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Ecology needs better prediction



A science comes of age when it is able to predict

@Rob_SalGo



Life history traits…
… just how broad & good for what?
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Life history traits: key events in the life of an organism



Vital rates
Survival
Growth
Reproduction
Recruitment

PLANTS DO IT, BEES DO IT, EVERYBODY DOES IT!

The Bank of Life History Traits

SurvivalReproduction

Development

1
Of natural selection 
we have evidence



Life history theory is taxonomically handicapped



www.compadre-db.org

Salguero-Gómez et al. J Ecol 2015
Salguero-Gómez et al. JAE 2016



https://github.com/padrinoDB/Padrino

Sam Levin
(iDiv-Oxford)



From the field to your plate!
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From the field to your plate!

Population growth rates
Rates of resilience
Sensitivities and elasticities
Selection gradients
Intensity of reproduction…

Mean life expectancy
Rates of senescence
Age at maturity
Reproductive window…
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From the field to your plate!
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Biogeographic coverage

COMPADRE COMADRE PADRINO





SurvivalReproduction

First axis: Fast-Slow continuum

Fast
Slow

Stearns 1976



Silvertown & Franco’s ternary plot
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Do plants also have a fast-slow continuum?
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Silvertown & Franco’s ternary plot

Do plants also have a fast-slow continuum?
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Challenges:
Elasticities – de Kroon et al. Ecol 2000

Trade-offs – Shea et al. J Ecol 1994

The unpopulatable space
Takada, Kawai & Salguero-Gómez Pop Ecol 2018

Silvertown & Franco’s ternary plot

Do plants also have a fast-slow continuum?



Longevity H - Rate of senescence
Lα - Age at maturity

Size change γ - Growth
ρ - Shrinkage

Does the fast-slow continuum apply to all organisms?

Turn-over T - Generation time

N-dimensional 
space

www.compadre-db.org

Caswell & Salguero-Gómez J Ecol 2013; Metcalf et al. MEE 2013; Jones… Salguero-Gómez MEE 2022

Reproduction φ - Annual per-capita production
S    - Degree of iteroparity
Ro - Net reproductive output
Lw - Reproductive window



H1. Phylogeny ancestry

H2. Environmental filtering

What determines the repertoire of life history strategies?

Pinus longaeva

Pinus nigra



Variance < 60%

Salguero-Gómez et al. 
PNAS 2016

Does the fast-slow continuum apply to other organisms?



Growth

Longevity

Generation
time

Variance < 60%

Fast-slow continuum (34%)
Salguero-Gómez et al. 

PNAS 2016

Does the fast-slow continuum apply to other organisms?
1st axis: Fast-Slow continuum



Growth

Shrinkage

Moments of
reproduction

Longevity

Generation
time

Variance < 60%

Fast-slow continuum (34%)
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Salguero-Gómez et al. 
PNAS 2016

Does the fast-slow continuum apply to other organisms?

2nd axis: Reproductive strategies

1st axis: Fast-Slow continuum



Salguero-Gómez New Phytologist 2017

n = 650 plant species

Usefulness of classification of life history strategies now



Salguero-Gómez New Phytologist 2017

Population growth rate Demographic resilience

Lives 
fast

Shrinks

Usefulness of classification of life history strategies now





Fast-slow continuum is not sufficient in animals
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Kevin Healy et al.
Nature Ecol & Evol 2019 www.comadre-db.org



Salguero-Gómez New Phytologist 2017

Conservation status

Demographic resilience

Usefulness of classification of life history strategies now



Slow

Fast-slow continuum revisited

SurvivalReproduction



SlowSurvivalDevelopment

Reproduction

Fast-slow continuum revisited



@Rob_SalGo

Fast
Slow

Semelparous

Stearns 1976
Gaillard et al. 1989; Bielby et al. 2007
Salguero-Gomez et al. 2016, 2017; Paniw et 
al. 2018; Healy et al. 2019

Iteroparous

A framework to classify life history strategies…



IPCC 2014

Which life history strategies will be affected by climate change?

Climate Change 1992

Frontiers Ecol & Env 2007

Nature 2002

Science 2000

Nature 2014



Which life history strategies will be affected by climate change?



Climatic variance can increase in different ways

Good yearBad year

iid: independent and identically distributed

Autocorrelations in environmental variation

Positive autocorrelation



Usefulness of classification of life history strategies in the 
future

Pace of life
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Generation 

time

N = 454 animal and plant species

Paniw, Ozgul & Salguero-Gómez Ecol Letts 2018 Maria Paniw



Usefulness of classification of life history strategies in the 
future

Pace of life

Paniw, Ozgul & Salguero-Gómez Ecol Letts 2018
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Pol Capdevila

Terrestrial vs. marine life histories 

Capdevila … Salguero-Gómez Funct Ecol 2020



Fast
Slow

Semelparous

There is nothing explicit about environmental stochasticity here
Iteroparous



Buffering

Labile

Iteroparous

Fast
Slow

SemelparousCouer et al. 2022, Santos et al. in review

Stearns 1976
Gaillard et al. 1989; Bielby et al. 2007
Salguero-Gomez et al. 2016; Paniw et al. 2018

Populations orchestrate responses in stochastic environments

nd axis: Reproductive strategies

1st axis: Fast-Slow continuum

3rd axis: Buffering-Lability



Adaptations to stochastic environments via life history strategies

Tuljapurkar (1982) Population dynamics in variable environments. III. Evolutionary dynamics of r-selection. Theoretical Population Biology 21:141–165 

Tulja’s small noise approximation

{Stochastic pop growth rate}

{Deterministic pop growth rate}

{Temporal covariation of vital rates}

à The more covariation in vital rates the worse?



Pfister (1998) Patterns of variance in stage-structured populations: evolutionary predictions and ecological implications. PNAS 95: 213218

Demographically 
buffering

Adaptations to stochastic environments via life history strategies
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Pfister (1998) Patterns of variance in stage-structured populations: evolutionary predictions and ecological implications. PNAS 95: 213218.
Koons et al. (2009) Is life-history buffering or lability adaptive in stochastic environments? Oikos 118:972-980

Demographically 
buffering

Adaptations to stochastic environments via life history strategies
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Salguero-Gómez Evol Hum Beh 2021

PC
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A framework to classify life history strategies…

Buffering

Labile

Iteroparous

Fast
Slow

Semelparous

@Rob_SalGo

…and  to predict:
- Anatomic constraints

Salguero-Gomez et al. 2016

- Demographic performance
Salguero-Gomez 2016, 2017a

- Evolution of senescence
Salguero-Gomez 2017b

- IUCN status
Salguero-Gomez 2017b, Healy et al j2019

- Selection gradients
Salguero-Gomez 2017b

- Dispersal ability
Beckman 2018

- Functional traits
Salguero-Gomez 2017b, Piston et al. 2019

- Pollen limitation
Bennet et al. in prep

- Animal vs plant life histories
Healy et al. in 2019

- Marine vs terrestrial life histories
Capdevila et al. 2020

- Climate change
Paniw et al. 2018, Compagnoni et al., in prep
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Fully-funded NERC PhD position: 
https://envres.web.ox.ac.uk/article/plants-on-the-move

rob.salguero@biology.ox.ac.uk @Rob_SalGo
@SalGoTeam



Where are the limits of life history strategies?

Inviable
Unsampled





Will Petry
(ETH Zurich)

Entire planet
Terrestrial
Terrestrial (Not Antarctica)Sam Levin

(iDiv-Oxford)
James Cant
(Leeds-Oxford)


