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Summary: Low returns of Fraser River sockeye salmon in 2009 were most likely caused by poor physical and biological conditions in the Strait of Georgia, cumulative effects of high temperatures in the Fraser River, and various environmental stressors. To reverse the current decline in Fraser River sockeye productivity we must direct science towards specific management outcomes; create and maintain a comprehensive public database for BC salmon stocks; and put greater emphasis on salmon conservation in management plans and policies.

Introduction:
The total productivity of Fraser River sockeye salmon has experienced a gradual decline since the early 1990s (Peterman and Dorner, 2011). In 2009, the number of returning adults fell to a historic low of 1.5 million, only 14% of the predicted return (Peterman et al., 2010). Although determining the exact cause of the low returns of sockeye in 2009 is difficult, it is important that we examine current management and scientific practices in order to reverse the decline of one of British Columbia’s most iconic resources. In this submission, I outline a number of key factors that were most influential in the low returns in 2009, and provide recommendations for improving conservation and management of Fraser River sockeye.


Key Factors in the Decline of Fraser River Sockeye Salmon
1. Poor physical and biological conditions in the Strait of Georgia and Queen Charlotte Sound in 2007 caused high mortality during the post-juvenile stage. In a recent report, Peterman et al., (2010) noted that the decline in salmon productivity observed in 2009 and the 1990s and 2000s largely occurred during the post-juvenile stage. This suggests that high mortality occurred in the ocean after smolts migrated out of the freshwater environment. Salmon that returned to the Fraser River in 2009 migrated through the Strait of Georgia and into Queen Charlotte Sound in 2007. An El Niño weather pattern in the winter of 2006/7 resulted in unusual physical and biological conditions in the Strait of Georgia, including warmer surface temperatures; and lower surface salinity due to rapid spring runoff driven by an abnormally high snowpack in the Coast Mountains; (McKinnel et al, 2011). These poor physical conditions combined with low productivity and prey scarcity may have caused high smolt mortality in 2007 and 2008, and therefore fewer adults returning in 2009. 
2. Changing ocean conditions and warmer river temperatures resulted in increased pre-spawn mortality. The timing of sockeye salmon migration is largely mediated by physiological characteristics that develop during the smolt stage, when sockeye migrate out of the Fraser River and through the Strait of Georgia (Thompson and Hourston, 2011). Poor conditions in the strait in 2007 may have altered physiological development of Fraser River sockeye, resulting in early migration of late-run stocks in 2009 (Thompson and Hourston, 2011). In addition, Fraser River temperatures have increased by approximately 1.5°C since the 1950s (Martins et al, 2011). Salmon are under severe stress during their upstream migration; warmer temperatures can decrease fitness and increase susceptibility to diseases, pathogens, contaminants, predation, and habitat disturbances (Healy, 2010). While these effects on their own may not cause significant mortality, the combined (cumulative) effects of these stressors and higher water temperatures potentially caused above average mortality during migration and pre-spawning. 



Recommendations:
1. Focus funding and resources on scientific research directed towards specific policy and management objectives. Our current knowledge of Fraser River sockeye ecology contains a number of knowledge gaps that make management of the stock especially challenging. Managers and scientists must work together to identify research questions that would enable managers to make more informed management plans. For example, research and monitoring has shown that diseases and parasites are present in aquaculture facilities in the Strait of Georgia (Hilborn, 2008). However, the mechanisms (if any) that transfer these diseases to wild salmon are unknown. Recent research by Miller et al. (2011) may shed light on potential viral transfers, but more research is needed to determine whether diseases from aquaculture are a significant factor in Fraser River sockeye health and/or mortality. Without this knowledge, managers are hesitant to penalize an industry that provides significant economic and social benefits to British Columbia.  
2. Create a centralized public database containing data related to all sockeye salmon stocks in BC. Complex scientific models require large inputs of empirical data to produce the most accurate and precise outputs possible. Salmon ecology and management is extremely complex, and the more comprehensive our data set, the more likely we will be able to accurately predict and understand salmon dynamics. In addition, data from all sectors including academic, commercial, provincial, and federal, should be released into the public domain. Researchers will continue to draw different conclusions from the data, but a centralized database would allow for greater scope, accuracy, and cooperation in research and prediction models.
3. Fisheries and Oceans Canada must prioritize management outcomes and act decisively in pursuit of these outcomes. Management of Fraser River sockeye is complicated by broad special and temporal scales and a large diversity of stakeholders. It will not be possible to completely satisfy all stakeholders and conserve the Fraser River sockeye stock. I argue that if the goal of management is to preserve the productivity and biodiversity of Fraser River sockeye, management must reflect a greater emphasis on conservation in the long term, rather than immediate economic and social benefits. This is a delicate issue as many people are culturally and financially dependent on salmon; however by protecting the stock now, we preserve the ecosystem services that will provide economic and social benefits in the future. To demonstrate a greater commitment to sockeye conservation, the Government of Canada should list the Cultus Lake sockeye population under the Species at Risk Act. The Cultus Lake stock was listed as endangered by COSEWIC in 2003, and again in 2010 following a status update (Bradford et al, 2011). Despite the critical condition of Cultus Lake sockeye, the Government of Canada failed to list the population under SARA due to social and economic reasons (SARA, 2004).  In the future, managers must be proactive in creating policies directed towards salmon conservation and accept the associated social and economic costs. 
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