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Executive Summary 

The purpose of this project was to provide metrics to evaluate restoration success and improve designs 
for future restoration projects in the Duwamish River estuary transition zone between fresh and salt 
waters. We sampled fish at 25 stations located at nine sites. Seven of the sites were off-channel 
restoration sites (numbers 1 to 7 below), and at each of these sampling occurred within the restoration 
site and at vegetated and armored strata on the main channel. Two of the sites were pre-restoration 
sites on the main channel that were armored when we sampled (sites 8 and 9 below), with paired 
vegetated strata on the main channel. The nine sites with river mile (RM) and year of restoration were: 

1. Herring’s House (RM 1.1, 2001) 
2. Slip 4 Early Action Area (RM 3.4, 2012) 
3. Boeing Plant 2 North (RM 3.5, 2014) 
4. Hamm Creek Estuary (RM 4.9, 1999) 
5. Turning Basin #3 Compensatory Habitat (RM 5.2, 1998) 
6. North Wind’s Weir (RM 6.2, 2010) 
7. Codiga Farm Park (RM 8.4, 2004) 
8. Chinook Wind (RM 6.7, restoration planned) 
9. Duwamish Gardens (RM 6.8, restoration in progress at time of sampling, completed in 

November 2016) 
 
We sampled four times, in March, April, early May, and late May 2016. A 20 m river seine was the main 
sampling method, augmented with a 9.1 m pole seine in shallow interior areas of restored sites. All fish 
sampled were counted and identified to species. Hatchery and wild status of juvenile salmon were 
determined by noting adipose fin clipping and/or presence of a coded wire tag. Lengths of 20 juvenile 
salmon and other abundant species were measured. Fish counts were converted to densities by 
measurements of surface area sampled, using GPS and transect tapes. Densities were analyzed using 
parametric ANOVA tests, and non-parametric Mann-Whitney tests. 
 
The focus of our study was on sub-yearling Chinook salmon use of intertidal restoration sites from 
March to May, and therefore the potential biases of our results that should be acknowledged as they 
apply to other studies are: 

1. Timing: We focused on the peak Chinook smolt outmigration, and therefore do not address 
earlier use of the estuary by Chinook fry in January to mid-March, or by smolts after late-May. 

2. Tides: We focused sampling around high tides, when restored intertidal areas were inundated 
and fish using them could be sampled, and when water levels were close to vegetated and 
armored habitats of the main channel. 

3. Gear: Our main sampling net was a 20 m river seine. A 9.1 m pole seine was used in a few 
instances when water was too shallow to sample with the boat-deployed river seine (7 out of 
100 events at three of 25 stations), and when comparing different habitat sections within off-
channel restored areas at Codiga Farms, North Wind’s Weir, Turning Basin, and Hamm Creek. 
Due to potential biases in catch efficiencies with these and other net types that have been used 
(fyke, enclosure), we improved our precision in calculations of fish densities by measuring 
specific surface areas of net sets using a tracking GPS and transect tapes. While some gear type 
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bias may have existed, tests on gear effect found no difference between the net types for wild 
Chinook salmon results. 

 
Juvenile chum salmon were the most abundant in April, pink salmon in March and April, wild Chinook 
salmon in April, and hatchery Chinook salmon in late May. The results of our study can be summarized 
by four main findings, as follows: 

Finding #1: Densities of Chinook and chum salmon had overall significant site effects. This agrees with 
previous studies showing that juvenile Chinook and chum salmon are most numerous along shallow-
water intertidal areas in the Duwamish, and thus should be most influenced by shallow shoreline habitat 
types, including restored habitat. 

Finding #2: Although density trends of juvenile wild Chinook and chum salmon were higher at restored 
off-channel sites than at armored and vegetated main channel strata, they were not significant overall 
when analyzing the seven sites that had these three strata. However, there were site-specific significant 
differences, which were most prevalent at the two most upriver restored sites at Codiga Farm and North 
Wind’s Weir. In combination, these two sites had higher densities of wild Chinook salmon at the 
restored sites than at the armored and vegetated channel strata. At more downstream sites, densities of 
juvenile Chinook salmon were more consistent across the three strata. 

Finding #3: Among the seven off-channel restored sites, there were significantly different densities of 
juvenile wild Chinook salmon. Densities were highest at Codiga Farm, Turning Basin, and North Wind’s 
Weir, with moderate densities at Slip 4 and Boeing Plant 2 North, and low densities at Herring’s House 
and Hamm Creek. 

Finding #4: Within off-channel restored sites, juvenile wild Chinook salmon had significantly higher 
densities in the main restored sections sampled with river seines (average water depth of 4.3 ft) than in 
interior sections sampled with pole seines with shallower water (average of 2.3 ft). Chum, pink, and 
hatchery Chinook salmon were more evenly distributed across main and interior sections of restored 
sites. 

Design of future restoration sites should focus not only on maximizing the overall size, but also on 
optimizing the tidal range that fish can access the sites. Higher elevation habitat with less inundation 
time and confined inlet channels that restrict entry may constrain use by juvenile salmon. Also, interior 
sections of off-channel restored sites often have a combination of shallow water and physical barriers 
that may limit access for juvenile wild Chinook salmon. For example, we observed relatively low wild 
Chinook salmon densities in such areas where dense placed logs and relict fencing occurred. We also 
noted relict T-posts (mostly from goose-exclosure netting), and invasive plant species (such as non-
native blackberry) at many of the restored sites. Some of these sites may require maintenance, for 
example removal of relict goose exclosure fencing or creation of a corridor through the fencing. 
Improved restoration designs should consider maximizing the access of inundated areas by placing 
anchored logs at higher elevations and parallel to channels creating less restricted access to the restored 
habitat.  
 
The transition zone of the Duwamish estuary is an important area for juvenile wild Chinook salmon, and 
overall our results indicate that they are using the habitat provided by restored sites there. Our 
recommendations for future studies are: 
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• Specifically analyze the effects of riparian vegetation on fish densities and habitat use by 
juvenile Chinook salmon, focusing on native vs non-native plants, the density and shading of the 
vegetation, and vegetation planted for restoration purposes. 

• Evaluate the role of physical barriers to fish movement and effects on juvenile Chinook salmon 
use of restored areas by examining configurations of placed logs, relict fencing, and other 
impediments, with the goal of improving access to restored areas. 

• Increase the temporal scale of sampling throughout the juvenile salmon outmigration and in 
multiple years, including sampling fry migrants January to mid-March, and smolt migrants late-
May to July, similar to that done by Ruggerone et al. (2006). Inter-annual sampling would 
address yearly variation, because juvenile salmon outmigration timing can vary with year. 
Increasing the temporal scale would also increase the power of statistical tests. 

• Conduct before and after monitoring at new restored sites such as at Chinook Wind and 
Duwamish Gardens. These two sites are located in the area upstream from North Wind’s Weir 
and downstream from Codiga Farm Park, where off-channel restored areas have not been 
previously created. 

• Sample across time at sites that have been planted with riparian vegetation to measure benefits 
of vegetation growth, focusing on metrics such as invertebrate prey production, and juvenile 
salmon use at high tides when water is close to the vegetation. 

• Focus on experimental designs that further identify underlying factors that influence wild 
Chinook salmon densities and are inherent to specific shoreline habitat types, such as water 
depths and tidal elevations. 

• Create a single standardized data base from previous sampling in the Duwamish, including 
finding and entering older non-electronic data. This would make it possible to efficiently conduct 
present and future meta-analyses on the data, and allow us to better measure progress of 
restoration sites through time. 
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Introduction 

The purpose of this study was to provide metrics to evaluate the juvenile salmonid use of different 
habitat types and habitat enhancement actions (termed herein as restoration), which will be useful to 
improve designs for future restoration projects in the Duwamish River. This study addresses WRIA 9 
habitat restoration projects described in the Duwamish Blueprint: Salmon Habitat in the Duwamish 
Transition Zone, prepared by the Duwamish Blueprint Working Group for the WRIA 9 Watershed 
Ecosystem Forum (Ostergaard et al. 2014). The transition zone in the Duwamish River estuary 
encompasses river miles 1-10 and is considered the area most important for juvenile fish making the 
physiological transition from freshwater to salt water as they migrate to Puget Sound from upriver 
(Ostergaard et al. 2014). We sampled fish at completed shoreline restoration projects in off-channel 
areas of the Duwamish estuary that generally had shallow gentle sloping habitats, and compared them 
to vegetated and armored banks of the main channel. The objectives were to assess the presence of 
juvenile salmon in the transition zone and how they use the restoration sites when they are there. 

This project helps to implement the WRIA 9 Watershed Ecosystem Forum’s adopted 2013 Draft 
Monitoring and Adaptive Management Plan. Specifically, we implemented project effectiveness 
monitoring for completed restoration projects in the Duwamish (e.g., North Wind’s Weir, Codiga Farm 
Park) and provided baseline data collection for restoration projects planned or under construction (e.g., 
Chinook Wind, Duwamish Gardens). In contrast to basic project effectiveness monitoring, this project 
implements the highest ranked type of project monitoring under the “enhanced monitoring for project 
effectiveness” category. The evaluation of existing restoration sites and non-restored areas will be used 
to inform designs for future restoration projects like Chinook Wind. 

This study builds on that of previous fish sampling, especially those studies conducted circa 2005 
(Nelson et al. 2004, Ruggerone et al. 2006, Cordell et al. 2011). These studies broadly found high use of 
juvenile salmon in the transition zone of the Duwamish estuary, specifically at and around restoration 
sites in river miles 4.6 to 5.5 from late January to mid-May. An update of these studies is pertinent since 
approval of the WRIA 9 Salmon Habitat Plan occurred in 2005. This occurred after most hatchery 
Chinook salmon began to be marked by adipose fin clipping in 2000, allowing assessment of naturally-
produced Chinook, and after the 1999 listing of Puget Sound Chinook salmon as threatened under the 
federal Endangered Species Act. We discuss the implications of our results when compared with these 
studies in the Discussion section. 

 
Methods 
Sites 
We sampled fish at 25 stations located at nine sites. Seven of the sites were constructed off-channel 
habitat enhancement sites with the goal of restoring shallow intertidal areas, and at each of these 
sampling occurred within the restoration site and at vegetated and armored strata on the main channel. 
Over 95% of the banks of the Duwamish are armored, and the shoreline is vegetated along 
approximately 52% of its length, 30% of which is non-native blackberry (Ostergaard et al. 2014). The two 
strata sampled in channel locations were the same as those used in a previous study (Morley et al. 
2012): armored strata had banks and the intertidal zone armored in riprap or seawall with sparse 
riparian vegetation; vegetated strata were the most “natural” habitats available nearby, consisting of 
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lower-gradient relatively intact intertidal zones with shoreline vegetation (a mix of emergent wetland, 
trees, and shrubs). Most of the vegetated channel strata had been planted with vegetation as part of 
restoration actions. Two of the armored strata had restoration in progress, but had shoreline armoring 
present with sparse vegetation at the time of sampling (South Riverside Drive and Terminal 117). More 
information on specific sites can be found in the Duwamish Blueprint (Ostergaard et al. 2014). Figures 1 
to 29 illustrate maps of all sites and netting locations, and photographs of sampling (for all maps except 
Figure 1, the date of Google Earth imagery is 6/27/16). The seven restoration sites with matching 
channel vegetated and armored strata are listed below, with year of restoration actions when 
applicable, river mile (RM), reach as defined in the Duwamish Blueprint (Ostergaard et al. 2014), and 
right bank (RB) or left bank (LB) when looking downstream: 

1. Herring’s House (RM 1.1, Kellogg island reach, LB) 
1. Restored: 2001 
2. Vegetated: T-107 Park Marsh, 2009 
3. Armored: Channel edge of Herring’s House 

2. Slip 4 Early Action Area (RM 3.4, Lower Duwamish reach): 
4. Restored: 2012, removal of dock and placement of sand-gravel-rock sediments (RB) 
5. Vegetated: Duwamish Waterway Park, 2006 (LB) 
6. Armored: South Riverside Drive, in progress (LB) 

3. Boeing Plant 2 North (RM 3.5, Lower Duwamish reach): 
7. Restored: 2014 (RB) 
8. Vegetated: South Park Bridge Mitigation, 2014 (LB) 
9. Armored: Terminal 117, in progress (LB) 

4. Hamm Creek Estuary (RM 4.9, Lower Duwamish reach, LB) 
10. Restored: 1999 
11. Vegetated: Channel edge of Hamm Creek 
12. Armored: Channel edge of Hamm Creek 

5. Turning Basin #3 Compensatory Habitat (RM 5.2, Lower Duwamish reach, LB) 
13. Restored: 1998 
14. Vegetated: Kenco Marine, 2006 
15. Armored: Channel edge of City Light South 

6. North Wind’s Weir (RM 6.2, North Wind reach, RB) 
16. Restored: 2010 
17. Vegetated: Channel edge of North Wind’s Weir 
18. Armored: Channel edge of Seattle City Light Pole Yard 

7. Codiga Farm Park (RM 8.4, Foster reach) 
19. Restored: 2004 (RB) 
20. Vegetated: Channel edge of Codiga Farm Park (RB) 
21. Armored: Channel edge across from Codiga Farm Park (LB) 

 
We also sampled at two pre-restoration sites that were armored when we sampled, with paired 
vegetated strata of the main channel: 

8. Chinook Wind (RM 6.7, North Wind reach) 
22. Vegetated: Channel edge across from pre-restoration site (LB) 
23. Armored: Pre-restoration site (RB) 
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9. Duwamish Gardens (RM 6.8, North Wind reach) 
24. Vegetated: Channel edge across from pre-restoration site (LB) 
25. Armored: Pre-restoration site, in progress at time of sampling, completed November 

2016 (RB) 
 
Dates 
We sampled one week per month in March, April, early May, and late May 2016 (the late May sampling 
was originally planned for June, but was conducted earlier because the juvenile salmon outmigration 
appeared to be earlier than usual). Sampling weeks were: 

• March 14th 
• April 11 
• May 9 
• May 23 

 
Fish netting 
We mainly used a river beach seine for sampling (20 m length, with wings that taper from 1 m depth at 
the ends of the net to 2 m at the bag; see specifications in Nelson et al. 2004), focusing on higher tides 
when intertidal restored sites were inundated. Sampling with the river beach seine allowed us to sample 
with the same method at restoration sites and vegetated and armored strata of the main channel. Pole 
seines (9.1 x 1.2 m; 0.64-cm mesh) were used in the interior of restoration sites that were too shallow 
for boat deployment of the river seine, or were confined by placed logs, goose exclosures, or planted 
vegetation. To calculate fish densities, we measured precise surface area sampled for specific net sets 
(instead of general areas based on net measurements), using a GPS for the river seine and a transect 
tape for pole seines. The GPS was attached to the bow of the boat and recorded position every second 
during river seine deployment. This allowed for increased accuracy of density estimates, because river 
seine deployment was usually in an arc from shore, and actual surface area sampled depended on local 
site conditions and water currents. In a few cases when we were unable to take accurate measurements 
during a net sample, we used the average surface area from the site. For pole seines where only length 
of set was recorded, we used the median width of 6 m. We also recorded maximum water depth at net 
set, from which seines were always pulled through shallow water into the shore. Water salinity and 
temperature were measured at surface and bottom of the water column with a YSI meter. 

For river seine sampling the initial attempt was discarded if the net became snagged, or if there were 
other problems with setting the net such that no fish were captured. In these instances, another 
attempt was made. At restored off-channel sites that had more habitat diversity than uniform channel 
sites, multiple net sets were sometimes taken to account for the variability of locations within sites so 
that there would not be a potential bias of set location and the data would represent the entire off-
channel area; these were averaged for analysis, so that all sites had one set of data values per sampling 
event. Pole seines were incorporated into the river seine analysis in a few instances when water levels at 
restored off-channel areas were too low within a site to successfully sample with a boat-deployed river 
seine, specific to the following three sites: (1) Herring’s House, which had low water levels at all four 
sampling events, (2) the interior of Hamm Creek at two sampling events later in the season in early and 
late May, when water levels were lower than in peak flows earlier in the Spring, and (3) the interior of 
Boeing Plant 2 North in April when fyke netting did not occur (see below). In the restricted 
configurations of these situations either a river seine or a pole seine could have been deployed to 
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sample similar areas – after initial tests, we choose the pole seine as it had less impact on the restored 
site (the river seine dragged more through the site and stirred-up more mud). Furthermore, tests of a 
gear effect on the analysis (by including or excluding pole seine and fyke net samples) showed no 
difference in the wild Chinook salmon significant results discussed in the next section. 

Sampling at Boeing Plant 2 North was conducted on March 14, April 25, and June 8 with a fyke net by 
Amec Foster Wheeler (AFC 2017; personal communication with Cliff Whitmus during fieldwork). We 
incorporated juvenile salmon catch data from these three dates, to decrease handling of additional 
samplings of endangered Chinook salmon. The fyke net was deployed at the opening of the site at high 
tide (Figure 10), and fish were sampled as the tide receded, sampling an inundated area of 1457 m2, 
which we used to calculate densities for comparing to our seine sampling for analysis. The fyke net was 
also an effective method to sample this site due to its configuration. Wooden stakes fastening 
landscaping fabric around the newly planted vegetation limited seining by snagging the net (See Figure 
11; this was also the reason that Boeing Plant 2 South was not included as a vegetated channel site). We 
did add one seine sampling on April 11, to equal the four sampling dates of the other sites. 

The first twenty fish of every species were measured (fork-length for all salmonids and standard length 
for all other species). Presence or absence of an adipose fin was noted for salmon and a coded wire tag 
reader was used to detect the presence of a coded wire tag. If the adipose fin appeared to have been 
clipped and/or a coded wire tag was detected, the fish was recorded as hatchery produced. If the fish 
had an adipose fin and no coded wire tag it was recorded as wild. 

Focus and potential biases 
The focus of our study was on sub-yearling Chinook salmon use of intertidal restoration sites from 
March to May, and therefore the potential biases of our results that should be acknowledged as they 
apply to other studies are: 

1. Timing: We focused on the peak Chinook smolt outmigration, and therefore do not address 
earlier use of the estuary by Chinook fry in January to mid-March, or by smolts after late-May. 

2. Tides: We focused sampling around high tides, when restored intertidal areas were inundated 
and fish using them could be sampled, and when water levels were close to vegetated and 
armored habitats of the main channel. 

3. Gear: Our main sampling net was a 20 m river seine. A 9.1 m pole seine was used in a few 
instances when water was too shallow to sample with the boat-deployed river seine (7 out of 
100 events at three of 25 stations), and when comparing different habitat sections within off-
channel restored areas at Codiga Farms, North Wind’s Weir, Turning Basin, and Hamm Creek. 
Due to potential biases in catch efficiencies with these and other net types that have been used 
(fyke, enclosure), we improved our precision in calculations of fish densities by measuring 
specific surface areas of net sets using a tracking GPS and transect tapes. While some gear type 
bias may have existed, tests on gear effect found no difference between the net types for wild 
Chinook salmon results. 

 
Analysis 
Analysis of Variance (ANOVA) was used to analyze densities of juvenile salmon (alpha level 0.05), with 
data log-transformed to satisfy assumptions of normality and equality of variance. Site (all sites 
sampled), strata (the seven sites with restored, vegetated, and armored), and restored (the seven 
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restored sites) were the fixed factors, and month was a random factor in each test. Statistical tests were 
limited in the degrees of freedom used in pairwise post-hoc tests, due to the two factors in each analysis 
and the four replications of month. The non-parametric Mann-Whitney U test was used to compare 
densities between main and shallower interior sections of the restored sites (river seines and pole 
seines, respectively) for the four sites where these samplings both occurred (Codiga Farms, North 
Wind’s Weir, Turning Basin, and Hamm Creek). 
 

Results 

Environmental 
Temperatures ranged from 7.6 to 15.4 °C, with an average of 11.2 °C, and salinities ranged from 0 to 
26.2 ppt, with an average of 6.7 ppt (Table 1). River seines sampled deeper water than pole seines, 
although they sampled about the same surface area (Table 2). River seines at channel strata (vegetated 
and armored) sampled an average surface area of 97.2 m2. River seines at restored sites sampled an 
average surface area of 76.2 m2. Armored sites were steeper than vegetated and restored sites (as 
measured by maximum water depth at net sampling; Table 3). The average tidal elevation at each net 
sampling was +7.7’ MLLW, ranging from 3.1 to 10’. 
 
Overall fish patterns 
Hatchery Chinook salmon were larger than wild Chinook in April due to 18 yearling hatchery Chinook 
captured all at the Chinook Wind vegetated site, otherwise they were similar in length (Table 4; yearling 
hatchery Chinook not included in subsequent sub-yearling Chinook analysis). Chum and pink salmon 
were smaller than Chinook salmon (Table 4, Figures 30 to 32). Chum were by far the most abundant fish 
captured. Wild coho salmon were only captured in small numbers in March and April and no hatchery 
coho were captured. Only a few hatchery and wild Steelhead trout and cutthroat trout were captured, 
and they were larger than other salmonids. Of the non-salmonids, sculpin (juvenile, staghorn, and 
prickly) and starry flounder were the most abundant (Table 4). Shiner perch and three-spined 
stickleback were captured in low numbers, and suckers and peamouth were rare. 
 
Juvenile chum salmon were the most abundant in April, were present during all sampling events, and 
were the most abundant salmonid caught until the late May sampling (Figure 33). Juvenile pink salmon 
only occurred in March and April with the exception of one individual that was captured in May at the 
Herring’s House site in the lower estuary. Juvenile Chinook salmon were rare in March samples (three 
inidividuals total), but were relatively abundant during the three subsequent sample periods. Wild 
juvenile Chinook salmon were more abundant than hatchery Chinook in April and early May samples, 
while hatchery Chinook were more abundant in late May samples. Hatchery Chinook salmon were 
released into the Duwamish system on May 1-20 at Soos Creek (average length 74-77 mm) and April 4-8 
at Icy Creek (average length 152 mm; query of the Regional Mark Processing Center). 
 
Overall juvenile salmon abundances by site (combined strata of restored, armored, and vegetated) 
showed that juvenile chum salmon were most abundant in the Lower Duwamish reach, especially at 
Turning Basin, Hamm Creek, and Slip 4 sites (Figure 34). Juvenile pink salmon were more abundant 
lower in the estuary, with highest abundances at the three most down-river sites (Herring’s House, 
Boeing Plant 2 North and Slip 4). Juvenile wild Chinook salmon were also most abundant in the Lower 
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Duwamish reach at Turning Basin, Hamm Creek, and Slip 4 sites, and relatively abundant at the more 
upstream Codiga Farm site. The fewest wild Chinook salmon occurred at the most down-river site 
(Herring’s House). Juvenile hatchery Chinook were most abundant in upstream Codiga Farm and 
Chinook Wind sites, with a trend of decreasing abundance at lower estuary sites. 
 
Tests of juvenile salmon densities 
A 2-way ANOVA with site (fixed factor) and month (random factor) on juvenile salmon log-transformed 
densities showed significant results for wild Chinook salmon and chum salmon (Table 5). Month was also 
significant for all tests, illustrating high temporal variability. There were no overall statistically significant 
differences in densities of juvenile salmon among the restored, vegetated, and armored strata for the 
seven sites at which these strata were sampled (Figure 35, Table 5; not including Chinook Wind and 
Duwamish Gardens), although trends illustrated that average densities of juvenile chum salmon at 
restored sites were two times higher than those at the armored and vegetated channel strata, and 
average densities of juvenile wild Chinook salmon were also highest at the restored sites. Densities of 
wild Chinook salmon among the seven restored sites were significantly different (Figure 36, Table 5). 
Densities were highest at Codiga Farm and a few sites in the Lower Duwamish estuary (Turning Basin, 
North Wind’s Weir, Slip 4, and to a lesser extent Boeing Plant 2 North). Densities of wild Chinook salmon 
were lowest at Herring’s House and Hamm Creek. 

For the four sites at which restored off-channel areas were sampled in both main and interior sections 
using river seines and pole seines (Codiga Farms, North Wind’s Weir, Turning Basin, Hamm Creek; see 
seine locations in Figures 13, 18, 22, 28), a Mann-Whitney U test indicated that there were significantly 
higher densities of juvenile wild Chinook salmon in the deeper restored sections closer to the river 
compared to the shallower interior sections (Figure 37, Table 5). 

Juvenile salmon densities at specific strata 
Although there were no overall differences in the densities of juvenile salmon among the restored, 
vegetated, and armored strata across all sites, there were some noticeable trends at specific sites. At 
the two most upriver restored sites (Codiga Farm and North Wind’s Weir), wild Chinook salmon in river 
seines had higher densities at the restored off-channel strata than the armored and vegetated main 
channel strata (Figure 38). When data from these two sites were combined to increase replication, wild 
Chinook salmon had significantly higher densities at restored sites (p = 0.006, ANOVA and Tukey post-
hoc tests). Codiga Farm was also the only restored site that had juvenile chum, pink, wild Chinook, and 
hatchery Chinook salmon present in the interior shallower sections sampled with a pole seine, although 
densities were lower than those captured with river seines except for pink salmon (Figure 38). North 
Wind’s Weir had low densities of chum salmon in interior sections (Figure 38). 

At the Turning Basin site, there were also trends of higher densities of wild Chinook salmon at the 
restored site in river seines, with very high densities of chum salmon at the restored and vegetated 
strata (Figure 39). No juvenile salmon were captured at shallow water restored sections in pole seines. 
At the Hamm Creek site, there were no wild Chinook salmon captured at the restored site, although 
hatchery Chinook salmon were captured in both river and pole seines, and wild Chinook were captured 
in high densities at the armored and vegetated strata (Figure 39). 

At the Boeing Plant 2 North and Slip 4 sites, densities of wild and hatchery Chinook salmon were fairly 
consistent across the armored, restored, and vegetated strata (Figure 40). The Slip 4 vegetated site had 
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the highest densities of wild Chinook and chum salmon, and the Boeing Plant 2 N vegetated site had the 
highest density of pink salmon. 

There were low densities of wild and hatchery Chinook salmon at the Herring’s House site (Figure 41). 
The only Chinook salmon captured at the restored site were wild Chinook salmon in a pole seine in the 
channel to the river in April (Figure 4). Chum and pink salmon had highest densities at the armored site. 

Juvenile salmon were present with variable strata densities at the Chinook Wind and Duwamish Gardens 
sites (Figure 42). Chinook densities tended to be higher at the Chinook Wind site, with hatchery Chinook 
densities highest at the vegetated site, and both wild and hatchery Chinook present at the currently 
armored site where restoration is planned. Hatchery Chinook were not captured at the Duwamish 
Gardens site, and wild Chinook densities were low at the armored site where construction activities of 
the restoration were in progress at the time of sampling. 

 

Summary and Discussion 

The results of our study can be summarized by four main findings, as follows, with further discussion 
below: 

Finding #1: Densities of wild Chinook and chum salmon were the two salmon species found to 
experience overall significant site effects. This finding agrees with previous studies, which have found 
these two species to be the most numerous along shallow-water intertidal areas in the Duwamish where 
restoration efforts have been focused (Ruggerone et al. 2006, Cordell et al. 2011). Therefore, juvenile 
Chinook and chum salmon should be the species most influenced by variations in shoreline habitats in 
the Duwamish transition zone (e.g., habitat degradation and restoration). 

Finding #2: Although densities of juvenile wild Chinook and chum salmon were higher at restored off-
channel sites than at armored and vegetated strata occurring along the main channel, the differences 
were not significant in a combined analysis of the seven sites where these three strata occurred. 
However, there were site specific significant differences, which were most prevalent at the two most 
upriver restored sites at Codiga Farm Park and North Wind’s Weir. When these two sites were 
combined, wild Chinook salmon had higher densities at the restored sites than the armored and 
vegetated channel strata. At the more downstream sites, densities of juvenile Chinook salmon were 
more consistent across the three strata. 

Finding #3: When the seven off-channel restored sites were analyzed together, there were significant 
differences in densities of juvenile wild Chinook salmon. Densities were highest at Codiga Farm, Turning 
Basin, North Wind’s Weir, with moderate densities at Slip 4 and Boeing Plant 2 North, and low densities 
at Herring’s House and Hamm Creek. 

Highlight #4: Within restored off-channel sites, juvenile wild Chinook salmon had significantly higher 
densities in the main restored sections closer to the channel (average maximum water depth 4.3 ft at 
net set) than in interior sections with shallower water (average 2.3 ft). Chum, pink, and hatchery 
Chinook salmon were more evenly distributed across main and interior sections of restored sites. 
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Design of future restoration sites should focus not only on maximizing the overall size, but optimizing 
opportunity metrics such as the tidal range of inundation and access to the main waterway. These 
features will increase the likelihood that in particular, juvenile wild Chinook salmon will benefit from the 
created habitat by providing both habitat opportunity and capacity (Simenstad and Cordell 2000). For 
example, restoration sites such as Codiga Farms Park, North Wind’s Weir, and Turning Basin that 
allowed for a relatively large range of intertidal inundation and easy access to the main waterway were 
found to have high densities of wild Chinook salmon. On the other hand, the Herring’s House restoration 
site dewaters at a higher tide than other restoration sites and has a confined access to the main 
waterway (both in opening width ~6 m and length of rip-rapped access channel ~40 m to the interior of 
the site), and densities of Chinook salmon were very low there. Timing of sampling may have influenced 
our results, because we focused on the peak sub-yearling Chinook outmigration period. Ruggerone et al. 
(2006) found that Chinook use of the lower estuary in the vicinity of Herring’s House was greatest during 
February to mid-March, and use of the lower river in the vicinity of Codiga Farms had greatest catches 
late May to early July, which overlapped very little with our sampling (although timing of outmigration 
can vary with year). 

Restricted tidal action due to confined inlet channels at large marsh plain restoration sites in San 
Francisco Bay have also been shown to be a constraint on site evolution, especially when there are long 
inlet channels (Williams and Orr 2002). Tidal marsh restoration projects in Puget Sound and the lower 
Columbia River Estuary generally have fewer channel outlets than reference marshes, likely impacting 
fish access to restoration sites (Hood 2015). Due to the unique configuration of each restored site, it is 
difficult to explicitly test the separate contributions of access, tidal range, and position in the estuary, as 
they overlap across sites. For example, even though Codiga Farms Park does have a relatively small 
opening to the main waterway (~10 m width), there were high densities of wild Chinook salmon there, 
which could have resulted from having a deeper and shorter access to restored habitats compared to 
the long, narrow Herring’s House access channel, as well as position in the estuary.  

Another possible impediment to fish access to interior, shallower areas of restored off-channel sites is 
the presence of artificial or natural physical barriers that extend into the water column. Examples of this 
include dense logs and relict goose exclosure fencing that cross shallow sections of restored sites. 
Although they are intended to be beneficial, our observations of lower wild Chinook salmon densities in 
the interior of restored sites suggests that these kinds of obstructions may limit access of juvenile wild 
Chinook salmon and other fish to the sites. Maintenance may be required to make shallower interior 
areas of restoration sites more accessible, for example by removing fencing that completely crosses the 
inundated areas such as the channel at Codiga Farms (see Figure 29 in the background behind the logs, 
and in between the two pole seine locations in Figure 28). We noted during sampling that the fencing at 
Codiga Farms was no longer being used as a goose exclosure, having no netting over the top. Although 
juvenile salmon could swim through the fencing, creating a corridor through it may increase use of the 
site by wild Chinook salmon. We also noticed relict T-posts (mostly from goose-exclosure netting), and 
invasive plant species (such as non-native blackberry) at several of the restored sites, further suggesting 
that maintenance would be beneficial. At sites such as Codiga Farms that are relatively long and narrow, 
the placement of crisscrossing anchored logs across the middle of the site may be counter-productive, 
again creating a physical barrier to fish access through the water column in shallow water areas. 
Improved restoration designs should consider maximizing the access of narrow inundated areas, and 
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placing anchored logs such that they do not block access to shallow inundated areas (e.g., placed at 
higher elevations and not perpendicular to shore). 

The Hamm Creek restoration site may be similarly impacted by impediments to fish access that have 
occurred since site construction. Although wild Chinook salmon have been found previously at the 
Hamm Creek restoration site (Cordell et al. 2011) and were abundant at the adjacent armored and 
vegetated channel strata, we recorded only hatchery Chinook there. The reasons for this are unknown, 
but one explanation may be that in 2005 King County rerouted the lower channel of Hamm Creek 
through a pre-existing freshwater marsh and breached a berm to create a new outlet, to mitigate 
disturbance by beaver dams. Extensive erosion occurred at the new outlet with considerable deposition 
of debris, and the intertidal marsh beyond the berm appears to have shrunk (Armbrust et al. 2008). 
These post-restoration impacts may be limiting wild Chinook salmon access to the site. These insights 
into juvenile fish access highlight that given the limited opportunities for restoration in urban 
landscapes, strategic restoration and maintenance may be necessary to promote improved ecological 
functions (Simenstad et al. 2005). 

Previous studies have shown relatively high densities of juvenile Chinook salmon at restored sites 
located in the Duwamish estuary transition zone, for example at Turning Basin and Codiga Farms 
(Ruggerone et al. 2006, Cordell et al. 2011). Our study corroborates this finding and increases the spatial 
replication at restored sites. Our experimental design focused on specific restored sites and thus did not 
have equal samples sizes in various salinity and temperature strata. However, we note that salinities 
were less than 2 ppt in surface waters at our two most upriver restored sites at Codiga Farm Park and 
North Wind’s Weir, where wild Chinook salmon had higher densities at the off-channel restored sites 
than at the channel strata. This agrees with Ruggerone et al. (2006), who found that during late March 
to early July Chinook salmon were more abundant in salinities less than 2 ppt compared to areas with 
salinities higher than 5 ppt. Our results may have differed if the sampling had occurred earlier, because 
Ruggerone et al. (2006) found that Chinook salmon were more abundant in brackish water with 
salinities greater than 2 ppt during February to mid-March. Water salinities and temperature in tidal 
estuaries are highly affected by tidal forcing from saline waters and river flow from fresh waters and are 
thus correlated with month of sampling and position in the estuary. This is probably especially true in a 
channelized system such as the Duwamish that has few off-channel habitats and natural dendritic marsh 
channels. 

In addition to improving restoration site opportunity metrics, there are aspects of site capacity that can 
benefit juvenile salmon, such as increasing invertebrate prey resources (Simenstad & Cordell 2000). 
Juvenile salmon prey consists of a mix of terrestrial (e.g., chironomids and other adult insects) and 
aquatic benthic (e.g., nereid worms, gammarid amphipods) sources, which can be unique to intertidal 
restored areas (Cordell et al. 2008, Oxborrow et al. 2017) and may improve growth potential of juvenile 
salmon in brackish waters (Cordell et al. 2011, David et al. 2016b). Growth and survival of juvenile 
salmon (i.e., realized function metrics—Simenstad and Cordell 2000) are also important but are difficult 
to measure. In this study, we collected scales of Chinook salmon for other researchers, for use in 
ongoing marine survivorship studies (Dave Beauchamp, personal communication). In a similar 
collaboration, we provided juvenile Chinook salmon to the Washington Department of Fish and Wildlife 
to incorporate into contaminant analyses (Sandie O'Neill, personal communication). Contaminants in 
urbanized estuaries are important to consider when planning restoration actions. For example, hatchery 
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Chinook salmon can have decreased survival in contaminated estuaries such as the Duwamish (Meador 
2014). Once their report is complete, it will be available to collaborators online (T-BiOS). 

The area between RM 4 and 6 has the largest and most consistent catches of subyearling Chinook, and it 
is thought that this is because it is the first brackish water, shallow, and low velocity habitat 
encountered (Nelson et al. 2004, Ruggerone et al. 2006). Restoring habitat in this reach has been a high 
priority. In the Duwamish, Ruggerone et al. (2006) also found that juvenile Chinook salmon were more 
abundant in low gradient (<4° slope) intertidal areas compared with higher gradient (9-16° slope) areas, 
but that other habitat factors such as presence of bank armoring were not related to Chinook numbers. 
However, aquatic invertebrates have been shown to respond more to these habitat features, with 
higher taxa richness of invertebrates at unarmored than armored sites (Morley et al. 2012). Terrestrial 
insects can also respond rapidly to wetland restoration through increases in abundance, although taxa 
diversity measures may take longer to develop and depend in part on the amount of developed land 
cover (David et al. 2016a). 

In summary, the transition zone of the Duwamish estuary is an important area for juvenile wild Chinook 
salmon, and we found that they use the habitat provided by restored sites in the transition zone. Our 
recommendations for future studies are: 

• Specifically analyze the effects of riparian vegetation on fish densities and habitat use by 
juvenile Chinook salmon, focusing on native vs non-native plants, the density and shading of the 
vegetation, and vegetation planted for restoration purposes. 

• Evaluate the role of physical barriers to fish movement and effects on juvenile Chinook salmon 
use of restored areas by examining configurations of placed logs, relict fencing, and other 
impediments, with the goal of improving access to restored areas. 

• Increase the temporal scale of sampling throughout the juvenile salmon outmigration and in 
multiple years, including sampling fry migrants January to mid-March, and smolt migrants late-
May to July, similar to that done by Ruggerone et al. (2006). Inter-annual sampling would 
address yearly variation, because juvenile salmon outmigration timing can vary with year. 
Increasing the temporal scale would also increase the power of statistical tests. 

• Conduct before and after monitoring at new restored sites such as at Chinook Wind and 
Duwamish Gardens. These two sites are located in the area upstream from North Wind’s Weir 
and downstream from Codiga Farm Park, where off-channel restored areas have not been 
previously created. 

• Sample across time at sites that have been planted with riparian vegetation to measure benefits 
of vegetation growth, focusing on metrics such as invertebrate prey production, and juvenile 
salmon use at high tides when water is close to the vegetation. 

• Focus on experimental designs that further identify underlying factors that influence wild 
Chinook salmon densities and are inherent to specific shoreline habitat types, such as water 
depths and tidal elevations. 

• Create a single standardized data base from previous sampling in the Duwamish, including 
finding and entering older non-electronic data. This would make it possible to efficiently conduct 
present and future meta-analyses on the data, and allow us to better measure progress of 
restoration sites through time. 

  

http://wdfw.wa.gov/conservation/research/projects/marine_toxics/index.html
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Figures 

 

Figure 1. Map of main sampling site locations. Background image is the 2015 USDA National Agriculture 
Imagery Program (NAIP) aerial imagery for King County. 



19 
 

 

Figure 2. Sites at Herring’s House. 

 

Figure 3. Sampling strata at Herring’s House restored site. 
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Figure 4. Pole seining in the channel that connects the Herring’s House restored site with the Duwamish 
River.  

 

Figure 5. Pole seining in the interior of the Herring’s House restored site. 
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Figure 6. River seine deployed at the Herring’s House armored stratum. 

 

Figure 7. Strata sampled at the Slip 4 Early Action Area. 
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Figure 8. Slip 4 Armored stratum. 

 

Figure 9. Strata sampled at the Boeing Plant 2 North site. 
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Figure 10. Sampling strata at the Boeing Plant 2 North restored site, and fyke net location sampled by 
Amec Foster Wheeler. 

 

Figure 11. Pole seining at the Boeing Plant 2 North restoration site.  
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Figure 12. Sampling strata at the Hamm Creek Estuary site. 

 

Figure 13. Seine locations within Hamm Creek restored site. 
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Figure 14. River seine deployment at the Hamm Creek restored site. 

 

Figure 15. Pole seining in the interior of the Hamm Creek restored site. 
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Figure 16. River seine being retrieved at the Hamm Creek Vegetated stratum. 

 

Figure 17. Sampling strata at the Turning Basin site. 
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Figure 18. Seine locations within the Turning Basin restored site. 

 

Figure 19. River seine being retrieved at the Turning Basin Vegetated stratum. 
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Figure 20. River seine being retrieved at the Turning Basin armored stratum. 

 

Figure 21. Sampling strata at the North Wind’s Weir site. 
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Figure 22. Seine locations within the North Wind’s Weir restored site. 

 

Figure 23. River seine being retrieved at the North Wind’s Weir restored site. 
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Figure 24. Sampling strata at the Chinook Wind and Duwamish Gardens sites. 

 

Figure 25. Removing fish from the river seine at the Chinook Winds vegetated stratum. 
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Figure 26. Duwamish Gardens restoration site, with Chinook Winds restoration site in the background. 

 

Figure 27. Sampling strata at the Codiga Farm Park site. 
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Figure 28. Seine locations within the Codiga Farm Park restored site. 

 

Figure 29. Pole seining in the Codiga Farm Park restored site, sampling around placed logs. 
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Figure 30. Wild Chinook salmon. 

 

Figure 31. Chum salmon. 
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Figure 32. Pink salmon. 

 
Figure 33. Average densities of abundant juvenile salmon during each sampling event. 
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Figure 34. Average densities of abundant juvenile salmon per site (combined strata of restored, 
armored, and vegetated), descending in river mile from right to left. 
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Figure 35. Average densities of abundant juvenile salmon per strata (combined for all seven sites that 
the three strata occurred). 
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Figure 36. Average densities of abundant juvenile salmon at restored sites, descending in river mile from 
right to left. 
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Figure 37. Average densities of juvenile salmon captured at the deeper main and shallower interior 
locations of restored sites with river and pole seines. 
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Figure 38. Average densities of abundant juvenile salmon at the Codiga Farm and North Wind’s Weir 
sites, for river and pole seines. 
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Figure 39. Average densities of abundant juvenile salmon at the Turning Basin and Hamm Creek sites, 
for river and pole seines. 
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Figure 40. Average densities of abundant juvenile salmon at the Boeing Plant 2 N and Slip 4 sites, for 
river and pole seines, and fyke net at Boeing Plant 2 N. 
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Figure 41. Average densities of abundant juvenile salmon at the Herring’s House sites, for river and pole 
seines. 
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Figure 42. Average densities of abundant juvenile salmon at the Chinook Wind and Duwamish Gardens 
sites, for river seines (armored sites are where restoration will occur).  



44 
 

Tables 

Table 1. Water temperature and salinity at surface and bottom of the water column by date and site. 

 

 

Date Location Temperature (°C) Salinity (ppt) Temperature (°C) Salinity (ppt)
March 14-18 Codiga 8.1 0.1 8.1 0.1

Duwamish Gardens 8.2 0.1 8.1 0.1
Chinook Wind 8.2 0.1 8.1 0.1
North Wind's Weir 8.0 0.0 7.9 0.0
Turning Basin 7.6 0.1 7.7 1.7
Hamm Creek 7.6 0.1 7.7 1.7
Boeing Plant 2 N 8.0 2.0 8.6 14.6
Slip 4 7.7 1.4 9.3 26.2
Herring's House 9.1 4.5 8.9 16.5

April 11-15 Codiga 10.5 0.0 10.3 0.0
Duwamish Gardens 11.3 0.1 11.2 0.1
Chinook Wind 11.5 0.1 11.4 0.0
North Wind's Weir 10.3 0.0 10.1 15.0
Turning Basin 11.2 0.5 11.1 0.5
Hamm Creek 10.4 0.4 10.4 0.4
Boeing Plant 2 N 10.1 0.5 10.3 19.7
Slip 4 10.1 0.5 10.3 19.7
Herring's House 11.8 5.9 9.5 22.5

May 9-13 Codiga 12.4 0.1 12.4 0.1
Duwamish Gardens 14.9 0.1 14.0 10.8
Chinook Wind 14.9 0.1 14.0 10.8
North Wind's Weir 10.5 1.1 12.5 19.5
Turning Basin 14.9 1.9 14.3 2.3
Hamm Creek 14.1 1.0 12.9 22.0
Boeing Plant 2 N 12.8 5.4 11.7 25.6
Slip 4 12.8 5.4 11.7 25.6
Herring's House 15.4 10.0 13.6 20.1

May 23-26 Codiga 12.6 0.0 12.4 0.0
Duwamish Gardens 12.8 0.0 12.6 13.6
Chinook Wind 12.8 0.0 12.6 13.6
North Wind's Weir 12.9 0.1 12.8 0.1
Turning Basin 13.1 3.1 12.0 24.8
Hamm Creek 13.1 0.7 12.1 25.1
Boeing Plant 2 N 13.8 3.6 11.9 25.6
Slip 4 13.8 3.6 11.9 25.6
Herring's House 12.8 9.4 12.6 16.4

Surface Bottom
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Table 2. Average maximum water depth and surface area sampled by pole and river seines. 

 

Table 3. Average maximum water depth sampled by river seines at the three strata. 

 

Table 4. Average fish lengths per month and total fish captured in river and pole seines (fork length for 
salmonids, standard length for all other species, in mm). 

 

Table 5. Statistical tests on juvenile salmon densities (ANOVA on site, strata, and restored; Mann-
Whitney on main vs interior). Alpha levels below 0.05 are highlighted in bold. 

 

Average of Max Water 
Depth @ Net Set  (ft)

Average of Surface 
Area (m2)

Pole 2.3 97.3
River 6.0 90.4

Average of Max Water 
Depth @ Net Set  (ft)

Armored 7.8
Vegetated 6.0
Restored 4.3

Species March April early May late May Total number
Salmonids Chinook hatchery 123.7 74.2 77.2 236

Chinook wild 48.0 62.9 76.2 79.0 342
Chum 37.5 40.2 50.6 57.0 8744
Pink 33.8 39.1 42.0 557
Coho wild 39.0 101.2 23
Steelhead hatchery 140.0 184.0 3
Steelhead wild 210.0 1
Cutthroat 310.0 1

other Sculpin, juv. 42.0 22.0 28.2 30.5 264
Staghorn Sculpin 58.0 63.5 41.4 69
Prickly Sculpin 60.7 69.0 11
Starry flounder 126.0 80.0 27.7 33.9 227
Shiner Perch 91.4 100.5 43
Three-spined stickleback 49.3 59.0 38.6 34
Largescale sucker 58.5 39.4 7
Sucker, juv. 36.3 3
Peamouth 42.5 2

Average fish length (mm)

Site 
(all)

Strata            
(7 locations)

Restored      
(7 locations)

Restored main vs 
interior (4 locations)

Wild Chinook 0.031 0.122 0.019 0.004
Hatchery Chinook 0.505 0.748 0.438 0.253
Chum 0.043 0.698 0.244 0.561
Pink 0.470 0.995 0.369 0.487
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Appendix: Raw Densities (#/100m2) of Juvenile Salmon used in Analysis 

Abbreviations: (W)=Wild, (H)=Hatchery, Arm=Armored, Veg=Vegetated, Rest=Restored 

Site Net Month Chinook (W) Chinook (H) Chum Pink 
Chinook Wind Arm River March 0.0 0.0 0.0 0.0 
Chinook Wind Arm River April 12.7 0.0 15.2 12.7 
Chinook Wind Arm River May, early 1.4 0.0 1.4 0.0 
Chinook Wind Arm River May, late 1.3 9.1 7.8 0.0 
Chinook Wind Veg River March 0.0 0.0 5.1 0.0 
Chinook Wind Veg River April 3.8 48.9 0.0 0.0 
Chinook Wind Veg River May, early 0.0 0.0 0.0 0.0 
Chinook Wind Veg River May, late  0.0 6.6 0.0 0.0 
Codiga Farm Arm River March 0.0 0.0 1.0 0.0 
Codiga Farm Arm River April 1.4 0.0 4.2 0.7 
Codiga Farm Arm River May, early 0.0 0.0 0.0 0.0 
Codiga Farm Arm River May, late 1.8 41.4 8.3 0.0 
Codiga Farm Rest Pole March 0.0 0.0 13.6 9.4 
Codiga Farm Rest Pole April 0.7 0.0 6.7 0.0 
Codiga Farm Rest Pole May, early 0.0 0.0 0.0 0.0 
Codiga Farm Rest Pole May, late 1.1 7.7 0.0 0.0 
Codiga Farm Rest River March 0.0 0.0 3.4 0.0 
Codiga Farm Rest River April 11.7 0.0 68.4 0.7 
Codiga Farm Rest River May, early 32.6 4.6 0.0 0.0 
Codiga Farm Rest River May, late 18.3 21.3 0.0 0.0 
Codiga Farm Veg River March 0.7 0.0 0.0 0.0 
Codiga Farm Veg River April 0.6 0.0 5.8 0.0 
Codiga Farm Veg River May, early 1.4 1.4 0.7 0.0 
Codiga Farm Veg River May, late 2.8 28.2 56.5 0.0 
Duwamish Gardens Arm River March 0.0 0.0 4.3 0.0 
Duwamish Gardens Arm River April 0.0 0.0 0.0 1.1 
Duwamish Gardens Arm River May, early 0.0 0.0 0.0 0.0 
Duwamish Gardens Arm River May, late 1.1 0.0 0.0 0.0 
Duwamish Gardens Veg River March 0.0 0.0 26.4 42.5 
Duwamish Gardens Veg River April 12.9 0.0 87.1 4.3 
Duwamish Gardens Veg River May, early 0.0 0.0 2.6 0.0 
Duwamish Gardens Veg River May, late 0.0 0.0 0.0 0.0 
Hamm Creek Arm River March 1.1 0.0 24.7 4.5 
Hamm Creek Arm River April 80.9 0.0 270.6 9.3 
Hamm Creek Arm River May, early 1.4 4.1 64.0 0.0 
Hamm Creek Arm River May, late 2.5 5.0 12.5 0.0 
Hamm Creek Rest Pole May, early 0.0 1.9 96.0 0.0 
Hamm Creek Rest Pole May, late 0.0 1.2 0.0 0.0 
Hamm Creek Rest River March 0.0 0.0 60.0 24.5 
Hamm Creek Rest River April 0.0 0.0 255.8 2.9 
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Hamm Creek Rest River May, early 0.0 0.0 0.0 0.0 
Hamm Creek Rest River May, late 0.0 0.9 0.0 0.0 
Hamm Creek Veg River March 0.0 0.0 3.3 0.0 
Hamm Creek Veg River April 20.0 0.0 171.5 0.0 
Hamm Creek Veg River May, early 4.2 1.0 10.4 0.0 
Hamm Creek Veg River May, late 0.0 0.0 0.9 0.0 
Herring's House Arm River March 0.0 0.0 0.0 0.0 
Herring's House Arm River April 1.0 0.0 418.7 213.0 
Herring's House Arm River May, early 3.1 10.3 3.6 0.0 
Herring's House Arm River May, late 0.0 0.0 0.0 0.0 
Herring's House Rest Pole March 0.0 0.0 0.0 0.0 
Herring's House Rest Pole April 3.0 0.0 3.0 0.0 
Herring's House Rest Pole May, early 0.0 0.0 0.0 0.0 
Herring's House Rest Pole May, late 0.0 0.0 0.0 0.0 
Herring's House Rest River March 0.0 0.0 0.0 0.0 
Herring's House Rest River April 0.0 0.0 1.8 0.6 
Herring's House Veg River March 0.0 0.0 0.0 0.0 
Herring's House Veg River April 4.1 1.0 16.5 1.0 
Herring's House Veg River May, early 0.5 2.1 1.0 0.5 
Herring's House Veg River May, late 1.0 1.0 0.0 0.0 
Boeing Plant 2 N Arm River March 0.0 0.0 0.0 0.0 
Boeing Plant 2 N Arm River April 0.4 0.0 18.5 0.4 
Boeing Plant 2 N Arm River May, early 10.9 4.4 2.2 0.0 
Boeing Plant 2 N Arm River May, late 0.0 2.6 0.0 0.0 
Boeing Plant 2 N Rest Pole April 1.3 0.0 9.3 0.0 
Boeing Plant 2 N Rest River April 3.1 0.0 2.1 1.0 
Boeing Plant 2 N Rest Fyke March 0.0 0.0 5.4 0.8 
Boeing Plant 2 N Rest Fyke May, early 7.3 10.6 3.2 0.0 
Boeing Plant 2 N Rest Fyke May, late 0.0 0.0 0.0 0.0 
Boeing Plant 2 N Veg River March 0.0 0.0 85.3 220.8 
Boeing Plant 2 N Veg River April 7.0 0.0 33.8 0.0 
Boeing Plant 2 N Veg River May, early 0.0 0.0 0.0 0.0 
Boeing Plant 2 N Veg River May, late 1.9 3.7 0.0 0.0 
North Winds Weir Arm River March 0.0 0.0 0.9 0.0 
North Winds Weir Arm River April 0.0 0.0 12.9 0.9 
North Winds Weir Arm River May, early 0.0 0.0 96.6 0.0 
North Winds Weir Arm River May, late 0.0 0.9 16.4 0.0 
North Winds Weir Rest Pole March 0.0 0.0 5.0 0.0 
North Winds Weir Rest Pole April 0.0 0.0 0.6 0.0 
North Winds Weir Rest Pole May, early 0.0 0.0 0.0 0.0 
North Winds Weir Rest River March 0.0 0.0 81.6 16.3 
North Winds Weir Rest River April 14.4 0.0 1.8 0.0 
North Winds Weir Rest River May, early 5.4 1.2 11.6 0.0 
North Winds Weir Rest River May, late 0.6 3.0 0.0 0.0 
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North Winds Weir Veg River March 0.0 0.0 112.9 6.9 
North Winds Weir Veg River April 0.0 0.0 0.0 0.0 
North Winds Weir Veg River May, early 0.0 0.0 0.0 0.0 
North Winds Weir Veg River May, late 0.9 0.0 8.6 0.0 
Slip 4 Arm River March 0.0 0.0 108.7 36.2 
Slip 4 Arm River April 2.4 0.0 176.3 50.7 
Slip 4 Arm River May, early 4.8 4.8 7.2 0.0 
Slip 4 Arm River May, late 0.0 7.2 0.0 0.0 
Slip 4 Rest River March 0.0 0.0 97.5 5.4 
Slip 4 Rest River April 8.7 0.0 2.2 0.0 
Slip 4 Rest River May, early 4.4 4.4 19.6 0.0 
Slip 4 Rest River May, late 2.2 7.6 0.0 0.0 
Slip 4 Veg River March 0.9 0.0 0.9 0.0 
Slip 4 Veg River April 21.1 0.0 364.2 3.7 
Slip 4 Veg River May, early 9.2 0.9 13.8 0.0 
Slip 4 Veg River May, late 0.0 2.8 4.6 0.0 
Turning Basin Arm River March 0.0 0.0 2.0 0.0 
Turning Basin Arm River April 17.5 0.0 11.9 0.6 
Turning Basin Arm River May, early 0.0 0.0 0.0 0.0 
Turning Basin Arm River May, late 0.0 0.0 0.0 0.0 
Turning Basin Rest Pole May, early 0.0 0.0 0.0 0.0 
Turning Basin Rest Pole May, late 0.0 0.0 0.0 0.0 
Turning Basin Rest River March 0.0 0.0 3.3 2.6 
Turning Basin Rest River April 23.3 0.0 2260.1 7.0 
Turning Basin Rest River May, early 1.1 12.1 2.2 0.0 
Turning Basin Rest River May, late 0.0 0.0 0.8 0.0 
Turning Basin Veg River March 0.0 0.0 101.0 50.5 
Turning Basin Veg River April 0.0 0.0 319.8 0.0 
Turning Basin Veg River May, early 6.2 6.2 121.0 0.0 
Turning Basin Veg River May, late 0.0 3.4 3.4 0.0 
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