02
25 TEGL P11102 MEDI VUBR POSAI2 GARA2
26 POSAI2 MIGR KOPY
27 UNLI3 PHLO2 LEPU
28 EPA2 POCU3
29 P03*12 IEGR
31J P141.02

31 POSA12
32 POSC
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Urnoue Species
Presence by
Condition Class

GOOD FAIR POOR
46 42 41

I ACHY ACHY ACHY
2 ACTH7 ACTH7 ACTH7
3 *0052 AGDEZ AGGL
4 AGOL ALOE AGOR
5 *008 ALUU ALOE
9 ALOE *8042 *1.1.53
7 ALLIU ARDI2 ALPA3
8 ANDI? ARHO2 ANDI2
9 ARTRW ARTEW ARDI2
10 ASPI ASPI ARHO2
11 *31.58 ASLES ARTRW
52 ASPU9 ASFU9 ASCU4
13 ASSC3 ASSC3 ASFI
14 BRIE BRIE ASLE8
15 CACH7 CACH7 ASPU9
19 CHVI8 CR00 ASSC3
17 COPA3 CHVI8 BRIE
58 CRAC2 C0PA3 CA 002
19 CRCC CRAC2 CHDO
20 DEAN CRCC C11V18

21 DEPt DEAN COPA3
22 ELSIE DEPt CRAC2
23 EPBR3 ELELE CRCC
24 ERCV ELLAL CRCI2
25 ERFI2 EPBR3 DEAN
26 ERSP3 ERCV DEPI
27 GARAZ ERPO2 ELELE
28 HAPLO2 ERSP3 ELLAL
29 KOPY GARA2 EPBR3
3D LEPU HAPLO2 583P3
31 LERE7 LEPU ERVI5
32 LONE LUSUIO GARA2
33 LULE2 MEDI KOPY
34 MACA2 fiSOR LEPU
35 MEDI PESP MEDI
39 *808 P1480 MIGR
37 ORFA PHLO2 PHHA
38 PHHA POCU3 PHLO2
39 PHHO P05*12 POSAI2
40 PHLO2 POSC POSC
41 POCU3 TEGL PSSPS
42 POSAI2 VUER
43 TECA2
44 TEOL
45 UNLI3
46 ZIPA2
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APPENDIX V

SUMMER 1996 Unique Species
Presence by

Species Presence by Hectare Condition Class

HI H4 Hi 142 H5 H8 H3 H6 H9 Good Fair Poor

26 27 25 29 24 21 23 18 25 45 44 40

I ACHY ACHY ACTHT ACHY ACTH7 ACTH7 ACIH7 ACTH7 ACIH7 1 ACHY ACHY ACTH7

2 ACTH7 ACTH7 AGOE2 ACTH1 ALOE ALDE AGGL AGGR AGGR 2 ACTH7 ACIH7 AGOL

3 AGGL ALOE AGGR AGGL ARDI2 ARTRW ALLE3 ALOE ALOE 3 AGOE2 AGGL. AGGR

4 ALDE ARTRW ALOE ALOE ARTRW ASFI ARHO2 ARDI2 ARTRW 4 AGGL ALOE ALOE

5 ALUU ASPI ARTRW ALLIU ASLE8 ASPU9 ARTRW ARTRW ASFI 5 AGGR ALLIU ALLE3

6 ARTRW ASLE8 ASPI ARTRW ASSC3 BRTE BRTE ASLE8 ASPUS 6 ALOE AROI2 AROI2

7 ASPI ASPU9 ASLE8 ASPI BRIE C0PA3 CJ400 COPA3 ASSCS 7 ALLIU ARTRW ARHO2

8 BRTE ASSC3 ASPU9 ASPU8 CHDO CRCC COPA3 CRCC BRTE 8 ARIRW ASPI ARTRW

9 CHVI8 BRIE CHVI8 BRIE CHV18 ELELE CRAC2 DEAN CHVI8 9 ASFI ASLE8 ASPI

10 COPA3 COPA3 COPA3 CHDO COPA3 ERSP3 CRWA2 DEPt COPA3 10 ASLE8 ASPU9 ASLE8

ii CRAC2 CORA5 CRCC COPAS DEAN GARA2 DEAN ELELE CRCC II ASPU9 ASSC3 ASPU9

12 DEPI CRCC DEAN CRAC2 DEPt KOPY DEPt EPBR3 ELELE 12 ASSC3 BRIE ASSC3

13 ELELE CRWA2 ELELE DEAN ELELE LEPU ELELE ERSP3 ELLAL 13 BRIE CHDO BRIE

14 ERCV DEAN ERCV ELELE ELLAL LONE EPBR3 GARA2 EPBR3 14 CHVI8 CHVI8 CHDO

15 GARA2 ELELE ERSP3 EPBR3 ERCV LULE2 GARA2 LONE ERSPS 15 COPAS COPA3 CHVI8

18 LONE ERCV GARA2 ERCV ERPO2 MEOI LEPE2 MIGR GARA2 16 CORAS CRAC2 COPA3

17 LUSUIO ER$P3 KOPY ERSP3 ERSP3 MIOR LONE POSA12 KOPY 17 CRAC2 CRCC CRAC2

18 MIGR LEPU LEPU GARA2 GARA2 PHLO2 MIGR UNLI7 LEPU 18 CRCC DEAN CRCC

19 PESP LONE LONE HAPLO2 LONE P0CU3 PHHA LONE 19 CRWA2 DEPI CRWA2

20 PHHA LULE2 MIGR LONE MIGR POSAI2 POMI MIGR 20 DEAN ELELE DEAN

21 PHU MIGR PHLOZ LUSUIO PHHO POSC POSAI2 PHLO2 21 DEPt ELLAL DEPt

22 PHL02 ORPA POCU3 MIGR PHLO2 PSSPS POSAI2 22 ELELE EPBRS ELELE

23 POSAI2 PHI4O POSAI2 PESP POCU3 RATE POSC 23 ERCV ERCV ELLAL

24 PSSP$ PHLO2 POSC PHHA POSAI2 RATE 24 ERSP3 ERPO2 EPBR3

25 TECA2 POCU3 SESI2 PHLO2 SEIN2 25 GARA2 ERSP3 ERSP3

26 TEGL POSA12 POSAI2 26 KOPY GARA2 GARA2

27 UNLI3 PSSPS 27 LEPU HAPLO2 KOPY

28 TEGL 28 LONE KOPY LEPE2

29 VUBR 29 LULE2 LEPU LEPU

30 LUSUIO LONE LONE
31 MIGR LULE2 89CR
32 ORFA LUSU1O PHHA
33 PESP MEDI PHLO2
34 PHHA MIGR POMI

35 PHHO PESP POSA12

36 PHU PHHA POSC

37 PHLO2 PHHO PSSPS

38 POCU3 PHLO2 RATE
39 POSAI2 POCU3 SEIN2

40 POSC P0SAI2 UNL1T
41 PSSPS POSC
42 SEST2 PSSPS
43 IECA2 IEGL
44 TEOL VUBR
45 UNLI3



APPENDIX VI

SUMMER 1997

2
3
4
5
6
7
8
9
10
11

12
13
14
15
16
17
18
19
20
21

22
23

HI $4 $7
20 23 19

ACHY ACHY ACTH7
ACTHT ACTHT AGDE2
AGGL ALOE ALOE
ALUU ANDIZ ARTRW
ARTRW ARTRW ASH
ASH ASFI ASPU9
BRTE ASLE8 COPA3
CACH7 ASPU9 CRCC
CHVIB ASSC3 ELELE
COPA3 COPA3 EPBR3
CRAC2 CORA5 ERCV
ELELE ELELE ERFI2
EPBRS ERCV KOPY
ERCV ERSP3 LEPU
LONE GARA2 MIGR
PHHA LEPU PHLO2
POSAI2 LONE POCU3
PSSPS LULE2 POSAIZ
TECA2 MIOR P050
TEOL PHHO

PHLO2
POSA12
UNLIB

Species Presence by Kectare

$2 115 NB

19 22 17

ACHY ACTH7 ACTH7
ACTHT
ALLLJ

ALOE
ANDI2

AGDE2
At.DE

ARTRW
ASH

ARDI2
ARTRW

ARTRW
ASH

ASPU9 ASLEB ASPU9
BRTE A$SC3 COPA3
CACH7 BRIE CR00
CRAC2 CHVIS ELELE
ELELE COPA3 EPBR3
ERCV DEAN ERSP3

ERSP3 DEN KOPY
HAPLOZ ELEIE N9GR
LEPU ELLAL PHLO2
PESP EPBR3 P0003
PHLO2 ERCV POSAI2
POSAI2 ERSP3 POSC

1501. GARA2
VUBR MIGR

P14*40
PHLO2
POSAI2

$3 $6 $9

9 10 22

ACTH1 ACTH7 ACTH?
AND*Z AGGR ALOE
ARI4OZ ALOE AHDI2
ARTRW ARTWW ARTRW
BRIE ASLE8 ASH
CRAC2 BRTE ASPU9
DEPt COPA3 ASSC3
ELELE DEAN CADO2
POSAI2 ELELE CHVIØ

POSAI2 COPA3
CRCC
ELELE
ELLAL
EPBR3

GARAZ
KOPY
LEPU
MIOR
P*4L02
POSA12
p050
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Unlgee Species
Presence by
Condition Class

GOOD FAIR POOR
40 38 29

I AGDE2 AGDA AGDA
2 AGG. AGDE2 AGGR
3 AGSP ALOE ALDE
4 ALOE ALUU ANDI2
5 ALUU ANDI2 AR1402
6 ANDI2 ARDI2 ARTRW
7 ARTRW ARTRW ASFI

8 ASH ASH ASLE8
9 ASLE8 ASLE8 ASPU9
10 ASPU9 ASPU9 ASSC3
11 ASSC3 ASSC3 BRTE
12 BRTE ERTE CAQO2
13 CAcH7 CACH7 CHVI8
14 CHVIB GHVIB COPA3
15 cOPA3 COPA3 CRAC2
16 CORA5 CRAC2 CRCC
17 CRAC2 CRCC DEAN
18 CR00 DEAN DEN
19 EPBRS DEN EPBR3
20 ERV EPBR3 ERSP3
21 ERFI2 ERCV GARA2
22 ERSPS ERSP3 KOPY
23 GARA2 GARA2 LEPU
24 KOPY HAPLO2 MIGR
25 LEPU KOPY PHLO2
26 LONE LEPU POSC

27 LULE2 MIGR POSAI2
28 MIGR ORHY Silly
29 ORHY PESP 571HZ
30 PHHA PHHO
31 PHHO PHLO2
32 PHLO2 POCU3
33 POCU3 P050
34 POSC POSA12
35 POSAI2 SIHY

36 SIHY STTH2
37 STTH2 TEGL
38 TECA2 VUER
39 TEGL



APPENDIX VU

FALL 1996

Species Presence by Hectare

2
3

4
5
S

7

8

9
10
11

12
13
14

15
16
11
19
19

20
21

22

23
24
25
26
27
28
29
30
31

HI H4 117

24 23 20

ACHY ACHY ACTH7
ACTH7 ACTH7 AGDE2
AGOL ALOE ANGR
ALOE ARTRW ALOE
ALLIU ASPI ARTRW
ARTRW ASLES ASFI
ASFI ASSC3 ASLE8
BRIE BRIE CHVB
CHVIS COPA3 COPA3
COPA3 CORAS CRCC
CRAC2 CRAC2 DEPI
DEN CRCC ELELE
ELELE CRWA2 EPBR3
EPBR3 DEAN ERCV
ERCV ELELE ERSF3
LONE ERCV LEPU
MIOR ERSP3 PHLO2
PESP GARA2 P00O3
PHHA LEPU POSAI2
PHLO2 LULE2 POSC
POSAI2 PHLO2
PSSPS POSAI2
IECA2 VUER
TEGL

112 115 HO

31 fl 16

ACHY ACIH7 ACTH7
ACTH1 AIDE AGDE2
AGGI. ARDE ALOE
ALOE ARIRW ARTRW
ALLiU A&ES BRIE
AR1RW 43SC3 COPA3
ASPI BRIE ELELE
ASLES CHVI8 ERSP3
ASPUS COPA3 KOPY
BRIE DEAN LEPU
COPA3 DEPI LONE
CRAC2 ELELE MIGR
CRWA2 ELLAL P11102
DEAN EPBR3 POCU3
DEPI ERV POSAI2
ELSIE ERPO2 POSC
EPBR3 ERSP3
RRCV GARA2
ERSP3 MIGR
GARA2 PHHO
HAPLO2 PHLO2
LEPU POSAI2
LUSOIO
MACA2
MIGR
PESP
PHHA
PHLO2
POSAI2
IEGL
VUBR

113 HO HO

18 15 20

ACIH7 ACIH? ACIH7
ARHO2 AGGR AGDE2
ARIRW ALOE ALOE
BRIE ARIRW ARIRW
COPA3 ASLES ASSC3
CRAC2 COPA3 BRIE
CRWA2 CRCC CADO2
DEPI DEAN CHVI8
ELELE DEN COPA3
EPBR3 ELELE CRCC
GARA2 ERSP3 ELELE
LB PE2 OARA2 ELL4L
MIGR LONE EPBR3
PHHA MIGR ERSP3
P069 POSAI2 GARA2
POSAI2 KOPY
PEEPS LEPU
RATE PHLD2

POSAI2
POSC

Unique Species
Presence by
Condition Class

Good Fair Poor
39 42 34

I AGDE2 AGDA AGDA
2 AGGL AGOE2 AGDE2
3 AGGR AGGL AGGR
4 AGSP ALOE AGSP
5 ALOE ALLIU ALDE
S AWU ARD42 ARNO2
7 ARTRW ARIRW ARIRW
8 ASPI ASFI ASLE8
9 ASLES ASLE8 ASSC3
10 ASSc3 ASPU9 BRIE
11 BRIE ASSC3 CAOO2
12 CNUS BRIE CIMS
13 COPA3 CHVI8 COPA3
14 CORAS COPA3 CRAC2
15 CRAC2 CRAC2 CRCC
16 CRCC CRWA2 CRWA2
17 CRWA2 DEAN DEAN
49 DEAN DEN DEN
19 DEN EPBR3 EPBR3
20 EPBR3 ERCV ERSP3
21 ERCV ERPO2 GARA2
22 ERSP3 ERSP3 KOPY
23 GARA2 GARA2 LEPE2
24 LEFU HAPLO2 LEPU
25 LONE KOPY LONE
26 LULE2 LEPU MIGR
21 MIGR LONE PHHA
29 ORHY LUSUIO P111.02

29 PESP MACAS P069
30 P1064 OWGR POSC
31 PHLO2 ORHY POSAI2
32 POCU3 PESP RAIE
33 POSC PHHA SIHY
34 POSAI2 PHHO 511112
35 S1HY PHLO2
36 S17H2 POCU3
37 IECA2 POSC
38 IEGL POSAI2
39 VUBR SIHY
40 STTH2
SI TEOL
42 VUER
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APPENDIX VIII

FALL 1997

Species Presence by Hectare

HI H4 Hi H2 H5 H8 H3 H6 149

17 15 16 16 13 18 9 9 17

1 ACHY ACTH7 ACTH7 ACHY ACTH7 ACHY ACTH7 ACTH7 ACIH7

2 ACINT ALOE AGDE2 ACIHT ALOE ACTh7 ARHO2 ALOE ALOE

3 ARTRW ANOIZ ALOE ARIRW ARTRW ALOE ARTRW ARTRW ARTRW

4 ASFI ARTR'W ARIRW ASFJ ASSC3 ANDJ2 BRTE COPA3 ASSC3

5 CACHT ASFI ASFI BRIE COPA3 ARTRW CRAC2 DEAN CAOO2

6 OH VI$ ASSC3 COPA3 CACH7 DEPI ASPU9 DEPI ELELE OH VIa

7 COPA3 COPA3 ELELE CRAC2 ELELE COPA3 ELELE EPBR3 COPA3

8 ELELE CORA5 EPBR3 ELELE EPBR3 ELELE PHHA PHLO2 ELELE

9 EPBR3 ELELE ERCV ERCV ERSP3 EPBR3 POSA12 POSAI2 ELLAL

10 ERCV ERSP3 LEPU ERSP3 PHHO ERSP3 EPBR3

11 PHHA RA2 LONE HAPLO2 POCU3 KOPY GARA2

12 PHLO2 LEPU MIGR LEPU POSAI2 LEPU KOPY

13 POSAI2 P11140 PHLO2 LUSUIO PSSPS LONE LEPU

14 PSSPS PHLOZ POCU3 PHLO2 MIGR MIOR

15 TECA2 POSA12 POSAI2 POSAI2 PHLO2 PHLO2

16 TEGL POSC TEGL POCU3 POSAI2

17 PA2 POSAI2 POSC

18 POSC

195

Unique Species
Presence by
Condition Class

GOOD FAIR POOR
30 30 23

1 AGDE2 AGSP AGDA
2 AGSP ALOE ALOE
3 ALOE ANOI2 ARHO2
4 ANOI2 ARTRW ARTRW
5 ARTRW ASFI ASSC3

6 ASFI ASPU9 BRIE
7 ASSC3 ASSC3 CADO2
S CACHZ BRIE CWV1S

9 CHVI8 CACH7 COPA3
10 COPA3 COPA3 CRAC2
11 CORA5 CRAC2 DEAN
12 EPBRS DEPI DEPI

13 ERCV EPBR3 EPBR3
14 ERSP3 ERCV GARA2
15 GARA2 ERSP3 KOPY

16 LEPU HAPLO2 LEPU

17 LONE KOPY MIOR
18 MIGR LEPU PHHA
19 ORHY LONE PHLO2
20 PHHA LUSUIO POSC

21 PHHO MIGR POSAI2
22 PHLO2 ORHY SIHY
23 POCU3 PHHO $11142

24 PO$C PHLO2
25 POSA12 POCU3
26 511W POSC
27 STTH2 POSA12
28 IECA2 SIllY
29 TEOL STTH2
30 flPA2 TEGL



APPENDIX IX

Modified Condition Class index

Year/Study Site Spring Summer Fall
1996

1997

Gi 27 34 30

F2 24 27 35

P3 20 20 19

G4 29 37 38

F5 31 28 34

P6 16 13 17

G7 28 28 33

F8 21 22 21

P9 29 29 24

Gi 23 22 20

F2 22 20 18

P3 18 18 18

G4 38 29 25

F5 29 19 18

P6 14 11 13

G7 27 36 18

F8 21 17 19

P9 30 20 21



APPENDIX X

BRACE SERIES

LOCATION: ID+OR
Established Series
Rev. ALH/CLM
5/96

197

The Brace series consists of moderately deep to duripan, well drained soils with
moderately slow permeability that formed in residuum and alluvium from
welded rhyolitic tuff and basalt. Brace soils are on structural benches and
foothills. Slopes range from 1 to 20 percent. The average annual precipitation is
about 12 inches and the average annual temperature is about 43 degrees F.

TAXONOMIC CLASS: Fine-loamy, mixed, frigid Xeric Argidurids

TYPICAL PEDON: Brace loam -- on a slightly convex slope of 2 percent, in
native rangeland at 5,800 feet elevation. (When described on September 11,
1979, the soil was dry throughout. Colors are for air-dry soils unless otherwise
stated.)

A--O to 6 inches; light brownish gray (1OYR 6/2) loam, very dark grayish brown
(1OYR 3/2) moist; moderate medium platy structure parting to weak fine
granular; slightly hard, very friable, slightly sticky and slightly plastic; many
fine and very fine, few medium and coarse roots; many fine vesicular pores; 10
percent gravel; neutral (pH 7.2); clear smooth boundary. (3 to 9 inches thick)

BA--6 to 10 inches; pale brown (1OYR 6/3) gravelly clay loam, dark brown
(1 OYR 3/3) moist; moderate fine subangular blocky structure; slightly hard, very
friable, sticky and slightly plastic; common fine and very fine, few medium and
coarse roots; common fine tubular pores; 15 percent gravel; slightly alkaline (pH
7.8); clear smooth boundary. (0 to 6 inches thick).

Bt--10 to 19 inches; pale brown (1OYR 6/3) gravelly clay loam, brown (1OYR
4/3) moist; moderate fine and medium angular blocky structure; hard, firm,
sticky and plastic; few fine, medium and coarse roots; few fine tubular pores;
many faint clay films on faces of peds and in pores; 15 percent gravel, 5 percent
obbles; slightly alkaline (pH 7.8); clear wavy boundary. (7 to 15 inches thick).

Btkq--l9 to 23 inches; pale brown (1OYR 6/3) cobbly clay loam, brown (1OYR
4/3) moist; moderate fine and medium subangular blocky structure; hard, firm,
sticky and plastic; few fine roots; few fine tubular pores; few faint clay films in
pores; 15 percent gravel, 15 percent cobbles, common lime and silica coatings;
slight effervescence; moderately alkaline (pH 8.2); abrupt wavy boundary. (4 to
19 inches thick).



APPENDIX X (continued)

Bkqm--23 to 26 inches; white (1OYR 8/2) indurated duripan; platy structure;
extremely hard, brittle; 65 percent rock fragments; strong effervescence;
strongly alkaline (pH 8.9); abrupt wavy boundary. (2 to 10 inches thick); 2R--26
inches; fractured welded rhyolitic tuff.

TYPE LOCATION: Owyhee County, Idaho; about 21 miles south and 9 1/2
miles east of Grasmere; 1,800 feet east and 800 feet north of the southwest
corner of section 36, T.15 S., R.6 E.; 42 degrees, 04 minutes, 15 seconds North
Latitude and 115 degrees, 42 minutes, 07 seconds West Longitude.

RANGE IN CHARACTERISTICS:
Depth to calcium carbonates 16 to 30 inches
Depth to duripan - 20 to 37 inches
Depth to bedrock - 22 to 40 inches
Particle-size control section 5 to 35 percent rock fragments Average annual
soil temperature 43 to 47 degrees F. Average summer soil temperature 63 to
67 degrees F.

A horizon
Value - 5 or 6 dry, 3 or 4 moist
Chroma 2 or 3 dry or moist
Reaction (pH) neutral or mildly alkaline

Bt horizon
Value - 5 or 6 dry, 3 to 5 moist
Chroma -2 through 4 dry or moist
Texture - CL, SICL, L, GR-CL, SCL
Clay content 20 to 35 percent
Rock fragments 5 to 35 percent
Reaction (pH) mildly or moderately alkaline

Btkq or Bkq horizon
Value 6 through 8 dry, 3 through 7 moist
Chroma 3 to 6 dry or moist
Texture GR-L, GR-CL, CB-CL, GRV-L, or GRX-L
Clay content 15 to 30 percent
Rock fragments - 5 to 70 percent
Calcium carbonate equivalent I to 15 percent
Reaction (pH) moderately or strongly alkaline
COMPETING SERIES: This is the Decathon series. Decathon soils lack
bedrock above 40 inches.
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GEOGRAPHIC SETTING: Brace soils are gently sloping to rolling on
structural benches and foothills at elevation of 4,100 to 6,000 feet. Slopes range
from 1 to 20 percent. These soils formed in residuum, colluvium and alluvium
from welded rhyolitic tuff. The climate is cool and moist in the winter and warm
and dry in the summer. Average annual precipitation ranges from 8 to 13 inches.
Average annual temperature ranges from 41 to 45 degrees F. Frost-free period is
50 to 90 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Dishpan,
Freshwater and Larioscamp series. Dishpan soils lack a duripan. Freshwater
soils are less than 20 inches deep to a duripan. Larioscamp soils have more than
35 percent clay in the texture control section. These soils are on similar
landscape positions.

DRAINAGE AND PERMEABILITY: Well drained; slow to medium runoff;
moderately slow permeability.

USE AND VEGETATION: Brace soils are used mainly for rangeland and
wildlife habitat. The dominant natural vegetation is Wyoming big sagebrush,
bluebunch wheatgrass, Sandberg bluegrass and arrowleaf balsamroot.

DISTRIBUTION AND EXTENT: Southwestern Idaho and southeastern
Oregon. Brace soils are extensive.

MLRA OFFICE RESPONSIBLE: Reno, Nevada

SERIES ESTABLISHED: Lake County, Oregon, Southern Part, 1991.

REMARKS: This revision (6/95) changes the classification from Xerollic
Durargids to Xeric Argidurids according to the 1994 edition of Keys to Soil
Taxonomy. The remainder of the OSD has not been updated since 7/92.

Diagnostic horizons and other features recognized in this pedon:
Ochric epipedon - zone 0 to 6 inches (A horizon)
Argillic horizon zone 10 to 19 inches (Bt horizon)
Calcareous horizon zone 19 to 33 inches (Btkq horizon)
Duripan zone 23 to 26 inches (Bkqm horizon)
Particle-size control section zone 10 to 23 inches

National Cooperative Soil Survey, U.S.A.
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APPENDIX X (continued) LOCATION OR
Established Series
Rev: CFL/TDT
04/1999

RAZ SERIES

The Raz series consists of shallow to a duripan, well drained soils that formed in
alluvium and colluvium overlying basalt. Raz soils are on lava plateaus and have
slopes of 1 to 20 percent. The mean annual precipitation is about 9 inches and
the mean annual temperature is about 44 degrees F.

TAXONOMIC CLASS: Loamy, mixed, superactive, frigid, shallow Xenc
Haplodurids

TYPICAL PEDON: Raz very cobbly loam on a 6 percent slope, rangeland.
(Colors are for dry soil unless otherwise noted.)

A--0 to 2 inches; pale brown (1OYR 6/3) very cobbly loam, dark brown (1OYR
3/3) moist; moderate very coarse platy structure; soft, very friable, slightly
sticky and slightly plastic; few fine and very fine roots; many fine vesicular
pores and few fine tubular; 20 percent cobbles and 15 percent gravel; slightly
alkaline (pH 7.6); clear smooth boundary. (1 to 4 inches thick)

Bw--2 to 7 inches; light gray (1OYR 7/2) gravelly clay loam, brown (1OYR 4/3)
moist; weak coarse platy structure; slightly hard, firm, moderately sticky and
moderately plastic; few fine and very fine roots; many very fine vesicular pores
and few very fine tubular; slightly effervescent-lime segregated in few soft
masses; 5 percent cobbles and 10 percent gravel; slightly alkaline (pH 7.8); clear
wavy boundary. (3 to 10 inches thick).

Bq--7 to 12 inches; light gray (1OYR 7/2) clay loam, yellowish brown (1OYR
5/4) moist; massive; hard, firm, moderately sticky and moderately plastic; few
fine roots; few fine tubular pores; strongly effervescent-disseminated lime; 5
percent gravel; horizon is discontinuously brittle; moderately alkaline (pH
8.2); clear wavy boundary. (3 to 8 inches thick)

Bkqm-- 12 to 23 inches; indurated duripan; violently effervescent-carbonate
coatings on duripan; opal pendants on duripan; abrupt smooth boundary. (3 to
18 inches thick)

2R--23 inches; basalt.
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APPENDIX X (continued)

TYPE LOCATION: Harney County, Oregon; in the Basque Hills area; in the
SW1/4SEI/4 section 15, T. 38 S., R. 32 E.

RANGE IN CHARACTERISTICS: The soils are dry in all parts of the moisture
control section for more than half the time when the soil temperature is greater
than 41 degrees F. The soil temperature is above 41 degrees from mid-April
through mid-November. The mean annual soil temperature is 44 to 47 degrees F.
and the mean summer soil temperature is 59 to 62 degrees F. Depth to duripan is
10 to 18 inches. Depth to bedrock is 20 to 40 inches but is typically less than 30
inches. Rock fragments in the particle-size control section range from 10 to 25
percent. The rock fragments are concentrated in the upper part of the control
section. Clay content in the particle-size control section ranges from 20 to 35
percent.

The A horizon has value of 5 or 6 dry and 3 or 4 moist, and chroma of 2 or 3
moist and dry.

The Bw and Bq horizon has value of 6 or 7 dry, 4 to 6 moist, and chroma of 3 to
6 moist and 2 to 6 dry. It is gravelly clay loam, cobbly clay loam, gravelly loam,
loam or clay loam with 5 to 25 percent gravel and cobbles.

COMPETING SERiES: These are the Nouque (T), Umil, and Weigle series.
Nouque and Umil soils lack a lithic contact below the duripan. Weigle soils have
8 to 18 percent clay in the particle-size control section and have bedrock at 15 to
20 inches.

GEOGRAPHIC SETTING: Raz soils are on lava plateaus at elevations of 4,100
to 6,800 feet. Slopes are 1 to 20 percent. The soils formed in local alluvium and
colluvium overlying basalt. The climate is characterized by hot dry summers and
cold moist winters. The mean annual precipitation is 8 to 12 inches. The mean
annual temperature is 40 to 45 degrees F. The frost-free period is 50 to 90
days.

GEOGRAPHICALLY ASSOCIATED SOILS: This is the Brace soil. Brace
soils are moderately deep to an indurated duripan and have an argiflic horizon.

DRAINAGE AND PERMEABILITY: Well drained; moderately slow
permeability.
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APPENDIX X (continued)

USE AND VEGETATION: The soils are used for livestock grazing. Vegetation
commonly is Wyoming big sagebrush, bluebunch Wheatgrass, Thurber
needlegrass, bottlebrush squirreltail, and Indian ricegrass.

DISTRIBUTION AND EXTENT: Southeastern Oregon; MLRA 23. The series
is of moderate extent.

MLRA OFFICE RESPONSIBLE: Reno, Nevada

SERIES ESTABLISHED: Lake County, Oregon; Southern Part; 1991.

REMARKS: Diagnostic horizons and features recognized in this pedon are:
Ochric epipedon
Cambic horizon: The zone from 2 to 12 inches (BW, Bq horizons)
Indurated duripan at 12 inches.

National Cooperative Soil Survey
U.S.A.



203

APPENDIX XI

Study General
Site Code Placement Area LEGAL DESCRIPTION

Gi Foster Flat Road T 29S R 30E Section 1 SW1/4SE1/4
F2 Foster Flat Road T 29S R 30E Section 1 NE1/4NE1/4
P3 Foster Flat Road T 28S R 31E Section 32SE114NW114
G4 BLM- East T 24S R 26E Section 19 NW1/4NW1/4
F5 BLM- South T 24S R 25E Section 35 NE1/4SW1/4
P6 BLM-South T 24S R 25E Section 35 NW1/4SE1/4
G7 BLM-East I 24S R 26E Section 30 NW1/4NW1/4
F8 NGBER-East T 24S R 25E Section 25 NE1/4NE1/4
P9 NGBER-East T 24S R 25E Section 24 SE1/4NE1/4



APPENDIX XII Site Description

LOAMY 10-12
ARTRW/STTH2
023XY2120

-1-

A. PHYSICAL CHARACTERISTICS

1. Physiography
This site typically occurs on rolling uplands and lake
basin terraces. Slopes range from 0-30 but are generally
2-20-. Elevations range from 4500 to 6000 feet.

2. Climate
The annual precipitation ranges from 10 to 12 inches, most
of which occurs in the form of snow during the months of
November through April. Spring rains are common. The soil
temperature regime is frigid. Extreme temperatures range
from 100 degrees F. to -30 degrees F. The frost-free
period is from 50 to 90 days. The optimum period for plant
growth is mid-April through June.

3. Soils
The soils of this site are typically shallow to moderately
deep over hard bedrock. When occurring on old lake terraces
these soils typically have a duripan or weakly cemented layer
within 40 inches of the soil surface. The soils are medium
textured throughout the profile and are well drained. Typically
the surface is covered with 15 to 60 percent rock frag'-ents
(primarily cobbles and stones). The soils typically have 35 to 60
percent rock fragments in the subsoil. The shallow soils over
bedrock and the soils on the lake terraces typically have less than
35 percent rockfragrnents in the subsoil. Permeability is moderate
to slow. The available water holding capacity (AWC) is 2 to 5
inches for the profile.
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APPENDIX XII (continued)

4. Vegetation
a. The potential native plant-community is dominated by

Thurber needlegrass and Wyoming big sagebrush. Indian
ricegrass and Sandberg bluegrass are other important
grasses associated with this site. Vegetative composition
is about 80 percent grasses, 5 percent forbs, and 15
percent shrubs.

b. The major plant species and the percentage of the plant
community in air-dry weight.

COMMON NAME PLANT SYMBOL % COMPOSITION

Grasses

Thurber needlegrass
Sandberg bluegrass
bottlebrush squirreltail
Indian ricegrass
bluebunch wheatgrass

Other perennial grasses
and grass-like plants

basin wildrye
foxtail wheatgrass
dryland sedge
Cusick bluegrass

STTH2
POSE
SIHY
ORHY
AGSP

PPGG

ELCI2
AGSA2
CAREX
POCU3

35-50
5-15
5-10
5-10
2-5

2-10

*Allow no more than 2 percent of each species of this group and
no more than 10 percent in aggregate.

COMMON_NAME PLANT SYMBOL % COMPOSITION

Forbs

tapertip hawksbeard CRAC2 1-2
lupine LUP1N 1-2
balsamroot BALSA 1-2
milkvetch ASTRA 1-2



APPENDIX XII (continued)

Other forbs PPFF
penstemon PENST
phlox PHLOX
fleabane ERIGE2
agoseris AGOSE
buckwheat ERIOG
senecio SENEC
Indian paintbrush CASTI2
crag aster ASSC3
larkspur DELPH
mariposa lily CALOC
death camas ZYOAD
false yarrow CHDOA

1 -8

**AIlow no more than 1 percent of each species of this
group and no more than 8 percent in aggregate.

COMMON NAME PLANT SYMBOL % COMPOSITION

Shrubs

Wyoming big sagebrush
spiny hopsage

Other shrubs
horsebrush
rabbitbrush
shrubby buckwheat

206

ARTRN 5-10
GRSP 2-5

SSSS 25***
TETRA
CHRYS9
ERMI4

***Allow no more than 2 percent of each species of this group
and no more than 5 percent in aggregate.

c. Approximate ground cover is 15 to 25 percent (basal and
crown).
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APPENDIX XII (continued)

d. Annual production per acre (air-dry weight):
Favorable years 1000 lbs/ac
Average years 800 lbs/ac

Unfavorable years 600 lbs/ac

5. Range In Characteristics
Variability in the plant composition on this site results from
variation in soil surface texture or the amount of gravel. Gravelly
soils favor an increase in the amount of Thurber needlegrass and
sandy surfaces can [avor an increase in Indian ricegrass. The
presence of a weak argillic horizon will promote production of
bluebunch wheatgrass.

6. Response To Disturbance
If heavy grazing causes site deterioration, big sagebrush
and rabbibbrush become dominant. Sandberg bluegrass,
bottlebrush squirreltail and forbs will increase in the
understory. Cheatgrass and annual forbs readily invade
this site. As conditions deteriorate the amount of bare ground will
also increase.

7. Native Wildlife Associated With The Climax Community
Mule deer
Pronghorn antelope

8. Associated And Similar Sites
Associated sites: Cobbly Claypan 8-10" PZ

South Slopes 8-10" PZ
North Slopes 6-10" PZ
Ponded Clay

Similar sites: South Slopes 10-12" PZ
(southerly aspect)
North Slopes 10-12" PZ
(northerly aspect)
Shallow Loam 10-l2 P2
(shallow soil)
Clayey 10-12PZ
(fine textured argillic)



APPENDIX XII (continued)

9. Location Of A Typical Example Of This Site

10. Representative Soil For This Site Oreneva gravelly loam, 0-12S
slopes Loamy-skeletal, mixed, frigid Xerollic

11. Camborthids

B. INTERPRETATIONS FOR MAJOR USES

1. Livestock Grazing
This grazing site is Suited to livestock use in all seasons
under a planned grazing system.

2. Wood Products
This site is susceptible to invasion by western juniper. In
this event, a limited supply of fence posts and firewood are
available.

3. Wildlife
This site offers forage and limited cover to pronghorn
antelope.

4. Watershed The soils of this site have medium infiltration rates
and slow to medlium runoff potential. The hydrologiØ soil groups
are B and C.

5. Recreation And Natural Beauty

6. Threatened And Endangered Plants And Animals
On site investigation required.

7. Other Interpretations
Cobbles and stones on the surface and in the profile make
excavation for pipelines difficult.

8. Distribution And Extent
Harney, Lake, Maiheur, and Deschutes Counties.
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APPENDIX XII (continued)

Soils Correlated With This Site
Feicher very stony olay loam, 5-30% slopes
Loamy-skeletal, mixed, frigid Xerollic Camborthids
Fishfin gravelly loam, 0-3%, slopes
Fine loamy over sandy or sandy-skeletal, mixed, frigid
Durixerollic Camborthids (proposed series)
Lawen Variant silt loam, 0-3% slopes
Fine-silty, mixed, frigid Aridic Calcic Argixerolls
Lonely very cobbly loam, 2-35% slopes
Fine-loamy, mixed, frigid Xerollic Camborthids
Oreneva very gravelly loam, 2-30% slopes
Loamy-skeletal, mixed, frigid Xerollic Camborthids
Oreneva gravelly loam, 0-12% slopes
Loamy-skeletal, mixed, frigid Xerollic Camborthids
Raz very cobbly loam, 2-20% slopes
Loamy, mixed, frigid shallow Xerollic Durorthids
Rutub stony loam, 3-10% slopes
Loamy-skeletal, mixed frigid Xerollic Camborthids
Catlow very stony loam, 5-20% slopes
Loamy-skeletal, mixed, frigid Durixerollic Camborthids
Brace stony sandy loam, 2-20% slopes
Fine-loamy, mixed, frigid Xerollic Durargids

MLRA D23
March 1988
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Sample quadrat layout used to quantify plant species diversity and soil surface microtopography
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