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Red Spruce Ecosystem 

 Soils and vegetation community have co-evolved 

 Similar drivers 

 Strong interactions 

 



Red Spruce Ecosystem 

 Recent observations in the Allegheny Highlands of 

West Virginia indicated greater distribution of 

spodic soil properties than was shown in existing 

inventories 

 Soil survey can be employed 

to improve land management 

tools 

 soil maps 

 ecological site descriptions 



Soil and Ecological Findings 

1. Ecological Sites, Ecological Site Descriptions (ESD), 

and the Role of Soil Survey 

2. Development of ESD for High Elevation Red 

Spruce Ecosystems in Central Appalachia 

3. Using ESD to Guide Landscape Level Forest 

Management 
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Ecological Sites 

Definition (NRCS, 1997) 

 “A distinctive kind of land with specific physical 

characteristics that differ from other kinds of land in 

its ability to produce a distinctive kind and amount 

of vegetation.” 
 

Emphasis 

 “Interactions among soils, vegetation, and land 

management” 



Ecological Sites 

 Land with similar potential and response to 

management 

 Shared characteristics of climate, soils, and landscape 

 

 Correlated with one or  

more component soil  

types 

 

 



Ecological Sites 

Purpose 

 Separate landscape by ecological potential 

 Specify constraints for desired transitions 

 Assess risk of degradation 

 Identify specific intervention strategies  

 Aid in monitoring design 



Ecological Site Descriptions (ESD) 

 Site characteristics 

 Physiographic, climate, soil, and water features 

 Plant communities 

 Ecological dynamics, species, state-and-transition model 

 Site interpretations 

 Management recommendations 

 Animal community, recreational uses, wood products 

 Supporting information 

 Relevant literature, information and data sources 

 

 



State-and-Transition Models (STM) 

 State = Particular plant community 

 Includes reference state and alternative states  

 Can have multiple communities within state 

 Transitions = Particular succession pathway 

 Changes from one state to another 

 Experimental data, historical accounts, and local 

knowledge informs STM 

 



State-and-Transition Models (STM) 



State-and-Transition Models (STM) 

Provides framework to 

 Identify current state 

 Identify sites at risk of 

crossing a threshold 

 Predict response to 

management actions 

 Develop management 

plans 
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Spodic Integrade Shale Upland 

Hardwood and Conifer Forest 
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Why Promote and Restore High Elevation Red 

Spruce Forests from a Soil Landscape View? 

 Habitat restoration 
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Carbon Management 

 More carbon in the soils than 

in the atmosphere and 

vegetation combined 

 

 Type of forest controls the 

amount of carbon in the 

underlying soil 

 Folistic epipedons and spodic 

horizons 



Carbon Management 

 Conversion of the historic red 

spruce forest to hardwoods 

resulted in large release of 

carbon 

 Restoring red spruce can help 

return much of the lost carbon 

in less than 100 years 
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Headwater Systems 

 Red spruce ESD located at 

headwaters where water is 

stored and collected 

 Soils and vegetation play 

important role in water 

storage and filtration 

 Ecosystem service for 

downstream users 



Why Promote and Restore High Elevation Red 

Spruce Forests from a Soil Landscape View? 

 Habitat restoration 

 Carbon management 

 Water storage 

 Nutrient cycling 

 Ecosystem health, biodiversity, 

and resilience 

 

 

 

 



ESD in the Planning Process 

 Assess current state of 
ecosystem 

 Trajectory vegetative 
community will follow given 
management actions 

 Identify areas of connectivity 
and fragmentation 

 Prioritize project areas based 
on available, limited resources 
(funding, staffing, etc.) 



ESD During Project Planning 

 Sharp Knob Project Area 

 High elevation (>3000 ft) 

 Pre-SMCRA coal mine 

 Restoration work a priority  

 Use ESD to find areas to 

target red spruce restoration 

 



How to Restore Soils Based on ESD 

 Refer to reference conditions 

 Assess current soil conditions 

 Develop management 

strategies that will move the 

landscape in the direction of 

recovery 



Who is Using the Red Spruce ESD 

 US Forest Service 

 NRCS  

 Forest Stewardship Planning  

 EQIP (Environmental Quality Improvement Program) 

 The Nature Conservancy 

 US Fish and Wildlife Service 

 National Park Service 

 Research 

 Other partners… 

 

 


