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Appendix 1
Evaluation Sheet 

Evaluation Sheet (Page 1)
Aerial Photo:                                 .

Management Unit______________ 
State _____
Office ____________ 
Range/Ecol. Site Code:  ​​__________________ 

                               (Allotment or pasture)

Ecological Site Name:_______________________ 
Soil Map Unit/Component Name:_​​​​​​_________________________
Observers: _______________________________________________________________________ Date: __________________
Location (description):_____________________________________________________________________________________

T. ____ R. _____ 
      or _____________N. Lat.    Or    UTM  E_________________m      Position by GPS? Y / N 
                                           UTM Zone____, Datum______ 

Sec. _____, ______            ____________W. Long.                      N_________________m      Photos taken? Y / N 
Size of evaluation area _____________________________________________________________________________________

Composition (Indicators 10 and 12) based on:__Annual Production, __Cover Produced During Current Year or __Biomass

Soil/site verification:

Range/Ecol. Site Descr., Soil Surv., and/or Ecol. Ref. Area:
Evaluation Area:

Surface texture ____________________________________
Surface texture _____________________________________
Depth: very shallow __, shallow __, moderate __, deep __ 
Depth: very shallow __, shallow __, moderate __, deep __

Type and depth of diagnostic horizons: 
Type and depth of diagnostic horizons:

1. ____________________
3. _____________________
1. ___________________
3. ___________________

2. ____________________
4. _____________________
2. ___________________ 4. ___________________

Surf. Efferv.: none   , v. slight   , slight   , strong  _ violent    
Surf. Efferv.: none   , v. slight   , slight   , strong _, violent__
Parent material _______  Slope _____% Elevation ______ft. 
Topographic position __________________ Aspect _______

Average annual precipitation _____inches
Seasonal distribution _________________________________
Recent weather (last 2 years) (1) drought ___, (2) normal ____, or (3) wet _____.

Wildlife use, livestock use (intensity and season of allotted use), and recent disturbances:  

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

Off-site influences on evaluation area: ______________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

Criteria used to select this particular evaluation area as REPRESENTATIVE (specific info. and factors considered; degree of “representativeness”) 
_______________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

Other remarks (continue on back if necessary) _______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

Reference: (1) Reference Sheet:________________________; Author: ___________________________________; Creation Date: ___________

or (2) Other (e.g., name and date of ecological site description; locations of ecological reference area(s))___________________​​​​_____________

Evaluation Sheet (Page 2)

Evaluation Sheet (Example) (Page 1) 
Aerial Photo:                                 .

Management Unit_ Allotment 1, pasture 1_ State _NM_
Office _Las Cruces_ 
Range/Ecol. Site Code:  042XB999NM_ 

                               (Allotment or pasture)

Ecological Site Name:___Limy________________ 
Soil Map Unit/Component Name:_Nickel gravelly fine sandy loam

Observers: ____Joe Smith, Jose Garcia, and Thaddeus Jones__________________________ Date: _June 10, 2002

Location (description):___Limy site two miles north of windmill in S.E. pasture_________________________________

T. _11 S R. _23 W 
      or _____________N. Lat.    Or    UTM  E_________________m      Position by GPS? Y / N No

                                           UTM Zone____, Datum______      

Sec. _12__, _NE__ 1/4     _____________W. Long.                     N_________________m      Photos taken? Y / N Yes
Size of evaluation area ___Evaluation area is approximately 3 ac. and represents entire ecological site in this pasture

Composition (Indicators 10 and 12) based on:__Annual Production, _X__Cover Produced During Current Year ___Biomass_____

Soil/site verification:

Range/Ecol. Site Descr., Soil Surv., and/or Ecol. Ref. Area:
Evaluation Area:

Surface texture _grfsl, grlfs, gl
Surface texture _gfsl__________
Depth: very shallow __, shallow __, moderate __, deep _X_ 
Depth: very shallow __, shallow __, moderate __, deep _X_

Type and depth of diagnostic horizons: 
Type and depth of diagnostic horizons:

1. _Calcic horizon w/in 20” 
3. _________________
1. Calcic Horizon at 15”
3. ___________________

2. ___________________________ 
4. _________________ 
2. ___________________ 4. ___________________

Surf. Efferv.: none   , v. slight   , slight   , strong X , violent    
Surf. Efferv.: none   , v. slight   , slight   , strong X , violent__
Parent material _Alluvium     Slope _0-5_% Elevation _4100_ft. 
Topographic position _toeslope_________ Aspect _south_

Average annual precipitation _8-12_inches
Seasonal distribution _Summer thunderstorms dominate_____
Recent weather (last 2 years) (1) drought ___, (2) normal __X__, or (3) wet _____.

Wildlife use, livestock use (intensity and season of allotted use), and recent disturbances:  Wildlife use is dominated by pronghorn antelope in the winter.  Livestock use was extremely heavy yearlong during 1900-1930.  Last 50 years, livestock use has been cow/calf moderate yearlong use.
_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

Off-site influences on evaluation area: __None________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

Criteria used to select this particular evaluation area as REPRESENTATIVE (specific info. and factors considered; degree of “representativeness”) 
_Area is located near a pasture key area. It is located in the center of the ecological site and represents the typical amount of livestock, wildlife and recreational uses on this area. This ecological site dominates this pasture. The area is ¾ of a mile from the closest water source. _______________

_______________________________________________________________________________________________________________________

Other remarks (continue on back if necessary) _______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________

Reference: (1) Reference Sheet:__Limy SD – 42B__; Author: _J.Christensen_____; Creation Date: _03/23/2002
or (2) Other (e.g., name and date of ecological site description; locations of ecological reference area(s))____Limy Ecological Site 042XB999NM

 June 2001_____.

Evaluation Sheet Example (Page 2) 
Appendix 2
Reference Sheet 

Reference Sheet

Author(s)/participant(s): _________________________________________________________________

Contact for lead author: _____________________________________  

Date: __________   MLRA: _______ Sub-MLRA: _______  Ecological Site: __________ This must be verified based on soils and climate (see Ecological Site Description). Current plant community cannot be used to identify the ecological site. 

Composition (Indicators 10 and 12) based on:__Annual Production, __Cover Produced During Current Year __Biomass

	Indicators. For each indicator, describe the potential for the site. Where possible, (1) use numbers, (2) include expected range of values for above- and below-average years and natural disturbance regimes for each community within the reference state, when appropriate and (3) cite data. Continue descriptions on separate sheet.

	1.  Number and extent of rills: 

	2.  Presence of water flow patterns: 

	3.  Number and height of erosional pedestals or terracettes: 

	4.   Bare ground from Ecological Site Description or other studies (rock, litter, lichen, moss, plant canopy are not bare ground):

	5.   Number of gullies and erosion associated with gullies:

	6.   Extent of wind scoured, blowouts and/or depositional areas:

	7.  Amount of litter movement (describe size and distance expected to travel):  

	8.  Soil surface (top few mm) resistance to erosion (stability values are averages – most sites will show a range of values):

	9.  Soil surface structure and SOM content (include type of structure and A-horizon color and thickness): 

	10. Effect of plant community composition (relative proportion of different functional groups) and spatial distribution on infiltration and runoff: 


	11.  Presence and thickness of compaction layer (usually none; describe soil profile features which may be mistaken for compaction on this site): 

	12.  Functional/Structural Groups (list in order of descending dominance by above-ground production or live foliar cover (specify) using symbols: >>, >, = to indicate much greater than, greater than, and equal to; place dominants, subdominants and “others” on separate lines): 
Dominants: 
Sub-dominants:
Other: 

	13. Amount of plant mortality and decadence (include which functional groups are expected to show mortality or decadence): 

	14. Average percent litter cover ( _______%) and depth ( ______ inches).

	15.  Expected annual production (this is TOTAL above-ground production, not just forage production):

__________ - __________ lbs./acre or kg/ha (choose one)

	16.  Potential invasive (including noxious) species (native and non-native). List species which characterize degraded states and which have the potential to become a dominant or co-dominant species on the site if their future establishment and growth is not actively controlled by management interventions. (Species that become dominant for only one to several years (e.g. short-term response to drought or wildfire) are not invasive plants.) 

	17.  Perennial plant reproductive capability: 


Reference Sheet (Basic Example*)

Author(s)/participant(s): J. Christensen, B. Call, B. Bestelmeyer, R. Placker, D. Trujillo, L. Hauser, D. Coalson, P. Smith, & J. Herrick
Contact for lead author: __jchristensen@web.com/334-556-7890_____________ 

Date: 03/23/2002   MLRA: __42__ Sub-MLRA: _______ Ecological Site: ____Limy__  This must  be verified based on soils and climate (see Ecological Site Description). Current plant community cannot be used to identify the ecological site.

Composition (Indicators 10 and 12) based on:_X_Annual Production, __Cover Produced During Current Year, __Biomass


	Indicators. For each indicator, describe the potential for the site. Where possible, (1) use numbers, (2) include expected range of values for above- and below-average years and natural disturbance regimes for each community within the reference state, when appropriate and (3) cite data. Continue descriptions on  separate sheet.

	1.  Number and extent of rills:  None

	2.  Presence of water flow patterns: None, except following extremely high intensity storms, when short (less than 1 m) flow patterns may appear; minimal evidence of past or current soil deposition or erosion.

	3.   Number and height of erosional pedestals or terracettes: None

	4.   Bare ground from Ecological Site Description or other studies (rock, litter, lichen, moss, plant canopy are not bare ground): 20 – 30 % bare ground; bare patches should be less than 8-10 inch diameter; occasional 12 inch patches associated with shrubs. Larger bare patches also associated with ant mounds and rodent disturbances

	5.   Number of gullies and erosion associated with gullies: None

	6.   Extent of wind scoured, blowouts and/or depositional areas: None

	7.  Amount of litter movement (describe size and distance expected to travel):  Minimal and short, associated with water flow patterns following extremely high intensity storms. Litter also may be moved during intense wind storms.

	8.  Soil surface (top few mm) resistance to erosion (stability values are averages – most sites will show a range of values):Stability class (Herrick et al. 2001) anticipated to be 5-6 at surface and subsurface under vegetation and 4-5 at surface and subsurface in the interspaces. These values need verification at reference sites.

	9.  Soil surface structure and SOM content (include type and A-horizon color and thickness): 2-4 inch dark brown A horizon with medium granular structure (Otero County Armesa series description refers to platy structure; probably not from a true reference site).

	10. Effect of plant community composition (relative proportion of different functional groups) and spatial distribution on infiltration and runoff: High grass canopy and basal cover and small gaps between plants should reduce raindrop impact and slow overland flow, providing increased time for infiltration to occur. High root density of blue grama can limit infiltration. High herbaceous vegetation on this site will result in less rain necessary to sustain this site because more water is retained.

	11.  Presence and thickness of compaction layer (usually none; describe soil profile features which may be mistaken for compaction on this site):  None.

	12.  Functional/Structural Groups (list in order of descending dominance by above-ground production or live cover (specify) using symbols: >>, >, = to indicate much greater than, greater than, and equal to; place dominants, subdominants and “others” on separate lines): 
Dominants: Blue grama > Black grama > 
Sub-dominants: warm season bunchgrasses > Yucca = shrubs >> 
Other: sub-shrubs = succulents; Forbs 0 – 8 % depending on the year.

	13. Amount of plant mortality and decadence (include which functional groups are expected to show mortality or decadence): Grasses will nearly always show some mortality and decadence

	14. Average percent litter cover ( _______%) and depth ( ______ inches).
20 – 25 % litter cover and 0.25 inch depth

	15.  Expected annual production (this is TOTAL above-ground production, not just forage production):

__________ - __________ #/acre or kg/ha (choose one) 650 to 1200 pounds/acre based on ecological site description. Could be even higher on particularly good years.

	16.  Potential invasive (including noxious) species (native and non-native). List species which characterize degraded states and which have the potential to become a dominant or co-dominant species on the site if their future establishment and growth is not actively controlled by management interventions. (Species that become dominant for only one to several years (e.g. short-term response to drought or wildfire) are not invasive plants.): Possibly creosote bush which is an invader on similar ecological sites; snakeweed is cyclical, so not regarded as an invasive plant on this ecological site.

	17.  Perennial plant reproductive capability: all species should be capable of reproducing


*This example includes the absolute minimum information required. Ideally, Reference Sheets should include at least as much information as is included in the “Standard Example” on the next page. 

Reference Sheet (Standard Example)

Author(s)/participant(s): _Mike Pellant____________________________________

Contact for lead author: _____________________________________  Reference site used? Yes/No

Date: _4/24/03_________   MLRA: _______ Sub-MLRA: _______ Ecological Site:  Loamy 8-10” PZ, Artr wyo.-Thurber’s Needlegrass This must be verified based on soils and climate (see Ecological Site Description). Current plant community cannot be used to identify the ecological site.

Composition (Indicators 10 and 12) based on:_X_Annual Production, __Cover Produced During Current Year,  __Biomass


	Indicators. For each indicator, describe the potential for the site. Where possible, (1) use numbers, (2) include expected range of values for above- and below-average years for each community and natural disturbance regimes within the reference state, when appropriate and (3) cite data. Continue descriptions on separate sheet.

	1.  Number and extent of rills: Minimal on slopes less than 5% and increasing slightly as slopes increase up to 15%.  Rills spaced  15-50 ft. apart when present on slopes of 10-15% under average  when present.  After wildfires, high human or herbivore impacts, extended drought or combinations of these disturbances, rills may double in numbers on slopes from 10-15% after high intensity summer thunderstorms. 

	2.  Presence of water flow patterns:   Generally up to 20 feet apart and short (less than 10 feet long) with numerous obstructions that alter the water flow path.  On slopes of 10-15%, flow patterns increase in number and length (30% increase in both number and length.  Flow pattern length and numbers may double after wildfires, high human or herbivore impacts, extended drought, or combinations of these disturbances if high intensity summer thunderstorms occur. 



	3.   Number and height of erosional pedestals or terracettes:   Plant or rock pedestals and terracettes are almost always in flow patterns.  Wind-caused pedestals are rare and only would be on the site after wildfires, high human or herbivore impacts, extended drought, or combinations of these disturbances. Pedestals of Sandberg bluegrass on pedestals outside water flow patterns are generally caused by frost heaving, not erosion.  Slightly more pedestals and terracettes would be present on 5-15% slopes, especially immediately after high intensity summer thunderstorms.  
 

	4.   Bare ground from Ecological Site Description or other studies (rock, litter, standing dead, lichen, moss, plant canopy are not bare ground):    5% or less bare ground with bare patches generally less than 2” in diameter in the intervals between natural disturbance  regimes.  Bare ground would be expected to increase to 80% or more the first year following wildfire but to decrease to prefire levels within 2-5 years depending on climate and other human disturbances. 


	5.   Number of gullies and erosion associated with gullies: Gullies are rare and would only be present when a high intensity summer thunderstorm occurs after wildfires, high human or herbivore impacts, extended drought, or combinations of these disturbances.


	6.   Extent of wind scoured, blowouts and/or depositional areas:  Wind erosion is minimal when the site is vegetated.  Significant wind erosion can occur when disturbances such as severe wildfires, high human or herbivore impacts, extended drought, or combinations of these disturbances.  After rain events, exposed soil surfaces form a physical crust that tends to reduce wind erosion. 



	7.  Amount of litter movement (describe size and distance expected to travel):   Litter movement consists primarily of redistribution of fine litter (herbaceous plant material) in flow patterns for distances of 1-3 feet. As slope increases from 5 to15% litter movement up to 5 feet can occur.  After wildfires, high human or herbivore impacts, extended drought, or combinations of these disturbances, size of litter and distance litter moves can significantly increase. 



	8.  Soil surface (top few mm) resistance to erosion (stability values are averages – most sites will show a range of values): 

     3.5–4.0 in interspace at soil surface



	9.  Soil surface structure and SOM content (include type and strength of structure, and A-horizon color and thickness):  Surface layer is light brown and 6-7 inches thick.   Loss of soil immediately after a high intensity wildfire, high human or herbivore impacts, extended drought, or combinations of these disturbances will result in the loss of a portion of this surface horizon and loss of structure in the surface soil.

	10. Effect of plant community composition (relative proportion of different functional groups) and spatial distribution on infiltration and runoff:  Loss of sagebrush after a high intensity wildfire reduces snow accumulation in the winter, reducing the depth of soil water recharge negatively affecting growth and production of deep rooted forbs and perennial grasses.  This reduced soil water recharge is part of the site dynamics if exotics or other management actions don’t delay the succession back to a sagebrush-grass plant community   Conversion to cheatgrass after wildfires further exacerbates this problem and results in additional soil water depletion in the soil surface (1-12”) further reducing the native plants in the community capability to grow and reproduce.  Other disturbances (high human or herbivore impacts, extended drought, or combinations of these disturbances) that results in the loss of shrub cover and conversion to cheatgrass or other annual herbaceous species will have this same effect on soil water recharge and availability for deep-rooted species growth and reproduction.

	11.  Presence and thickness of compaction layer (usually none; describe soil profile features which may be mistaken for compaction on this site):   Compaction layers are present only after surface activities such as livestock grazing and recreational vehicle use during periods when the soil is moist.  There are not soil profile features in the top 8 inches of the soil profile that would be mistaken for a management induced soil compaction layer. 



	12.  Functional/Structural Groups (list in order of descending dominance by above-ground weight using symbols: >>, >, = to indicate much greater than, greater than, and equal to):  Non-resprouting shrubs = Mid cool season bunchgrasses, >> short cool season bunchgrasses > biological crust > perennial deep rooted forbs = nitrogen fixing forbs > resprouting shrubs> annual grasses = annual forbs.   After wildfires the functional/structural dominance changes to the herbaceous components with a slow 10-20 year recovery of the non resprouting shrubs (e.g., big sagebrush).  Resprouting shrubs tend to increase until the sagebrush reestablishment and increase reduces the resprouting component.  High human or herbivore impacts, extended drought, or combinations of these factors tends to increase shrub functional/structural groups at the expense of the herbaceous groups and biological crust. 



	13. Amount of plant mortality and decadence (include which functional groups are expected to show mortality or decadence): Most of the perennial plants in this community are long lived, especially the perennial forbs and shrubs.  After moderate to high intensity wildfires, all of the non-resprouting shrubs would die as would a small percentage of the herbaceous understory species.  Extended droughts would tend to cause relatively high mortality in short lived species such as bottlebrush squirreltail and Sandberg bluegrass.  Shrub mortality would be limited to severe, multiple year droughts. Combinations of wildfires and extended droughts would cause even more mortality for several years following the fire than either disturbance functioning by itself.     



	14. Average percent litter cover ( _20_%) and depth ( __1/4”____ inches )  After wildfires, high herbivore impacts, extended drought, or combinations of these disturbances, litter cover and depth decreases to none immediately after the disturbance (e.g., fire) and dependent on climate and plant production increases to post-disturbance levels in one to five growing seasons.  If invasive annual grasses (e.g., cheatgrass) dominates the plant community or is a major component of the shrub understory, litter cover can increase to 70-100%  and depth can increase to 1-3.”  This situation contributes to more frequent fire return intervals and significantly fewer opportunities for desirable perennial plant reproduction and biological crust recovery.  

	15.  Expected annual production (this is TOTAL above-ground production, not just forage production):

400 lbs/ac (low precip years, 650lbs/ac in average precip years and 900 lbs/ac in above average precip years #/acre  After wildfires, high  herbivore impacts, extended drought, or combinations of these disturbances, can cause production to be significantly reduced (100-200 lbs per ac. the first growing season following a wildfire) and recover slowly under below average precipitation regimes.  A seven-year study of  cheatgrass production on an ungrazed monoculture of cheatgrass produced production ranges of  1000 to 2,300 lbs/ac in a period that included dry and wet springs.  The site that this study was done on is a Loamy 10-12” PZ site so these totals would be a little high for the Loamy 8-10” PZ site we are working on.  This study indicates the potential for total production of this site to exceed the standards contained in the range site description. 

 

	16.  Potential invasive (including noxious) species (native and non-native). List species which characterize degraded states and which have the potential to become a dominant or co-dominant species on the site if their future establishment and growth is not actively controlled by management interventions. (Species that become dominant for only one to several years (e.g. short-term response to drought or wildfire) are not invasive plants.):  Cheatgrass is the greatest threat to dominate this site after disturbance (primarily wildfires but also includes high human or herbivore impacts, extended drought).  Medusahead wildrye is present but it is a minor component of the site and generally occurs in low areas that receive or hold extra moisture.  Bur buttercup and to a lesser degree, halogeton tend to be early successional weeds that are the first to appear on bare ground.  Exotic mustards follow these two species and are eventually replaced as dominants by cheatgrass.  Rush skeltonweed occurs on this site and can increase but generally doesn’t dominate after a disturbance on this site. 

	17.  Perennial plant reproductive capability: Only limitations to reproductive capability are weather-related and natural disease that reduces reproductive capability.  If cheatgrass becomes a dominant species it can reduce reproductive capability of many of the native, herbaceous species.


Appendix 3
Functional/Structural Groups Sheet

Functional/Structural Groups Sheet

State_______   Office___________________    Ecological Site______________________________________  Site ID___ __

Observers______________ ________________________________________________________      Date________________

	     Functional/Structural Groups
	Species List for Functional/Structural Groups

	Name
	Potential1  


	Actual2
	Plant Names

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Noxious Weeds
	
	
	

	Invasive Plants
	
	
	

	Biological Crust3
	
	
	


Indicate whether each “structural/functional group” is a Dominant (D) (roughly 40-100 % composition), a Sub-dominant (S) (roughly 10-40% composition) a Minor Component (M) (roughly 2-5% composition), or a Trace Component (T) (<2% composition)  based on weight or cover composition in the area of interest (e.g., “Actual2” column) relative to the “Potential1 ” column derived from information found in the ecological site/description and/or at the ecological reference area.  

Biological Crust 3  dominance is evaluated solely on cover, not composition by weight.
Functional/Structural Groups Sheet (Example)

State__NM_____   Office__Las Cruces___________    Ecological Site_Limy__________________  Site ID_042XB999NM __

Observers_____ Smith, Garcia, and Jones       ___________________________________________      Date__6/10/2002____

	     Functional/Structural Groups
	Species List for Functional/Structural Groups

	Name
	Potential1  


	Actual2
	Plant Names

	Warm season bruchgrasses
	D
	S
	blue grama, plains bristlegrass, cane bluestem

	Warm season stoloniferous grasses
	S
	T
	black grama

	Warm season narrow leaf bunchgrasses
	S
	D
	dropseeds spp, threeawn spp.

	Yucca
	M
	M
	yucca spp.

	Evergreen sub-shrub
	M
	D
	broom snakeweed

	Perennial taprooted forbs
	M
	M
	globemallow, desert marigold, croton

	Annual forbs
	T
	T
	buckwheat, lambsquarter

	Annual grasses
	T
	T
	fluff grass, sixweeks grama

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Noxious Weeds
	
	
	

	Invasive Plants
	
	
	

	Biological Crust3
	T
	T
	


Indicate whether each “structural/functional group” is a Dominant (D) (roughly 40-100 % composition), a Sub-dominant (S) (roughly 10-40% composition) a Minor Component (M) (roughly 2-5% composition), or a Trace Component (T) (<2% composition)  based on weight or cover composition in the area of interest (e.g., “Actual2” column) relative to the “Potential1 ” column derived from information found in the ecological site/description and/or at the ecological reference area.  

Biological Crust 3  dominance is evaluated solely on cover, not composition by weight.

Appendix 4
Evaluation Matrix
Evaluation Matrix

State_________   Office_____________________    
Ecological Site_____________________________  Site ID________

Authors:_______________________________________________________________     Revision Date_______________
	

	Departure from Reference Sheet

	Indicator*
	Extreme to Total
	Moderate to 

Extreme
	Moderate
	Slight to Moderate
	None to Slight

	1. Rills

	
	
	
	
	Reference Sheet:



	Generic Descriptor

	Rill formation is severe and well defined throughout most of the site.
	Rill formation is moderately active and well defined throughout most of the site.
	Active rill formation is slight at infrequent intervals; mostly in exposed areas.
	No recent formation of rills; old rills have blunted or muted features.
	Current or past formation of rills as expected for the site.

	2. Water Flow           Patterns 
	
	
	
	
	Reference Sheet:



	Generic Descriptor

	Water flow patterns extensive and numerous; unstable with active erosion; usually connected.
	Water flow patterns more numerous and extensive than expected; deposition and cut areas common; occasionally connected.
	Number and length of water flow patterns nearly match what is expected for the site; erosion is minor with some instability and deposition.
	Number and length of water flow patterns match what is expected for the site; some evidence of minor erosion.  Flow patterns are stable and short.
	Matches what is expected for the site; minimal evidence of past or current soil deposition or erosion.

	3.  Pedestals               and/or      Terracettes 
	
	
	
	
	Reference Sheet:



	Generic Descriptor

	Abundant active pedestalling and numerous terracettes. Many rocks and plants are pedestaled; exposed plant roots are common.
	Moderate active pedestalling; terracettes common.  Some rocks and plants are pedestaled with occasional exposed roots.
	Slight active pedestalling; most pedestals are in flow paths and interspaces and/or on exposed slopes.

Occasional terracettes present.
	Active pedestalling or terracette formation is rare; some evidence of past pedestal formation, especially in water flow patterns on exposed slopes.
	Current or past evidence of pedestaled plants or rocks as expected for the site. Terracettes absent or uncommon.


* Descriptions for each indicator should be more specific than those listed in the Generic Descriptors, if possible, and refer to the criteria included in the None to Slight description, which is based on the Reference Sheet (Appendix 1). 

	

  
	Departure from Reference Sheet

	Indicator*
	Extreme to Total
	Moderate to 

Extreme
	Moderate
	Slight to Moderate
	None to Slight

	4.  Bare Ground 
	
	
	
	
	Reference Sheet:



	Generic Descriptor

	Much higher than expected for the site.  Bare areas are large and generally connected.
	Moderate to much higher than expected for the site.  Bare areas are large and occasionally connected.
	Moderately higher than expected for the site.  Bare areas are of moderate size and sporadically connected.
	Slightly to moderately higher than expected for the site. Bare areas are small and rarely connected.
	Amount and size of bare areas match that expected for the site.

	5. Gullies 
	
	
	
	
	Reference Sheet:



	Generic Descriptor

	Common with indications of active erosion and downcutting; vegetation is infrequent on slopes and/or bed.  Nickpoints and headcuts are numerous and active.
	Moderate in number to common with indications of active erosion; vegetation is intermittent on slopes and/or bed.  Headcuts are active; down-cutting is not apparent.
	Moderate in number with indications of active erosion; vegetation is intermittent on slopes and/or bed.  Occasional headcuts may be present.
	Uncommon, vegetation is stabilizing the bed and slopes; no signs of active headcuts, nickpoints, or bed erosion.
	Match what is expected for the site; drainages are represented as natural stable channels; vegetation common and no signs of erosion.

	6. Wind Scoured, Blowout, and/or Depositional Areas
	
	
	
	
	Reference Sheet:



	Generic Descriptor
	Extensive.
	Common. 
	Occasionally present. 
	Infrequent and few. 
	Match what is expected for the site.


* Descriptions for each indicator should be more specific than those listed in the Generic Descriptors, if possible, and refer to the criteria included in the None to Slight description, which is based on the Reference Sheet (Appendix 1). 

	
	Departure fromReference Sheet

	Indicator*
	Extreme to Total
	Moderate to 

Extreme
	Moderate
	Slight to Moderate
	None to Slight

	7. Litter Movement

(wind or water)
	
	
	
	
	Reference Sheet:



	Generic Descriptor

	Extreme; concentrated around obstructions.  Most size classes of litter have been displaced. 
	Moderate to extreme; loosely concentrated near obstructions. Moderate to small size classes of litter have been displaced. 
	Moderate movement of smaller size classes in scattered concentrations around obstructions and in depressions.
	Slightly to moderately more than expected for the site with only small size classes of litter being displaced.
	Matches that expected for the site with a fairly uniform distribution of 

litter.

	8. Soil Surface Resistance to Erosion 
	
	
	
	
	Reference Sheet:



	Generic Descriptor
	Extremely reduced throughout the site. Biological stabilization agents including organic matter and biological crusts virtually absent.
	Significantly reduced in most plant canopy interspaces and moderately reduced beneath plant canopies. Stabilizing agents present only in isolated patches.
	Significantly reduced in at least half of the plant canopy interspaces, or moderately reduced throughout the site.
	Some reduction in soil surface stability in plant interspaces or slight reduction throughout the site. Stabilizing agents reduced below expected.
	Matches that expected for the site. Surface soil is stabilized by organic matter decomposition products and/or a biological crust .

	9. Soil Surface Loss or Degradation

	
	
	
	
	Reference Sheet:



	Generic Descriptor

	Soil surface horizon absent. Soil structure near surface is similar to, or more degraded, than that in subsurface horizons. No distinguishable difference in subsurface organic matter content.
	Soil loss or degradation severe throughout site. Minimal differences in soil organic matter content and structure of surface and subsurface layers. 


	Moderate soil loss or degradation in plant interspaces with some degradation beneath plant canopies. Soil structure is degraded and soil organic matter content is significantly reduced.
	Some soil loss has occurred and/or soil structure shows signs of degradation, especially in plant interspaces.
	Soil surface horizon intact. Soil structure and organic matter content match that expected for site.


* Descriptions for each indicator should be more specific than those listed in the Generic Descriptors, if possible, and refer to the criteria included in the None to Slight description, which is based on the Reference Sheet (Appendix 1).
	
	Departure from Reference Sheet

	Indicator*
	Extreme to Total
	Moderate to 

Extreme
	Moderate
	Slight to Moderate
	None to Slight

	10. Plant Community Composition and Distribution Relative to Infiltration and Runoff 
	
	
	
	
	Reference Sheet:


	Generic Descriptor

	Infiltration is severely decreased due to adverse changes in plant community composition and/or distribution. Adverse plant cover changes have occurred.
	Infiltration is greatly decreased due to adverse changes in plant community composition and/or distribution. Detrimental plant cover changes have occurred.
	Infiltration is moderately reduced due to adverse changes in plant community composition and/or distribution. Plant cover changes negatively affect infiltration.
	Infiltration is slightly to moderately affected by minor changes in plant community composition and/or distribution.  Plant cover changes have only a minor effect on infiltration.
	Infiltration and runoff are not affected by any changes in plant community composition and distribution. Any changes in infiltration and runoff can be attributed to other factors (e.g. compaction).



	11. Compaction Layer (below soil surface)
	
	
	
	
	Reference Sheet:



	Generic Descriptor

	Extensive; severely restricts water movement and root penetration.
	Widespread; greatly restricts water movement and root penetration.
	Moderately wide-spread, moderately restricts water movement and root penetration.
	Rarely present or is thin and weakly restrictive to water movement and root penetration.
	Matches that expected for the site; none to minimal, not restrictive to water movement and root penetration.


* Descriptions for each indicator should be more specific than those listed in the Generic Descriptors, if possible, and refer to the criteria included in the None to Slight description, which is based on the Reference Sheet (Appendix 1).

	
	Departure from Reference Sheet

	Indicator*
	Extreme to Total
	Moderate to 

Extreme
	Moderate
	Slight to Moderate
	None to Slight

	12.  Functional/  Structural Groups (F/S

Groups) 

See Functional/

Structural Groups Worksheet
	
	
	
	
	Reference Sheet:



	Generic Descriptor
	Number of F/S groups greatly reduced AND/OR Relative dominance of F/S groups has been dramatically altered AND/OR Number of species within F/S groups dramatically reduced.
	Number of F/S groups reduced AND/OR One dominant group and/or one or more sub-dominate group replaced by F/S groups not expected for the site AND/OR Number of species within F/S groups significantly reduced.
	Number of F/S groups moderately reduced AND/OR One or more sub-dominant F/S groups replaced by F/S groups not expected for the site AND/OR Number of species within F/S groups moderately reduced.
	Number of F/S groups slightly reduced AND/OR Relative dominance of F/S groups has been modified from that expected for the site AND/OR number of species within F/S slightly reduced.
	F/S groups and number of species in each group closely match that expected for the site.

	13. Plant Mortality/

Decadence 

	
	
	
	
	Reference Sheet:



	 Generic Descriptor
	Dead and/or decadent plants are common.
	Dead plants and/or decadent plants are somewhat common.  
	Some dead and/or decadent plants are present.
	Slight plant mortality and/or decadence.
	Plant mortality and decadence match that expected for the site.

	14. Litter Amount


	
	
	
	
	Reference Sheet:



	Generic Descriptor
	Largely absent or dominant relative to site potential and weather.
	Greatly reduced or increased relative to site potential and weather. 
	Moderately more or less relative to site potential and weather. 
	Slightly more or less relative to site potential and weather.
	Amount is what is expected for the site potential and weather.


* Descriptions for each indicator should be more specific than those listed in the Generic Descriptors, if possible, and refer to the criteria included in the None to Slight description, which is based on the Reference Sheet (Appendix 1).

	
	Departure from Reference Sheet

	Indicator*
	Extreme to Total
	Moderate to 

Extreme
	Moderate
	Slight to Moderate
	None to Slight

	15. Annual Production 
	
	
	
	
	Reference Sheet:



	Generic Descriptor
	Less than 20% of potential production for the site based on recent weather.
	20-40% of potential production for the site based on recent weather.
	40-60% of potential production for the site based on recent weather.
	60-80% of potential production for the site based on recent weather.
	Exceeds 80% of potential production for the site based on recent weather.



	16. Invasive Plants 
	
	
	
	
	Reference Sheet:



	Generic Descriptor
	Dominate the site.
	Common throughout the site.
	Scattered throughout the site.
	Present primarily in disturbed areas within the site.
	If present, composition of invasive species, matches that expected for the site. 

	17.Reproductivc Capability of Perennial Plants (native or seeded)
	
	
	
	
	Reference Sheet:



	Generic Descriptor
	Capability to produce seed or vegetative tillers is severely reduced relative to recent climatic conditions
	Capability to produce seed or vegetative tillers is greatly reduced relative to recent climatic conditions
	Capability to produce seed or vegetative tillers is moderately reduced relative to recent climatic conditions.
	Capability to produce seed or vegetative tillers is slightly reduced relative to recent climatic conditions.
	Capability to produce seed or vegetative tillers is not reduced relative to recent climatic conditions.



* Descriptions for each indicator should be more specific than those listed in the Generic Descriptors, if possible, and refer to the criteria included in the None to Slight description, which is based on the Reference Sheet (Appendix 1).

Appendix 5
Photographs of the 17 Indicators

Appendix 6
Quantitative Measures for the 17 Indicators

Quantitative Measures for the 17 Indicators

Potential quantitative measurements and indicators that we believe specifically relate to the 17 rangeland health qualitative indicators. For each quantitative indicator, we provide a potential explanation (interpretation) of the relationship between the qualitative and quantitative indicators (from Pyke et al., 2002). Also see table relating quantitative indicators to attributes in the Concepts section. References: 1 - USDA NRCS, 1997, 2 - Elzinga et al., 2001, 3 - Herrick et al., 2002.

	Qualitative Indicator
	Quantitative Indicator
	Measurement (References)
	Interpretation

	1.
Rills
	None
	
	

	2.
Water flow patterns
	Percent basal cover
	Line-point intercept (2,3)
	Basal cover is negatively correlated with water flow patterns because plant bases slow water movement.

	
	Proportion of basal gaps > 25, 50, 100, 200 cm
	Basal gap intercept  (3)
	Basal gaps are positively correlated with water flow patterns because water gains energy as it moves unobstructed across larger gaps.

	3.
Pedestals and/or terracettes
	Standard deviation of pin heights
	Erosion bridge (microtopography) (3)
	Pedestals and terracettes can be positively correlated with pin height standard deviation because increased microtopography is sometimes due to pedestals and terracettes.

	4.
Bare ground
	Percent bare ground
	Line-point intercept (2,3)
	Bare ground is positively correlated with runoff and erosion.

	
	Proportion of line in canopy gaps > 25, 50, 100, 200 cm
	Canopy gap intercept (3)
	The bare ground qualitative indicator is also positively correlated with canopy gaps because bare ground in large gaps usually has a larger effect on many functions than bare ground in small gaps.

	5.
Gullies
	Width-to-depth ratio and side slope angle
	Channel profiles (3)
	Lower width-to-depth ratios and higher side slope angles both reflect more severe or active gully erosion.

	
	Headcut movement
	Headcut location (3)
	Higher rates of headcut movement reflect greater gully erosion.

	6.
Wind-scoured, blowout, and/or depositional areas
	None
	
	

	7.
Litter movement
	Proportion of litter cover in interspaces vs. under canopies
	Line-point intercept (2,3)
	Higher proportions of litter in the interspaces can be positively related to litter movement.

	
	Proportion of basal gaps > 25, 50, 100, 200 cm
	Basal gap intercept (3)
	Basal gaps can be positively related to redistribution or loss of litter.

	8.
Soil surface resistance to erosion
	Average soil surface stability
	Soil stability kit (surface)(3)
	Surface aggregate stability is positively related to soil’s resistance to wind and water erosion.

	9.
Soil surface loss or degradation
	Average soil sub-surface stability
	Soil stability kit (sub-surface)(3)
	Sub-surface soil structure degrades and organic matter declines as surface soil is lost, thus sub-surface aggregate stability is negatively related to soil surface loss or degradation.

	10.
Plant community composition and distribution relative to infiltration and runoff.
	Percent composition
	Line-point intercept (2,3) or production (1,2)
	Changes in species composition can be related to changes in infiltration. For example, root and shoot morphology of tussock vs. stoloniferous plants.

	
	Proportion of basal gaps > 25, 50, 100, 200 cm
	Basal gap intercept (3)
	Changes in basal gaps can be related to changes plant distributions that relate to infiltration and runoff.

	11.
Compaction layer
	Ratio of penetration resistance in the upper 15 cm (6 inches) between the evaluation and reference area
	Impact penetrometer (3) 
	Ratios of penetration resistance or bulk density above 1 can indicate the presence of a compaction layer.

	
	Ratio of mass-per-volume of soil in the upper 15 cm between the evaluation and reference area
	Bulk density
	

	12.
Functional/structural groups
	Percent composition by functional or structural group and group richness
	Line-point intercept (2,3)
	Composition and richness of functional or structural groups are positively related to plant functional or structural groups qualitative indicator

	
	
	Production (1,2)
	

	13.
Plant mortality/ decadence
	Proportion of live-to-dead canopy 
	Line-point intercept (2,3)
	The live-to-dead proportion is positively related to the plant mortality or decadence qualitative indicator

	14.
Litter amount
	Litter mass  
	 Litter mass
	The amount of litter mass and cover per unit area is related to litter amount. 

	
	Litter cover
	Line-point intercept (2,3)
	

	15.
Annual production
	Total annual production
	Production (1,2)
	Productions relates directly with the qualitative indicator of annual production

	16.
Invasive plants
	Density of invasive species
	Belt transect (1,2,3)
	Number of species and their densities or cover will directly relate to the qualitative indicator

	
	Percent foliar cover of invasive species
	Line-point intercept (2,3), Production (1,2), or quadrat cover (1,2)
	

	17.
Reproductive capability of perennial plants
	None
	
	


Appendix 7
Soil Stability Kit

Table 1. Soil Stability Evaluation for ¼″-diameter Air-Dry Samples

ALWAYS Sieve Soils (even if rated < 3) to Verify Class

	Stability class
	Criteria for assignment to stability class (for Standard Characterization)a

	1
	50 % of structural integrity lost within 5 seconds of insertion in water OR too unstable to sample (falls through sieve)*.

	2
	50 % of structural integrity lost 5 - 30 seconds after insertion.

	3
	50 % of structural integrity lost 30 - 300 seconds after insertion or <10% of soil remains on sieve after 5 dipping cycles.

	4
	10 - 25% of soil remains on sieve after 5 dipping cycles.

	5
	25 - 75% of soil remains on sieve after 5 dipping cycles.

	6
	75 - 100% of soil remains on sieve after 5 dipping cycles.


*If too unstable to sample, try gently wetting with a mister (perfume bottle available at drug stores), remove sample, and allow to air-dry before testing.

[image: image1.png]i Stability class table
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Adapted from Herrick, J.E., J.W. Van Zee, K.M. Havstad, L.M. Burkett and W.G. Whitford. 

2004. Monitoring Manual for Grassland, Shrubland and Savanna Ecosystems. 

USDA-ARS Jornada Experimental Range, Las Cruces, NM. Distributed by University of Arizona Press.
Soil Stability Test

Materials

· Complete soil stability kits (available from Synergy Resource Solutions at www.countgrass.com or construct using instructions in Herrick et al. 2001 or Herrick et al. 2005)

· 1 liter (32 oz.) Deionized water (or any noncarbonated bottled water—except mineral water)

· Clipboard, Soil Stability Test Data Form, and pencil

· Stopwatch

Standard Methods (rule set)

With a little practice, it takes about 10 to 15 minutes to sample. It takes about 10 minutes to test 18 samples.

1. Randomly select 18 sampling points and decide whether you will collect surface samples only (1 box), or surface and subsurface samples (2 boxes).
RULES:

a. Use 18 randomly selected points along the transects used for line-point and gap intercept measurements.

b. Record sampling locations (points) under “Pos” on the data form.

c. Always sample at least 5 cm (2 inches) from any vegetation measurement line.

d. Include subsurface sample if you are interested in soil erodibility after disturbance.

2. Determine the dominant cover class over the random point and enter into the “Veg” column on the data form.

RULES:

a. The area to be classified is as large as the sample area (6 to 8 mm or ¼ inch in diameter.

b. Record the dominant cover class in the “Veg” column.

C       =    perennial grass, shrub or tree canopy cover

NC    =    no perennial grass, shrub or tree canopy cover

3. Collect a surface sample.

a. Excavate a small trench in front of the area to be sampled (Figure 1).

b. Lift out a soil fragment and trim it (if necessary) to the correct size.

c. The soil fragment should be 2 to 3 mm in diameter (the diameter of a wood pencil eraser) (Figures 2 and 3). 

d. Collect samples at the exact point. Move the sample point only if it has been disturbed during previous measurements or the soil surface is protected by a rock or embedded litter. Move the point a standard distance (1 m) and note this change on the data form.

e. Minimize shattering by:

· slicing the soil around the sample before lifting;

· lifting out a larger sample than required, and trimming it to the size of the palm of your hand; or

· misting the sample area before collection.

f. If the soil is too weakly structured to sample (falls through the sieve), mist it lightly with deionized water (use an atomizer or equivalent) and then take a sample. Perfume and plastic hair spray bottles work well for this. If the sample still will not hold together, record a “1” on the data form.

g. If the soil surface is covered by a lichen or cyanobacterial crust, include the crust in the sample. If the sample is covered by moss, collect the sample from under the moss.

h. Gently place the sample in a dry sieve (Figure 4); place sieve in the appropriate cell of a dry box. Leave the box lid open (Figure 5).

4. Make sure the surface and subsurface samples are dry.

a. Samples must be dry before testing. If samples are not dry after collecting, allow to air dry with the lid off.

b. Do not leave lid closed on samples for more than one minute on hot/sunny days. Excessive heat can artificially increase or decrease stability.

5. Fill the empty (no sieves) box with deionized or distilled water (Figure 5).

a. Fill each compartment to the top.

b. The water should be approximately the same temperature as the soil.

6. Test the samples.

a. Lower the first sieve with the sample into the respective water-filled compartment (the upper left corner of the water box) (Figure 6).

b. From the time the sieve screen touches the water surface to the time it rests on the bottom of the box, one second should elapse.

c. Start the stopwatch when the first sample touches the water. Use the table below to assign samples to stability classes.

d. After five minutes, follow the sequence of immersions on the data form, adding one sample every 15 seconds. Beginners may want to immerse a sample every 30 seconds. This allows nine samples to be run in ten minutes (18 samples in 20 minutes).

e. Observe the fragments from the time the sample hits the water to five minutes (300 seconds) and record a stability class based on the table below.

f. Raise the sieve completely out of the water and then lower it to the bottom without touching the bottom of the tray. Repeat this immersion a total of five times. Do this even if you have already rated the sample a 1, 2, or 3. You can change your rating, if after sieving, less than 10 percent of the soil remains on the sieve.

g. It should take one second for each sieve to clear the water’s surface and one second to return to near the bottom of the box.

h. Hydrophobic samples (samples that float in water after being pushed under) are rated 6.

Bottlecap test

(Semiquantitative alternative)

Place a soil fragment in a bottle cap filled with water. Watch it for 30 seconds. Gently swirl the water for five 
seconds. Assign one of the following three ratings:


M  =  Melts in first 30 seconds (without swirling)


D     =Disintegrates when swirls (but does not melt)


S   =  Stable (even after swirling)

Captions: 

Figure 1. Excavate small trench.

Figure 2. Collect surface sample.

Figure 3. Ensure correct sample size

Figure 4. Place sample in sieve.

Figure 5. Complete soil stability kit with water and samples.

Figure 6. Place first sample in water.

Figure 7. Sample in sieve, drawn to scale.

Figure 8. The photos illustrate the key steps of testing a soil sample for four different stability rankings. Important Note: Some of the fragments shown in these samples may appear large. They are for illustration only. Be sure to follow the size guidelines.

Photo Labels for Figure 8

Sequence for stability class = 1

Figure 8A Original Sample

Figure 8B After 5 Seconds

Figure 8C After 5 Minutes

Figure 8D After 5 Dips

Sequence for stability class = 4

Figure 8E Original Sample

Figure 8F After 5 Seconds

Figure 8G After 5 Minutes

Figure 8H After 5 Dips

Sequence for stability class = 5

Figure 8I Original Sample

Figure 8J After 5 Seconds

Figure 8K After 5 Minutes

Figure 8L After 5 Dips

Sequence for stability class = 6

Figure 8M Original Sample

Figure 8N After 5 Seconds

Figure 8O After 5 Minutes

Figure 8P After 5 Dips

Appendix 7 Data Form - Placeholder

Appendix 8
Checklist for Rangeland Health Assessment Protocol 
Checklist for Rangeland Health Assessment Protocol
	Pre-Field Tasks
	Who is Responsible
	Initial and Date

	Individual/team organized or designated
	
	

	Soil survey or soil information assembled
	
	

	Ecological site description obtained
	
	

	Equipment gathered (shovel, soil stability kit, camera, GPS unit, data forms, technical reference, maps, etc.)
	
	

	Identify potential reference areas, if desired
	
	

	Reference Sheet availability checked and obtain copies for ecological sites in potential evaluation areas
	
	

	
	
	

	Step 1. Visit Evaluation Area and Verify Soil and Ecological Site Information 
	
	

	Soil and ecological site verification
	
	

	Complete first page of Evaluation Sheet
	
	

	
	
	

	
	
	

	Step 2.  Reference Sheet—Obtain or Develop (REQUIRED)
	
	

	Obtain reference sheet if available
	
	

	If not available STOP until reference sheet is developed
	
	

	If reference sheet is draft, undergoes development or revision, send copy to NRCS State Rangeland Management Specialist
	
	

	Develop Functional/Structural Groups Sheet (species list and complete the “potential” column
	
	

	Visit ecological reference area if available and incorporate information from it in the development of the Reference Sheet.
	
	

	Obtain or develop Ecological Site Evaluation Matrix (Information from reference sheet becomes none to slight values in evaluation matrix).  
	
	

	
	
	

	
	
	

	Step 3. Collect Supplementary Information (OPTIONAL BUT HIGHLY RECOMMENDED)
	
	

	Collect quantitative data and spatial and temporal information at the evaluation area. Complete the “Actual” column of the Functional/Structural Sheet
	
	

	Step 4. Rate 17 Indicators
	
	

	Include written comments to explain/justify all ratings
	
	

	
	
	

	Step 5. Evaluate 3 Rangeland Health Attributes
	
	

	Include written comments to explain/justify preponderance of evidence ratings for each attribute.
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