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Maternal effects can inflate rate of
adaptation to captivity

An important concern of ex situ conservation programs is how
maintenance of populations for several generations in a captive
environment affects their performance when these populations
are reintroduced to the wild. Although there is some evidence
that adaptation to captivity entails a drop in fitness in the wild
(1), how important this effect is and how quickly it arises remain
elusive questions. In particular, it has been shown that the rate of
adaptation to captivity may be quite variable, even in the same
species, among populations facing similar captive environments
(2). Recently in PNAS, Christie et al. (3) inferred evolutionary
change in a single generation of maintenance in captivity of
a wild steelhead (Oncorhynchus mykiss) population. The authors
used a multigenerational pedigree analysis to “demonstrate that
domestication selection can explain the precipitous decline in
fitness observed in hatchery steelhead released into the Hood
River in Oregon.” They compared the performance of first
generation (F1) hatchery fish with that of wild fish spawned
under identical conditions, reporting that the former had nearly
double the lifetime reproductive success, and interpreting this as
a clear demonstration of adaptation to captivity. They also ob-
served that wild-born broodstock that had higher fitness in the
captive environment had offspring with lower performance in the
wild, which they interpreted as evidence of a tradeoff between
the captive environment and the wild.
The problem is that it is not possible to disentangle environ-

mental maternal effects from genetic effects in the comparisons
of first-generation fish developed in the hatchery with their
wild parents, whose mothers developed in the wild (4). Such
maternal effects might explain the higher performance of the F1
hatchery broodstock relative to the wild broodstock, rather than
genetic adaptation to captivity. To avoid such effects, an im-
proved experimental design would compare two more advanced

generations in captivity [e.g., the fourth (or later) and third
generations]. This would allow an estimate of the rate of adap-
tation to captivity without confounding maternal effects attrib-
utable to development of the parents of the earlier generation in
the wild. Moreover, the tradeoff reported between the re-
productive success of fish in captivity and that of their offspring
in the wild may be partially caused by environmental costs of
reproduction (e.g., females laying more eggs may have offspring
with lower success), which is, again, a maternal effect and not
a genetic tradeoff across environments. Such a negative co-
variance was reported between mother and daughter egg num-
bers in pink salmon (5). Although a similar effect is not expected
with males, it might be that the environmental quality of
bigger clutches affects later performance. A better experimental
design would be to estimate the genetic tradeoff across
environments using families of the same generation (e.g., a
half-sib design).
Although the data reported are still of interest for revealing

the impact that a single generation of captivity may have on the
performance of a population when reintroduced in the wild, it is
not legitimate to assign a genetic interpretation to the differ-
ences observed. Analysis removing maternal effects may com-
plete the story.
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