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The transition of juvenile steelhead (anadromous Oncorhynchus mykiss) from rearing in natal streams to out-migrating to the ocean is an important life-stage where management actions could directly benefit fish survival and overall population viability. In the Snake River Basin, emigrating juvenile steelhead are monitored using passive integrated transponder (PIT) tags, where individuals are tagged at various locations throughout the basin and detected at antenna arrays along the path of emigration to the ocean. However, diversity in juvenile steelhead life history strategies complicates the ability to link conditions to juvenile steelhead movement and survival. We developed a statistical model for PIT-tagged juvenile steelhead mark-recapture data that accounts for how juvenile steelhead can either migrate directly out to the ocean or wait a year or more before out-migrating. We implemented this model in a publicly available package on GitHub (space4time). We estimated detection probability and apparent survival of juvenile steelhead from moving past rotary screw traps to emigrating out to the ocean for five populations in central Idaho from 2008 to 2022. We investigated the effects of environmental conditions during rearing, environmental conditions during emigration, density-dependence, and individual body condition on movement and apparent survival rates. Peak flow during emigration was positively associated with survival across all sites. However, the effects of stream temperature and density-dependence on survival varied by population. Understanding the factors in emigrating steelhead survival is important for informing effective management actions for benefiting population productivity.  
