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1

Introduction

The purpose of this report is to evaluate existing fish habitat conditions and factors influencing salmonid
habitat quality and provide recommendations to improve fish habitats along the alluvial fans of Glacier
1
and Gallup Creeks. It identifies fish habitat restoration objectives and strategies within the context of
salmonid recovery planning in the Water Resource Inventory Area 1 (WRIA 1), the Nooksack River Basin.
State Route (SR) 542 crosses the Glacier Creek and Gallup Creek alluvial fans at the town of Glacier in
Whatcom County, Washington. SR 542, along with adjacent structures and properties within the
community, is at risk from flooding, debris floods, and bank erosion. Both Glacier and Gallup Creeks flow
into the North Fork Nooksack River more than 1,000 feet downstream (north) of SR 542. The alluvial fans
of Gallup Creek and Glacier Creek coalesce in the valley bottom of the North Fork Nooksack River
(Figures 1-1 and 1-2).
The current Glacier Creek bridge and levees on both Glacier and Gallup Creeks have degraded habitats
for salmonid species in the alluvial fan reach and have constrained the lateral movement of the channels.
The Washington State Department of Transportation (WSDOT) has proposed updating the current bridge
design to span the majority of the active floodplains of both Glacier Creek and Gallup Creek. As a result
of this proposed bridge update and current habitat impairments, the Whatcom County Flood Control Zone
District (County) is implementing the Glacier-Gallup Creeks Alluvial Fan Restoration Project. The project
entails assessing flood and debris flood hazards, assessing habitat conditions to define habitat restoration
actions and metrics, and working with the community and the WRIA 1 Salmon Recovery Staff Team
(SRST) to identify and evaluate alternative levee and habitat structure configurations. The County has the
following goals for the project:
•

Reduce flood hazards and risk for the community of Glacier;

•

Improve salmonid spawning and rearing habitats on the alluvial fan(s) and in the side channels
connected to the North Fork Nooksack River; and

•

Restore natural alluvial fan processes.

In November 2018, the County retained the project team of BGC Engineering Inc. (BGC Engineering) and
Cardno, Inc. (Cardno), to assist with meeting these project goals. BGC Engineering analyzed the flood
hazards and risks (see BGC Engineering 2020), while Cardno is providing fish habitat expertise.
Section 2 of this report presents a summary of salmonid species of interest in the project area, including
Federal Endangered Species Act (ESA) listed species. Section 3 describes the existing habitat conditions
in the project area. Section 4 describes degraded habitat conditions that may limit salmonid success and
provides management objectives, strategies, and metrics. Section 5 describes conclusions and how
report findings can be used in conceptual project alternatives to be further developed by the County, BGC
Engineering, and Cardno and analyzed in coordination with members from the SRST. A preferred
alternative will then be identified by the team as part of the overarching integrated flood risk reduction and
salmon habitat restoration project.

1

Gallup Creek has had various spellings. The late 1800’s GLO survey uses Gallup. In 1912, US Board of Geographic Names
adopted Gallopp after an early settler and noted the Forest Supervisor at the time identified Gallup as the local usage. The
Geographic board revised Gallopp to Gallop in 1947; this is currently used on USGS topographic maps. Gallup and Gallop were
both used in USFS documents to identify the creek or historic structures in the area. Meanwhile, the WRIA 1 watershed planning
process and many Glacier Community members use Gallup. Considering this history, we will use Gallup Creek for the purposes of
this report in deference to the community and local history.
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Source: USGS (2020a); WSDOT (2019)
Note:
Project area boundary is outlined in black.

Figure 1-1

1-2 Introduction

Map of Glacier, Washington, State Route 542 (Mount Baker Highway), Homes, Roads, WSDOT Bridges, and Infrastructure
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Sources: Heilman et al. (2019); DOE (2014); WDNR (2020); USGS (2020a)

Figure 1-2
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Lower Glacier and Gallup Creeks above and below State Route 542 Bridge (includes the Mt. Baker Rim and Left Bank
Levees)
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1.1

Project Area and Background

SR 542 crosses Glacier and Gallup Creeks at the community of Glacier. Currently, these creeks are
spanned by separate bridge structures. The Glacier Creek bridge was constructed in the 1960s, and the
Gallup Creek bridge was replaced in 2010. An 880-foot-long Glacier Creek bridge replacement is
proposed that, when combined with the recently replaced 115-foot Gallup Creek bridge, creates a single
995-foot-long bridge that spans the majority of the active floodplains of both Glacier Creek and Gallup
Creek. The proposed bridge replacement project for the bridge over Glacier Creek is expected to partially
restore natural alluvial fan processes and improve salmon spawning and rearing habitat (Heilman et al.
2019). However, existing levees on both Glacier and Gallup Creeks constrain the lateral movement of the
channel and are not necessarily compatible with a floodplain-spanning bridge from geomorphic,
ecological, or safety perspectives. The project area boundary is shown in Figures 1-1 and 1-2.
The left (west) abutment of the Glacier Creek bridge is currently protected by an approximately 1,430foot-long left bank levee that was constructed in 1962 after a flood damaged the creek’s left bank and
caused a partial avulsion toward the Gallup Creek bridge crossing. The levee’s two primary functions are
to prevent a major channel avulsion toward the smaller Gallup Creek bridge crossing and to protect the
Glacier Creek bridge abutments from bank erosion. The river side of the levee is armored with up to 3foot diameter angular riprap. The levee has been repaired occasionally during the past 50 years. During a
flood in late November 2018, an approximately 100-foot-long portion of the levee was partially eroded
(Figure 1-2) in response to a change in the Glacier Creek planform.
Construction of the left bank levee has reduced the floodplain width of Glacier Creek near the Glacier
Creek bridge from approximately 1,000 feet to about 400 feet. The constriction of the floodplain combined
with a bridge span of about 77 feet (less than 10 percent of the historical floodplain width) has promoted
aggradation within the right bank of the Glacier Creek floodplain and decreased the overall hydraulic
capacity (Heilman et al. 2019). The reach largely lacks functional LWD which can affect the channel
planform. Over time the channel has shifted locations in response to high flows and sediment movement
and directed the thalweg directly toward the upstream end of the left bank levee, creating hydraulic
pressure on the levee and causing the channel thalweg to impinge against the structure. Without a
sponsor (the levee was constructed on private land) or regular maintenance, Heilman et al. (2019)
concludes that the left bank levee is at high risk of failure.
In addition to the left bank levee on Glacier Creek, a portion of the Mt. Baker Rim subdivision within the
town of Glacier is protected by the Mt. Baker Rim Levee on the east side of Glacier Creek (Mt. Baker Rim
Levee location shown in Figure 1-2). In the alluvial floodplain non-engineered levees (i.e., gravel berms)
are discontinuously located downstream of the Gallup Creek bridge on both banks creating an unnatural
channel condition. Following damaging floods in 1989 and 1990, these gravel berms were constructed
using material dredged from Gallup Creek to re-establish a single Gallup Creek channel.

1.2

Salmon Recovery Staff Team Project Meeting

An initial meeting between Cardno and members of the WRIA 1 SRST was held in Bellingham on June
24, 2019, to identify available sources of salmon habitat data, fish use data, and other data sources that
would support integrated fish/flood planning. Other entities attending the meeting included the Lummi
Nation, Nooksack Tribe, Washington Department of Fish and Wildlife (WDFW), National Oceanic and
Atmospheric Administration (NOAA) Fisheries, Whatcom County, Whatcom Land Trust, and the
Nooksack Salmon Enhancement Association. The attendees provided initial guidance, based on their
familiarity with the project area, on key salmonid species and life-stages that use the streams and the
habitat functions in Glacier and Gallup Creeks. This initial guidance was considered a starting point from
which to identify important fish species, life stages, and limiting factors. Additionally, this guidance helped
identify specific habitat objectives, strategies, and metrics for evaluating project benefits for habitat
recovery and project alternative development. The meeting attendees recognized that the geomorphology
of the two creeks differs and that different interim and long-term restoration strategies may be needed for
Glacier and Gallup Creeks as well as the intersection of the fans in the North Fork Nooksack River
floodplain.
Factors limiting salmon habitat identified at this meeting include the following:
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•

Lack of LWD

•

Lack of spawning habitat and spawning habitat stability,

•

Lack of rearing habitat and rearing habitat stability, and

•

Channel constriction of Glacier and Gallup Creeks within the alluvial floodplain.

Restoration strategies discussed at this meeting include the following:
•

Installing a new 880-foot-long Glacier Creek bridge that when combined with the previously replaced
115-foot-long Gallup Creek bridge creates a single 995-foot-long bridge that spans the majority of the
active floodplains of both Glacier and Gallup Creeks. Currently the proposed bridge design will not
span the right bank side channel of Glacier Creek (see Section 3);

•

Removing the existing levees upstream and downstream of the new bridge, allowing for the
restoration of natural alluvial fan geomorphic and habitat-forming processes;

•

Adding LWD and engineered logjams to provide spawning and rearing habitat; and

•

Reshaping the Gallup Creek channel to a more natural form and re-establishing its connection to a
North Fork side channel.

These ideas are developed further in Section 4.
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2

Salmonid Species Life History in the Project Area

Salmonid species of interest that occur in the project area include stocks listed under the ESA and nonlisted salmonid stocks. Listed stocks include early Chinook salmon within the Puget Sound Evolutionary
Significant Unit (ESU), bull trout within the Coastal-Puget Sound Distinct Population Segment (DPS), and
winter steelhead within the Puget Sound Steelhead DPS, which are all listed as threatened under the
ESA according to the US Fish and Wildlife Service’s (USFWS’s) Information for Planning and
Consultation website (USFWS 2020a) and the National Oceanic and Atmospheric Administration (NOAA
2020a). Non-ESA salmonid stocks include fall chum salmon, pink salmon, coho salmon, coastal cutthroat,
sockeye salmon, and resident rainbow trout (WDFW 2018; Water Resource Inventory Area 1 Salmon
Recovery Funding Board [WRIA 1 SRP] 2005) (Figure 2-1). A periodicity chart for salmonids that occur in
the Nooksack River basin excluding resident rainbow trout is provided in Table 2-1. The life stage timing
for the particular salmonid stocks (i.e., sub populations) presented in the project area may be a subset of
the timing for the Nooksack River basin salmonid populations, as displayed in Table 2-1. The salmonid
stocks present in the project area include North Fork/Middle Fork early Chinook salmon, bull trout within
the Coastal Recovery Unit (USFWS 2010), Nooksack River winter steelhead (NMFS 2019), Nooksack
coho salmon, North Fork Nooksack Fall chum salmon, North Fork/Middle Fork Nooksack pink salmon
(odd year spawning), and Nooksack coastal cutthroat trout (WRIA 1 SRP 2005). Resident rainbow trout
and riverine sockeye salmon are not listed by WRIA 1 SRP (2005), however the riverine sockeye salmon
stock has been documented as spawning in the North Fork Nooksack River and is documented as
present in Glacier Creek by WDFW (2018).
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Sources: NOAA (2020b); USFWS (2020b); WADNR (2020); WDFW (2018)
Notes: Listed critical habitats for early Chinook salmon, bull trout, and winter steelhead exist within the project area within the North Fork Nooksack River, Gallup
Creek, and Glacier Creek. Critical habitats for the three salmonid stocks also exist outside the project area within the North Fork Nooksack River, Gallup
Creek, Glacier Creek, and Glacier Creek tributaries including Thompson Creek.

Figure 2-1
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Table 2-1

Periodicity Chart for Species of Interest
Month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Early Chinook Salmon
River Entry
Upstream Migration/Holding
Spawning
Intragravel Development
Age-0 rearing
Age-0 outmigration
Age-1+ rearing
Age-1+ outmigration
Bull Trout
Upstream Migration
Subadult Upstream Migration
Subadult Overwinter Holding
Holding
Spawning
Adult Outmigration
Intragravel Development
Fry
Juvenile Rearing
Juvenile Outmigration
Winter Steelhead
Upstream Migration
Holding
Spawning
Adult Outmigration
Intragravel Development
Fry <~55mm
Juvenile Rearing
Juvenile Outmigration
Fall Chum Salmon
River Entry
Upstream Migration / Holding
Spawning
Intragravel Development
Fry
Juvenile Rearing (N/A)
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Month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Outmigration
Pink Salmon
River Entry
Upstream Migration / Holding
Spawning
Intragravel Development
Fry
Juvenile Rearing (N/A)
Outmigration
Coho Salmon
River Entry
Upstream Migration/ Holding
Spawning
Intragravel Development
Fry <~55 mm
Juvenile Rearing
Outmigration
Coastal Cutthroat Trout
Upstream Migration
Holding
Spawning
Adult Outmigration
Intragravel Development
Fry <~55mm
Juvenile Rearing
Juvenile Outmigration
Riverine Sockeye Salmon
River Entry
Upstream Migration / Holding
Spawning
Intragravel Development
Fry and Juvenile Rearing
Outmigration
Sources: Data for this table were developed by Anchor Environmental, LLC (2003), for the WRIA 1 Salmonid Recovery Plan (WRIA
1 SRP 2005)
Notes:

The life stage timing for particular salmonid stocks present in the project area may be a subset of the timing displayed
here for the Nooksack River basin species populations.
White cells – months in which the species life stage does not occur
Light gray cells – months in which the species life stage occurs
Dark gray cells – months where there is a question about whether the species life stage occurs.

2-4 Salmonid Species Life History in the Project Area
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2.1

Key ESA-listed Species of Interest

2.1.1

Early Chinook Salmon

The project area supports a genetically distinct native stock of early timed (spring/summer) Chinook,
referred to as the North/Middle Fork early Chinook. The North/Middle Fork early Chinook are genetically
distinct from the South Fork early Chinook present in the Nooksack River basin. These two Chinook
salmon stocks are listed as threatened under the ESA and are listed as part of the Puget Sound ESU
(NMFS 2007; Smith 2002; WRIA 1 SRP 2005).
The North/Middle Fork early Chinook salmon population has been documented spawning in the North
Fork Nooksack River in the project vicinity, rearing in Glacier Creek, and spawning in Glacier, Thompson,
and Gallup Creeks (WDFW 2018). It is supported by a hatchery supplementation program designed to
rebuild the wild population as part of the federally approved ESA Chinook recovery plan for the Puget
Sound (NMFS 2007). Designated critical habitat for the North/Middle Fork early Chinook salmon stock is
present in the project area (NOAA 2020b). Chinook salmon are also within essential fish habitat of the
pacific salmon fishery management plan pursuant to the Magnuson-Stevens Fishery Conservation and
Management Act (NOAA 2020c).
The project area has documented use by early Chinook salmon. In August 2014, US Forest Service
(USFS) field crews observed two spawning pairs within the project area in a left bank side channel above
the bridge (Gilman, pers. comm., 2020). In addition, in August 2019, upstream of the project area, a
single adult early Chinook salmon was observed migrating in the main channel of Glacier Creek, a few
hundred feet upstream of the confluence with Thompson Creek (Gilman, pers. comm., 2020). High
turbidity related to glacial runoff hinders visibility and has limited more extensive observations of spawning
Chinook.
The North/Middle Fork early Chinook salmon migrate from the ocean in spring and summer. They often
spend time in the river holding prior to spawning in late July through September. Juveniles can exhibit
both an ocean-type (rear in freshwater for days to a few months) or river-type (rear in freshwater for a
year) life history with 52 to 79% out-migrating during their first year (NMFS 2007).
WRIA 1 SRP (2005) identifies survival from eggs to alevin (i.e., egg incubation) as the primary life stage
that limits production for the North Fork early Chinook salmon in the project area. Poor survival is driven
by redd failure from channel bed scour and fill associated with channel instability. Although it is unknown
whether juvenile rearing and adult holding are limiting to the population, habitat conditions for these life
stages are degraded in the project area and should be considered in order to support the population.
2.1.2

Bull Trout

In the project area, bull trout as part of the Coastal-Puget Sound DPS are listed as threatened under the
ESA (USFWS 2004) and are also part of the Nooksack River Critical Habitat Subunit within the Puget
Sound Critical Habitat Unit in the Coastal Recovery Unit (USFWS 2010). Bull trout are native species with
wild production. USFWS (2004, 2010) identifies a Glacier Creek local population that is of high
conservation value for bull trout. The Glacier Creek local population uses essential habitat in Glacier
Creek and many of its tributaries for spawning and rearing. Critical habitat is present in the project area
(USFWS 2020b), and USFWS (2010) states that Glacier Creek is essential for maintaining distribution,
abundance, and productivity of bull trout in the Coastal-Puget Sound DPS.
WDFW (2018) documents bull trout rearing in the North Fork Nooksack, rearing and spawning in Glacier
Creek, and presence in Gallup Creek (WDFW 2018). Additional documentation from WRIA 1 SRP (2005)
and USFWS (2010) have more detailed descriptions of habitat use in the area. The North Fork Nooksack
River from its confluence with the Middle Fork Nooksack River upstream approximately 24.6 miles to
Nooksack Falls provides spawning and rearing habitat. There is also an anecdotal report of bull trout
spawning in a North Fork Nooksack side-channel immediately downstream of Glacier Creek (WRIA 1
SRP 2005). In addition, in April 2015, local fish biologists observed a large number of rearing juvenile bull
trout just upstream of the Mt. Baker Rim Levee in Glacier Creek (Currence, pers. comm., 2020).
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In Glacier Creek, the exact anadromous barrier for bull trout is undetermined but is certainly well above
the project area (Currence, pers. comm., 2020). WRIA 1 SRP (2005) notes that spawning and rearing
habitat exists up to a barrier at the Grouse Creek confluence approximately 6.9 miles upstream (WRIA 1
SRP 2005). Bull trout habitat also exists in many Glacier Creek tributaries from their mouths upstream to
natural barriers, or confluences provide spawning and rearing habitat for the Glacier Creek local
population including Little Creek (upstream approximately 0.7 mile), Davis Creek (upstream 0.2 mile),
Thompson Creek (upstream 2.1 mile), Deep Creek (upstream 0.2 mile), Coal Creek (upstream 0.2 mile),
Falls Creek (upstream 0.8 mile), and several smaller unnamed tributaries (USFWS 2004, 2010). Bull trout
and redds have also been recorded in Gallup Creek (upstream 0.9 mile) and in a tributary to Gallup Creek
called Son of Gallup Creek (upstream 0.4 mile) (Huddle 1995; USFWS 2004; WRIA 1 SRP 2005).
Although data are lacking, it is believed that Glacier Creek is likely a very important habitat for bull trout
(Currence, pers. comm., 2020).
In Glacier and Gallup Creek there is no definitive knowledge on whether there are resident char
(Currence, pers. comm., 2020). Bull trout can exhibit both resident and migratory (fluvial, adfluvial,
anadromous) life-history strategies (Kraemer 1994). In WRIA 1, only migratory life-history strategies have
been confirmed, and evidence suggests that any resident native char may be Dolly Varden (WRIA 1 SRP
2005). Dolly Varden are not discussed in detail in this report because they are thought to exist primarily
upstream of anadromous barriers in tributary streams, so the proposed project likely will not directly affect
this species (WRIA 1 SRP 2005). In addition, bull trout and Dolly Varden have identical habitat
requirements (USFS 1995).
There is geographic overlap by bull trout and the early Chinook populations for spawning and rearing,
although bull trout also use smaller tributaries and, in some cases, occupy habitats higher in the
watershed (WRIA 1 SRP 2005). The freshwater environment may be of extra importance for bull trout
because the amount of time they can spend in freshwater is relatively high.
The limiting life stage for bull trout in the project area is likely egg incubation as described in WRIA 1 SRP
(2005) for early Chinook (Section 2.2.1). Similar to Chinook (Section 2.2.1) it is unknown whether juvenile
rearing and adult holding are limiting to the population, however, habitat conditions for these life stages
are degraded in the project area and should be considered in order to support the population.
2.1.3

Winter Steelhead

The ESA Recovery Plan for the Puget Sound Steelhead DPS lists the Nooksack winter run and South
Fork Nooksack River summer run as demographically independent populations within the North
Cascades major population group (NMFS 2019). Although NMFS (2019) does not make this distinction,
Smith (2002) and WRIA 1 SRP (2005) list three winter run steelhead stocks within the Nooksack River
basin: (1) Mainstem/North Fork River stock, (2) Middle Fork Nooksack River stock, and (3) South Fork
Nooksack River stock. The Nooksack winter steelhead stock has been documented as spawning in the
region of the project in the North Fork Nooksack River, Glacier Creek, and Gallup Creek (Smith 2002;
WRIA 1 SRP 2005; WDFW 2018). Critical habitat for the winter steelhead stock is present in the project
area (NOAA 2020b). This stock is of native origin with wild production.
Steelhead, which have the most complex life history patterns of any Pacific salmonid, use a variety of
habitats throughout the North Fork Nooksack River basin (NMFS 2019). Winter steelhead adults begin
river entry in a mature reproductive state in December and generally spawn from February through May.
Unlike salmon species but like bull trout, steelhead are capable of repeat spawning in successive years,
and they can have a resident life-history form (see Section 2.2.6) that is capable of producing
anadromous offspring and interbreeding with anadromous life forms. Adult steelhead also have a leaping
ability that exceeds salmon, allowing them to migrate farther into the upper reaches of streams. The exact
anadromous barrier is undetermined in Glacier and Gallup Creek, although in Glacier Creek it is thought
to be between RM 3.5 and 5.6 well above the project area (Currence, pers. comm., 2020).
Juvenile steelhead can either migrate to sea or remain in freshwater as rainbow or redband trout. In
Washington State, those that are anadromous usually spend 1 to 4 years in freshwater with the greatest
proportion spending 2 years (Busby et al. 1996). Because of the life history diversity that often requires

2-6 Salmonid Species Life History in the Project Area

Cardno

January 2021, Final

Fish Habitat Report
Glacier-Gallup Creeks Alluvial Fan Restoration Project

years in freshwater, steelhead rely heavily on the freshwater habitat and are present in streams all year
long (NMFS 2019 and Quinn 2018).
The limiting life stage for winter steelhead in the project area is likely egg incubation as described in
WRIA 1 SRP (2005) for early Chinook (Section 2.2.1). Similar to Chinook (Section 2.2.1) it is unknown
whether juvenile rearing and adult holding are limiting to the population, however, habitat conditions for
these life stages are degraded in the project area and should be considered in order to support the
population.

2.2

Additional Species of Interest

Additional species of interest in the project area include chum salmon, pink salmon, coho salmon, coastal
cutthroat trout, riverine sockeye salmon, and resident rainbow trout. These species are less of a
conservation concern than the early Chinook salmon, bull trout, and winter steelhead and are not listed on
the ESA. The limiting life stage for these species in the project area is likely egg incubation as described
in WRIA 1 SRP (2005) for early Chinook (Section 2.1.1). Similar to Chinook (Section 2.1.1) it is unknown
whether juvenile rearing and adult holding are limiting to these populations, however, habitat conditions
for these life stages are degraded in the project area and should be considered in order to support these
populations.
2.2.1

Fall Chum Salmon

WRIA 1 SRP (2005) lists a North Fork Nooksack fall chum stock in the project area. Genetic evidence
shows the North Fork Nooksack chum salmon to be distinct from all other chum salmon stocks that have
been examined, including the Mainstem/South fork Nooksack fall chum stock. This stock is thought to be
of native origin. However, limited hatchery production has occurred at the WDFW Kendall Creek Hatchery
downstream of the project and some hatchery releases of chum salmon from Grays Harbor and Hood
Canal have occurred (USFS 1995).
North Fork Nooksack fall chum adults enter the river in late October through November, and they spawn
in November and December. Chum salmon fry emerge from the nests in March and April and quickly outmigrate to the estuary for rearing (Smith 2002). WDFW (2018) documents the presence of the North Fork
Nooksack fall chum salmon in the North Fork Nooksack River and in Gallup Creek below the SR 542
bridge. They spawn almost to the anadromous barrier at Nooksack Falls in the North Fork Nooksack
River upstream from Glacier and Gallup Creeks.
The limiting life stages in the area have not been developed because this stock had been considered
healthy until recently based on trends in spawner escapement (USFS 1995). The limiting life stages for
pink salmon are likely similar to those described for the early Chinook salmon (Section 2.1.1) including
the presence of stable sediment conditions for successful spawning and egg incubation. In particular,
lower gradient stream reaches such as stable North Fork side channels may be of importance.
2.2.2

Pink Salmon

WRIA 1 SRP (2005) documents a South Fork Nooksack pink salmon stock and a North Fork/Middle Fork
Nooksack pink salmon stock as occurring in the project area but not listed on the ESA. WDFW (2018)
documents spawning in the North Fork Nooksack River, Glacier Creek, Thompson Creek, and Gallup
Creek. North Fork/ Middle Fork Nooksack pink salmon, like the North Fork Nooksack fall chum, are some
of the few WRIA 1 stocks that are assessed as healthy (WRIA 1 SRP 2005). The North Fork/ Middle Fork
Nooksack stock is an odd-year spawner and is from wild production. Pink salmon are within essential fish
habitat of the pacific salmon fishery management plan pursuant to the Magnuson-Stevens Fishery
Conservation and Management Act (NOAA 2020c).
According to WDFW spawner surveys, the highest pink salmon escapements in the watershed have
consistently been found in Thompson Creek. The high value of Thompson Creek elevates the value of the
Glacier Creek subbasin. Thompson Creek has been recommended for use as a reference site because of
its good habitat conditions for pink salmon (Smith 2002).
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Pink salmon live for 2 years in salt water before migrating back to their natal stream to spawn. Adults
enter the river in mid-July through mid-September, and they spawn during late August to late September
(USFS 1995). Pink salmon fry emerge from redds around March and quickly migrate downstream within a
month into the saltwater environment.
Because pink salmon, much like chum salmon, migrate immediately into estuary/saltwater habitats upon
emergence, the freshwater habitats are less utilized by juveniles than for other salmonids. The limiting life
stages for pink salmon are likely similar to those described for the early Chinook salmon (Section 2.1.1)
including the presence of stable sediment conditions for spawning and egg incubation.
2.2.3

Coho Salmon

Nehlsen et al. (1991) states that native Nooksack River coho salmon were considered to be potentially
extinct from overharvest and stocking of large numbers of hatchery coho salmon for many decades. Coho
salmon in the North Fork Nooksack River basin are within the Puget Sound/Strait of Georgia ESU, and
although this stock is not listed under the ESA, it was designated as a species of concern in 2004 (Ford
2011). Smith (2002) only lists a single Nooksack River coho salmon stock, but lists its status as unknown.
The Puget Sound/Strait of Georgia coho salmon ESU has not been formally evaluated since 1995 (i.e.,
Weitkamp et al. 1995), but more recent information is available for coho salmon within the ESU.
Specifically, Small (2003) presents strong evidence that wild-spawning coho salmon, which are
genetically distinct from hatchery coho salmon, are present in the upper North Fork Nooksack River
upstream of river mile (RM) 48. This evidence suggests that natural origin, wild-spawning coho salmon
may be using the upper North Fork Nooksack River, including the project area, and Glacier and Gallup
Creeks (WRIA 1 SRP 2005). Coho salmon are also within essential fish habitat of the pacific salmon
fishery management plan pursuant to the Magnuson-Stevens Fishery Conservation and Management Act
(NOAA 2020c).
Coho salmon have been documented rearing in the North Fork Nooksack River, rearing in Glacier Creek,
and spawning in Gallup Creek (WDFW 2018). In April 2015, local fish biologists also observed juvenile
coho salmon rearing in a scour pool within Little Creek at the confluence with Glacier Creek.
The onset of coho salmon spawning is tied to the first significant fall freshet. Coho begin their spawning
migration as 3-year-olds, and in the North Fork Nooksack River basin, they enter the river mid-September
through early November and spawn late October thru mid-January (USFS 1995). Once juveniles emerge
from the gravel, they remain in the freshwater environment for a full year before out-migrating to the
ocean or estuary environment, usually around May. Juvenile coho salmon use deep pool and LWD
habitats for rearing (Smith 2002).
Limiting life stages for the wild-spawning, native Upper North Fork Nooksack coho have not been
determined. WRIA 1 SRP (2005) states that overfishing, interactions with stocked hatchery fish, and
habitat damage are believed to be the factors influencing the decline of the coho population in WRIA 1.
Smith (2002) notes that spawning typically occurs in tributaries, and just as for other salmonids in the
area, unstable sediments and sediment deposition can destroy or suffocate salmon redds; therefore, the
limiting life stages for coho salmon are likely similar to those described for the early Chinook salmon
(Section 2.1.1), including the need for stable sediment conditions for spawning and egg incubation.
2.2.4

Coastal Cutthroat Trout

Blakley et al. (2000) identifies Nooksack River coastal cutthroat trout as a distinct stock complex within
the North Sound region based on the geographic distribution of their spawning areas. All four life history
forms—anadromous, fluvial, adfluvial and resident—are present in the Nooksack River basin.
Anadromous cutthroat trout occur up to Nooksack Falls on the North Fork Nooksack River and in the
project area (Smith 2002). Blakley et al. (2000) show their distribution on the North Fork Nooksack River
and in Glacier Creek. WDFW (2018) does not have distribution information for coastal cutthroat trout.
The anadromous life history form of the coastal cutthroat trout enters the Nooksack River basin from salt
water beginning in August and extending through October (Blakley et al. 2000). Spawning by anadromous
fish takes place from January through April. Anadromous cutthroat trout in the Nooksack River are native
in origin, and production is wild with no hatchery influence. However, resident fish are of mixed native and
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non-native origin, as hatcheries have historically released cutthroat trout in some of the lakes in the
watershed (Blakley et al. 2000).
WRIA 1 SRP (2005) indicates the status of Nooksack River coastal cutthroat trout stock is unknown.
Furthermore, it is not known what life stages are limiting for coastal cutthroat trout in the Nooksack River
basin and project area. Like other salmonids, the limiting life stages for coastal cutthroat trout are likely
similar to those described for the early Chinook salmon (Section 2.1.1), including the need for stable
sediment conditions for spawning and egg incubation.
2.2.5

Riverine Sockeye Salmon

WDFW (2018) documents riverine sockeye salmon as spawning in the region of the project in the North
Fork Nooksack River and present in Glacier Creek. Gustafson and Winans (1999) noted that small
numbers of riverine sockeye salmon have been consistently documented in the North and South Fork
Nooksack Rivers for decades and state that the Nooksack River (along with the Skagit River) drainage
has the most persistent evidence of river spawning populations in Washington. However, WRIA 1 SRP
(2005) does not list a sockeye stock in the Nooksack River basin although it is listed in the WRIA 1
Salmonid Periodicity Chart (Table 2-1).
It is not known what life stages are limiting for riverine sockeye salmon in this area. Like other salmonids,
the limiting life stages for riverine sockeye salmon are likely similar to those described for the early
Chinook salmon (Section 2.1.1), including the need for stable sediment conditions for spawning and egg
incubation.
2.2.6

Resident Rainbow Trout

Rainbow trout are the resident or non-anadromous form of steelhead. Native rainbow trout are found in
the North Fork Nooksack drainage, and non-native rainbow are cultured at the Whatcom Falls Hatchery
for releases throughout North Puget Sound (Smith 2002). Although it is assumed that the resident life
history is present where steelhead exist in Glacier and Gallup Creeks, there is no definitive evidence that
resident rainbow trout inhabit Glacier or Gallup Creeks. It is also an unknown whether or not a resident
rainbow population exists above the anadromous steelhead population in Glacier or Gallup Creek. This is
partially due to uncertainty of where the total anadromous barriers exist, although in Glacier Creek it is
thought to be between RM 3.5 and 5.6 (Currence, pers. comm., 2020). Although resident rainbow trout
are not listed under the ESA, they are capable of producing anadromous offspring and interbreeding with
anadromous life forms.
It is not known what life stages are limiting for resident rainbow trout in this area. Like other salmonids,
the limiting life stages are likely similar to those described for the early Chinook salmon (Section 2.1.1)
including the need for stable sediment conditions for spawning and egg incubation.
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3

Existing Habitat Conditions

Existing habitat conditions in the project area are described below focusing on factors influencing
salmonid habitat quality in Glacier Creek, Gallup Creek, and the North Fork Nooksack River. Many
sources were used to support or document habitat conditions, including the following primary sources:
•

Reconnaissance-level field work completed by Cardno on June 25, 2019 to assess current stream
and riparian habitat conditions in the project area.

•

Smith (2002) rates various categories of habitat conditions, including riparian condition, channel
stability, gravel quantity and quality, and floodplain condition as good, fair, or poor. Ratings are based
on consolidation of habitat information. For example, factors taken into account for floodplain
condition rating include direct loss of aquatic habitat from human activities (such as filling),
disconnection of main channels from floodplains with dikes, levees, and riparian roads, and impeding
the lateral movement of flood flows with dikes, levees, and riparian roads.

•

WRIA 1 SRP (2005) summarized existing information about additional habitat factors, when
applicable, such as channel stability, high-flow events, habitat diversity, sediment load, and water
temperature.

•

Coe (2001) provides data on LWD recruitment potential, stream shading, and riparian vegetation
characteristics.

•

Gray (2010) provides mesohabitat information (i.e., run, riffle, rapid, or pool), dominant substrate, and
qualitative instream wood in Glacier and Gallup Creeks.

Note that Smith (2002) and WRIA 1 SRP (2005) both summarized existing data sources so they often use
the same data or sources to draw similar conclusions.

3.1

Glacier Creek

The Glacier Creek Watershed is approximately 31.7 square miles in area. It drains the northwest side of
Mount Baker, including several glaciers, and flows into the North Fork Nooksack River at RM 57.6 within
the project area (WRIA 1 SRP 2005; Smith 2002). The Mount Baker-Snoqualmie National Forest
manages almost all of the land within the watershed (Jackson 2013; Smith 2002). Although some of the
watershed is relatively pristine (Jackson 2013), much of the watershed is recovering from past logging.
Additionally, the project area contains the SR 542 bridge, left bank levee, rock groins installed along the
right bank side channel (Figure 3-1), and the Mt. Baker Rim Levee. Glacier Creek is subject to high flows
that are often related to rain-on-snow events (Hyatt 2007). Extensive flooding can also result from shortterm debris dams that form in the upper Glacier Creek watershed (BGC Engineering 2020; Hyatt 2007).
Much of the logging in Glacier Creek has occurred during the past 70 years and has been concentrated
along the western slopes in the watershed below Lookout Creek (a tributary to Falls Creek that meets
Glacier Creek at RM 5.0). No old-growth riparian forest remains in the lower sections of the mainstem
river, including the project area (BGC Engineering 2020), and floodplain areas have been logged and
developed with roads and houses (Smith 2002). The Glacier Creek channel is primarily braided, however,
focusing of the flow along the levee and beneath the existing SR 542 bridge has imposed a mostly singlethread channel extending approximately 1,000 feet both upstream and downstream of the road crossing
(Figure 3-1). Absent this constraint, however, both historical observations and general geomorphic
processes indicate that Glacier Creek would establish a strongly braided to island-braided channel
planform. With bridge confinement, the effective width of the downstream floodplain (in the form of an
alluvial fan) is about 400 feet, but removal of this constriction will almost certainly result in rapid expansion
of this depositional landform to at least twice the present width. Its historical width was approximately
1,000 feet (Heilman et al. 2019). Currently, a right bank side channel exists upstream of SR 542 before it
is funneled westward back to and below the Glacier Creek bridge and partially through a culvert crossing
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SR 542 (Figure 3-1). The current WSDOT proposed bridge design does not span this right bank channel
nor address the culvert, however, preferably the new bridge design will encompass the side channel to
create a larger, more stable side channel in the alluvial fan area and eliminate the need for the culvert.
Smith (2002) rates gravel quantity as good but provided no rating for gravel quality. However, floodplain
disturbance (Smith 2002), lack of LWD (USFS 1995), and high sediment load (Hyatt 2007; WRIA 1 SRP
2005) have contributed to unstable conditions in the alluvial fan area, resulting in a poor rating for channel
stability in lower Glacier Creek, including the project area (Smith 2002). These factors have also
degraded pool habitat (Smith 2002; USFS 1995). Mesohabitat mapping conducted by Gray (2010) shows
riffle and rapid habitat types dominating the entire project area and upper reaches with no pool habitat.
Stream surveys conducted by USFS indicate that Glacier Creek has less than 10 pieces of LWD (i.e., 30inch diameter or greater) per mile (USFS 1995). Gray (2010) also indicates low levels of LWD in the
project area. The mainstem North Fork Nooksack River, Glacier Creek, and other large tributaries have
broad floodplains relative to the active channel width, and LWD is transported relatively quickly out of the
system because of high gradients, low channel complexity, and a relatively low instream retention of
western hemlock and Pacific silver fir (i.e., the dominant instream wood present) (USFS 1995).
Glacier Creek generally has sparse riparian cover and stream shading because of its braided pattern and
wide floodplain separating the forest stands from the wetted channel (USFS 1995). Figure 3-2 displays
stream shading in the project area. Strips of alders of various ages are present sporadically along the
channel banks and on floodplain islands, corresponding to the various shifting channels. Riparian
vegetation characteristics from Coe (2001) are displayed for the project area in Figure 3-3. The potential
for LWD recruitment can increase due to side channels because of increased edge habitat, and mature
side channels (i.e., stable with larger floodplain trees and stands) can be sources of LWD recruitment.
However, higher LWD recruitment in side channels can contribute to the highly unstable channel because
fallen logs can easily deflect flow and cause new channels to form. A few stable log jams are located on
the main channel (Jackson 2013). Because the high LWD recruitment potential is predominant along
Glacier Creek (Coe 2001), Smith (2002) assigns a rating of good for Glacier Creek’s riparian condition.
2
However, road systems in the Glacier Creek watershed (1.83 miles of road/ mile ) likely have and
continue to limit LWD recruitment (WRIA 1 SRP 2005). The majority of this road mileage is outside the
project area, but roads can cut off the riparian area from the river and limit processes that carry wood into
the river. In the project area, LWD recruitment potential along the left bank levee was given a moderate
rating and so has the potential to improve within the project area. Although this information is somewhat
outdated, field observations made by Cardno staff in June 2019 support the information. Figure 3-4
displays LWD recruitment potential in the project area.
Glacier Creek is a dynamic, braided channel that has been formed and supported by abundant sediment
delivery and episodic high-discharge events. Boulders are the dominant substrate with sand deposits in
interstitial spaces (Gray 2010). Pebble count data at four sites (2 below bridge and 2 above bridge)
partially conducted and summarized by BGC Engineering (2020) showed a D50 ranging from 29 mm to
169 mm. Results showed much finer sediment sizes directly above the bridge (D50 = 29 mm) which likely
reflects the backwater effect of the SR 542 bridge. Watts (1997) indicates that Glacier Creek is a major
sediment producer in the North Fork River basin, and Smith (2002) notes that 76% of its reaches are
sediment source reaches. Prior studies summarized by Heilman et al. (2019) indicate that a wide range of
sediment sizes, up to and likely exceeding boulders 3 feet in diameter, are mobilized during even
relatively common floods. The project area is predominately depositional with steep, but declining,
channel gradients in the downstream direction. Melting glaciers associated with climate change will likely
continue to affect basin sediment yields in the future (Smith 2002).
Glacier Creek has many tributaries upstream of the project area, and they are thought to be productive for
salmonids. Thompson Creek is the best example, it is a low gradient and none glacier fed tributary to
Glacier Creek providing the most important known spawning habitat for pink salmon, bull trout, and early
Chinook in the Nooksack River basin (Currence, pers. comm., 2020 and Gilman, pers. Comm., 2020),
and is likely important for other salmonids including winter steelhead and coho salmon. Smith (2002) also
states that Thompson Creek has high-quality gravels, riparian habitat, and water quality along with high
channel stability. Coe (2001) also found high stream shading (40 to 70% in lower and >70% in upper
Thompson Creek) and high LWD recruitment potential.
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Notes:

Contour lines are at 5-foot intervals, drawn from the LiDAR-based digital elevation model. The right bank
side channel of Glacier Creek was added in based on the Cardno site visit and imagery from Jackson (2013)
and (USGS 2020a).

Figure 3-1
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Source: Developed using data from Coe (2001)

Figure 3-2
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Source: Developed using data from Coe (2001)

Figure 3-3
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Source: Developed using data from Coe (2001)

Figure 3-4

Large Woody Debris Recruitment Potential in the Focused Restoration Area
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Although channel instability is the key proximate habitat issue for salmonids in Glacier Creek, known
habitat issues as determined by literature sources and verified by Cardno staff observations in June 2019
include the following:
•

Bridge, levees, gravel berms, and rock groins limiting natural stream processes;

•

Poor rating for floodplain conditions in the lower reach (Smith 2002);

•

Channel instability (USFS 1995; Smith 2002; WRIA 1 SRP 2005);

•

Low levels of instream LWD (USFS 1995);

•

Complete lack of pool habitat in the project area (Gray 2010; USFS 1995; Smith 2002);

•

High flow events (WRIA 1 SRP 2005);

•

Low habitat diversity (WRIA 1 SRP 2005);

•

High sediment load (Hyatt 2007; WRIA 1 SRP 2005); and

•

Moderate rating for LWD recruitment potential along the left bank levee (Coe 2001).

3.2

Gallup Creek

Gallup Creek, which has an approximate watershed area of 2.5 square miles, is a steep mountain
tributary with elevations ranging from 5,040 feet above mean sea level (amsl) at its headwaters to
850 feet amsl at its confluence with the North Fork Nooksack River at RM 57.4 (Smith 2002). The
watershed is fed by rain and snowmelt, but not glacier melt (Smith 2002). Gallup Creek is crossed by a
forestry road, the Coal Mine Road bridge, and the SR 542 bridge in the project area. During high flood
events, floodwaters from Gallup Creek and Glacier Creek have periodically merged below the Coal Mine
Road Bridge (elevation 915 feet amsl). The Glacier Creek Left Bank Levee above SR 542 currently
prevents merging of the two streams during most flood events (BGC Engineering 2020).
Gallup Creek has a largely planar stream bed with very little LWD, and it lacks habitat complexity or
diversity (Smith 2002; USFS 1995; Gray 2010). Cardno staff confirmed these characteristics in Gallup
Creek during the June 2019 field visit. The dominant substrates are cobble and boulders (Gray 2010).
Logging, historical salvage of wood, and other anthropogenic factors have played a part in the condition
of Gallup Creek (USFS 1995). Below SR 542, an unnaturally straight Gallup Creek channel flows directly
to the north for 1,500 feet before discharging into the North Fork Nooksack River (BGC Engineering
2020). This reach has an average channel gradient of 2.5%, and discontinuous push-up gravel berms are
located on both banks for much of its length. Immediately below the SR 542 bridge, portions of the bank
have also been reinforced with riprap (BGC Engineering 2020). Gray’s (2010) mesohabitat mapping
shows a single small pool below the SR 542 bridge. Riffle and rapid habitat types dominate the rest of
Gallup Creek within the project area. Smith (2002) rates the Gallup Creek floodplain condition as poor.
Channel changes resulting from aggradation are evident. The channel stability in the watershed is rated
poor; the quantity of spawning gravels is rated poor, and the quality of spawning gravels is rated fair
(Smith 2002; USFS 1995). Landslides associated with high road density occur in the Gallup Creek
watershed. Gallup Creek contains 5% of the Nooksack River basin’s landslides that deliver sediment to
streams (Watts 1997). Sources show that this high sediment load is transported downstream, causing
aggradation and channel instability much like Glacier Creek (Watts 1997; Smith 2002; Hyatt 2007). More
recently, Cardno staff and BGC Engineering (2020) did not observe aggradation or bank erosion below
the SR 542 bridge although it is still occurring upstream of the bridge. The past and current unstable
channel conditions have likely negatively affected riparian vegetation, and sediment aggradation and a
lack of instream LWD have likely led to the low number of pools in Gallup Creek (Smith 2002). Coe (2001)
indicates that the LWD recruitment potential is high along the upper tributaries in the Gallup Creek
watershed; however, moderate LWD recruitment potential is found in Gallup Creek in the project area
(Figure 3-4). Smith (2002) rated riparian conditions in the upper Gallup Creek as good and the conditions
in the project area as poor. Because of the smaller stream width, the stream shading in the project area is
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>90% (see Figure 3-2). Vegetation characteristics along Gallup Creek were found to be dominated by
hardwood species (Coe 2001) (Figure 3-3). This is consistent with observations in the field made by
Cardno staff in June 2019.
Unlike Glacier Creek, the Gallup Creek watershed does not contain glaciers, so lower flows and higher
water temperatures can be observed in late summer. Gallup Creek is on the 303(d) List for warm water
temperatures (DOE 2000), and water temperatures as high as 21°C have been recorded in Gallup Creek
(USFS 1995). These temperature levels are known to impede the growth of salmon and are lethal to bull
trout (Bell 1986; Knowles and Gumtow 1996).
Known habitat issues in Gallup Creek as determined by literature sources and verified by Cardno staff
observations in June 2019 include the following:
•

Bridge, levees, and gravel berms limiting natural stream processes;

•

Poor rating for floodplain conditions in the project area (Smith 2002);

•

Poor rating for the quantity of spawning gravels (Smith 2002);

•

Fair rating for the quality of spawning gravel (Smith 2002);

•

High sediment load (Hyatt 2007; WRIA 1 SRP 2005);

•

Channel Instability (Smith 2002);

•

Low levels of instream LWD (USFS 1995; Gray 2010);

•

Lack of pool habitat in project area, except for the single pool in Gallup Creek below SR 542 bridge
(Gray 2010; USFS 1995; Smith 2002);

•

Moderate rating for LWD recruitment potential in the project area (Coe 2001);

•

Poor rating for riparian habitat in lower Gallup Creek (Smith 2002); and

•

Low flows and high water temperatures during the late summer in lower Gallup Creek (DOE 2000;
Smith 2002).

3.3

North Fork Nooksack near Project Area

The North Fork Nooksack River originates from four large glaciers, several small glaciers, and snowfields
(Smith 2002). The terrain surrounding the project area includes steep hillsides that transition into steep
mountain slopes farther upstream. At RM 65, Nooksack Falls, a 100-foot waterfall located approximately
7 miles upstream from the project area, is the upstream limit for anadromous salmonid distribution
(Smith 2002).
Like Glacier Creek, the North Fork Nooksack River has a narrow active channel width relative to its broad
floodplains. Although LWD is often flushed quickly out of the system, a large LWD jam is currently
situated on the left bank (upstream side) of the confluence with Glacier Creek and the river. This jam has
created a left bank side channel that appears to flow for much of the dry season, and young riparian
vegetation is taking hold on the island between the mainstem river and side channel. Gallup Creek flows
into a seasonally dry, left bank side channel of the North Fork Nooksack River just downstream of the
Glacier Creek confluence. Riparian vegetation is also becoming established on the island formed by this
side channel. Riparian conditions in the project area are rated as good; however, floodplain conditions are
rated as poor (Smith 2002). Smith (2002) rates quality of spawning gravel as fair but provides no rating for
gravel quantity or channel stability. However, like in Glacier Creek, WRIA 1 SRP (2005) identifies channel
stability and a high sediment load as habitat issues limiting salmon.
Riparian vegetation is a mixed hardwood and conifer dense forest with medium-sized trees in the project
area (Figure 3-3). Stream shading is 40 to 70% on the right bank and 20 to 40% on the left bank where
Glacier Creek and Gallup Creek flow into the North Fork Nooksack River (Figure 3-2). LWD recruitment
potential is high in the project area (Figure 3-4).
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Summary statistics were obtained by USGS (2020b) based on a temperature gauge located at RM 63.2
upstream from Glacier Creek near Cascade Creek on the North Fork Nooksack River. This data reports
average annual temperatures of 5.4°C from 2008 through 2020 water years. The maximum daily mean
temperature observed during the same time period was 12.3°C seen in late summer. Smith (2002) rates
water quality as good for the North Fork Nooksack River in the project area; however, downstream of the
project area higher temperatures can become an issue (i.e., below Canyon Creek).
Known habitat issues in the North Fork Nooksack River near the project area as determined by literature
sources and verified by Cardno staff observations in June 2019 include the following:
•

Channel instability (WRIA 1 SRP 2005);

•

Low habitat diversity (WRIA 1 SRP 2005);

•

High sediment load (Hyatt 2007; WRIA 1 SRP 2005);

•

Lack of pool habitat likely partially due to lack of LWD accumulation (USFS 1995; Smith 2002);

•

Fair rating for quality of spawning gravels (Smith 2002); and

•

Poor rating for floodplain conditions (Smith 2002).
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4

Factors Influencing Habitat Quality and
Management Objectives

This section links the life stages that limit salmonid production to known habitat conditions in Glacier
Creek, Gallup Creek, and the North Fork Nooksack River to guide development of restoration actions that
will improve fish habitat in the project area.
Survival from eggs to alevin (i.e., egg incubation) is the primary life stage that limits production for
salmonids in the project area (See Section 2). Although it is unknown whether juvenile rearing and adult
holding are limiting to the population, habitat conditions for these life stages are degraded in the project
area and should be considered in order to support the population.
The primary habitat degradation factors, identified in Section 3, that may limit the success of one or more
salmonid life stage in the project area include:
•

Channel instability (associated with high sediment load);

•

Bridge, levees, gravel berms, and rock groins that limit natural stream processes that form and
maintain habitat;

•

Lack of habitat diversity;

•

Lack of side-channel habitat;

•

Lack of functional instream LWD;

•

Lack of stable slow water (i.e., lack of pool habitat); and

•

High water temperatures (Gallup Creek).

Figure 4-1 identifies recommended restoration strategies within the project area based on known habitat
limitations in the project area affecting salmonid populations. Table 4-1 identifies restoration objectives
and strategies by location within the project area and associated salmonid life stage benefits. General
factors limiting habitat among species are fairly uniform (see Section 2); however, factors for different life
stages are more distinct. For this reason, Table 4-1 focuses on the life stage effects that can apply
broadly to all salmonid stocks listed in the report and also identifies the stocks and life stages that may
benefit the most. Species-specific life history differences can influence the importance of different life
stage effects. For example, habitat changes that benefit juvenile rearing are likely more beneficial to early
Chinook salmon, bull trout, and winter steelhead as compared to pink salmon or fall chum salmon stocks
due to time spent rearing in the freshwater environment.
The Habitat Indicators, Methods, and Guidance Matrix (WRIA 1 SRST, 3/11/2019) used to guide project
development for the WRIA 1 2020 Salmon Recovery Funding Board grant process was used to identify
habitat indicators applicable to the site. Habitat metrics are proposed below to help evaluate restoration
strategies. Additional work will be necessary once specific project alternatives are defined to quantify
relevant habitat indicators (i.e., propose metrics) under existing conditions and future restored conditions.
The proposed habitat indictors and proposed metrics include those listed below. It is anticipated that work
by a “fish focus group” of local biologists, geomorphologists, and others will use this list as a starting point
and may refine the list or metric as specific project alternatives are developed:
•

Number of pools;

•

Number of deep (>1 meter residual pool depth) primary pools formed;

•

Area of wood engaged at low flow;

•

Total number of log jams/structures installed;
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•

Total number of stable log jams;

•

Wetted length of side channels available during spawning flows;

•

Wetted length of side channels available during rearing flows;

•

Area of floodplain reconnected at 2-year flow;

•

Area of floodplain reconnected at 100-year flow;

•

Area in and within the site potential buffer that is vegetated and on a trajectory to properly
functioning conditions;

•

Edge habitat length by type;

•

Length of channels and/or area of waterbody reconnected by type;

•

Length of shoreline armor removed or setback;

•

Area of floodplain reconnected by armor setback or removal;

•

Chinook spawning area

As described in Section 3, channel instability associated with high sediment load and riparian degradation
is the most dominant factor influencing habitat quality and quantity in the project area. Productivity of egg
incubation and spawning life stages tend to be most limited, but juvenile rearing and adult holding life
stages should also be considered. As described in Sections 2 and 3, addressing the current SR 542
bridge design will provide the greatest opportunity for improving physical stream processes and biological
functions in Glacier and Gallup Creeks. Overall, the recommended restoration strategies will restore the
ability of the system to create and sustain diverse habitats and generally support increased life history
diversity (Waples et al. 2009), which has been linked to increased population resiliency (Greene et al.
2010; Schindler et al. 2010).
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Upstream restoration strategy for Glacier Creek Mt. Baker Rim Levee is
to integrate LWD into the levee to break up the channelized flow along
the levee wall (location identified in Figure 1-2 within Project Area).

Note:

See Figure 1-2 for the boundary of the focused restoration area displayed in this map within the project area.

Figure 4-1
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Table 4-1

Project Area Restoration Objectives, Strategies, and Life Stage Benefits by Location

Location
Description

Glacier Creek below
and above SR 542
Bridge

Location
a
Number

Project Area Objectives/Strategies
Objective: Promote natural stream processes in Glacier Creek
downstream and upstream of the SR 542 bridge to:
 Increase channel stability
 Increase levels of instream LWD
 Increase LWD recruitment potential along the left bank (where
levee is currently located).
 Increase pool habitat units (none currently mapped)
 Increase low water velocity habitats
 Increase floodplain condition
 Increase side channel development
 Increase the age of the floodplain forest
 Help dissipate energy during high-flow events
 Increase habitat diversity
 Allow for potential channel avulsions into Gallup Creek during highflow events

1, 2, and 3

Life Stage Benefits






Higher quantity and quality of stable habitat
for spawning, egg development, and intragravel rearing
Increased habitat diversity and complex
stable slow-water habitat for juvenile
rearing
Increased complex slow-water habitat for
adult holding

Strategy 1: Replace the current SR 542 Glacier Creek bridge to create
a single bridge that spans the majority of the active floodplains of both
Glacier Creek and Gallup Creek. Ideally the new bridge design will be
long enough to span the right bank side channel of Glacier Creek.
However, the current WSDOT Glacier bridge replacement proposal
includes an 880-foot-long Glacier Creek bridge that when combined
with the existing 115-foot-long Gallup Creek bridge creates a total
bridge span of 995 feet that will not encompass the right bank side
channel.
Strategy 2: Remove and plant the Glacier Creek left bank levee to
restore natural processes and allow for reoccupation of the Glacier
Creek floodplain currently occupied by Gallup Creek.
Strategy 3: Remove rock groins along right bank side channel near
Glacier Public Service Center.
Strategy 4: Add instream LWD to the main stem of Glacier Creek and
plant a native riparian forest and shrub mix where left bank levee is
removed

Glacier Creek Mt.
Baker Rim Levee

--

Objective: Reduce the effects of the Mt. Baker Rim Levee on Glacier
Creek stream processes and fish populations
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Location
Description

Location
a
Number

(location identified in
Figure 1-2 within
Project Area)

Gallup Creek below
SR 542 Bridge

4

Project Area Objectives/Strategies

Life Stage Benefits

Strategy: Integrate LWD into the Mt. Baker Rim Levee to break up the
channelized flow along the levee wall



Increased complex slow-water habitat for
adult holding

Objective: Restore natural stream processes and a natural stream
channel in Gallup Creek downstream of the SR 542 bridge to:
 Increase channel stability
 Increase instream habitat diversity and complexity
 Increase pool habitat units (currently only a single mapped pool
downstream of bridge)
 Promote robust and more diverse riparian habitat and higher future
LWD recruitment potential
 Restore natural stream processes and structure to help alleviate
observed low stream flows and high water temperatures in late
summer
 Restore natural stream processes and structure to promote gravel
accumulation and increased spawning habitat availability
 Increase levels of instream LWD
 Allow for potential Glacier Creek channel avulsions into Gallup
Creek during high-flow events (see Strategy 2 for location numbers
1, 2, and 3).



Higher quantity and quality of stable habitat
for spawning, egg development, and intragravel rearing
Increased habitat diversity and complex
slow-water habitat for juvenile rearing.
Stable, low-velocity, side-channel habitat
for adult holding
Lower water temperatures for all life stages
present in late summer, a particular benefit
to ESA-listed bull trout (limited temperature
tolerance) and early Chinook salmon (late
summer spawning)





Strategy 1: Remove push-up gravel berms located on both banks
Strategy 2: Re-meander the streambed and route Gallup Creek into a
stable North Fork Nooksack River side channel
Strategy 3: Add instream LWD
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Location
Description

Gallup Creek above
SR 542 Bridge

Location
a
Number

5

Project Area Objectives/Strategies
Objective: Restore natural stream processes in Gallup Creek
upstream of the SR 542 bridge to:
 Increase channel stability
 Increase instream habitat diversity and complexity
 Increase pool habitat units (none currently mapped)
 Restore natural stream processes and structure to help alleviate
observed low stream flows and high water temperatures in late
summer
 Restore natural stream processes and structure to promote gravel
accumulation
 Increase levels of instream LWD
 Allow for potential Glacier Creek channel avulsions into Gallup
Creek during high-flow events (see Strategy 2 for location numbers
1, 2, and 3).

Life Stage Benefits






Higher quantity and quality of stable habitat
for spawning, egg development, and intragravel rearing
Increased habitat diversity and slow-water
habitat for juvenile rearing
Stable, low-velocity, side-channel habitat
for adult holding
Lower water temperatures for all life stages
present in late summer, a particular benefit
to ESA-listed bull trout (limited temperature
tolerance) and early Chinook salmon (late
summer spawning).

Strategy: Add instream LWD

North Fork
Nooksack River Left
Bank Side Channel
and Floodplain at
Gallup Creek
Confluence

6

Objective: Stabilize the North Fork Nooksack River left bank side
channel at the Gallup Creek confluence area to:
 Increase channel stability
 Increase the age of the floodplain forest
 Increase habitat diversity and side-channel habitat
 Increase low water velocity habitat





Stable confluence/side-channel habitat for
productive spawning and egg
development.
Stable, low-velocity, side-channel habitat
for juvenile rearing and adult holding.

Strategy: Addition of LWD to promote side channel stability.

Notes: ESA – Endangered Species Act; LWD – large woody debris
a
Location numbers correspond to restoration strategy locations in Figure 4-1.
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5

Conclusions

This report provides a summary of salmonid species of interest, the existing fish habitat conditions, and
factors influencing salmonid habitat quality in the project area. In addition, it provides restoration
objectives, strategies, and metrics within the project area to improve fish habitats along the alluvial fans of
Glacier and Gallup Creeks within the context of salmonid recovery planning in WRIA 1.
The broad restoration strategies and habitat metrics outlined in this report are a starting point for further
development of more specific habitat restoration actions for this project moving forward. Strategies will
need to be developed further with input from the WRIA 1 SRST and/or a “fish focus group” as decisions
are made about specific bridge and levee designs. For example, maintaining versus removing the Glacier
Creek left bank levee will influence the particular LWD designs, strategies, locations, and quantity that
would most benefit fish habitat in Glacier Creek. Other factors, such as flood control and community input,
in combination with the recommendations, strategies, and metrics in this report will help guide the
development of conceptual project alternatives.
Next steps include obtaining specifics about the new WSDOT bridge design that will be implemented. In
particular, it is unclear at this time whether or not the bridge will encompass the right bank side channel of
Glacier Creek. This information will dramatically change how/if restoration actions will be implemented in
this area. This report highly recommends that WSDOT implement a bridge design that encompasses the
right bank side channel of Glacier Creek.
The overall goal of this report and the outlined restoration strategies are to provide options and a path
forward for developing restoration actions that will restore the ability of the Glacier and Gallup Creek
alluvial fans to create and sustain diverse habitats and generally support increased salmonid life history
diversity and population viability in the project area.
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