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• Food web data

• Food web models: species and size-based approaches

• Physics to fish: linking food web and biogeochemical models

• Model application and validation

• Ongoing & future directions

Understanding the structure and function of 
marine food webs

Data collection:

• stomach sampling “who eats who”

• stable isotope analysis

Models: 

• abstractions of main interactions in the food web

Purpose:

• evaluating human (e.g. fishing) and climate impacts on marine 
ecosystems

Stomach contents data

DAPSTOM: Cefas compilation of 
stomach contents information

• online searchable database

• 103927 records on 82 predator 
species (northern European 
groundfish surveys) 

Pinnegar, J. K. & Stafford, R. (2007) 
www.cefas.co.uk/dapstom 

John Pinnegar

Stable isotope data and analysis

Nitrogen stable isotope analysis to estimate 
trophic level (as 

�

15N) for:

• individuals

• species

• size classes

Mean fractionation per trophic level is typically 
3.40/00 (SD 1.10/00) and designated as �

�

15N

Simon Jennings et al.

Marine food webs are complex

Celtic Sea simplified food web - John Pinnegar

HakeWhiting

Monk

HaddockCod

Megrim

PlaiceSole

Mackerel

Horse 
Mackerel

Blue
Whiting

Whales &
Dolphins

Seals

Macro-
carnivores

Piscivores

Planktivores

Small-
crustacean 

feeders

Echinod-
feedersMollusc-

feeders

Polychaete
- feeders Larvae Macro-

plankton
Krill & Mysids

Herbivorous-
Zooplankton

Micro-
Zooplankton

Pelagic-
Bacteria

PhytoplanktonMacro-Algae

Polychaetes

Molluscs
Echinoderms Meio-fauna

Shrimps

Small-benthic
crustaceans

Crabs, 
anomurans 
& lobsters

Hydroids, 
sponges, 

bryozoans etc.

Micro-benthos

Cephalopods

Detritus

HakeWhiting

Monk

HaddockCod

Megrim

PlaiceSole

Mackerel

Horse 
Mackerel

Blue
Whiting

Whales &
Dolphins

Seals

Macro-
carnivores

Piscivores

Planktivores

Small-
crustacean 

feeders

Echinod-
feedersMollusc-

feeders

Polychaete
- feeders Larvae Macro-

plankton
Krill & Mysids

Herbivorous-
Zooplankton

Micro-
Zooplankton

Pelagic-
Bacteria

PhytoplanktonMacro-Algae

Polychaetes

Molluscs
Echinoderms Meio-fauna

Shrimps

Small-benthic
crustaceans

Crabs, 
anomurans 
& lobsters

Hydroids, 
sponges, 

bryozoans etc.

Micro-benthos

Cephalopods

Detritus



Marine food webs are size-structured

• Trophic role is 
more strongly 
dependent on 
body size than 
species identity

Source: Jennings et al. Marine Ecology Progress Ser ies 226: 77-85 (2002) 
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Hardy 1976

Marine food webs are size-structured

Food web models used at Cefas
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1. Species/Functional groups (e.g. Ecopath with Ecosim)

2. Body size classes (e.g. Size-based models)

3. Species and Size/Age (e.g. Multi-species models, subset 
of ecosystem)

REQUIRED MODEL INPUT: PRIMARY/SECONDARY PRODUCTION

Physics to Fish: linking food web Physics to Fish: linking food web 
and biogeochemical modelsand biogeochemical models

Biogeochemical process model –
primary and secondary production

Higher trophic fauna - food 
web and fishery interactions

(1) Food(1) Food
(2) Organic (2) Organic 

supplysupply(2) Predation(2) Predation
(2) Organic (2) Organic 

supplysupply(2) Predation(2) Predation

Change in 
productivity
Change in 
productivity

Change in fishingChange in fishing

Coupled hydrodynamic-biogeochemical models:
General Estuarine Transport Model (GETM)  & 

Biogeochemical Flux Model (BFM)

Sonja van Leeuwen, Johan van der Molen, Dave Mills, John Aldridge, Paul McCloghrie

GETMGETM

‘Ecopath with ecosim’ model application:
impacts on species and/or functional groups

Steven Mackinson

Higher trophic levels: feeding and fishery interact ions  (Ecopath with Ecosim)

MammalsBirdsFish Benthos Zoops Phytes Bacteria

Lower trophic levels: Physical processes and feedin g interactions (GETM-BFM)

Zoops Phytes Bacteria
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Steven Mackinson

BFM input

Predicting relative effects of fishing and environmental change

Historic reconstruction

Dynamic Coupled Size-Spectrum model application

Blanchard, Jennings, Law, Castle, McCloghrie et al. 2008 Journal of Animal Ecology

estimated from 
GETM-BFM

• Predict changes in abundance of size classes 
through time 

• Evaluate effects of fishing

Model ecosystem effects of fishing and compare to data

Applying 
realistic North 
Sea fishing 
mortality 
results in 
same patterns 
as data

96 –99 % 
decrease 
large fish

Increases in  
small fish and 
detritivores

Blanchard, Jennings, Law, Castle, McCloghrie et al. 2008 Journal of Animal Ecology

Fish 
predators

Benthic 
detritivores

SeaWifs satellite data and static size-based model:
global estimates of potential fish biomass

Jennings et al. 2008 Proc. R. Soc. B. 

From physics to fish to socio-economics

Quest-Fish:
Linking GCOMS-ERSEM 
with size-based models for 
large global marine 
ecosystems under future 
climate change scenarios

Physical 
environment

Biodiversity

Socio-economics

Understanding & predicting :

• the effects of climate change and human 
impacts on marine ecosystems 

• human dependence on ecosystems for a 
sustainable future

Courtesy of

Morgane Travers

Incorporating two-way feedback



Incorporation of multiple ‘species’ traits into size spectra to 
address management  & biodiversity questions
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Ongoing & future work
• Incorporation of two-way feedback in “physics-to-fish”
models

• Model cross-comparisons with size spectra, Ecopath and 
other modelling approaches (OSMOSE, MSVPA) 

• Model validation

• Future Climate Scenarios and the vulnerability of large 
marine ecosystems

• Management strategy evaluation (reducing fishing, marine 
protected areas etc.)

• Interdisciplinary work

www.sizemic.org

The bigger picture: promotion of “cross-boundary” food web research Thank you!
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