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Arhonditsis and Brett,
MEPS, 2004

meta-analysis of
153 studies,
1990-2002
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River Influences on
Shelf Ecosystems

4 cruises  x  3 weeks  x  2 ships,
2004–06

hydrography, currents, microstructure
(Hickey, Jay, Nash, Moum, Dever, Kosro),
macro- and micronutrients (Bruland),
phytoplankton (Kudela),
microzooplankton (Lessard),
copepods & euphausiids (Peterson),
and modeling (MacCready, Baptista)

SeaWiFS chl,
Jul 22, 2004



For some questions, the main thing a biophysical model should do
is put chl and nutrients in the right place, by any means necessary.

For other questions, it’s more valuable if the model puts chl and
nutrients in sort of the right place, but for the right reasons.

(hindcasts to provide  context for  sparse datasets;

primarily physical questions:

e.g., how does the Columbia River plume affect
export and retention of upwelling-fueled
phytoplankton blooms?

(what-if scenarios, long-range forecasting;

primarily biological questions:

e.g.,  does an offshore region of low PP indicate
poor growth conditions (bottom-up control) or a
thriving grazer community (top-down control)?

?

?

Columbia R.
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in this talk:

design approaches for
models meant to address

mechanistic questions

part 1: toward simplicity and empiricism

part 2: toward generality
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17 dilution experiments, Jul 2004 and Aug 2005 (E Lessard, UW)

> 5 µm size class



circulation modeling
MacCready et al., CSR, submitted
Banas et al, CSR, submitted

ROMS
500 m resolution
near CR mouth,

~ 8 km at boundaries

b.c.s from climatology

(in progress: one-way
nesting inside NCOM:
Y Liu, here this week)
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hindcasts forced by
    winds + shortwave radiation from MM5
    variable riverflow
    tides

http://www.ocean.washington.edu/rise/papers_&_talks.htm}
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Custom nitrogen budget (NPZD)
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ROMS fasham.h
(carbon off, oxygen off,
chl not shown)

custom NPZD for
the Columbia plume problem
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But isn’t a 3- or 4-box NPZ-type model a gross simplification?
—Yes. However:

1) Any NPZ-type model is a gross simplification!
(Diversity...species-specific interactions....)
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(M B Olson, E Lessard, et al)

toxic Pseudonitzschiza
(P. multiseries)

non-toxic Pseudonitzschiza
(P. pungens)

D. brightwellii

growth of a dinoflagellate
feeding on
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But isn’t a 3- or 4-box NPZ-type model a gross simplification?
—Yes. However:

1) Any NPZ-type model is a gross simplification!
(Diversity...species-specific interactions....)

2) Even in a 3- or 4-box model, there are lots of design decisions to make.
(This is both problem and opportunity.)
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...thus copepod predation is probably
a major control on dinos but
negligible within the overall

phytoplankton budget.”

(Olson et al. 2006)

(5–10%:
Calbet 2001)

DESIGN PRINCIPLE: The parameter values are part of the model.

Now look for parameter values that express this paragraph...

“The principal grazers on diatoms are microzooplankton:
e.g., dinoflagellates comparable in size to the diatoms
they eat (40 µm).

Copepods eat both diatoms and microzooplankton,
but they select for microzooplankton...



Diagnosing zooplankton parameters
from observations

specific grazing rate g (d–1)

specific
growth rate

µ (d–1)
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1.00.5

Consider the 7 dilution experiments in which growth ~ grazing.

µ = 0.3 ± 0.5 d–1

g = 0.4 ± 0.3 d–1

P ~ 5 ± 3 µmol N/L

= 9 ± 9P
Z

phytoplankton C:chl ~ 15

Kudela: chl:N ~ 2.93 mg/µmol

Z ~ 0.9 ± 0.5 µmol N/L

dinos only

> 5 µm
size class



Diagnosing zooplankton parameters
from observations

µ = 0.3 ± 0.5 d–1

g = 0.4 ± 0.3 d–1

P ~ 5 ± 3 µmol N/L

definition of g g P = I(P) Z
if P are saturating,

Imax = g P
Z

= 4 d–1

Hansen et al. L&O, 1997

= 9 ± 9P
Z

Z ~ 0.9 ± 0.5 µmol N/L



Z equilibrium

Diagnosing zooplankton parameters
from observations

µ = 0.3 ± 0.5 d–1

g = 0.4 ± 0.3 d–1

P ~ 5 ± 3 µmol N/L

ε Imax Z ~ ζ Z2

ε Imax
Z

= 1 d–1 (µM)–1ζ =

~ 0.3:
Hansen

et al. 1997

equivalent linear mortality rate ζ Z ~ 1 d–1

= 9 ± 9P
Z

Z ~ 0.9 ± 0.5 µmol N/L



max grazing
Imax = 4 d–1

diatoms

microzooplankton
    (~20–40 µm dinoflagellate)

predation by copepods
    and euphausiids

mortality
ζ·Z ~ 1 d–1

mortality
  = 0.1 d–1

max grazing
Imax = 0.6 d–1

diatoms

copepods

our model

“typical parameter values”
(e.g., Spitz et al. 2005)



RISE
observations

allometry/
lab studies modeling

tradition

0.025



8 d average, Jul 22–27 2004
0–5 m depth along plume axis
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many different
upwelling periods
conflated!
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ROMS for Columbia R. plume region
(Banas and MacCready, UW)
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following particles
tracked for 20 d,

upwelling zone —>
offshore

Rich biological datasets let us
directly validate not just stocks (chl, nutrients) but rates from NPZ models

They also let us set key model parameters empirically,
allowing very simple models to pass tough validation tests
(if “tough” = “comprehensive”: not if “tough” = “precise”)
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Part 2
toward
generality

(Flynn 2005)



Hansen et al., L&O, 1997

zooplankton max ingestion rate
vs. body size

empirical allometric
relationships

let one add diversity
without adding free
parameters

(but note scale:

2x        10x)



size-spectral models

Moloney and Field, J Plankt Res 1991

Gin et al, Ecol Modelling 1996

C Stock et al, in prep (here this week)



…continuum
size-spectral
models

Resolution along
the size spectrum
can matter...
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H Fuchs and
P Franks,

in prep





dinoflagellates

copepods

Hansen et al. 1997
allometry (or lack thereof) of grazing half-saturation

Imax

0.5 Imax

Km
prey conc.
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this is what we
understand in

dynamical-systems
terms

(C A Edwards et al. 2000,
A M Edwards 2001,

others)

this is where
biologists’ theoretical
questions are already!

NPZ continuum
size-spectral

add empirical
variation

add species-specific
interactions

A decadal-scale research plan



….

(Flynn 2005)

!!!

http://coast.ocean.washington.edu/~neil/grc07slides.pdf
/NPZvisualizer/


