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Abstract

Understanding how a monophyletic lineage of a species diverges into several
adaptive forms has received increased attention in recent years, but the underly-
ing mechanisms in this process are still under debate. Postglacial Þshes are
excellent model organisms for exploring this process, especially the initial stages
of ecological speciation, as postglacial lakes represent replicated discrete envi-
ronments with variation in available niches. Here, we combine data of niche
utilization, trophic morphology, and 17 microsatellite loci to investigate the
diversiÞcation process of three sympatric European whiteÞsh morphs from
three northern Fennoscandian lakes. The morphological divergence in the gill
raker number among the whiteÞsh morphs was related to the utilization of dif-
ferent trophic niches and was associated with reproductive isolation within and
across lakes. The intralacustrine comparison of whiteÞsh morphs showed that
these systems represent two levels of adaptive divergence: (1) a consistent
littoral–pelagic resource axis; and (2) a more variable littoral–profundal
resource axis. The results also indicate that the profundal whiteÞsh morph has
diverged repeatedly from the ancestral littoral whiteÞsh morph in sympatry in
two different watercourses. In contrast, all the analyses performed revealed clus-
tering of the pelagic whiteÞsh morphs across lakes suggesting parallel postglacial
immigration with the littoral whiteÞsh morph into each lake. Finally, the analy-
ses strongly suggested that the trophic adaptive trait, number of gill rakers, was
under diversifying selection in the different whiteÞsh morphs. Together, the
results support a complex evolutionary scenario where ecological speciation
acts, but where both allopatric (colonization history) and sympatric (within
watercourse divergence) processes are involved.

Introduction
Adaptive radiation, which is the evolutionary divergence
of individuals from a single phylogenetic lineage into a
variety of adaptive forms (Futuyma 1998), is a widespread
phenomenon in several vertebrate taxa including Þsh,
birds, and amphibians (Schluter 2000; Coyne and Orr
2004; Losos 2010). Adaptive radiation may evolve through

divergent selection for alternate niches driven by, for
example, resource competition, where reproductive isola-
tion may evolve as a by-product of adaptation to diver-
gent niches and may thus lead to new species formation
via ecological speciation process (Schluter 2000; Rundle
and Nosil 2005; Schluter and Conte 2009). The whole
temporal process of population divergence can be viewed
as a continuum of increasingly discrete variation from
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