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Adaptive phenotypic plasticity in brook trout,
Salvelinus fontinalis, life histories’
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Abstract: 1 analyzed life history data for three unexploited populations of brook trout, Salvelinus fontinalis, to explore how
environmental variation in juvenile (pre-reproductive) growth rate can generate variation in fitness (r) and to quantify the fit-
ness benefits associated with phenotypic plasticity in age at maturity. Within populations, differences in growth rate to matu-
rity are associated with significant variation in fitness through size-dependent effects on life history traits. Among popula-
tions, variation in size at maturity effected comparatively little variation in egg size and reproductive allotment (gonad
weight/body weight) but was associated with high variability in fecundity and post-reproductive, overwinter survival. The
relationship between fitness and the oft-reported negative association between growth rate and age at maturity in indetermi-
nately growing organisms is supported empirically and is shown to vary among populations. Fitness functions are consistent
with the prediction that early maturity is favoured by fast growth and delayed reproduction by slow growth. However, the fit-
ness benefits to slow growing individuals of delaying reproduction decrease with reductions in adult survival. Fitness varia-
tion within brook trout populations can be linked empirically to size-dependent differences in life history traits through envi-
ronmentally-induced variation in juvenile growth rate. The results illustrate how environmental variation can favour the
evolution of adaptive phenotypic plasticity in life history through growth-dependent effects on fitness.
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Résumé: Nous avons analysé les données biologiques de trois populations inexploitées de truite mouchetée, Salvelinus fontinalis,
dans le but d’étudier comment un changement dans le taux de croissance juvénile (avant la reproduction) peut engendrer un
changement dans la valeur adaptative (r) et de quantifier les avantages adaptatifs de la plasticité phénotypique, une fois 4
I'dge de la maturité, Les différences au sein des populations dans le taux de croissance vers la maturité s'accompagnent de
variations significatives au plan adaptatif, par le biais des effets qu’a la taille sur les caractéres biologiques. Les variations
entre les populations dans la taille & maturité engendrent relativement peu de variation dans la taille des oeufs ou I"affectation
a la fonction de reproduction (poids des gonades/poids corporel). Elles sont toutefois associées & une grande variabilité dans
la fécondité et la survie & I'hiver aprés la reproduction. Le lien entre 1'adaptation et la relation négative, souvent rapporté
entre le taux de croissance et I’ige 4 maturité chez des organismes a croissance indéterminée, est ici appuyé de facon
empirique et il varie entre les populations. Les fonctions adaptatives s’inscrivent dans la logique selon laquelle une crois-
sance rapide favorise une maturité précoce et une croissance lente entraine une reproduction différée. Toutefois, les avan-
tages adaptatifs de la reproduction différée chez les individus 4 croissance lente s’atténuent avec une diminution de la survie
chez les adultes. Les variations adaptatives au sein des populations de truite mouchetée peuvent étre reliées de maniére
empirique a des différences dans les caractéres biologiques, dépendantes de la taille, qui s"expriment a travers des change-
ments dans le taux de croissance juvénile. Ces résultats permettent d’illustrer comment des changements écologiques peu-
vent favoriser le développement d’une plasticité phénotypique adaptative par le biais des effets de la croissance sur I"adapta-
aon.,
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Introduction

typic plasticity in life history characters such as age and size
at reproduction, offspring size, and offspring number
(Houston & McNamara, 1992).

Phenotypic plasticity can be expected to evolve if

The phenotype of any organism is an expression of its
genotype, its environment, and, perhaps most importantly,
the way in which that genotype responds to environmental
change. The capacity of a genotype to respond to environ-

mental change is termed phenotypic plasticity (Bradshaw,
1965) while the systematic change with which a genotype
alters a character (behavioural, life-history, morphological)
across an environmental gradient is defined as a norm of
reaction (Schmalhausen, 1949; Via & Lande, 1985). Plasticity
can allow individuals to mitigate the effects of environmental
change by altering their physiology and behaviour, with
consequences to their age-specific patterns of mortality,
growth, and fecundity (i.e. their life history). For example,
the inability of genotypes to control the dispersal of off-
spring among spatially heterogeneous environments with
differential effects on fitness should favor adaptative pheno-
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individuals experience spatial environmental variation
randomly with respect tc genotype and if habitat signifi-
cantly influences fitness (Bradshaw, 1965; Levins, 1968;
Via & Lande, 1985; Houston & McNamara, 1992). These
conditions probably exist for many salmonid fish for which
variation in food abundance is dependent on physical
(substrate composition, water velocity and depth) and
biological (presence of potential competitors and predators)
variation in the environment. Differences in food supply
influence individual growth rate which, in turn, can affect
fitness through size- and age-dependent effects on life
history traits such as age and size at maturity (Alm, 1959;
Roff, 1984; 1992; Hutchings, 1993), fecundity (Thorpe,
Miles & Keay, 1984; Hutchings & Morris, 1985), egg size







