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management actions on salmon.
In 2006–07, about 146 tagged late-fall run Chinook salmon
Chinook salmon, also known as king salmon, are of particular
yearlings from the Coleman National Fish Hatchery were rerelevance to wildlife managers, as two of the four salmon runs
leased into the Sacramento River near Sacramento and tracked
in the Sacramento watershed (the winter-run and spring-run)
to Chipps Island. Fish survival rates were calculated along each
are protected by the Endangered Species Act. The collapse of
route, along with the fraction of fish on each route, to estimate
unlisted Central Valley fall-run Chinook salmon, now categopopulation-level survivorship. With the first year of data, the
rized as “a species of concern,” triggered the closure of the West fellow was able to fine-tune the positioning of the telemetry
Coast salmon fishery in 2008 and the subsequent declaration of stations to better capture fish movements, travel times and surthe fishery as a federal disaster in 2008 and 2009. The Central
vival rates. From 2007 to 2009, the U.S. Fish and Wildlife ServValley late-fall run Chinook, which was studied in this project,
ice, in collaboration with NOAA Fisheries, released more than
is also a species of concern.
1,000 tagged yearlings (all with fork lengths greater than 140
millimeters) and tracked them acoustically through the array of
carefully positioned telemetry stations.

RESULTS
As expected based on previous studies, salmon that entered the
delta's interior fared worse than those that stayed on the main
stem of the Sacramento River. Specifically, salmon migrating
along the Sacramento River were between 1.5 and 6.6 times
more likely to reach Chipps Island than fish attempting to
navigate the delta's interior.
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The fraction of fish entering the delta's interior ranged from 9%
to 39% during the course of the study and was found to vary
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hourly with the tides. Strong flood tides were shown to reverse
the river’s direction and literally push fish into the interior of
the delta. Higher river flows were observed to dampen the effects of tidal currents on fish.
The position of the gates of the Delta Cross Channel also influenced a fish’s chances of being entrained into the delta's interior, but less than expected given the huge volume of water that
the gates control. In particular, with the gates open, the fraction
of water diverted into the delta’s interior rises by about 30%.
But, this does not mean that with the gates closed, there is a
30% reduction in the number of salmon entering the interior of
the delta. Instead, scientists measured an approximately 15%
reduction in fish entrainment rates.
Why? Because the cross channel is not the only entry point
into the delta’s interior. Salmon can also enter via the nearby
Georgiana Slough, and based on this project, closing the gates
actually increases a fish’s chances of entering Georgiana Slough,
to the extent that the expected benefits of closing the gates is
roughly halved. The interaction between flows in the Sacramento
River and tidal currents has roughly the same influence on
salmon entrainment rates as the operation of the cross channel.

APPLICATIONS
The results from this project show that low flows in the Sacramento River near the junction with the Delta Cross Channel
increase a salmon’s chance of being entrained into the interior of
the delta. Closing the gates of the cross channel can help
prevent fish from entering the interior of the delta so long as
flows in the river remain high enough to protect fish from tidally
driven currents, which may also entrain fish into the delta’s interior. Water management actions that reduce flows in the river
near the junction with the cross channel are predicted to have a
deleterious effect on population-level survival rates of migrating
Chinook salmon. The model developed for this project can be
used to forecast the impacts of water management actions such
as the proposed peripheral canal on the region’s salmon.

PUBLICATIONS

Maps of the Sacramento-San Joaquin Delta with shaded regions showing
the four major migration routes along which fish were acoustically
tracked. The “A” series represent points along Sutter and Steamboat
sloughs; the “B” series, along the Sacramento River; “C” the Delta Cross
Channel and “D” the route through Georgiana Slough.
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