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Level I - Qualitatively locate and 
characterize GDEs 

Level II - Quantitatively describe  
major ecosystem attributes 2 



What are 
 Groundwater Dependent Ecosystems? 

 GDEs are 
communities of 
plants and animals 
whose extent and life 
processes are 
dependent on access 
to, or discharge of 
groundwater.  
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Kendall Warm Springs, WY 

Kendall Warm Springs 
Dace 



Groundwater Dependent Ecosystems 
Classification & Focus 

 Springs 

 Wetlands dependent on 
groundwater (includes fens) 
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Northern Hardwood Seepage Forests,  
New Hampshire Springs, Oregon 
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Fens, Colorado Wet Meadows, California 



(From Brown et al, 2005) 

Management Concerns 
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Why Inventory GDEs? 
 Document GDE location  

 Document presence of species 

 Establish baseline/desired 
conditions  

 Determine vulnerability 

 Document alteration 

 Evaluate management 

 Determine need for protection 
or restoration 

7 



Field Survey Overview 
 

 Personnel with skills in botany, soils, hydrology, geology 

 Level I:  2-3 people 

 Level II:  3-5 people 

 

 Survey time:  

 Level I:  less than 2 hours/site 

 Level II:  3-6 hours/site 

 

 

 
Lesson Learned:  Must have a trained interdisciplinary crew or data is collected 
poorly or not at all. 
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Inventory Steps 

Study Design  

Pre-Field Survey 
Activities 

Field Survey Activities 

Post-Field Survey 
Activities 
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Inventory Steps: Study Design 

• Identify management questions and set inventory objectives 

• Determine area of interest (population of sites) and study 
design (random, stratified, etc.) 

• Create sampling schedule 

• Identify relationships to other inventory programs and data 

• Coordinate with other partners 

• Develop QA/QC procedures, including training and data 
management 

 

This is covered in greater depth in the 

Groundwater Inventory and Monitoring Technical Guide 



Inventory Steps: Pre-Field Survey 
Paper Form - 1 page 
 
• Site and Geographic 

– Purpose, County, HUC, etc. 
• Mapping  

– USGS Quad, Geologic Map, 
LRR and MLRA, Soil Map 

• Route 
– UTMs, Lat/Long, Elevation, 

Access Route 
• Other 

– Preliminary GDE Type, 
Available Data (about site) 
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Inventory Steps: Field Survey 

Paper forms 
• 10 pages for Level I 

2 hours with 2-3 people 
 

• 14 pages for Level II 
3-6 hours with 3-5 people 

12 



Field Survey Attributes  
 
 General information 

 Georeferencing 

 Boundary 

 Structures 

 Water features 

 Disturbances 

 Reference point 

 

 

 

Springs 

Boundary 

Outflow 
channel 

Flow diversion pipe 

Hillslope 
wetland 

Developing channel 



Field Survey Attributes 

  Geologic Setting 

 Surficial material 

 Lithology 

 Landform  

 Geologic structure type 

 

 GDE Types (Springer & Stevens, 2009) 
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A - Aquifer       I - Impermeable Stratum      S - Spring Source                       Springer and Stevens, 2009 



Helocrene 
 

Limnocrene 

Hillslope 
 

 
 

A - Aquifer       I - Impermeable Stratum      S - Spring Source                       Springer and Stevens, 2009 15 



Field Survey Attributes (1 of 2) 

 Vegetation 
 Surrounding vegetation 
 Bryophyte abundance 
 Dominant species 
 Species of interest  

 

 Fauna 
 Terrestrial herpetofauna  
 Terrestrial vertebrates  
 Aquatic vertebrates 
 Aquatic 

macroinvertebrates  
 

 

 Hydrology 
 Flow information 

 Water table depth 

 Spring channel 
characteristics 

 Water quality 

 Soil 
 Peat thickness 

 Texture/color of mineral 
layer 

 Redoximorphic features 

 Reaction to HCL 

 

 



Field Survey Attributes (2 of 2) 
 Natural and Anthropogenic Disturbances 

 Structures  
 Hydrologic and soil alteration  
 Recreation impacts  
 Impacts of management/land use 

 

 Management Indicator Tool 
     ID team answers the 25 Yes/No 
  questions together 

 Hydrology 
 Geomorphology and Soils 
 Biology 
 Disturbances 
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Management 
Indicator Tool 
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 Verify geographic data  

 Laboratory analyses (samples and specimens) 

 Data management and interpretation 

 Transfer data from paper or electronic device 

 Generate summaries and reports 

 Download, label and store photos 

 Scan hand-written materials such as drawings and notes 

 Validate and confirm management indicator 

 Consider Other Data Analysis 
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Inventory Steps: Post-Field Survey 
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    MS Access Database 
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Data Entry Forms 
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Site Report for Level I 



Site Report for Level II 
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Other Summaries 
 Vegetation - Species lists and cover (averages) 

 Soil - Depths and thicknesses of organic and mineral layers 
(averages) 

 Areas of flooded soils (percent of sites) 

 Soil texture and color (list or percent of sites) 

 Hydrology 

 Flow (range and average) 

 Water quality (averages) -temperature, pH, conductivity, Oxygen-
reduction potential (ORP), Dissolved Oxygen (DO) 

 Fauna - Species list and percent of sites with various fauna 

 Disturbance - List and percent of sites 

 Management Indicator Tool - Percent of sites with each Indicator 
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CASE STUDY - Spring Mountains NRA 

Spring Types (at a site) Sites 

Cave 1 

Cave, Hanging garden 1 

Gushet, Hillslope 1 

Hanging garden 6 

Hanging garden, Rheocrene 2 

Helocrene, Hillslope 2 

Helocrene, Rheocrene  1 

Hillslope 6 

Hillslope, Rheocrene 11 

Hypocrene, Rheocrene 2 

Rheocrene 11 

Unknown 3 

Total 47 
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Litter 
49% 

Bryophyte 
11% 

Bedrock 
8% 

Bare soil 
7% 

Boulder 
6% 

Water 
6% 

Gravel 
5% 

Stone 
3% 

Wood 
3% 

Basal vegetation 
2% 

Cobble 
0% 

Ground Cover - Spring Mountains NRA 

N=47 



Water Quality - Spring Mountains NRA 
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2010 2011 

2010 2011 N=47 



Disturbances - Spring Mountains NRA 

0% 20% 40% 60% 80% 100%

Flooding

Soil deposition

Misc. other

Debris Flow

Feral animals

Gully erosion

Excavation

Soil compaction

Rill erosion

Tree cutting

Vehicle trails/tracks

Fire

Soil pedestals (animal-caused)

Soil pipes

Erosion

Ground disturbance

Livestock

Water extraction (downgradient)

Channel erosion

Wild animal effects

Trampling (animals)

Grazing (ungulates)

Trails (animal and people)

Percent of Spring Sites 

2010 (n=19)

2011 (n=28)
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Sideblotched lizard

Broad-tailed hummingbird

Cottontail rabbit

Flycatcher

White-breasted nuthatch

Pinyon jay

Warbler

Lesser goldfinch

Chipmunk

Rufus hummingbird

Mountain chickadee

Red-tailed hawk

Dark-eyed junco

Common raven

Spotted towhee

Hummingbird

Woodpecker

Clark's nutcracker

Scrub jay

Northern flicker

Elk

Horse

Deer

Percentage of Spring Sites 

2010 (n=19)

2011 (n=28)

  

Fauna - Spring Mountains NRA 

32 



 

Management Indicator Tool - Spring Mountains NRA 
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0% 20% 40% 60% 80% 100%

Water rights not filed and/or outstanding

Water uses adversely affecting site

Environmental compliance not occurring

Land Mgt Plan not providing protection

Other landowner actions affecting site

Land ownership not FS in and around site

Cultural values affect site management

Other disturbances adversely affecting site

Recreation adversely affecting site

Herbivory adversely affecting site

Fencing does not function properly

Construction & roads adversely affecting

Flow regulation adversely affecting site

Invasive species established

TES, SOI/SOC, focal fauna not as anticipated

Faunal species not as anticipated

TES, SOI/SOC, focal flora not as anticipated

Vegetation condition not healthy

Vegetation composition not as anticipated

Soil integrity altered

Runout channel not functioning naturally

Landform stability altered

Water quality changes affecting site

Watershed (surface water) altered

Aquifer (groundwater) altered

Percentage of Spring Sites 

2010 (n=19)

2011 (n=28)



Wetland Vegetation Monitoring 
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Federal interagency  committee for Wetland Delineation, 1989 



Geospatial Analysis 
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Resources 
GDE Field Guides available at: 
http://www.fs.fed.us/geology/groundwater.html 
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