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Riparian Area Functions

Maryanne Reiter, Hydrologist, Weyerhaeuser Company
WFCA Fish Habitat Workshop Sept 8, 2016 Heathman Lodge, Vancouver, WA.
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This Talk

• Overview of riparian functions that are the focus 

of this talk

• How much have we learned about them through 

time?

• Functions dependent on scale (lateral and 

longitudinal) and landscape setting

• What are the future concerns for riparian areas?
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What Are Some Riparian Functions? 

• Shade (light, stream 

temperature, microclimate)

• Organic material input 

(large wood, litterfall)

• Sediment and chemical 

filtering

• Nutrient cycling

• Bank stability 

These functions vary 

depending on site and 

landscape characteristics.
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But These Functions Do Not Occur in Isolation
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If the concern is aquatic habitat, then need to consider interaction 
of functions as well as upslope processes.
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Riparian Functions Are Scale Dependent
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Functions Are Location Dependent

Red Alder recovery following 

debris flows

D’Souza et al., 2011.
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Riparian Areas Have Been a Concern for Years

“What are 

Riparian 

areas? The wet 

soil areas next 

to streams..”

“Riparian areas 

play an 

important role 

in protecting 

water quality 

and fish 

populations. 

Wildlife often 
find all the 
necessities of 
life there.

1987
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This Concern Has Led to Increased Research
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Biological-Riparian Interaction Publications 
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Who is Publishing on Riparian Function?

Scopus results for search terms “riparian” and “function”: 
Who is doing the research and why is that important?
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Riparian Canopy, Light and Temperature

Needle Branch, Alsea Watershed study

2nd growth

Flynn Creek, Alsea Watershed study

150 year old stand
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Canopy Openness (Light) and Stand Age

Nelson, et al., 2014
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How Does Light Affect the Biota?

Kiffney et al., 2004

Macroinvertebrate biomassChlorophyll

PAR= Photosynthetically 

Active Radiation

2.2 is equivalent to an 

unlogged basin, 10 is a 

30 m buffer, 22 is a 10 

m buffer and 100 is 

100% open, i.e., no 

canopy remaining

%PAR

Generic example of 
macroinvertebrate 

to take up space
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Carcasses anchored to streambed

Wilzbach et al. 2005

Light Effects on Fish Growth

Reach where canopy was opened

No. California experimental 

study of fish response to 

salmon carcass addition 

and reduction in riparian 

shade
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Higher Growth Rates with More Light

Wilzbach et al. 2005

June 2002

Oct 2002

Fig. 4. Mean specific growth rates of yearling and older PIT tagged coastal cutthroat trout and 

rainbow trout recaptured in (a) June 2002, (b) October 2002 (solid bars, uncut riparian; open bars, 

cut riparian). 

• Addition of salmon 

carcasses did not affect 

salmonid biomass, 

density, or growth. 

• Removal of riparian 

canopy consistently 

enhanced salmonid 

biomass, density, and 

growth- except for young-

of-the-year fish.
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Coho and Sunlight

“…prey resource availability 

and coho growth were 

associated with differences in 

canopy cover, with prey 

biomass and coho growth 2–

4× higher in reaches 

receiving more sunlight”. 

Kiffney et al., 2014.
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Microclimate: cool, moist habitat for biota

(Rykken et al., 2007)

0-10 m from stream at 3 PM largest 

response, similar to other research in 

PNW
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Microclimate: FEMAT 1993 Update

Photo by Kelly James
Reeves et al., 2016
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• RipStream Study: Small and 

Medium fish-bearing streams on 

State and Private timberlands.

Stream Temperature

Private Site Example: 2-sided clearcut

Below 
Harvest 
unit (3W) 

Above 
harvest 
unit 
(2W)
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Were streams warmed by more 

than 0.3 C (i.e., the Protecting Cold 

Water standard)?

How much did they warm and why?
Results

•Private sites: temperature 

increased + 0.7 °C 

•State sites: + 0.0 °C

•Temperature increases 

related to declines in shade
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Longitudinal Changes in Stream Temperature

“…on average, pre- to 

post-changes in 

downstream

temperature exist at 

roughly 50% of those 

changes in the 

harvest reach after 

≈300m downstream, 

but that they do not 

persist indefinitely.”

Davis et al., 2015
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Riparian Buffers on Large Streams

On the Deschutes, 4 permanent 

monitoring stations were 

established in 1975 to measure 

suspended sediment, turbidity, 

streamflow, air and water 

temperature.

Reiter et al., 2015
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Accounting for Climatic Variability
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When we account for climate variability by fitting a model and examining the 

residuals, a different pattern emerges in stream temperatures.  Mean July MAX 

water temperature has an overall decreasing trend of 0.04 °C/year.  
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Riparian Areas and Large Wood Recruitment

I think this 

answers the 

question about 

how much wood is 

enough
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Large Wood Recruitment Processes

• Mortality (age, disease, 

fire)

• Blow down 

• Bank erosion

• Landslides

• Snow avalanches

In steep landslide terrain, riparian 

recruitment accounts for only 35% 

of wood input.  (Reeves et al., 2003).  
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Large Wood Recruitment Processes (cont.)

(May and Gresswell, 2003)

Unmanaged stands
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Riparian Recruitment and Stream Size

“Recruitment rate of 

LWD from bank 

erosion showed a 

systematic increase 

with drainage area” 
(Martin and Benda, 2001)
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Recruitment Source Uncertainty

Large streams: source areas for ~48% of the wood pieces were 

found. (McDade et al., 1990)

Small, non-fish streams: could not find the source of 55% of the 

decayed wood in small streams. (Burton et al., 2016) 
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Large Wood: FEMAT Update

“Thus, more of the wood recruitment comes from the inner half of a site-

potential tree-height than assumed in FEMAT…”  Reeves et al., 2016
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Large Wood and Public Safety

Little Fall Creek Feb 1996

“Instream and floodplain wood can provide many 

benefits to river ecosystems, but can also create 

hazards for inhabitants, infrastructure, property, and 

recreational users in the river corridor.” Wohl et al., 

2016
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Large Wood and Public Safety

Wood from riparian buffers and landslides 

downstream of private forest lands in Boistfort Valley, 

WA 2007.  
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Organic Matter Inputs

“…physical structure 

alone will not restore 

invertebrate productivity 

without detrital 

resources from the 

riparian forest”.  

Wallace et al., 2015
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OM Input Dependent on Species and Stand Age

Alder litterfall increases the first 5 

years and then levels off 

afterwards (Zavitkovski and Newton,  1971).  

Riparian forests dominated by red 

alder deliver greater amounts of 

annual litter to streams than those 

dominated by Douglas-fir (e.g., Hart et al., 

2013).  
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Organic Matter Input Processes

• Wind speed a dominant 
factor in determining 
transport distance

• Riparian characteristics 
such as forest age, stand 
composition and riparian 
topography can modify 
the relationship between 
wind speed and travel 
distance

Bilby and Heffner, 2016
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Riparian Areas and Nutrients

USEPA considers nitrogen a stressor in aquatic systems. 

Atmospheric deposition

Groundwater

Plants and 
plant litter

Riparian areas can remove nitrate nitrogen through denitrification 

and plant uptake.
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Riparian Areas and Nutrients

In a meta-analysis of several studies, Mayer et al., 2007 found that a 
small but significant proportion of nitrogen removal was explained by 
buffer width (R2=0.09). The study indicated other factors than buffer 
width important including vegetation and depth of roots and flow 
paths.

Photo by Kelly James
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Riparian Tree Species and Nutrient Cycling
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Greathouse et al. 2014 found a positive relationship between the % 

of a watershed in red alder and nitrogen.  
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Stream Subsidies to Riparian Trees

(Helfield and Naiman, 2001)

Photo by Meg McNabb

Sitka Spruce basal area 

growth per year 
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Bank Stability

The stability of streambanks is 

largely determined by the size, 

type, and cohesiveness  of bank 

material, vegetation cover, and 

the amount of bedload carried 

by the channel (Sullivan et al., 1987).

Following a major flood in 

British Columbia, non-vegetated 

banks were 5 times more likely 

to experience erosion as 

compared to vegetated banks 
(Beeson and Doyle, 1995).
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Sediment Filtration

Photo from Kelly James
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Riparian buffer width and amount of sediment trapped 
before and after harvest
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( data modified from Lakel et al., 2010)
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Sediment Filtration: Riparian Breakthrough

Channelized flow through 

riparian areas tended to 

occur in: 

• convergent areas with 

large contributing areas 

• high amounts amounts 

of bare ground 

• steeper slopes

(Rivenbark and Jackson, 2004) 
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Trials
• Twenty spray trials 
• Small droplets (tracers)
• Spray line typically 45-50 m upwind of edge

Chemical Filtration

Slide from G. Ice



44 | 9/13/2016

Chemical Filtration (cont.)

“This study demonstrates 

that riparian barriers 

prevent a substantial 

portion of airborne droplets 

from depositing into 

streams”. 

They measured reductions 

ranging from 58 to 96% of 

the fine droplet (driftable) 

fraction when compared to 

modeled controls. 

Thistle et al. 2009.
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Future Focus on Riparian Functions
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Riparian Function and Management
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Riparian Management Research
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Summary

• We have learned a significant amount about the functions of 

riparian areas in the last several decades.  

• Some functions occur closer to the stream than initially thought, 

e.g., microclimate, though in the case of wood,  a significant 

amount can come from farther away in the watershed.

• Regulations may sometimes be at odds with ecological function 

(e.g., no measurable stream temperature increase vs. light and 

nutrient criteria below natural conditions).

• Future focus on riparian areas include biodiversity, climate 

change and ecological services, all of which are difficult to 

quantify.
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Questions?
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