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Rangelands are vast landscapes that are composed of differing abiotic (e.g. slope, aspect, minerals, 

moisture, temperature) and biotic (e.g. plants, animals, bacteria, fungi) components.   Furthermore, 

rangeland ecosystems change dramatically from month to month and year to year. It is a great challenge 

for scientists and managers to describe and measure rangelands in ways that will help us understand 

what causes them to change or stay the same.  Being good land stewards requires sound methods for 

describing rangeland conditions and monitoring their change over time.  

Ecological Sites 

Rangeland landscapes can be divided into ecological sites for the purposes of inventory, evaluation, 

and management. An ecological site is a distinctive kind of land with specific landscape, soil and plant 

characteristics that differs from other 

kinds of land.  The classification of 

ecological sites allows a land manager to 

map large areas into units with similar 

potential to grow specific kinds and 

amounts of plants.  This might involve 

viewing shrublands differently than 

grasslands or separating grasslands 

dominated by wheatgrass from those 

dominated by fescue.  

Many factors lead to the different ecological sites that create landscapes.  These include differences 

in soil, slope, aspect, and place on the watershed.  Plant communities on an ecological site are 

characterized by a set of species that differs from other ecological sites in the kind, amount or 

proportion of species present.  An ecological site is the product of all the environmental factors 
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responsible for its development.  Each ecological site has a set of key characteristics that are included in 

the ecological site description.   The site description states the physiographic factors, climate, water, 

soil, and plant communities possible to occur on the site.  Site descriptions are available through the 

Natural Resource Conservation Service, and are accessible online at: 

http://esis.sc.egov.usda.gov/Welcome/pgESDWelcome.aspx.  

Soils 

Soil is an important aspect of rangeland communities and ecological sites have characteristic soils 

that have developed over time.  Factors that affect soil development are: climate, living organisms, 

topographic relief or landscape position, parent material and time. These factors lead to soil 

development or degradation through the processes of loss, addition, translocation, and transformation.  

Soil is defined as a complex mix of ingredients: minerals, air, water, and organic matter—countless 

organisms and the decaying remains of once-living things (Soil Science Society of America).  Soil forming 

processes create horizons in the soil that are layers distinguishable from other layers by a change in 

composition of abiotic and biotic components. Two key physical characteristics of soil, texture and 

structure, strongly influence the vegetation type that occurs at a particular rangeland site. 

Texture class is an important aspect of soils, and is related to weathering and parent material.  The 

differences in horizons are due, in part, to the differences in texture of their respective parent materials.  

The texture of a soil depends upon the relative proportions of each type of soil particle within the soil. 

The three basic soil particles are sand, silt, and 

clay. Sand particles are the largest of the three 

particles. They are between .05 and 2.00 mm in 

diameter and are coarse and gritty. When moist, 

individual grains can be seen. The presence of 

sand particles within a soil decreases the 

capacity of soil to hold both water and nutrients. 

Silt particles are medium in size and range 

between .002 and .05 mm in diameter. Silt 

particles feel smooth and velvety. The presence 

of silt particles in soils increases water-holding 

capacity and nutrient capacity. Clay particles are 

the smallest of the soil particles and have a 

diameter of less than .002 mm.  Clay particles have the greatest ability to hold both water and nutrients, 

but sometimes can bond very strongly with nutrients, making it difficult for plants to extract nutrients 

from the soil.  Clay particles can also form very strong aggregates, decreasing the ability of water to 

penetrate and drain from the soil.  

Soil particles seldom occur as separate units in the soil; rather they often combine to form larger 

aggregates that are primarily held together by the binding forces of clay and organic matter. Soil 

structure is a term which describes the arrangement of soil particles. The five major structural classes of 

soil include: blocky, platy, granular, prismatic or columnar, and massive.  

http://esis.sc.egov.usda.gov/Welcome/pgESDWelcome.aspx
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The texture and structure of soil directly influences the amount of air (pore) spaces found within the 

soil. These are important conveyors of water, nutrients, and air as well as providing spaces for roots to 

grow. In some locations, the soil will form impenetrable barriers that may substantially impede water 

infiltration and root penetration. These “restrictive layers” may be inherent (natural) or induced by land 

management practices. For 

example, a soil may become 

compacted due to excessive traffic 

on the land which in turn may alter 

the hydrologic function of that 

site. 

It is normal for wind and water to 

move soil around a landscape.  

This soil loss is called erosion.  

Some natural erosion can be 

expected, however, erosion can 

become excessive if vegetation is 

removed from the soil surface by 

overgrazing or other impacts such 

as high off-road vehicle use. It is 

important to manage vegetation 

so as to keep soil in place. 

Topography and Watersheds 

Land managers care for rangeland, forests, and croplands by managing the health of the watershed.  

Managing for healthy and productive soil ultimately leads to a functional watershed system. Managers 

accomplish this feat by managing the vegetation within the watershed.  

What is a Watershed? 

A watershed is an area of land that drains water to the same endpoint.  Watersheds can be 

defined at almost any scale, being as small as a single hill, or as large as the Mississippi river and all its 

tributaries.  Watershed boundaries are determined by topography of the landscape. The highest 

features on the land, like ridgetops, form the perimeter of the drainage area or basin which water 

travels through as it makes its way to the lowest point.  All the water within a region, including lakes, 

rivers, streams, and subsurface water flows, are part of the watershed classification.  
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Watersheds serve three primary functions in the 

hydrologic cycle; the capture, storage, and release of 

water.  Capture refers how water from the atmosphere 

gets into the soil. The amount of water that is captured 

and infiltrates into the soil is related to the amount of 

both vegetated and non-vegetated ground cover (i.e., 

organic debris, rock), and the soil type. For example, in 

dense grasslands, infiltration rates are high because of 

the amount of plant cover and leaf litter that shelters 

the soil from the impacts of falling precipitation. 

However, many rangeland types include bare ground 

and exposed soils that can have low infiltration rates 

and result in the movement of soil and water across 

over the ground surface as overland flow. Unhealthy or 

degraded sites can have elevated erosion rates that 

reduce the hydrologic function of a site. Land managers 

can indirectly manage infiltration and erosion by managing the structure and density of vegetation.  

Water that is captured by 

the soil is stored between the 

soil particles. The amount of 

water stored in the soil depends 

on the soil depth, texture, and 

structure. Soil moisture is lost 

through surface evaporation, 

plant uptake, or percolation 

through the soil where it 

continues to move through the 

watershed as subsurface flows. 

Mesic soils have more moisture 

present closer to the surface 

than are those areas that have 

drier or more xeric soils. The 

amount and kind of plants growing on a rangeland site can greatly influence the amount of water stored 

in the soil. For example, an infestation of leafy spurge, a noxious weed, can have a high density of plant 

roots deep into the soil profile that will extract soil moisture, resulting in the loss of soil water from a 

rangeland site. Another example is cheatgrass, an invasive annual grass with shallow rooting systems 

that uptake moisture near the soil surface before it can reach the deeper roots of other plants such as 

native grasses and sagebrush seedlings.  

Once moisture enters the soil it can move deep into to the rocky substrate below the soil and held in 

aquifers that can be tapped into with wells.  Moisture can also move horizontally within the soil profile 

as subsurface flow, ultimately flowing into springs, streams, rivers or lakes. Vegetation management at 

the transition zones of subsurface groundwater flows meeting with surface waters is important to 

Salmon River 
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maintaining good water quality. These transition zones are also where overland flows meet surface 

waters and managing for adequate ground cover provides a filter to prevent excess sediment from 

entering surface waters.  

Uplands vs. Riparian 

Rangelands are generally classified into three types of areas (upland, riparian, and wetlands) with each 

area having a distinct hydrologic regime and plant community.  Uplands are drier and only wet for short 

periods after precipitation events, resulting in water restricted systems.  A riparian zone is adjacent to 

surface waters, such as streambanks and shorelines. Riparian vegetation can be either associated with 

channels that have flowing water (lotic 

systems) or standing water (lentic 

systems). Wetlands are areas with 

hydric soils that are permanently or 

seasonally saturated by water. Wetland 

and riparian areas naturally function as 

water filters; removing sediment and 

pollutants from water. Riparian areas 

and wetlands stay green much longer 

into the season and produce more 

biomass than adjacent uplands. 

Plant species that occur in wetlands and riparian areas require frequent water and are not killed by 

inundated by water.  These species include cottonwoods, willows, alders, rushes, and sedges.  Species 

found in the floodplain – an area above the stream channel that experiences periodic flooding – require 

less water and are less tolerant to inundation than species found growing close to or in the channel.  

Willows, maples, oaks, ash, snowberries, currants, ninebark, elderberries and many other species are 

frequently found in floodplains. Riparian plants are characterized by strong root system that can hold 

soil along the bank and protect it from the force of moving water.   

Upland sites are composed of species that have adapted to survive with minimal water in line with 

the average precipitation of the region.  Depending on location, moisture levels can fluctuate from less 

than 10 inches a year in some arid rangelands, to greater than 30 inches on mountain pastures and the 

tall grass prairie.  Moisture levels vary greatly from year to year can, and precipitation is often received 

only during a single period of the year.  Many rangeland plants have evolved strategies to maximize 

extraction of available soil water such as the very deep root systems found in desert shrubs or the 

abundance of small roots of grasses found near the surface to capture rainfall as it soaks into the soil.  

Upland plants also have strategies to conserve moisture once it absorbed such as waxy layers on the 

steps and leaves, narrow leaves, and the ability to go dormant during the hottest and driest season of 

the year.  
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Measuring and Monitoring Plant Communities 

Assessment and Monitoring 
Rangeland ecosystems are dynamic and are constantly changing as a result of natures driving forces 

including climate, fire, insect outbreaks, flooding, wildlife foraging and weed invasion. Human induced 

disturbances such as urban expansion, domestic livestock grazing, recreational use, energy 

development, mining, road building, and landscape manipulations (e.g., disking, chaining, seeding) also 

impact soil, plant composition, and wildlife habitats on rangelands.  Rangeland monitoring is a 

systematic approach to document vegetation changes over time. Data derived from monitoring can help 

land managers determine the effectiveness of their management practices and help them select 

appropriate future management strategies based on objectives.  

Monitoring objectives are defined or individual sites, habitats or pasture each with a focus on 

specific attributes. For example, a rancher may implement a monitoring protocol to determine if a new 

grazing system is affecting establishment of sedges or willows that were planted along a stream to 

improve the stability of stream banks.  If the grazing system is not leading to the desired condition, the 

grazing plan could be changed or the stream could be fenced to remove grazing. Monitoring can also 

quantify how natural forces are affecting rangeland plant communities over time. For example, a land 

manager may implement a monitoring program to determine if and when a burned area recovers to the 

level of a similar plant community in an unburned area.  

The first step to an effective monitoring plan is to establish a baseline of data – a point of reference 

from which managers can base decisions about the land use. This is accomplished through a rangeland 

assessment, providing a “snapshot in time” of the current conditions of the soil, plant community, site 

productivity, and wildlife habitat uses. Rangeland site assessments include specific attribute data and 

capture specific information about the site such as elevation, map coordinates (e.g., latitude and 

longitude or UTM), slope, aspect, soil texture and structure, watershed unit, and land ownership. It is 

also important to document evidence of wildlife, livestock, and human use (e.g., scat, ORV tracks, hoof 

prints, etc.) and hydrologic characteristics (e.g., rilling, gullying, soil pedestals, etc.).  

Attributes 
Though there are many way to measure plants, there are only 6 basic "attributes" that are 

commonly measured for rangeland monitoring.  Vegetation attributes are characteristics of vegetation 

that can be measured or quantified referring to how many, how much, or what types of plant species 

are present. The most commonly used attributes are: 

 Plant Species or Type - What kind of plant was it?  

 Frequency - Was the plant present in a sampled area? 

 Density - How many plants were there in a specified area? 

 Biomass - How much did the plants weigh? 

 Cover - How much space did the plants cover? 

 Structure - How tall were the plants and how were branches and leaves arranged?  

The most valuable skill that rangeland managers possess is the ability to differentiate between 

different plant species. Therefore, plant identification is essential to effective monitoring on rangelands. 
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Plant species found on rangelands fall into five major types, or life form categories: grasses, grass-likes, 

forbs, shrubs and trees.   

Frequency describes how often a plant occurs within a sampled area. For example, if a grid was laid 

out over a sample area, the frequency of a target species would be expressed as the percentage of the 

cells where the species was “present” out of the total number of cells possible. Because larger plots are 

more likely than small plots to capture the presence of a species, frequency measurements are 

dependent on plot size and shape. Therefore, frequency values between different sites or years are not 

comparable unless identical plot sizes are used. Frequency is most often used to compare plant 

communities and to detect changes in vegetation composition over time.  In this way frequency can be 

used to assess vegetation trend. 

Determining the biomass of plants on a site is used important for setting proper stocking rates, 

determining hydrological characteristics, and monitoring the effects of climate variation on a 

site.  Biomass, or vegetative production, is expressed as weight per unit area (i.e., pounds/acre or 

kg/hectare). Total annual production is the production (growth) of all plants, whereas total forage 

production is the total amount of plants that could be used as forage by grazing animals.  Biomass can 

be determined by clipping grasses, forbs, and browse to determine composition and weights. Or, if the 

ecological site is known, site guides can be consulted to obtain estimates of production in years of 

favorable, normal, or unfavorable precipitation.  Experienced range managers can also accurately 

estimate the weight of forage on a site just as a good livestock manager can skillfully estimate the 

weight of a cow.  Being able to estimate biomass is a useful skill, and can be honed through experience. 

Density is the number of individual plants per unit area (i.e., plants/ft2 or plants/m2). From a 

management perspective, density measures can be used to detect the response of plants to a given 

management action. In particular, density measurements provide evidence of plant mortality or 

recruitment on rangeland sites over time. For example, the density of a particular weed could be 

monitored over time to determine if an integrated weed management strategy is working. Because 

density is a count of plants per unit area, it is not affected by plot size and can be a useful measurement 

to compare different sites.  

Cover is a description of the amount of ground surface covered by vegetation or other objects 

including rocks, litter (dead plant matter), moss, or bare ground.  Cover is expressed as a percentage. 

For example, if you look directly over the quadrat below, you might estimate that the area is covered by 

35% grass, 12% white flower, and 

15% rock.  Subtracting the totals 

from 100% yields the amount of 

bare ground, 38%. Cover can be 

measured for the entire sample 

area (i.e., total vegetative cover was 

45%), or can be applied to individual 

species (i.e., sagebrush cover was 

15%). 
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Cover measurements are most often used to assess which plants dominate the solar, water, soil and 

nutrient resources on a site. Vegetative cover also influences the hydrologic function of a site and cover 

measurements may be used to interpret how well a rangeland site is able to capture, store, and safely 

release water from rainfall and snow. Cover is also an important management indicator, providing a 

variety of interpretations of direct concern to rangeland management, including erosion potential, the 

value of wildlife habitat, availability of forage, and trends in range condition. 

Vegetation structure describes the three-dimensional 

arrangement of a plant community. Structure measurements 

are primarily used to evaluate wildlife habitat elements (i.e., 

nesting cover, screen or hiding cover). Techniques used to 

quantify vegetative structure are generally applicable in a wide 

variety of vegetation types and are useful in evaluating 

changes over time. For example, the same method used to 

determine vegetation structure for sage grouse brooding 

habitat may also be used to quantify the amount of hiding 

cover for white-tailed deer. 

In addition to measuring vegetation attributes to 

determine the effectiveness of management strategies, rangeland monitoring also helps mangers make 

observations about the health or vigor of plants and communities.  In assessing and defining sites, we 

can combine the above attributes to create variables such as species composition, biodiversity of the 

site, or similarity with historic measurements. 

Rangeland plant composition is the proportion (%) of various plant species (or life forms) in relation 

to the total plant species (or life forms) in a given area. Plant composition is important to measure in 

range management because traditional range ecological site descriptions are based on plant 

composition. Measurement of composition over time can be used to determine if range condition is 

improving or declining in relation to potential composition as outlined in an ecological site 

descriptin.  Finally, assessing composition helps to estimate the forage available for herbivores with 

differing feeding habits.  Range managers commonly calculate composition from biomass or cover data. 

Biodiversity refers to the total amount of different organisms found within a certain area.  Benefits 

of diverse rangeland plant communities are that they contain a variety of forages that are available to 

insect and vertebrate species, they contain more species that are capable of surviving disturbance, and 

they are theoretically less likely to be invaded by noxious or opportunistic species. Measures of diversity 

can be derived from cover and/or density data. 

The measure of similarity between communities based on species composition, or calculating a 

similarity index, is useful for comparing communities under different management or comparing 

communities over time. Similarity can be calculated from cover and/or density data. 
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Monitoring photographs of a rangeland shrub (shadscale) community in southern Idaho showing the dynamic 
nature of the site over time (1951 to 2002). 
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