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Part I: What’s the reference?
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• The rangeland health reference is g
based on what is possible (long-term 
ecological potential) for a particular soilecological potential) for a particular soil 
and climate combination (i.e. ecological 
it )site)

• S&T models indicate what is realistic• S&T models indicate what is realistic 
(based on short-term potential and 
l d l b l ) (limited resource availability) (i.e. 
communities in an ecological state)g )



Knowing what’s Knowing what’s possiblepossible provides:provides:
-- consistent standards for inventory, consistent standards for inventory, f y,f y,

assessment & monitoringassessment & monitoring
-- complete range of managementcomplete range of managementp g f gp g f g

optionsoptions



Knowing what s Knowing what s realisticrealistic provides:provides:
-- a secondary standard for inventory,a secondary standard for inventory,

assessment & monitoringassessment & monitoringassessment & monitoringassessment & monitoring
-- rationale for focusing limited resources rationale for focusing limited resources 
onon

specific areasspecific areas
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What’s possible?What’s possible?What s possible?What s possible?



What’s What’s possiblepossible depends on depends on soilssoils
and and climate (= ecological site)climate (= ecological site)and and climate (= ecological site)climate (= ecological site)





By stratifying the land based on its ecological By stratifying the land based on its ecological 
t ti l l i l it ( d f ti llt ti l l i l it ( d f ti llpotential, ecological sites (and functionally potential, ecological sites (and functionally 

equivalent units) tell us what is equivalent units) tell us what is possiblepossible
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SUMMARY SUMMARY ---- S&T modelsS&T modelsSUMMARY SUMMARY ---- S&T modelsS&T models
Ecological siteEcological site--basedbased state & state & 
transitiontransition conceptual modelsconceptual models can be can be transitiontransition conceptual modelsconceptual models can be can be 
used in two ways. used in two ways. 

1)1) ThTh “ f  t t ”“ f  t t ”  h t is  h t is 1)1) TheThe “reference state”“reference state” = what is = what is 
possiblepossible based on ecological site based on ecological site 
potential potential potential potential 

2)2) Communities within aCommunities within a current state current state = = 
what iswhat is realisticrealisticwhat iswhat is realisticrealistic



SUMMARY SUMMARY ---- IIRH and S&T are used IIRH and S&T are used 
t th :t th :together:together:

–– To determine departure from the reference To determine departure from the reference 
statestatestatestate
»» None to Slight None to Slight –– expected for the ecological site expected for the ecological site 

and falls within the range of variation for the and falls within the range of variation for the gg
indicator (no threshold crossed)indicator (no threshold crossed)

»» SM, M, ME SM, M, ME -- indicates that a threshold is being indicates that a threshold is being 
approached or has already been crossedapproached or has already been crossedapproached or has already been crossedapproached or has already been crossed

»» Extreme to Total Extreme to Total –– Up to and including maximum Up to and including maximum 
possible departure for the indicator possible departure for the indicator 

T  id if  ifi  i  f  T  id if  ifi  i  f  –– To identify specific issues of concern To identify specific issues of concern 
(erosion, hydrology, biotic integrity(erosion, hydrology, biotic integrity
T  h l  id tif  d i t  T  h l  id tif  d i t  –– To help identify and communicate To help identify and communicate 
management optionsmanagement options



Part I: What’s the reference – using 
IIRH t th  ith S&T d lIIRH together with S&T models

Part II: Ecological site identification

Part III: Reference sheet development



ObjectivesObjectivesObjectivesObjectives
11 Understand the factors that are usedUnderstand the factors that are used1.1. Understand the factors that are used Understand the factors that are used 

to define ecological sites to define ecological sites 
2.2. Understand how to use a soil survey to Understand how to use a soil survey to 

identify ecological sitesidentify ecological sites



Ecological Site definition:Ecological Site definition:Ecological Site definition:Ecological Site definition:
An ecological site kind of land withAn ecological site kind of land withAn ecological site kind of land with An ecological site kind of land with 
specific physical characteristics (soil, specific physical characteristics (soil, 
topography, climate) which differs from topography, climate) which differs from 

th ki d f l d i it bilit tth ki d f l d i it bilit tother kinds of land in its ability to other kinds of land in its ability to 
produce distinctive kinds and amounts produce distinctive kinds and amounts 
of vegetation in its response toof vegetation in its response toof vegetation in its response to of vegetation in its response to 
management.management.
In other words, a kind of land with In other words, a kind of land with ,,
similar potential.similar potential.
Other stratification systems can also be Other stratification systems can also be 
used.used.
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Soil mapsSoil maps an introan introSoil maps Soil maps –– an introan intro
Soil map unitSoil map unit: includes one or more: includes one or moreSoil map unitSoil map unit: includes one or more : includes one or more 
dominant dominant soilsoil map unit componentsmap unit components + + 
inclusions (minor map unit components)inclusions (minor map unit components)
Soil map unit Soil map unit componentcomponent: soil series + slope : soil series + slope 
and surface texture modifierand surface texture modifier

S il iS il i i i il t l t ii i il t l t i–– Soil seriesSoil series is similar to a plant speciesis similar to a plant species
–– Soil map unit componentSoil map unit component is similar to a subis similar to a sub--

speciesspeciespp
–– Soil map unit components repeat across the Soil map unit components repeat across the 

landscape, and can be part of more than one map landscape, and can be part of more than one map 
unitunitunitunit



Soil map unitsSoil map unitsSoil map unitsSoil map units
Soils are grouped into soil mappingSoils are grouped into soil mappingSoils are grouped into soil mapping Soils are grouped into soil mapping 
units because we often cannot units because we often cannot 
map soils at the scale at whichmap soils at the scale at whichmap soils at the scale at which map soils at the scale at which 
they occurthey occur



A soil map unit (what’s on the A soil map unit (what’s on the 
map) can be:map) can be:map) can be:map) can be:

AnAn ASSOCIATIONASSOCIATION of two or more soilsof two or more soilsAn An ASSOCIATIONASSOCIATION of two or more soils of two or more soils 
that occur in a repetitive and that occur in a repetitive and predictablepredictable
pattern (e.g. low ridges & swales)pattern (e.g. low ridges & swales)
A A COMPLEXCOMPLEX of two or more soils that of two or more soils that 
usually do not occur in a usually do not occur in a predictablepredictable
pattern at a mappable scale (e g coarsepattern at a mappable scale (e g coarsepattern at a mappable scale (e.g. coarse pattern at a mappable scale (e.g. coarse 
and fine soils in a river floodplain)and fine soils in a river floodplain)
A single soil series (but even these mapA single soil series (but even these mapA single soil series (but even these map A single soil series (but even these map 
units usually have “inclusions” too small to units usually have “inclusions” too small to 
be mapped). Sometimes call a be mapped). Sometimes call a 
CONSOCIATIONCONSOCIATION



Using soils to identify ecological Using soils to identify ecological 
sitessitessites sites 

AnAn ecological siteecological site can include more than onecan include more than oneAn An ecological siteecological site can include more than one can include more than one 
soil series, provided that the soils are similarsoil series, provided that the soils are similar

AA soil map unitsoil map unit can include more than onecan include more than oneA A soil map unitsoil map unit can include more than one can include more than one 
ecological site. Soil map units often include ecological site. Soil map units often include 
many different soils, with different potentials many different soils, with different potentials 
to support plant communitiesto support plant communitiesto support plant communitiesto support plant communities

Even a Even a soil seriessoil series can include more than one can include more than one 
ecological site Soil surface texture oftenecological site Soil surface texture oftenecological site. Soil surface texture often ecological site. Soil surface texture often 
varies within a soil series. Soil surface texture varies within a soil series. Soil surface texture 
is very important in distinguishing ecological is very important in distinguishing ecological 
sites.sites.





Creating ecological site mapsCreating ecological site mapsCreating ecological site mapsCreating ecological site maps
Ecological site maps can beEcological site maps can beEcological site maps can be Ecological site maps can be 
developed from soil mapsdeveloped from soil maps
Like soil maps, ecological site map Like soil maps, ecological site map 
units include associations and units include associations and 
complexes of multiple ecological complexes of multiple ecological 
sitessites



Ecological Site Identification Exercise Ecological Site Identification Exercise 
(complete exercise with maps under “other” in left column of (complete exercise with maps under “other” in left column of 
http://usdahttp://usda--ars.nmsu.edu/JER/Monit_Assess/monitoring.php)ars.nmsu.edu/JER/Monit_Assess/monitoring.php)

1)1) Find a soil map unit that is a complexFind a soil map unit that is a complex oror1)1) Find a soil map unit that is a complex Find a soil map unit that is a complex or or 
association on the map, and list the soil association on the map, and list the soil 
components it includescomponents it includes

2)2) Find and list a soil map unit that is Find and list a soil map unit that is notnot a complex a complex 
or association. Can we assume that all areas or association. Can we assume that all areas 
within this map unit are the named soil?within this map unit are the named soil?within this map unit are the named soil?within this map unit are the named soil?

3)3) List the complete ecological site ID for each soil List the complete ecological site ID for each soil 
component listed in #2component listed in #2 (e g 025XY019NV)(e g 025XY019NV)component listed in #2component listed in #2 (e.g.025XY019NV)(e.g.025XY019NV)

4)4) It is possible for soil series to include components It is possible for soil series to include components 
in different ecological sites Are any of the seriesin different ecological sites Are any of the seriesin different ecological sites. Are any of the series in different ecological sites. Are any of the series 
on your map in more than one ecological site?on your map in more than one ecological site?



Soil & Site Identification Exercise Soil & Site Identification Exercise 
(hints)(hints)(hints)(hints)

1)1) Find a soil map unit that is a complexFind a soil map unit that is a complex oror association on theassociation on the1)1) Find a soil map unit that is a complex Find a soil map unit that is a complex or or association on the association on the 
map, and list the soil components it includes map, and list the soil components it includes (use “Index to (use “Index to 
Map Units”: Association=Map Units”: Association=>>2 components and the word “association”; 2 components and the word “association”; 
Complex=Complex=>>2 components).2 components).

2)2) Find and list a soil map unit that is Find and list a soil map unit that is notnot a complex or a complex or 
association. Can we assume that all areas within this map association. Can we assume that all areas within this map 
unit are the named soil?unit are the named soil? (use “Index to Map Units”: Consociation=1(use “Index to Map Units”: Consociation=1unit are the named soil?unit are the named soil? (use Index to Map Units : Consociation=1 (use Index to Map Units : Consociation=1 
component).component).

3)3) List the complete ecological site ID for each soil component List the complete ecological site ID for each soil component 
listed for the soil map unit in #2listed for the soil map unit in #2 (listed under “Range sites”(listed under “Range sites”listed for the soil map unit in #2listed for the soil map unit in #2 (listed under Range sites  (listed under Range sites  
at the end of the soil map unit description)at the end of the soil map unit description)

4)4) It is possible for soil series to include components in It is possible for soil series to include components in )) p pp p
different ecological sites. Are any of the series on your map different ecological sites. Are any of the series on your map 
in more than one ecological site?in more than one ecological site?



Soil & Site Identification Exercise Soil & Site Identification Exercise 
(answers)(answers)(answers)(answers)

1)1) Find a soil map unit that is a complexFind a soil map unit that is a complex oror1)1) Find a soil map unit that is a complex Find a soil map unit that is a complex or or 
association on the map, and list the soil association on the map, and list the soil 
components it includes components it includes 
1010: see “Composition” on page 3621010: see “Composition” on page 3621010: see Composition  on page 3621010: see Composition  on page 362
1032: see “Composition” on page 368 1032: see “Composition” on page 368 
1050: see “Composition” on page 3701050: see “Composition” on page 370

2)2) Find and list a soil map unit that isFind and list a soil map unit that is notnot a complexa complex2)2) Find and list a soil map unit that is Find and list a soil map unit that is notnot a complex a complex 
or association. or association. The map unit is 1030.The map unit is 1030.
Can we assume that all areas within this map Can we assume that all areas within this map 
unit are the named soil?unit are the named soil?unit are the named soil?unit are the named soil?
No No –– No No –– the map unit description lists 3 inclusions. the map unit description lists 3 inclusions. 



Soil & Site IdentificationSoil & Site Identification Exercise (answers)Exercise (answers)
(3) List the complete ecological site ID for each soil (3) List the complete ecological site ID for each soil 

t li t d i #2t li t d i #2
Chiara silt loam, 2Chiara silt loam, 2--15% slopes soil map unit15% slopes soil map unit

component listed in #2component listed in #2

Ecological SiteEcological Site
Soil map unit Soil map unit MLRAMLRA SubSub-- Eco Eco StateState
componentcomponent MLRAMLRA SiteSite
Chiara silt loam, 2Chiara silt loam, 2-- 025025 XYXY 019019 NVNV
15% slopes15% slopes
Inclusion 1Inclusion 1 028028 BYBY 010*010* NVNV
Inclusion 2Inclusion 2 025025 XYXY 019019 NVNV
Inclusion 3Inclusion 3 025025 XYXY 019019 NVNV

* Loamy 8-10” P.Z. (Precipitation Zone) in MLRA (Major Land Resource 
Area) 28B (Central Nevada Basin and Range).



Soil & Site Identification Exercise Soil & Site Identification Exercise 
(answers)(answers)(answers)(answers)

4)4) It is possible for soil series to include components inIt is possible for soil series to include components in4)4) It is possible for soil series to include components in It is possible for soil series to include components in 
different ecological sites. Are any of the series on different ecological sites. Are any of the series on 
your map in more than one ecological site?your map in more than one ecological site?
YY 1032 (Chi1032 (Chi K lk A i ti ) i l d t itK lk A i ti ) i l d t itYes Yes –– 1032 (Chiara1032 (Chiara--Kelk Association) includes two map unit Kelk Association) includes two map unit 
components for the Kelk soil series that are associated with components for the Kelk soil series that are associated with 
different ecological sites:different ecological sites:
K lk fi d l 2K lk fi d l 2 8% l8% l 025025XYXY019019NVNVKelk very fine sandy loam, 2Kelk very fine sandy loam, 2--8% slopes = 8% slopes = 025025XYXY019019NVNV
(“more sloping Kelk soil”)(“more sloping Kelk soil”)

Kelk very fine sandy loam, 0Kelk very fine sandy loam, 0--2% slopes* = 2% slopes* = 024024XYXY006006NVNV
((“nearly level Kelk soil”)“nearly level Kelk soil”)

*page 370 end of 1032 description*page 370 end of 1032 descriptionpage 370, end of 1032 descriptionpage 370, end of 1032 description



Review: a soil map unit Review: a soil map unit 
(drawn on the map) can be:(drawn on the map) can be:(drawn on the map) can be:(drawn on the map) can be:

AnAn ASSOCIATIONASSOCIATION of two or more soils thatof two or more soils thatAn An ASSOCIATIONASSOCIATION of two or more soils that of two or more soils that 
occur in a repetitive and occur in a repetitive and predictablepredictable pattern pattern 
(e.g. low ridges & swales)(e.g. low ridges & swales)
AA COMPLEXCOMPLEX f t il th t llf t il th t llA A COMPLEXCOMPLEX of two or more soils that usually of two or more soils that usually 
do not occur in a do not occur in a predictablepredictable pattern at a pattern at a 
mappable scale (e.g. coarse and fine soils in a mappable scale (e.g. coarse and fine soils in a 
river floodplain)river floodplain)
A single soil series (but even these map units A single soil series (but even these map units 
usually have “inclusions” too small to beusually have “inclusions” too small to beusually have inclusions  too small to be usually have inclusions  too small to be 
mapped). Sometimes call a mapped). Sometimes call a CONSOCIATION CONSOCIATION 
(e.g. the Chiara used in the example)(e.g. the Chiara used in the example)

Note: like soil maps, ecological site map units includeNote: like soil maps, ecological site map units include
associations and complexes of multiple ecological sitesassociations and complexes of multiple ecological sites
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A reference sheet for each Ecological Site A reference sheet for each Ecological Site 
is de eloped for the “reference state”is de eloped for the “reference state”is developed for the “reference state”is developed for the “reference state”

IndicatorsIndicators. . For each indicator, describe the potential for the site. Where For each indicator, describe the potential for the site. Where 
possible, (1) use numbers, (2) include expected range of values for abovepossible, (1) use numbers, (2) include expected range of values for above-- andandpossible, (1) use numbers, (2) include expected range of values for abovepossible, (1) use numbers, (2) include expected range of values for above and and 
belowbelow--average years for average years for eacheach community within the reference state, when community within the reference state, when 
appropriate & (3) cite data. Continue descriptions on separate sheet.appropriate & (3) cite data. Continue descriptions on separate sheet.

1 Number and extent of rills:1 Number and extent of rills: Minimal on slopes less than 5% and increasingMinimal on slopes less than 5% and increasing1.  Number and extent of rills:1.  Number and extent of rills: Minimal on slopes less than 5% and increasing Minimal on slopes less than 5% and increasing 
slightly as slopes increase up to 15%.  Rills spaced  15slightly as slopes increase up to 15%.  Rills spaced  15--50 ft. apart when 50 ft. apart when 
present on slopes of 10present on slopes of 10--15% under average  when present.  After wildfires, high 15% under average  when present.  After wildfires, high 
human or herbivore impacts, extended drought or , or combinations of these human or herbivore impacts, extended drought or , or combinations of these p , g ,p , g ,
disturbances, rills may double in numbers on slopes from 10disturbances, rills may double in numbers on slopes from 10--15% after high 15% after high 
intensity summer thunderstorms. intensity summer thunderstorms. 
2.  Presence of water flow patterns:2.  Presence of water flow patterns: Generally up to 20 feet apart and short Generally up to 20 feet apart and short pp y p py p p
(less than 10 feet long) with numerous obstructions that alter the water flow (less than 10 feet long) with numerous obstructions that alter the water flow 
path.  On slopes of 10path.  On slopes of 10--15%, flow patterns increase in number and length (30% 15%, flow patterns increase in number and length (30% 
increase in both number and length.  Flow pattern length and numbers may increase in both number and length.  Flow pattern length and numbers may 
d bl ft ildfi hi h h h bi i t t d d d htd bl ft ildfi hi h h h bi i t t d d d htdouble after wildfires, high human or herbivore impacts, extended drought, or double after wildfires, high human or herbivore impacts, extended drought, or 
combinations of these disturbances if high intensity summer thunderstorms combinations of these disturbances if high intensity summer thunderstorms 
occur.occur.



GeneratingGeneratingGenerating Generating 
the the 
ecological ecological 
referencereferencereference reference 
worksheetworksheet

Capture  Capture  
temporal and temporal and pp
disturbancedisturbance
variability!variability!



Generating the ecological Generating the ecological 
reference worksheetreference worksheetreference worksheetreference worksheet

Reference Worksheet defines the “None to Slight” Category in  Reference Worksheet defines the “None to Slight” Category in  
the Evaluation Worksheetthe Evaluation Worksheetthe Evaluation Worksheetthe Evaluation Worksheet



A reference sheet is developed for A reference sheet is developed for 
the “Reference State” of eachthe “Reference State” of eachthe Reference State  of each the Reference State  of each 
ecological site…ecological site…

The state where the functional capabilities The state where the functional capabilities 
t d b il d it t bilitt d b il d it t bilitrepresented by soil and site stability, represented by soil and site stability, 

hydrologic function, and biotic integrity hydrologic function, and biotic integrity 
f i tf i t ti l lti l lare performing at a nearare performing at a near--optimum level optimum level 

under the natural disturbance regime.under the natural disturbance regime.



State and Transition Diagram 
f   E l i l Sitfor an Ecological Site

Transitions (relatively irreversible; can 
be reversed with significant inputs)

N th h ld

State 1 State 3

Non-threshold 
pathways 
(successional State 1

State 2

State 3 (
and other 
easily 
reversible)

Plant 
iti reversible)communities

Based on Bestelmeyer et al. 2003 and Stringham et al. 2003 (both in J. Range Management)



Generating the reference Generating the reference 
worksheetworksheetworksheetworksheet

What do you need to define potential forWhat do you need to define potential forWhat do you need to define potential for What do you need to define potential for 
an ecological site?an ecological site?



Generating the reference Generating the reference 
worksheetworksheetworksheetworksheet

What do you need to define potential forWhat do you need to define potential forWhat do you need to define potential for What do you need to define potential for 
an ecological site?an ecological site?

E l i l Sit D i ti– Ecological Site Descriptions
Ecological Site Description

http://plants.usda.gov/esis 



Generating the reference Generating the reference 
worksheetworksheetworksheetworksheet

What do you need to define potential forWhat do you need to define potential forWhat do you need to define potential for What do you need to define potential for 
an ecological site?an ecological site?

E l i l Sit D i ti– Ecological Site Descriptions 
– Soil survey information 



STATSGO Soil Mapping
Available at 1:250,000 scale

(h // il d )

SSURGO Soil Mapping
Available at 1:24,000 scale

(http://soils.usda.gov) (http://soils.usda.gov)



Generating the reference Generating the reference 
worksheetworksheetworksheetworksheet

What do you need to define potential forWhat do you need to define potential forWhat do you need to define potential for What do you need to define potential for 
an ecological site?an ecological site?

E l i l Sit D i ti– Ecological Site Descriptions 
– Soil survey information

E l i l R f A– Ecological Reference Areas 



Ecological Reference Area(s)Ecological Reference Area(s)
“A landscape unit in which ecological processes areA landscape unit in which ecological processes are 

functioning within a normal range of variability and the 
plant community has adequate resistance to and resiliency 

f t di t b ”from most disturbances”

Special Management Areas Well-managed rangeland

Exclosures



Ecological Ecological 
Reference Area(s)Reference Area(s)

Verify soilsVerify soils

Reference Area(s)Reference Area(s)

Communication area Communication area 

Establish baseline studiesEstablish baseline studies



Generating the reference Generating the reference 
worksheetworksheetworksheetworksheet

What do you need to define potential forWhat do you need to define potential forWhat do you need to define potential for What do you need to define potential for 
an ecological site?an ecological site?

E l i l Sit D i ti– Ecological Site Descriptions
– Soil survey information

R f it– Reference sites 
– Expert knowledge 
(old timers and brilliant
ecologists)







Generating the reference Generating the reference 
worksheetworksheetworksheetworksheet

What do you need to define potential forWhat do you need to define potential forWhat do you need to define potential for What do you need to define potential for 
an ecological site?an ecological site?
– Ecological Site DescriptionsEcological Site Descriptions 
– Soil survey information
– Ecological Reference Area(s)Ecological Reference Area(s) 
– Expert knowledge (old timers and brilliant 

ecologists)
– Other data (e.g. from LTER and other long-

term studies)
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Generating the ecological reference Generating the ecological reference 
sheetsheetsheetsheet

How do youHow do youHow do you How do you 
evaluate the quality evaluate the quality 
of the information?of the information?of the information?of the information?



Generating the ecological Generating the ecological 
reference sheetreference sheet

How do you evaluateHow do you evaluateHow do you evaluate How do you evaluate 
the quality of the the quality of the 
information?information?information?information?
– Go to the source, or 

people who knew itpeople who knew it
– Compare different 

sourcessources



No Reference WorksheetNo Reference Worksheet------
don’t bother going to the field!don’t bother going to the field!


