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Presentation Overview:

A Background
Ecosystem Services of GDEs
Threats to GDEs
Development of Monitoring Protocol

A Scope and Extent of GDE Inventory and
Monitoring Protocols; Levels 1 and 2

A 2010 Field Testing
A Next Steps



Groundwater Dependent Ecosystem Types
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Focus of this protocol

Figure 2. Diagram of groundwater dependent ecosystem types, with the highlighted types (in
box on left) representing those covered by this protocol.

From: Inventory and Monitoring Protocols for Groundwater Dependent Ecosystems: Level 2 Sampling Protocol for Springs and Groundwater
Dependent Wetlands, Version 2.5, 2010



Ecosystem Services of GDEs: Habitat

Habitat for an array of terrestrial and aquatic species.
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Eriophorum gracile Epilobium oregonense Sarracenia rubra
Slender cottongrass Oregon willowherb Sweet Pitcher plant
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Ecosystem Services of GDEs:Habitat

Aridland springs: Habitat for rare fish and invertebrates, e.g. spring snails.
Refugia for species during periods of environmental stress.




Ecosystem Services of GDEs
Water Quality: nutrient

cycling, sediment retention

Water Storage: flood

attenuation; supply




Ecosystem Services of

Carbon Storage
Carbon Sinks

Peatlands (fens):
A Production > decomposition;

A Organic soil forms &
accumulates (peat);

A ~50% of all wetlands
A ~3% of global land area
A ~550 gt of C in peat

I ~30% of global soil C

A Emit 3-5% of global methane
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Threats to Groundwater Dependent Ecosystems

Summary of Killer Threats

Habitat Destruction 9%

Hydrologic Alteration 25%
groundwater pumping

Hydrologic Alteration 3%

JC AL Water Quality 41%
diversions

Role of Ecosystems / Threats
Groundwater Species

Hydrologic Alteration 19%

dams
Water Quality Urban 3% Hydrologicregime  Riparian communities Pumping
Wetlands Roads/ditches

From Brown et al. 2005, Mesic forests Impervious surfaces

https://rivernetwork.org/files/rv/rv2005v15n3_4.pdf Land development
Water quality: Calcareous fens Septic systems
Chemistry Spring snails Fertilizer leaching

Pesticides

Water quality: Salmonids Geothermal energy
Temperature Endemic lake snails development

Hot springs Pumping



Threats to Groundwater Dependent Ecosystems
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Threats to Groundwater Dependent Ecosystems
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Forest Service Groundwater Program

http://www.fs.fed.us/r4/projects/gwde/documentation/index.shtml



