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Riparian Ceonnectivity

Jlerrestiiall Eactors
Geomorphic features
(e.g., slope andiaspect)
Inputsiofwaeody debris

Exchanges of water (surface
andlsubsuface)land nutrients

Tiemperature regulation by,
canopy shaderand exchamngesiof
water

Nutrient cycling

(e.g., microbes; plantsiand
animals)

Erosion(e:g., landslides)
Eires

Aduatic Factors
Geomorphic features

(e.g., channel width and
gradient)

Exchange off woedy debris

Exchanges of water (surface
andlsubsuface)land nutrients

Nutrient cycling

(e.g., microbes; plantsiand
animals)

Erosion off channelsiandbhanks
Eloeding|regimes
— Ereguency and magnitude

— |nundation’andisterage
times

Cumulative Impacts
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Landscape Disturbances that Alter Riparian and
Stream Ecosystems

Natural Events
Fire
Droughts
Floods
Earth quakes

Human Induced
Forest (harvest, fire suppression)
Agricultural (cultivation, livestock grazing)
Urbanization
Dams
Irrigation
Channel flood control
Transportation (roads, railroads, canals)
Recreation

Cumulative Impacts
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Responses in Altered Riparian and Stream! Ecoesystems

“Changesiin Self-Sustaining Processes:”

« Habitat connectivityand cempositicn
— Fragmentation
— [Lessiofiliverand deadiweod
— Channel confinement
Plant andianimall species diversity.
— Invasioni by exetic species, loss of ecological diversity,
Sediment budget
— Shiifits i eresion andideposition phases
— Compaction| ofisoils
Hydrelegy,
— Altered surfiace and subsurfiace filow paths
Water guality;
— Enrichment of disselved and particulate constituents
Thermal regime
— Elevateditemperatures

Hydrelegic Responses

M odification of Surface and Subsurface
Hydrology

e Decreased infiltration in soils
s Increased im pervious areas

e Increased frequency of surface runoff events




["anascape Appreaches tiat Eacilitate
Self-Sustarning Natural Processes of:
Riparan and Aguatic ECOsYSIEms

o Defiine differences in sensitive areas within stream-
riparian management corridors

* Prioritize habitats for protection andl restoration
- Intact areas needing protection
- Damaged areas needing restoration

Protection of Riparian Habitatsiin
Eresion-prone Candscapes

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

J Assess the spatial distribution of eresion risks in
Watershieds

2 |dentify variable riparian buifer widths assigned to
eresion risk scores




“Erosion risk scores’ define the
aldsence andlpresence: of

|2nd-CoVEr types that
could contribute te
ErOSION- PrONE areas.

LAND-COVER TYPES

Rain on Snow elevations

Unstable soils

Immature forest stands

Roaded areas

Critical slopes

Erosion-Risk Score




Beckler River Drainage

Er@esIon-proneiareas EriesIon-prone areas off stream reaches




Beckler River Drainage

Applications: Eacilitate self-sustaining
natural processes ol streamranal rparian
ECoSystems

» Defiine dififerences 1n sensitive areas\within riparian-
stream management corridors

— |ntact areas needing protection
— Damaged areas needing restoration

o Determine actions that sustain; the connectivity of:
dififerent Vegetative Cover types andlaguatic hahbitats
— Link areas of passive: protection and active restoration

— Provide networks ofi refuge habitats that protect fish and
wildliferand facilitate mevements.
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Changes iniLand=Cover and Hydrology.

o Evaluate changes iniland covers (GIS coverages )i in
different tributarny watersheds (Urban and rural)

o Use fine-reselution spatial hydrelegical model to
evaluate influences of landlcovers on changes in
strreami discharge in different trilbutar, watersheds

o Evaluation periods

- Historicall (“full forest cover’)
» 1991 (*developed™)
* 1998, (“developed™)

- Lower Cedar River Basin
... Landcover, 1998

Landcover Classes
Bare '
Il Canopy
[ Impervious
I Understory
[ Water o
/™\/ Cedar River Channel

5 g . g ¢ -
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Percent chiange In forest Cover, IMmpPerVIous SUKfaces
and annual flood discharges within urban and rural
watersheds of the lewer Cedar River, WA

IEand=covers Annualfloed discharge™
Historical 101991 1991 to 1998 Historical to 1991 1991 te 1998

Eorest: Impervious Eorest Impervieus Discharge
\Watershed %) (%) (A%),

GInger”? -83 71 18 4
IViaplewooa}? -63 48 -24 21
Fairwood|? -63 46 -3 47
Madsen;? -63 43 19 9
Peterson -34 15 11 53
Taylor -28 10 -4 60
Rock -29 8 14 38

* Eloodldischarges are based onl the 10-year recurrence intervall
2 Urbanwatersheds

Chiange 1 forest Cover, IMmpervious suliaces and water
yields within urban andfruraliwatersheds ofi the lower
Cedar River;, WA.

1991 16/1996

Water Yield
(m year)

Water Yield
(m year<)

Impervious surfaces florest cover




|dentiifying oppertunities for habiiat
Protection and Resteration

 Can co-occurring, ecolegically functional and
anthrepogenic land-covers he used to Identity
OpportunIties for hahitat resteration within the
flooedplain?

» Can|indices off patchi characteristics of different
land- covers be used at diiffierent landscape
scales?

‘% River channel scale (30 km)

Elliott Off - Chomnel -
Floodplain Habitats (200 m) -
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Restoration Site Scoring Model
Sexin Rangw AN Sgores range from 4 to 4. High posttive soores indose ont PRaN o 1.0
Eachlnfer o A S Expnler
szl e withi mranimal human mpacts.

Fioad or Flood
Contrcd Faclity
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Elliott Reach
Iv!.r Indices

o Treusres

R =i channa

I Palch Index = 4
twhi Pixel Charactenslics

RC=1
W=

Sa=1
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[_andscape procedures allow mamnagers to:

s LUSE existing Ifieormation te'address
preblems common te spatially’ complex
stream|and rparian corrdors

s definestream reaches and habitats requiring
protection by variable rparan buifer widths

s Use: simple constructs for patterns andlsizes of
paich indices (ecological’ andianthrepegenic
factors) te 1dentify cpportunities for habitat
restoration and protection

Sockeye Salmoen Habitat Selection
I Ofif-Chiannel Habitats

Habitat selection by salmoenids
- What habitat factors de spawning salmon prefer?

- What habitat factoersido juvenile salmon: prefer?

Implications for habitat management

- Can we Incorporate fishihabitat preferences into protection
and restoration| plans?
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Cavanaugh Pond Habitats

Legend
Il upweliing
B Marsh
[ Graval
B 'sland

I Cutlet
I Cren Water

SpawRing|seckeye use ol ofif-channelihabitats.

Conclusions
(O7:\V/

Areas with highramoeunts of detritus Were not used

Upwellingareas were highly: selected
Redd depths werewithinrexpected ranges

Fishichose areasiwithi gravelland cabble substrates

Tiemperaturesiwere within suitable spawningjand
Incubation ranges
When many/sockeyewere present; therange ofhabitatitypes
used expanded:

-Substrate

-Detritus depth

-Depth

Therewas substantial use of the newly constructed side-
channellhabitats

W79 = Wetland 79, CAV. = Cavanaugh Pend
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Juvenile salmon use of off-channel habitats,
Conclusions

PR 4

» Juyvenile habitat use influenced by the threat of
predation
-moved|to deeper areasito avoeid predation firam birds
-formed!larger schools asiprotection firom|aquatic predators
-majerity of fishiused cover
-preferred complex woody debris

sierL

» Fishiavoided warmer temperatures and low disselved
oxygen levels

s o Juvenile fishidid noet select for other habitat factoxns
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Predator Locations
Juvenile Locations

Water Depth (em)

B 206 to -185
I 186 t0-165
B 166 to -144
B 145 t0-124
B 125 to-102
[
[

=103 10 -83

-82 10 -62
[ -61to-41
[ ]4lt0-21
. 20100

30 60 Meters
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Habitat Rehabilitation €Considerations

Define habitat limiting fiactors.

— Damage to riparianiplants and seils

— [Lack offwoeed and habitats in channels
— [ack of*hydrelogic connectvity

Define at landscape scales (km?) sensitive areaswithin: river and
riparian mamnagement corridors.

Develop strategiesi that prioritize itact and damaged habitats
needing protection and resteration

Determine actions that sustain andirestore the connectivity of
different vegetative cover types and aguatic habitats
— Link areasiof passive protection and active restoration

— Provide netwaorksiof refuge habitatsithatprotect fishiand wildlife and
facilitate mevements:
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[Developing Strategies torRestore and Sustain
Riparian and EishrHabitais
Define objectives of restoration| projects and desired future
conditions.

Use retrospective analyses to define natural and unnatural
disturbance regimes (flood fireguencies, fies, land-uses).

Identify modifiediareas (dams, water diversions; reads;
agricultural;, uraan).

Identify high risk areas (landslides, unstable soils, steepislopes,
unstable channels).

Summarize streamyfilow characteristics for channel reaches
near restoration sites (floeding regimes, low flow perieds).

Retrespective Analyses

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

Causes
» Confinement of the river channel
— road construction
— riprap for control of bank erosion
Timber harvest
Increased recreational use
Legacy of poor grazing management

Responses
Down; cutting (erosion) or incision in channels

Fragmentation of forest communities
Low recruitment of woody debris to channels
Creation of un-vegetated lands
— Invasion of noxious weeds
— Compaction of soils
Modification of surface and subsurface hydrology
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Percent Conifer in Riparian Area
Lower Basin - Little Naches River, WA

Percent Frequency of Conlfer

Conifers LLost

YEAR
B Right Bank [ Latt Bank

Percent = % freq. of riparian increments classified as coaller

Percent of Riparian Area Unvegetated
Lower Mainstem - Little Naches River, WA

Percent Frequency Unvegetated

Bare Areas
Increase .

0 &

20
= . .
0 ; S .
W62

1WaB %05

B Right Bank [ Lett Bank

Percent = % freq of riparian increments classified ss unvegelated

[Developing Strategies to) Restore and Sustain
Riparan and EishrHabiats

Survey: reaches, rpariani- aguatic habitats, and reference
systems (plam views, channel profiles, channel cross sections)

Compare fishidensities, habitats, and distrbutions te historic
(spawning adults; juvenile densities, habitat distributions)

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

Identify conditions Indicating recovery

22



B Coho
Dolly Varden

Juvenile Caho Salmon, Dally Varden
(Eish Presence %}l

55

Channel Gradient (%)

Wihat Conditiens Indicate: Recovery/in Riparian
and Stream Habitat ECesyStens?

» Plantsiand reots protect and stabilize bamnks
» Canepy. cover Improves shiading

» Elevated saturated zone Increases storage of
Water

o [acreased summer flow

o Copler water Insummer:

» Reduced!ice effects; inwinter

* |mproved habitats for plants; fish and wildlife
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Developing Strategies toiRestore andi Sustain
Riparian and Eish Habitats

Establishy menitoring sites;to assess implementation and
management.

Use monitering data te evaluate I ehjectives ane being
achiieved.

Use adaptive management to: maintain and improve
restoration| projects.

Facilitate a basin-wide hierarchical monitoring program

Geomorphic Province

Channel Reach
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Vianagement actions; that promote: the sustainability of
Wwatershed and stream) systems

Actions

Increase connectivity between
strieam and riparian ecosystems
andlhabitats

Sustain habitat functions, aguatic and riparian
species diversity'and distributions

Reducebare greund, compacted and eroded sails;
density ofi grazing| livestock

References

Bednarek 2001; Pitlick and Wilcock
20015 Richards, et al. 2002;
Ameres and Bernette 2002

Hankin and Reeves 1988; Jones
etiall 1999; Dunham et al. 2001

Grant 1988; Smith 19985 Kauffman
etiall 20005 Wissmar et all 2004

Increase Connectivity
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Rehabilitate Off-Channel Habirtats

26



Vianagement actions; that promote: the sustainability of
Wwatershed and stream) systems

Actions REeferences

Re-establishi riparian habitat functions and plants Harris and/@lson 1997;
(protect, restore and maintain connectivity, Russelllet al. 1997; Timm et all
heteregeneity, SPECIES composition) 2004; LLindenmayer'et:all 2000

Decrease widths of riparian canopy: epenings (m), Grant, 1988; Smith;, 19935
increase shade (low light intensity) MacDonald et'all 1991

Developistrategies for applying variable Wissmar et all 2004
riparian buffer widths

Increase riparian habitats for wildlite Polis etiall 1997; Sisk etial. 1997;
species (connectivity ofi habitats; Sieving|et al. 20005 Jehnson 2002
Species composition, food wels)

Management actions that promote the sustaimability of
watershed and'stream;systems

Actions REeferences

Maintain “nermal’” water tables, elemental cycles Gurnell 19955 Olson| 1995; Dwile et
temperature regimes al. 2000; Olson and\Wissmar 2000

Maintain aguatic fioedwebs (fiorage, Species) Tait et al. 1994; Bunni et al. 2003

Maintain “noermal’ thermall regimes Berman and Quinn, 1991
and coldiwater refuge habitats Ebersole et al. 2001

Maintain “nermal” peak flow/ireguency/(years), Scott et al. 19975 Galatet al. 19985
to re-establish channel andlriparian habitats Chapin et al. 2000; Kauffimann et al.

20005 Richter and Richter 2000; Semmer: et:al.
2001




“Peak flows and
large woedy debris
INtEract te form
pool habitats™

“Normall peak
THow freguency
and habiiats™

Management actions that promote the sustaimability of
watershed and'stream;systems

Actions References

Increase recruitment ofi weody debris in riparian Gregory etal. 2003
and stream ecosystems) (AUMLER, size)

Re-establishi erosion resistant plants (Species) Elmere and Beschta 1987

Reduce exaotic species (number;, Species) Jacohs 19995 Sher et al. 2000
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Reduce exotic species (number, species)

VALUES CONCEPT OF VARIABLE SOCIAL
e INFLUENCE ZONES COMMITMENT

SHORT-TERM

LOW

MAIN HIGH HUMAN
CHANNEL UF;fgﬁﬂﬂ SUCCESS OF DEVELOPMENT
! (Low Nlows) HABITAT DISI‘:ENRDSAL mssgllljsm
High fows; ow flows
Lo .\ RESTORATION ,

|
i AND FISH RECOVERY |
i‘w \\ //
W . LOW HABITAT GOODDATA
! . DAMAGE B
HIGH HABITAT e POOR DATA
DAMAGE EE——

Much damage,
some irreversible

ECOLOGICAL
CIRCUMSTANCES

Based on minimal
information and
expertise

JUDGMENTS
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