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Treatment

Variables

Metrics

Notes

Results

Anderson et
al., 2007

Upland stands either thinned to
198 TPA or unthinned and
ranged from 500-865 TPA.
\Within thinned stands, 10% of
the area was harvested to
create patch openings.
streamside buffers ranged in
width from <5 m to 150 m.

Microsite, microclimate,
stand structure, canopy cover

Microsite and microclimate data
(humidity, temperature sensors).
Stand basal area. Canopy cover was
estimated through photographic
techniques.

Many of the reported differences
in temperature and humidity were
considerable but not significant.
Results for changes in upland areas
not reported here.

Subtle microclimatic changes as mean temperature maxima in treated stands were 1 to
4°C higher than in untreated stands. Buffer widths greater than or equal to 15 m
experienced a daily maximum air temperature above stream center of less than 1°C
greater than untreated stands. Daily minimum relative humidity for buffers 15 m or
greater was less than 5 percent lower than for unthinned stands. Air temperatures were
significantly higher in patch openings (+6 to +9°C), and within buffers adjacent to patch
openings (+3.5°C), than in untreated stands.

Bilby &
Heffner,
2016

Various wind speeds for young
and old-growth conifer and
deciduous forests. Distance of
litter delivery.

Litter input

Models were developed with site
characteristics and litter release
experiments from sites along
Humphrey Creek in the cascade

mountains of western Washington. .

Wind speeds, direction, and litter
release data were collected for
only one year in one area of
western Washington.

The results of the linear mixed model developed by the authors showed the strongest
relationship for recruitment distance was with wind speed (p<0.0001). Using this
relationship the authors estimated that the effective delivery area could be increased by
67-81% by doubling wind speed. The other significant relationship was with stand age for
needles (not alder leaves). Needles released from mature stands traveled further
distances. This is likely due to the higher height of the canopy in the mature stands.

Deval et al.,
2021

clearcut to stream, 50% shade
retention, with site
management operations
including pile burning and
competition release herbicide
application.

Changes in nitrogen and
phosphorus compounds.

monthly grab samples from multiple
flume sites pre- and post- harvest,
laboratory chemical analysis

Data was compared from pre-
harvest to post experimental
harvest (PH-1), and post
operational harvest (PH-I1)

The response in NO3 + NO2 concentrations was negligible at all treatment sites following
the road construction activities. However, NO3 + NO2 concentrations during the PH-I
period increased significantly (p < 0.001) at all treatment sites. Similar to the PH-I period,
all watersheds experienced significant increases in NO3 + NO2 concentration during the
PH-II treatment period. Overall, the cumulative mean NO3 + NO2 load from all
watersheds followed an increasing trend with initial signs of recovery in one treatment
watershed after 2014. Mean monthly TP concentrations showed no significant changes in
the concentrations during the post-road and PH-I treatment periods. However, a
statistically significant increase in TP concentrations (p < 0.001) occurred at all sites,
including the downstream cumulative sites, during PH-II. Generally, OP concentrations
throughout the study remained near the minimum detectable concentrations

Gravelle et
al., 2009

clearcut to stream, 50% shade
retention, uncut reference

Changes in nitrogen and
phosphorus compounds.

monthly grab samples from multiple
flume sites pre- and post- harvest,
laboratory chemical analysis

Data was compared in three
treatment periods: pre-harvest,
under road construction, post-
harvest.

Results showed significant increases in monthly mean NO3 and NO2 following clear-cut
harvest treatments relative to the pre-harvest, and road construction periods. Monthly
nitrate responses showed progressively increasing concentrations for 3 years after harvest
before declining. Significant increases in NO3 and NO2 concentrations were also found
further downstream but at values lower than those immediately downstream from
harvest treatments. No significant changes of in-stream concentration of any other
nutrient recorded were found between time periods and treatments except for one
downstream site that showed a small increase in orthophosphate by 0.01 mg P L 1.

Hart et al., 2

(1) a no cut or fence control; (2)
cutand removea5x8m
section adjacent to stream for
plants < 10 cm DBH and >12 cm;|
and (3) 5 m fence extending
underground and parallel to the
stream to block litter moving
downslope from reaching
stream

Litter inputs, vegetation
composition, topography,
litter chemistry

Litter collected with lateral and
vertical traps. Litter was sorted by
type, time of fall, spatial source, and
quantified by weight. Vegetation,
LW, and Site characteristics were
quantified for each plot.

This study took place within 5
contiguous watersheds located in
the central Coast Range of Oregon.

Deciduous forests dominated by red alder delivered greater vertical and lateral inputs to
streams than did coniferous forests dominated by Douglas-fir by 110 g/m2 (28.6-191.6)
and 46 g/m (1.2-94.5), respectively. Annual lateral litter input increased with slope at
deciduous sites (R2 = 0.4073, p = 0.0771) but not at coniferous sites (R2 = 0.1863, p =
0.2855). Total nitrogen flux to streams at deciduous sites was twice as much as recorded
at coniferous sites. However, the nitrogen flux had a seasonal effect with the majority of
N flux occurring in autumn at the deciduous sites. The authors of this study conclude by
suggesting management in riparian areas consider utilizing deciduous species such as red
alder for greater total N input to aquatic and terrestrial ecosystems with increased shade
and large woody debris provided by coniferous species.

Kiffney & Ricl 3

Mclintyre et
al., 2018

clearcut to stream, 10 m buffer,
0 m buffer, uncut control

(1) unharvested reference, (2)
100% treatment, a two-sided 50-
ft riparian buffer along the
entire Riparian Management
Zone (RMZ), (3) FP treatment, a
two-sided 50-ft riparian buffer
along at least 50% of the RMZ
(4) 0% treatment, clearcut to
stream edge (no-buffer).

Litter inputs.

Litter inputs from litter traps
situated along channel

Litter was separated into broadleaf
deciduous, twig, needles, and other
(seeds, cones, and moss) categories
following collection and
subsequently dried and weighed
using a microbalance.

Sorted by litter type (conifer
needles, deciduous leaves, woody
components, etc.). Compared
between treatments by dry weight.

Sites were measured over an 8-
year period and included clear-cut
(n=3), 10-m buffered reserve (n=3),
30-m buffered reserve (n=2), and
uncut control (n=2) treatments.

Authors of the study identify a lack
of information on local
meteorology as a primary
limitation to the study. This, the
authors suggest, would have
allowed for a more detailed
analysis including information on
hydrologic mass balance.

Inputs consisting of needles and twigs were significantly lower adjacent to clearcuts
compared to other treatments, while deciduous inputs were higher in clearcuts compared
to other treatments. For example, one year post-treatment, needle inputs were 56x
higher during the Fall into control and buffered treatments than into the clearcut. Needle
inputs remained 6x higher in the buffer and control sites through year 7, and 3-6x higher
in year 8 than in the clearcut sites. Twig inputs into the control and buffered sites were
~25x higher than in the clearcut sites in the first year after treatment. There was no
significant difference in treatment for deciduous litter but a trend of increasing deciduous
litter input in the clear cut was observed in the data. The linear relationship between
reserve width and litter inputs was strongest in the first year after treatment, explaining
~57% of the variation, but the relationship could only explain ~17% of the variation in
litter input by buffer width by year 8 (i.e., the relationship degraded over time).

Showed a decrease in TOTAL litterfall input in the FP (P = 0.0034) and 0% (P = 0.0001)
treatments between pre- and post-treatment periods. LEAF litterfall (deciduous and
conifer leaves combined) input decreased in the FP (P = 0.0114) and 0% (P <0.0001)
treatments in the post-treatment period. In addition, CONIF (conifer needles and scales)
litterfall input decreased in the FP (P = 0.0437) and 0% (P <0.0001) treatments, DECID
(deciduous leaves) in the 0% (P <0.0001) treatment, WOOD (twigs and cones) in the FP (P
=0.0044) and 0% (P = 0.0153) treatments, and MISC (e.g., moss and flowers) in the 0% (P
=0.0422) treatment. Results for comparison of the post-harvest effects between
treatments showed LEAF litterfall input decreased in the 0% treatment relative to the
reference (P = 0.0040), 100% (P = 0.0008), and FP (P = 0.0267) treatments. Likewise, there
was a decrease in DECID litterfall input in the 0% treatment relative to the Reference (P =
0.0001), 100% (P <0.0001), and FP (P = 0.0015) treatments. Statistical differences were
only detected for deciduous inputs between the 0% treatment and the other treatments.

Mclintyre et
al., 2021

1) unharvested reference, 2
100% tr a two-sided 50.

ft riparian buffer along the
entire RMZ, 3) FP treatment a
two-sided 50-ft riparian buffer
along at least 50% of the RMZ
4) 0% treatment, clearcut to
stream edge (no-buffer).

stream discharge, nitrogen
export

Type N (non-fish-bearing streams).
Hard-Rock study.

Discharge increased by 5-7% on average in the 100% treatments while increasing between|
26-66% in the FP and 0% treatments Results for harvest effects on total Nitrogen export
showed significant (P <0.05) treatment effects were present in the FP treatment and in
the 0% treatment in the post-harvest (2-years immediately following harvest) and
extended periods (7 and 8 years post-harvest) relative to the reference sites, Analysis
showed an increase in total-N export of 5.73 (P = 0.121), 10.85 (P = 0.006), and 15.94 (P =
0.000) kg/ha/yr post-harvest in the 100%, FP, and 0% treatments, respectively, and of 6.20
(P =0.095), 5.34 (P = 0.147), and 8.49 (P = 0.026) kg/ha/yr in the extended period. The
authors conclude that the 100% treatment was generally the most effective in minimizing
changes in total-N from pre-harvest conditions, the FP was intermediate, and the 0%
treatment was least effective. At the end of the study (8 years), only one site had
recovered to pre-harvest nitrate-N levels.




Murray et
al., 2000

7% and 33% watershed upland
harvest. Harvest extended to
stream channel.

stream chemistry, stream
temperatures, sediment input|

Chemistry and pH tested on water
grab samples; Daily max, min, and
average temperatures collected with|
Stowaway dataloggers; Sediment
change detected with turbidity
meters.

Results reflect differences in
stream conditions 11-15 years post-|
harvest only. No data collected in
first decade following treatment.

10-15 years post-harvest mean maximum daily summer temperatures were still
significantly higher (15.4 °C) and mean maximum daily winter temperatures were lower
(3.7 °C) than in the reference streams (12.1 °C and 6.0 °C) respectively. Also, winter
minimum temperatures for one of the harvested watersheds reached 1.2 °C compared to
a winter minimum of 6 °C There were no significant differences in stream chemistry with
the exception of calcium and magnesium being consistently higher in the unharvested
reference watersheds. No detectable difference in turbidity between treatment and
reference watershed streams 10-5 years post-treatment. The stream temperature
changes were significant but did not exceed the 16 °C threshold used as a standard for
salmonid habitat.

Six et al.,
2022

Clearcut with no leave trees or
retention buffer (CC), clearcut
with leave trees (CC w/LT;
retention of 5 trees per
hectare/2 trees per acre), and
clearcut with 15 m wide
retention buffer (CC ¢/B) and
two uncut references (REF 1,
and 2) along headwater streams

Litter input, LW recruitment

litter traps, In-stream LW volume,
weight, and counts.

No replication of treatment sites.
Data was analyzed with descriptive
and graphical representation only.

Results showed a reduction of canopy cover from 91.4% to 34.4% in the clearcut
treatment with no leave trees, from 89.8% to 76.1% in the clearcut treatment with leave
trees, and from 89.5% to 86.9% in the clearcut treatment with the 15 m retention buffer.
Post harvest litter delivery decreased for the clearcut with no leave trees but increased
for both the clearcut with leave tree and clear cut with retention buffer.

Vanderbilt
etal., 2003

Datasets (ranging from 20-30
years) from six watersheds in
the H.J. Andrews Experimental
Watershed.

Nitrogen concentration in
streams, precipitation
patterns

regression analysis of annual N
inputs and outputs with annual
precipitation and stream discharge
to analyze patterns.

These results come from a coastal
climate of western Oregon. The
authors warn that the controls on
in stream N concentrations will
likely differ in different regions.

Total annual discharge was a positive predictor of annual DON export in all watersheds
with r2 values ranging from 0.42 to 0.79. In contrast, significant relationships between
total annual discharge and annual export of NO3-N, NH4-N, and PON were not found in all
watersheds. DON concentrations increased in the fall in every watershed. The increase in
concentration began in July or August with the earliest rain events, and peak DON
concentrations occurred in October through December. DON concentrations then
declined during the winter months. The authors conclude that total annual stream
discharge was a positive predictor of DON output suggesting a relationship to
precipitation.

Yang et al.,
2021

Young stands with high shrub
cover (> 50%) masticated to <
10% shrub cover. trees
removed to a target basal area
range of 27-55 m2 ha-1.

Drought, nutrients, dissolved
organic carbon

Stream water samples grab samples
and chemical analysis

Because of difficulties with
accessibility due to weather-
related phenomena (particularly
during winter months), snowmelt
and soil samples were restricted to
the lower elevation site.

Drought alone altered DOC in stream water, and DOC:DON in soil solution in unthinned
(control) watersheds. The volume-weighted concentration of DOC was 62% lower, and
DOC:DON was 82% lower in stream water in years during drought than in years prior to
drought. Drought combined with thinning altered DOC and DIN in stream water, and DON
and TDN in soil solution. For stream water, volume-weighted concentrations of DOC were
66- 94% higher in thinned watersheds than in control watersheds for all three consecutive
drought years following thinning. No differences in DOC concentrations were found
between thinned and control watersheds before thinning. Watershed characteristics
inconsistently explained the variation in volume-weighted mean annual values of stream
water chemistry among different watersheds

Yeung et al.,
2019

Range of forest harvest
intensities

Litter inputs, CPCOM in
streams

stream temperature, streamflow,
litter traps, CPOM decay rates

Authors point out that model
results are primarily applicable to
stream reaches similar to those
used in the study and may not be
suitable for streams where large
wood is a dominant structure
retaining CPOM.

The simulation predicted that litter input reduction from timber harvest was the strongest
control on CPOM in streams relative to streamflow and temperature variability. The
effects of litterfall reduction were at least an order of magnitude higher than streamflow
increases in depleting in-stream CPOM. Significant CPOM depletions were most likely
when there was a 50% or greater reduction in litterfall following harvest. The caveat of
this study is that it did not include LW dynamics in preserving CPOM post-harvest. As
other studies have shown, harvest can increase in-stream LW, and in-stream LW can act
as a catchment for CPOM.
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Anderson & Meleason, 2009

Buffer averaging 69 m adjacent to
thinning and a 0.4 patch opening;

variable width buffer averaging 22 m
adjacent to thinning and a 0.4 patch

Instream wood
load, understory
vegetation cover

Percent cover of LW in streams
and in riparian area, %cover
shrubs, herbs, moss.

Bahuguna et al., 2010

Two buffer widths on each side of the
stream (10 m and 30 m) with upland
clearcuts, and an unharvested control.

LW, Stand
Structure,
mortality

Strip plot sampling method
running parallel to the stream to
collect data on stand metrics.

Experimental design included 3 replicates
of each treatment. Data was collected
annually for one year pre- and 8 years

Jpost-treatment. Vancouver, B.C.

Jand vegetation changes insensitive to treatment buffers > 15

LW changes were non-significant, decrease in treatment reaches with greatest pre-treatment values 5 years
post-treatment caused homogenization of LW. Gaps (patch openings) showed the highest changes increase in
herbaceous cover, decrease in shrub cover. Moss cover increased in thinned areas but decreased in gaps. LW

T yeRTSTTTTeTO T
buffer, compared to 4% in the 30 m buffer, and 1% in the unharvested controls. Small diameter trees were
significantly more represented in streams - 77% of LW was in the 10 cm - 20 cm diameter class while the mean

diameter of standing trees in riparian buffers was 30 cm. By 8 years post-harvest, a significant amount of

Benda etal.,, 2016

Simulated treatments of single or

double entry thinning with and without

2 10-m no cut buffer, with and without
hanical tipping of stems into

instream LW
volume

ORGANON growth models
simulated secondary forest

growth. The model was run for
100 years in 5-year time steps.

used the reach scale wood model (RSWM)
developed for the Alcea watershed in

central coastal Oregon. Data was sourced
from

T oy T C
\when one and both sdes of the chanel were harvested. Adding a 10 m buffer recuced totalloss to 7 an 145%
Mechanical tipping of 14 and 12% of cut stems were sufficient in offsetting the loss of instream wood without

and with buffers. Double entry thinning without a buffer resulted in 42 and 84% loss of in stream wood relative,

g TeT T rer T g

Burton etal., 2016

70-m buffer representative of one site
potential tree, 15-m buffer, 6-m buffer.
Outside of buffer, all treatment stands
were thinned first to 200 trees per

LW recruitment, In
stream wood
volume, biomass,

fang

LW volume, LW characteristics
and source evidence, reach and
stream characteristics.

rSoreySweT
times during the study: (1) prior to the first|
thinning, (2) five years after the first
thinning, (3) 9-13 years after the first

TTTITTe T e T e T ST o vt et ease e

basin area, wood volume increased by 0.63%. LW volume was slightly higher in the streams adjacent to 6 m
buffers than in streams bordered by 15 and 70 m buffers. The higher volume of wood in the 6 m buffers began

5 years after the first harvest and maintained through 1 year after the second harvest (end of study). . 82% to

Chen et al., 2005

All harvested streams were clearcut to
stream edge. Wildfire streams had no
post-fire harvest

Instream wood
load, biomass,
carbon pool

LW count, volume, decay class,
size

Bifrofortrerorottrassafrorcaroomh TETTer T StreaT HoraterTto-aTes: r

disturbed by timber harvest (~10 years) o wildfire (~40 years) than in streams passing through old- growth
forests. There was no significant difference in in-stream LW between old-growth riparian areas and areas
harvested > 30 years ago. The wildfire sites had significantly higher LW values than both the harvested sites.

Chen et al., 2006

Ehinger et al,, 2021

Fox & Bolton, 2007

A total of 35 sites with stream orders
ranging from 1-5 (grouped into 4 stream
size categories (1 = first order; Il =

LW, defined as
having a diameter
of >0.1manda

LW size, volume, density, and
biomass. Multiple stream
channel features obtained from

ey
following criteria. (1) the streams were in
areas of intact mature riparian forests.
(+80 years); (2)the stream side forests

RSt oSSy S rrSrre oS Do peTTeray e it Tered ST e

size. For example, the mean LWD diameter in stream size | (16.4 cm) was lower than that in stream size Il
(20.6 cm) and IV (20.5 cm), respectively. Mean LW length also increases with stream size from 2.3 m in size |,
2.9 minsizell, 3.1 m in size lll, and 3.9 m in size IV. Stream IV had the highest mean volume (0.18 m3),

second to third order; il = third to length>1.0m. | readily available physiographic -9 minsizel, 3.1 minsize Il and 3.9 m in size V. Stream IV h hest mean. 18

e ot Rock e Ouh deseriotive stitics | F1ETE e e busitin v o widiinT i iren s ot aver 2% 015 s o o o o

) passing V- Only descrip! combined in- and over-channel volume per 100 m of channel. In contrast, the full buffer sites and <50 ft buffer

(50 feet), 2) <50ft buffers, 3) were applied for changes in stand « ! P h
° sites received an average of 23 and 10 pieces/100 m and 2.3 and 0.7 m3/100 m of large wood, respectively.
Unbuffered, harvested to the edge of structure and wood loading. Small sample |~ . N N N
t Piece counts remained stable in the reference stes through year 3 post-harvest, increased in the full buffer
the channel, and 4) Reference sites in sizes. h :
e OSSO ——fres T ST e T OO TE T T AT st e

LW values from 150 stream segments
located in unmanaged watersheds,
across all of Washington State

geomorphology,
forest zone,
disturbance

Descriptive statistics for LW
volume and quantity, channel
geomorphology, forest habitat
type, disturbance regimes.

reference conditions are only applicable to|
streams with bank-full widths between 1
and 100 m, gradients between 0.1% and

confined. Bank full width (BFW) was the single greatest predictor of in-stream wood volumes relative to other
predictor variables. However, this result comes with the caveat that other processes and geomorphologies
(e:8, channel bed form, gradient, confinement) are also important n the mechanisms for wood recruitment,

Gomi et al., 2001

|Five management or disturbance
regimes: old growth (OG), recent clear-
cut (CC; 3 years), young conifer forest
(YC; 37 years after clear-cut), young

vt
distribution,
sediment quantity
and distribution,

T

LW counts, LW characteristics,
stream characteristics.

Results are highly variable among
treatments

e Mg re ATt STres-wrTert TR

L sites. The number of LW pleces was highest in YC streams even though logging concluded 3 decades prior to
sampling. LW volume per 100 m of stream length in YC was twice that in OG. The total volume of LW per 100
m associated with CC channels was half that in OG channels. The authors conclude (i) inputs of logging slash

Hough-Snee et al., 2016

In-stream wood volume and frequency
were quantified across multiple sub
basins.

ity
Volume,
hydrologic and
geomorphic

Models were calibrated with site
characteristics from multiple
riparian stands in the Columbia
River Basin.

Results show a high level of variability
between sub basins studied. The overall
model shows site (watershed) was an
important predictor.

Tty e ety e tros T oHmE
random forest (RF) models, mean annual precipitation, riparian large tree cover, and individual watershed
were the three most important predictors of wood volume and frequency, overall. Sinuosity and measures of

streamflow and stream power were reltively weak predictors of wood volume and frequency. Final RF

Hyatt & Naiman, 2001

LW data was collected from multiple
sites in the Queets River Watershed.

LW in stream and
in riparian forests.

Increment cores from in-stream
LW were cross-dated to
estimate the time LW was
recruited. LW pieces in decay

The depletion constant was developed for
a large, mostly alluvial river and should
probably not be applied to smaller

Jstreams

eSS TTOTH TS Sttt iretrreTTetra cluaa DT L

current LW will either be exported, broken down, or buried withing 3 to 5 decades (for conifers). Hardwoods
Were better represented in riparian forests than as in-stream LW, and conversely, conifers were better
represented as in-stream LW than in adjacent forests suggesting that LW originating from hardwoods is

ey o

Jackson & Wohl, 2015

In-stream wood volume and frequency
were quantified along 33 pool-riffle or
plane-bed stream reaches in the
Arapaho and Roosevelt National Forests

roTeEe;
channel geometry,
in-stream wood
load, and forest

Wood loads, wood jam volumes,
log jam frequencies, residual
pool volume, and fine sediment
storage around wood, stand age,|

Age range of young forests not reported.
sample sizes include 10 old-groth and 23

ounger forests.

Old growth defined as forests > 200 years. | -

et Tt T T T WO DT T o T =S

load (OG = 109.4 + 80; Y = 47.1 + 52.8 m3 /ha), and total wood load (OG = 154.7 + 64.1; Y = 87.8 + 100.6 m3
/ha) per 100 m length of stream and per unit surface area were significantly larger in streams of old-growth

TOT T T =TTz TS TS, OO PO Ot

forests than in young forests. Streams in old-growth forests also had significantly more wood in jams, and

[Jackson et al., 2001

3 unthinned riparian buffers; 1 with a
partial buffer; 1 with a buffer of non-

merchantable trees; and 6 were clearcut|
to the stream edge. Buffers ranged from

Instream LW,
particle size,
surface roughness

LW as functional and
nonfunctional (not altering flow
hydraulics). Particle size
distributions.

Data collected for only 1-year pre-and 1-
month post-harvest. These results only
describe immediate effects of harvest on

Jstream condition:

Liquori, 2006

Data were collected from 20 riparian
buffer sites that had all been clearcut
within three years of sampling with
standard no-cut 25 ft or 50-100 ft

Tree and tree fall
characteristics,
Site characteristics

Tree characteristic data
estimated cause of mortality,
and distance to the stream. Tree
recruitment probability curves

Increased slash debris (LW) provided shade for the harvested streams but trapped sediments and prevented
fluvial transport. The percentage of fine particles increased from 12 to 4% because of bank failure and
increased surface roughness. This was a short-term study on small headwater streams. Sediment and LW
onditions in the unharvested and buffered streams remained relatively unchanged during the study.

mortality for 3 years following treatment Tree fall direction was heavily biased towards the channel regardless
of channel or buffer orientation and tree fall probability was highest in the outer areas of the buffers (adjacent
to the harvest area). Tree fallrates and direction were also heavily biased by species with western hemlock

Buffer widths a minimum of 20 m.

Instream wood

Counts of downed wood, tree
stumps, stand characteristics,

Stand and stream characteristic, and LW

TestirsSfrover et e treTTSTey e mgiTer

proportion of LW recruitment from the buffer zones of the treatment sites than in the reference sites.

Martin & Grotefendt, 2007 Multiple buffer widths and harvest load, stand instream wood from aerial data was surveyed from aerial Differences in mortality for the treatment sites were similar to the reference sites for the first 0-10 m from the
intensities. mortality ohotographs taken post-logging |PMOtO8PNS: stream (22% increase). However, mortality in the outer half of the buffers (10-20 m) from the stream in the
W 20 cm dameter, and >2 m [T TERTRE OTTOTE Tree R A
Survey of LW in three second-order LW, deliven length was categorized by 4 was identified to be excess of 300 years  |colluvial channels. In the larger alluvial channels, windthrow was found to be the dominant recruitment
May & Gresswell, 2003 streams and the mainstem of the North |7 ©€1VeTY delivery Delivery old, further information on differences in | process from adjacent riparian area. 80% of total wood pieces and 80% of total wood volume recruited to
Fork of Cherry creek. process, disturbance type, and stand structure or development stage colluvial streams originated from trees rooted within 50 m of the channel. In the alluvial channel, 80% of the
(1) unharvested reference, (2) 100% - - U RO STUUy PTTYSTCaT COTTSIraTT TS SUTTT| TaTBE WOUU TECTOTt e T T0 e CriaTiTeT wa's greater T te To076 Tt FF 5 RIvIZS tar i e TeTeTence Tor-eat
treatment, a two-sided 50.ft rinarian as a lack of suitable low gradient reaches | pre- to post-harvest time interval. Eight years post-harvest mean recruitment of large wood volume was two
buffer Z"Gng the entire Riparian and/or issues with accessibility related to | to nearly three times greater in 100% and FPB RMZs than in the references. Annual LW recruitment rates were
Mintyre etal, 2021 Zone (RM2), (2) FP weather limited downstream greatest during the first two years, then decreased. However, these differences were not significant between
TIE GUTOTS THEn O & potear TESUIS PrEGICIEU CiEa Tt U S0 Ea et T W TONOWITE TEaTTTETCa T
Change in metrics for forest of growth models in that they lack the little change over time. Maximum in-stream LW loads were predicted for streams with no-cut buffers >30 m

Meleason et al., 2003

Multiple buffer widths and upland
harvest intensities

instream wood
load over time

growth, tree breakage, and in-
channel process

ability to predict responses to novel
climatic conditions which are

for 500-year-old forests (500 years post treatment). Streams with 6 m wide buffers predicted only 32% of pre-
harvest standing LW loads after 240 years. Forest plantations with > 10 m buffer widths contributed minimal

Nowakowski & Wohl, 2008

History of regulated and unregulated

Instream wood

LW volume, LW characteristics
source evidence, buffer widths,
reach and stream

tstresrw ™ u T TSTOTY T TOTTTTTOeTTT

m) when compared to unmanaged reference watersheds (3.3 m3/100 m). Valley characteristics (elevation,

TTTTTSTT

forest type, forest stand density, etc.) consistently explained more of the variability in wood load (42-80%)

timber harvest practices. volume o 3 ¢
o than channel characteristics (21-33%; reach gradient, channel width, etc.). Across all streams, the highest
characteristics.
Clearcut to stream and buffer widths Models were calibrated with  [One caveat of this model is it doesn’t = o T S aas T e T T T e T T o P
) 50 years or more following loss of LW input, decay, and export of current stock. Recovery of LW volume in-
. that range from 1-70 m. Models were long-term data for site and LW [account for as much variability on stream ) .
Reid & Hassan, 2020 Instream LW streams following harvest is estimated to take approximately 150-200 years. The pattern and intensity of the

developed for 3 harvest scenarios (1: no
harvest; 2 partial loss of riparian forests;

characteristics in treatment
reaches dating back to 1973.

configuration or valley morphologies that

Jare likely to affect LW storage.

harvesting operation had litle effect on LW loss and recovery times but did affect the estimated magnitude of

Schuett-Hames & Stewart,
20192

Buffer prescriptions for standard shade
rule (a 30-ft no-cut buffer width, and
thinning 30-75 ft from the stream), and
all available shade rule (requires

LW recruitment,
instream wood
volume, mortality,

Jstand structure

LW volume, LW characteristics,
LW source evidence, reach and
stream characteristics, basin
metrics, stand metrics

Short-term study. Results only for 5 years
post-harvest. The authors note that LW
recruitment is a process that can change
over decadal time scales.

highest in the tandard shade rule (sm group, lower in the all- avaiable-shade rule (AAS) group and lowest in
the reference (REF) group. The SR and AAS rates by volume were nearly 300% and 50% higher than the REF
rates, respectively. Most recruiting falen trees originated in the frst 30 feet (76%, 72%, and 645% for the REF,

Schuett-Hames et al., 2011;
Schuett-Hames & Stewart,
2019b

Clearcut to stream with 30-foot
equipment exclusion zone, and 50-foot
no-cut buffers

LW, mortality,
stand structure,
canopy cover

QMD, basal area, tree fall rates,
instream LW counts and volume,
canopy percentage from
densiometer.

1) Substantial variability among sites. 2)
Due to scale of study, results only
applicable to immediate vicinity of buffer

Jtreatment.

et pRsTTremTTTeTT It
Reference stands increased in basal area by 2.7% over the 10 years. 10-year cumulative LW recruitment into

channels were double that of the reference stands 10-year canopy cover of the 50-foot buffer recovered to

e ToTTTy s tomtre: T e e

similar percentages as the reference stands 10-year cumulative canopy cover of CC was 71.5% due to

Sobota et al., 2006

Data was collected at 15 riparian sites
throughout the pacific northwest and
the Intermountain West

characteristics,
forest structural
variables and

Stand density, basal area, and
dominant tree species by basal
area; Active channel width and
valley floor width.

Bias in landform types between slope,
categories. Effects of catastrophic
disturbance regimes in large rivers not

Jincluded in model.

eSO T e Tover T TeTTETOUpET Oy Sy

individual trees showed a strangertendency to fall towards the stream when hillslopes were >40%. When field

data was integrated into the recruitment model, results showed that stream reaches with steep side slopes
(>40%) were 1.5 to 2.4 times more likely to recruit LW into streams than in moderately sloped (< 40%)

Teply et al., 2007

25-ft no-cut buffer, with additional 50-
feet requiring 88 trees per acre.

Instream wood
load

metrics for forest

growth, tree breakage, and in-
channel process

The simulation evaluated both a harvest

and a no-harvest scenario to predict mean
in-stream LW loads after 30, 60, and 100
cars

results predict a 25-foot no-cut buffer, with an additional 50-foot (25 =75 feet from the high
watermark) zone requiring retention of 88-trees-per-acre were sufficient in maintaining no significant change
in in-stream LW loading relative to unharvested reference streams.

Wing & Skaugset, 2002

LW loads and site characteristics were
collected from 3793 stream reaches in
western Oregon State (west of Cascade
crest).

LW pieces, LW key
pieces, LW volume|

LW abundance, land use history,
land ownership, site level
attributes

ReSTTTS preseTTeTTTeT Y
forested streams (“tree 3” in text).
Landownership was the strongest

TOTTTStrEATTT e, ST e BT e T WS e TOSTIToTTaTTe \AEuc TTTeSpTTT

occurring for stream reaches with gradients less than 4.7% averaging 11.5 m3 , which was less than half of the
average found at higher gradient reaches (25.2 m3); in this model the stream gradient split explained 11% of
the variation observed of instream LW volume. For LW pieces in forested stream reaches, bankfull channel

predictor in some models, but this



Reference Treatment Variables Metrics Notes Results
Results from this study indicate that site lithology was a first order control over suspended sediment
This study analyzed 6 years of data from yield (SSY) with SSY varying by an order of across lif observed. SSY was
Harvest had a mixture of Sediment Channel, stream, and riparian |the Trask River Watershed in greater in catchments underlain by Siletz Volcanics (r = 0.6), the Trask River Formation (r = 0.4), and
Bywater-R tal., 201 i including clearcut to  |concentration, basin |area characteristics sourced |Northeastern Oregon and included data derlai d;p;)?ltbs. n co_r|t0ra7$t, thi S'I:e Ieffect hsasdva strovg n:gafl;e;g;;e?tfn w,tl; percednt are:
ywater-Reyes etal., stream and clearcut with 15 m lithology, from a mixture of LiDAR and  |from harvested and unharvested sub- underlain by diabase (r = 0.7), with the lowest SSY associated wit iabase independent o

buffers.

geomorphology

data.

underlain by heterogenous

lithologies.

whether earthflow terrain was present. Sites with low SSY and underlain by more resistant lithologies
were also resistant to harvest-related increases in SSY. The authors conclude that sites underlain with
a friable lithology (e.g., sedimentary formations) had SSYs an order of magnitude higher, on average,

harvest than those on more resistant lithologies (intrusive rocks).

Bywater-Reyes et al.,
2018

long-term data (60 years) of

discharge, weather,
and disturbance.

Sediment yield,

discharge h

istory,

physiography.

suspended sediment
concentration involved using
either vertically integrated
storm-based grab samples, or
discharge-proportional
composite samples.

The authors caution that the high
variability of sediment yield over space
and time (~0.2 - ~953 t/km2) indicates that|
the factors tested in this study should be
tested more broadly to investigate their

| The results of this study show that watershed slope variability combined with cumulative annual

67% of the variation in annual sediment yield across the approximately 60-year
data set. The results, however, show that annual sediment yields also moderately correlated with
many other physiographic variables and the authors caution that the strong relationship with
watershed slope variability is likely a proxy for many processes, encompassing multiple catchment For
the relationships between disturbance and sediment yield the authors conclude that the few

utility to forest

years of high sediment yield occurred in watersheds with high slope variability and within
a decade of forest management and a large flood event.

Data from pre restriction and post|
Oregon BMPs prescriptions for
non-fish bearing streams. BMPs:

suspended sediment, stream

Phase | harvest: 2009 harvest of upper half|

Methods used in 1966 to harvest the same watershed (no buffer, road construction, broadcast
burning) resulted in an approximate 2.8-fold increase in SSC from pre- to post- Harvest. In the

ary study both the mean and maximum SSC were greater in the reference catchments (FCG
and DCG) compared to the harvested catchment (NBLG) across all water years. In NBLG the mean SSC
was 32 mg L-1( 63%) lower after the Phase | harvest and 28.3 mg L-1( 55%) lower after the Phase

Hatten et al., 2018 1o buffer in fish-bearing sediment and daily of watershed. Phase Il harvest: 2015 Il harvest when compared to the pre-harvest concentrations. Compared to the reference watersheds,
N streams with equipment (ssC) precipitatgon harvest of lower half of watershed the mean SSC was 1.5-times greater in FCG (reference) compared to NBLG during the pre-harvest
exclusion zones, and a 15 m no- : period. After Phase | harvest the mean SSC in FCG was 3.1-times greater and after Phase Il harvest
cut-buffer in iisl;—bearing streams was 2.9-times greater when compared to the SSC in the harvested watershed. The authors conclude
that contemporary harvesting practices (i.e., stream buffers, smaller harvest units, no broadcast
burning, leaving material in channels) were shown to sufficiently mitigate sediment delivery to
streams, especially when compared to historic practices.
A significant and immediate impact of harvest on monthly sediment loads in the clear-cut watershed
(p = 0.00011), and a marginally significant impact of harvest on monthly sediment loads in the partial-
clearcut of the watershed area of Monthly total suspended cut (p = 0.081) were observed. Total sediment load from the clearcut over the immediate harvest
by 50%, partial cut of 50% canopy solid readings from multiple interval (1-year post-harvest) exceeded predicted load by 152%; however, individual monthly loads
¢ Total suspended varied around this amount. The largest increases in percentage and magnitude occurred during

Karwan et al., 2007

removal, timber road
construction Riparian zone
harvest followed Idaho FPA rules.

solid (TSS) yields

flume locations for pre-, and
post-harvest, and pre- and
post- road construction.

months, namely April 2002 (560%) and May 2002 (171%). Neither treatment showed a

difference in TSS during the recovery time, 2-4 years post-harvest (clearcut: p = 0.2336;

partial-cut: p = 0,1739) compared to the control watersheds. Road construction in both watersheds
did not result in statistically significant impacts on monthly sediment loads in either treated
watershed during the immediate or recovery time intervals.

Litschert & MacDonald, 2

Data collected from 4 NF of Nort
CA. ~200 harvest sites near
riparian zones with 90 m and 45
m buffer widths.

Sediment delivery
pathway frequency
and characteristics.

rPathwav length, width,

origins, and connectivity of

Authors mention a caveat to the results of
the study in that there is a potential of

delivery
to streams.

the frequency of rills and
sediment plumes as sites recover.

Only 19 of the 200 harvest units had sediment development pathways and only 6 of those were

to streams and five of those originated from skid trails. Pathway length was significantly

related to mean annual precipitation, cosine of the aspect, elevation, and hillslope gradient.

Macdonald et al., 2003a

low-retention = removed all
timber >15 cm DBH for pine and >|
20 cm DBH for spruce within 20 m|
of the stream; high-retention =

suspended

sediment

yields, stream

Discharge rate and total
suspended sediments (TSS)
collected using Parshall

following harvest, TSS concentrations and discharge rates increased above predicted
values for both treatment streams. Increased TSS persisted for two-years post-harvest in the high-

Only 1-year pre-harvest data was

to generated predicted TSS and discharge

etention treatment, and for 3-years in the low-retention. This study shows evidence that harvest

(low vs. high is proportional to the increase in stream discharge, TSS

Mclntyre et al., 2021

removed all timber > 30 cm discharge flumes values post-harvest. ations, and recovery time to pre-harvest levels. The authors speculate that the treatment
within 20 m of the stream. areas may have accumulated more snow (e.g., more exposed area below canopy) than in the control
: reaches leading to the increase in discharge.
1) unharvested reference, 2) ) . i o K K
100% treatment, a two-sided 50- |stream discharge Discharge increased by 5-7% on average in the 100% treatments while increasing between 26-66% in

ft riparian buffer along the entire

turbidity, and

Type N (non-fish-bearing streams). Hard-

the FP and 0% treatments. Results for water turbidity and suspended sediment export (SSE) were

ic in nature and the relationships between SSE export and treatment effects were not strong

Mueller & Pitlick, 2013

RMZ, 3) FP treatment a two-sided |suspended sediment Rock study.
.) . P! v enough to confidently draw conclusions. The authors conclude that timber harvest did not change the
50-ft riparian buffer along at least |export. £ sedi f buff

50% of the RMZ, (4) 0% of sediment export for any buffer treatment.
The study used sediment The strongest correlation of in stream sediment supply was with lithology relative softness. Bankfull
concentration data from 83 concentration, basin |distribution, geomorphology, i increased by as much as 100-fold as basin lithology became dominated by

drainage basins in Idaho and
'Wyoming.

lithology,

geomorphology

and weather data from
multiple sources.

softer sedimentary and volcanic rock. Relief (elevation), basin sideslope, and drainage density showed
little correlation strength with bankfull sediment supply.

Puntenney-Desmond et a|

Variable retention buffers with
clearcut.

surface and
subsurface

runoff

rates, sediment.

Simulation metrics calibrated
with runoff and sediment
samples from sample area.
Precipitation calibrated for
100-year-rain events.

Differences in sediment yield not
statistically significant.

Surface and shallow subsurface runoff rates were greatest in the buffer areas than in the harvested
areas or in the harvest-buffer interfaces during dry The authors this
was likely due to the greater soil porosity in the disturbed, harvested areas. Sediment concentration
in the runoff, however, was approximately 15.8 times higher for the harvested area than in the
riparian buffer, and 4.2 times greater than in the harvest-buffer interface. Total sediment yields from
the harvested area (runoff + sediment concentration) were approximately 2 times greater than in the
buffer areas, and 1.2 times greater in the harvest-buffer interface, however this difference was not

Rachels et al., 2020

harvested following the current
Oregon Forest Practices Act
policies and BMPs

proportion

of

sediment from

sources

Sediment collected in traps;
sourced using chemical
analysis

limited sample size (1 treatment, 1 paired
reference watershed) and does not
incorporate the effects of different
watershed physiography on sediment
erosion.

The proportion of suspended sediment sources were similar in the harvested (90.3 + 3.4% from
stream bank; 7.1 + 3.1% from hillslope) and unharvest (93.1 + 1.8% from streambank; 6.9 + 1.8% from
i Wi In the harvested watersheds the sediment mass eroded from the general

harvest areas (96.5 + 57.0 g) was approximately 10 times greater than the amount trapped in the
riparian buffer (9.1 + 1.9 g), and 4.6 times greater than the amount of sediment collected from the
unharvested hillslope (21.0 + 3.3 g).

Safeeq et al., 2020

Long term (51 years) effects of
clearcut to stream followed by
broadcast burn.

streamflow,

sediment transport

Historical streamflow data,
precipitation data, sediment
grab samples for bedload and
suspended sediment.

Data compared one treatment watershed
and one control watershed across 51+
years.

The results for post-treatment sediment yields showed suspended load declined to pre-treatment
levels in the first two decades following treatment, bedload remained elevated, causing the bedload
proportion of the total load to increase through time. Changes in streamflow alone account for 477
Mg/km2 (10%) of the suspended load and 113 Mg/km2 (5%) of the bedload over the post-treatment
period. Increase in suspended sediment yield due to increase in sediment supply is 84% of the
measured post-treatment total suspended sediment yield. In terms of bedload, 93% of the total
measured bedload yield during the posttreatment period can be attributed to an increase in sediment
supply. The authors conclude that Following harvest, changes on streamflow alone was estimated in
being responsible for < 10% of the resulting suspended sediment transported into streams, while the
increase in sediment supply due to harvest disturbance was responsible for >90%.




Wise, 2010

Streamflow patterns derived from|
instrumental data and from
reconstructed tree-ring
chronologies were compared Streamflow
with other previously
reconstructed rivers in similar
climates.

Dendrochronology, historical
data records, seasonal
patterns

Results showed evidence that droughts of the recent past are not yet as severe, in terms of overall
as a 30-year extended period of drought discovered in the mid-1600s. However, in terms

The reconstruction model for
the analysis explained 62% of the variance
in the instrumental record after
adjustment for degrees of freedom.

of number of individual years of < 60% mean-flow (i.e., low-flow years), the period from 1977-2001
were the most severe. Considering the frequency of consecutive drought years, the longest (7-year-
ghts), occurred in the early 17th and 18th centuries. However, the 5-year drought period from

2000-2004 was the second driest period over the 415-year period examined.

\Wissmar et al., 2004

Data sourced from management |Sediment, weather,
records and geospatial data to stand characteristics,|
identify high erosion-risk areas. |landscape factors

unstable soils, immature
forests, roads, critical slopes
for land failure, and rain-on-
snow events

The highest-risk areas ined a ination of all land: cover factor inati (rain-on-
snow zone, critical failure slope, unstable soil, immature forests, and roaded areas). The lowest risk
categories contained only rain-on-snow zones, and critical failure slopes. Roaded areas and unstable
soils were only present in risk categories 3-6.




Reference Treatment Variables Metrics Notes Results
15 m buffer with a minimum of 7-day moving mean stream VIR i
5 study have potential for a muted stream day moving mean of daily maximum stream temperature, mean daily stream temperature, and
~3.7 m’ conifer basal area retained temperature, daily mean stream N i
¥ temperature response following harvest diel stream temperature for 3 years following harvest when analyzed across all sites for all
Bladon et al., 2016 for every 300 m length of stream). |Stream , and diel stream

Historical data with no streamside
vegetation (e, no

temperature fluctuation. Data was
recorded with Tidbit data loggers.

Bladon etal., 2018

Buffer widths at harvested sites
varied but averaged 20 m on either

Stream temperature,
I

relative to other regions because of the (1)
north-south stream orientation (2) steep

summer months (July — September. There was a significant increase in the 7-day moving
maximum from pre- to p alues when data was constrained to the

the 7-day moving average of daily
'maximum stream

STt st ot

the coast and western Cascades of Oregon. The

pre-harvest in stream

Ttsrotve eSSt DeyOTT pregetive mtrvar e

7 of the 8 sites within harvest areas. 4 of these 7 sites exceeded the Pl between 22 and 100% of
the time (all summer months for 3 years following harvest). In the reaming 3 sites, exceedance

e of stroame ithology adjacent to and downstream of temperatures for paired sites were used to  |only occurred between 0 and 15% of the time. There was no evidence of elevated stream
B harvest. create predicted changes in stream temperatures beyond the predicted intervals in any of the downstream sites following
Controlled for yearly fluctuations in | Stream temperature data collected for 2 —years |~ > o0 0 o Stne % TETESRER TSy THERE, S THEAT, ST A
clearcut to stream, partial buffer comerataron by anaiyaims the orior and 4 to 5 yeors following harvest fluctuations in temperatures post-harvest for all no tree buffers. Changes to daily maxima
(12 m width on predominant sun- P Y analyzing Ve 8 . ranged from -0.11 to 3.84 °C, and changes to daily minimum ranged from -1.12 to 0.49 °C. The
Cole & Newton, 2013 Stream in stream u control sites were located

side),), Oregon state BMP (15-30 m
no-cut buffer both sides)

entering and exiting the reach with

the “all available shade” rule (ASR),
and the standard rule (SR) in
eastern WA. ASR: requires
retention of all available shade

Canopy closure, shade

Hand-held densiometer (canopy
closure), self-leveling fisheye lens

|digital temperature data loggers __|applied to four small fish-bearing streams.

downstream of treatment sites. Treatment

no tree buffers also showed small but significant changes below predicted summer minima
between -1.12 and -0.49 °C. The partial buffer units varied in their response to treatment

Sites were between 65-100 years old and were
situated along second to fourth order streams
with harvest-regenerated or fire-regenerated

ot oSt e réx mettestreTeToT e
0.002), as did the canopy closure values (mean effect of -4.5%, p < 0.001). Shade and canopy.
closure values did not significantly change in the ASR sites. Mean shade reduction in the SR
treatment sites exceeded the mean shade reduction in the ASR sites by 3%. Canopy closure
reduction was also greater in the SR sites than i the ASR sites by a mean of 4%. Site seasonal

Cupp & Lofgren, 2014 within 75 feet of the stream. SR: , stream o means of daily maximum stream temperature treatment responses in the first two years
N N digital camera (shade), temperature [forests. Reference reaches were located " N ?
some harvest is allowed within the [temperature following harvest ranged from - 0.7 °C to 0.5 °C in the ASR reaches and from 0.3 to 0.6 in the
data loggers upstream from treatment reaches where )
75-foot buffer depending on ovost was amplied SR reaches. Site seasonal mean post-harvest background responses in reference reaches
elevation and pre-harvest canopy ppiled. ranged from - 0.5 °C o 0.6 “C in the first two years following harvest. Mean daily maximum
cover. stream temperature increased 0.16 °C in the SR harvest reaches, whereas stream temperatures
" " " " b0
Mean canopy closure decreased in the treatment sites from 97% i the pre-harvest period to
75%, 68%, and 69% in the first, second, and third post-harvest years, respectively, and was
1) Buffers encompassing the full N ; e
width (50 feet), 2) <50ft buffers, 3) related to the proportion of stream buffered and to post-harvest windthrow within the buffer.
g . Soft Rock study. Only descriptive statistics. The seven-day average temperature response increased by 0.6°C, 0.6°C, and 0.3°C in the first,
Ehinger et al., 2021 Unbuffered, harvested to the edge N N
of the channel, and 4) Reference Small sample sizes. second, and third post-harvest years, respectively. During and after harvest, mean monthly
sites in unharv’es(ed forests water temperatures were higher, but equaled or exceeded 15.0°C only in 2 treatment sites by
. up to 1.8°C at one site and by 0.1°C at another. None of the three REF sites exceeded 15°C
during the study.
o7 U TTe AT aTee CrearerT—fstreaT e TrrgeTTeTaT eSS TOWeT O T T TR0z T

Gravelle & Link, 2007

to stream edge, thinned to a 50%
target shade removal in Fall 2001,
and an unimpacted control.
Riparian buffer zones were

headwater streams
immediately adjacent to

Stream temperature data collected

, and
in larger fish-bearing

digital sensors.

for the non-fish-bearing, headwater sites pre-
treatment data was only collected one season
prior to treatment.

estimated cooling effect could not be attributed to any cause (e.g., increase in wa(ery\eld) but
the authors conclude that there was no post-harvest increase in peak summer temperatures at

he sites. For streams adjacent to the clearcut treatment (headwater
sueams) asignificant increase in temperature was detected at 2 sites ranging between 0.4 and

Groom etal., 2011a

m wide on small and medium fish-
bearing streams of limited entry.
State sites followed a 52 m wide
buffer of limited entry. FPA =6 m

Stream temperature

Stream temperature collected with
digital temperature sensors within
harvested areas before and after
treatment.

O SS STTES WeTeOTrpTIvaTeTY,
owned lands, and the other 15 were on state-
managed forest land. Treatment reaches were
harvested according to the FPA or FMP and

included 26 clear-cuts and 7 partial cuts. All

vt To POt ST DTy T et
0.3°C. Conversely, harvest to state FMP standards resulted in an 8.6% probability of
exceedance that did not significantly differ from all other comparisons. The a-priori and
secondary post hoc multi-model comparisons did not indicate that timber harvest increased
the probability of PCW exceedance at state sites. The authors point out that the 0.3°C change

TigeoT

Groom et al., 2011b

m wide on small and medium fish-
bearing streams with a 6 m no-cut
20ne immediately adjacent to the
stream. Harvesting is allowed in the
Gasar diea OF L0 (S St edns)
and 22.9 (medium streams) m2/ha.
State sites followed a 52 m wide
buffer with an 8 m no cut buffer.
Limited harvest is allowed within 30

Stream temperature, Shade,
canopy cover

digital temperature sensors. Stream
temperature data was summarized to
provide daily minimum, maximum,
mean, and fluctuation for analysis.
The temperature data was modeled
using mixed-effects linear regression
Shade analysis included trees per
hectare, basal area per hectare,
vegetation plot blowdown, and tree
hoicht 21 "

A comparison of within site changes in
maximum temperatures pre-harvest to post-
harvest showed an overall increase at private
sites, but not all sites behaved the same and
some had decreases in maximum
temperatures.

PO
average by 0.71 °C. Similarly, mean temperatures increased by 0.37 °C (0.24 - 0.50), minimum
temperatures by 0.13 °C (0.03 - 0.23), and diel fluctuation increased by 0.58 °C (0.41 - 0.75)
relative to state sites. The average of maximum state site temperature changes = 0.0 °C (range
-0.89 to 2.27 °C). Observed maximum temperature changes at private sites averaged 0.73 °C
(range = -0.87 to 2.50 °C) and exhibit a greater frequency of post-harvest increases from 0.5 to
2.5 °C compared to state sites. Private site shade values also appeared to decrease pre-harvest
to post-harvest. Private post-harvest shade values differed from pre-harvest values (mean
change in Shade from 85% to 78%); however, no difference was found for state site shade
values pre-harvest to post-harvest (mean change in Shade from 90% to 89%). Results from this
b 29 £ uaciahili b b "

et T rséerrern y

Guenther et al., 2014

Partial retention (50% removal of
basal area including riparian zone)
methods resulting in approximately
14% reduction in canopy cover on

Javerage

Stream temperature, canopy
cover, bed

Bed temperatures, stream
temperatures, and near stream
shallow

were collected with thermocouples.

Treated watersheds showed an increase of 1.6 - 3.0 °Cin daily maximum stream temperatures
during the summer months following harvest. Bed temperatures showed an overall increase in
temperature but at lower magnitude averaging around 1 °C for up to 30 cm in depth. Bed
temperature increases were higher in areas on downwelling flow than in areas of neutral and

Hunter & Quinn, 2009

an alluvial study site and a bedrock
study site whose overall
characteristics were otherwise
comparable apart from

Jgeomorphology.

Stream temperature, Alluvial
depth

Water temperature was recorded at
75-m intervals along each channel
during the summers of 2003 and
2004

Small sample sizes, results only from two sites
for two summers. Actual numeric values not
reported but shown in graphs.

upwelling flows.
e respom
versus bedrock channels. Seasonal maximum and minimum average daily temperatures varied
less at the alluvial site compared to the bedrock site. Two same-day measurements at each site
showed the alluvial site gaining 8% of its flow, as compared to the bedrock site whose flow
decreased by approximately 15%. Bedrock sites were shown to have the highest variation in

Janisch et al., 2012

clearcut logging with two riparian
buffer designs: a continuous buffer
and a patched buffered stream.
Buffers were 10-15 m wide.

Stream temperature

Channel and catchment attributes
(e.g., BFW, Confinement, slope, FPA,
etc.), Stream temperatures were
recorded with a Tidbit datalogger in

Johnson & Jones, 2000

clearcut to stream, patch cutting
followed by debris flows (resulted
in the removal of all streamside
vegetation) , 450+ yo Doug-fir

Jforest reference.

Stream temperature

based on year of treatment and an unbalanced
experimental design resulted in small sample
sizes. Thus, significant differences between
treatments were not analyzed. Instead results

Trgeerat e TarvesT T
increased mean maximum daily summer stream temperatures i the first year following
treatment by an average of 1.5 °C (range 0.2 ~ 3.6 °C). Mean maximum daily summer
temperature increases were higher i the streams adjacent to continuous buffer (1.1 °C; range
0.0 to 2.8°C) than the patch buffered catchments (0.6 °C; range — 0.1 to 1.2°C). However,

TUTeTS, DT AT DTTeTS TSt e

Jareas persistently submerge:

stream temperature max, min, and
average. Solar radiation data
collected from digital sensors. Air and
precipitation temperatures collected

The experimental design used historic stream

data to examine changes in
stream temperatures. This required conflating
data from 2 different devices.

RETOvATOT St veetr
(PCD) flow led to significant increases in mean weekly summer maximum and minimum stream
relative to reference streams in the summer immediately following and for 3-4
years post treatment. The CCB's summer mean weekly maximum stream temperatures ranged
from 5.4-6.4°C higher than the reference stream for 4 years following treatment. The PCD's

T Dy T T T DT T e BT, DT ittt

Kaylor et al., 2017

50 years post clearcut to streams,
control stands were >300 years old

stream light availability,
forest age

Stream bank-full width, wetted
width, canopy openness, % red alder,
and estimated photosynthetically
active radiation (PAR) were
quantified at 25-m intervals

Kibler et al., 2013

Clearcut to stream

Stream temperature,
discharge rate,

PAR reaching streams was on average 1.7 times greater in >300-year-old forests than in 30~100
Vear-old forests. The greatest differences were in streams with both sides harvested. Mean
canopy openness was higher in >300-year-old forests (18%) than in 30-100-year-old forests
(8.7%). Space-for-time analysis with reviewed literature estimates that canopy closure and

|minimurm light availability occurs at approximately 30 years and maintains until 100 year:

T
rate were recorded with thermistor
gauging stations. Canopy cover was
recorded with a densiometer as
portion of sky covered with

Post-harvest data was collected only during the
summer and autumn immediately following
harvest (i.e., 1 season of post-harvest data). Pre
harvest data was collected for 3 years.

Harvest in treatment watersheds resulted in a significant decrease in stream temperatures
ranging from 1.9 to -2.8 °C relative to pre-treatment temperatures. The authors attribute the
lack of increased temperatures to the shade provided by woody debris.

Macdonald et al., 2003b

>15 or >20 cm DBH for pine or
spruce, 20 m of the stream 2) high-
retention — remove timber >30 cm
DBH 20-30m of stream, and 3)

Stream temperature

Temperature data were recorded
with Vemco dataloggers. Canopy
cover was estimated with
densiometers.

mETOTT=—t—C ATV yErsTY
and increased ranges of diurnal temperature fluctuations for all treatment streams relative to
the reference streams. Streams that had summer maximum mean weekly temperatures of 8°C
before harvesting had maximum temperatures near 12°C or more following harvesting. Daily
ranges of 1.0-1.3°C before harvesting became 2.0-3.0°C following harvesting, high-retention

Mclntyre et al., 2021

fry réreette Tzt
treatment, a two-sided 50-ft
riparian buffer along the entire
Riparian Management Zone (RM2),
(2) FP treatment a two-sided 50-ft

Hard Rock Study.

oSt roreamotyChvetst
treatments reaching a minimum around 4 years post-harvest (after mortality stabilized). The
treatments, ranked from least to most change, were REF, 100%, FP, and 0% for all metrics and
across all years. Effective shade results showed decreases of 11, 36, and 74 percent in the
100%, FP, and 0% treatments, respectively. Significant post-harvest decreases in shade were

TR Cove et tter

Reiter et al., 2020

Clearcut, no buffer (CC_NB),
clearcut with 10-m no cut buffer
(CC_B), thinning with 10 m no-cut
buffer (TH_B), and unharvested
reference (REF) streams.

Roon et al.,, 2021a

Thinning treatments resulting in a
mean shade reduction of <5% (-
8.0 --0.5) at one watershed and
23.0% at two watersheds (-25.8,
20.1)

Stream

[Temperature data was separated into]
5,25, 50, 75", and 95"

sample sizes are relatively low for some

Juhere femperatures where above 16

Stream temperature, solar
radiation, Shade

. the also
quantified the percentage of summer

. (CC_NB; n = 4); (CC_E
(TH_B; n =1); (REF; n=7).

trrmgescomhpaTeTT
reference streams regardless of upland treatment (clear-cut, thinning). Unbuffered streams
(Clear-cut to streams) showed significant increases in stream temperatures with an average of
3.6 °C (SE = 0.4) increase relative to reference streams. Unbuffered streams spent 1.3% and
4.7% of the recorded time above 16 °C and 15 °C respectively (habitat temperature thresholds

using digital sensors; solar radiation
was measured using silicon
pyranometers; riparian shade was
measured using hemispherical

Only 1-year pre- and post-treatment data. Site
selection and replication was not random and
thus may not be applicable outside of the
northern California redwood forests.

et
treatment watersheds. For the higher intensity thinning treatments. Maximum weekly average
of the maximum temperatures increased during spring by a mean of 1.7 °C (95% Cl: 0.9, 2.5),
summer by a mean of 2.8 °C (1.8, 3.8), and fall by a mean of 1.0°C (0.5, 1.5) and increased in
downstream reaches during spring by a mean of 1.0° (0.0, 2.0) and summer by a mean of 1.4

Yt

Roon et al., 2021b

Effective shade reductions ranging
between 19-30% along 200 m
reach, or 4-5% along 100 m reach.

local and downstream
temperature

Stream temperature collected with
digital temperature sensors within
harvest area and every 200 m
downstream of stream network.

Stream temperature data was only collected for
one-year pre- and one-year post-harvest.

e TSI oTsere s
115°C additional degree days from pre- to post treatment years, while the reaches with lower
reductions in shade (4-5%) only accumulated 10° to 15°C additional degree days. Travel
distance of increased stream temperatures also appeared to be dependent on thinning
intensity. The lower shade reduction reaches had an increased temperature effect downstream

Sugden et al., 2019

Montana state law : 15.2 m wide
buffers no more than half the trees
greater than 204 mm (8 in)
diameter at breast height (DBH). In
no case, however, can stocking
levels of leave trees be reduced to
less than 217 trees per hectare.

Stream temperature, fish
population, Canopy cover

Ty max, min, and average stream
collected with data
loggers during summer months. The
fish community was inventoried 100
m reaches using an electro-fishing
pass of capture method. Canopy
cover was estimated using a

Data only collected for one year pre-harvest
and one year post-harvest.

TRE Thean DasaT area (BAT decmed from 302 m2/ha b R AP/

(mean = ~13%, range from -32% to 0%). Windthrow further reduced the mean BA to 25.9
m2/ha (mean = -2%, range = -32% -0%). Change in mean canopy cover were not significant
based on the simulation modeling (-3%), o densiometer readings (+1%). Results of the model
for the effect of harvest on stream temperature showed no detectable increase in treatment
streams relative to control streams. The estimated mean site level response in maximum
weekly maximum temperatures (MWMT) varied from ~2.1 °C to +3.3 °C. Overall, 20 of 30 sites




Swartz et al., 2020

In the experimental reaches 30 m
gaps were created, centered on a
tree next to the stream and at least
30 m in from the beginning of the
reach. Actual gap sizes varied
across sites from approximately 5141
m2 to 1,374 m2 with a mean of 962

Stream temperature, Light
reaching stream, canopy
cover

Riparian shade-hemispherical photos.
Light reaching the stream-
photodegradation of fluorescent
dyes. Stream temperature - HOBO
sensors for seven-day moving
average of mean and maximum

res.

Data was collected for one year pre-harvest,
during harvest year (harvest took place in late
fall 2017), and one-year post-harvest.

Results showed that atter gaps were cut, the BACI analysis showed strong evidence for
significant increase in mean reach light (p < 0.01) to a mean of 3.91 (SD + 1.63) moles of
photons m-2 day~1, overall resulting in a mean change in light of 2.93 (SD + 1.50) moles of
photons m-2 day-1. Through the entirety of the treatment reach mean shading declined by
only 4% (SD + 0.02%). Overall, the gap treatments did not change summer T 7DayMax or T
7DayMean significantly across the 6 study sites. However, reaches showed a statistically
significant effect of the gap for average daily maximums (p < 0.01) and for average daily means

Warren et al., 2013

Old-growth forests were estimated
to be over 500 years old, and
mature second growth forests were
estimated to be between 31 and 59
years old.

Light reaching bottom of
stream, canopy cover

T oY G
estimated using a densiometer, the

amount of light reaching the bottom
of the stream was estimated using a
fluorescent dye that degrades

Relatively small sample sizes (n = 4). Significant
differences were only found in 3 of the four
paired reaches.

f 0O Tho oo il b il b o ot e el 0 10 c /0
Resam auCiae T St T B ROy S PeTCamToTes T
between old-growth and second-growth reaches were significant in both south-facing
watersheds in mid-summer at an alpha of 0.01 for the dye results and 0.10 for the cover
results. For the north-facing watersheds differences in canopy cover and light availability (alpha

0.01, and 0.10 respectively) were only significant at 1 of the two reaches. Overall, three of the|
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