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Introduction: 
The Lower Nooksack River supports a diversity of salmonid species, including Endangered Species Act 

(ESA) listed Puget Sound Chinook Oncorhynchus tshawytscha, steelhead O. mykiss, and bull trout 

Salvelinus confluentus as well as all other anadromous salmonid species (coho O.kisutch , chum O. keta, 

pink O. gorbuscha, sockeye O. nerka, and cutthroat O. clarkii). Although the timing, duration, and uses 

vary among species, life histories, and life stages, the Lower Mainstem Nooksack River provides 

important rearing, migration, refuge, and spawning habitat for this diverse assemblage of salmonids 

(Appendix A). However, the quantity, quality, and connectivity of habitats within the Lower Mainstem 

Nooksack River have changed substantially relative to historical conditions (Collins and Sheikh 2004; 

Boyd et al. 2019).  

This Lower Mainstem Nooksack River Salmon Habitat Assessment is part of a larger collaborative effort 

to develop an integrated floodplain management plan for the Nooksack River area to restore salmon 

habitat while reducing flood risk and management costs and supporting existing agricultural land uses 

within the floodplain. The primary objective of this habitat assessment was to describe the current and 

historic salmon habitat conditions in the Lower Mainstem Nooksack River study area. To achieve this 

objective, we relied on a combination of field surveys, previously collected habitat information, 

historical habitat reconstructions, and other available information on salmonid habitat use (e.g., 

distributions, timing, and densities).  

Given that the Lower Mainstem Nooksack River integrates rain-dominated and snowmelt-dominated 

watersheds, the annual hydrograph can produce a highly variable, bi-modal flow distribution pattern 

with high flows occurring in November and December, frequent decreases in discharge during January, 

higher flows again during February through July, and summer low flow conditions in August and 

September (USGS gauges 12213100 and 12210700 measure discharge at Ferndale and Cedarville, 

Washington, respectively). Additionally, commonly occurring high flows (ca. 2-year recurrence event) 

can create widespread flooding within the study area. Because of this, it is critical to characterize 

habitats when winter flows create connectivity with refuge habitats for rearing juvenile fish. In addition, 

consistent with rearing needs of fish in the summer low flow conditions, it is critical to understand 

habitat extents and characteristics during that biologically important period for fish. Therefore, this 

assessment considered the seasonality of both river flows and salmon habitat use by describing current 

habitat conditions during both a summer low flow (Ғ1,450 cfs at Ferndale) and winter flow regime 

(Ғ5,000 cfs at Ferndale).  

This assessment also compares current habitat conditions to historical reconstructions (circa 1880s) that 

represent conditions prior to development and conversion of the Lower Mainstem Nooksack RiverΩǎ 

floodplain and delta for agricultural and other purposes. Historical reconstructions rely on a variety of 

data sources and are inherently more generalized and lower resolution than surveys of current 

conditions. However, comparisons of current conditions to a historical condition can provide important 

context that will inform the development of restoration and conservation strategies by identifying the 

degree to which habitat types and quantities have changed over time.  

To inform the analysis and interpretation of current and historical conditions, we compiled data on 

salmonid habitat use and timing by life histories and life stages (e.g., adult and juvenile). This 

information is important for developing recovery and conservation strategies for the study area, as it 
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provides descriptive information on known habitat preferences and uses for nearly all the species and 

life stages of salmonids in the study area. In addition, we conducted an extensive literature review to 

compile juvenile salmonid density data by habitat type and season for all salmon species. These data 

were used to estimate juvenile Chinook salmon capacities by season and habitat type based on 

estimates of current and historical habitat availability. Juvenile Chinook salmon use the full range of 

habitats provided by the Lower Mainstem Nooksack River for rearing, refuge, and migration, and 

Chinook are a primary focal species given their ESA listing status. Salmon recovery and conservation 

strategies, and restoration strategies to support salmon recovery in general, often focus on listed 

species like Puget Sound Chinook. However, it is likely that strategies focused on Chinook salmon will 

benefit multiple salmon species, life histories, and life stages in the Nooksack River (UCSRB 2007), 

including other ESA-listed species that occur within the Nooksack River (e.g., steelhead and bull trout). 

Although we focus our assessment on juvenile Chinook salmon, we recognize that the data collected as 

part of this assessment can be used to evaluate habitat conditions and recovery or conservation 

strategies focused on other salmon species, life histories, or life stages (e.g., adults, spawners, or 

yearlings). 

In this report, we present the methods used for each component of the assessment, current and 

historical habitat estimates, juvenile Chinook salmon rearing capacity estimates for historical and 

current conditions, and a discussion of next steps and applications. We provide both an overview of 

current and historical habitat conditions and capacities at the study area scale, as well as more detailed 

reach-scale results to support the development of reach-scale strategies. This report includes the 

following sections, and all figures, tables, and sections referenced therein are linked in the electronic 

version of this document (in-text links are in bold): 

1. Introduction:  

This section provides an overview of the purpose, objectives, and approaches used in the 

assessment, and an outline of the report structure and what each section covers. 

2. Approach and Methods:  

This section provides an overview of the study area and methods used for the habitat survey, 

historical reconstruction, habitat use and timing tables, and capacity analyses completed as part 

of this assessment. 

3. Results and Discussion:  

This section provides a study area scale summary of current habitat conditions, comparisons to 

historical conditions, and subyearling Chinook rearing capacity. Results are organized by 

mainstem, floodplain, and estuary habitats to provide an overview of conditions and results at 

the study area scale. Summary figures and maps are included in this section while supporting 

tables and figures in Appendices are referenced in the text.   

4. Reach Conditions:  

This section provides more detailed results at the reach scale. Current habitat conditions and 

comparisons to historical conditions are described in more detail. Summary figures and maps 

are included in this section while supporting tables and figures in Appendices are referenced in 

the text. 

5. Next Steps and Applications:  
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This section provides an overview of next steps for the Lower Mainstem Nooksack River Salmon 

Habitat Assessment, and potential applications and limitations for the information presented in 

this assessment.  

6. References:  

This section provides references for all sources cited in this assessment and the appendices 

included in the assessment. 

7. Appendices:  

The appendices included in this assessment provide additional information on (Appendix A) fish 

habitat use, distribution, and periodicity; (Appendix B) current habitat survey methods and 

detailed summary tables, figures, and results; (Appendix C) detailed methods and results for the 

capacity analysis; and (Appendix D) reach strategies synthesis developed from the Lower 

Mainstem Nooksack River Salmon Habitat Assessment and the Geomorphic Assessment. Please 

note that WRIA 1 Salmon Recovery Staff Team members are developing the reach strategy 

synthesis as a separate document and tables and that these will be finalized subsequent to the 

delivery of this final report.  
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Approach and Methods: 

Study Area: 
The Lower Mainstem Nooksack River study area includes the Nooksack River, its floodplain, and 

associated floodplain tributaries, from the South Fork confluence (~RM 36.5) near Deming, downstream 

to Bellingham Bay and Lummi Bay (Figure 1). The study area boundaries were determined by the FEMA 

100-year floodplain for the Nooksack River (2012). This assessment covers all four geomorphic reaches 

and sub-reaches (Figure 2), and reach breaks are consistent with the geomorphic assessment (Boyd et 

al. 2019). These reach breaks are based on dominant geomorphic conditions governing each reach, and 

it is a reasonable hypothesis that both available and potential habitat as well as fish use are naturally 

different among these reaches. National Hydrography Database and Washington Department of Fish 

and Wildlife hydrography extents were used to determine watercourses to survey.  

 

 
Figure 1: Overview of the Lower Mainstem Nooksack River Salmon Habitat Assessment study area within the 
Nooksack River watershed. Watershed boundaries shown are based on the USGS Watershed Boundary Dataset, 
which is a seamless watershed boundary layer with watersheds delineated as Hydrologic Units of increasing size. 
The 10th field Hydrologic Unit Code (HUC10) boundaries of subwatersheds composing the Nooksack River 
watershed are shown.   
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Figure 2: The Lower Mainstem Nooksack River Salmon Habitat Assessment study area and geomorphic reaches considered in this assessment.  
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Habitat Surveys: 
Habitat surveys were completed by Cramer Fish Sciences (CFS) in order to capture summer low flow 
conditions and winter flow conditions. Our goal was to conduct mainstem and floodplain channel 
habitat surveys within the Lower Mainstem Nooksack River study area during typical winter flow 
conditions (ca. 5,000 cfs at Ferndale) and summer flow conditions (ca. 1,450 cfs at Ferndale) (Figure 3). 
Attempts were made to perform these surveys within their respective seasons (Table 1; Figure 3), but 
flow conditions were not conducive to this and thus summer low and winter flows were defined by 
discharge in cubic feet per second (cfs) as recorded at the Cedarville (USGS 12210700) and Ferndale 
(USGS 12213100) gages. Mainstem winter flow surveys were attempted when flows were above 4,000 
cfs at Ferndale, and mainstem summer low flow surveys were performed when flows were below 3,000 
cfs at Ferndale. Some mainstem winter surveys were performed when flows were below 4,000 cfs given 
an unseasonably dry winter and infrequency of flows above 4,000 cfs (Table 1). Winter flow surveys 
below the 4,000 cfs window at Ferndale were performed on lower reaches where braid and side-
channel habitat was limited or absent, and thus the lower flows did not influence overall connectivity of 
secondary channel habitats. 

Full mainstem habitat surveys (mainstem channels, braids, and side channels) were completed for both 
summer low flow conditions and winter flows. For tributary and floodplain habitats, winter surveys were 
performed in mid-late winter after rainfall had recharged the floodplain. Summer low flow floodplain 
surveys were conducted in October prior to fall rains. A full census of floodplain habitats was attempted 
during winter flows where access was permitted. During summer low flows, a subsampling effort was 
completed in order to estimate summer habitat capacity. Summer floodplain habitat estimates from 
validation surveys represent estimates of wetted habitat and do not represent direct measurement of 
connectivity to the mainstem. Methods for estimating summer habitat capacity are described in 
Appendix B.   

 
Figure 3: Monthly flows measured at the Ferndale gage (USGS 12213100) showing mean, maximum, and minimum 
monthly flows for the available period of record (1966-2019).  
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Table 1: Dates and average daily flows from the USGS Cedarville and Ferndale gages of summer low flow and 
winter flow surveys for mainstem and floodplain habitats.  

Survey Type Survey Date 
Cedarville 
Flow (cfs) 

Ferndale Flow 
(cfs) Surveyed Habitats 

Summer low flow  3/5/2018-3/7/2018 1,410-1,520 1,952-2,080 Mainstem 
10/1/2018-10/5/2018 1,501-2,473 1,403-1,948 Floodplain 

Winter flow 3/7/2018-3/13/2018 1,390-4,190 1,952-3,418 Floodplain 
1/23/2019-1/24/2019 3,723-4,593 4,589-4,679 Mainstem 

4/6/2019 3,115 3,350 Mainstem, Floodplain 
4/20/2019 7,606 10,307 Mainstem 

5/13/2019-5/14/2019 2,752-3,175 3,135-3,605 Mainstem 
1/22/2019, 1/25/2019 2,358-2,976 2,499-3,438 Floodplain 

 

The study included all mapped watercourses within the Nooksack 100-year FEMA floodplain (Figure 2). 

Surveys were grouped by mainstem, which incorporated all mainstem channels, braids, and side 

channels, and by floodplain habitats, which included tributaries and floodplain channels. All mainstem 

channels that were connected with surface water flow at the time of the survey were surveyed. 

Floodplain channels were surveyed where accessible. If crews were unable to access a section of 

floodplain channel, the channel was flagged as not surveyed and the reason was given. The lengths of 

floodplain habitat not surveyed were estimated in post processing in GIS using Washington Department 

of Fish and Wildlife (WDFW) regulatory hydrography data (WDFW regulatory layer) based on the 

mapped WDFW water course lengths for the unsurveyed areas and overall proportions of wetted and 

dry channels surveyed (see Appendix B for details).  

Mainstem surveys were completed moving downstream by boat. For each mainstem habitat survey, GPS 

units were used to record tracks of the channel surveyed. Channel type was recorded as mainstem, 

braid, or side channel (Leopold and Wolman 1957). Habitat units were identified as pools (non-

turbulent), riffles (fast-turbulent), or glides (fast non-turbulent) (Bisson et al. 1982; Beechie et al. 2005; 

CHaMP 2016). Pool type (e.g., plunge, scour, dam) and pool-forming feature were recorded for pool 

units (Bisson et al. 1982). Lengths and wetted widths were recorded in meters using a laser rangefinder. 

Subdominant units were recorded as a percentage of the total unit if the subdominant unit was at least 

one wetted width in length. The GPS coordinates of the top and the bottom of each dominant unit were 

recorded. Recorded data outputs are available in Appendix B.  

In each habitat unit, stream shading, dominant riparian vegetation and height class, and edge type were 

visually estimated. Stream shading was recorded as the total percentage of channel wetted area 

covered by riparian vegetation. The dominant riparian vegetation class (e.g., coniferous, deciduous, 

grasses) and an estimate of the height (<3 m, 3-5 m, >5 m) in the area from the wetted edge to 10m 

inland as visible from the channel were recorded. For each riverbank of each unit, the percent of length 

occupied by each edge type at the wetted edge was estimated. Edge types were recorded as bank edge 

(natural or hydro-modified) or bar edge, bar edges were assumed to be naturally formed (Hayman et al. 

1996). Hydro-modified banks were identified as banks where modifications were visually observed, such 

as levees, riprap, placed large woody debris, or pilings (Figure 4). If banks were modified but the 

ƳƻŘƛŦƛŎŀǘƛƻƴ ŎƻǳƭŘ ƴƻǘ ōŜ ƛŘŜƴǘƛŦƛŜŘΣ ǘƘŜȅ ǿŜǊŜ ŎŀǘŜƎƻǊƛȊŜŘ ŀǎ άHydro-modified ǳƴƪƴƻǿƴΦέ  CƻǊ ǊƛǇǊŀǇΣ 

placed large woody debris, and pilings, bank type was recorded given the presence of these features, 
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the quality of the features was not recorded. No banks with placed large woody debris were observed in 

the mainstem although some wood placement has occurred such as at the Everson overflow site. The 

lack of observation may be due to loss of the placed wood, the wood not being visible at the flow rate 

when sampled, or the active channel shifting away from the wood placement such that the habit 

mapping party did not observe the site. The width of slow water was recorded if present for each edge 

type. Slow water area was defined as present when a boundary between the edge type and mid-channel 

was visible as a current shear line. If no slow water was observed, a width of 1-m was applied in the 

analysis.  

  

  
Figure 4: Examples of edge types observed in the Nooksack River mainstem. Top Left: natural bar edge on image 
left and natural bank edge on image right. Top Right: hydro-modified bank edge (riprap) on image right. Bottom 
Left: hydro-modified bank edge (levees) on image left. Bottom Right: hydro-modified bank edge (pilings).  

 

For braids and mainstem channels, large wood jams were recorded if they were composed of three or 

more wood pieces 7.6 m in length by 0.3 m in diameter and were located within 10 m horizontal and 1 

m vertical distance from the wetted channel edge (Leif et al. 2004). For each jam, the length and width 

were recorded as well as the percent of jam that was wetted.   

For mainstem side channels, depths were recorded, where possible, along the thalweg at 25% and 75% 

of the habitat unit length. Dominant and subdominant substrate class was estimated for habitat units 

where possible. Depth and flow often prevented substrate and depth measurements, and no depth or 
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substrate measurements were performed in mainstem or braid channels. Large wood jams were 

recorded in side channels if composed of five or more pieces of wood 1 m in length by 0.1 m in width 

(CHaMP 2016). In addition, the length and width of the jam in meters as well as the percent of jam that 

was wetted were recorded.  

For tributary and floodplain habitats, a full census of habitats was attempted in winter flows but was 

limited by private property and difficulty of survey by vegetation and channel depth. Summer floodplain 

surveys were performed as a subset of winter surveys, and thus were limited to prioritized 

representative channels where access was allowed. Summer floodplain habitat was estimated by 

applying the ratio of wet to dry channel length and area observed in the summer subsampled channels. 

Wetland habitats were not directly surveyed in this assessment and estimates rely on supplemental 

data. The ratio of summer to winter wetland extent from Collins and Sheikh (2004) was used to estimate 

summer wetland habitat assuming the extent of mapped wetlands represent winter extents. Further 

details of how summer floodplain habitat was calculated are found in Appendix B. Surveyed channel 

types were recorded as mapped in the WDFW regulatory network as natural, hydro-modified natural, 

hydro-modified, diked, constructed, or wetland (WDFW regulatory layer). These designations were 

assigned as part of a WDFW habitat survey to designate stream types for agricultural use and were 

based off of SalmonScape, Washington Department of Natural Resources hydrography, and National 

Hydrography Dataset (Joel Ingram, WDFW, personal communication). Channels were labelled as 

tributaries for analysis based on connectivity to the mainstem, regardless of their WDFW regulatory 

classification. Habitat units were recorded using the same methods as described in the mainstem, and 

classified as a glide, pool, riffle, or ponded area unit. Ponded areas were defined as wetted units with no 

apparent flow. Lengths and wetted widths of units were recorded in meters. Depths were recorded at 

25% and 50% of the unit length. Dominant and subdominant substrate was recorded for all units. 

Stream shading and dominant riparian vegetation class were recorded using mainstem methods. Edge 

type was also recorded using mainstem methods for each habitat unit and riverbank. Additionally, for 

each unit and riverbank, bank height was visually estimated as height of terrace above the wetted 

channel (<3 m, 3-5m, and >5m).  

For tributary and floodplain habitats, individual large wood pieces were recorded according to 

Montgomery (2008) classifications (Table 2). All wood pieces encountered larger than 0.1 m in diameter 

by 1 m in length were recorded. The length and width of large wood jams (5+ pieces that were 0.1 m in 

diameter by 1 m in length) were recorded in meters (CHaMP 2016). The percent of the jam that was 

wetted was also recorded.  

Table 2: Individual piece of wood size classifications adapted from Montgomery (2008) used for recording wood in 
floodplain habitats.  

Wood length letter code and classes (meters) Wood diameter numeric code and classes (meters) 

(A) 0 to 1 (1) 0 to 0.1 

(B) 1 to 2 (2) 0.1 to 0.2 

(C) 2 to 4 (3) 0.2 to 2.4 

(D) 4 to 8 (4) 0.4 to 0.8 

(E) 8 to 16 (5) 0.8 to 1.6 

(F) 16 to 32 (6) 1.6 to 3.2 

(G) >32 (7) >3.2 
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Tributary and floodplain surveys were ended when the channel went dry, was too dangerous or difficult 

to survey, or was on private property and permission was not provided. The lengths and areas of 

unsurveyed floodplain habitats were estimated in GIS using survey data and WDFW hydrography. The 

WDFW hydrography was used to extract lengths by channel type not surveyed for each reach. The 

unsurveyed channel area was calculated using the average widths of surveyed units and estimated 

WDFW lengths. The average widths of surveyed floodplain habitat units were calculated at the reach 

and WDFW channel type strata. Areas and lengths of unsurveyed floodplain habitats were summarized 

at the reach and channel type level. Habitat unit type, riparian cover, stream shading, and large wood 

were not estimated for unsurveyed habitat extents, but our surveys covered a wide representation of 

the habitats and given the homogeneity of floodplain habitats are likely representative of unsurveyed 

habitats.  
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Historical Habitat: 
Historical habitat conditions were derived from Collins and Sheikh (2004) reconstructions of habitat circa 

1880, which approximately represent the study area prior to most development and conversion of the 

Lower Nooksack River, floodplain, and delta. These reconstructions cover the full extent of the Lower 

Nooksack Habitat Assessment study area and include estimates of floodplain habitats as well as 

distributaries and tidal wetlands connected to Lummi Bay that were more hydrologically connected 

during that historical period (Figure 5). Although the later reconstructions (after 1933) produced by 

Collins and Sheikh (2004) were based on aerial imagery provide both high and low flow habitat 

estimates, we used the 1880s reconstruction given that substantial development and alteration of the 

study area had already occurred prior to the 1933 and later reconstructions (Collins and Sheikh 2004; 

Boyd et al. 2019). In addition, the later reconstructions did not include floodplain and delta habitat 

estimates that could be used for comparisons to current habitat. However, use of the 1880s 

reconstruction to compare current and historical habitat required several assumptions and estimation of 

several components. The methods and assumptions used to estimate historical habitat for comparisons 

to current habitat and the capacity analysis are described in this section.  

For estuary habitats, reconstructions were based on mapped distributary channel, large channel, and 

tidal wetland habitats in combination with estimated blind tidal channel areas for tidal wetlands. 

Allometric relationships were used to estimate blind tidal channel area from tidal wetland area. These 

estimates of blind tidal channel area were added as reported by Collins and Sheikh (2004) to the channel 

areas for larger channels that were derived from the mapped features produced by Collins and Sheikh 

(2004). Therefore, all maps of the estuary extent and features do not show the estimated blind tidal 

channel areas as these features were not directly mapped. However, estimates of total tidal channel 

area included in the summary tables include these estimated channel areas for the 1880s 

reconstruction.   

Collins and Sheikh (2004) indicate that the historical 1880s reconstructions are based on survey 

measurements that most likely represented bankfull measurements for widths, although they note 

some possible inconsistencies in the reported measurements. We compared the 1880s reconstruction 

to 1933-1986 reconstructions to: (1) determine how the bankfull 1880s reconstruction compared to 

later high flow and low flow reconstructions, and (2) determine if consistent geomorphic relationships 

could be used to estimate habitat under different flow conditions (Table 3). Based on this comparison, 

the historical 1880s reconstructions from Collins and Sheikh (2004) appear to represent a high flow 

condition that is approximately 75% of the high flow conditions for later reconstructions (after 1933) 

from Collins and Sheikh (2004). Although habitat area estimates changed from year to year in the later 

reconstructions, there was a lack of a consistent trend and the standard deviation was less than 5% of 

the mean high flow habitat area (Table 3). Therefore, we assume that the 1880s reconstruction method 

produced habitat area estimates that represent high flow habitat area at approximately 75% of the 

bankfull high flow condition for the Collins and Sheikh (2004) high flow reconstructions for later years.   

The 1880s reconstruction does not provide mapped seasonal reconstructions for mainstem, floodplain, 

and estuary habitats, aside from tabular estimates of seasonal wetland inundation. Despite increases in 

hydro-modification over time (Collins and Sheikh 2004; Boyd et al. 2019), the ratio of high flow to low 

flow perimeter was relatively stable over time (Table 3). Therefore, we used the mean ratio (0.67) of 

high flow to low flow channel edge from the 1933-1986 reconstructions to estimate low flow channel 
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edge for the 1880s reconstruction. However, the 1880s reconstruction high flow condition is lower than 

the bankfull high flow condition represented in the 1933-1986 reconstructions as evidenced by lower 

channel area and higher perimeter lengths in the 1880 reconstruction compared to the later 

reconstructions (Table 3). Therefore, low flow estimates derived for the 1880s are potentially biased low 

given the high flow condition represents a flow that is likely lower than the 1933-1986 high flow 

reconstructions. Given these comparisons, we assume the 1880s reconstruction represents conditions 

Ƴƻǎǘ ǎƛƳƛƭŀǊ ǘƻ ƻǳǊ ǿƛƴǘŜǊ Ŧƭƻǿ όҒрΣллл ŎŦǎ ŀƴŘ ƭŜǎǎ ǘƘŀƴ ōŀƴƪŦǳƭƭ ŎƻƴŘƛǘƛƻƴύΣ ŀƴŘ ǘƘŀǘ ŜǎǘƛƳŀǘŜŘ ƭƻǿ 

flow based on 1933-1986 reconstruction high flow: low flow ratios are most similar to a summer low 

flow condition.   

The extent and connectivity of floodplain habitats (e.g., sloughs, tributaries, ponds, and wetlands) would 

likely change seasonally (e.g. winter verses summer) and are not captured by the spatial mapping 

products for the 1880s reconstruction. The Collins and Sheikh (2004) provides estimates of winter and 

summer wetland inundation area for a portion of the study area (Lower Reach 2 to Upper Reach 3) 

based on survey notes. We applied the ratio of summer to winter inundation area estimates in Collins 

and Sheikh (2004) to the mapped wetland areas to estimate summer and winter wetland extent for 

Upper Reach 1 through Upper Reach 4. This approach assumes that the mapped wetland areas are 

representative of maximum inundation extent that is assumed to most represent the winter flow 

condition, although documentation for the mapping products and the report do not specifically state 

this as the condition represented in the mapping products. For the estuary, assume seasonal changes in 

tidal delta habitats are minimal and primarily driven by tidal flooding and use the same mapped 

reconstructions of tidal wetland area for summer and winter condition.   

Table 3: High flow (HF) and low flow (LF) channel area and perimeters derived from Collins and Sheikh (2004) 
reconstructions for 1933-1986.  The ratios of HF:LF area and perimeters are shown for reference, which were used 
to evaluate geomorphic relationships between the LF and HF channel footprints within the study area over time. 
For comparison, the high flow area and perimeters for the 1880 reconstruction were 14,085,304 meters2 and 
400,892 meters, respectively.  
   

Year 
HF Area 

(meters2) 
HF Perimeter 

(meters) 
LF Area 

(meters2) 
LF Perimeter 

(meters) 

HF:LF 
Area 
Ratio 

HF:LF 
Perimeter 

Ratio 

1933 18,629,844 307,525 7,540,751 488,179 2.47 0.63 

1938 18,704,065 294,089 6,213,466 415,142 3.01 0.71 

1955 20,000,770 313,736 8,214,244 451,204 2.43 0.70 

1966 19,280,592 343,088 9,387,680 528,840 2.05 0.65 

1976 17,793,013 299,780 8,052,008 422,289 2.21 0.71 

1986 17,930,763 345,832 9,037,132 526,846 1.98 0.66 

Mean (1933-1986) 18,723,174 317,342 8,074,213 472,083 2.36 0.67 

STDV (1933-1986) 830,079 22,059 1,133,091 50,274 0.37 0.03 
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Figure 5: Historical reconstructions of habitat circa 1880 from Collins and Sheikh (2004) with reach boundaries for the study area. 
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Estimates of bar and bank edge habitat were also derived from the 1880s reconstruction, which support 

the capacity analyses using edge type information. An archived Army Corps of Engineers map obtained 

by Whatcom County provided mapped main channel features with bars for Middle Reach 1 through 

Upper Reach 3 during a summer low flow condition circa 1894 (Figure 6). This map was digitized by the 

Nooksack Tribe (Michael Maudlin, Nooksack Tribe, personal communication) to delineate bar edges 

based on the presence of mapped bar features and bank edges everywhere else.  

Ratios of bar to bank edge from the 1894 ACOE map were then compared to ratios derived from the 

current surveys completed as part of this assessment (Figure 7). These ratios show an increasing bar to 

bank edge ratio from Middle Reach 1 through Lower Reach 3, and then a shift in the upper reaches to a 

higher ratio that is likely driven by the dominance of island braid channel morphology in the upper 

reaches. Given that the bar to bank edge ratios from the 1894 ACOE map was consistent with the results 

of our current assessment among the reaches (Figure 7), we used ratios derived from the current 

surveys under both winter flow and summer low flow surveys to estimate bar and bank edge habitat for 

the 1880s winter flow and summer low flow reconstructions, respectively.  

Slow water edge habitat was also estimated for the 1880s reconstruction based on the results of the 

surveys completed as part of this assessment. Slow water edges measured during the surveys (see 

habitat survey methods) revealed that most slow water edges were 2-meters or less in width from the 

wetted edge (Figure 8; Figure 9; Figure 10). Natural bar edges do have higher average slow water edge 

width than both bank edge types observed during current surveys (Figure 8), but frequencies show that 

most slow water edge widths are less than 2 meters (Figure 9; Figure 10). Therefore, we assumed a fixed 

2-meter width for slow water edges to estimate slow water edge area for the 1880s reconstructions.  

Historical reconstructions of large wood debris or jams were not available for the lower Nooksack, 

although Collins and Sheikh (2004) describe many documented large debris jams, efforts to remove 

these debris jams, and extensive snag clearing operations. Historically documented jams include the 

Portage jam that was implicated in the redirection of flow to the Nooksack River and disconnection of 

the Lummi River, and several other large jams throughout the river. It is noted that wood jams were 

historically abundant in the Nooksack River prior to development and clearing of the floodplain, which 

likely contributed very large key pieces to the river. Although Collins and Sheikh (2004) provide 

estimates of snag removal, they note that these estimates cannot be used to estimate wood loading or 

abundance given that the efforts likely focused on deep channel areas. Furthermore, Collins and Sheikh 

(2004) note that the historical records of jams do not provide enough information to describe most jams 

or their effects on the river. Current surveys of habitat conditions included detailed surveys of wood jam 

cover area given that wood jams are positively associated with many aspects of fish use, and increased 

wood jam area is often associated with increased fish densities and habitat complexity (Montgomery et 

al. 2003). In the absence of historical reconstructions of wood jam area or loading, we used maximum 

wood jam cover areas observed among the reaches during current surveys as a conservative minimum 

estimate of wood cover area for mainstem and floodplain channel habitats for each reach. These 

estimates were only used to support the capacity analysis and should not be used to evaluate wood 

loading in the study area for other purposes.      

 



Lower Nooksack Habitat Assessment ς Version 2.5 

19 | P a g e 

 
Figure 6: Photo of archived 1894 ACOE map of the Nooksack River that included mapped bars. 

 
Figure 7: Mapped bar to bank edge ratios from downstream to upstream from an 1894 ACOE map compared to 
ratios obtained from surveys completed during this assessment during summer low-flow and winter flow 
conditions. Dashed lines show ratios used to estimate bar and bank edge ratios within each reach for the 1880s 
reconstruction during summer low-flow and winter flow conditions.  
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Figure 8: Average slow water edge width in meters by edge type, channel type, and season across reaches.  
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Figure 9: Frequency of slow water edge widths in meters measured during summer low flow habitat surveys 
completed during this assessment across mainstem, braid, and side channels.  
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Figure 10: Frequency of slow water edge widths in meters measured during winter flow habitat surveys completed 
during this assessment across mainstem, braid, and side channels. 
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Habitat Use and Timing: 
We compiled data on salmonid habitat use from existing literature and data to produce life history 
summaries of important species (Appendix A; Table 28), how fish use specific habitats (Appendix A; 
Table 29), and when fish could be expected to use respective habitats in the Lower Mainstem Nooksack 
River (Appendix A; Table 30). Summaries are also provided for various life histories and life stages. The 
timing of outmigrating juvenile fish was determined from specific information in published reports, 
including a recent study in the estuary that documented size at outmigration for juvenile salmonids 
(Beamer et al. 2016). Habitat types evaluated in this study were consistent with those defined for the 
WRIA 1 Salmonid Recovery Plan (2005). Many of these reports were previously identified by the 
Nooksack Tribe and were provided to us. We also included previous work from the North and South Fork 
Nooksack reach assessments and those in other literature sources, including those used in the Skagit 
Chinook Recovery Plan (Beamer et al. 2005). In some cases, specific habitat use and timing is not known. 
Identifying these data gaps is important to inform current and future studies that help define conditions 
for restoration planning.   

Literature and studies reviewed included published studies, government reports, unpublished datasets, 

and other sources of information on the distributions and habitat requirements of: 

¶ Early Chinook (North/Middle Forks; and South Fork) populations 

¶ Fall Chinook 

¶ Winter steelhead 

¶ Summer steelhead 

¶ Coho  

¶ Chum 

¶ Pink 

¶ Sockeye  

¶ Bull trout 

¶ Cutthroat trout  

We identified several important studies that specifically reported on the species, life history strategy, 
life stage, and ranges of habitat preferences for the ten focal groups of fish that are the focus of the 
Lower Mainstem Nooksack River. Most of the studies that we evaluated were focused on fish usage of 
edge habitats in the mainstem river and various habitats in the lower tributaries. Relatively few studies 
examined salmonid use of isolated or seasonally connected floodplain habitats. However, we were able 
to use some more general literature sources (e.g., Groot and Margolis 1998; Quinn 2005) to identify 
ranges of habitat preferences for species and life histories where they did not exist in literature specific 
to the Nooksack River system. In this way, we were able to identify known habitat preferences for nearly 
all the species and life stages of salmonids in the Lower Mainstem Nooksack River study area (Appendix 
A; Table 29). In addition, the Nooksack Tribal biologists updated the fish periodicity table that identifies 
specific habitat use by species by month. This table is specific to the Lower Nooksack SHA study area in 
most cases (Appendix A; Table 30). Data were organized according to species, life stage-specific 
behavior (e.g., migration, spawning, incubation, etc.), and timing. In addition, literature on other 
culturally important species in the Nooksack River, such as Salish sucker, Nooksack dace, and longfin 
smelt, was identified, although those species are not targeted in this study.
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Capacity Analysis: 
We used published and unpublished data on measured juvenile salmon densities by habitat type and 

season to estimate seasonal subyearling Chinook salmon rearing capacity for the Lower Mainstem 

Nooksack River study area. Given that habitat use varies among habitat types and by species, life stages, 

and season, we developed this capacity analysis to provide additional context for evaluating current 

habitat conditions. By considering the upper range of subyearling Chinook densities observed in 

different habitats at different seasons, we can evaluate habitat conditions with respect to their relative 

value to subyearling Chinook salmon. The capacity analysis completed as part of this assessment is 

described in detail in Appendix C and is only briefly described in this section.  

We reviewed and compiled published and unpublished sources of juvenile salmon density for Pacific 

Salmon species in freshwater and estuary habitats across the range of Chinook salmon (Northern 

California to Alaska), but with an emphasis on north Puget Sound systems. It was important to consider 

data from other systems given that observed densities of subyearling Chinook salmon in the Nooksack 

are lower than the range of densities observed in similar habitats when all other systems are considered 

(Appendix C ; Figure 179).  

Our synthesis considered only discrete density data for juvenile salmon that were in units of fish/m2, or 

that were reported in such a way that values could be converted to fish/m2 (e.g., reported catch per unit 

effort (CPUE) but net sizes were reported so that CPUE can be converted to an estimate of areal 

density). All qualifying data were classified by key habitat strata and sub-strata that were identified 

based on the availability of data and the habitats that could be quantified for both the historical 

reconstructions and current habitat assessments (Table 4).  

Table 4: Habitat matrix used to summarize juvenile fish density data from data sources. These classifications 
represent a subset and aggregation of the classifications used in the database. See Appendix C for more details on 
available habitat types. 

Strata Sub Strata Unit Type 

Mainstem Mainstem Channel Hydro-modified Bank Edge 

    Natural Bank Edge 

    Side Channel and Braid 

  Large Wood Jam 

Floodplain Secondary channel Slough or tributary 

 Pond and Wetland Pond and Wetland 

Estuary Distributary Estuarine Emergent Marsh (EEM) 

    Estuarine Scrub Shrub (ESS) 

    Forested Riverine Tidal (FRT) 

  Tidal Channel Estuarine Emergent Marsh (EEM) 

    Estuarine Scrub Shrub (ESS) 

    Forested Riverine Tidal (FRT) 

 

Statistical summaries of all qualifying juvenile salmon density data were developed by habitat type, 

species, life stage, and season. Season was based on metrological season adjusted based on a typical 

juvenile salmon migration and river flow patterns as follows; winter occurring from December through 

march and representing winter flow conditions and the beginning of emergence and downstream 
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migration pulse for juvenile salmonids, spring occurring from April through June and representing spring 

melt pulse flow conditions and the typical peak downstream migration pulse of juvenile salmonids, 

summer occurring from July through September and representing a low flow condition with little 

juvenile salmon migration, and fall occurring from October through November representing an 

increasing flow condition with little juvenile salmon migration (see Figure 3 for flow patterns). Data 

were extracted by life stage and were aggregated to subyearling and yearling life stages onlyτno adult 

life stage data were considered or compiled in this review. We considered data for the following species: 

Chinook, coho, chum, pink, cutthroat, steelhead, and bull trout. No run type classifications were 

extracted or considered in this review, and only data for unmarked fish were considered where origin 

and marked status were reported. Where marked or proportions of hatchery origin fish were not 

reported, we assumed all fish were natural origin. Therefore, fish densities compiled in this literature 

review likely include some proportions of hatchery origin fish due to reporting detail and the possibility 

of unmarked hatchery origin fish being included in unmarked natural origin densities.    

Statistical summaries are presented in Appendix C for all species and data compiled, although the 

capacity analysis completed as part of this assessment considers only subyearling Chinook salmon 

densities. Although our habitat surveys focused on a winter flow and summer low flow condition, we 

use our habitat estimates for these conditions in combination with seasonal subyearling Chinook 

densities to estimate seasonal capacities. We assume target winter conditions apply to winter and 

spring seasons, and that summer and fall are best described by our target summer low flow condition 

(Figure 3). To estimate rearing capacity, we used the upper third quartile of the distribution of 

subyearling Chinook density data (Q3 density) where sufficient data were available to estimate capacity 

by habitat type and season. The upper third quartile represents the upper range of densities that have 

been observed and therefore represents an approximate capacity for that habitat type and season.  

By using the distribution of measured densities observed in other systems and regions, we can estimate 

rearing capacity based on the upper range of observed seasonal densities for different habitat types. 

This approach addresses the limited spatial and temporal extent of fish observations for the study area 

and potential biases of within system conditions that may influence observed rearing densities. 

Therefore, this approach will provide an estimate of potential rearing capacity based on the upper range 

of observed densities for given habitat types based on the habitat types themselves. Given that the 

density data represent mean seasonal densities, the capacity estimates based on the distribution of 

these means do not represent total juvenile production as they are not adjusted for rearing duration or 

timing. We also assume that the theoretical capacity derived from the Q3 densities are applicable to 

both current and historical conditions, and therefore we use the same data to estimate capacity for both 

conditions. However, it is possible that the distribution of densities observed in modern times are biased 

low due to a number of potential impacts and this may bias comparisons of current and historical 

capacities.  
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Results and Discussion: 

Current Habitat Conditions: 

Mainstem Habitats: 
The Lower Mainstem Nooksack River is dominated by confined single-thread channel morphology in the 

lower reaches with braided and multithread channel forms occurring primarily in the upper reaches 

(Figure 11; Figure 12). In total, we surveyed 98.6 km of winter flow mainstem habitat and 66.3 km of 

summer low flow mainstem habitat from the Deming SR 9 bridge (RM 36.5) to Marine Drive (RM2) 

(Table 5). In winter flows, 37.6 km of mainstem habitat (38% of total channel length) was braid and side-

channel habitats that were hydrologically connected to main channel flows (on upstream or 

downstream ends). Connected or hydrologically active braids and side channels only accounted for 10.3 

km of summer low flow mainstem habitat, or 15% of total channel length. Connected braids and side 

channels were only observed in Reaches 3 and 4, and no braid or side-channel habitat was observed in 

Reaches 1 or 2 in either flow survey. However, no connected braid or side-channel habitat was observed 

in Lower Reach 3 or Upper Reach 4 in summer low flow surveys.  

Edge length for mainstem habitats was dominated by hydro-modified edges (40% summer, 37% winter) 

and bar edges (40% summer, 35% winter) with relatively little natural bank edges (20% summer, 27% 

winter) (Table 6; Figure 13). Hydro-modifications observed included levees, riprap, pilings, and unknown 

modifications. Most of the hydro-modified bank edge length observed was associated with main 

channels of the mainstem, while braid and side channel edges were predominantly composed of bar and 

natural bank edges with hydro-modified bank edges accounting for less than 10% of edge length in both 

summer low flow and winter surveys (Figure 11). In summer low flow surveys, bar edges were the 

dominant edge type in both braids (65% of edge length) and side channels (51% of edge length). In 

winter surveys, bar edges were the dominant edge type in braid channels (65% of edge length) and 

natural bank edges were the dominant edge type for side channels (59% of edge length).   

Slow water edge area (meters2) is the portion of mainstem habitats most used by juvenile salmonids 

(Beamer et al. 2005), and our surveys indicate that slow water edge habitat area is higher during winter 

flow conditions compared to summer low flows (Figure 14). Most slow water edge habitat observed was 

associated with the main channel of the mainstem compared to side-channel and braid habitats (Table 

6). In summer low flow surveys, most of the slow water edge area observed was associated with bar 

edges (48%), while in winter surveys hydro-modified bank edges contributed the most slow water edge 

habitat area (Table 6). This is likely due to the overall increase of hydro-modified bank edges associated 

with winter surveys and reduction in bar edge habitats with increasing flow. 

 



Lower Nooksack Habitat Assessment ς Version 2.5 

27 | P a g e 

Table 5: Total lengths of mainstem sureysfor summer low flow and winter flow conditions. Mainstem surveys 
represent a census and were not subsampled during summer low flow or winter flow flows. Mainstem channels 
refer to main channels of the mainstem, braid and side channels were surveyed where visibly hydrologically 
connected. Mainstem survey extents were the same in both seasons, differences in lengths reflect differences in 
sinuosity or connectivity due to flow.  

  Summer Low Flow (meters)  Winter flow (meters) 

Middle Reach 1 

Mainstem 3,087  3,484 

Braid -  - 

Side Channel -  - 

Total 3,087  3,484 

Upper Reach 1 

Mainstem 6,716  5,745 

Braid -  - 

Side Channel -  - 

Total 6,716  5,745 

Lower Reach 2 

Mainstem 4,633  5,031 

Braid -  - 

Side Channel -  - 

Total 4,633  5,031 

Upper Reach 2 

Mainstem 7,999  10,177 

Braid -  - 

Side Channel -  - 

Total 7,999  10,177 

Lower Reach 3 

Mainstem 7,872  8,499 

Braid -  390 

Side Channel -  773 

Total 7,872  9,662 

Upper Reach 3 

Mainstem 5,165  6,391 

Braid 1,537  2,721 

Side Channel -  2,086 

Total 6,702  11,198 

Lower Reach 4 

Mainstem 10,693  11,904 

Braid 1,527  12,987 

Side Channel 7,192  11,946 

Total 19,413  36,837 

Upper Reach 4 

Mainstem 9,830  9,801 

Braid -  1,747 

Side Channel -  4,918 

Total 9,830  16,466 
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Figure 11: Nooksack mainstem habitat units and hydro-modified bank edges during summer low flow surveys. Percent hydro-modified banks are derived from 
field estimated proportions of edge type for each bank per habitat unit, and therefore specific edge types do not have start or stop points within each mapped 
unit. See Appendix B for more detailed reach-scale maps. 
































































































































































































































































































































































































































































































































































