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Letters
A recent article in TREE [1] presented a heavily documen-
ted review of experimental evolution, addressing three
major issues: main questions and applications; experimen-
tal design and study systems; and caveats and limitations.
Here, we comment on the latter issue.

The soundness of a scientific method depends on not
only its adequacy relative to the specific goals, but also the
relative suitability of alternative methods. Without intend-
ing to be exhaustive, we focus on other methods that are
frequently used in evolutionary biology, and compare them
with, and contrast them to, experimental evolution. We
briefly analyze the objectives and relative limitations of
each, as we feel that this analysis was lacking in the
original article [1].

The most widely used method in evolutionary biology,
ever since Darwin, is the comparative method. By compar-
ing traits between extant populations, the general goal of
this method is to infer the evolutionary history underlying
present diversity. Hence, it is widely used to trace phylog-
enies, for which it is the only methodology available. It also
serves to infer the microevolutionary processes that have
shaped current natural populations, based on the patterns
observed. However, knowledge of the ancestral state of
populations, required to infer such processes, is usually
missing. Hence, this method often uses present popula-
tions as surrogates of the ancestral state of others. How-
ever, this relies on several assumptions, such as simple
evolutionary history, repeatability of evolution, and so on
[2]. Experimental evolution is free of such assumptions, as
it is evolutionary biology in its most empirical sense,
enabling researchers to follow microevolutionary processes
directly and to establish a causal link between patterns
and processes. Our own work helps illustrate how experi-
mental evolution can unravel the pitfalls of a comparative
approach. Magalhães et al. [3] showed that a genetic trade-
off may be incorrectly inferred by direct comparison of the
performance of populations of spider mites adapting to
different hosts, whereas the experimental evolution anal-
ysis, taking into account the common ancestral state,
showed a positive covariance. Matos and collaborators
showed that laboratory evolution in Drosophila subobscura
varies across foundations, particularly for life-history
traits that are less relevant to fitness [4]. The direct
evolutionary trajectories observed differ from those in-
ferred using different populations as ‘surrogates’ for evo-
lutionary states across generations [5,6].

Another goal in evolutionary biology is to characterize
the evolutionary potential of populations. One frequent
approach is to use inbred lines in sexual populations,
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assuming that the range of values across lines is a good
representation of the standing genetic variation of outbred
populations. However, inbreeding artifacts may lead to
overwhelmingly positive genetic correlations between
life-history traits that are absent in outbred populations.
The study of mutants and how they differ from the ‘wild
state’ is another approach used. However, mutants often
have low fitness, and selection acts against them, in prac-
tice suppressing their role in evolution. The study of the
evolution of aging provides a good illustration of the con-
trasting outcomes of using such approaches. Disparities
were reported using inbred lines, mutants, and experimen-
tal evolution, with only the latter providing evidence for
Hamilton’s analysis [7].

Characterizing the evolutionary potential of a popula-
tion is also done using additive genetic variance–covari-
ance (G) matrices between fitness-related traits. This tool
may accurately predict the short-term evolution of a popu-
lation. However, there is a long-standing debate on the
stability of G-matrices, which is required for longer-term
predictions [8]. Experimental evolution is a fundamental,
complementary tool, as it can test the stability of G-matri-
ces by following the evolutionary trajectory of populations
over a longer period of time. Unfortunately, to our knowl-
edge, no study has yet provided robust conclusions on this
matter.

Recently, genome scans have been used to compare
populations exposed to different selection pressures, as
well as to characterize their evolutionary potential. Such
scans are valuable, especially when combined with experi-
mental evolution, thus enabling researchers to trace the
genome-wide real-time evolution of replicated populations
[9–11].

Finally, modeling is a heuristic tool in evolutionary
biology, particularly for exploring complex scenarios, such
as evolution in heterogeneous environments. Again, exper-
imental evolution may be an added value, by providing
empirical data to test and adjust such models [12].

Experimental evolution does have its own limitations.
However, it is still one of the most powerful tools in
evolutionary biology, especially when combined with other
approaches. Its most important goal is to establish links
between microevolutionary processes and patterns. This in
turn helps disentangling the evolutionary and genetic
mechanisms underlying adaptation and diversity, the
main goal of evolutionary biology ever since Darwin.
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4 Université Montpelier 2, CNRS, Institut des Sciences de l’Evolution, UMR 5554, 34095 Montpelier cedex 05, France
5 Department of Zoology, University of British Columbia, Vancouver, V6T 1Z4, Canada
In their Letter to TREE [1], Magalhães and Matos criticize
our review of experimental evolution [2] for not discussing
the limitations of other research approaches used in evo-
lutionary biology. Although we agree that the strengths of
experimental evolution result in part from the ability to
circumvent some of those limitations, we felt that discuss-
ing the limitations of comparative, phylogenetic, paleonto-
logical, and other approaches was beyond the scope of our
paper. The power of experimental evolution is manifest in
the breadth and depth of insights gained through its
application, as we reviewed [2]. Nonetheless, experimental
evolution does have its own particular limitations as a
research approach, and it is important that practitioners of
experimental evolution are aware of them to avoid incor-
rect interpretation of results.

We believe that the ‘gold standard’ for addressing
many evolutionary questions is one that uses multiple
research approaches and methods that address comple-
mentary aspects of the issues at hand. Theory provides a
broad framework about what might be possible and links
specific assumptions with predictions, thus inspiring em-
pirical tests and sometimes generating unexpected new
insights. Experimental evolution can show what out-
comes are plausible and accessible in a biological system
with particular properties (e.g., population size and mode
of reproduction). Studies of phenotypic and genetic vari-
ation in natural populations can establish how much, and
what kinds of, variation exist for traits of interest; such
studies may also show whether a particular process has
occurred in nature (e.g., by detecting signatures of recent
selection in the genome). Molecular biology may reveal
the mechanisms by which genetic differences give rise to
variation in phenotypes and fitness. Finally, phylogeneti-
cally based comparative approaches (and, for traits pre-
served in the fossil record, paleontology) reveal which of
many possible evolutionary scenarios actually occurred,
and whether the processes or factors of interest are
sufficiently important or general to contribute to broad-
scale patterns of differentiation within, and among, spe-
cies or higher taxa.

The concerted application of such complementary
approaches can synergistically advance understanding of
an evolutionary phenomenon. A case in point is the
evolution of aging. Insights from Peter B. Medawar and
George C. Williams, later formalized in mathematical
models (e.g., [3]), posited that senescence is an expected
outcome of evolution (rather than an unavoidable result of
attrition) and, moreover, predicted testable connections
between aging, reproduction, and extrinsic mortality.
Experimental evolution studies verified those predictions
under laboratory conditions and demonstrated that life-
span can evolve rapidly in either direction (e.g., [4]). Quan-
titative genetic studies of natural populations confirmed
the existence of ample genetic variation in the rate of aging
as well as antagonistic pleiotropy between early- and late-
life fitness components (e.g., [5]), including in humans (e.g.,
[6]). Genomic methods are beginning to identify some of the
underlying polymorphisms (e.g., [7]), while other high-
throughput methods are shedding light on the architecture
of lifespan and related traits (e.g., [8]). In addition, experi-
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