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The final report covers a three-year award with a one-year no cost extension. The project
acronym is SAFARI — Salmon Applied Forecasting Assessment and Research Initiative
(http://www.mbari.org/bog/safari). The team included a Biology component: Brian
Wells, Steve Lindley, Eric Danner, John Field (NOAA), William Sydeman, and Jarrod
Santora (Farallon); a Modeling component: Fei Chai (UMaine) and Yi Chao (UCLA);
and an Oceanography component: Francisco Chavez and Monique Messié (MBARI).

The stock of Chinook salmon from central California has been increasingly variable over
the past decade. For example, in 2007 the number of fish that could be removed by
fishing was overestimated and, therefore, the number of spawners remaining was below
the prescribed minimum number. As a result, the fishery was closed during 2008 and
2009 and only modestly operated in 2010. The sport and commercial fishing seasons
opened in 2011 with mixed success and 2012 and 2013 have been near normal years.
Because of its life cycle the Chinook salmon is a good target species for ecological
forecasting. Fish spawn in the Sacramento River system and make their way to the open
ocean through San Francisco Bay. Work by the SAFARI team suggests that the first few
days in the ocean are critical; if the fish are not able to find suitable forage in the form of
krill they will not survive to return to the river in the following years. Harvestable and
reproductive fish return to the river after three years. Some fraction of two-year-old fish
(Jacks) return with the three-year-olds and the number of jacks is statistically related to
the number of three-year-olds returning the following year. These statistics are variable
from year-to-year. The premise of the SAFARI team has been that a more robust and
mechanistic approach to forecasting involves a prediction system that determines the
magnitude and location of the forage species (krill), a function of environmental forcing.
Since krill also have two cohorts, their abundance may be predicted from environmental
conditions the previous year leading to a potential forecast of salmon abundance
(bad/good) up to 4 years in advance. Estimates of salmon abundance have been carried
out from observations of krill and sea level (an index of environmental conditions). The
group has also demonstrated that these properties can be estimated from state-of-the-art
coupled physical-ecosystem models for the Pacific basin. These concepts have been
developed and improved as part of this project and the results are regularly presented to
the salmon subcommittee of the Pacific Fishery Management Council (PFMC) and
directly to the PFMC via the Director of the NOAA Southwest Fisheries Center. These
approaches have been adopted by the NOAA Integrated Ecosystem Assessment (IEA)
program, ensuring continued use into the future. The success of this program can be
attributed to the strategic mix of the participants (oceanographers, biologists, modelers,
end users) and the well-defined problem. The publications resulting from this program
are given below.
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