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Global change is altering "nature’s heartbeat”

Changes in environmental variation

« Seasons altered asymmetrically and becoming less extreme
« Previously smooth seasonal pulses are becoming more variable
« More extreme weather events

& changing ecological structure and functioning

« Altered yearly patterns in primary productivity
« Changes in energy flux fueling whole food webs

« Changes in accessible & available habitat
« Changes in behaviour & space use
« Altered intra- and interspecific interactions



How do fluctuations in the environment
affect the structure and function of ecological
systems?

& what will changes in these natural rhythms mean for
biodiversity?



The structure & function of ecological interactions in variable environments

In consumer-resource (C-R) interactions with fluctuating productivity (K),

seasonality promotes secondary production while maintaining stability.

« Seasonal forcing delays & dampens the onset of limit cycles driven by increasing K.
* Allows for more C biomass per unit of R.
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The structure & function of ecological interactions in variable environments

In consumer-resource interactions with fluctuating productivity (K),

« Fast fluctuations are stabilizing
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In coral reefs, repeated disturbances drive quasi-stable noise-
driven alternate states not predicted from deterministic skeleton
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The interaction between environmental noise and ecological structure
(1.e., local and nonlocal properties, relative rates of change)
determine a system’s response to environmental variation.



The interaction between environmental noise and ecological structure
(1.e., local and nonlocal properties, relative rates of change)
determine a system’s response to environmental variation.

There remains a need to understand how different interaction structures
respond to changing noise conditions, especially when multiple parameters
respond to the environment simultaneously.



Coexistence In Periodic
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Coexistence In Periodic Environments

Two alternating “periods” for which competing species are differentially adapted

Model:
« Competing species with temporal trade-offs

« Step function iterated between seasonal — — = ==L — Warm-adapted species (X,)
conditions (l.e., parameters change seasonally) ———

............ - T Cold_adapted SpeC|eS (XZ)
Experiment: Changing proportion of time under
different seasonal conditions (p)
1 time unit d)(](P
! ‘ —— =71, X;(1l—a_ .. Xi—a,ixX
Summer Winter dt 2% ©.Jj"J Pk
+ (p) (1-p)
@ = season (s or w)
~
A

Relative Performance



Seasonally-mediated coexistence outcomes
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Seasonally-mediated coexistence outcomes
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Intuitive competitive performance
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Counter-intuitive competitive performance

| Changing
¢ seasonality
§ .0 can have a
5§ nonlinear effect
on species’ densities
x1 linear prediction === x1 mean density
x2 linear prediction J=—" x2 mean density
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Counter-intuitive competitive performance
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Counter-intuitive competitive performance
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Analytical approximation of seasonal coexistence outcomes

dX; s

dt

=p f5,;i (X Xi)

Xjw

dt

= (1 —p)fw,; (X7 Xx)

pfo (X, Xe) = —(1—p) fi ;i (X7 Xp)
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Species 1 approximate isocline: Species 2 approximate isocline:
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Seasonal coexistence criteria from approximation

Coexistence

PTrs1 Tt Tw1— Plw1
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Seasonal coexistence criteria from approximation
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Drivers of “competitive underperformance” of species 2

Coexistence
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Drivers of “competitive underperformance” of species 2

Coexistence
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Drivers of “competitive underperformance” of species 2
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Drivers of “competitive underperformance” of species 2
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Drivers of “competitive underperformance” of species 2

Coexistence

PTs1 + w1 — prw“l <

PTs2 T Tyw2 — DTy 2

PTs20s21 + w2y 21 — DTy 20w 21

Competitive
Exclusion by

Species 1




Drivers of “competitive underperformance” of species 2

Coexistence
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Drivers of “competitive underperformance” of species 2

la rs,l > rs,Z
seasonal growth trade-off effect
1b rw,] < rW,Z
2 Ay 11 = As11 seasonal competition effect
1 . - n *
3 (11 = Qyq sister species” effect

* Amplifies effect, but less prone to driving bifurcation



Interacting non-local dynamics create a “ratchet etfect”

Summer boundary conditions Winter boundary conditions
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Interacting non-local dynamics create a “ratchet etfect”

Summer boundary conditions Winter boundary conditions Overall Effect (approx. isoclines)
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Interacting non-local dynamics create a “ratchet etfect”

Summer boundary conditions Winter boundary conditions Overall Effect (approx. isoclines)

Isoclines @ 60/40% s/w duration
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Counterintuitive competitive performance is driven by:

Seasonal growth rate trade-offs between species (due to differential adaptations to changing
conditions) that linearize vector fields

Seasonal differences in competition strength (due to competitive performance or available
resources) cause seasonal attractors to diverge

High niche overlap between species (e.g., “sister species”) modify non-equilibrium trajectories



How do fluctuations in the environment affect the
structure and function of ecological systems?

In many cases, ecological structure and/or functioning in variable environments is
fundamentally different from what deterministic theory would predict.

.. & sometimes the outcomes are outside the range of possibilities expected from
deterministic theory.

BUT these outcomes are emergent properties of underlying processes, which we
can understand.

.. for understanding the generality & relevance of outcomes, biological context is
Important.



Thank you.

Questions?
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