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Restoration of Floodplain Forests in

Coastal River Valleys of the Pacific Northwest
Kevin Lloyd Fetherston




Pacific Coastal Ecoregion & Olympic Peninsula
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Queets River
Olympic National
Park

(Fetherston 2005)



Typical Alluvial Valley Landforms

Valley
Terrace Hillslope
j Active floodplain \
% \\{
Bankfull stage
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Active channel



River Valley Landform &
Forest Patch Types Queets River

Primary Secondary
channel channel
Transmonal Establlshed Developlng “Pioneer Mature fluvial
fluvial terrace floodplain floodplain bar terrace

Forest pattern, refers to spatial arrangement of forest patches with different structures
Forest structure, refers to arrangement and size of trees

Foundational trees, those tree species with strong roles in structuring their ecosystems
(Kramer et al. 2020)

(Latterell et al. 2006; original art by Robert Van Pelt)
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- Active Valley Bottom
H Alluvial/Debris Fan

3 20
\ /
g 7 e - i |

(Montgomery 1999; Fetherston 2005)




Process Domain
Forest Type Pattern Analysis,
Upper Queets Basin

Hillslope Alluvial/Debris Fans

7% 1% 3%
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Active Valley

18%

@ Conifer

44% | g Mixed

deciduous/conifer
O Deciduous

(Fetherston 2005)
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dentifying River Vally Forest
Pattern-Process Linkages

What are the disturbance and ecological processes generating and
maintaining forest pattern, composition and structure?

* For developing restorative silvicultural and river engineering strategies and
designs understanding these linkages is critical

What are tree species biologic characteristics
 Sitka spruce, Douglas-fir, western hemlock, red alder, black cottonwood

* Life-history strategies: reproductive characteristics, growth rates, shade
tolerance, structure, life spans

* Tree species successional / developmental sequence



Large Trees—Forest
compositional and

structural patterns

(Kramer et al. 2019; Kramer et al.
2020)

* “Elite Trees” are, large, old,
and trees with complex
canopy structures

 >55-60 m (180-197 ft) height
* Sitka spruce and Douglas-fir

* Key habitat of endangered
Marbled Murrelet and
Northern Spotted Owl in
coastal PNW river valley
forests

* Silvicultural techniques to
accelerate development

(Kramer et al. 2020)



River Valley Forest Structural and Spatial Patterns

LIDAR Height Canopy Model Analyses
(Kramer et al. 2020)

20 30

(2013 LiDAR)



Valley alluvia Valley terraces Southwestslopes Other uplands

1 km BTall B Medium-dense [Medium-open [l Short

0.75 m and 30-m resolution classified canopy structure (Kramer et al. 2020)



Fire Disturbance- Paradise Fire
Queets River (2015) ~2,700 acres
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Wind—-Coastal Pacific Northwest Forests

December 2,2007

Hurricane Force Winds
Exceeded 120 mph




Herbivory — Elk Herds Olympic Peninsula
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Queets River Valley Forest Mosaic
Valley Forest Patch Type Pattern-Process Linkages

Queets River

Google Earth




Channel Movement & Erosional Floodplain
Disturbance, Queets River 1900-2002
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(VanPelt et al. 2006; Naiman et al. 2010)



Exponential Erosion Rates for Patch Types
Queets River, WA (Latterell et al. 2006)

River landform Patch Half-life (years): 95% Loss of existing patches(years)
time channel erodes half of
existing patches

Channel system (rate of 18 78
colonization)

Pioneer bar 30 131
Developing floodplain 21 90
Established floodplain 68 291
Transitional fluvial terrace 62 265

Mature fluvial terrace 401 1730



Log-jam Mediated Channel Avulsion,
Bank Failure and Terrace Large Wood Recruitment
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Terraces are the Large Tree Source Pools
(Latterell et al. 2006; Latterell and Naiman 2007)

e Large tree “key members” are > 1-m * Large tree input rates are patchy

diameter in mainstem Queets River « Mature terrace forests

* Channel meandering delivers most * large trees > 1-m diameter
live large trees to the channel « 3544 (20-47) / hectare

* Episodic cutoffs and avulsions are * (14£2 (8-19)/ acre)
locally important  Conifers almost exclusively

* Patches of mature forest 100’s of * Large black cottonwood may also
meters from the channel become function as key member

important sources of large wood.

* Queets River recruits 95% of large
trees from 2265 m (870 ft) laterally
from the channel within only 63 years



Sitka spruce Years to Key Member Size
(>100 cm diameter) ~84 years, Queets River

Diameter breast height (cm)
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(Fetherston 2005)



Wood Jam Forested
Islands

* Large “key member” size
trees (>1 m diameter)

 Wood jam alluvial patches
provide forest “refugia”

e Both alluvium and nurse
logs are colonized forming
forested islands

P

crescent pool

arcuate
upstream bar
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(Abbe & Montgomery 2003)
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Log Jam
: Forested
HELS ' Islands
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Quee{s'Rive‘:r Forested Islands,
Side Channels &
Patchwork Floodplains

Side
Channels (Fetherston 2005; Montgomery and Abbe 2003)




A Critical Ecological Process:
The Floodplain Large Wood Cycle

* Foundational tree species—Ilarge diameter trees (> 1m diameter)
* Have strong roles in structuring their ecosystem
* Large trees form stable wood jams

* Generates and maintains river valley anabranching channel network,
forested islands and patchwork floodplains

* Cycle tends toward a self-reinforcing state.

(Collins, Montgomery, Fetherston & Abbe 2012)



Forested Islands &
Patchwork
Floodplain
Development

Floodplain Large Wood Cycle

B logjam
island
formation

® | ogjam forested
island refugia,
vegetation
colonization

®  |ncreased
roughness,
floodplain
aggradation, &
vegetation
facilitation

® large tree
recruitment
to channel

(Fetherston 2005; Montgomery and Abbe 2006; Collins, Montgomery, Fetherston & Abbe 2012)



Cowlitz River
(river km 2007-2010)

Hoh River
(river km 65-68)

Similar to the Upper
Quinault River

* Forested islands

*Braided, unstable
main channel and
shifting, ephemeral
secondary channels.

*Diversity of
stable main and
perennial
secondary

channel habitat
*Unstable pieces and

accumulations of

*Stable jams at
fluvial wood.

main channel
secondary

channel splits. * Floodplain forest

dominated by young,
ephemeral red alder

* Diversity of
stands.

floodplain forest,
age, composition

and structure.
(Collins, Montgomery, Fetherston

& Abbe 2012) 29




Spatial and Temporal Dimensions
River Valley Forest Restoration & Riparian Buffer Zones

Queets River
. RM 28.5 (RK 46)




Channel Migration, Large Wood Recruitment
& Riparian Forest Buffers

* Need geomorphic and ecological process based spatial and temporal scales

* Queets River Channel Migration and Valley Patch Type Half-lives

* River kms 45-46 (Fetherston 2005)
Channel migration 4.2 m / year
Active valley half-life 300-400 years
* River kms 1-42 (O’Conner et al., 2001)
Channel migration 7.5 +£2.9 m/yr
Active valley half-life 300-500 yrs
* River kms 1-42 (Latterell et. al 2006)
Channel migration rate 3-28 m / year (1939-2002) throughout Queets river valley
21-401 years Pioneer bars to Mature Terrace forests half-life
Mature terrace patch types forest half-life 401 years

* Defining a geomorphic, ecologically-based area for river and river valley forest conservation



Floodplain Geomorphic Classifications (Queets River, RM 28.5)
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Floodplain Geomorphic Classifications (Queets River, RM 28.5)
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Riparian Forest Classification
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Olympic Experimental Forest Past Management
The Problem

Tern

19705

There are no
buffers around
the stream
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The road requires
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The size of the harvest was
larger than current regulations
would allow and there were no
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The Problem

1850 (Analog)

Photo: Tim Abbe

* Anastomozing Channel (Taiya River, AK)
» Extensive mature floodplain forest side-
channel network

* Forest and wood stabilized channel
banks

Upper Quinault River

Photo: LarryWorkman

* Shallow Braided River Channel

* Immature red alder dominated
floodplain forest

* Loss of forest channel bank stability

* Loss of majority of side-channels

* Very limited functional salmon habitat

(Tim Abbe)



Upper Quinault River Restoration: Project History

The 2008 Salmon Habitat Restoration Plan — Upper Quinault
River has served as the guiding document (QIN 2008).

The restoration program was initiated on the ground in 2008
to restore Blueback salmon habitat.

Restoration Strategic Goals:

* Reintroduction of in-channel large wood with
Engineered Log Jams ELJs

e Creation of forested islands in the main channel

* |nitiate development of anabranching multiple

channel network Young red alder

* Protect and enhance existing side channel flsodplain
salmon spawning and rearing habitat =

e Silvicultural restoration of floodplain and
terrace forests

» Restore Floodplain Large Wood Cycle

* Implement an inte_§r_zated river engineering and
floodplain forest silvicultural restoration design

Young red alder
floodplain

5
-

Pre-project conditions - The Upper Quinault Valley in 2008

(Scott Katz)



| Upper Quinault River Project Areas

A Engineered Log Jams
o7 River Kilometers

B Areas Planted (2015-2020)

Quinault

Reservation o
Natlonal Forest
g f l, Pk
s ,'L ‘\’ _‘I
s

Quinault R/ver Watershed




Jpper Quinault River Restoration by the
Numbers To-date

Forested acres planted 924
Plants installed 167,340
Acres of Invasives Surveyed 1,199
Acres of invasives treated 929
ELJs constructed 103
Acres of floodplain forest stabilized 169
ELJs planted 68
Acres of ELJs forested islands planted 10

Side channel miles protected 5.6

EL)’s forming perennial pools (as of Nov 2023) 26



Queets River Forest Succession
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Floodplain Forest Development or Succession,
Queets River (Van Pelt et al 2006)
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Coastal River Valley Forests
Four Types of Silvicultural Treatment Strategies and Designs

1. Red alder deciduous floodplains
* Variable density silvicultural treatments with conifer inter-planting
* Integrate ELJ floodplain stabilization measures

2. Mixed conifer deciduous floodplain and terrace forests
* Variable density silvicultural treatments with conifer inter-planting
* Integrate ELJ floodplain stabilization measures

3. Broad braided active channels
* ELJ forested island plantings
» Restoration of patchwork floodplain forest

4. Pole size conifer dominated terrace forests
* Variable density silvicultural treatments



Variable Density Thinning with “skips and

gaps” layout

Goal is to accelerate the development of
old growth forest composition and
structure

Objective is to create greater vertical and
horizontal stand complexity

Key to unit treatment layout is skips
(untreated patches) and gaps (atand
canopy openings)

Layout embedded within a thinned matrix
forest

Harrington et al. 2005; Brodie 2009;
Franklin et al. 2018; Emmm ham et al.
2|002%2I%r0d|e & Harrmgton 2020 Case et
a

Leslie Brodie

Prior to treatment

Post treatment

Reserve area (“skip”)

- -
.t AR A7
- "r."‘_?.s&

Thinned matrix / Prescribed openings (“gaps”)

A diagram of a stand before and after thinning with skips and gaps. Snag height is exaggerated for
visibility.

(Brodie 2009)



Silvicultural Types 1 & 2. Deciduous and mixed
conifer deciduous floodplains and terraces

* Goal to accelerate the development of old growth terrace forests

 Variable Density Silvicultural Restoration with “Skips and Gaps”
Designs

 Skips and gaps layout
* Cut canopy gaps 0.25-0.5-acres
* Thin red alder canopy matrix 30-40%

* Inter-plant Sitka spruce to a conifer stem density of 175 trees / acre
* Mixed conifer-deciduous terraces plant Sitka spruce and western red cedar

* Unique barren sites plant Douglas-fir



Sitka spruce target density reference

Queets River
Sitka spruce density vs Stand Age

200 (n=13 stands)

350 | ° y = 0.3637x + 156.48 Planting Density Targets
175 trees / acre

300 50 yrs 138 trees / ac (20% mortality)
100 yrs 120 trees / ac (30% mortality)

Sitka spruce trees per acre
N
o
o

0 50 100 150 200 250 300 350

Stand Age (yrs)
(data from VanPelt et al. 2006)



Quinault River Alder Creek Reach
Integrated ELJ River Engineering and Forest Restoration
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Pre-Treatment 2006 Floodplain Terrace Mosaic

Big Creek

Red alder develope
floodplain

Mixed conifer
deciduous terrace

Mixed conlfer
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(9/11/2006)



Floodplain Vegetation Mosaic
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Mixed Conifer
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2024 8—years Post Treatment
Floodplain Forest Mosaic
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Invasive Plant Treatment Program
Himalayan & Evergreen Blackberry, Knotweed, Reed Canary Grass

Himalayan & Evergreen Blackberry

BEFORE




Ongoing Forest Monitoring Program
(n=49 Permanent Plots)

Hemispheric Photo Analyses—Photosynthetic Available
Radiation (PAR)

True color original

Post processing



Sitka spruce vigor relative to available light (PAR)
6-7 yrs post planting
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ree Seedling Height Growth Rates & Canopy
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Floodplain Silviculture Lessons Learned

1. Silvicultural thinning increasing PAR by opening canopy >35% can
significantly increase the growth rate and seedling vigor compared
with no silvicultural canopy treatment (low PAR conditions).

2. Elk Browse and Herbivory Disturbance is local and often significant

3. Importance of Planting Stock Selection and Procurement
Considerations

4. Control invasive shrubs to reduce plant competition, improving tree
seedling growth, vigor and survival



Alder Creek Reach
Integrated ELJ River Engineering and Forest Restoration
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Silvicultural Type 3. Engineered Log Jam Forested Islands

2008 ELJ forming a pool and 15yr old forested island

(Photo taken 5/4/23)



Engineered Logjams — analogs of natural logjams
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ELJ Island Forest Planting Plans
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[ELJ TYPE 1: PLANTING SPECIFICATIONS — = =]
COMMONNAME | SCIENTIFIC NAME | PLANT MATERIAL SEED ZONE PLANTING SPACING (O.C.) | PLANTING AREA (SQFT) | # OF PLANTS
ELJ SIDE BANK: CHANNEL BED TO 1.5 METERS ELEVATION
BARE ROOT 1.0, 91-|  GRAYS HARBOR
RED ALDER ALNUS RUBRA I 2 CMHT COASTAL ZONE 8FTOC 283 10
ELJ TOP: CHANNEL BED 1.5 TO 2.5 METERS ELEVATION
BARE ROOT 10, 91-| GRAYS HARBOR
RED ALDER ALNUS RUBRA sopnifia COASTAL TN 10FTOC - 17
PLUG 1+, 71-76 CM | 030-0.5 ("WOODS RUN
SITKA SPRUCE PICEA SITCHENSSS. | 00 e ER | COLLECTION) 10FTOC 17
ELJ DOWNSTREAM SLOPE: 1 METER > CHANNEL BED TO 2 METERS ELEVATION
POPULUS
LIVE POLES 286 | QUINAULTIQUEETS
BLACK COTTONWOOD| BALSAMIFERA SSP. | ~ i il e 0% | ot o COOPLAINS 10FTOC 24
R __TRICHOCARPA 2408 — Ao
PLUG 1+, 71-76 CM | 030-0.5 (WOODS RUN
SITKA SPRUCE PICEA SITCHENSSS. [, =0 L o2 PER|  COLLECTION) 10FTOC. 2

ELJ_NOTES:
DURING ELJ CONSTRUCTION, MIX WOOD SLASH AND CHIPS INTO UPPER 18 INCHES OF ELJ SURFACES AS
SOIL AMENDMENT.

1.

TOP ELEVATION

LAYOUT PLANTING APPROXIMATELY PER ELJ GRID PATTERN AS DIRECTED BY FOREST ECOLOGIST.

PLANT RED ALDER AND SITKA SPRUCE SEEDUNGS WITH DIBBLE OR SHOVEL AS SHOWN IN DETAL 3,

SHEET XX.

COTTONWOOD POLES TO BE PLANTED WITH EXCAVATOR ASSISTANCE AS DIRECTED BY FOREST ECOLOGIST.

ALL COTTONWOOO POLES AND RED ALDER SEEDUNGS TO BE ENCASED IN TREE PROTECTORS.

ELJ PLANTING SURFACES (TOP AND SLOPES) TO BE BACKFILLED WITH A LIGHT MIXTURE OF ORGANIC
MATERIAL (SLASH/CHIPS) AND ALLUMIUM.

RELEASE RED ALDER AT 4-5 YEARS.

MONITOR PLANT SURVIVAL ANNUALLY TO MEET FOLLOWING SUCCESS CRITERMWA:
A. B0% SURVIVING PLANTS BY SPECIES IN FIRST YEAR.
B. 75% SURVIVING PLANTS BY SPECIES IN FIFTH YEAR.
C. 65% SURVIVING PLANTS BY SPECIES IN 10TH YEAR.

BOTTOM ELEVATION

EXISTING BAR

LOW SUMMER GROUNDWATER
LEVEL TO BE DETERMINED

VARIABLE SUMMER
GROUNDWATER LEVEL

DRAFT
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2016, 8 yr old planted ELJ forested island,
Facilitated Vegetation Colonization, Alder Creek
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2024, 15 yr old planted ELJ forested island &
adjacent developing floodplain vegetation, Alder
reek
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Alder Creek - 2009
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Alder Creek - 2023

2023 Imagery (NAIP), 2023 LiDAR (QIN)
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Alder Creek Reach River and Forest Restoration

(2008)



Alder Creek

Project Area -

November 2021
(image from QDNR)

Scott Katz
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Silvicultural Type 4.
Silvicultural Restoration of
Dense 20-80 yr old Conifer
Dominated Terraces &
adjacent valley toeslopes

Connie Harrington & Leslie Brodie.
2020. Guide to Variable-Density
Thinning Using Skips and Gaps
USDA/USFS

The Nature Conservancy Ellsworth
Preserve upland forest restoration

designs and 13 years of results. (Case
et al. 2023)




Coastal Olympic River & Valley Forest
Restoration Efforts

* Upper Quinault River Restoration Program
e Quinault Indian Nation

 Middle Fork Hoh River Resiliency Plan

 Jefferson County
* Hoh Indian Tribe

* Queets Clearwater Basin Resiliency Plan
* Quinault Indian Nation

* Washington DNR Olympic Experimental Forest River and Floodplain Forest
Restoration Initiatives

* Willapa Bay Reserve, The Nature Conservancy
e Upland forest restoration (Case et al. 2023)
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When the Salmon Return

“It has been said that the salmon will return when we all work as hard
to protect them as they do to reach their spawning grounds—so we
need to come together to protect and restore their natural habitat...

We all have a stake and we all have responsibilities. Together, we can

bring the salmon home.”

Fawn Sharp
Quinault Indian Nation

(from the Forward to: McNulty, Tim. 2024. Salmon Cedar Rock & Rain—Washington’s Olympic Peninsula)
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