
INTRODUCTION

The San Francisco Estuary has been studied for
the past several decades, yielding data on
physical processes, biology and chemistry of
channel, shoal and wetland regions (Monismith
et al. 1996; Schemel et al. 1996; Kimmerer and
Orsi 1996; Jassby et al. 1996; Bennet and Moyle
1996). However, very little research has been
conducted on floodplain habitats of the Estuary.
In this paper we report the results of a recent
study on the Yolo Bypass floodplain, a little
studied region of the Estuary (Figure 1).

Floodplain inundation is known to be a major
process supporting ecosystems in other regions
(Junk et al. 1989; Michener and Haeuber 1998).
As noted by Sommer et al. (this volume),
floodplain inundation during high flow years
may favor several aquatic species in the Estuary.
Sommer et al. (this volume) describe how the
Yolo Bypass is an important nursery area for
young fish and may help to support the food web
of the San Francisco Estuary. However, little is
known about how adult fish use floodplain
habitat. The main objective of this study was to
provide basic information on trends in adult fish
abundance in the Yolo Bypass. Specific
questions examined in our study included: 1)
what adult fish species use the floodplain; 2)
what is the timing and duration of adult fish use;

3) what environmental factors are responsible for
the observed trends; and 4) what are some of the
functions of floodplain habitat for adult fish?

Study Area

The San Francisco Estuary has two component
regions, a tidally-influenced Delta and downstream bays. 
The Yolo Bypass is a leveed 24,000 ha floodplain 
engineered to convey flood flows from the Sacramento 
River, Feather River, American River, Sutter Bypass 
and westside streams and drains (Figure 1). The Yolo 
Bypass floods seasonally in some 60% of years and
when fully inundated roughly doubles the wetted
area of the Delta. The lower Bypass is designed
to convey flood water flows up to 14,000 m3/s.
During peak flood events, up to 80% of inflow from 
the Sacramento basin passes through the Bypass. Most 
flow enters the Bypass via Fremont and Sacramento 
weirs. The Toe Drain is a perennial tidal channel that 
runs along the east side of the Bypass and drains adjacent
fieldsduring low flow and the irrigation season (June
through August). The Toe Drain also connects
west side Bypass tributaries with tributaries of
the north Delta.

METHODS

A large cylindrical fyke trap was our primary
method for capturing adult fish. (Photograph 1).
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The fyke trap is about seven meters long, three
meters in diameter, and is constructed of chainlink
fence material stretched around a steel frame. The 
terminal chamber of the trap is lined with 20-mm square
plastic mesh and includes two hinged access doors for
removing fish. The trap is anchored and accessed using a
series of cables and a truck-mounted winch. The trap 
was installed at the lower end of the Yolo Bypass
Toe Drain in November 1999 and was operated
through June 2000. Fish were removed from the
trap through the access door using a longhandled
dip net, measured to the nearest millimeter fork length 
(FL) and released upstream of the trap. The trap was 
checked three to five days per week depending on 
species being captured, numbers of fish and debris load.
Due to high flows through the Yolo Bypass
(>1,400m3 • s-1) primarily from the Cache Creek
drainage, fyke trap sampling was suspended
temporarily between February 15 and March 20,
2000. Such high flows and associated debris
create risk of losing or collapsing the fyke trap.

Adult catch data were examined using catch
frequency plots to assess timing and duration of
adult fish use. Canonical Correspondence
Analysis (CCA) was used to identify environmental 
factors associated with abundance trends (ter Braak 
and Smilauer 1998). CCA is a non-linear, multivariate,

weighted-average method to investigate the community
response to environmental gradients. It extracts synthetic
gradients (ordination axes) of species abundance
and environmental variables to maximize niche
separation among species. We first examined
the environmental variables with Pearson product 
moment correlation tests to identify variables that were 
highly correlated. Environmental variables used in the 
analysis were month, water temperature, tide (spring or
neap) and Yolo Bypass inflow; however, water
temperature was omitted from the CCA for two
reasons. First, temperature was highly correlated
(r>0.70) with month. Therefore, in order to
maintain the integrity of the CCA, one of the
similar variables was removed. Second, we
wanted to look at the seasonality of fish migrations 
into the floodplain area independent of fall and spring 
temperature similarities. That is, we wanted to know how
predicted migration periods for some species would be
observed in the Toe Drain. The only continuous variable,
flow, was standardized to a mean of zero and a
standard deviation of one.

To examine which species may have used in the
Yolo Bypass for spawning, we conducted rotary
screw trap sampling from January 5 through
June 30, 2000 to collect data on juvenile fish
abundance. A 2.5 meter diameter rotary screw
trap (EG Solutions, Corvallis, Oregon) was
installed in the Toe Drain near the bottom of the
Bypass (Figure 1). The trap was secured to an
overhead cable and fished near the center of the
channel. The trap was checked three to five
times per week and was generally fished
continuously. At each check, fish fork length
were measured to the nearest millimeter and
counted then released downstream. For this
analysis, we focused on fish that were less than
50 mm FL because these fish were most likely
young-of-the-year fish and a result of spawning
during the current water year.
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FIGURE 1. The location of the Yolo Bypass in relation to the 
adjacent portion of the Sacramento River. Trap and weir 
locations are indicated with arrows.

PHOTOGRAPH 1. Fyke trap in operation at the sampling site in the 
Yolo Bypass Toe Drain.



RESULTS

We captured 1,610 fish in the fyke trap
representing 19 different species (Table 1). Fish
captured included the federally listed winter-run
and spring-run chinook salmon and splittail. To
determine race of adult chinook salmon captured, 
we used criteria developed by F.Fisher
(California Department of Fish and Game,
unpublished data). Sport fish such as white
sturgeon, striped bass and American shad were
also collected during the sampling period.

At least two major patterns of adult fish use of
the floodplain were apparent. One group showed a 
clear positive response to flow pulses. A second group
showed strong seasonal patterns without a similar 
obvious flow effect. Within the second group, some 
species where most abundant during late season (spring 
periods), where as others showed both fall and spring peaks.

A suite of native fish showed a positive response
to an early season (January) flow pulse before
floodplain inundation (Figure 2). Splittail and
Sacramento pikeminnow showed the most
prominent catch peaks during the January pulse.
Sacramento sucker and Sacramento blackfish showed 
a  similar trend, but the response was less pronounced.

White sturgeon and American shad had no
detectable positive flow responses (Figure 3).
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Instead, they showed a late season (spring)
pattern of migration into the Yolo Bypass.
However, for white sturgeon we think this may
be an artifact of the absence of sampling during
the highest flow period (February 15 through
March 20, 2000) when they migrated onto the
floodplain but were not detected. Threadfin
shad, black crappie and white crappie were
prevalent early in the season (fall) (Table 1),
when Yolo Bypass flow was lowest.

Two anadromous species, chinook salmon and
striped bass showed both late fall and spring
peaks in abundance (Figure 3). Similar to white
sturgeon, we cannot discount that the spring peak
in striped bass catch may be an artifact of the
absence of sampling during the highest flow
period, although fall and spring striped bass
migrations are common in this estuary. Carp,
channel catfish, white catfish and striped bass
were present in all sampling months (Table 1).

The CCA biplot (Figure 4) demonstrated that
most of the variability in adult fish use of the
floodplain was explained by month and inflow.
The first two CCA axes explain 58.9%
(eigenvalue = 0.23) and 34.2% (eigenvalue =
0.14 ) of the species-environment relation,
respectively. Month was the most important
variable on axis 1, while inflow was the most
important variable on axis 2. The CCA results
are reasonably consistent with the two general
patterns of adult use, described previously. To
help illustrate these trends, the positive flow
responsive group is highlighted in Figure 4 with
an oval whereas the fish that showed seasonality
are highlighted with two rectangles. The
rectangle on the right corresponds to species that
had peak abundance during the earlier part of the
season and the left rectangle reflects species that
peaked during late season.

A total of 20 fish species with fork length <50
mm were captured in the rotary screw trap
(Table 2). Of the 19 species observed in the fyke
trap as adults (Table 1), 12 were also captured as
young-of-the-year in the screw trap (Table 2).

DISCUSSION

Fish fauna in the Yolo Bypass is relatively
diverse, providing habitat for native and nonnative
fish. The present study shows that the
Yolo Bypass floodplain functions as both a
migration corridor and potentially as spawning
habitat. Although we did not sample in all
months of the year, based on other fish surveys
of the Yolo Bypass (CDWR, unpublished data),
we know that non-native fish such as carp,
channel catfish, threadfin shad, black crappie and
white crappie use perennial floodplain water

sources as year round habitat. Our results
support the findings of Sommer et al. (1997) and
Sommer et al. (2001) that floodplain represents
one of the most important fish habitats in the San
Francisco Estuary.

The majority of fish species captured as adults in
the fyke trap were subsequently collected as
young-of-the-year in the screw trap, which
suggests that the Yolo Bypass provides spawning
habitat for many of these fish. Of the species
captured as adults, there was indirect evidence of
substantial spawning (i.e., more than a few
juveniles captured in the screw trap) for splittail,
American shad, striped bass, threadfin shad,
largemouth bass and carp. Other species for
which there may have been at least limited
spawning included bluegill, channel catfish,
black crappie and Sacramento sucker. Small
adult fish (typically <100 mm FL) such as
golden shiner, yellowfin goby, mosquitofish and
inland silverside were not observed in the fyke
trap because they can swim through the trap
mesh. However, young-of-the-year of these
small species were collected in the screw trap in
substantial numbers, suggesting some spawning
occurred in the Yolo Bypass.

Our data are not definitive proof of floodplain
spawning of any of these species. We cannot
rule out the possibility that the young we
captured may have originated in tributaries.
Juveniles could have entered the floodplain from
the Sacramento River during February and
March when the Fremont Weir was overtopped
or from Putah or Cache creeks during all months.
For example, although chinook salmon were
collected as adults and young-of-the-year, the
juveniles likely entered the floodplain from
upstream tributaries during the high flow period.
The Yolo Bypass lacks suitable gravel substrate
that would support salmon spawning. By
contrast, we think the Yolo Bypass would have
provided good spawning conditions for other
species collected as juveniles given their life
history requirements. For example, many of the
fish collected are native to the Mississippi River,
where floodplain spawning has been documented
(Sabo and Kelso 1991). The results for splittail
are consistent with Sommer et al. (1997), who
reported that the Yolo Bypass was one of the
most important locations in the Estuary for
spawning. Striped bass and American shad also
probably spawned in the Yolo Bypass; however,
we believe these fish probably spawned in the
perennial Toe Drain channel rather than on the
seasonal floodplain because juveniles did not
appear in our screw trap until two months after
the flood pulse had subsided. The apparent
spawning success of American shad was
surprising because the Toe Drain is functionally
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a tidal slough during May and June, quite unlike
higher flow channels thought to be preferred
spawning habitat for American shad (Moyle 2001).

The Yolo Bypass appears to provide a potential
migration corridor for chinook salmon, white
sturgeon, splittail and perhaps other species such
as Sacramento pikeminnow. Moderate to low
flow pulses through the Bypass seem to trigger
immigration of some native fish such as splittail,
and the fact that the January flow pulse came
primarily from Cache Creek indicates that flow
from the Sacramento River is not necessary to
attract native fish into the floodplain.

From a management perspective, it is important
to note that some winter-run, spring-run and fallrun
chinook salmon and white sturgeon migrate
into Yolo Bypass when there was no flow into
the floodplain via Fremont Weir. These fish are
therefore unable to reach upstream spawning
habitat in the Sacramento River and its
tributaries. Future restoration efforts are needed
to address this fish passage issue for these
ecologically and economically significant fish.
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