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Outline

* Allometry in marine ecosystems- a cautionary tale
from fisheries science

* Allometry in phytoplankton-What do we know

* Allometry in models- how do we handle it?



Fundamental assumption often
made in ecology...

As a class of animals gets bigger, they slow down and
get more efficient at using energy
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Classic mathematical model

Utter (1920)
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Where X is some variable of interest that changes
over time (mass, length,volume)

-

Time variation depends. on five parameters
(a/b;n)mIXO)

Equilibrium depends essentially on two parameters
(a/b, n-m, with- m>n)



Versions of this equation
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Growth of individuals (Von Bertalanffy, 1957) X=
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Note: (West et al-scaling can be transformed into exactly the
same framework by using L*)



Result: Exponential approach,of
fish towards a maximum size

* Fisheries community
spends a great deal
of time defining
these parameters.

* Fishbase dataset at
UBC quantifies this
across 2,497 (!)

species.

Vincenzi et.al. Ecological Applications, 2016



But...

 What about the sink term?
* |s basal metabolism the only.thing we care about?

* As organisms get bigger, they devote more
resources to reproduction

Most energy
/ goes to

reproduction



A second example of the equation
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Logistic growth (Verhulst, 1838)
m=2, n=1, a=r, b=r/K
r=intrinsic growth K=carrying capacity

Fishing rate

Gaertner et al., 2001

Underlies ideas of maximum
sustainable yield.in fisheries- density
dependent mortality means one can
remove biomass and increase net
productivity.



But when we combine...

/

Old and slow

In this framework, catching fish at the top of the curve just pulls off the
one that are hogging resources and can result in a healthier, more

productive population.



... It matters how we combine

Most energy
goes to
reproduction

In this framework, removing the matriarchs results in a disproportionate
impactonireproduction.



Key lessons from Section 1

* Allometry can serve as a powerful tool for data
reduction but requires...

* Understanding balance between growth and loss.

* Understanding mechanisms underlying growth and
loss

o YOURE TRYING TO PREDICT THE BEHAVIOR
oF ? JUST MODEL

UBERAL-ARTS MATORS MAY BE ANNOYING SOETIMES
BUT JHERES NOTHIVG MORE OGNOXIOUS THAN
APHYSICIST FIRST ENCOUNTERING A NeW SUBTECT.



Section 2: Allometry amongst the
plankton -What have we |learned?




Size structure of particulates

Kostadinov et al., Ocean Sciences, 2016



Size structure of particulates

: , , , Kostadinov et al., Ocean Sciences, 2016
FrankiePavia, this meeting



May also be spatially variable

Cram et al. GBC, 2018



What else do we know about
oroductive ecosystems?

Eppley and Peterson, 1979



ow are these ideasdimplemented
in large-scale models?



Most models have a structure that is
generically like the following

Change of phyto = Growth —Grazing
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Quasi-equilibrium solution
Then at equilibrium
K K
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Both classes go as growth rate.

Small plankton dominate at low nutrients because of
lower half-saturation'coefficient (higher growth)

Large plankton dominate at high concentrations
because of lower grazing rates.



But when we implement this...

Slope is higher than 1....

But much lower than 3.



Alternative implementation (GFDL
BLING, miniBLING, TOPAZ)
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Implies that grazers on large plankton are much more
highly controlled by grazing.

Result is that
P~u3,Z~p



Result



However...

Limited data from the MareDAT
database suggests that
microzooplankton actually track
nanoplankton.

Does this suggest that grazing on
picoplankton is too strong?



YOURE TRYING TO PREDICT THE BEHAVIOR
PR corFucy ? JUST MODEL

Conclusions

* We ought to include allometry as a
constraint on our models.

* But we need to be cognizant that
mechanisms matter. o Wt Domssnon

A PHYSICIST FIRST ENCOUNTERING A NEW SUBTECT.

* Scaling grazing with higher trophic level
biomass especially-important.

* Mixotrophy?

e Patchiness?





