Life history differentiation in Alaskan steelhead and the consequences of inbreeding and outbreeding
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For two populations of Alaskan steelhead (Oncorhynchus mykiss) of common ancestry we evaluated inbreeding and outbreeding depression in second-generation descendants of wild fish derived from the same wild anadromous Alaskan stock in the 1920s. We measured phenotypes for growth, smoltification, and maturation in over 6,500 age-2 fish in 75 purebred and crossbred families. Smolting and precocious male maturity were highly variable among families within each population and significantly different between the populations. Genetic divergence of the populations was modest at both neutral loci and quantitative traits and appears to reflect primarily additive genetic effects and interactions among alleles within loci. However, marine survival to adulthood of progeny of resident parents released to the ocean was significantly lower than that of progeny of anadromous parents. Evidently, even low levels of adaptive differentiation can yield detectable outbreeding depression for survival in the wild.

Both populations also exhibited inbreeding depression after a single event of close inbreeding. We compared offspring of full siblings to those of randomly mated controls within each population to determine if inbreeding has significant effects on survival and growth in captivity or the wild. In captivity, survival and size were highly variable within and among five broods during protective freshwater culture with no evident trends. However, in the wild marine environment, although significant differences between inbred and control lines in size of returning adults, egg size, egg number and total egg mass after two or three years at liberty in the ocean were relatively rare, most pairwise comparisons were consistent with inbreeding depression. More importantly, survival of marked smolts to adulthood in the wild marine environment was consistently and significantly lower in both inbred lines.

The results have at least two important implications. First, disruption of “modest” local adaptations can impart significant fitness consequences for wild fish that undertake marine migrations. Second, natural selection in the wild substantially increases the amount of inbreeding depression detected, and inbreeding effects on survival and growth in captivity can be poor indicators of survival and growth in the wild.
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