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This Talk
S

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?

9/13/2016

 Shade (light, stream
temperature, microclimate)

* QOrganic material input
(large wood, litterfall)

 Sediment and chemical
filtering

* Nutrient cycling

 Bank stability

These functions vary
depending on site and
landscape characteristics.



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
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Riparian Areas Have Been a Concern for Years

S 1987
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“Riparian areas
play an

important role
&5 aider, wilow, coticnwood, codar and SUCe . comes 1o water, fish and wildile I's a very important

areas. These aro areas that have high water lables
and solis which exhibl charactenistics of wotness. Why?-Riparian areas make up only a small
RAiparian areas often contain water-loving bees such  percentage of Oregon's total forest area, but when it

Who Must Protect Riparian Areas? %R&::;%m in proteoting
water quality

Every lorest andowner and any logger of com-
in Oregon is responsidie for profecting ripanan Grasses, brush and troes growing on siream
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This Concern Has Led to Increased Research

Number of Scopus Search Results Through Time for "Riparian" and Indicated Term
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Biological-Riparian Interaction Publications
e

Number of Scopus Search Results Through Time for Riparian and Indicated
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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?

Documents by affiliation

Compare the document counts for up to 15 affiliations
USDA Forest Service

University of Washington Seattle

Oregon State University

Colorado State University

United States Geological Survey

UC Davis

The University of British Columbia

Virginia Polytechnic Institute and State University
The University of Ceorgia

Arizona State University

United 5tates Environmental Protection Agency

North Carolina State University

Chinese Academy of Sciences
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Riparian Canopy, Light and Temperature

Needle Branch, Alsea Watershed study Flynn Creek, Alsea Watershed study
2"d growth 150 year old stand
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Canopy Openness (Light) and Stand Age

12 9/13/2016

% open canopy

Meta-analysis of % canopy opennessversus stand age
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Nelson, et al., 2014



How Does Light Affect the Biota?
e

Chlorophyll Macroinvertebrate biomass
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Light Effects on Fish Growth

Carcasses anchored to streambed =5 s

No. California experimental
study of fish response to
salmon carcass addition
and reduction in riparian
shade

Wilzbach et al. 2005 A
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Higher Growth Rates with More Light

0.5

@ June 2002 o
0.4 e Addition of salmon
03 carcasses did not affect
02 salmonid biomass,
01 density, or growth.
0.0
P Oct 2002  Removal of riparian
£ oaf © canopy consistently
s 091 enhanced salmonid
E 0 biomass, density, and
g ol growth- except for young-
g 1 of-the-year fish.
Mone Added

Carcass treatment

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).
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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-
4x higher in reaches
receiving more sunlight”.
Kiffney et al., 2014.
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Microclimate: cool, moist habitat for biota
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0-10 m from stream at 3 PM largest
response, similar to other research in
PNW

Rel. humidity

Buffer edge (~30 m)
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Figure 4. Mean relative humidity (=SD) at 6:00 am and at 3:00 pm in riparian buffer, clearcut, and forest
treatments, between 1 and 70 m from the stream (treatments are slightly staggered along the x axis for clarity; N =
5, except in riparian buffer treatment at 1 m, N = 4). Location of the forest edge in the riparian buffer treatment
is 24 to 35 m from the stream.

(Rykken et al., 2007




Microclimate: FEMAT 1993 Update
S
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Figure 10—(A) Felation of distance from stream channel to conmlative effectiveness
of factors infiuencing microclimate in riparian ecosystems. From FEMAT (1993, p.
V22T (B) Modified effectivensss curve for relative bumidity as a function of distance
from the stream channel. The corve was changed based on scientific literature devel-

oped since the original carve was poritayed in FEMAT (19493).
Reeves et al., 2016 ﬂ



Stream Temperature

* RipStream Study: Small and
Medium fish-bearing streams on
State and Private timberlands.

Below Above
Harvest | harvest

unit (3W) s " unit

§2034W; -
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- 57

Private Site Example: 2-sided clearcut
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Riparian Function: Keeping Streams Cold
-

Yes on private forest lands

Were streams warmed by more
than 0.3 C (i.e., the Protecting Cold
Water standard)?

Probability of

sl 40.2%

[
[

0 4.6%
' _ —i

Private Pre-Post
Treatment

All Other Categories

Contents lists available at ScienceDirect

Forest Ecology and Management

journal hemepage: www.alsevier.com/locata/foraco

How much did they warm and why?

Response of western Oregon (USA) stream temperatures to contemporary
forest management

Jeremiah D. Groom **, Liz Dent®, Lisa ]. Madsen <, Jennifer Fleuret 4

* Department of Forest Eigineening, Resoiraes, and Managemen!, Oregon State University, 204 Peavy Hall Corvallis, OR 7337, LS4
® Ovegan Departiment of Farestry, 2600 Sta S, Salan, OR 57310, 1S4
“Department of Starktics, Oregon Stae Uiitversity, 44 Kidder Hall Garvallis, OR 57331, 54

4, e 3
%923 W Pine St, Rawlins, WY 82301, USA
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Results

*Private sites: temperature
increased + 0.7 °C

*State sites: + 0.0 °C
Temperature increases
related to declines in shade

A



Longitudinal Changes in Stream Temperature
—

HYDROLOGICAL PROCESSES

Hydrol. Process. (2015)

Published online in Wiley Omnline Library
(wileyonlinelibrry com) DO 101002y p. 1064 1

Modelling temperature change downstream of forest harvest
using Newton’s law of cooling

-1 . 2, . 3
Lawrence J. Davis,” Maryanne Reiter™ and Jeremiah D. Groom

' pg Scienrific, Springfield, OR, USA
* Weyerhaeuser Company, Springfield, OR, USA
* Oregon State Universiry, Conallis, OR, US4

Abstract:

We adapted Newton™s law of cooling to model downstream water e mperature change in résponse 1o stream-adjacent forest harvest
on small and medium streams (average 327 ha in size) throughout the Oregon Coast Range, USA. The model requires measured
stream gradient, width, depth and upsiream control reach temperatures as inputs and contains two free parameters, which weme
determined by fitting the model 10 measured stream temperature data, This model meproduces the measured downstream
temperature esponses 1o within 0.4 *C for 15 of the 16 streams studied and provides insight into the physical sources of site-Lo-site
variation among those responses. We alsouse the model to examine how the pre-harvest to post-harvest change in daily maximum
stream temperature depends on distance from the harvest reach. The maodel suggests that the pre-harvest o post-harvest
temperaiure change approximately 300 m downsiream of the harvest will range from roughly 82% (o less than 1% of that
temperature change that occurred within the harvest reach, depending primarily on the downstream width, depth and gradient.
Using study-averaged values for these channel characteristics, the maodel suggests that for a stream representative of those in the
study, the temperature change approximately 300 m downstream of the harvest will be 56% of the temperature change that
occurred within the harvest meach. This adapied MNewion’s law of cooling procedure represents a highly practical means for
predicting stream temperaiure behaviour downstream of tmber harvests relative o conventional heat budget approaches and is
informative of the dominant processes affecting stream temperature. Copyright © 2015 John Wiley & Sons, Lid.

KEY WORDS  stream temperature; Newton's law of cooling: downstream; tmber harvest: temperature modelling

Received 19 May 2015; Accepred 9 August 2015
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“...0n 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



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.

@ Deschutes 1000 Br Station A

22 | 9/13/2016 Reiter et al., 2015



Temp Changes Through Time on Large Streams
—

Deschutes Mainstem Mean July MAX Water Temp, and Regional Air Temp

(deg C)
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Air temperature trend = +0.07 °C/year Water temperature= no overall trendlﬁI



Accounting for Climatic Variability
e

Deschutes JULY Climate Weighted MAX_WT (°C)
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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. ﬁ
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Large Wood Recruitment Processes

— = o e ¢

-~ Snowavalanches:

K e

In steep landslide terrain, riparian
recruitment accounts for only 35%
of wood INPUL. (Reeves et al., 2003).
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Large Wood Recruitment Processes (cont.)

9/13/2016

Unmanaged stands

Fig. 2. Wood delivered to colluvial (second-order) and alluvial
(third-order) channels from different recruitment processes m the
local hillslopes and riparan areas.
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(May and Gresswell, 2003)



Riparian Recruitment and Stream Size

=

|

R ;Recruitment rate Of WS

"% LWD from bank :
erosion showed a
systematic increase

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




Large Wood: FEMAT Update

B 0 e
= o !
2 Coarse wood
E.. debris to stream
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Distance from channel {tree halght)

Figure 9—(A) Pelation of distance from stream channel to curoulative effective-
ness of riparian ecological functions. From: FEMAT (1993, p. V-2T); (B) Modified
effectiveness curve for wood delivery to streams as 3 function of distance from the
stream channel, The curve was changed based on scientific literature developed
since the originsl curve was portrayed in FEMAT (19493),

“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
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Large Wood and Public Safety

-~

Wood from rlparlan buffers and landslides
_downsteeam of private forest lands.in Bmstfoﬂ"v‘éllEy
WA2OOY PSS : e
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Organic Matter Inputs

“...physical structure
alone will not restore
invertebrate productivity
without detrital
resources from the
riparian forest”.

Walllace et al., 2015

;"f'._.a‘. ] 3 4 - A
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OM Input Dependent on Species and Stand Age

Riparian forests dominated by red < o] L
alder deliver greater amounts of e
annual litter to streams than those
dominated by Douglas-fir (e.g. Hart etal,
2013). 1 Lateras B
o 30 T T T T T “:g 75
i,
lg as 3 : T ACCUMULATED LITTER = Fic. 2. Mean (95% CI) annual vertical (A) and lateral (B) litter input at deciduous and coniferous sites.
e | Alder litterfall increases the first 5
S A years and then levels off
afterwards (zavitkovski and Newton, 1971).
o l [ l 1 1

Stand Age (years)

A



Organic Matter Input Processes
—

50.0

* Thurston Cr. A
B FReichel Cr.
40.0 & Wynochee AL

 Wind speed a dominant
factor in determining
transport distance

Needles
Travel Distance (m)

e Riparian characteristics

"0 1.0 2.0 3.0 40 5.0 6.0 7.0

Wind speed m/s such as forest age, stand
i E— ; composition and riparian
P e} topography can modify

the relationship between
wind speed and travel
distance

Red alder leaves

0 10 20 30 40 50 6 Bilby and Heffner, 2016 ﬁ
Windspeed (m/s)



Riparian Areas and Nutrients
e

USEPA considers nitrogen a stressor in aquatic systems.

X |
) \

Srotihdwald
<\l v P o

-

Nitrogen stream entry pathways

Riparian areas can remove nitrate nitrogen through denitrification
and plant uptake. A
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Riparian Areas and Nutrients

% . Photo by Kelly James

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 (R?=0.09). The study indicated other factors than buffer

width important including vegetation and depth of roots and flow
Q?atJ;]§/2b16 A



Riparian Tree Species and Nutrient Cycling
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FIGURE 2. Average Summer NO4;-N, Average Summer TN, and
Proposed Nutrient Criteria vs. Alder.

Greathouse et al. 2014 found a positive relationship between the %
of a watershed in red alder and nitrogen. n
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Stream Subsidies to Riparian Trees

Sitka Spruce basal area
growth per year

0.35
0.30
0.25
- 0.20
0.15
0.10
0.05
0.00

ha'-yr')

(m?

7 //
722

Basal Area Growth

Spawning Sites Reference Sites

FiG. 4. Annual basal area growth per unit area of riparian
Sitka spruce at spawning and reference sites. Values are
means * 1 SE.

(Helfield and Naiman, 2001)

- Photo by Meg Mc]\{apb

A
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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 (suliivan 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

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

42 | 9/13/2016

Channelized flow through
riparian areas tended to
occur in:

e convergent areas with
large contributing areas

* high amounts amounts
of bare ground

» steeper slopes

(Rivenbark and Jackson, 2004)
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Chemical Filtration

DEPOSITION OF AERIALLY APPLIED SPRAY TO
A STREAM WITHIN A VEGETATIVE BARRIER
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Chemical Filtration (cont.)

“This study demonstrates
that riparian barriers
prevent a substantial
portion of airborne droplets
from depositing into
streams”.

Figure 2. Helicop ing over pler transects in front of riparian barrier.

They measured reductions
ranging from 58 to 96% of
the fine droplet (driftable)
fraction when compared to
modeled controls.

Thistle et al. 2009.
Figure 3. Aerial photo of the field site with sampling points, a typical flight path, and logical monitori ions shown. For scale, transect 1

u!ﬂmlongfmmbemnmg end. The are wlnntheslnp of mal mnl‘ns(ndm d slopes d d the
streams and generally di d d the b nﬂhz p
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Future Focus on Riparian Functions
S

Number of Scopus Search Results Through Time for "Riparian"” and Indicated Term
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Riparian Function and Management
—

Number of Scopus Search Results Through Time for "Riparian" and Indicated
Term
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Riparian Management Research

Documents by affiliation

Compare the document counts for up to 15 affiliations
QOregon State University

USDA Forest Service

United States Geological Survey

University of Arizona

Colorado State University

University of Washington Seattle

UC Davis

USDA Agricultural Research Service, Washington DC
United States Department of Agriculture

The University of British Columbia

Nature Conservancy

Weyerhaeuser Company

National Council for Air and Stream Improvement
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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
guantify.
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