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Temperature affects salmonid life history traits via
metabolic rates, food consumption and phenotypically
plastic effects
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This study reviewed thermal influences on the migration of salmonid
fishes. Photo of brown trout (Salmo trutta) juveniles by Paul Asman
and Jill Lenoble, via Wikimedia Commons.

Fish are vulnerable to temperature increases because their body temperature varies with that of the
surrounding water and the oxygen content in water is low and decreases when the water becomes
warmer. Higher temperatures also have sublethal effects, such as changes in biochemical reactions in
the body and ecological traits such as growth, body size, age at maturity and behavior. Many of the
ecological changes in species are linked to changes in life history and behavioral traits.

Salmonidae is an important fish family not only economically but also culturally and ecologically.
These species provide food for millions of people, as well as recreation and sport, and they play key
roles in ecosystem functioning and health. However, many salmonid species are in decline because of
a multitude of human-induced pressures, including climate warming.

Climate warming concerns Salmonidae because they are cold water species with high oxygen
demands. Oxygen has low solubility in water, and dissolved oxygen content in fully saturated water
decreases by approximately 2 percent per 1 degrees-C increase in temperature within the thermal niche
of salmonids. The species become stressed when the temperature increases above their normal
thermal niche and go extinct if temperatures increase too quickly or too much. The optimal
temperatures for growth of the juveniles of most species are around 15 degrees-C, and thermal stress
and death occur between 20 and 30 degrees-C.

This article — summarized from the original publication (https://doi.org/10.3390/fishes8070337),
(Jonsson, B. 2023. Thermal Effects on Ecological Traits of Salmonids. Fishes 2023, 8(7), 337) -
presents the results of a literature review of thermal influences on metabolic rates; aerobic scope;
growth; adult body size; and reproductive and behavioral traits such as tendency and timing of
migration of salmonid fishes.
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(https://events.seafoodfromscotland.org/).

Study setup

This study reviewed and summarized the literature on how water temperature — via influences on
metabolic rates and growth — affects life history traits of salmonid fishes. In addition, the temperature
during embryogenesis and early life of the organisms may have phenotypically plastic knock-on effects
on these traits through epigenetic mechanisms.

Epigenetics is the study of how an organism’s environment and behavior can cause changes that affect
the way its genes function. Unlike genetic changes, epigenetic changes are reversible and do not
change the sequence of DNA sequence but can change how a DNA sequence is read.

Many examples from studies of brown trout and Atlantic salmon are included, and examples of direct
thermal effects and how the temperature during early life stages causes phenotypic changes later. For
additional information refer to the original publication.

Temperature effects

Temperature has a pervasive and direct effect on the biochemical and physiological functions of cold-
blooded animals and a strong influence on life history traits. Temperature regulates metabolism and
aerobic scope, growth, body size, gonadal size, behavioral locomotion and phenological patterns.
Variations in thermal responses are caused by inherited differences, such as that of metabolic rates.
The among-individual differences in metabolism appear to have fitness-related effects and be related
to individual differences in growth, body mass, reproduction, survival, behavior, and phenology. Thus,
temperature plays an important role in determining the evolutionary trajectories of species.

In addition to the direct phenotypic effect of temperature, recent research suggests that embryo and
larval temperature or the temperature experienced by parents may affect life history traits. Although not
extensively investigated, these latter findings indicate that past temperatures may prepare offspring for
conditions that they may encounter later in life.

Some of these effects, such as that on growth, appear to be strongest early in life, whereas others, such
as that on migration, may also influence the phenology of adults. These latter knock-on effects have
been demonstrated for Atlantic salmon and brown trout, and effects on growth have also been
demonstrated for other species like common carp, haddock, and Senegalese sole.

There are also transgenerational effects of temperature. For instance, the temperature during egg
maturation prior to fertilization influences egg size, gonad size and the amount of energy available for
the offspring after hatching. These thermal effects are transferred to the next-generation offspring of
Atlantic salmon and may positively affect early juvenile growth in a warmer climate.

Knock-on effects of previous temperature appear to parallel changes observed among conspecific
populations living under different thermal regimes. These effects reduce phenotypic differences among
individuals experiencing different climatic conditions. However, there is an urgent need for further
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research on transgenerational, thermal effects on the ecology of fishes and the mechanism by which
they are transferred from parents to offspring.

Genomic selection for resistance to White
Spot Syndrome Virus in Pacific white
shrimp

Genomic selection techniques show significant potential for enhancing
the species’ resistance to White Spot Syndrome Virus (WSSV) infection.

@ Global Seafood Alliance

Phenotypic plasticity

Phenotypic plasticity (changes in an organism’s behavior, morphology and physiology in response to a
unique environment) in thermal response appears to be initiated by influences experienced during a
sensitive period, although the consequences may be long-lasting after the sensitive period. Such
processes initiated by early priming are referred to as adaptive developmental plasticity. Typically,
thermal conditions during early development or at a parental phase may have effects that change
developmental trajectories, which may be helpful later in life. The influences stimulate genotypes to
express different phenotypes in response to thermal differences during early development.

For instance, knock-on effects that are initiated by cues or imprints experienced in individuals’ early life,
transferred as a parental effect, or induced at embryo or larval stages may affect developmental
trajectories, activities, and resource allocations within an organism'’s life span. The effects may be
short-term or long-term and prepare individuals for conditions that they may encounter later, thereby
buffering otherwise detrimental effects of environmental change.

DNA methylation

The mechanisms involved in thermal plasticity have not been extensively investigated. However, DNA
methylation (a biological process that can change the activity of a DNA segment without changing the
sequence) is sensitive to thermal climate and may be involved. There is an inverse relationship between
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DNA methylation and body temperature when maintained over evolutionary time. DNA methylation
links thermal conditions to subsequent changes in genetic expressions, but the response differs among
iso-genetic lines, as shown for rainbow trout. There are also examples from other fish families
suggesting effects of temperature on DNA methylation. Both in early and later life, temperature change
may lead to DNA methylation.

Future research

Little is known about how temperature influences the distributions of salmonid species. Finstad et al.
(https://doi.org/10.1111/j.1365-2486.2010.02335.x)hypothesized that differences in temperature-
dependent growth efficiencies were a main reason for differences in distributional patterns of brown
trout and Arctic charr. Their thermal optima are similar, but Arctic charr outcompete brown trout in cold
and ultraoligotrophic lakes and rivers because they have twice as high growth efficiency in cold water.
Little is known about the degree to which a similar effect may influence the distributional patterns of
other salmonids. They all have similar thermal niches, but differences in metabolic rates and growth
efficiencies may still exist. Such knowledge is important in understanding geographical distributions,
immigration, and local extinction of species.

Research supports the hypothesis that thermal conditions early in life affect life histories of organisms.
It is important to identify to what degree developmental plasticity is adaptive. Influences encountered
by organisms long before experiments start can affect the results. If not considered, this may lead to
incorrect interpretations of trait differences. One may believe that observed differences are genetically
adapted, while they may be an early environmental effect. Such misinterpretation may lead to incorrect
decisions when managing populations under climate change.

Epigenetics appear to be central in the understanding of how the early thermal environment affects the
development of phenotypes. There are examples suggesting a role of epigenetics in developmental
plasticity. However, the field of epigenetics is still young, and | expect that many new studies soon will
be performed to better understand how environmental temperature influences the ecology of salmonid
fishes. Studies using whole-genome approaches should be performed, as such studies may reveal new
relationships between phenotypes and epigenetic determinants.

There is strong evidence supporting the hypothesis that thermal cues experienced at an early stage in
life can affect the development of organisms, with consequences for life in environments encountered
at a later stage. However, at present, there is little if any knowledge about the energetic costs involved in
thermal plasticity and whether thermal plasticity is adaptive and affects fitness. Such tests are needed,
as populations’ responses in changing environments are critical to their persistence. Their capacity to
exhibit adaptive plasticity to a warmer climate may determine their future success.

Perspectives

Temperature has pervasive effects on growth, life history and behavioral traits of salmonid fishes. This

is caused by a direct effect on metabolic rates and food consumption. Intraspecific genetic variability in
these thermal effects needs further investigation. In addition, there is an indirect, phenotypically plastic

effect induced by temperature during embryogenesis and early life, as well as possibly by temperatures
experienced by mothers during maturation.

This phenotypically plastic response may preadapt offspring to perform better in anticipated future
thermal environments. An epigenetic mechanism may be responsible for the phenotypic effect. Future
research should investigate this and other possible epigenetic mechanisms and how they may
influence fitness and induce alternative phenotypes.
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