
Modeling vertical exchange processes in oceanic 

ecosystems to understand forage and predator 

dynamics

Development of Central North Pacific–EcoTran:
processes & techniques



EcoTran “translation”

Trophic Matrix:

   What is the fate of production?

producers

c
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n
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u
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e
rs

Qpc
P1 C1 C2 F1

P1 0 180 20 0

C1 0 20 35 5

C2 0 0 8 2

F1 0 0 0 0

ECOPATH food web snapshot

Consumption Matrix:

   Who eats how much of what?
p

ro
d

u
c
e
rs

consumers

Steele & Ruzicka, 2011. Constructing end-to-end models using 

ECOPATH data. Journal of Marine Systems, 87: 227-238. 

Acp
P1 C1 C2 F1

P1 0 0 0 0

C1 0.9 0.3 0 0

C2 0.1 0.6 0.8 0

F1 0 0.1 0.2 0



Upwelling physics in 2D:
 - rate of input of inorganic nutrients

 - export of planktonic production out of the system

Riverine input

Inner shelfmid shelfouter shelf & break

mixing
Nutrient

input

Plankton

export

benthos

John Steele

(WHOI)

(NOAA, J. Peacock)



Chl a (mg m-3)

R. Letelier

Upwelling Driver: 2006 - 2010

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0

5

10

15

x 10
4

u
p
w

e
lli

n
g
 r

a
te

 (
m

3
 d

-1
)

 














copepods

forage fish

Production Loss to Open Ocean
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From 2D upwelling to→ 3D ROMS-coupled physics
w/ physiological responses to temperature

Climate change scenarios for the Northern California Current

Pozo-Buil et al. 2021 FMS

FutureSeas NEMUCSC-
ROMS downscaled ESMs

ROMS-NEMUCSC (physics/BGC model)

RCP8.5 climate projection

1980-2050 (2100)



Q10 exponential:
metabolic costs

𝑅2 = 𝑅1 × 𝑄10
(𝑇2 − 𝑇1)/10∘𝐶

Thornton-Lessem:
dome shaped
ingestion rate (Wisconsin Bioenergetics model - Hanson et al. 1997)

Q10 exponential

Kitchell

Thornton-Lessem

Scaling 

factor for:  

ingestion

  rate

Response to Temperature: Metabolism & Ingestion



Response to temperature: Q10 & Thornton-Lessem
Example: Climate Change in the Northern California Current under RCP8.5

Pelagic

Semi-demersal

Demersal

Depth zone reference temperatures 
(1980-2010) to define niche

Depth-zone indicator groups to 2050 under RCP8.5

Results: 

- Distinct species responses 

for eco-physiological 

scenarios given climate 

change scenarios

- Responses not always 

intuitive due to food web 
structural changes



Oceanic Models: Vertical Linkages



DVM

epipelagic

mesopelagic

bathypelagic

benthic

(Stacy Calhoun-Grosch)

sinking
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More consumption INPUT within epipelagic

Higher metabolic & predation LOSS 
within mesopelagic

INPUT

ingestion

OUTPUT

metabolism

predation

egestion

Ingestion IN vs losses OUT through the day 
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Central North Pacific: active DVM is 
12% of total Biological Carbon Pump



CEFI: Central North Pacific-EcoTran
End-to-end ecosystem modeling for nearshore & oceanic regions

❖  MECHANISTIC multi-species ecosystem model for nearshore & 
oceanic regions driven with ROMS & MOM6

• group productivities & spatial distributions under variable 
environment & effort by longline & small-boat fleets

• dynamics evolve from trophic, physiological, & behavioral 
rules defining functional groups

EcoTran

ROMS/MOM6-COBALT

production & 
distribution of fished 
& protected species

forcing 
scenarios

• Grid: 84 regions, 4 depth zones

• ROMS drivers by Tobi Friedrichs

• Food web: from Weijerman & Choy models

• 54 nearshore groups

• 40 oceanic groups



Jon Whitney (PIFSC)



MOM6 Hawaiian Island Chain Oceanographic Model
Dax Matthews & Gaby Negrete



CEFI: Central North Pacific-EcoTran

Oceanic Foundation Food Web

Vertically integrated w/ SPF resolution

o Depth zone resolution
 (EPI, MESO, BATHY, ABYSSOpelagic)
o DVM for 14 groups



non-migrating micronekton

migrating micronekton

tuna & opah semi-homeotherms

Thornton-Lessem Temperature Response Curves
Test: ingestion falls to 1% max at +/-5 stdev zone temperature

MESOpelagic EPIpelagic

Beware biases!
Vertical resolution
Assume EwE represents optimal ingestion



Sanity-check
(of technique only, no tuning or fitting…)

Physical model: conservation of volume across EcoTran grid? YES
Biomass trends: no extinctions or explosions?   YES (trends w/ BGC)
DVM: consistent biomass in depth zones in absence of forcing? YES
Physiological responses to temperature logical?   see next slide



EPIpelagic

MESOpelagic

SPF Planktivores

Temperature Responses:  OFF

Temperature Responses:  OFF

Metabolism Response:  ON  +20%

Metabolism Response:  ON  +22%

Ingestion Response:  ON   -65%

Ingestion Response:  ON   -67%

Metabolism & Ingestion Responses:  ON -62%

Metabolism & Ingestion Responses:  ON -64%



EPIpelagic

MESOpelagic

Bigeye Tuna
Temperature Responses:  OFF

Temperature Responses:  OFF

Metabolism Response:  ON  -2%

Metabolism Response:  ON  -2%

Ingestion Response:  ON   -19%

Ingestion Response:  ON   -19%

Metabolism & Ingestion Responses:  ON -24%

Metabolism & Ingestion Responses:  ON -24%



Alt. temperature 
response terms

Oxygen
effects on DVM & physiology

Oxygen @ 400m-longline target
(150W, 30-10N)

Copernicus: GLOBAL_MULTIYEAR_BGC_001_029 

ISA 2014

Deep-sea Mining Plumes
effects on physiology & grazing

Jesse van der Grient Ph.D (UH SOEST)

More photos at end

J Snyder

Next steps for process modeling in the Central North Pacific

Regional changes in DVM



EPIpelagic

MESOpelagic

SPF Non-Migratory
Temperature Responses:  OFF
Metabolism Response:  ON   -5%

Ingestion Response:  ON   -22%
Metabolism & Ingestion Responses:  ON -30%

Temperature Responses:  OFF
Metabolism Response:  ON   +5%

Ingestion Response:  ON   -40%
Metabolism & Ingestion Responses:  ON -41%
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