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Marine ecosystem models ‘end to end’?

e Mass balance
e Closure terms are not important — everything is linked

e Two traditions:
— Biogeochemistry: zooplankton is a closure term
— Fisheries: zooplankton is a basic resource

E2E — the link between the physics+climate+LTL + HTL+fisheries




Local history: E2E, 25 years ago
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A weatherforecast for plankton?

e The ultimate test of theory is reproducibility and
predictability

e Physics and chemistry are mature sciences by these criteria
e Biology is less successful —and ecology is weak

e Ecosystem model = weatherforecast of plankton and fish?

e ..with a consensus on the processes and parameters?
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Challenges and deep concerns about the ‘to’

Representation of:

Feeding

Diet selection
Behaviour
Size-structure
Life-cycle

Mortality
Stoichiometry
Lagrangian/Eulerian

Some references

Cadiz in 2010, vol 84, 1-2
Prog Oceanogr.

Rose & al 2010
Moloney & al 2011
Mitra & al 2014




Moloney & al. 2011. Weaving marine food webs from end to end under global
change. JMS. 84:106-116.
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NB — the half saturation constant is not mechanistic
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Diets, food selection foraging modes
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Fish and zooplankton behaviour
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A trait-based topology of zooplankton

Trait type

Morphological

Physiological

Behavioral

Life History

Ecological function

Feeding Growth and reproduction Survival
( Body size )
( Volume to biomass ratio )
Offspring size and J ( Defenses )
number ( Transparency )
Food particle size
range ( Bioluminescence |
( Mixotrophy ) (Maximum growth rate | (" Starvation tolerance )
( Stoichiometric Requirements/Content ) (Eesal meteboic e )
Feeding efficiency/
clearance rate ( Longevity J
(Fecal pellet production )
( Feedingmode ) ( Escape responses )

————————————————— - ———————_— i ——————

: Vertical migration j

[ Sexual/asexual J
reproduction
[ Reproduction ]
frequency ,
: : Hesting stages/
(  Size at maturation | dormancy

Litchman, Ohman and
Kigrboe. 2013.Trait-based
approaches to zooplankton
communities. J. Plankton
Res. 35(3): 473-484




Trait-based approaches to zooplankton may in the
future be integrated into a general trait-based framework
for modeling not only planktonic communities
(bacterioplankton, phytoplankton and zooplankton) but
the whole aquatic ecosystem as well, including
end-to-end models encompassing multiple trophic levels
and organismal groups, from bacteria, to plankton to
fish and to mammals and birds.

Litchman, Ohman and Kigrboe. 2013.Trait-based approaches to
zooplankton communities. J. Plankton Res. 35(3): 473-484
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Encounter rate (ugc/day)
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PHOTOAUTOTROPHY
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Nutrients
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7. Plankion Res. (2015) 0(0): 1— 7. doi10.1093 /plankt/fbo054
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Size-structured zooplankton

Ward & al. 2012. A size-structured food-web
model for the global ocean. L&O 57:1877-1891
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A simpler route to complex models?

Predator %\
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Thingstad et al. 2010. Stepwise building of plankton functional type (PFT)
models: A feasible route to complex models? Prog Oceanogr 84.6-15.
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Do zooplankton end up in cod, herring or jellies?
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> Haraldsson et al. 2012,
Relationship between fish
- o and jellyfish as a function
Degree of eutrophication  of eutrophication and water
clarity. MEPS 471:73-85
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A simple model of the Baltic Sea ecosystem

Solving for steady state:
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Analysis of trophic pathways in the Baltic
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Summary

e Develop simple end-to-end models also
e Build (Lagrangian) 1D models of the ecosystem
e Be mechanistic (and learn what that means)

e Use evolutionary theory as null-hypothesis




We urge restraint in using end-to-end models in a true forecasting
mode until we know more about their performance. ...

End-to-end modeling is in its early developmental stages and thus
presents an opportunity to establish an open-access, community-
based approach supported by a suite of true interdisciplinary efforts.

Rose & al 2010. End-To-End Models for the Analysis of Marine Ecosystems:
Challenges, Issues, and Next Steps. Marine and Coastal Fisheries 2:115-130
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Traits, trade-offs and less complex models?

Heterotrophic Ciliates Mesozooplankton
p | > plank
flagellates
A A A
Ehv

Small Intermediate A Large
Hetero- Pico- Pico- Mano- Emiliania Dino- Diatoms
trophic cyano- eukary- eukary- huxleyi flagellates
bacteria bacteria otes otes
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Thingstad et al. 2010. Stepwise building of plankton functional type (PFT)
models: A feasible route to complex models? Prog Oceanogr 84:6-15.
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Spatial gradients and ‘risk sensitivity’

Phyto Light (risky)

Depth

Dark (safe)




A mass-balanced pelagic ecosystem model with size-structured
behaviourally adaptive zooplankton and fish
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An ecosystem model with behavioural cascades
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