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Ecological Services including but not limited to: 

Water quality, quantity, fishability, swimability, 
drinkability, fire suppression 

Species&

Smallmouth bass 
American Toad 

Carolina wren 
Bats 
    little brown bat- Myotis lucifugus 

   big brown bat- Eptesicus fuscus 
River Otter 

Common Mink 
Kingfisher  

Recreational uses 
   Fisheries 

   Hunting 

   Park Activities 

   Swimming 
   Picnicking 

   Boating, canoeing 
   Sunbathing 

ESA Listed Species 
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Sources Stressors Habitat Effects Impacts 

Land use types 

Agriculture 

Residential 
Commercial 

Industrial 

Legacy land uses 

Hg contaminated 
sediment 

Hg contaminated 

aquatic and 

terrestrial 
environments 

Atmospheric 

transport 

Industrial areas 
outside the 

watershed 

Natural Resource  

Activities 
Forestry 

Parks  

Protected waterways 

Effluents 
Wastewater and 

Industrial treatment 

Septic  

Control technologies as part of the TMDL 

process or NRDA activity 

Habitat loss, 

spawning loss, pre-

spawn mortality, direct 
toxicity 

neurotoxicity  

Observed mortality in 

fish, immuno- 

suppression, increase 
in disease, change in 

age structure of 

forage and other fish 

populations,  change 

in fish and 
macrobenthic 

community structure, 

change in 

phytoplankton 

biomass, alteration in 
nutrients in-streams,  

increase in 

temperature. 

Contamination of 

tissue by POPs or 
biomagnified metals 

Streams –River 

(including various stream 

sizes and flows) 
Sediments 

Bottom types 

Wetlands 

Floodplain 

Fish spawning beds 
Agricultural areas 

Riparian zones 

Recreational areas 

Roosting and nesting 

sites 

Ecological Services 

including but not 

limited to: 

Water quality, quantity, 

fishability, swimability, 

drinkability, fire 

suppression 

Species&

Smallmouth bass 

American Toad 

Carolina wren 
Bats 

    little brown bat- 

Myotis lucifugus 

   big brown bat- 

Eptesicus fuscus 
River Otter 

Common Mink 

Kingfisher  

Recreational uses 
   Fisheries 

   Hunting 

   Park Activities 

   Swimming 
   Picnicking 

   Boating, canoeing 

   Sunbathing 

ESA Listed Species 

Hg Contaminated sediment 

Hg Contaminated food chain 

Domestic use. Pesticides 

herbicides, fertilizers, 

nutrients, particulates 

Roads and Infrastructure. 
Hydrocarbon products (PAHs), 

metals, high flow rates from 

impervious surfaces,  

Alteration of waterways for 

flood control, dams etc. 

Agriculture. Herbicides, 

pesticides, pharmaceuticals,  

nutrients, particulates. 

Modification of stream 

Land erosion-particulates 

Temperature extremes, 

alteration of fish habitat, loss 

of habitat 

Discharges 

Nutrients, contaminants, 

pharmaceuticals, treatment by 

products. 

Overview of the South River and South Fork of the Shenandoah Conceptual Model.  



Sources Stressors Habitat Effects Impacts 

Land use 

     Industrial 

Legacy land uses 

Hg Contaminated: 

     1. sediment 

     2. water 

     3. aquatic veg. 
     4. floodplain 

         soils/veg 

     5. terre. soils/veg 

 Hg Contaminated 
     Prey/Food 

Atmospheric 

transport 

Industrial areas 
inside the watershed 

Regional/Global 

outside the 

watershed 
   Natural 

   Anthropogenic 

Effluents 

Wastewater and 
Industrial treatment 

Stormwater Runoff 

Control technologies as part of the TMDL 

process or NRDA activity 

Habitat Effects 

Vegetative losses 

Fish/Mammals/Birds 

Direct effects - egg, larval, 

adult mortality 

Indirect effects - 

behavioral, sensory, 
neurotoxicity , immuno- 

suppression, disease, 

change in age structure, 

species abundance and 

diversity, trophic structure 
and function 

Vegetation/Plant 

macrobenthic community 

structure, change in 
phytoplankton biomass, 

change in trophic transfer 

of nutrients/energy 

Biomagnificaiton  
Tissue contamination 

Trophic transfer: 

    Aquatic to aquatic 

    Aquatic to waterfowl 

    Aquatic to birds 
    Aquatic to small 

    mammals & wildlife 

Physicochemical 

Hg Contaminated 
Ecosystems 

    FPOM, DOC, DIC, 

    water , soil/sediment 

    matrices 

Streams –River 

(including various stream 

sizes and flows) 
     Sediments 

     Water 

     Bottom types 

Fish Habitat 
    Spawning/feeding 

    Nursery areas 

Wetlands 

Floodplain 

Riparian zones 

Floodplains 

Terrestrial Habitat 

    Roosting, feeding and 

    nesting sites 

Recreational areas 

     Beaches 

     Boat Launches 

     Docks/ piers 

     Wading areas  

Ecological Services 

including but not 

limited to: 

Water quality/quantity 

     Drinking 

     Irrigation 

     Fire suppression 

Species&

&&&&Smallmouth bass 

   American Toad 

   Carolina wren 
   Bats 

     Little brown bat- 

    Myotis lucifugus 

    Big brown bat 

     Eptesicus fuscus 
   River Otter 

   Common Mink 

   Kingfisher  

Recreational uses 
   Fisheries 

   Hunting  

   Park Activities 

   Swimming 
   Picnicking 

   Boating, canoeing 

   Sunbathing 

ESA Listed Species 

Chemical complexes of Hg 

    Elemental Hg 

    Hg Salts 
    Methyl Hg 

    Organo-complexed Hg 

Habitat Alteration 
1. Stream meanders- erosion/

deposition of Hg 

Contaminated sediment 

2. Stream bank /floodplain 
modifications  - Hg 

contaminated soils/sed. 

3. Landslides (natural, 

anthropogenic) 

Trophic Transfer 

Hg Contaminated food /prey 

South River and South Fork of the Shenandoah River Conceptual Model-Mercury.  



Sources Stressors Habitat Effects Impacts 

Land use types 

Agriculture 

Residential 
Commercial 

Industrial 

Control technologies as part of the TMDL 

process or NRDA activity 

Habitat loss, 

spawning loss, pre-

spawn mortality, direct 
toxicity 

neurotoxicity  

Observed mortality in 

fish, immuno- 

suppression, increase 
in disease, change in 

age structure of 

forage and other fish 

populations,  change 

in fish and 
macrobenthic 

community structure, 

change in 

phytoplankton 

biomass, alteration in 
nutrients in-streams,  

increase in 

temperature. 

Contamination of 

tissue by POPs or 
biomagnified metals 

Streams –River 

(including various stream 

sizes and flows) 
Sediments 

Bottom types 

Wetlands 

Floodplain 

Fish spawning beds 
Agricultural areas 

Riparian zones 

Recreational areas 

Roosting and nesting 

sites 

Ecological Services 

including but not 

limited to: 

Water quality, quantity, 

fishability, swimability, 

drinkability, fire 

suppression 

Species&

Smallmouth bass 

American Toad 

Carolina wren 
Bats 

    little brown bat- 

Myotis lucifugus 

   big brown bat- 

Eptesicus fuscus 
River Otter 

Common Mink 

Kingfisher  

Recreational uses 
   Fisheries 

   Hunting 

   Park Activities 

   Swimming 
   Picnicking 

   Boating, canoeing 

   Sunbathing 

ESA Listed Species 

Domestic use. Pesticides 

herbicides, fertilizers, 

nutrients, particulates 

Roads and Infrastructure. 

Hydrocarbon products (PAHs), 

metals, high flow rates from 

impervious surfaces,  
Alteration of waterways for 

flood control, dams etc. 

Agriculture. Herbicides, 

pesticides, pharmaceuticals,  
nutrients, particulates. 

Modification of stream 

Land erosion-particulates 

Temperature extremes, 
alteration of fish habitat, loss 

of habitat 

Discharges 

Nutrients, contaminants, 
pharmaceuticals, treatment by 

products. 

South River and South Fork of the Shenandoah Conceptual Model-Land Use  
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