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EXECUTIVE SUMMARY
The Belmondo revetment enhancement was constructed in 2013 as a phase of a series of
repairs initiated to replace an emergency repair conducted during a 2009 flood. The
purpose of the enhancement was to complete mitigation for emergency repairs to the
revetment, as well as mitigation for impacts to aquatic habitat associated with log
relocations at the Cedar Rapids Levee Setback Site. This report focuses on aquatic habitat
availability and use by juvenile salmonids before and after construction. Habitat and
juvenile fish monitoring data from the upstream Rainbow Bend levee setback project were
compared to Belmondo site data to provide a larger context for juvenile salmonid habitat
use in the lower Cedar River. The purpose of this report is to:


Assess habitat changes that resulted from the implementation of the Belmondo
revetment enhancement.



Understand how juvenile salmonids use the different types of constructed and
natural edge habitat available.



Guide design for flood risk reduction projects that seek to provide the greatest
benefit to salmonids.

Low velocity edge habitat was the primary indicator to measure aquatic habitat throughout
the Belmondo reach. This type of habitat is shallow, relatively slow moving water along
river margins that juvenile salmonids rely on during freshwater rearing (Hillman et al
1987, Bjornn and Reiser 1991). Low velocity edge habitat was measured and mapped using
geographic information systems. Habitats were classified as bank, bar, side channel,
engineered log structure (ELS), or backwater. Density of fish use in low velocity habitat
types was measured using snorkel surveys during the juvenile Chinook rearing period
(January-June).
A significant increase in reach-scale low velocity habitat occurred as a result of the
Belmondo revetment enhancement project, with a notable increase occurring along the
revetment itself. Low velocity habitat varies with flow and amount of floodplain interaction
so precision in assessing change is often difficult. Prior to construction, only 55.8 square
meters of habitat was measured, and due to the homogenous, steep nature of this revetted
bank it is unlikely that this changed drastically at different flows. After construction, the
addition of structural diversity along the bank through construction of rock barbs and
woody debris (ELS) resulted in approximately 740.3 square meters of low velocity habitat
at 1150 cfs, and 830.9 square meters at 860 cfs. Additionally, deflection from the rock
barbs to the opposite bank may promote the addition of natural low velocity habitats on
the right bank in the future.
Snorkel surveys were performed at the Belmondo and Rainbow Bend treatment reaches,
and a control and reference reach. Overall, mean Chinook and coho densities in the
Belmondo reach were both highest in backwater habitats, followed by the ELS habitat
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created by the project construction, with bank and bar habitats the lowest. Juvenile
Chinook appeared to rely on backwater habits most early in the rearing stage, then
transitioned to ELS habitats, and later all habitats, as they grew in size. Early in the year
when only yearling coho (the previous year’s fry) were present, densities were highest in
the ELS and bank habitats. As the yearling coho outmigrated and the young-of-year coho
fry emerged, backwater habitats had the greatest densities, followed by the ELS habitats,
with bank and bar habitats having the lowest. Mean trout densities were highest in ELS
habitats, but due to the presence of larger and different aged fish, they do not necessarily
depend on edge habitat like juveniles do, therefore trout densities within edge habitat is
unlikely to reflect true habitat selection by trout. Based on fish densities found, we can
conclude that the Belmondo Enhancement project was not only successful at creating low
velocity habitat, but that this habitat was of higher quality than the riprap habitats
surveyed, which are representative of pre-construction conditions.
In the larger context of the lower Cedar River, juvenile salmonid habitat use was compared
among sites to better understand habitat requirements and help guide future projects.
Overall, 14 unique sampling events occurred at four locations between April and June,
resulting in habitat use data for 6 habitat types. For juvenile Chinook, backwater habitats
featured the highest mean density (1.54 per m2), followed by ELS (1.00 per m2), then side
channel habitat (0.64 per m2). For juvenile coho, backwater habitats also featured the
highest mean density (5.77 per m2), followed by side channel (2.97 per m2), then ELS
habitat (2.39 per m2). While mean Chinook densities were second highest in ELS habitats in
the lower Cedar River, no statistical difference was found between ELS habitats and other
habitats. Coho densities in the ELS habitat were found to be statically greater than riprap,
natural bank, and bar habitats, with no significant difference between the ELS, side channel
and backwater habitats.
Overall, backwater habitats featured the highest densities of Chinook and coho at
Belmondo and the lower Cedar River generally, though these habitats had the least
available area. Habitat provided by ELS structures had higher densities of juvenile fish than
riprap banks, however these densities were still lower than backwater habitats. Backwater
habitats were found at the downstream and upstream ends of floodplain channels that
were connected at high flows. At these areas standing pools remain where the channels
meet the river, even at lower flows. This work shows that thoughtfully engineered log
structures can increase juvenile habitat availability in the Cedar River. Where possible,
promoting river connection with the floodplain to increase available backwater habitats
may provide the greatest benefit to juvenile salmonids.
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1.0 INTRODUCTION
The Belmondo Revetment Enhancement Project construction was completed in August
2013. Three hundred and seventy linear feet of existing streambank revetment on the left
bank of the Cedar River (RM 9.4) along SR-169 were reconstructed with vegetated geogrids
and four streambank enhancement structures. The structures included two large groin-like
engineered log structures (ELS), with two roughness log structure, one in the lee of each
ELS (Figure 1).

Figure 1.

Final design drawing for the Belmondo Revetment Enhancement

The primary purpose of the project was to continue and complete the bank stabilization
and flood control work that was initiated during an emergency repair in January 2009 due
to flooding. The secondary purpose of the project was to provide mitigation for impacts to
aquatic habitat associated with a large wood repositioning project at the Cedar Rapids
project downstream at RM 7.4, required by the Hydraulic Project Approval permit issued
for this work by the Washington Department of Fish and Wildlife.
More project information can be found at
http://www.kingcounty.gov/environment/wlr/sections-programs/river-floodplainsection/capital-projects/belmondo-revetment-enhancement.aspx
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2.0 STUDY AREA
2.1 Belmondo
The Belmondo project reach of the lower Cedar River is located at approximately RM 10.4
(Figure 2) and consists of enhanced revetment repairs along SR-169 and the Cedar River
trail. The Belmondo reach is located four miles southeast of Renton, and four miles north of
Maple Valley. The Belmondo project reach includes the 113 meter construction area, as
well as the habitat units immediately upstream and downstream that may be affected by
the construction. The expanded Cedar River study reaches were chosen in the same
manner.

2.2 Cedar River Expanded Study Area
The Belmondo reach is one of one of four locations that make up the Cedar River expanded
study area (Figure 2). To better understand habitat use of pre-construction conditions at
Belmondo, the Herzmann reach was chosen as a control site. The Herzmann reach features
a riprap levee on an outside bend, which is very similar to pre-construction conditions at
the Belmondo revetment. Aside from the Belmondo and Herzmann sites, the Rainbow Bend
levee setback site was also included as well as the Dorre Don reference reach. The Dorre
Don reach was surveyed as part of the Rainbow Bend project, and includes an area with
active floodplain interaction and natural side channels. These sites were monitored in 2014
for fish use and aquatic habitat for the purposes of investigating goals 3 and 4 below. By
using the same sampling methodology at all four sites, we are able to make comparisons
throughout the Cedar River to give us a greater understanding of habitat use and
preference by different fish species. This river scale study area is expected to be expanded
in future as additional flood protection and habitat projects are constructed by King
County.
This study is part of an ongoing effort by the King County Water and Land Resources
Division to monitor the project effectiveness of flood protection and habitat restoration
projects in the lower Cedar River. The primary goals of this monitoring program are to:
1. Ensure projects match design specifications and meet or exceed performance
standards defined by regulatory requirements (Implementation Monitoring).
2. Ensure installed hardscape project elements such as rock, wood, geotextiles, and
soil lifts are intact and stable (Effectiveness Monitoring).
3. Evaluate the site-specific and cumulative effects of modern era design flood facility
projects on local salmonid habitats (Effectiveness Monitoring).
4. Create a record of fish use of RFMS projects relative to control sites, which include
both natural shorelines and 1960’s era riprap facilities (Effectiveness Monitoring).
5. Use monitoring results to improve construction and maintenance practices
(Adaptive Management).
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Figure 2.

2014 Cedar River fish habitat and use sampling locations with river miles (red dot w/ blue text)
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3.0 METHODS
3.1 Low Velocity Edge Habitat Mapping
Low velocity edge habitats are the shallow relatively slow moving waters along the river
margins which juvenile salmonids rely on during freshwater rearing (Hillman et al. 1987,
Bjornn and Reiser 1991). Low velocity habitat within the Belmondo revetment
enhancement reach was mapped using GPS before and after construction to quantify
changes in amount, type, and distribution (Table 1). The water line throughout the project
reach was also mapped to track channel migration after construction as well as observe
changes in channel width. Post-construction low velocity edge habit surveys were
scheduled during the January-June rearing period for juvenile Chinook salmon in the Cedar
River. Surveys were intended to target the 50th, 75th, and 90th percentile flows during this
window, though due to high runoff early in the sampling season and sampling logistics,
only two habitat surveys were completed and did not meet all target flows (Table 1).
Table 1.

Habitat surveys conducted at the Belmondo project reach

Survey Date
6/13/2012
6/11/2013
2/18/2014
*4/15/2014

Discharge
(cfs @
Renton)
906
495
1150
860

Low Velocity
Edge Habitat

Timeline
Pre-construction
Pre-construction
Post-construction
Post-construction

X
X
X

Water Line
X
X
X
X

*Only day that snorkel surveys were also performed

For this study, low velocity habitat was defined as the surface area at the edge of the wetted
channel where the water velocity measured less than 0.45meters/second (m/s) as
described by Beechie et al. (2005). This low velocity area was then categorized as gravel
“bar”, “bank”, “backwater”, or “side channel”. In addition, “Engineered log structure” (ELS)
habitat was also included, which represented the unique constructed low velocity habitats
behind the rock barbs at the Belmondo project.
While low velocity habitat may be present along the entire bank of the river, only the
habitat units with a length or width greater than the stated accuracy of the GPS at the time
of the survey were mapped (accuracy was generally less than 0.5 meters). Habitat units
were mapped on foot using a handheld Trimble GeoXH GPS, and the 0.45m/s low velocity
margin was determined using a Swoffer flow meter set to give instantaneous readings of
velocity.
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3.2 Fish Use
Quantitative information on juvenile salmonid use of low velocity habitats at Belmondo
was collected by snorkel survey. Snorkel surveys provide information on the abundance,
distribution, size structure, and habitat use of salmonids, as well as population estimates
and distribution within habitats (O’Neal 2007). The Cedar River is a favorable location for
snorkel surveys because turbidity is low, flows are mild, and access is easy. Snorkel surveys
minimize potential impacts to threatened Chinook salmon because they are a passive
sample technique.
Snorkel surveys were performed at night, approximately one hour after sunset from April
to June of 2014 (Table 2). Snorkel dates were planned based on weather and discharge to
assure snorkeler safety as well as optimal water conditions for observing and counting fish.
Night snorkel surveys were chosen because they are likely to be more effective during our
survey window, since juvenile salmonids tend to hide during the daytime when water
temperatures are below 9°C (O’Neal 2007). As with low velocity habitat mapping, snorkel
surveys were scheduled during the January to June rearing period for juvenile Chinook
salmon to address fish rearing in each type of low velocity habitat. Snorkel surveys were
performed when flows were moderate to low to allow safe surveying as well as good
visibility.
Table 2.

Snorkel surveys conducted at the Belmondo project Reach

Date

Habitats Surveyed

*4/15/2014
5/19/2014
6/11/2014
6/25/2014
6/30/2014

All available
All available
All available
ELS’s only
ELS’s only

Discharge
(cfs @ Renton)
850
780
317
317
313

*Only day that slow velocity habitat was also mapped.

The snorkeling crew consisted of two trained biologists performing the survey following
the protocols outlined by Thurow (1994). Prior to snorkeling and in the daylight, the site
was walked in waders to assure its suitability and safety for snorkeling, and to map out the
individual sampling units for that night’s survey. Habitat units were selected based on the
types of low velocity habitat found at the site. An attempt was made to night snorkel all low
velocity habitats present. Units of low velocity habitat were marked using flagging to
designate the upper and lower end of the unit so that they could be easily identified later by
snorkelers.
Snorkeling began approximately one hour after sunset. The crew worked in tandem to
snorkel adjacent habitats, or for more complex or dangerous habitats one person would
record data and spot while the other snorkeled. Snorkelers tallied each individual fish by
species and size range, as well as the habitat type surveyed. The width of the snorkel
King County Science and Technical Support Section
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survey was also recorded as either the width of the habitat unit if water clarity was good
throughout, or the width of the area with good water clarity if this was less than the habitat
width. Habitat unit areas were calculated using a combination of snorkel survey width and
length measurements taken during pre-snorkel mapping. Juvenile fish densities by species
and low velocity habitat type were calculated from snorkel survey count data:
Number of fish/habitat area = fish/m2

3.2.1

Analysis

While the Herzmann site was sampled as a control for the Belmondo project, the results are
included in the expanded study to provide reference for habitat use of riprap low velocity
habitats along with others surveyed throughout the lower Cedar River. These “riprap” bank
low velocity habitats were specifically included for snorkel surveys to help quantify habitat
use of leveed and revetted type bank habitats.
Fish densities were calculated for each species, habitat type, date, and reach location.
Densities were then compared to identify differences in fish use of the habitat types within
the project reach. Fish densities were grouped by habitat type and analyzed for statistical
difference using a one way ANOVA (Sigma Plot 12.5). Because of the non-parametric
quality of fish density data, a Kruskal Wallis test based on ranks was used to determine if
significant differences existed between each habitat type (alpha <0.05). Pairwise
comparisons (Dunn’s method) were then used to test between groups if a significant
difference was identified.
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4.0 RESULTS
4.1 Low Velocity Edge Habitat
Low velocity habitat data from three sample days were analyzed using ArcGIS. Individual
habitat units of each type (bar, bank, backwater, ELS) were grouped by type and their
surface areas in square meters (m2)) summed to yield a single area value for each habitat
type for each sample day (Table 3). Different discharges at the time of each survey make it
difficult to directly compare the amount of low velocity habitat available before and after
construction. However, the confined channel and steep banks within the pre-construction
project reach probably resulted in similar amounts of slow water habitat being present
across a range of discharges, allowing for some comparison even though direct comparison
at a given discharge is not possible. In the case of low velocity habitat measured behind the
installed rock barbs and engineered log structures (ELS’s), we can safely assume that this
habitat was a direct result of project construction.
Table 3.

Areas of low velocity habitat mapped at the Belmondo project reach

Survey
Date

Discharge
(cfs)

6/11/2013*
2/18/2014
4/15/2014

495
1150
860

Low Velocity Edge Habitat (m2)
Bar
533.0
556.8
355.8

Bank Backwater
132.3
137.4
64.5
9.4
226.5
162.0

ELS
740.3
830.9

Total
802.7
1371.0
1575.2

* Pre-construction

Before construction of the enhanced revetment, there was a total of 802.7 m2 of low
velocity habitat at Belmondo (June 11, 2013 at 495 cfs). After project construction there
was a total of 1371.0 m2 of low velocity habitat (February 18, 2014 at 1150 cfs), and 1575.2
m2 of habitat (April 15, 2014 at 860 cfs). Of the post-construction totals, 740.3 m2 (1150cfs)
and 830.9 m2 (860 cfs) were associated with the installed rock barbs and ELS’s.
A significant increase in reach scale low velocity edge habitat occurred as a result of the
Belmondo revetment enhancement project (Figure 3). Prior to the enhancement, only a
55.8 m2 unit of low velocity bank habitat was located along the revetment. After
construction, the addition of the rock barbs and wood (ELS habitat) created 740.3 m2 of
habitat at 1150 cfs, and 830.9 m2 at 860 cfs. Not only does this show a large increase in
edge habitat, but fish survey results suggest that the ELS habitat created is higher quality
than the riprap bank habitat that was present before construction.
Aside from the ELS low velocity edge habitat created as a direct result of the revetment
enhancement, other edge habitat types may also have been changed indirectly at a smaller
scale. Changes in fluvial geomorphology such as flow direction, bed elevation, and sediment
distribution as a result of the project likely influence where and how much edge habitat
occurs, though we did not notice any substantial changes aside from the ELS habitat itself.
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Because low velocity habitat may change both spatially and in quantity with varying stream
discharges, accurate comparisons on the indirect effects of the enhancement on natural
edge habitat is difficult with our edge habitat data.

1800
1600

Habitat Area (sq m)

1400
6/11/2013
(495cfs) preconstruction

1200
1000

2/18/2014
(1150cfs)

800
4/15/2014
(860cfs)

600
400
200
0
Bar

Figure 3.

Bank

Backwater
Habitat Type

ELS

Total

Comparison of low velocity habitats mapped at the Belmondo project reach

Low velocity edge habitat was observed to be dynamic over varying discharges (Figure 4).
As water levels change, edge habitat often changes in both location and type (Figure 5).
Post construction, we observed that at higher discharges water rose above many bank
habitats and began occupying floodplain gravel bars. Additionally, as floodplain channels
were connected, backwater habitats disappeared and bar/side channel habitats were
created.
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6/11/2013 (495cfs) pre-construction
0%
17%

Bar
Bank

17%

Backwater
66%

2/18/2014 (1150cfs) post-construction

40%

Bar
Bank
Backwater

54%

ELS

1% 5%

4/15/2014 (860cfs) post-construction
23%
Bar
Bank
53%

Backwater
14%

ELS

10%
Figure 4.

Proportions of low velocity habitat mapped at Belmondo by type
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Figure 5.

Total low velocity habitat mapped at the Belmondo project reach for both pre and post construction
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4.2 Edge of Water
Edge of water in the project reach on 6/13/2012 (906 cfs, pre-construction) and
4/15/2014 (860 cfs, post-construction) was compared to assess changes in channel
migration and width that may be a result of the project. Due to the relatively small
difference between discharge for these dates and the fairly steep right bank, we assume
that these conditions are similar enough to accurately compare pre and post–construction
change. Similarities in mapped edge of water on 6/11/2013 (495 cfs,) and 6/13/2012 (906
cfs), both pre-construction, support the assumption that preconstruction edge of water
varied little at discharges within this range.
The edge of water changed substantially in an approximately 220 meter (m) section of the
right bank, beginning upstream of the upper rock barb, and ending at the existing channel
at the bottom of the project reach (Figure 6). Within this 220 m section, the channel
widened up to 17 m, resulting in approximately 2.8 m2 of channel width expansion per
linear foot of bank (2,017 m2 of channel added total). Change was also observed to the mid
channel bar located downstream of the lower rock barb. This bar expanded slightly, and
another small bar developed in the middle of the widening channel, although we do not
have pre-construction mapping to quantify the change.
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Figure 6.

Edge of water for all sampling events

King County Science and Technical Support Section

18

February 2015

4.3 Belmondo Fish Use
A total of 6,101 fish among six species were observed during five snorkel dates at the
Belmondo reach in 2014 (Table 4). Of the six species observed, coho and Chinook salmon
were the most common (3,558 and 2,061individuals, respectively), representing 58% and
33% of the total number of fish observed. Chinook observed were all sub-yearling
juveniles, while coho observed were composed of both sub-yearling and yearling age
classes. Trout observed were composed of a range of age classes from sub-yearling to adult.
The sockeye observed were limited to one sampling event in which all 95 fry were found in
the backwater habitat.

29.7

327

29

93

6

27

Bar

16

44.6

713

140

186

9

75

Backwater
ELS

5

45.0

225

1227

1435

2

31

4

101.4

912.5

665

1844

79

157

Total

36

55.2

2177.5

2061

3558

96

290

Sculpin

11

Trout

Bank

Total
Habitat
Area

Coho

# Units
Sampled*

Chinook

Habitat
Type

Mean
Unit
Area
(m2)

Whitefish

Total number of fish observed by species for all five snorkel dates in 2014

Sockeye

Table 4.

Total
Fish
155

1
95

411
2790
2745

95

1

6101

*Value includes the same habitat units sampled at different times, and does not represent the number of
different habitat units present.

4.3.1

Chinook

A total of 2,061 juvenile Chinook salmon were observed at the Belmondo project reach in
2014. Average Chinook densities for all sampling events resulted in a mean density of 0.23
Chinook per m2 for bank habitat, 0.25 Chinook per m2 for bar habitat, 1.00 Chinook per m2
for ELS habitat, and 2.75 Chinook per m2 for backwater habitat (Figure 7). Although
juvenile Chinook salmon were clearly using backwater and ELS habitat more than bank and
bar habitat, no statistically significant difference was found between Chinook densities for
each habitat type (P=0.066), which is likely a result of low sample sizes.
Chinook densities by habitat type were also broken down by sampling month to assess fish
densities at various habitat types throughout the freshwater rearing period. On April 15,
2014 we observed a mean density of 0.23 Chinook per m2 for bank habitat, 0.02 Chinook
per m2 for bars, 0.03 Chinook per m2 for ELS’s, and 5.38 Chinook fry per m2 for backwaters
(Figure 8). While the highest density of Chinook on April 15, 2014 was found in the
backwater habitat and greatly exceeded densities at other habitat types, no statistically
significant difference was found among Chinook densities across habitat types (P=0.226).
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This is likely due to the non-normal data, unequal variances, and small sample sizes for
each habitat type, especially backwaters (n=1).
On May 19, 2014, we observed a mean density of 0.08 Chinook per m2 for bank habitat,
0.27 Chinook per m2 for bars, 6.11 Chinook per m2 for ELS’s, and 7.14 Chinook per m2 for
backwaters (Figure 9). A statistically significant difference was found among Chinook
densities by habitat type (P=<0.001). A pairwise multiple comparison revealed that
Chinook densities for backwater and ELS habitats were significantly higher than banks and
bars, with no difference between backwater and ELS habitats or bar and bank habitats.
Mean density of Chinook salmon sampled on 6/11/2014, 6/25/2014, and 6/30/2014 was
0.35 Chinook per m2 for banks, 0.56 Chinook per m2 for bars, 0.56 Chinook per m2 for ELS’s ,
and 0.41 Chinook per m2 for backwaters (Figure 10). No statiscally significant difference
was found in Chinook densities among habitat types (P=0.486).

Figure 7.

Chinook densities at Belmondo for all sampling events in 2014 (red dotted lines represent means)
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Figure 8.

Chinook densities at Belmondo on April 15, 2014 when discharge was 860 cfs (red dotted lines
represent means)

Figure 9.

Chinook densities at Belmondo on May 19, 2014 when discharge was 780 cfs (red dotted lines
represent means)
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Figure 10.

Chinook densities at Belmondo averaged over June 11, June 25, and June 30, 2014 when discharge
was 317, 317, and 313 cfs, respectively (red dotted lines represent means).

Percentage of Chinook counted during each sampling event are calculated for each habitat
type (Figure 11). While this does not incorperate density or habitat availability, it does
allow us to see changes in fish habitat use regardless of the number of fish observed for
each sampling event. On April 15, 2014, 85% of Chinook were found in backwater habitats,
7.3% were found in ELS’s, 3.6% were found in bars, and 4%were found in banks. On May
19, 2014, 63.7% of Chinook were found in backwater habitats, 31.1% were found in ELS’s,
4.8% were found in bars, and 0.4% were found in banks. On June 11, 2014, 15.7% of
Chinook were found in backwater habitats, 21.3% were found in ELS’s, 50.9% were found
in bars, and 12% were found in banks.
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Figure 11.

Chinook presence by habitat type represented as the percent of total Chinook salmon observed at
all habitat types during each sampling event.

4.3.2

Coho

A total of 3,558 juvenile coho were observed at Belmondo in 2014. Average coho densities
for all sampling events resulted in a mean density of 0.72 coho per m2 for bank habitat, 0.35
coho per m2 for bar habitat, 2.39 coho per m2 for ELS habitat, and 4.77 coho per m2 for
backwater habitat (Figure 12). A significant difference was found between coho densities
for each habitat type (P<0.001). A pairwise multiple comparison revealed that coho
densities for both backwater and ELS habitats were significantly higher than both bank and
bar, with no signficant difference between backwater and ELS or bank and bar.
Coho densities by habitat type were also broken down by sampling month to assess fish
densities at various habitat types throughout the freshwater rearing period. On 4/15/2014,
we observed a mean density of 1.54 coho per m2 in banks, 0.66 coho per m2 in bars, 1.70
coho per m2 in ELS’s, and 0.28 coho per m2 in backwaters (Figure 13). No statistically
significant difference was found between coho densities for each habitat type (P=0.526).
On 5/19/2014 we observed a mean density of 0.17coho per m2 in banks, 0.04 coho per m2
in bars, 0.99 coho per m2 in ELS’s, and 8.57 coho per m2 in backwaters (Figure 14). While
the mean coho density in backwater habitat was much higher than the mean densities at
other habitats, no statistically significant difference was found between habitat types
(P=0.139). This may be due to the small sample sizes, especially for backwater habitats
(n=1).
During three separate sampling events on 6/11/2014, 6/25/2014, and 6/30/2014 we
observed a mean density of 0.32 coho per m2 for banks, 0.35 coho per m2 for bars, 3.08
coho per m2 in ELS’s, and 5.00 coho per m2 in backwaters (Figure 15). A statiscally
significant difference was found between coho densities for each habitat type (P=<0.001). A
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pairwise multiple comparison revealed that coho densities for both ELS and backwater
were significantly higher than both bank and bar habitats, with no signficant difference
between ELS and backwater or bank and bar.

Figure 12.

Coho densities at Belmondo for all sampling events in 2014 (red dotted lines represent means)

Figure 13.

Coho densities at Belmondo during the month of April (red dotted lines represent means)
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Figure 14.

Coho densities at Belmondo during the month of May (red dotted lines represent means)

Figure 15.

Coho densities at Belmondo during the month of June (red dotted lines represent means)
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Percentage of coho counted during each sampling event are calculated for each habitat type
(Figure 16). While this does not incorporate density or habitat availability, it does allow us
to see changes in fish habitat use regardless of the number of fish observed for each
sampling event. On April 15, 2014, 1.1% of coho were found in backwater habitats, 85.4%
were found in ELS’s, 6.8% were found in bars, and 6.6% were found in banks. On May 19,
2014, 92.5% of coho were found in backwaters, 6.1% were found in ELS’s, 1.0% were
found in bars, and 1.0% were found in banks. On June 11, 2014, 50.7% of coho were found
in backwaters, 19.9% were found in ELS’s, 25.1% were found in bars, and 4.3% were found
in banks.
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Figure 16.

Coho present at each habitat type represented by percent of total coho observed at all habitat types
during each sampling event

4.3.3

Trout

A total of 96 trout were observed at Belmondo in 2014, ranging in age classes from
juveniles to adults. Both rainbow and cutthroat trout were observed, though due to
difficulty of distinguishing the majority of trout while snorkeling both species were
grouped together for analysis. Average trout densities for all sampling events resulted in a
mean density of 0.03 trout per m2 for bank habitat, 0.03 trout per m2 for bar habitat, 0.08
trout per m2 for ELS habitat, and 0.02 trout per m2 for backwater habitat (Figure 17). No
statistically significant difference was found between trout densities for each habitat type
(P=0.125).
Trout densities by habitat type were also broken down by sampling month to assess fish
densities at various habitat types throughout the freshwater rearing period. On 4/15/2014
we observed a mean density of 0.03 trout per m2 in banks, 0.05 trout per m2 in bars, 0.08
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trout per m2 in ELS’s, and 0 trout per m2 in backwaters (Figure 18). No statistically
significant difference was found between trout densities for each habitat type (P=0.239).
On 5/19/2014 we observed a mean density of 0.01 trout per m2 in banks, 0.03 trout per m2
in bars, 0.06 trout per m2 in ELS’s, and 0 trout per m2 in backwaters (Figure 19). No
statistically significant difference was found between trout densities for each habitat type
(P=0.622).
During three separate sampling events on 6/11/2014, 6/25/2014, and 6/30/2014 we
observed a mean density of 0.04 trout per m2 in banks, 0.01 trout per m2 in bars, 0.08 trout
per m2 in ELS’s, and 0.04 trout per m2 in backwaters(Figure 20). A No statistically
significant difference was found between trout densities for each habitat type (P=0.478).

Figure 17.

Trout densities at Belmondo for all sampling events in 2014 (red dotted lines represent means)
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Figure 18.

Trout densities at Belmondo during the month of April (red dotted lines represent means)

Figure 19.

Trout densities at Belmondo during the month of May (red dotted lines represent means)
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Figure 20.

Trout densities at Belmondo during the month of June (red dotted lines represent means)

Percentage of trout counted during each sampling event are calculated for each habitat
type (Figure 21). While this does not incorporate density or habitat availability, it does
allow us to see changes in fish habitat use regardless of the number of fish observed for
each sampling event. On April 15, 2014, 0% of trout were found in backwater habitats,
83.7% were found in ELS’s, 8.2% were found in bars, and 8.2% were found in banks. On
May 19, 2014, 0% of trout were found in backwater habitats, 55.6% were found in ELS’s,
33.3% were found in bars, and 11.1% were found in banks. On June 11, 2014, 40.0% of
trout were found in backwater habitats, 0% were found in ELS’s, 40.0% were found in bars,
and 20.0% were found in banks.
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Trout present at each habitat type represented by percent of total trout observed at all habitat
types during each sampling event
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4.4 Fish Use in the Expanded Study Area
Fish densities by habitat type collected at four different study locations in the lower Cedar
River in 2014 were combined with the intention of generalizing results to the entire lower
river. A total of 97 habitat units representing six habitat types were sampled during 14
unique sampling events at Herzmann, Belmondo, Rainbow Bend, and Dorre Don sites in
2014 (Figure 1, Table 5). “Riprap” type bank habitats located at the Herzmann site were
also surveyed to provide fish use data of this habitat type, which gives us context for preconstruction conditions in leveed and revetted banks. . We assume that fish have access to
all of these habitat types throughout the lower river, so densities should broadly reflect
preference for particular habitat types. It is important to note that juvenile Chinook salmon
numbers may vary between sampling locations due to factors such as proximity to
spawning locations or timing of outmigration. All sample points are included in analysis to
represent these differences.
Table 5.

Sampling events for all locations in 2014.

2014 Date
Flow @ Landsburg (cfs)

Herzmann
Belmondo
Rainbow Bend
Dorre Don

4.4.1

4/14

4/15

4/16

5/19

5/20

6/11

6/16

6/25

6/30

800

755

852

715

680

270

460

260

260

X
X

X
X

X
X

X

X

X
X
X

X

X
X

Chinook

A total of 3,264 juvenile Chinook were observed in six different habitat types throughout all
sampling locations in 2014. Combined, this resulted in a mean density of 0.06 Chinook per
m2 in riprap, 0.14 Chinook per m2 in banks, 0.26 Chinook per m2 in bars, 0.64 Chinook per
m2 in side channels, 1.00 Chinook per m2 in ELS’s, and 1.54 Chinook per m2 in backwaters
(Figure 22). A statistically significant difference was found for the backwater and side
channel habitats (P=0.003). A pairwise comparison revealed that Chinook densities in the
backwater and side channel habitats were significantly greater than density in bank
habitats. No significant differences were found between other types, and in cases such as
riprap habitats which featured the lowest mean density of Chinook, likely resulted from a
small sample size. Chinook density data for all projects was then separated by indiviudal
project and month to show variation between projects for each habitat type over time
(Figures 23, 24, 25, & 26).
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Figure 22.

Chinook densities for all projects by habitat type in 2014 (red dotted lines represent means)

Figure 23.

Chinook densities for all projects in 2014 (red dotted lines represent means)
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Figure 24.

Chinook densities for all projects in April 2014 (red dotted lines represent means)

Figure 25.

Chinook densities for all projects in May 2014 (red dotted lines represent means)
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Figure 26.

Chinook densities for all projects in June 2014 (red dotted lines represent means)

4.4.2

Coho

A total of 6930 juvenile coho were observed in six different habitat types throughout all
sampling locations in 2014. Combined, this resulted in a mean density of 0.06 coho per m2
in riprap, 0.45 coho per m2 in banks, 0.32 coho per m2 in bars, 2.97 coho per m2 in side
channels, 2.39 coho per m2 in ELS’s, and 5.77 coho per m2 in backwaters (Figure 27). A
statistically significant difference was found for the side channel, ELS, and backwater
habitats (P=<0.001). A pairwise comparison revealed that the side channel, ELS, and
backwater densities are significantly greater than riprap, bank, or bar densities. Coho
density data for all projects was then separated by indiviudal project for 2014 to show
variation between projects for each habitat type (Figure 28).
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Figure 27.

Coho densities for all projects by habitat type in 2014 (red dotted lines represent means)

Figure 28.

Coho densities for all months and all projects in 2014 (red dotted lines represent means)
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4.4.3

Trout

A total of 303 trout were observed in six different habitat types throughout all sampling
locations in 2014. Combined, this resulted in a mean density of 0.12 trout per m2 in riprap,
0.04 trout per m2 in banks, 0.04 trout per m2 in bars, 0.24 trout per m2 in side channels,
0.08 trout per m2 in ELS’s, and 0.07 trout per m2 in backwater habitats (Figure 29). While a
statistically significant difference was found between groups (P=0.013), a pairwise
comparison failed to isolate groups that differ from others.

Figure 29.

Trout densities for all projects in 2014 (red dotted lines represent means)
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5.0 DISCUSSION
5.1 Belmondo Site
The Belmondo revetment enhancement was successful in adding low-velocity edge habitat
and will likely provide low-velocity habitat both directly and indirectly in the future. Low
velocity habitat was directly created by the addition of the two rock barbs and ELS’s. In
addition to this a notable shift in the edge of water (max of 56’) on the right bank was
documented from the habitat surveys. While some of this is due to gravel management
during construction, the flow deflected by the upper rock barb was actively scouring the
bank edge in this area during this study. This has resulted in a widening of the channel, and
in the future may result in the addition of more natural edge habitat throughout the reach.
Widened bank and bar habitats could result from the widening of the active channel and
resulting reduced velocity. Also, as water is forced away from the revetment by the barbs it
increases the connection with the existing floodplain, which promotes side channel and
backwater habitats.

5.2 Fish Use of the Belmondo Enhancement
The results show that the Belmondo revetment enhancement was successful in providing
well-utilized low velocity habitat for juvenile salmonids based on observed fish densities.
Snorkel surveys of the Belmondo revetment enhancement show higher mean fish densities
for 2014 in the ELS habitat (1.0 Chinook/m2 and 2.39 coho/m2) than the riprap control
habitat (0.06 Chinook/m2 and 0.06 coho/m2). The riprap bank control habitats had the
lowest densities for Chinook and coho of all habitat types surveyed. This riprap habitat is
representative of the pre-construction condition of the Belmondo site and the habitat it
most likely provided for juvenile Chinook and coho.
For Chinook, statistical analysis found no significant difference for the ELS habitats versus
other low velocity habitats found in the Cedar. Though mean densities varied greatly, the
lack of normality, unequal variances, and low sample size affected the results at this scale.
Compared to the other five habitat types sampled in the Cedar River in 2014, the ELS
habitat had the second highest mean density for Chinook, while backwater habitats had the
highest. Coho densities in the ELS habitat were found to be statistically greater than riprap,
natural bank, and bar habitats, with no significant difference between the ELS, side channel,
and backwater habitats. Compared to the other five habitat types, the ELS habitat had the
third highest mean density for coho, behind side channel and backwater.
The Belmondo floodplain roughening project has some key characteristics that are likely
influencing fish use. First, the ELS’s provide a large area of low velocity depositional
habitat, which is necessary for juvenile salmonid rearing. This results in fine depositional
substrate typical of backwater habitats, which have the highest fish densities of all habitats
observed. The addition of the log roughening structures behind the ELSs adds cover and
complexity to these areas of low velocity habitat. Preference and use of ELS’s by juvenile
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salmon have been documented in western Washington (Roni & Quinn 2001, Pess et. Al.
2012), and are likely contributing to the higher fish density at the Belmondo reach over the
control.
Because it is large and complex, the Belmondo project may serve as an important high flow
refuge habitat for juvenile salmonids on the river reach scale. The ELSs not only had high
Chinook and coho densities, but this habitat was present at a wide range of flows. At 860
cfs (approximately a 55th percentile flow for the January to June Chinook rearing period at
Landsburg), ELSs provided 830.9 m2 of low flow habitat and the backwater provided 162
m2 of habitat. When discharge increased to 1150 cfs (approximately a 74th percentile flow
for the Chinook rearing period at Landsburg) amount of available ELS habitat decreased
much less than the amount of available backwater habitat. ELSs habitat decreased by 11%,
to 740.3 m2 at 1150 cfs, whereas backwater habitat decreased by 94%, to 9.4 m2. This
shows that the ELS habitat remained stable at varying flows. Backwater habitats on the
other hand are naturally variable because these habitat units are formed by floodplain side
channel scour. Some of these habitats will essentially be deactivated when flows connect
these floodplain side channels, however, other new backwater areas may be activated as
well. The enhanced floodplain connection that appears to be resulting from the rock barbs
forcing the flow river right will likely enhance available backwater and ephemeral
floodplain habitats over a wider range of flows as the river interacts with its historic
floodplain. While our study has shown the importance of backwater habitats to juvenile
salmonids, floodplain habitats have also been found to support higher growth rates than
main river habitats for juvenile Chinook (Jeffres et al 2008).

5.3 Fish Use of All Surveyed Habitats at Belmondo
For all survey events in 2014, backwater habitats featured the highest mean densities of
both Chinook and coho, followed by the ELS habitat. This not only shows the importance of
backwater habitats for juvenile Chinook and coho, but it also shows that the ELS habitats
created by the Belmondo project were able to create high quality habitat. While these
results combine all surveys throughout the rearing period, we can also see changes in
habitat preference over time and juvenile salmonids grow.
On April 15, 2014, Chinook fry were found in higher densities in backwater habitats and
relatively low densities in other habitats. On May 19, 2014, they were found in higher
densities in both the backwater and ELS habitats, with relatively low densities in bank and
bar habitats. In June, densities were similar between all habitat types. This pattern suggests
that early in the rearing period, Chinook require more protected backwater habitats that
feature very low or no flow. As they grow, they are able to occupy other habitats in the
river. The ELS habitat at Belmondo was used by Chinook the most in May, indicating it may
offer a transitional habitat between the protected backwater areas and more exposed
habitats in the main river channel. Also noted, but not quantified during surveys, was that
as the rearing period progressed both Chinook and coho fry preference shifted from very
shallow areas to progressively deeper areas within each habitat. This could indicate
avoidance of aquatic predators at a very small size by using shallow water. Then as
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juveniles grow and their ability to escape aquatic predators increases, they can utilize
deeper habitats to avoid terrestrial predators.
On April 15, 2014, coho were found in highest densities in the ELS habitat. Bank and bar
habitats both had moderate densities of coho, while backwater habitats had the lowest.
Coho have freshwater rearing time of 1 to 2 years, so at this time of year the majority of
coho observed were large yearling (1+) fish. During May and June, most yearling coho had
outmigrated, while the young of year coho were occupying the reach in greater numbers.
On May 19, 2014, coho were found in very high densities in the backwater habitats, low
densities in the ELS, and very low densities in the bank and bar habitats. In June, coho were
found in relatively high densities in both the backwater habitat, and to a lesser extent the
ELS habitats, with low mean densities in bank and bar habitats. Like Chinook, these results
indicate that backwater areas provide protected habitats for young coho, while the ELS’s
offer a transitional habitat to the main river habitats as young coho grow. Yearling coho did
not appear to have strong selection for a particular habitat type, indicating less of a need
for specific habitats that the sub-yearling coho exhibit.
Although observed habitat use by trout was highest in the ELS habitats, no statistical
difference was found for trout densities among habitat types at Belmondo for any month or
the cumulative sampling season. The trout observed during snorkel surveys ranged in size
and age classes considerably making habitat use patterns difficult to distinguish. While
young-of-year trout are known to use low velocity edge habitats like other salmonids
(Beechie et al. 2005), their later rearing period meant they were absent during our snorkel
surveys. Also, outside the varying age classes of trout observed may exhibit a wide
spectrum in habitat preferences, with low velocity edge habitats being only a minor
component of their requirements. Further study of all riverine habitats would be necessary
to understand the effects of the Belmondo project on trout habitat and use.

5.4 Cedar River-Wide Observations
Results found for habitat use at Belmondo were consistent with observations at Rainbow
Bend and other snorkel surveys were performed on the Cedar River in 2014. In addition to
a high preference for backwater habitats in April, Chinook were found in high densities in
side channel habitats in the Dorre Don reach, showing the benefit of this habitat type and
the importance of promoting floodplain connection. In May, backwater and ELS habitats
had the highest fish densities, while in June densities across habitat types were much more
consistent. This is consistent with observations at Belmondo that juvenile Chinook prefer
shallow, slow velocity backwater nursery habitats early in the rearing season, shifting to
main river low velocity habitats as they grow.
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5.5 Conclusions


The highest mean densities of juvenile Chinook and coho salmon at the Belmondo
site were found in backwaters even though they usually had the smallest available
area, which shows their importance in the early rearing phase for these species.



The highest mean density of juvenile Chinook and coho salmon at the other sites
sampled in 2014 in the extended lower Cedar River study area was also in
backwaters.



ELS habitat in combination with the rock barbs provided more habitat and higher
quality rearing habitat than was previously available.



The rock barbs are promoting floodplain connection, which in turn has the potential
to provide high quality rearing habitat in the form of side channel and backwater
habitats.



Backwater habitats were found at the downstream and upstream end of floodplain
channels. These channels are scoured out over the river floodplain at higher flows,
providing backwater habitat as flows decrease and water flow is cut off through the
channel, leaving only a trough of standing water connected to the main river at the
bottom and top. Promoting connection with floodplain channels and habitats in
future projects will likely increase available backwater habitats.

Future projects should continue to meet project goals while also aiming to provide the
greatest habitat benefit to fish. Understanding habitat use by fish during the rearing period
is critical for achieving the most beneficial construction and habitat enhancement to
support salmon recovery goals. Habitat enhancement should aim to provide a balance of
the different habitat types required by juvenile salmon throughout their freshwater rearing
phase.
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