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Outline

(i) The underlying principles of the Centre for Ocean Life
| the paradigm we seek to promote and why

(2') Behaviour — a very plastic trait
| —and some very fundamental trade-offs




Unravelling Complexity

Marine (indeed all) ecosystems

are a complex arrangement of
innumerable individual members of

a myriad of species,

interacting through a network of trophic
and other relationships.

Complex systems emerge from simple rules
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Plurality is not to
be posited
without necessity
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Focus on:

e The individual (fundamental interactions)
e Mechanisms (fundamental laws)
e Traits and Trade-offs (unifying descriptions)

e ..and up-scaling (emergence)

Complex systems emerge from simple rules

DTU Aqua

National Institute of Aquatic Resources OceanlL.ife



Focus on: Traits and Trade-offs (unifying descriptions)

Fundamental differences between life forms can be described in terms of traits.
e Physical characteristics: size, energy aquisition, exoskeletons,....
e Behavioural attribute: life strategy, foraging mode, migration,....

Traits define how an organism comports itself in a natural setting: how well it finds
resources, survives and reproduces ... i.e. its fitness.

Traits conflicts (correlation).

Trade-offs invariably arise (no such thing as a super bug)

Complex systems emerge from simple rules
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Types of trade-offs

1)

2)

3)

4)

Dichotomy: a single trait has competing effects on
two elements of fithess (e.g. size — competitive vrs
defence specialists)

Allocation: the expression of traits is limited by some
finite resource (e.g. energy or time) so that investment
in some comes at the cost to others.

Conflict: two traits positively effect fitness
individually, but interfere when

Consonance: the combination of two traits
promotes greater fitness than just one or other
by them selves.

This is a triangular g
of the three element:
Example: at point "A'

of 50% Weapons, 2(
‘x‘and 30% Propulsion



how a complex ecosystem is structured.

Biodiversity and richness
Stability
Complexity
Resilience
Energy flow

3 o

Complex systems emerge from simple rules
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Does knowledge at the scale of individuals actually matter to
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Overarching hypotheses

e Interactions between individual marine organisms can be derived from organism
characteristics (traits) and from the fundamentals of physics, chemistry, and
evolutionary biology.

e Dynamics of populations and ecosystems emerge from mechanistic descriptions
of the functioning of the individuals, their interactions and the properties of the
environment (trade-offs).
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Seasonal succession in the plankton
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Seasonal succession in the plankton

%\ e Classic bottom up view

diatoms protists

Bloom dynamics set by
limiting factors

,4 grazers i Succession by photo/uptake
traits of species

nutrients




Seasonal succession in the plankton

Alternate top down view

Motility only trai

| grazers

1
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Optimal foraging theory

o ¢’

non-motile motile
. T~ -7
(diatom) 7 (flagellate)

suspension ambush

high €=—— foraging effort =—> |ow

Feeding mode is the de facto selection mechanism:
ambush selects for motile prey
suspension selects for non-motile prey

prey motility
trait

feeding mode

Mariani & Visser 2010 Prog Ocean



Optimal foraging theory

o ¢’

: rey motilit
non-motile motile prey Moty
_ - 7 trait
(diatom) (flagellate)
suspension ambush feeding mode
high risk, high cost low risk, low cost “down side”

Trade-offs: suspension feeding may be more effective in gathering resources,
but also incurs energetic costs as well as increasing risk of predation

Mariani & Visser 2010 Prog Ocean



Optimal foraging theory

o ¢’

: rey motilit
non-motile _ motile P ytrait Y
(diatom) " (flagellate)
suspension ambush feeding mode
high risk, high cost low risk, low cost “down side”

Behavioural trait distribution:

Behavioural “algorithms” come under the same selection processes as
physiological and morphological traits. Observed behaviour reveals
fundamental selection processes and trade-offs.

Do postulated trade-offs predict observed behaviour?

Mariani & Visser 2010 Prog Ocean



Optimal foraging theory

o ¢’

non-motile motile
. T~ -7
(diatom) 7 (flagellate)

prey motility
trait

feeding mode

suspension ambush

high risk, high cost low risk, low cost “down side”

Phytoplankton are identical except for their motility; no difference in growth
rates, nutrient affinities, light harvesting, “profitability” to grazers etc.

Zooplankton select feeding mode that optimizes their growth rate,
(reproduction — mortality) a proxy for fitness.

—> Patterns of seasonal succession in the plankton

Mariani & Visser 2010 Prog Ocean



Phytoplankton

1 dR R +R +C/y
. —_— n:: o _ m n -1 .C’Z'
R dt ﬂ( K j 2
OM 1 dR R +R +C/y
— =y 1 C-(1-7
R dt ﬂ( jﬂa (1-7)

——:g(r):'/-ﬁa-Rm-(1—T)+}/-,BC-Rn-r—(mo+mc-r)

Mortality rate;
These differ depending on
grazer choice of feeding mode

Reproduction rate;
These are identical !

Mariani et al 2013 Limnol Oceanogr



Seasonality

1 dR R +R +C/v\ [,
@ - n_ 4. 1— m n o | ‘C'T
el e

gV 1R, ::,u(l—R’”+R"+C/7j"ﬂa‘c‘(1_7)

R dt

g(7)=7-B,-R,-(1=7)+y-f,-R, "8 (m, +m, -7)

Seasonality comes in here ...and here
(via annual light cycle) (through seasonal
modulation of turbulence)

Mariani et al 2013 Limnol Oceanogr



Switching
Trait distribution

) r=1; pure
) idR”:,Ll-(l—Rm+Rn+C/7/j—ﬁc-C T suspension mode
R dt K targeting only non-
motile prey.

7= 0; pure ambush

O/\/ idRm:‘u. 1_Rm+Rn+C/7/ _p -cla-17) mode targeting only
K 7\ ; motile prey

=g(z)=yf, R, (L=1)+yf.-R,-T~(m, +m, 7)

Feeding mode s,.W|tch|ng dr dg
parameter adjustment —=K—
towards optimality via dt dr

Mariani et al 2013 Limnol Oceanogr



non-motile
(diatom)

grazer
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Mariani et al 2013 Limnol Oceanogr
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Paradigm as to the control of species (trait) succession in the plankton
inherent traits of phytoplankton themselves (motility, uptake,...)
but also behavioural traits of grazers..

Resilient modelling approach
behaviour was not prescribed — just the algorithm
—that the grazer choose from options that optimize its fitness

vertical migration
trophic interactions
life history strategies
annual routines




Paradigm as to the control of species (trait) succession in the plankton
inherent traits of phytoplankton themselves (motility, uptake,...)
but also behavioural traits of grazers..

Resilient modelling approach
behaviour was not prescribed — just the algorithm
—that the grazer choose from options that optimize its fitness

dynamic —not justin abundance as in classic
population dynamics, but also in the
strength of interactions




Paradigm as to the control of species (trait) succession in the plankton
inherent traits of phytoplankton themselves (motility, uptake,...)
but also behavioural traits of grazers..

Resilient modelling approach
behaviour was not prescribed — just the algorithm
—that the grazer choose from options that optimize its fitness

dynamic

closure —rather than N? empirical parameters that set
fixed interactions, a handful of general
algorithms that allow for dynamic interactions




Paradigm as to the control of species (trait) succession in the plankton

inherent traits of phytoplankton themselves (motility, uptake,...)
but also behavioural traits of grazers..

Resilient modelling approach

behaviour was not prescribed — just the algorithm
—that the grazer choose from options that optimize its fitness

dynamic

closure

emergence — distribution of traits (functional types)
emerge from inherent dynamics.

biodiversity, richness, resilience...

Complex system from simple rules




Paradigm as to the control of species (trait) succession in the plankton
inherent traits of phytoplankton themselves (motility, uptake,...)
but also behavioural traits of grazers..

Resilient modelling approach
behaviour was not prescribed — just the algorithm
—that the grazer choose from options that optimize its fitness

dynamic
closure

emergence

reasserts the “grand unified theory of biology” as the
foundation of (marine) ecosystem modelling




