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Introduction
C. Tara Marshall1,*, Howard I. Browman2
1

School of Biological Sciences, University of Aberdeen, Tillydrone Avenue, Aberdeen AB24 2TZ, UK
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Institute of Marine Research, Austevoll Research Station, 5392 Storebø, Norway

Evolutionary theory predicts that selective harvesting will shift the frequency of genes for heritable
traits towards those that express well-adapted phenotypes (Law 2007, this Theme Section). Applying
this logic, commercial fisheries that select on the
basis of size could reasonably be expected to favor
the genotype for maturation at smaller sizes (and/or
younger ages), given that rapidly maturing individuals will be more likely to reproduce prior to capture.
This form of fisheries-induced evolutionary response
is a parsimonious explanation for the observed longterm trend towards earlier maturation that has
been observed in several commercially exploited fish
stocks (Rijnsdorp 1993, Trippel 1995). Unfortunately,
it is not possible to test this hypothesis directly, be-

cause the genes associated with maturation have not
been isolated.
Probabilistic maturation reaction norms (PMRNs)
(Heino et al. 2002) have been proposed as a statistical
tool for helping to disentangle genetic from plastic
effects on maturation (reviewed by Dieckmann &
Heino 2007, this Theme Section). For a given cohort,
the PMRN describes the maturation probability of individuals that have survived to reach a given age and
size. A midpoint curve, illustrating the age and size at
which the maturation probability is 50%, is often used
to summarise the PMRN. A shift in cohort-specific
PMRNs over time is interpreted as being consistent
with (although not direct evidence of) a genetic change
at the population level. For example, a shift through
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time and across cohorts towards midpoints located at
smaller sizes and younger ages agrees with the
expected life history response to high rates of selective
exploitation.
On the basis of directional shifts in PMRNs fit to historical data, a number of studies have concluded that
fisheries-induced evolution in maturation rates has
occurred (see Dieckmann & Heino 2007). For example,
PMRNs were used to infer that a fisheries-induced
evolutionary response in the maturation rates of the
Northern cod stock was rapid and preceded stock collapse (Olsen et al. 2004). Fisheries-induced changes to
the genetic structure of a population alter the genetic
diversity in life-history traits (Conover & Munch 2002,
Kenchington et al. 2003). Such structural changes to
the population are regarded as rapidly induced, but
slow to reverse (Law & Grey 1989, Barot et al. 2004).
Further, since the individual growth rate of many
fishes slows following maturation, a decrease in the
size at which individuals mature could result in
reduced yields (Law & Grey 1989). For these reasons,
fisheries managers are increasingly being challenged
to adopt so-called Darwinian fisheries approaches to
management (Conover 2000, Kenchington et al. 2003,
Conover et al. 2005).
Despite the intuitive appeal of fisheries-induced
evolution, the PMRN-based evidence is unavoidably
circumstantial, due to the lack of unambiguous genetic
evidence. Further, the majority of PMRNs published
to date employ observations from fisheries databases
to estimate the probability of a given cohort becoming mature as a function of age and length. While
these databases are potentially long enough to detect
evolutionary responses, they contain information on
a limited suite of biological variables (typically age,
length, weight, sex and stage of maturation) measured at discrete times. These databases do not contain information which would allow the sequence of
hormonal and morphological changes that precede
maturation (see Thorpe 2007, Wright 2007; both in
this Theme Section) to be resolved in detail. Inferences made using the PMRN approach are therefore
based on the assumption that age and length at the
point at which individuals become mature accurately
reflect the physiological status of immature individuals at discrete time points when they are ‘deciding’
whether to proceed with, or delay, maturation. These
developmental decisions are influenced by environmental conditions (Aubin-Horth et al. 2006) and by
the magnitude of stored energy reserves in relation to
anticipated energy expenditures (Thorpe et al. 1998).
The assumption that age and length at the point of
maturation are an accurate representation of the
physiological processes that have occurred throughout the immature stage is difficult to test for wild

stocks, although rate-based PMRNs have been developed for organisms studied in captivity (Van Dooren
et al. 2005). If this assumption is invalid, then it is
possible that the environmental effects on decisions
regarding maturation have not been accurately controlled for by PMRNs.
The goal of this Theme Section is to present some of
the latest information on physiological processes leading to maturation in fishes and to assess the strengths
and weaknesses of the PMRN approach in light of
this information. Contributions were sought from individuals with experience in experimental and/or field
research in fish growth and maturation, as well as
experts in evolutionary aspects of maturation. Their
remit was to discuss questions such as
• Is the PMRN approach suitable for diagnosing genetic changes in maturation rates, and if not, what
method would be suitable?
• Is the current evidence for fisheries-induced evolution conclusive, and if not, why not?
• Is there contradictory evidence?
• Have environmental effects on maturation been
adequately accounted for?
• Can the physiological basis for maturation be captured by maturation reaction norms?
• How can maturation reaction norms be made more
realistic?
• What type of studies would enhance our understanding of genotypic control of maturation?
The preceding questions indicate that the Theme
Section was initially conceived as an outlet for viewpoints other than those of proponents of the PMRN
approach — we felt that the viewpoint of the latter
group was well-represented by a number of recent
publications. Once the roster of contributors was confirmed, Ulf Dieckmann and Mikko Heino — the preeminent developers of the PMRN approach to fisheries
data — were informed of the Theme Section and provided with a list of contributors and titles. They were
invited to contribute and generously agreed to prepare
a historical review that summarized their own perspective. We are most grateful to Ulf and Mikko for accepting our invitation, and for providing such a thorough
and scholarly article. It will do much to clarify understanding of the PMRN approach.
Although a minority of authors exchanged drafts of
their manuscripts, this was not coordinated. Therefore,
the Theme Section should not be viewed as an interactive debate on the PMRN approach. The Theme Section was not confined entirely to the PMRN approach:
the contribution by Law (2007) highlights the importance of having older age-classes in the population.
When read together, the contributions to this Theme
Section will surely impress upon readers that disentangling the multiple causes of maturation trends in
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fish populations is an inherently complex task. Consequently, it is not surprising to find a range of perspectives on what factors are of principal importance.
Nonetheless, there was a degree of convergent thinking amongst the contributors regarding the proximate
cues for maturation that are of critical importance. Criticisms of the PMRN approach to analyzing maturation
trends centered on the possibility that proximate cues
for maturation were not adequately accounted for. The
contribution by Dieckmann & Heino (2007) is distinctive in that it does not cover the physiology of maturation, but instead concentrates on a wide range of evolutionary and ecological effects on maturation. Their
contribution makes clear that the PMRN approach to
analyzing trends in maturation arose from a consideration of the ultimate causes of maturation, rather than
proximate cues. These 2 contrasting viewpoints can be
considered as yet another variant of the debate over
the relative importance of bottom-up (environment
impacting maturation through physiological effects)
and top-down (fisheries as selective predation impacting maturation through genetic effects) regulation of
life histories. Reconciling the 2 viewpoints, such that
inter- and intra-annual variation in the physiological
status of immature individuals is eliminated as a potentially confounding element in the reaction norm analysis, would strengthen conclusions regarding both
the time-scale and magnitude of the fisheries-induced
evolutionary response in maturation rates.
There are several encouraging signs that the large
gap between studies investigating proximate and ultimate sources of variation in maturation rates is being
bridged. For example, 3-dimensional PMRNs have
been developed to account for the effect that condition
(as represented by a morphometric index) has on maturation of North Sea plaice (Grift et al. 2007). Morita &
Fukuwaka (2007, this Theme Section), Kraak (2007,
this Theme Section) and Marshall & McAdam (2007,
this Theme Section) fit PMRNs to data, indicating the
willingness of biologists to evaluate the strengths and
weaknesses of PMRNs from a critical but open-minded
viewpoint. These recent studies demonstrate that a
combination of approaches, integrating biology, physiology and ecology with analytical techniques and
theory, will be required to disentangle the sources of
variation in the maturation rates of exploited fish
populations.
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