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¨  DEFINE TERMINOLOGY 

¨  WHAT DOES AN STM LOOK LIKE? 

¨  HOW IS A STM DEVELOPED? 

¨  HOW TO USE A STM?  

Presenters
Sticky Note
The objectives of this presentation include 1) defining terminology specific to STMs; 2) showing examples of STMs and what they will look like in the next generation of ESDs being written in WY; 3) discuss why input is needed to develop accurate STMs and how information/knowledge is translated into an STM; and 4) demonstrate a few examples of how STMs can be used by land managers to make informed decisions.



Shallow Sandy 

Sandy 

Lowland/Subirrigated/ 
Wetland Complex  

Very Shallow 

An ecological site is a distinctive kind of land identified 
by similar soils properties that has the potential to 
produce similar kinds and amounts of vegetation and 
respond in a similar manner to disturbances. 
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This is just a reminder from earlier in the day of what we are talking about when we say “ecological site.”  Most often ecological sites occur on the landscape as complexes of various sites intermingled or they can stand out and be defined by specific landform positions. Complicated landscapes such as glacial till can be described by an ecological site that is written to describe the range of variation and complexity of that landscape…an example of that is the Coarse Upland site. Other complex landscapes, such as riparian areas, can either be described in a similar manner or as in the case of our local site descriptions, can describe a specific set of criteria such as water table, and then each site correlated to a corresponding soil in that riparian complex.



•  Represent current understanding of site 

•  Express vegetation dynamics along 
multiple axes 

•  Describe structural (composition) and 
functional (ecological process) thresholds 

•  Aid in: 
• Determining Current Plant Community 

• Determining Desired Plant Community; 

• Actions needed to achieve DPC (if realistic) 
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STMs are a repository for information, research, and knowledge about the ecological dynamics of a site. They should accurately represent our current understanding of how that site “works”. The various states and plant communities that occur on that site should be described in terms of their species composition as well as the ecological processes and drivers important to defining it. An example of this could be that sagebrush is dominant with a limited understory and therefore fire is no longer a driver on the site due to lack of fine fuels. The ultimate goal of the STM is to help users determine their current “state” and plant community phase, choose a Desired Plant Community (DPC) based on their management goals, and then guide their management actions to achieve the DPC, if possible. In the event it is not possible to achieve the DPC, the STM provides a reference and information to explain why it may not be possible.



REFERENCE STATE 

TRANSITION 

PLANT COMMUNITY 
PHASE 

PLANT COMMUNITY 
PHASE 

PLANT COMMUNITY 
PHASE 

PLANT COMMUNITY  
PHASE 

THRESHOLD 

PATHWAYS 

COMMUNITY 

PLANT COMMUNITY 
PHASE 

ALTERNATE STATE 

RESTORATION 
PATHWAY 
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Here is a generic template with the various terminology used to describe an STM. We will take each term in the following slides and define them.



•  Recognizable  

•  Stable 

•  Differs from other states in dominant plant functional 
groups and/or ecosystem processes 
 
The Reference State describes the historical or natural 
range of variability of a site = “Ecological Potential” 

1.1	  Wyoming	  big	  
sagebrush/	  

Mid-‐size	  bunch	  grasses	  	  

1.3	  Mid-‐size	  bunch	  
grasses/	  

Wyoming	  big	  sagebrush	  

1.2	  Mid-‐size	  bunch	  
grasses	  

1.	  Reference	  state	  

Presenter
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A state is a recognizable, relatively stable complex of soil and vegetation distinguished from other states by relatively large differences in plant functional groups and ecosystem processes. These differences can be based on cover, biodiversity, or production. They can also be based on a key ecological function that either is or is not happening on the site (e.g., infiltration, nutrient cycling, etc.). In grass-dominated ecological sites, it is common to have only 1 plant community phase in the reference state. However, shrub dominated systems with temporal disturbances (e.g., fire regimes) will often have more than 1 plant community phase in the Reference State. A cessation of the natural disturbance regime may lead to transitions away to an Alternate State.



2.	  	  GRAZING	  RESISTANT	  
STATE	  

4.	  DISTURBED	  
STATE	  

1.1	  Wyoming	  big	  
sagebrush/	  

Mid-‐size	  bunch	  grasses	  	  

1.3	  Mid-‐size	  bunch	  
grasses/	  

Wyoming	  big	  sagebrush	  

1.2	  Mid-‐size	  bunch	  
grasses	  

1.	  Reference	  state	  

T1A T1B 

T2A 

•  Equivalent to seral or 
successional stages 
within a State 
 
•  Represent the range of 
variation within a State 

• Community Pathways 
denote changes between 
Plant Community Phases 
within a State 

1.3A 
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Community Phases are vegetation associations and associated dynamic soil properties that occur over time within a state. They can be equivalent to seral or successional stages within a state or they may shift between each other in complex ways depending upon drivers and management actions.  Collectively, plant community phases within a state represent the range of variability that can occur in that State. Community pathways are marked with the dashed arrows and can represent succession or episodic plant community changes—they can be linear or non-linear, but the most important distinction of a pathway from a Transition is that it is easily reversed with natural processes, succession, or facilitating practices such as grazing management.



•  Describe events that 
result in a shift to an 
alternate State 
 
•  Triggered by 
managerial and/or 
ecological processes  
 
 

Transition Description 

T1A Continuous 
spring 
grazing 

T1B and 
T2A 

Frequent fire, 
sage 
treatment, 
and/or ground 
disturbance 

2.	  1	  Wyoming	  big	  
sagebrush/	  

Low	  bunch	  grasses-‐
rhizomatous	  wheatgrass	  

3.1	  
Rabbitbrush	  

1.1	  Wyoming	  big	  
sagebrush/	  

Mid-‐size	  bunch	  grasses	  	  

1.3	  Mid-‐size	  bunch	  
grasses/	  

Wyoming	  big	  sagebrush	  

1.2	  Mid-‐size	  bunch	  
grasses	  

1.	  Reference	  state	  

T1A T1B 

T2A 
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Transitions describe biotic or abiotic variables or events that can act independently or in combination to result in the loss of State resilience and shift to an Alternate State. A transition can be triggered by natural events, management actions, or both in combination. Transitions can occur quickly (e.g., catastrophic event) or they may unfold over a long period of time (e.g., long-term grazing management).

T1A is brought about by continued critical growth period grazing

T1B and T2A are brought about by increases in the frequency of disturbance to the site



•  A transition between 
states crosses a 
threshold 

•   One or more 
primary ecological 
processes has been 
changed  

•  Requires outside 
energy inputs to 
restore OR irreversible  

2.	  Wyoming	  big	  
sagebrush/	  

low-‐statured	  bunch	  &	  
rhizomatous	  grasses	  

3.	  Rabbitbrush	  

1.1	  Wyoming	  big	  
sagebrush/	  

Mid-‐size	  bunch	  grasses	  	  

1.3	  Mid-‐size	  bunch	  
grasses/	  

Wyoming	  big	  sagebrush	  

1.2	  Mid-‐size	  bunch	  
grasses	  

1.	  Reference	  state	  

T1A T1B 

T2A 
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Transitions describe the drivers and mechanisms of shifts between states, but the term threshold indicates conditions sufficient to modify the structure and function beyond the limit of ecological resistance or resilience resulting in a new State. When transitioning to a new state, a threshold has been crossed. Defining “at-risk” plant community phases is essential to the prevention of crossing an irreversible threshold (e.g., losing water table on a site). In this example, State 3 is a distinct ecological state with significantly lower plant diversity due to extensive disturbance to the soil and plant communities. The threshold for this transition could like be described in terms of the # of events within a specified short timeframe.



Upland Loam (MLRA 47) 

Presenter
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This is a pictorial view of an STM from a site that occurs in the SW corner of Wyoming (Uinta County) in MLRA 47 – Wasatch and Uinta Mountains. The reference state and its plant communities are represented with the dashed arrows with fire playing a significant role in the maintenance of a combination of grass and shrub dominated plant communities. The at-risk plant community on this site is when juniper are too big to burn and sagebrush leaves the system—the threshold to this State could be described in terms of canopy cover of juniper and/or sagebrush. At this point, there is still a restoration pathway to the reference state. Another transition occurs when the understory of juniper has become mostly bare ground and perennial herbaceous plants are now gone…the threshold could be described in terms of perennial herbaceous cover. At this point, a restoration pathway has not been documented, so it becomes critical to identify the at-risk community and restore this site before it becomes unproductive and susceptible to erosion.



Types of Information: 
¨  Expert Knowledge 
¨  Available data 
¨  Previous range site descriptions 
¨  Published research 
 
Typical Process:  
1.  Develop working model  
2.  Bring together group of experts 
3.  Use field data and testing to confirm 
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STMs rely on a variety of information sources. One of the primary challenges to develop an STM is a lack of long-term data. Current models rely heavily on expert knowledge for Alternate States and Transitions while the old range site descriptions help us to understand the Reference State. 

The typical process is to develop a working model based on available data and previous range site descriptions, bring together a group of experts to ground-truth the model, and then use field data to confirm the model. 



Why develop data-driven STMs? 
¨  Concern that models need a stronger 

empirical basis.  
¨  Questions about bias in expert knowledge. 
 

How are they developed? 
¨  Using existing data or space-for-time 

measurements. 
 

Challenges 
¨  Time consuming 
¨  Lack of data 
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There is increasing effort to collect data to support data-driven models, but the challenges are great. In some instances, especially when defending public land management actions, it will be necessary. However, it is time and resource consuming, so there will need to be a heavier investment of resources from all partnering agencies to accomplish this on a broad scale. NRCS has made efforts to move in this direction with the addition of vegetation specialists on some soil survey staffs.



¨  Common language spoken between 
resource professionals and land 
managers - DESCRIPTIVE 

¨  Repository for best current knowledge 
on a given site 

¨  Results in transparent land management 
decisions 
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Ecological Site Descriptions are tools that can benefit land managers by giving them a common language for talking about the land, a repository for what we know about individual sites, and can help to explain land management decisions.



¨  Provide realistic objectives 
¨  Provide potential indicators 
¨  Use to test management hypotheses 
¨  Use to communicate with stakeholders 
¨  Support land management decisions – 

PRESCRIPTIVE 
¨  However, STMs are NOT prescriptive 

unless goals are established… 

“Assess relative benefits and potential 
risks of various management 
prescriptions” 
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Likewise, State and Transition Models can help guide land managers when setting vegetative objectives, provide them a set of conditions that either represent opportunities for positive change or risk factors for undesired outcomes. Briske et al (2005) said it best when he described the benefit of using State and Transition Models as “the ability to assess relative benefits and potential risks of various management prescriptions.”



¨  Fire Management 
¨  Forestry 
¨  Hydrology 
¨  “Optimal” Range 

Management 
¨  Recreation 
¨  Restoration 
¨  Weeds 
¨  Wildlife & Habitat 
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Almost every specialty within federal agencies may need to utilize ESDs and STMs at some point. One example is a recent CSU publication (Ritten et al 2011) that applies economics to an STM for “optimal” range management, setting triggers for when it would or would not be feasible to 1) stock at high, medium, or low rates; and 2) treat sagebrush in 2 ecological sites based on the existing plant community in combination with the stocking rate.



SAGE GROUSE PLANNING EXAMPLE 
Desired 
Plant 
Community 

Current 
State 

Management 
Actions 
Needed to 
get Desired 
Plant 
Community 
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Another example applies to balancing grazing management with the needs of sage grouse. For instance, if one determines the current plant community, they can then compare it to what has been described as the best for sage grouse (Desired Plant Community). There will be a prescription of the management actions needed to achieve the desired plant community. This can be taken further to analyze those actions relative to the benefits to aid managers in their decision. For example, is their objective realistic for their situation and what are the risks of not implementing the prescribed changes in management?
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We have looked at a lot of models because they are visual describers of STMs, but no model is complete without a narrative description of the plant communities and ecological dynamics of the site…pictured here direct is part of a narrative from the ESIS website which is currently the official repository for ESDs.



¨  Westoby (1989) – STM concept 
¨  Stringham (2003) – threshold concept 

¨  Briske (2005) – synthesis 

¨  Bestelmeyer (2009-10) – practical STM 
development 

¨  Fernandez-Gimenez  et.al. (2011) 
¡  STM  presentation 
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Here are some authors that have played a larger role in the development and evolution of STM science. It all started with Mark Westoby when he recognized that there were sites in a constant state of non-equilibrium often with multiple trajectories given the disturbances applied to the land (the cup and ball vs. Clemenstian linear succession). Tamzen Stringham gave us the threshold concept, which was not part of the original STM concept. She has recently spent much effort in describing those thresholds and resulting states in terms of ecological processes rather than by structural/functional plant communities alone. Briske summarized 15 years of the science in his synthesis paper in 2005. Bestelmeyer is currently working on practical approaches to developing STMs. And credit should be given to Maria Fernandez-Gimenez out of CSU for providing the core outline and basis of many of the slides you are looking at today.



QUESTIONS? 

USDA is an equal opportunity provider, employer and lender. To 
file a complaint of discrimination, write: USDA, Director, Office of 
Civil Rights, 1400 Independence Ave, SW, Washington, DC 
20250-9410 or call (800) 795-3272 (voice), or (202) 720-6382 (TDD). 




