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1. Why we need 
new models



The Anthropocene
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The Anthropocene

80 million 300 million

Tittensoret al. (2014), Science



Need to better understand and forecast the impacts of our actions now and into the future

Can we?



Schindler & Hilborn(2015) Science

Boyd (2012) Science



Do ecologists get overwhelmed by complexity 
in a way that physicists do not?

Χ ōŜŎŀǳǎŜ ǿŜ Ŏŀƴ ǎŜŜ ōǳǘǘŜǊŦƭƛŜǎΣ ōǳǘ ƴƻǘ atoms?



2. The General Ecosystem Model
(GEM) concept



Most models for ecology are correlative

Environmental 
variables

Species 
occurrences

Modelled 
distribution

ÅModel patterns

ÅExtrapolate 
beyond the data 
to predict at new 
conditions

ÅAssumes 
constancy of 
processes



Process-based models

ÅModel underlying mechanisms 
(e.g. formation of clouds, 
hydrological cycle)

ÅAllows prediction to novel 
conditions & unexpected 
outcomes

ÅAs mechanistic understanding 
improves, so does model



IPCC, Fourth Assessment Report, 2007

General circulation models (GCMs)



The challenge

ÅCan we model the 
biosphere via fundamental 
ecological processes? 

ÅLand and sea?

ÅCan we forecast changes in 
biodiversity and ecosystem 
stability/function?

I.e. can we create a general (global) ecosystem model?



What we can learn from the GCM 
experience

ÅStart simple

ÅInitial models will be crude

Å{ǳōǎǘŀƴǘƛŀƭ ƻǾŜǊǎƛƳǇƭƛŦƛŎŀǘƛƻƴǎΧ

ÅΧōǳǘ ŀ ŦƻǳƴŘŀǘƛƻƴ ǘƻ ōǳƛƭŘ ǳǇƻƴ ϧ ŜƴƎŀƎŜ ŀ 
community



Modelling 
Philosophy

3. The 
Madingley 
model



Modelling 
Philosophy

Global & spatially explicit

Terrestrial

Marine

Modelling 
philosophy

Balanced 
consideration of all 
trophic levels

Transparent

Open

Reproducible

Emergence



Purves (2013), Nature, 493

How?



Key ecological problem (1)

Å²Ŝ ƘŀǾŜƴΩǘ ŘŜǎŎǊƛōŜŘ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǎǇŜŎƛŜǎ όур-
91% undescribed)

ÅWant to include all taxa in a model

ÅHow do we resolve this inconsistency?



Model functional groups, not species

Semelparous

Iteroparous

Ectotherm

Endotherm

Sessile

MobileOmnivores

Carnivores

Herbivores

Autotrophs



Key ecological problem (2)

ÅCannot model individuals separately

Millions per litre
(http://www.cefas.defra.gov.uk) Up to c. 2500 per km2

(Goodman, 1998, Zoology)



Num. individuals: 325
Individual mass: 2.6 kg
Age: 3.4 years

Juvenile mass: 0.01 kg
Adult mass: 4.3 kg
Optimal Prey body size: 12%

Functional traits:
Carnivorous, ectothermic, iteroparous, mobile

Individuals as (multispecies) cohorts



Dynamics

Harfoot et al. (PLoSBiology), 2014



Brose et al. (2005), Ecology ; Williams & Purves (2011), Ecology
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Also accounts for:
Å Assimilation efficiency
Å Time spent eating
Å Emergent prey-switching

Feeding niche





Terrestrial

Marine



What emerges: global 

Harfoot et al. (PLoSBiology), 2014

Seed the model with equal 
biomass everywhere



Carnivores

Omnivores

Herbivores

Harfoot et al. 
(PLoSBiology), 2014

Produces community-level 
metrics



Captures some properties at 
organismal level very well

Harfoot et al. (2014). PLoSBiology



4. What can GEMs do?



Model structure and emergence

ÅMadingleyproduces emergent behaviour at 
multiple ecological scales:

- Individual (e.g. reproductive success)

- Population (e.g. dynamics)

- Community (e.g. food-web & trophic structure)

- Ecosystem (e.g. energy & material flows)

- Macroecological(e.g. latitudinal gradients)



Food web sampling

Dunne et al, PNAS, 2002

ΨConnectanceΩ

Compare empirical data to 
ΨǾƛǊǘǳŀƭ Ǝǳǘ ǎŀƳǇƭƛƴƎΩ 

in Madingley



Perturbations & ecological 
collapse

ÅThresholds

ÅSudden state-changes and trophic cascades

ÅResilience

ÅRecovery?



Newbold et al.(in prep).

Uganda France

Gobi desert

Libyan 
desert

Incre

Body-mass range

Trophic-level range

Mean trophic level

Increasing pressure



Newbold et al.(in prep).

Uganda France

Gobi desert

Libyan
desert



Do recovering ecosystems return 
to the pre-impact state?

95%
Impact phase Recovery phase

Hysteresis?



Generally not

Uganda

France

Gobi desert

Libyan 
desert

Newbold et al.(in prep).



Early-warning signals of collapse
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Latitudinal ratio of endotherms 
to ectotherms

Marine



ÅProject back to 1859 using GCM-ES model outputs

ÅProject forward under scenarios of future change (to 2100)

ÅUse the strengths of modelling approach (land and ocean, 
can produce novel metrics)

ÅTrade-offs (e.g. agriculture vs. fisheries)

Past, present and future of 
ecosystems

1859

2005

2100



5. DNA barcoding & GEMs

GEM



Not much data with which  to 
evaluate patterns

ÅEcology -> generally small-
scale observations & 
experiments



Sampling ecosystems from top to 
bottom

Eniwetok Atoll

Odum& Odum(1955)



Sampling ecosystems from top to 
bottom
ÅInternational Biological Program (IBP) 1964 - 1974



¢Ǌŀǿƭ ǎǳǊǾŜȅǎΧ ŎƭƻǎŜ ōǳǘ ƴƻǘ 
enough

ICES. 2012. Manual for the International Bottom Trawl Surveys. Series 
of ICES Survey Protocols. SISP 1-IBTS VIII. 68 pp



Leray& Knowlton (2015), PNAS

Thomsen et al. (2012), PLoSOne

Can metabarcodingand eDNA
help?


