
Sizing the effects of temperature
onfish

Ageneral size- and trait-basedmodel to predict temperature
impact on ectotherms

PhilippNeubauer KenH. Andersen





Physiology of temperature impacts

A range of eco-physiologicalmodels
have been formulated, yet the general
physiological principles of temperature
impacts on ectotherms themselves are
still vigorously debated*.

Prominent view is that the available
oxygen beyond routine activity
(metabolic scope)determines
thermal performance and niches.

Oxygen supplymay not be limiting in
many species — scopes increaseswith
temperature.

fromLefevre 2016Cons. Phys.

* Brander et al 2013 ICES JMS
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(metabolic scope)determines
thermal performance and niches.

Oxygen supplymay not be limiting in
many species — scopes increaseswith
temperature.

Despite a large bodyof
experiments, no general
mechanisticmodel
exists to understand
temperature driven
physiological changes
and resulting ecological
outcomes.
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Towards a generalmodel

Traits of a generalmodel:

1. Should be parsimonious: reflect both ecology and physiology in
asmuch detail as necessary, and as little detail as possible.

2. Should not be based on a single species but on life-history
traits.

3. Should produce predictions that can be confrontedwith data.



Towards a generalmodel

Traits of a generalmodel:

1. Should beparsimonious: reflect both ecology and
physiology in asmuchdetail as necessary, and as little detail
as possible.

2. Should not be based on a single species but on life-history
traits.

3. Should produce predictions that can be confrontedwith data.



Towards a generalmodel
Building blocks

Bio-energetic balance:

P = S− D
P = (1− β − ϕ)fThhwq − kTkwn

f =
τγwpΘ

τγwpΘ+ Thhwq



Towards a generalmodel
Building blocks

Increasing activity comes at a cost.

P = S− D
P = (1− β − ϕ)fThhwq − kTkwn

− τδkTkw

f =
τγwpΘ

τγwpΘ+ Thhwq

M = (m0 + τmτ )w1−p



Towards a generalmodel

To each temperature corresponds an optimal activity level τopt —
no gain withmore activity beyond τopt: f saturates, butmetabolic
costs andmortality increase

Optimum found bymaximizing P(τ)/M(τ)



Towards a generalmodel
Building blocks

O2 demandof feeding and energymetabolism represents a hard
limit for activity.

P02
= SO2

− DO2

= fO2
wn − ω(βfThhwq + kTkwn − τδkTkw)

SO2 is themaximumoxygen supply, PO2 is themetabolic scope.



Towards a generalmodel

Traits of a generalmodel:

1. Should be parsimonious: reflect both ecology and physiology in
asmuch detail as necessary, and as little detail as possible.

2. Should not bebasedon a single species but on life-history
traits.

3. Should produce predictions that can be confrontedwith data.



Trait based scenarios
Slow vs fast life history:

• lower restingmetabolism,
• lowermaximumconsumption,
• highermortality risk from foraging relative tonon-active state.

Presenting results for species with dome-shaped oxygen supply
(MO2max)only.



Towards a generalmodel

Traits of a generalmodel:

1. Should be parsimonious: reflect both ecology and physiology in
asmuch detail as necessary, and as little detail as possible.

2. Should not be based on a single species but on life-history
traits.

3. Should producepredictions that canbe confrontedwith
data.



Activity andoxygen limitation

Increasing temperature leads to increased activity inmost cases
along the slow-vs. fast trait axis.
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Activity andoxygen limitation

Increasing temperature leads to increased activity inmost cases:
age 0 lake trout
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Activity andoxygen limitation

Oxygen is limiting at extreme temperatures— at intermediate
temperatures it is not optimal to utilize the full scope, even for
highly active species.
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Growth, fitness andorganismsize

Growthpeaks at higher temperature, yet leads to smaller
individuals...especially in environments of low food availability.



Growth, fitness andorganismsize

... but fitness trend usually opposes growth response —fitness
highest at lowor intermediate temperatures.
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Growth, fitness andorganismsize

Fitness trend can be used to estimate fitness gradients and
selection response to temperature - e.g., change in
size-at-maturation
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Growth, fitness andorganismsize

Fitness trend can be used to estimate fitness gradients and
selection response to temperature - e.g., change in
size-at-maturation
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Whatdoes this buy us?

1. Our generalmodel explains general observations of
temperature response:

• Species being found at lower temperatures than “optimal” growth and
metabolic scope,

• Smaller individuals at high temperature: the temperature-size-rule,

• Increased activity with temperature.

2. We can use this framework to derive generalpredictions:

• Organism size responds to temperature, both via phenotypic plasticity
(immediate) and selection (slow!).

3. Size- and trait-based formulationmeans the framework can be
applied in size-based ecosystemmodels.



Post-script
With temperature and adaptive foraging, dynamics are unstable...
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Post-script

Fitness trends depend on activity cost -more efficient foraging
leads to shift in temperature optimum to higher temperatures.



Post-script

Fitness trends depend on food-more available food leads to a
slower decline of fitnesswith higher temperatures.


