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Executive Summary 
 

This report describes estuarine habitat-forming processes and habitat requirements for 
Pacific salmon juveniles, particularly chinook salmon (Oncorhynchus tshawytscha), and the 
extent to which the Nooksack River supports those needs.  These current habitat values are 
compared to historic conditions to assess changes in habitat distribution, type, and abundance 
through time.  This knowledge can facilitate planning that incorporates the preservation of 
more intact habitats and the restoration of habitat-forming processes in areas that have been 
degraded and disconnected from their historic conditions. 

The Nooksack River delta is one of the fastest developing sedimentary features in the 
Puget Sound basin.  This delta has prograded rapidly into Bellingham Bay during the historic 
period, creating a diverse and productive estuarine environment.  In the earliest part of the 
historic record, the majority of Nooksack River discharge flowed into Lummi Bay to the 
north of the Lummi Peninsula, then an island.  Maps of the estuary in the late 1880s show 
broad wetlands and marshes dissected by numerous tidal and distributary channels draining 
into Lummi Bay, and a relatively young delta forming in Bellingham Bay where the main 
channel and the majority of the river’s flows had recently been rerouted.   

As the river built a new delta into Bellingham Bay, the floodplain draining into 
Lummi Bay was largely converted to agriculture and isolated from the main flow of the 
Nooksack River by levees.  Drainage ditches were excavated through the floodplain to drain 
marshes, and channels were filled to improve farming practices.  By the early 1930s, 
approximately 65% of the Nooksack/Lummi Bay estuarine floodplain had been converted to 
agriculture.  Since then, some of the marginal farmland that has been abandoned is reverting 
to wetlands, and new estuarine habitat is developing along the front of the Bellingham Bay 
delta. 

In the past 150 years, the Nooksack River has recreated much of the habitat diversity 
lost from the Lummi Delta on the other side of the peninsula in Bellingham Bay.  The new 
lower delta has been virtually unmanaged, making it one of the higher quality estuarine 
ecosystems in the Puget Sound.  Actions that preserve the quality of Nooksack Delta habitat 
as it continues to develop should be a priority for salmon recovery.  Restoration of habitat-
forming processes throughout the upper watershed will also provide benefits to estuarine 
habitats.  Opportunities exist on both deltas to restore connectivity to juvenile rearing habitat 
in isolated floodplain channels and sloughs blocked by levees, tide gates, culverts, and 
ditches that would eventually restore tidal processes and salt marsh habitats.  Restoration 
projects on the two deltas and the adjacent nearshore could affect the current land use and 
will require extensive evaluation of potential salmon recovery benefits in comparison to 
project costs and impacts.  Further habitat-specific juvenile monitoring and integration of 
similar information from other estuaries will increase our understanding of how the 
Nooksack estuary and nearshore is used by fish in rearing life stages.  This will allow us to 
evaluate the potential recovery benefits of various restoration options and drive an informed 
feasibility review of potential projects. 

Given the changes in the Nooksack estuary through time, and the decline of ESA- 
listed chinook and other salmon stocks, restoration holds promise for improving the 
abundance, productivity, and diversity of critical rearing and transitional habitat.  Restoration 
can be important in increasing the capacity of the estuary, to provide abundant habitat as 
salmon populations recover. 
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Introduction 
The well-documented decline of the Nooksack River early chinook salmon 
(Oncorhynchus tshawytcha) population has prompted resource managers to analyze 
possible contributing factors. To date, virtually all of the local research on salmon habitat 
has focused on the freshwater life stages, leaving the estuary as a critical data gap in our 
understanding of salmon habitat.  For the purposes of this report, the estuary is defined as 
“an inlet of the sea reaching into a river valley as far as the upper limit of tidal rise, 
usually divisible into three zones: (a) a marine or lower estuary, in free connection with 
the open sea; (b) a middle estuary, subject to strong salt and freshwater mixing; and (c) 
an upper or fluvial estuary, characterized by freshwater but subject to daily tidal action” 
(Fairbridge 1980). In the case of the Nooksack River, the estuary encompasses the lower 
six miles of river channel and floodplain tributaries (Figure 1).  Other areas that have 
exhibited measured salinity dilution by the Nooksack River include parts of Bellingham 
Bay, Lummi Bay, Portage Bay, and Hale Passage.  This report describes historic change 
to the Nooksack estuary and surrounding nearshore and Bellingham Bay sub-estuaries 
that salmon use during their transition between fresh water habitats and those in the 
marine environment.  Each of the three zones represents different opportunities for use by 
anadromous species as they enter and exit the smolt life stage. 
 
The Nooksack River estuary and delta may provide critical functions for out migrating 
juvenile salmon, including rearing, refuge and the opportunity for physiological transition 
as they prepare for their marine life stages.  Juvenile salmon rear in the estuary where 
riverine freshwater mixes with the circulation of seawater introduced by the tidal prism.  
The highest juvenile growth rates for some species of salmon, specifically chinook and 
chum (O. keta), have been recorded in estuaries (Aitkin 1998).  In addition to the food 
and water quality components, shelter resources and refuge from predators and watershed 
disturbance are also significant.  The high turbidity of the Nooksack estuary may protect 
juvenile salmonids from visual predators, before entering the less turbid nearshore and 
marine environment (Simenstad et al. 1982).   
 
In an undisturbed watershed, habitat diversity is greatest in the estuary.  The combination 
of land and ocean nutrients, ample light to promote the growth of aquatic vegetation, and 
the continuous mixing of the system by winds, tides, and river discharge creates 
conditions that give life to some of the richest ecosystems in the world. Estuaries are 
among the most productive natural systems on Earth, producing more food per acre than 
the most productive Midwestern farmland (USDC-NOAA 2002).  About 80 percent of all 
fish and shellfish worldwide use estuaries as primary habitat, or as spawning or nursery 
grounds (GBNEP 1994). It is well known that the estuary ecosystem of a river’s 
watershed is very important to juvenile salmonids seeking to meet energy, growth, and 
survival requirements prior to migration to ocean conditions (Healey 1998, Salo 1998).  
Estuaries play important roles in the life cycles of many other commercially important 
species, including Dungeness crab (Cancer magister), Pacific herring (Clupea harengus 
pallasi), longfin smelt (Spirinchus thaleichthys) and Pacific oyster (Crassostrea gigas).  
While these highly productive estuarine environments are essential to healthy salmon  
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Figure 1. Nooksack River basin location. 
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populations, much of this habitat has been destroyed or severely degraded in the last 150 
years by human development.  
 
As essential human gateways between land and sea, estuaries in the Puget Sound region 
attracted early development because they were flat, relatively unforested lands close to 
the water.  They serve as ports, harbors, shipping lanes, commercial harvest grounds, 
recreational destinations and urban residences.  Human development of estuarine habitat 
has altered nearly 80% of the historic ecosystems within Puget Sound (Bortleson et al. 
1980).  Although early alteration and development involved upland clearing and 
conversion to agriculture, recent alteration includes chemical pollution and industrial 
development along coastlines and the nearshore.  This loss of historic habitat may be 
responsible for the recent decline of many estuarine plant and animal species populations, 
such as eelgrass (Zostera marina) and the Pacific salmon.  Human reliance on these 
productive ecosystems, compounded with poor management, has led to a dramatic loss of 
habitat. 
 
Estuaries provide important direct economic and biological assets to the Pacific 
Northwest.  They provide natural water filtration and flood control.  Water draining from 
the uplands carries sediment and nutrients into the estuary where salt marsh peat and the 
dense mesh of marsh grass blades can filter out much of the sediment and nutrient load.  
This filtration process creates cleaner and clearer water.  Porous salt marsh soils and 
grasses absorb floodwaters and dissipate storm surges.  Salt marsh dominated 
estuaries provide natural buffers between the land and the ocean.  They protect upland 
organisms as well as land held by private and public interests (Lovelace, 2004).  The 
distribution and abundance of the ecosystem services provided by the estuary have been 
shaped through time by both natural human and natural forces. 
 
Several processes that operate on varying timescales have shaped the Nooksack estuary, 
throughout the historic and geologic record.  Among these forces are North Pacific storm 
events, currents, and freshwater discharge.  These disturbances, coupled with the constant 
erosion and the transport of sediment into the estuary, have shaped a dynamic lowland 
floodplain and distinct estuaries within the present-day Lummi Bay and Bellingham Bay 
deltas.  Several pocket estuaries along the nearshore environment of the estuary, at the 
mouths of Squalicum, Whatcom and Padden creeks, have also been reshaped by 
development over the last 150 years. 
 
Marine deposits and archaeological evidence unearthed near the city of present-day 
Ferndale, the upper-most boundary of today’s estuary, suggest an early location of the 
river’s mouth was located there in the late Holocene, forming an estuary that has built 
onto itself to extend outward into Puget Sound (Hutchings 2004).  In historic times, the 
prograding delta reached “Indian Island” (the current Lummi Peninsula) and connected it 
to the mainland. The earliest known historic maps (Galliano and Baldez 1792) describe 
the Nooksack River emptying into Puget Sound through its mainstem to Lummi Bay and 
two small distributary channels to Bellingham Bay.  By the late 1880s, the mainstem 
connected to Puget Sound through Bellingham Bay, with distributary channels 
connecting the river to the sound through Lummi Bay (Gilbert 1887-8).  It is believed 
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that these two scenarios describing the mainstem connection to the sound through either 
Lummi or Bellingham Bay have been alternately played out, utilizing relict channels on 
either side of the floodplain as connectors. 
 
The Bellingham Bay delta has developed dramatically since it became the primary outlet 
for the Nooksack River in 1860 and continues to grow, or prograde, into the bay.  
Because the Nooksack delta is rapidly forming new habitat as it progrades, it is the least 
altered by human activities in the Puget Sound region (Bortleson et al. 1980).  Unlike the 
Nooksack delta, which continues to build new and diverse wetland habitats in 
Bellingham Bay, the process of delta growth and maintenance in Lummi Bay has been 
halted by human development and much of the historic fish habitat has been lost to 
diking and agricultural development.  This habitat loss on the Lummi Bay delta and 
subsequent gain on the Bellingham Bay delta, has spurred interest in how these changes 
have influenced salmon habitat capacity in the Nooksack River. 
 
Nooksack River estuarine habitat recovery and restoration was authorized in 1998 by the 
Lummi Indian Business Council (LIBC) as part of the Nooksack Estuary Recovery 
Project through LIBC Resolution 98-62 (First et al. 2003).  The Seattle District of the 
U.S. Army Corp of Engineers conducted a Section 22 Planning Study in 2000 (U.S. 
Army Corps of Engineers [USACE] 2000a) to develop and evaluate possible restoration 
alternatives for Nooksack River estuary recovery.  This evaluation, though producing 
several restoration project ideas and alternatives, did not profile natural habitat-forming 
processes or provide a general habitat assessment in the study area.  LNR determined that 
a more detailed habitat assessment was needed to understand the linkages between 
historic current and historic conditions and processes and the implications for salmon 
recovery.  Lummi Nation Natural Resources (LNR) recognizes the potential importance 
of estuarine habitat restoration.  In 2002, the Washington State Salmon Recovery 
Funding Board (SRFB) and the Bureau of Indian Affairs (BIA) concurred that more 
detailed research was necessary for in-depth Nooksack River estuary restoration analysis 
and allotted funding this study.   
 
This report describes habitat, both aquatic (channel) and terrestrial (landscape), within the 
estuarine floodplain of the Nooksack River, Whatcom County, Washington.  The report 
will by organized around the nearshore and estuarine habitat conceptual model under 
development by Fresh (in prep, cited from Averill et al. 2004) and follow from Habitat-
forming Processes, through Habitat Classification to Salmon Response.  It will profile 
historical land use changes, current habitat description, water quality data, fish, and 
invertebrate populations. It will also provide restoration options for potential estuarine 
restoration projects.   
 
The goal of the Nooksack Estuary Assessment is to provide a greater understanding of 
estuary habitats and the processes that shape and maintain them, and their implications 
for salmon recovery.  The objectives of this report are: (1) assess habitat quantity and 
quality; (2) detail net change in habitat over time and describe the factors driving these 
changes; (3) to examine juvenile sampling data on current utilization of estuary habitats 
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for potential limiting impacts on salmon, particularly ESA-listed chinook, and (4) to 
review preservation and restoration options and related feasibility factors.  
 
Study Area 
The study area includes the Nooksack River upstream to Ferndale (RM 6) and the 
nearshore environment between Point Whitehorn and Post Point (Figure 2). The 
Nooksack River is located within Whatcom (88 percent) and Skagit (6 percent) counties 
within the United States, and within British Columbia (6 percent), and is the fourth 
largest tributary to Puget Sound.  The Nooksack River Basin drains approximately 2,036 
square kilometers (786 square miles) of land, and consists of two hydrologic provinces:  
the uplands where streams have steep gradients and cut through bedrock, and the 
lowlands where streams have low gradients and cut through glacial and interglacial 
sediments and alluvium (U.S. Geological Survey [USGS] 1969).   
 
In the uplands east of the town of Deming, the Nooksack River has three major forks: 
North, Middle and South.  The North and Middle forks originate from the glaciers and 
snowfields of Mount Baker and are typically turbid with moderate summer flows due to 
glacial melt.  The South Fork drains snow pack from the Twin Sisters Mountain, and 
bears low flow during the summer; its mean annual discharge is 746 cubic feet per 
second (cfs) (near Wickersham, WA; water years 1934 to 1977) (USGS 2001).  Mean 
annual discharge of the North Fork downstream from Cascade Creek is 781 cfs (water 
years 1938 to 2001) (USGS 2001).  The mean annual discharge for the Middle Fork is 
495 cfs (15 water years from 1921 to 2001) (USGS 2001).  The North Fork generally 
experiences peak flows in June and low flows in March, while the South Fork has two 
peaks; frequently in May and December, with low flows in August, resulting in divergent 
flow and water temperature patterns.  Stream flows in each of the forks combine just east 
of Deming, forming the mainstem of the Nooksack River.  Here, the mean annual 
discharge is 3,331 cfs (59 water years from 1936 to 2001) (USGS 2001). 
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Figure 2. Estuary study area. 

 
The mainstem flows from the town of Deming, down through the City of Ferndale 
located at RM 6.  The combined flow from the forks creates a run-off pattern at Ferndale 
with two peaks: the spring snowmelt and fall rain.  River Mile 6 is the uppermost edge of 
the estuary.  At the first distributary off the mainstem, the Lummi River, the floodplain 
splits and drains to two separate deltas, the Lummi Delta and the Nooksack Delta 
(Figures 3 and 4).  This drainage delineation is attributable to the divide created by the 
Lummi Peninsula; the geographic split that routes floodplain drainage around either side 
of it to either delta.  The majority of lowland runoff in the floodplain drains into the 
estuary through various drainage ditches, sloughs, and small channels, most of which 
flow to the Lummi River delta.  
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Figure 3. Nooksack delta channel name designations referenced in the report. 

 

 
Figure 4. Lummi River delta channel name designations referenced in the report. 
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