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Data that link plant communities to soil and climate properties
are the basis for Ecological Site Descriptions and state-and-
Transition models

Expert knowledge is an invaluable information resource for
mechanisms of change in state-and-transition models, but we
need data to see how plant communities and soil properties are
related.



An example: whitethorn invasion depends on the depth to caliche
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Use soil and vegetation data together to characterize an ESD
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We need to relate climate, vegetation, and soils data by location

Problems:

1) Vegetation data (e.g., NRCS 417 data) nonexistent

2) Vegetation data exists, but not related to soil samples

3) Too few samples to represent LRU-scale variation

4) Neither data type is geolocated

5) Vegetation/cover attributes measured are insufficient

6) No surface soil data, therefore weak connection to rangeland 
health



The solution: data gathering as part of soil survey and 
ESD development

Elements of a successful approach

1) One or more range cons working with soil scientists

2) Contactors/solo range cons that have experience with soils

3) A vegetation/soil surface sampling protocol that matches the 
pace of soil sampling

4) A coding system that relates vegetation measurements, soil 
measurements, and coordinates at points 

5) Many points with varying levels of detail at a regional scale, 
rather than a few points with unnecessarily high precision

6) A database to house these data and their relationships



A three-tiered sampling procedure
Based on White Sands Soil Survey and the Lynn Loomis pyramid

Tier 1) “Traverse”--low intensity sampling, many points (100s)
-arbitrary points, often along roads
-soil to taxon or series or even prelim ecological site
-vegetation community classes, state class id

Purpose: Concept building, locations for Tier 2 samples



A three-tiered sampling procedure
Based on White Sands Soil Survey and the Lynn Loomis pyramid

Tier 1) “Traverse”--low intensity sampling, many points (100s)

Tier 2) “Transect”—medium intensity sampling, fewer points
-even spacing within replicate map unit representatives
-can be used to examine causes of vegetation differences 
within and between map units
-rapid soil profile information
-vegetation cover estimates by species, soil surface indicators

Purpose: Data used to create and test ESD concepts and to
develop S&T models and model text



A three-tiered sampling procedure
Based on White Sands Soil Survey and the Lynn Loomis pyramid

Tier 1) “Traverse”--low intensity sampling, many points (100s)

Tier 2) “Transect”—medium intensity sampling, fewer points

Tier 3) “Characterization”—high intensity sampling, few points
-replicate, representative pedons
-full soil characterization (232) in trench or pit
-line-point intercept, production, soil stability test
augmented by "tier 2" above

Purpose: Create data ranges to populate ESIS for 
benchmark data on vegetation and soils



Sampling for ESDs

Part 1:
Where do I put the data and how can I use them?

Introducing the “ESD personal database” version 1 Beta:

• Microsoft Access 2000 onward
•Incorporates Tier 3 methods and forms directly from the Range 
database that has been adopted by NRCS (will eventually be a 
single database)
• Tablet PC ready
• Includes data entry capabilities for Tier 1, Tier 2, and Tier 3
sampling
• Includes data entry for “transect” level soil sampling and 
emphasizes soil variables that are used to examine vegetation-
soil relationships
• Standard queries included
• Data entered will be transferable to future databases



Sampling for ESDs

The “ESD personal database” is NOT:

• A replacement for ESIS, it can be used to summarize data for 
ESIS, however
• A replacement for NASIS, which is a national database
• more than a week old in its current version
• primarily for data archival, it is intended to help ESD writers that 
have no other means for data exploration
• a complete waste of time to use, since the data entered can be 
transferred

We can help interested users transfer their data to future 
versions and we would love feedback on the database



Basics of Access databases



Basics of Access databases



LRU:

Point MU Elevation

ESD Quick Data Form

NorthingLandformState/community EastingSeries/ecositeSoil family/characteristics

Notes:

MLRA:

Date:Investigators: Location:

State & 
Co.:Site: Plot:

Ecological Site Description Data Forms



m or 
ft?

Horiz %clay Eff Size Struc Grd

xxx 24 ST/VE

Bk1 30 ST/VE

Bk2 32 ST/VE

Bky 30 ST/VE

Notes : Effervescence = ST         VE

calcic horizon at 102cm (40in);    argillic horizon at 50cm (20in);    gypsic horizon at 112cm (44in);    visible carbonates at 71cm (28in)

Soil Surface Fragment Cover Pedon Fragment Volume  ( > 15%, 15-35%, 35-60%, 60-90%)

Plot and Soil Data Form

SP = Strong physical crust

SDB = Strongly developed biological crust assemblage, obvious dark cyanobacteria, rubbery 
algal moss or lichen crust.

PDB = Poorly developed biological crust assemblage, few to many cyanobacterial sheaths, may 
be slightly dark, can include some other morphological group (algal crust, lichen, moss

10-50

No evidence of compaction

Subsurface  structure 

Many  (to depth)

CEM = Cemented

None

Few (to depth)

EL = Embedded litter

50-112

Notes

NotesSurface soil properties

Type (no gravel) Volume class Notes

SCL

SCL

Type

gyp crystals

7.5 YR 5/4

10 YR 6/4112-122

Notes/Root depth (cm)Root distribution

D = Duff

S = No crust; may be plant base or soil without any other surface feature

Notes

CB = Cracking or curling, rubbery algal crusts, with or without lichen

Evidence of compaction

RA = Uniform rock armor

WP = Weak physical or biological crust, may have few cyanobacterial sheaths dangling from 
ped, no darkening from cyanobacteria.

Surface Cover (%)

Major 
Landform:

Component 
Landform:

Landform 
Element:

XXX

Slope: Aspect:
Slope complexity: 

Soil characterization                                                                                                                                                             

simple or complex
Slope 
shape: 

L L          L V          L C          V L          V V         
V C          C L          C V          C C

Depth (cm)

Site: T7-GWC-05 Plot:  Stop 1 Investigators:       Cates

Map Unit Symbol: 304 (old=DU) Parent Material : Community: 

State &     
Co.:

UTM Zone: NAD27

Frag type & vol (%)

10% CAN

Texture

SCL

SCL

Slope component: Run In / Run Off area:

Easting:   373372 Northing:   3593951 Elev:   

Physiographic     
Part: Basin floor

Color

7.5 YR 5/4

MLRA,         
LRU

Location:               transect; traveling south, stopped every 370ft

Date: 4-6-05

Surf (0-10)

NM

Rupt ResistCarb stage Bnd/Clay films

Ecological Site Description Data Forms



   13S

Basin floor

2--<1% 3--1-5% 4--5-10% 5--10-25% 6--25-33% 7--33-50% 8--50-75% 9--> 75%
2--0.5-4m2 3--4-20m2 4--20-40m2 5--40-100m2 6--100-132m2 7--132-200m2 8-200-300m2 9--300-380m2

Class Grass Class Class Other                    Class

x

MUPO 60 %
PRGL canopy

cm

cm

cm

cm

Check one

x

Plant Composition and Pattern Data Form

+--<0.2m2 1--0.2-0.5m2

Percentage of grass cover associated with woody/succulent plant canopies 

PRGL
ATCA

LYBE

FLCE

P. Pear

Deposition across large areas, may have rills, flow patterns.

sm. Dunes                
phys crusts              

wk bio crusts             
bare areas

Erosion across large areas with minor deflation, coppicing, flow patterns, pedestals

Notes:
Grass cover interconnected and surrounding ellipsoid bare ground patches from 30-__cm
Grass cover fragmented by elongate bare ground areas to __ cm wide but bounded in plot

Bare ground interconnected in several directions and isolated grass patches up to __ cm
Bare ground interconnected with scattered or no grass plants

Grass cover fragmented by elongate bare ground areas to __ cm wide that cross entire width of plot

Erosion limited to small (< 50 cm) blowouts or rills, few pedestals

GUSA

5
3

2
2

SPAI

3
2

1

Litter
Cryptogram

LRU:

1--<0.1%+--few
Domin-Krajina cover estimate in 20x20 m plot                                                                                                         

2

Site:   T7-GWC-05 Plot:   Stop 1 State & Co:  NM, Otero MLRA:   42

ForbWoody
SCBR
MUPO 3

DEPI
 
33

Erosion across large (> 50 cm) bare patches, gullies, flow patterns, but low soil loss

Erosion across large areas with deflation, coppicing, and truncation of horizons

Erosion pattern class in 20 x 20 m

MUPO is protected from grazing by PRGL
N
Y

ATCA
SPAI

PRGL
MUPO

3-4'
18 "

Species Avg. Height (cm)

Dominant perennial plant height

Notes:

 Notes:
Photos 22 - 24                                                       Adjacent community = PRGL/SCBR - playa like depression 200'                  
Transect done a 2 sequential days 4-6 & 4-7-05

2-3'
6"

Interconnected grass cover or dense bunchgrasses; and surrounding ellipsoid bare patches < 30 cm

Notes:
No evidence of erosion

Resource retention class in 20 x 20 m

Percent
Scale

N
N

Grazed?

Investigators:    DT, GWC Date:   4/6/05 Location: Transect stop 1
UTM Datum           
& Zone:  NAD 83 Easting:  373372 Northing:   3593951 Elev.   3939 m or ft?

Map Unit Symbol: 304 (old DU)Parent Material: Community:     PRGL  DOM
Physiographic 
Part:

Major 
Landform:  

Component 
Landform:

Landform 
Element:

Slope Component: Run In / Run Off Area:

Slope:  2% Aspect:
Slope Complexity: Slope 

shape:
L L          L V          L C          V L          V V        

V C          C L          C V          C Csimple or complex

Ecological Site Description Data Forms



Top Lower Soil Top Lower Soil Top Lower Soil Top Lower Soil Top Lower Soil
0.5 None S None L S None S None L S KRLA L S
1.0 None S None L S None S None S None L S
1.5 None S MACHA L S None S None S None L S
2.0 KRLA S None S KRLA L S SPCO S None L S
2.5 BRTE L S SPORO CRYPT, L S None L S None S SPORO L S
3.0 None L S CRYPT S None S ACHY L S SPORO SPCO S
3.5 None S SPORO L S None L S None S PLPA2 S
4.0 None S SPORO L S KRLA OPER, L S None S SPORO S
4.5 None S None S KRLA L S None S SPORO L S
5.0 None S CRYPT SPORO S None S None S None S
5.5 SPORO SPORO SPORO L S None L S None S None S
6.0 None S AF01 S KRLA L S None S PLJA S
6.5 None S None L S None S KRLA, SPORO, CRYPT S PLJA S
7.0 BRTE L S SPORO S None S None L S SPORO OPER OPER
7.5 None L S BRTE SPORO S None S SPORO S KRLA SPORO, L S
8.0 SPORO L S CRYPT BRTE S None S SPORO S CRYPT BRTE, L S
8.5 None S None S KRLA SPORO S None S CRYPT S
9.0 BRTE S KRLA L S KRLA L S ACHY S None S
9.5 SPORO L S CRYPT L S KRLA L S ACHY S None S

10.0 None S None S KRLA VUOC, L S SPORO S SPORO S
10.5 None S None L S None S None S KRLA L S
11.0 CRYPT S None S None S SPORO L S SPORO S
11.5 SPORO CRYPT S SPORO S KRLA SPORO S SPORO S None S
12.0 CRYPT L S None S KRLA L S KRLA S None L S
12.5 SPORO L S None L S KRLA L S None S SPORO CRYPT, L S
13.0 None S SPORO S None L S ACHY S SPORO L S
13.5 MACHA S ACHY S KRLA L S KRLA SPORO S SPORO S
14.0 SPORO S ACHY KRLA ACHY None S KRLA BRTE S None S
14.5 SPORO L S KRLA L S None S MACHA, SPORO, KRLA SPORO None S
15.0 BRTE SPORO, L S None L S None L S OEPA S None S
15.5 MACHA SPORO, L S None S None S None S SPCO S
16.0 MACHA CRYPT, L S None S None S SPORO S None S
16.5 SPORO S None S CRYPT S None S SPORO L S
17.0 None L S None S None S None S SPORO S
17.5 None S KRLA S SPORO S KRLA S None S
18.0 KRLA S KRLA L S SPORO VUOC S None S BRTE S
18.5 MACHA S KRLA L S KRLA S SPORO PLPA2 S None S
19.0 AF01 S KRLA S ACHY SPORO SPORO SPORO OEPA S None L S
19.5 None S SPORO BRTE S None S None S SPORO L S
20.0 ACHY S SPORO S None S None S SPORO S

Top (Top canopy intercept):  Species CODE, or NONE for no canopy intercepted
Lower (Lower canopy intercepts):  Species CODE,  HL (herbaceous litter), WL (woody litter, >5mm diam)

Multiple Lower canopy intercepts may be separate by commas within the Lower column.

Soil (Soil Surface): Plant Code for basal hit, R (rock), LC (Lichen Crust), M (Moss) or S (soil), (do not use litter here)

Date:   10/27/05
Location:

Site:   PGSL Plot:    1
Observer:  DT Recorder:   JPW

Line 4 at  15 m Line 5 at  20 m 
Pos.

Line 1 at  0 m Line 2 at  5 m Line 3 at  10 m

Ecological Site Description Line-point Intercept Data Form

Ecological Site Description Data Forms



TreeForb
Shrub/ Vine/ 

Liana
Grass/ 

Grasslike

Non- 
Vascular 
Plants

Biological 
Crust Litter

Surface 
Fragments 

>1/4 & <= 3”

Surface 
Fragments > 

3” Bedrock Water
Bare 

Ground

Basal Cover

Soil Surface Cover

Ground Cover

Non- 
Vascular 
Plants

Biological 
Crust Litter

Surface 
Fragments 

>1/4 & <= 3”

Surface 
Fragments > 

3” Bedrock Water
Bare 

GroundTreeForb
Shrub / Vine 

/ Liana
Grass/ 

Grasslike

Non-Vegetative CoverVegetative Cover

ESD Cover Information 
versus 

Database-calculated Indicators
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Sampling for ESDs

Part 1:
How can sampling be structured and carried out?

There is no single best method

• There are many styles of sampling, varying resources available 
to ESD developers, and varying levels and types of expertise

• Common goal is a data-driven and repeatable approach to 
ESDs

• Methods used to develop ESDs within an LRU and MLRA 
should be consistent and documented as part of set of ESDs

• Training for the next generation of range cons



1. Rapid survey of map units across LRU (Tier1)

2. How do map units differ, how many community types?

3. Use ARC GIS to locate all representatives of key map units from digital soil survey

4. Rapid survey of map unit delineations (Tier1)

5. “Transect” a subset of map unit delineations with different communities
(at least 3 replicates/community/map unit), id map unit component (Tier2) 

6. Evaluate data: important community differences and….
a) no soil differences=different states
b) associated with unique soil or climate properties=different LRU and/or sites 

7. Select representatives of states within an Ecological Site for intensive measurement
(Tier3) 

A general strategy for sampling



Tier 1: Traverse (ESD Quick data form)

Point MU Series Easting Northing Elevation

Observers: 

Area :

Soil family/characteristicsLandformState/community

Date:

Very rapid identification of plant community from catalog of types
generated at S&T workshops or in databases  (geolocation also important!)

Tobosa-honey mesquite community



Tier 2: Transect (Plant Composition and Pattern form)

2--<1% 3--1-4% 4--5-10% 5--10-25% 6--25-33% 7--33-50% 8--50-75% 9--> 75%
2--0.5-4m2 3--4-20m2 4--20-40m2 5--40-100 m2 6--100-132 m27--132-200 8-200-300 9--300-380

Class Grass Class Class Other                  Class
Percent
Scale

ForbWoody

1--<0.1%+--few
Modified Domin-Krajina cover estimate in 20x20 m plot                                                                                             

Litter
Cryptogram

+--<0.2m2 1--0.2-0.5m2

Cover estimated ocularly using cover scale within a 20x20 m area around pit,
can be performed rapidly during soil survey transecting (15 minutes)

20 m

20 m

pit

= 1/10th

acre plot



from Reitkerk et al., 2004, Science 305: 1926

A simple measure of patch structure
that relates to the potential for erosion

Relates to Rangeland Health 
Indicators, but does not compare to a 
standard (because it is not defined yet)

Used in S&T model text to describe 
states

Tier 2: Transect (Plant Composition and Pattern form)

cm

cm

cm

cm

Grass cover interconnected and surrounding ellipsoid bare ground patches from 30-__cm
Grass cover fragmented by elongate bare ground areas to __ cm wide but bounded in plot

Bare ground interconnected in several directions and isolated grass patches up to __ cm
Bare ground interconnected with scattered or no grass plants

Grass cover fragmented by elongate bare ground areas to __ cm wide that across entire width of plot

Resource retention class in 20 x 20 m
Interconnected grass cover or dense bunchgrasses; and surrounding ellipsoid bare patches < 30 cm

Let’s say black is grass



from Reitkerk et al., 2004, Science 305: 1926

Tier 2: Transect (Plant Composition and Pattern form)

cm

cm

cm

cm

Grass cover interconnected and surrounding ellipsoid bare ground patches from 30-__cm
Grass cover fragmented by elongate bare ground areas to __ cm wide but bounded in plot

Bare ground interconnected in several directions and isolated grass patches up to __ cm
Bare ground interconnected with scattered or no grass plants

Grass cover fragmented by elongate bare ground areas to __ cm wide that across entire width of plot

Resource retention class in 20 x 20 m
Interconnected grass cover or dense bunchgrasses; and surrounding ellipsoid bare patches < 30 cm



from Reitkerk et al., 2004, Science 305: 1926

Tier 2: Transect (Plant Composition and Pattern form)

cm

cm

cm

cm

Grass cover interconnected and surrounding ellipsoid bare ground patches from 30-__cm
Grass cover fragmented by elongate bare ground areas to __ cm wide but bounded in plot

Bare ground interconnected in several directions and isolated grass patches up to __ cm
Bare ground interconnected with scattered or no grass plants

Grass cover fragmented by elongate bare ground areas to __ cm wide that across entire width of plot

Resource retention class in 20 x 20 m
Interconnected grass cover or dense bunchgrasses; and surrounding ellipsoid bare patches < 30 cm



from Reitkerk et al., 2004, Science 305: 1926

Tier 2: Transect (Plant Composition and Pattern form)

cm

cm

cm

cm

Grass cover interconnected and surrounding ellipsoid bare ground patches from 30-__cm
Grass cover fragmented by elongate bare ground areas to __ cm wide but bounded in plot

Bare ground interconnected in several directions and isolated grass patches up to __ cm
Bare ground interconnected with scattered or no grass plants

Grass cover fragmented by elongate bare ground areas to __ cm wide that across entire width of plot

Resource retention class in 20 x 20 m
Interconnected grass cover or dense bunchgrasses; and surrounding ellipsoid bare patches < 30 cm



from Reitkerk et al., 2004, Science 305: 1926

Tier 2: Transect (Plant Composition and Pattern form)

cm

cm

cm

cm

Grass cover interconnected and surrounding ellipsoid bare ground patches from 30-__cm
Grass cover fragmented by elongate bare ground areas to __ cm wide but bounded in plot

Bare ground interconnected in several directions and isolated grass patches up to __ cm
Bare ground interconnected with scattered or no grass plants

Grass cover fragmented by elongate bare ground areas to __ cm wide that across entire width of plot

Resource retention class in 20 x 20 m
Interconnected grass cover or dense bunchgrasses; and surrounding ellipsoid bare patches < 30 cm



from Reitkerk et al., 2004, Science 305: 1926

Tier 2: Transect (Plant Composition and Pattern form)

cm

cm

cm

cm

Grass cover interconnected and surrounding ellipsoid bare ground patches from 30-__cm
Grass cover fragmented by elongate bare ground areas to __ cm wide but bounded in plot

Bare ground interconnected in several directions and isolated grass patches up to __ cm
Bare ground interconnected with scattered or no grass plants

Grass cover fragmented by elongate bare ground areas to __ cm wide that across entire width of plot

Resource retention class in 20 x 20 m
Interconnected grass cover or dense bunchgrasses; and surrounding ellipsoid bare patches < 30 cm



from Reitkerk et al., 2004, Science 305: 1926

Tier 2: Transect (Plant Composition and Pattern form)

cm

cm

cm

cm

Grass cover interconnected and surrounding ellipsoid bare ground patches from 30-__cm
Grass cover fragmented by elongate bare ground areas to __ cm wide but bounded in plot

Bare ground interconnected in several directions and isolated grass patches up to __ cm
Bare ground interconnected with scattered or no grass plants

Grass cover fragmented by elongate bare ground areas to __ cm wide that across entire width of plot

Resource retention class in 20 x 20 m
Interconnected grass cover or dense bunchgrasses; and surrounding ellipsoid bare patches < 30 cm



Tier 2: Transect (Plant Composition and Pattern form)
Check one

Erosion across large areas with deflation, coppicing, and truncation of horizons
Deposition across large areas, may have rills, flow patterns.

Erosion pattern class in 20 x 20 m

Erosion limited to small (< 50 cm) blowouts or rills, few pedestals
Erosion across large (> 50 cm) bare patches, gullies, flow patterns, but low soil loss

No evidence of erosion or deposition

Erosion across large areas with minor deflation, coppicing, flow patterns, pedestals

A simple measure of erosion pattern
that describes the consequences of 
erosion processes for soils

Relates to Rangeland Health 
Indicators, but does not compare to a 
standard (because it is not defined yet)

Used in S&T model text to describe 
states



Another simple measure related to rangeland health indicators and used in text

Tier 2: Transect (Plant Composition and Pattern form)
Check one

Erosion across large areas with deflation, coppicing, and truncation of horizons
Deposition across large areas, may have rills, flow patterns.

Erosion pattern class in 20 x 20 m

Erosion limited to small (< 50 cm) blowouts or rills, few pedestals
Erosion across large (> 50 cm) bare patches, gullies, flow patterns, but low soil loss

No evidence of erosion or deposition

Erosion across large areas with minor deflation, coppicing, flow patterns, pedestals



Another simple measure related to rangeland health indicators and used in text

Tier 2: Transect (Plant Composition and Pattern form)
Check one

Erosion across large areas with deflation, coppicing, and truncation of horizons
Deposition across large areas, may have rills, flow patterns.

Erosion pattern class in 20 x 20 m

Erosion limited to small (< 50 cm) blowouts or rills, few pedestals
Erosion across large (> 50 cm) bare patches, gullies, flow patterns, but low soil loss

No evidence of erosion or deposition

Erosion across large areas with minor deflation, coppicing, flow patterns, pedestals



Tier 2: Transect (Plant Composition and Pattern form)
Check one

Erosion across large areas with deflation, coppicing, and truncation of horizons
Deposition across large areas, may have rills, flow patterns.

Erosion pattern class in 20 x 20 m

Erosion limited to small (< 50 cm) blowouts or rills, few pedestals
Erosion across large (> 50 cm) bare patches, gullies, flow patterns, but low soil loss

No evidence of erosion or deposition

Erosion across large areas with minor deflation, coppicing, flow patterns, pedestals



CB = Cracking or curling, rubbery algal crusts, with or without lichen

WP = Weak physical or bilogical crust, may have few cyanobacterial sheaths dangling from ped, 
no darkening from cyanobacteria.

CEM = Cemented

S = No crust; may be plant base or soil without any other surface feature

SDB = Strongly developed biological crust assemblage, obvious dark cyanobacteria, rubbery 
algal moss or lichen crust.

Surface soil properties

RA = Uniform rock armor

D = Duff

PDB = Poorly developed biological crust assemblage, few to many cyanobacterial sheaths, may 
be slightly dark, can include some other morphological group (algal crust, lichen, moss

EL = Embedded litter

SP = Strong physical crust

Tier 2: Transect (Soil form)

These classes are estimated visually in 
Tier 2 plots or can be used with more 
intensive techniques



Tier 3: Intensive characterization: line point intercept 
vegetation, quantitative soil surface properties, production

LPI design yields 200 points for basal and canopy cover but
maintains observations within 10-20 m of the soil pit

20m x 20m plot, one stratum, four soil subsamples

Soil subsample

Soil subsample, full pedon description

Soil stability sample

Baseline, 20 m long

Transect, 20m long

Herbaceous  production subplot, 1m-sq

Woody production subplot, 100m-sq

Transect   1 2 3 4 5
0m               5m                10m              15m         20m

20 m



Tier 3: Soil stability sampling considerations

Values depend on condition, stratum (vegetated or bare), and spatial position
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What to do with the data?
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Good news: strong relationship between vegetation persistence and a soil property
Bad news: clay may vary from 10-30% over ca. 20 m

The effect of clay variation
within a  Loamy map unit



Scale of plant and soil variation is very important

When known, can report causes of variation within map units in S&T 
model text
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Vegetation data associated to map units, but not 
necessarily soils at points

NRCS AZ example

• Soil scientist identifies representative map unit delineations for sampling
• Effects of soil variation within map unit averaged out with high intensity 

sampling
• Choose areas that are close to HCPC and areas recently burned
• Delineation is transected using 2-4 lines of 50 points each

• Canopy cover estimates for shrubs/count by size class (7x7m plots)
• Dry weight rank/comparative yield for production (40 x 40 cm plots)
• Herbaceous frequency using corners of clipping frame

• Supplement data on alternative states using NRI plots, ranch monitoring, 
etc.



The future (Tier 4): incorporating high resolution remote 
sensed patterns within ESDs and recommended 
monitoring structures

Within an SD-2 Draw site, we can describe the pattern of highly vegetated and
bare areas to help define states expressed at larger scales than a 400m2 plot

Steele et al., in prep.



Conclusions

• Basic protocol has successfully matched the pace of soil survey
in the White Sands Missile Range survey

• Without additional range cons to participate in soil survey 
teams, valuable data are not being gathered

• Numerous samples of coupled plant, soil surface, and subsoil 
data at regional scales are essential to develop and improve 
ESDs and S&T models
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