
1

OutlineOutline
•• "Natural" stream and riparian ecosystem functions"Natural" stream and riparian ecosystem functions

•• Cumulative impactsCumulative impacts

•• Landscape, ecosystem and habitat based evaluationsLandscape, ecosystem and habitat based evaluations

–– Erosion zones and riparianErosion zones and riparian--stream conditionsstream conditions

–– Assessing changes in land covers and  impervious areasAssessing changes in land covers and  impervious areas

–– Identifying opportunities for habitat protection and restoratioIdentifying opportunities for habitat protection and restorationn

–– Assessing fish habitat preferencesAssessing fish habitat preferences

•• Developing strategies to restore and sustainDeveloping strategies to restore and sustain ecological systemsecological systems

•• Management actions that promote the ecological sustainabilityManagement actions that promote the ecological sustainability

StreamStream--Riparian Landscape PerspectivesRiparian Landscape Perspectives
and the Upper Gila Riverand the Upper Gila River
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Riparian ConnectivityRiparian Connectivity

•• Interactions between terrestrial and aquatic systemsInteractions between terrestrial and aquatic systems

•• Changes in riparian plant succession, biodiversity Changes in riparian plant succession, biodiversity 
and spatial patternsand spatial patterns

•• Changes in animal community structures and Changes in animal community structures and 
functions in riparian corridorsfunctions in riparian corridors

•• Influences of landscape features and disturbances Influences of landscape features and disturbances 
(e.g., fires and floods)(e.g., fires and floods)

Sustained by:Sustained by:
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Riparian ConnectivityRiparian Connectivity
Terrestrial FactorsTerrestrial Factors

•• Geomorphic featuresGeomorphic features
(e.g., slope and aspect)(e.g., slope and aspect)

•• Inputs of woody debrisInputs of woody debris
•• Exchanges of water (surface Exchanges of water (surface 

and subsurface) and nutrientsand subsurface) and nutrients
•• Temperature regulation by Temperature regulation by 

canopy shade and exchanges of canopy shade and exchanges of 
waterwater

•• Nutrient cycling Nutrient cycling 
(e.g., microbes, plants and (e.g., microbes, plants and 
animals)animals)

•• Erosion (e.g., landslides) Erosion (e.g., landslides) 
•• FiresFires

Aquatic FactorsAquatic Factors
•• Geomorphic features Geomorphic features 

(e.g., channel width and (e.g., channel width and 
gradient)gradient)

•• Exchange of woody debrisExchange of woody debris
•• Exchanges of water (surface Exchanges of water (surface 

and subsurface) and nutrientsand subsurface) and nutrients
•• Nutrient cycling Nutrient cycling 

(e.g., microbes, plants and (e.g., microbes, plants and 
animals) animals) 

•• Erosion of channels and banksErosion of channels and banks
•• Flooding regimesFlooding regimes

–– Frequency and magnitudeFrequency and magnitude
–– Inundation and storage Inundation and storage 

timestimes
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Landscape Disturbances that Alter Riparian and Landscape Disturbances that Alter Riparian and 
Stream EcosystemsStream Ecosystems

Natural EventsNatural Events
•• FireFire
•• DroughtsDroughts
•• FloodsFloods
•• Earth quakesEarth quakes

Human InducedHuman Induced
•• Forest  (harvest, fire suppression)Forest  (harvest, fire suppression)
•• Agricultural (cultivation, livestock grazing)Agricultural (cultivation, livestock grazing)
•• UrbanizationUrbanization
•• DamsDams
•• IrrigationIrrigation
•• Channel flood controlChannel flood control
•• Transportation (roads, railroads, canals)Transportation (roads, railroads, canals)
•• RecreationRecreation

Cumulative ImpactsCumulative Impacts
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Responses in Altered Riparian and Stream EcosystemsResponses in Altered Riparian and Stream Ecosystems

“Changes in Self“Changes in Self--Sustaining Processes”Sustaining Processes”
•• Habitat connectivity and compositionHabitat connectivity and composition

–– FragmentationFragmentation
–– Loss of live and dead woodLoss of live and dead wood
–– Channel confinementChannel confinement

•• Plant and animal species diversityPlant and animal species diversity
–– Invasion by exotic species, loss of ecological diversityInvasion by exotic species, loss of ecological diversity

•• Sediment budgetSediment budget
–– Shifts in erosion and deposition phasesShifts in erosion and deposition phases
–– Compaction of soilsCompaction of soils

•• HydrologyHydrology
–– Altered surface and subsurface flow pathsAltered surface and subsurface flow paths

•• Water qualityWater quality
–– Enrichment of dissolved and particulate constituentsEnrichment of dissolved and particulate constituents

•• Thermal regimeThermal regime
–– Elevated temperaturesElevated temperatures

M o d i f i c a t i o n  o f  S u r f a c e  a n d  S u b s u r f a c e  M o d i f i c a t i o n  o f  S u r f a c e  a n d  S u b s u r f a c e  
H y d r o l o g yH y d r o l o g y

•• D e c r e a s e d  i n f i l t r a t i o n  i n  s o i l sD e c r e a s e d  i n f i l t r a t i o n  i n  s o i l s

•• I n c r e a s e d  im p e r v i o u s  a r e a sI n c r e a s e d  im p e r v i o u s  a r e a s

•• I n c r e a s e d  f r e q u e n c y  o f  s u r f a c e  r u n o f f  e v e n t sI n c r e a s e d  f r e q u e n c y  o f  s u r f a c e  r u n o f f  e v e n t s

Hydrologic ResponsesHydrologic Responses
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Landscape Approaches that Facilitate Landscape Approaches that Facilitate 
SelfSelf--Sustaining Natural Processes of Sustaining Natural Processes of 

Riparian and Aquatic EcosystemsRiparian and Aquatic Ecosystems

•• Define differences in sensitive areas within streamDefine differences in sensitive areas within stream--
riparian management corridors riparian management corridors 

•• Prioritize habitats for protection and restorationPrioritize habitats for protection and restoration
-- Intact areas needing protectionIntact areas needing protection
-- Damaged areas needing restorationDamaged areas needing restoration

Protection of Riparian Habitats in Protection of Riparian Habitats in 
ErosionErosion--prone Landscapesprone Landscapes

•• Estimate erosion risk scores that indicate the absence Estimate erosion risk scores that indicate the absence 
and presence of different factors contributing to and presence of different factors contributing to 
erosion hazardserosion hazards

•• Assess the spatial distribution of erosion risks in Assess the spatial distribution of erosion risks in 
watershedswatersheds

•• Identify variable riparian buffer widths assigned to Identify variable riparian buffer widths assigned to 
erosion risk scoreserosion risk scores
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““Erosion risk scoresErosion risk scores”” define the define the 
absence and presence of absence and presence of 

landland--cover types that cover types that 
could contribute to could contribute to 

erosionerosion-- prone areas.prone areas.



9

ErosionErosion--prone areasprone areas ErosionErosion--prone areas of stream reachesprone areas of stream reaches



10

Applications: Facilitate selfApplications: Facilitate self--sustaining sustaining 
natural processes of stream and riparian natural processes of stream and riparian 

ecosystemsecosystems
•• Define differences in sensitive areas within riparianDefine differences in sensitive areas within riparian--

stream management corridors stream management corridors 
–– Intact areas needing protectionIntact areas needing protection
–– Damaged areas needing restorationDamaged areas needing restoration

•• Determine actions that sustain the connectivity of Determine actions that sustain the connectivity of 
different vegetative cover types and aquatic habitatsdifferent vegetative cover types and aquatic habitats
–– Link areas of passive protection and active restorationLink areas of passive protection and active restoration

–– Provide networks of refuge habitats that protect fish and Provide networks of refuge habitats that protect fish and 
wildlife and facilitate movements.wildlife and facilitate movements.
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Changes in LandChanges in Land--Cover and HydrologyCover and Hydrology

•• Evaluate changes in land covers (GIS Evaluate changes in land covers (GIS coveragescoverages ) in ) in 
different tributary watersheds (urban and rural)different tributary watersheds (urban and rural)

•• Use fineUse fine--resolution spatial hydrological model to resolution spatial hydrological model to 
evaluate influences of land covers on changes in evaluate influences of land covers on changes in 
stream discharge in different tributary watershedsstream discharge in different tributary watersheds

•• Evaluation periodsEvaluation periods
•• Historical Historical ((““full forest coverfull forest cover””))
•• 1991 (1991 (““developeddeveloped””))
•• 19981998 ((““developeddeveloped””))
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Percent change in forest cover, impervious surfaces Percent change in forest cover, impervious surfaces 
and annual flood discharges within urban and rural and annual flood discharges within urban and rural 
watersheds of the lower Cedar River, WA watersheds of the lower Cedar River, WA 

LandLand--coverscovers Annual flood discharge*      Annual flood discharge*      
Historical to 1991Historical to 1991 1991 to 19981991 to 1998 Historical  to 1991Historical  to 1991 1991 to1991 to 19981998

Forest   Impervious    Forest   ImperviousForest   Impervious    Forest   Impervious DischargeDischarge

WatershedWatershed ((ΔΔ%)%) ((ΔΔ%)   %)   ((ΔΔ%)%)

Ginger Ginger øø --8383 7171 1818 44 169169 44
Maplewood Maplewood øø --6363 4848 --2424 2727 9696 1717
FairwoodFairwood øø --6363 4646 --33 1717 8484 33
Madsen Madsen øø --6363 4343 1919 99 6868 --22
PetersonPeterson --3434 1515 1111 5353 1616 22
TaylorTaylor --2828 1010 --44 6060 2121 11
RockRock --2929 88 1414 3838 77 --55

* Flood discharges are based on the 10* Flood discharges are based on the 10--year recurrence interval.year recurrence interval.
øø Urban watershedsUrban watersheds
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Change in forest cover, impervious surfaces and water Change in forest cover, impervious surfaces and water 
yields within urban and rural watersheds of the lower yields within urban and rural watersheds of the lower 
Cedar River, WA.Cedar River, WA.

1991 to 19981991 to 1998

impervious surfacesimpervious surfaces forest coverforest cover



13

Identifying opportunities for habitat Identifying opportunities for habitat 
Protection and RestorationProtection and Restoration

•• Can coCan co--occurring, ecologically functional and occurring, ecologically functional and 
anthropogenic landanthropogenic land--covers be used to identify covers be used to identify 
opportunities for habitat restoration within the opportunities for habitat restoration within the 
floodplain?floodplain?

•• Can indices of patch characteristics of different Can indices of patch characteristics of different 
landland-- covers be used at different landscape covers be used at different landscape 
scales?scales?
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LLandscapeandscape procedures allow managers to:procedures allow managers to:

•• use existing information to address use existing information to address 
problems common to problems common to spatially complex spatially complex 
stream and riparian corridorsstream and riparian corridors

•• define stream reaches and habitats requiring define stream reaches and habitats requiring 
protection protection by variable riparian buffer widthsby variable riparian buffer widths

•• use simple constructs for patterns and sizes of use simple constructs for patterns and sizes of 
patch indices patch indices (ecological and anthropogenic (ecological and anthropogenic 
factors) to identify opportunities for habitat factors) to identify opportunities for habitat 
restoration and protectionrestoration and protection

Sockeye Salmon Habitat Selection Sockeye Salmon Habitat Selection 
in Offin Off--Channel HabitatsChannel Habitats

Habitat selection by Habitat selection by salmonidssalmonids
-- What habitat factors do spawning salmon prefer?What habitat factors do spawning salmon prefer?

-- What habitat factors do juvenile salmon prefer?What habitat factors do juvenile salmon prefer?

Implications for habitat managementImplications for habitat management
-- Can we incorporate fish habitat preferences into protection Can we incorporate fish habitat preferences into protection 

and restoration plans?and restoration plans?
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Spawning sockeye use of offSpawning sockeye use of off--channel habitats.  channel habitats.  
ConclusionsConclusions

There was substantial use of the newly constructed sideThere was substantial use of the newly constructed side--
channel habitatschannel habitats

When many sockeye were present, the range of habitat types When many sockeye were present, the range of habitat types 
used expandedused expanded::

--SubstrateSubstrate
--Detritus depthDetritus depth
--Depth Depth 

Temperatures were within suitable spawning and Temperatures were within suitable spawning and 
incubation rangesincubation ranges

Fish chose areas with gravel and cobble substratesFish chose areas with gravel and cobble substrates

Redd depths were within expected rangesRedd depths were within expected ranges
Upwelling areas were highly selectedUpwelling areas were highly selected
Areas with high amounts of detritus were not usedAreas with high amounts of detritus were not used

CAVCAVW79W79

W79 = Wetland 79, CAV = Cavanaugh PondW79 = Wetland 79, CAV = Cavanaugh Pond
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Juvenile salmon use of offJuvenile salmon use of off--channel habitats.channel habitats.
ConclusionsConclusions

•• Juvenile habitat use influenced by the threat of Juvenile habitat use influenced by the threat of 
predationpredation
--moved to deeper areas to avoid predation from birdsmoved to deeper areas to avoid predation from birds
--formed larger schools as protection from aquatic predatorsformed larger schools as protection from aquatic predators
--majority of fish used covermajority of fish used cover
--preferred complex woody debrispreferred complex woody debris

•• Fish avoided warmer temperatures and low dissolved Fish avoided warmer temperatures and low dissolved 
oxygen levelsoxygen levels

•• Juvenile fish did not select for other habitat factorsJuvenile fish did not select for other habitat factors
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Habitat Rehabilitation ConsiderationsHabitat Rehabilitation Considerations

•• Define habitat limiting factors.Define habitat limiting factors.
–– Damage to riparian plants and soilsDamage to riparian plants and soils
–– Lack of wood and habitats in channelsLack of wood and habitats in channels
–– Lack of hydrologic connectivityLack of hydrologic connectivity

•• Define at landscape scales (kmDefine at landscape scales (km22) sensitive areas within river and ) sensitive areas within river and 
riparian management corridors.riparian management corridors.

•• Develop strategies that prioritize intact and damaged habitats Develop strategies that prioritize intact and damaged habitats 
needing protection and restorationneeding protection and restoration

•• Determine actions that sustain and restore the connectivity of Determine actions that sustain and restore the connectivity of 
different vegetative cover types and aquatic habitatsdifferent vegetative cover types and aquatic habitats
–– Link areas of passive protection and active restorationLink areas of passive protection and active restoration

–– Provide networks of refuge habitats that protect fish and wildliProvide networks of refuge habitats that protect fish and wildlife and fe and 
facilitate movements.facilitate movements.

Passive protection and active restoration?Passive protection and active restoration?
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Developing Strategies to Restore and Sustain Developing Strategies to Restore and Sustain 
Riparian and Fish HabitatsRiparian and Fish Habitats

•• Define objectives of restoration projects and desired future Define objectives of restoration projects and desired future 
conditions.conditions.

•• Use retrospective analyses to define natural and unnatural Use retrospective analyses to define natural and unnatural 
disturbance regimes (flood frequencies, fires, landdisturbance regimes (flood frequencies, fires, land--uses).uses).

•• Identify modified areas (dams, water diversions, roads, Identify modified areas (dams, water diversions, roads, 
agricultural, urban).agricultural, urban).

•• Identify high risk areas (landslides, unstable soils, steep slopIdentify high risk areas (landslides, unstable soils, steep slopes, es, 
unstable channels).unstable channels).

•• Summarize stream flow characteristics for channel reaches Summarize stream flow characteristics for channel reaches 
near restoration sites (flooding regimes, low flow periods).near restoration sites (flooding regimes, low flow periods).

Cumulative impacts in riparianCumulative impacts in riparian--stream areas:stream areas:
Little Naches River, WALittle Naches River, WA

CausesCauses
•• Confinement of the river channel Confinement of the river channel 

–– road constructionroad construction
–– riprap for control of bank erosionriprap for control of bank erosion

•• Timber harvestTimber harvest
•• Increased recreational useIncreased recreational use
•• Legacy of poor grazing managementLegacy of poor grazing management

ResponsesResponses
•• Down cutting (erosion) or incision in channelsDown cutting (erosion) or incision in channels
•• Fragmentation of forest communitiesFragmentation of forest communities
•• Low recruitment of woody debris to channelsLow recruitment of woody debris to channels
•• Creation of unCreation of un--vegetated landsvegetated lands

–– Invasion of noxious weedsInvasion of noxious weeds
–– Compaction of soilsCompaction of soils

•• Modification of surface and subsurface hydrologyModification of surface and subsurface hydrology

Retrospective AnalysesRetrospective Analyses
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Conifers LostConifers Lost

Bare AreasBare Areas
IncreaseIncrease

•• Survey reaches, riparian Survey reaches, riparian -- aquatic habitats, and reference aquatic habitats, and reference 
systems (plan views, channel profiles, channel cross sections)systems (plan views, channel profiles, channel cross sections)

•• Compare fish densities, habitats, and distributions to historicCompare fish densities, habitats, and distributions to historic
(spawning adults, juvenile densities, habitat distributions)(spawning adults, juvenile densities, habitat distributions)

•• Summarize fishes preferred habitat and instream flow needs.Summarize fishes preferred habitat and instream flow needs.
(discharge, velocity, substrate, temp., refuge from predators)(discharge, velocity, substrate, temp., refuge from predators)

•• Identify conditions indicating recovery Identify conditions indicating recovery 

Developing Strategies to Restore and Sustain Developing Strategies to Restore and Sustain 
Riparian and Fish HabitatsRiparian and Fish Habitats
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What Conditions Indicate Recovery in Riparian What Conditions Indicate Recovery in Riparian 
and Stream Habitat Ecosystems?and Stream Habitat Ecosystems?

•• Plants and roots protect and stabilize banksPlants and roots protect and stabilize banks
•• Canopy cover improves shadingCanopy cover improves shading
•• Elevated saturated zone increases storage of Elevated saturated zone increases storage of 

waterwater
•• Increased summer flowIncreased summer flow
•• Cooler water in summerCooler water in summer
•• Reduced ice effects in winterReduced ice effects in winter
•• Improved habitats for plants, fish and wildlifeImproved habitats for plants, fish and wildlife
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•• Establish monitoring sites to assess implementation and Establish monitoring sites to assess implementation and 
management.management.

•• Use monitoring data to evaluate if objectives are being Use monitoring data to evaluate if objectives are being 
achieved.achieved.

•• Use adaptive management to maintain and improve Use adaptive management to maintain and improve 
restoration projects.restoration projects.

Developing Strategies to Restore and Sustain Developing Strategies to Restore and Sustain 
Riparian and Fish HabitatsRiparian and Fish Habitats
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Management actions that promote the sustainability of Management actions that promote the sustainability of 
watershed and stream systemswatershed and stream systems

ActionsActions ReferencesReferences

Increase connectivity between Increase connectivity between BednarekBednarek 2001; 2001; PitlickPitlick and and WilcockWilcock
stream and riparian ecosystems stream and riparian ecosystems 2001; Richards, et al. 2002;2001; Richards, et al. 2002;
and habitatsand habitats AmorosAmoros and and BornetteBornette 20022002

Sustain habitat functions, aquatic and riparian Sustain habitat functions, aquatic and riparian HankinHankin and Reeves 1988; Jonesand Reeves 1988; Jones
species diversity and distributionsspecies diversity and distributions et al. 1999; Dunham et al. 2001et al. 1999; Dunham et al. 2001

Reduce bare ground, compacted and eroded soils,Reduce bare ground, compacted and eroded soils, Grant 1988; Smith 1993; KauffmanGrant 1988; Smith 1993; Kauffman
density of grazing livestockdensity of grazing livestock et al. 2000; Wissmar et al. 2004et al. 2000; Wissmar et al. 2004
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Management actions that promote the sustainability of Management actions that promote the sustainability of 
watershed and stream systemswatershed and stream systems

Actions Actions ReferencesReferences

ReRe--establish riparian habitat functions and plantsestablish riparian habitat functions and plants Harris and Olson 1997; Harris and Olson 1997; 
(protect, restore and maintain connectivity, (protect, restore and maintain connectivity, Russell et al. 1997; Timm et al.  Russell et al. 1997; Timm et al.  
heterogeneity, species composition) heterogeneity, species composition) 2004; 2004; LindenmayerLindenmayer et al. 2000et al. 2000

Decrease widths of riparian canopy openings (m),Decrease widths of riparian canopy openings (m), Grant, 1988; Smith, 1993;Grant, 1988; Smith, 1993;
increase shade (low light intensity)increase shade (low light intensity) MacDonald et al. 1991MacDonald et al. 1991

Develop strategies for applying variableDevelop strategies for applying variable Wissmar et al. 2004Wissmar et al. 2004
riparian buffer widthsriparian buffer widths

Increase riparian habitats for wildlifeIncrease riparian habitats for wildlife Polis et al. 1997; Sisk et al.  1997; Polis et al. 1997; Sisk et al.  1997; 
species (connectivity of habitats,species (connectivity of habitats, Sieving et al.  2000; Johnson 2002Sieving et al.  2000; Johnson 2002
species composition, food webs)species composition, food webs)

Management actions that promote the sustainability of Management actions that promote the sustainability of 
watershed and stream systemswatershed and stream systems

ActionsActions ReferencesReferences

Maintain Maintain ““normalnormal”” water tables, elemental cycleswater tables, elemental cycles GurnellGurnell 1995; Olson 1995; 1995; Olson 1995; DwireDwire et et 
temperature regimestemperature regimes al. 2000; Olson and Wissmar 2000al. 2000; Olson and Wissmar 2000

Maintain aquatic food webs (forage, species)Maintain aquatic food webs (forage, species) TaitTait et al. 1994; Bunn et al. 2003et al. 1994; Bunn et al. 2003

Maintain Maintain ““normalnormal”” thermal regimesthermal regimes Berman and Quinn, 1991; Berman and Quinn, 1991; 
and cold water refuge habitats and cold water refuge habitats EbersoleEbersole et al. 2001et al. 2001

Maintain Maintain ““normalnormal”” peak flow frequency (years)peak flow frequency (years) Scott et al. 1997; Scott et al. 1997; GalatGalat et al. 1998;et al. 1998;
to reto re--establish channel and riparian habitatsestablish channel and riparian habitats Chapin et al. 2000; Kauffmann et al. Chapin et al. 2000; Kauffmann et al. 

2000; Richter and Richter 2000, 2000; Richter and Richter 2000, SommerSommer et al. et al. 
20012001
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““Normal peak Normal peak 
flow frequency flow frequency 
and habitatsand habitats””

““Peak flows and Peak flows and 
large woody debris  large woody debris  
interact to form interact to form 
pool habitatspool habitats””

Management actions that promote the sustainability of Management actions that promote the sustainability of 
watershed and stream systemswatershed and stream systems

Actions Actions ReferencesReferences

Increase recruitment of woody debris in riparian Increase recruitment of woody debris in riparian Gregory et al. 2003Gregory et al. 2003
and stream ecosystems (number, size)and stream ecosystems (number, size)

ReRe--establish erosion resistant plants (species)establish erosion resistant plants (species) Elmore and Elmore and BeschtaBeschta 19871987

Reduce exotic species (number, species)Reduce exotic species (number, species) Jacobs 1999; Jacobs 1999; SherSher et al. 2000et al. 2000
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Reduce exotic species (number, species)Reduce exotic species (number, species)
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