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SUMMARY

California’s Central Valley (CCV) Chinook Salmon stock have declined substantially since the mid1800s with the spring, winter and late-fall runs listed as threatened or endangered, and the fall run
heavily supplemented by hatcheries. As the largest population of CCV wild spring-run Chinook, Butte
Creek fish are an important source for promoting life history diversity in the CCV Chinook Salmon
community. This ESA listed population has been a relatively successful and stable population compared
to other threatened Central Valley spring-run Chinook Salmon populations (i.e. Mill, Deer and Battle
Creek). The Butte Sink and Sutter Bypass have been suggested to play an important role in their success
by providing juvenile Salmon a rich floodplain rearing habitat before their out-migration to the Pacific
Ocean.
The purpose of this 2018 pilot project was to quantify the growth benefits of the Butte Sink and
Sutter Bypass, compared to adjacent main river channel habitats, for Butte Creek juvenile Chinook
Salmon and other CCV Chinook Salmon populations that could potentially access the floodplain.
The fish growth rates observed in this study were unexpected, likely due to study design and
these lessons have already been applied to ongoing studies. The caged juvenile Chinook Salmon growth
rates in the Sacramento River during this experiment were much higher than the past 2016 and 2017
growth rates of Salmon grown under the same cage conditions in the Sacramento River, near the
Interstate 5 bridge. Food resources in the Sacramento River were higher than past years with relatively
high densities of Daphnia pulex which are not usually present at significant densities in riverine habitats.
For the first part of the experiment, which coincided with low flow conditions, the juvenile salmon
growth rates in all of the Bypass locations which were confined to the perennial canals, were similar to
the growth rates observed in the Sacramento and Feather River locations. However, during the second
half of the experiment, Sutter Bypass growth rates were lower than in the river locations, likely due to
high flow conditions that damaged the cages and created turbulent conditions for those fish. Free
swimming juvenile Chinook Salmon are generally found in slower, shallower water as opposed to the
middle of a high velocity channel. Therefore, under natural conditions those fish would have likely
migrated to less turbulent locations. Because of this, the growth results obtained from the Sutter Bypass
cages during the flooding event should be taken with caution. Additionally, while zooplankton densities
at the Sutter Bypass SBP1 location were the highest of the caged salmon sites, and zooplankton number
in the stomach contents were also high, the contents were predominantly composed of smaller bodied
4

species of cladocera and copepods of lower nutritional quality. An analogous cage experiment
conducted in 2016 in the Toe Drain of the Yolo Bypass, a similar perennial canal habitat to the Sutter
Bypass canals, showed overall growth rates similar to the ones observed at the end of the experiment in
the Sutter Bypass.

Despite below average rainfall in 2018, two small flooding events inundated agricultural
floodplain habitat in the lower Sutter Bypass for 23 days during March and April, which is an important
time of the year for emigrating juvenile Chinook Salmon. Following the two flooding events, several
juvenile Chinook Salmon were sampled next to Tisdale Weir en route to the Sutter Bypass west borrow.
This highlights the potential habitat use, for rearing or as a migration corridor, from other Salmon runs
of the Sacramento and Feather Rivers, which would access the Sutter Bypass via the weir infrastructure
(i.e. Moulton, Colusa or Tisdale weir) or backwater inundation of the lower Bypass.

This study was a pilot project to begin to understand the importance of the Sutter Bypass for
juvenile salmon migrating down Butte Creek as well as during high flow events for fish in the
Sacramento and Feather Rivers. We learned that the system is more dynamic than expected, including
that flooding can occur from the downstream backwater from the Sacramento and Feather Rivers
without upstream weir overtopping. This dynamism also requires a different study design for future
salmon studies, which have been incorporated into the 2019 study design. Work conducted for this
study will be a strong foundation to build a better understanding of how the Sutter Bypass functions for
ecosystem productivity and specifically for rearing of juvenile Chinook Salmon.

INTRODUCTION
Wetland habitat in California’s Central Valley has been diminished by 95% since pre-settlement
levels (Hanak et al. 2011). Remaining wetland habitat is maintained as seasonal or perennial managed
wetland habitat, riparian habitat and ephemeral floodplain habitat, the majority of which is confined
between the levees in flood bypasses. The Sacramento Valley has a history of floods and flood
management. In order to control high flows that would otherwise inundate farmland and cities, the
Sacramento Flood Control Project was created in 1911 and adopted by Congress in the Flood Control Act
of 1917 (Kelley 1989). The Project was designed to passively spill water from the Sacramento River and
tributaries through a system of weirs and flood relief structures into a series of flood bypasses. The
5

system of bypasses was designed to divert floodwaters from the main river channels and eventually
convey the floodwaters into the Sacramento-San Joaquin Delta.
The Sutter Bypass is the uppermost flood bypass in the Sacramento Valley, encompassing
approximately 14,000 hectares from the Butte Sink in the north to the confluence with the Feather and
Sacramento Rivers at Verona in the south. In late winter and spring, Sacramento River water can flow
into the Butte Sink and the Sutter Bypass via Moulton, Colusa, and/or Tisdale weirs. In addition, upper
Butte Creek watershed connects to the Butte Basin just north of the Sutter Buttes. The low lying
topography of the Butte Sink and Sutter Basin and the design of the weir infrastructure connected to the
Sacramento River means that the Sutter Bypass floods nearly every year and is a crucial piece of the
Central Valley Project relieving pressure on the levees of the Sacramento and Feather Rivers (CVFMPP
2010). The frequent inundation of the Bypass allows natural flood processes to persist in an altered
hydrologic landscape. These processes provide ecosystem services such as groundwater recharge, food
web production, and off-channel habitat for aquatic species (Sommer et al. 2001, Grozholtz and Gallo
2006, Opperman et al. 2009).

Native California fishes like the Central Valley Chinook Salmon have evolved to utilize the highly
abundant food resources of shallowly inundated floodplains in their juvenile life stage en route to the
Pacific Ocean (Welcomme 1979, Ribiero et al. 2004). Particularly, the Butte Creek spring-run Chinook
Salmon population utilize the Butte Sink and Sutter Bypass to rear and migrate through (Cordoleani et
al. 2018). Recapture data of coded wire tagged (CWT) Butte Creek fry suggest that large numbers of
spring-run juveniles reside for extended periods in the lower Butte Creek watershed before continuing
their migration to the ocean (Ward and McReynolds 2004). This ESA listed population has been a
relatively successful and stable population compared to other threatened Central Valley spring-run
Chinook Salmon populations (i.e. Mill, Deer and Battle Creek; Azat et al. 2017), and the Sutter Bypass
has been suggested to be an important seasonal rearing habitat, especially in years of extensive winter
and spring flooding (Ward and Mc Reynolds 2004, Johnson and Lindley 2016).

Therefore, the Sutter Bypass Salmon pilot project presents a unique opportunity to investigate
the potential ecosystem benefits of ephemeral floodplain habitat where natural flood processes still
occur for juvenile Chinook Salmon. This pilot project focused on measuring the water quality, food web,
and resulting performance of juvenile Chinook Salmon in the Sutter Bypass and adjacent locations in the
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Sacramento and Feather Rivers. These findings will help inform water managers and habitat restoration
and reconciliation efforts for Chinook Salmon in CCV.

OBJECTIVES
The purpose of this study was to quantify the benefits of the Butte Sink and Sutter Bypass for
juvenile Chinook Salmon compared to adjacent main river channel habitats. Future management actions
can utilize this information to maximize benefits to juvenile Salmon and help enhance the abundance of
Chinook Salmon populations in the CCV. Consequently, it is crucial to first have a better understanding
of what mechanisms and locations create high quality habitat for juvenile Salmon. To do this, we
developed a pilot study that aimed at answering the following questions:
1) How does the hydrology of the lower Butte Creek (Butte Sink and Butte Slough) and the Sutter
Bypass (see Figure 1 for regions delineation) affect juvenile Chinook Salmon?
2) What are the growth benefits to juvenile Chinook Salmon rearing in the lower Butte Creek and
Sutter Bypass?
3) What runs of Chinook Salmon utilize the Sutter Bypass?

MATERIALS AND METHODS
Site Locations

Five site locations were selected for the study, one in the Sacramento River at Tisdale Weir
(SAC1), one in the Feather River just upstream of the Sacramento and Feather River confluence (FEA1),
and three in the Sutter Bypass. Of the Sutter Bypass cages, one was located in the east borrow canal
adjacent to the Sutter National Wildlife Refuge in the north (SBP1), in the west borrow canal
immediately downstream of the Tisdale Bypass confluence (SBP2), and in the west borrow canal at the
junction with the Sacramento slough in the southern end of the Bypass (SBP3). Those sites were
selected because they were accessible during the entire experiment period, and they represented
different regions of the system studied.

7

Figure 1. Map of project area including location of fish cages and stream gaging stations.

Hydrology

River flow data for the three main inputs; Sacramento River, Feather River, and Butte Creek, to
the Butte Sink and Sutter Bypass was downloaded from the California Data Exchange Center (CDEC,
http://cdec.water.ca.gov/). Sacramento River flow data came from the Sacramento River below Wilkins
Slough (WLK) gaging station. Feather River flow at the sampling location was estimated by adding flow
from the 3 major upstream river inputs: Feather River near Gridley (GRL), Yuba River at the Parks Bar
8

Bridge (YPB), and Bear River near Wheatland (BRW). Input to the Sutter Bypass from Butte Creek was
estimated from the Butte Slough near Meridian (BSL) station. Long term river flow data, since 1925, for
the Sacramento River below the Feather River confluence at Verona (USGS station #11391021) was
downloaded from the National Water Information System (https://waterdata.usgs.gov/nwis).

Water quality sampling

Continuous water temperature and dissolved oxygen data were collected at all sites using
submersible Onset HOBO temperature and dissolved oxygen loggers (Model U26-001) continuously
recording at a 15 minute and suspended approximately 0.5 meters below the water surface. Point water
quality data was collected weekly with a YSI Exo2 multi parameter sonde. The water quality parameters
collected were: temperature (°C), dissolved oxygen (mg/L), turbidity (NTU), chlorophyll α (ug/L),
electrical conductivity (ug/cm), salinity (PSU), and pH. Water grab samples with 125mL bottles were
used for lab water chemistry analysis. Chlorophyll α was sampled with water grab samples in 1L bottles,
filtered and analyzed in the lab.

9

Zooplankton sampling

Zooplankton was sampled weekly at all site locations using a 30 cm diameter 150 µm mesh
zooplankton net thrown five meters and retrieved through the water column four times from the
stream bank. To account for differences in sampled volume due to variable water velocities, a flow
meter attached to the zooplankton net was used to estimate the volume of water sampled. All samples
were preserved in a solution of 95% ethanol.

Zooplankton subsampling was necessary due to the high density of invertebrates within the
samples. Samples were rinsed through a 150 µm mesh and then emptied into a beaker. The beaker was
filled to a known volume to dilute the sample, depending on the density of individuals within the
sample, and then sub-sampled with a 1mL large bore pipette. If densities were still too great for
enumeration the sample was split using a Folsom splitter before sub-sampling with the bore pipette.
The dilution volume, number of splits, and number of aliquots removed was recorded and used to
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obtain total estimates of invertebrates which were divided by the total volume sampled to estimate
density. Zooplankton samples were sorted until a minimum of 500 individuals were counted within a
complete sample. If less than 500 individuals were counted, another subsample was enumerated.
Invertebrates were identified with the aid of a dissecting microscope at 4x magnification to the lowest
taxonomic level possible using keys from “Ecology and Classification of North American Freshwater
Invertebrates” (Thorp and Covich 2009), “Recent Freshwater Ostracods of the World” (Karanovic 2012),
and “An Introduction to the Aquatic Insects of North America” (Merritt et al. 1996). Copepods were only
identified to family. Terrestrial invertebrates were rare and not included in final counts.

Caged salmon growth experiment

Each site had three 2’x4’x4’ floating cages constructed with 1” pvc pipe frames enclosed with
4mm plastic mesh material. This cage design has been used extensively for similar studies throughout
the Central Valley. The cages allowed for remeasurement of fish at a specific location as well as allowing
for food resources to enter the cage that are of a suitable size for juvenile salmon. Each cage was
stocked with 10 juvenile fall-run Chinook Salmon from the Feather River hatchery. At the time of
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stocking and removal, the caged salmon were measured for fork length to the nearest millimeter and
weighed to the nearest 1/100th of a gram with an Ohaus Scout Pro scale.

Due to changing hydrologic conditions in the rivers and Sutter Bypass, the 10 day sampling
interval was augmented for the SBP2 site which was in an unsheltered location in the west borrow
canal. Fish in SBP2 were sampled immediately before an impending flood (March 21st) and as soon as
the canal levels receded enough to recover the cages (April 2nd). The drastic change in hydrologic
conditions also led to the loss of all remaining fish from the SBP3 site after March 15th, and the loss of
10 fish from FEA1.

Table 1. Number of salmons sampled at each sampling date from fish cages at all locations.

Mar 15 Mar 21 Mar 26 Apr 2 Apr 6 Total
FEA1

5

0

5

0

9

19

SAC1

5

0

5

0

19

29

SBP1

5

0

5

0

17

27

SBP2

5

5

0

5

14

29

SBP3

5

0

0

0

0

5

Salmon apparent growth rate at each site was calculated using the slope coefficient from a
linear model applied to fork length and weight by day of the experiment respectively. A 3rd order
polynomial model was also applied to the size data with the derivative plotted as a visual aid to assess
variable growth rates at the various sites during the experiment. These models were developed using
the R Statistical program (https://cran.r-project.org/).

Caged salmon diet

Stomach contents from all euthanized caged salmon were taxonomically identified to order with
the aid of a dissecting microscope at 4x magnification. Taxonomic identification was stopped at order
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due to the partially decomposed nature of stomach contents making further taxonomic distinction
unwarranted. The same taxonomic keys from the zooplankton identification were used to identify the
stomach contents as well.

River discharge and inundation relationship

A relationship between the quantity of area inundated in the lower Sutter Bypass, which
extends from the Feather River confluence in the North and to the Sacramento Slough near the
Sacramento River confluence in the South, was developed. Area inundated was estimated using a
normalized difference water index (NDWI, Equation 1) on Landsat 8 band remotely sensed data
collected from USGS EROS website. Six dates were chosen from the period of record, 2013-2018, which
spanned the range of flooded conditions and satisfied the <5% maximum cloud cover criteria. The
relationship between river discharge at the confluence of the Feather and Sacramento River at Verona
(USGS station # 11391021) and proportion of inundated area in the lower Sutter Bypass was modeled
using a second order polynomial (Equation 2).
𝑔𝑟𝑒𝑒𝑛−𝑁𝐼𝑅

Equation 1.

𝑁𝐷𝑊𝐼 = 𝑔𝑟𝑒𝑒𝑛+𝑁𝐼𝑅

Equation 2.

𝑌 = 𝐵0 + 𝐵1 𝑋 + 𝐵2 𝑋 2
Where: Y = Area inundated in the lower Sutter Bypass
X = River discharge at Verona

With the developed relationship, inundated acreage was predicted based on a time series of discharge
at Verona dating back to 1925. A flow duration curve was derived for the January through March time
period to show the probability of exceeding a given flow during that time period. Acre days of
inundation per month were estimated by summing the daily inundated acres for each month.

Wild fish capture
Wild fish were captured using a seine net on March 27th and April 16th following the two
flooding events in the Sutter Bypass as water levels were receding. The seining locations were in
13

disconnected pools in the Tisdale arm of the Sutter Bypass and in the splash basin of the Tisdale Weir
which is a known fish stranding feature (McEwen et al. 2014). Fish were identified to species and
measured for fork length to the nearest mm. Chinook salmon were also weighed to the nearest 0.01 g,
and a subsample of 15 fall-run sized salmon were lethally sampled following the guidelines of our
scientific collecting permit (CDFW permit SC-13029).

RESULTS

Hydrology

During the significant mid-winter drought from mid-January through February minimum flows in
the Sacramento River, Feather River, and Butte Creek were 2,417 cfs, 2,832 cfs, and 205 cfs respectively
(Figure 2). Weather conditions turned much wetter during March and early April with high flows of
24,946 cfs, 54,577 cfs, and 2,650 cfs respectively (Figure 2). Two flood events occurred during the study
period, the first one occurred in mid-March and one in early April. The first flood was minor, where a
peak flow of approximately 800 cfs overtopped Tisdale weir and ultimately damaged fish cages at FEA1
and SBP3 leading to a partial loss of experimental fish (5 lost at FEA1, 25 lost at SBP3). Furthermore, in
anticipation of the weir overtopping, the fish cages at SBP2 were anchored to the bottom of the canal to
mitigate potential damage from floating debris moving through the Sutter Bypass. These cages could not
be accessed until the stage in the canal had receded on April 2nd. The fish cage deployment was
terminated shortly before the 2nd flooding event occurred. This event was more impactful with
significant overtopping at Tisdale weir and brief overtopping at Colusa weir and the downstream
Fremont weir.

Water quality

The water temperature and dissolved oxygen at all sites stayed within tolerable limits. SBP1
experienced the highest maximum daily water temperature, 20.74 °C, while FEA1 experienced the
lowest, 14.38 °C (Figure 2). SBP1 also experienced the lowest minimum daily dissolved oxygen
concentration, 4.83 mg/L, while the SAC1 and FEA1 sites had the highest minimum daily dissolved
14

oxygen, 9.01 and 10.36 mg/L respectively. The mean daily range of dissolved oxygen concentration was
the lowest in the SAC1 and FEA1 sites, 0.36 and 0.47 mg/L respectively, and the highest at SBP1 at 0.79
mg/L. The highest chlorophyll measurements were generally observed in the Bypass canals with the
lowest chlorophyll levels seen at FEA1. Turbidity was more variable and was higher in the canals than
the rivers before the runoff events, when all sites experienced higher turbidity levels. Salinity was used
to visualize the dilution by runoff that occurred in the Sutter Bypass sites during the runoff events.
During non-flood conditions, the salinity was approximately 0.20, but after the flood event, the salinity
approached levels similar to those observed in the rivers.
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Figure 2. Ambient water quality and flow data at the site locations. The bands in the water temperature and
dissolved oxygen represent daily max and min water temperatures.
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Zooplankton
Zooplankton density per cubic meter (𝑚−3) is summarized in Figure 3. Zooplankton densities at
SBP1 were the highest of the caged salmon sites, but the zooplankton community composition was
dominated by smaller sized species that are less energetically beneficial as food resources. High quality
food resources were observed in the river samples including diptera larvae and large bodied cladocera
especially after the first rain event of the experiment.

Figure 3. Zooplankton density at all caged fish locations.
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Caged salmon diet

At the river locations, diets were dominated by diptera larvae except for the end of the
experiment on the Sacramento River where an influx of cladoceran and copepod zooplankton showed
up in the zooplankton sample as well as the stomach contents. Sutter Bypass gut contents were
comprised by a mix of diptera larvae, cladoceran and copepod zooplankton. While numbers of
zooplankton in the stomach contents were high at the SBP1 site, the contents were predominantly
composed of smaller bodied species of cladocera and copepods of lower nutritional quality (Figure 4).

Figure 4. Stomach contents at all caged fish locations.
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Caged Salmon Growth

The SAC1 and FEA1 cage locations showed the greatest growth rates over the full duration of
the experiment (Table 2, Figure 5). The observed growth rates are on the upper end of documented
river growth rates, with previous caged salmon growth rates in the Sacramento River in 2016 of 0.16
mm/day and 0.02 g/day and in 2017 of 0.27 mm/day and 0.05 g/day. Although the overall growth rates
were lower in the Sutter Bypass canals, this was likely due to harsh conditions experienced by fish in the
cages during the latter portion of the experiment when the cages were exposed to high velocity flows in
the perennial canals. This is evident in the growth data where the Sutter Bypass cage locations were on
track with the River locations until after the first high flow event when the growth rates declined.

Table 2. Growth rates at the 5 sites derived from a linear model fitted to size data at date sampled. *SBP3 data only

covered the stocking and 10-day sampling period before the remaining fish were lost.

Fork length

Weight growth

growth rate (mm/day)

rate (g/day)

SAC1

0.48

0.067

FEA1

0.44

0.048

SBP2

0.26

0.031

SBP1

0.21

0.014

SBP3*

0.39

0.005
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Figure 5. Absolute fork length (FL) and weight, and FL and weight growth rates, based on the derivative of a 3rd

order polynomial model, for all caged fish locations. Error bars represent standard error.

River discharge and inundation relationship

Landsat 8 remotely sensed data were used to better understand the frequency and aerial extent
of flooding on the lower Sutter Bypass. The second order polynomial model fit to the river discharge at
Verona and inundated area data had an adjusted R2 value of 0.97 indicative of high correlation (Figure
6). The steep slope of the relationship between river discharge of 26,000 to 50,000 cfs indicates a sharp
20

increase of inundated area with relatively minimal additional water. At approximately 50,000 cfs, the
Fremont weir beings to spill and the rate of proportion inundated per extra cfs slows quickly. During the
January through March time period the probability of at least some inundation in the lower Sutter
Bypass was near 50% for a given day. The Fremont weir spilling threshold had an exceedance probability
of approximately 22% during the same time period.

Inundated acre-days based on the USGS gauge data at Verona from 1930 to 2018 in the lower
Sutter Bypass are displayed in a heat map in Figure 7. The percentage of water years that experienced
greater than 1 thousand acre-days of inundation in the lower Sutter Bypass was 91%. Approximately 8 in
10 years experienced greater than 18,000 acre-days during the January through March time period
when juvenile Chinook Salmon from all the runs are in the Sacramento and Feather Rivers and could
benefit from access to the floodplain.

Figure 6. Left panel shows the relationship between the lower Sutter Bypass inundation proportion and river flow at

Verona. The right panel is a flow duration curve for river flow data from January to March. Red shading represents
flows where the lower Sutter Bypass is inundated up to the approximate flow where Fremont weir spills, above
which is shaded in blue.
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Figure 7. Heat map showing flooded acre-days per month in the lower Sutter Bypass from 1930 to 2018.

Wild fish capture
Six species were captured on the floodplain following flood events, of which 2 species, Chinook
Salmon, Oncorhynchus tshawytscha and Sacramento pikeminnow, Ptychocheilus grandis, are native to
California (Figure 8). Only one Chinook Salmon was captured on March 27th with a fork length of 34mm
and weight of 0.35g. Using the size at date criteria provided by California Department of Fish and
Wildlife, the fish was classified as a fall-run fish. The mean fork length of Chinook Salmon caught on April
16th was 77.1mm and the mean weight was 5.30g. We lethally sampled 15 fall-run sized Salmon (per
size at date criteria) which are awaiting genetic analysis of run type. Five spring-run sized Salmon were
captured on April 16th in the Tisdale Weir splash basin and immediately released following
measurement.
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Figure 8. Histograms of wild fish captured in the Sutter Bypass. Count (N) and mean (μ) fork length for each date and species
displayed on the panels.

DISCUSSION
The Sutter Bypass is a critical piece of the Sacramento Valley flood infrastructure and provides
some of the last remaining wetland and ephemeral floodplain habitat in the Sacramento Valley. The low
lying topography of these areas results in frequent flooding and access to off-channel habitat for native
juvenile CCV Chinook Salmon runs. Despite the 2018 water year being classified as below average
rainfall across the state, two small flooding events inundated floodplain habitat in the lower Sutter
Bypass for 23 days during March and April, which is a biologically important time of the year for
emigrating juvenile Chinook Salmon. An analysis of the inundation frequency of the lower Sutter Bypass
floodplain from 1930 to 2018 revealed that floodplain habitat is available in 9 out of 10 years. The high
inundation frequency in the Sutter Bypass could be a contributing factor explaining the relative success
of the Butte Creek spring run Chinook Salmon while other populations of spring run Chinook Salmon
23

around the state are endangered or extirpated. This also highlights the potential habitat benefits to
other Salmon runs of the Sacramento and Feather Rivers with access to the Sutter Bypass via the weir
infrastructure and backwater inundation. The low threshold discharge, approximately 26,000 cfs,
needed for inundation in the lower Sutter Bypass at the confluence of the Sacramento and Feather
Rivers, illustrates the potential to augment current management of water resources to provide more
benefit to these populations during biologically important times. Improved management of the lower
Sutter Bypass could also lead to increased floodplain food production that could be an important food
web subsidy in the Sacramento River downstream of the Sutter Bypass.

The growth rates in the Sacramento River during this experiment were much higher than past
experiments in other locations downstream. Growth rates of caged Salmon in the Sacramento River
from 2016 and 2017, under the same cage conditions but in a location downstream near the Interstate 5
bridge, were much lower. In 2016 the growth rates were 0.16 mm/day and 0.02 g/day, and in 2017 the
growth rates were 0.27 mm/day and 0.05 g/day, while in 2018 the growth rates were 0.48mm/day and
0.067 g/day. Food resources in the Sacramento River were higher than past years with high densities of
Daphnia pulex which are not usually present at significant densities in river habitats (Table 3). Despite
the higher observed food resource density and apparent growth rates in the river during this
experiment, when compared to caged Salmon on the floodplain from past years the growth rate was
approximately half.
Table 3. Comparison of mean prey resource density (𝑚−3 ) in the Sacramento River upstream of the I-5 bridge from 2016-2018
during March and early April.

Year

Zooplankton Daphnia pulex

Diptera

2016

425.5

18.9

2.4

2017

1409.9

10.3

12.9

2018

4050.0

120.5

10.0

All of the Bypass locations, SB1, SB2, and SB3, which were confined to perennial canals, showed
moderate growth rates on pace with river sites during low flow conditions. However, during high flow
conditions flows were damaging to cages and created conditions which hindered salmon growth. The
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locations of the cages during the flood events are not a habitat that juvenile Chinook Salmon would
likely be using during these types of events. Juvenile Chinook Salmon are generally found in slower,
shallower water as opposed to the middle of a high velocity channel. Because of this, the results from
the Sutter Bypass locations during the flooding event, should be taken with caution. An analogous cage
experiment from the Yolo bypass in 2016 with cages in the Toe Drain, a similar perennial canal habitat to
the Sutter Bypass canals, showed growth rates of 0.29 mm/day and 0.04 g/day, compared to SBP1 with
growth rates of 0.21 mm/day and 0.014 g/day and SBP2 with growth rates of 0.26 mm/day and 0.031
g/day. Additionally, food resource densities from the Yolo Bypass Toe Drain from 2016 showed mean
zooplankton densities of 2953.8 𝑚−3 with Daphnia pulex densities of 215.7 𝑚−3 from February 17th to
March 11th during the caged salmon experiment. This is compared to the Sutter Bypass during this
experiment where a composite of all zooplankton samples had an average zooplankton density of
2196.2 𝑚−3with Daphnia pulex densities of 40.4 𝑚−3.

As this was a pilot project, information from this study highlighted the importance of cage
design and location as well as the necessity to be able to move cages to more representative habitats.
Future iterations of caged Salmon deployment in the Sutter Bypass should include provisions for
deployment on the inundated floodplain which would be more indicative of habitat utilization by free
swimming Salmon. Future work could also include assessing a threshold for number of consecutive
flooded days needed to activate floodplain benefits which would be a key component of future water
optimization efforts. Development a Sutter Bypass 2D hydrodynamic model with the ability to assess
different water release scenarios from the upstream reservoirs (Shasta, Oroville, and
Englebright/Bullards) would be beneficial for predicting ecosystem effects from various management
options. Finally, future field sampling for juvenile Chinook Salmon throughout the Sutter Bypass during
flood pulses, combined with genetic run-type identification, would identify which Chinook Salmon
populations are found accessing the Sutter Bypass and which specific habitats they are utilizing in the
Bypass.
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