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LΩƳ ŀƴ ŜƳǇƛǊƛŎƛǎǘ

(who dabbles in verbal theory*)

e.g., Germainet al. 2018N E&E, Germainet al. 2021TREE
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species coexistence, community assembly, metapopulations, character displacement, 
speciation
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theory

empiricism

scientific progress
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Outline: Theory in service of 
experiments

Á±ƛƎƴŜǘǘŜ мΥ ǘƘŜ ΨŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦƛƭǘŜǊƛƴƎΩ 
metaphor 

ÁVignette 2: phylogenetic community assembly

ÁVignette 3: life in a variable environment

ÁSecret extra section (if we have time)

ÁBarriers to learning and communicating 
(mathematical) theory & how to overcome 
them

methods!!
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Grainger et al. in press American Naturalist



±ƛƎƴŜǘǘŜ мΥ ǘƘŜ ΨŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦƛƭǘŜǊƛƴƎΩ ƳŜǘŀǇƘƻǊ 

Theory guides experimental design
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¢ƘŜ ΨŦƛƭǘŜǊΩ ƳŜǘŀǇƘƻǊ ƛƴ ŜŎƻƭƻƎȅ

Regional species pool

Environment filter

Competitive filter

Local community

evidence of strong 
environmental filters
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Environmental filtering is not likely independent 
of competition

unrealistic

realistic

85% of studies confound competition with environmental 
filtering

Two questions

Is evidence of environmental filtering consistent 
in the presence and absence of competitors?

Does the answer differ if we contrast among 
different abiotic environments?

Figure from Kraft et al.2015 FunctEcol
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¢ƘŜ ΨŦƛƭǘŜǊΩ ƳŜǘŀǇƘƻǊ ƛƴ ŜŎƻƭƻƎȅ
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How do we measure persistence? Invasibility
experiments

i˂nv[C+E]

i˂nv[E] 

< 1> 1

Germain et al. 2018 Biology Letters

wŜǇƭƛŎŀǘŜ ŜȄǇŜǊƛƳŜƴǘ ƛƴ ǘǿƻ ǎƻƛƭ ŜƴǾƛǊƻƴƳŜƴǘǎΥ ΨǿŜǘΩ 
ŀƴŘ ΨŘǊȅΩ ŀƴŘ ŀŎǊƻǎǎ ол ǎǇŜŎƛŜǎ ǇŀƛǊǎ
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Germain et al. 2018 Biology Letters

Estimating invasibility
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Germain et al. 2018 TREE, Grainger et al. 2019 TREE

Invasibilityexperiments: super useful! But, I work with annual plants, where each 
timestep tҐ м ȅŜŀǊ Χ L ŘƻƴΩǘ ƘŀǾŜ ǘƘƛǎ ƪƛƴŘ ƻŦ ǘƛƳŜ

LƴǎǘŜŀŘΣ ƭŜǘΩǎ ǳǎŜ ǎǇŀŎŜ-for-time substitutions
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Estimating invasibility

Chesson2000 Ann Rev EcolSyst; Adler et al. 2007 Eco Lett; Godoy & Levine 2014 Eco Lett; Hartet al. 2018J Ecol

ὔ ὔ ɇ
‗

ρ ὔ ὔ0 Nj t

Invasibilityof species i:

ὔ
‗ ρ



Do an experiment:

density of competitors
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ὔ ὔ ɇ
‗

ρ ὔ ὔ0 Ni t

Invasibilityof species j:

ὔ
‗ ρ





Environmental filtering only emerges 
with competition

²ƘŀǘΩǎ ƘŀǇǇŜƴƛƴƎ ƘŜǊŜΚ ŎƻƳǇŜǘƛǘƛƻƴ Ҧ ǎǘǊŜƴƎǘƘ ƻŦ άŦƛƭǘŜǊƛƴƎέΣ ŜƴǾƛǊƻƴƳŜƴǘ Ҧ ǎǘǊŜƴƎǘƘ ƻŦ ŎƻƳǇŜǘƛǘƛƻƴ

Germain et al. 2018 Biology Letters
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Environmental filtering only emerges 
with competition
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Germain et al. 2018 Biology Letters
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Yes! Most environments contain competitors, and competitors 
stronglymodify persistence

A response based on our data:

�E�}�M���D���Ç�������Á���[�Œ�������•�l�]�v�P���š�Z�����Á�Œ�}�v�P���‹�µ���•�š�]�}�v�X��Reveals interesting 
interplay between species realized and fundamental niches

Germain et al. 2018 Biology Letters

Theory has helped: Guide what to measure (i.e., pop growth), what 
conditions to measure it in (i.e., density design), and how to analyze 
it (i.e., invasion criterion) 
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