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Ecosystem models

Ecosystem models

the mathematical simulation/representation of a system   

(population/community/ecosystem)

describe the structure and function of a system

useful for the Ecosystem Approach to Fisheries / Ecosystem Based Fisheries Management

usually complement single species models

Ecological models

the mathematical simulation of ecological processes

http://odysseaplatform.eu/
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Applied mathematics

Ecology
Metabolism

Field experiments

Fisheries research

Ecosystem models

synthesize existing data and knowledge

But … which model is the best? Which 

methodology? Which structure?
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Ecosystem models

Choosing the most appropriate model has to do with …

the research question

the organisms we want to focus on

the factors interacting with the target organisms (physical, biological, anthropogenic)

the time period we want to focus on (short- or long-term)

data availability

its use (research or business)

how flexible we want it to be

user capabilities 

http://odysseaplatform.eu/
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Types of ecosystem models

Whole ecosystem models: aim to include all the trophic levels of the studied ecosystem

Minimum Realistic Models (MRM): they have a limited number of species/groups, 

mainly those that interact with the target species

Dynamic System Models (biophysical): represent both bottom-up (natural) and top-

down (biological) processes interacting in an ecosystem

Extensions of single-species assessment models (ESAM): expand single-species 

assessment models taking into account some interactions among species

Plagányi, 2007

http://odysseaplatform.eu/
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Types of ecosystem models

Plagányi, 2007

1 2 3 4 5 6 7 8 9 10

RESEARCH 

QUESTION/ 

MODEL

Ecopath with 

Ecosim and 

ECOSPACE IGBEM ATLANTIS INVITRO ERSEM II SSEM KPFM*

MRM e.g. 

Punt and 

Butterworth 

(1995)

MSVPA and 

MSFOR MSM

1a. Understanding - subset of 

ecosystem

1b. Understanding - complete 

ecosystem

2. Impact of target species

3. Effect of top predators

4. Competition: marine 

mammals - fisheries 

5. Rebuilding depleted fish stocks

6. Biases in single-species 

assessment

7. Ways to distribute fishing 

effort among fisheries

8. Under-exploited species

9. Change in ecosystem state

10. Spatial concentration of 

fishing

11. Environmental/physical 

effects

12. Effects of habitat 

modification

13. Effects of by-catch

14. Introduction of non-native 

species

* Still being developed

Whole ecosystem models
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Types of ecosystem models

Plagányi, 2007

1 2 3 4 5 6 7 8 9 10
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ecosystem

2. Impact of target species

3. Effect of top predators

4. Competition: marine 
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5. Rebuilding depleted fish stocks
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assessment
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9. Change in ecosystem state
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fishing
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effects

12. Effects of habitat 

modification

13. Effects of by-catch

14. Introduction of non-native 

species

* Still being developed

Plankton models
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Types of ecosystem models

Plagányi, 2007
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Butterworth 

(1995)

MSVPA and 

MSFOR MSM

1a. Understanding - subset of 

ecosystem
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ecosystem

2. Impact of target species
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mammals - fisheries 

5. Rebuilding depleted fish stocks

6. Biases in single-species 

assessment

7. Ways to distribute fishing 
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9. Change in ecosystem state
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* Still being developed

Minimum realistic models
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Types of ecosystem models

Plagányi, 2007

11 12 13 14 15 16 17 18 19 20

MULTSPEC GADGET

Bioenergetic/

allometric 

models OSMOSE SEAPODYM

CCAMLR 

models EPOC* SMOM* ESAM SEASTAR

1a. Understanding - subset of 

ecosystem

1b. Understanding - complete 

ecosystem

2. Impact of target species

3. Effect of top predators

4. Competition: marine 

mammals - fisheries 

5. Rebuilding depleted fish 

stocks

6. Biases in single-species 

assessment

7. Ways to distribute fishing 

effort among fisheries

8. Under-exploited species

9. Change in ecosystem state

10. Spatial concentration of 

fishing

11. Environmental/physical 

effects

12. Effects of habitat 

modification

13. Effects of by-catch

14. Introduction of non-native 

species

* Still being developed

Minimum realistic models
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Types of ecosystem models

Plagányi, 2007

11 12 13 14 15 16 17 18 19 20

MULTSPEC GADGET

Bioenergetic/

allometric 

models OSMOSE SEAPODYM

CCAMLR 

models EPOC* SMOM* ESAM SEASTAR

1a. Understanding - subset of 

ecosystem

1b. Understanding - complete 

ecosystem

2. Impact of target species

3. Effect of top predators

4. Competition: marine 

mammals - fisheries 

5. Rebuilding depleted fish 

stocks

6. Biases in single-species 

assessment

7. Ways to distribute fishing 

effort among fisheries

8. Under-exploited species

9. Change in ecosystem state

10. Spatial concentration of 

fishing

11. Environmental/physical 

effects

12. Effects of habitat 

modification

13. Effects of by-catch

14. Introduction of non-native 

species

* Still being developed

Dynamic system models
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Types of ecosystem models

Plagányi, 2007

11 12 13 14 15 16 17 18 19 20

MULTSPEC GADGET

Bioenergetic/

allometric 

models OSMOSE SEAPODYM

CCAMLR 

models EPOC* SMOM* ESAM SEASTAR

1a. Understanding - subset of 

ecosystem

1b. Understanding - complete 

ecosystem

2. Impact of target species

3. Effect of top predators

4. Competition: marine 

mammals - fisheries 

5. Rebuilding depleted fish 

stocks

6. Biases in single-species 

assessment

7. Ways to distribute fishing 

effort among fisheries

8. Under-exploited species

9. Change in ecosystem state

10. Spatial concentration of 

fishing

11. Environmental/physical 

effects

12. Effects of habitat 

modification

13. Effects of by-catch

14. Introduction of non-native 

species

* Still being developed

Antarctic models
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Types of ecosystem models

Plagányi, 2007

11 12 13 14 15 16 17 18 19 20

MULTSPEC GADGET
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ecosystem
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2. Impact of target species

3. Effect of top predators
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5. Rebuilding depleted fish 

stocks

6. Biases in single-species 
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7. Ways to distribute fishing 
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8. Under-exploited species

9. Change in ecosystem state
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fishing

11. Environmental/physical 

effects

12. Effects of habitat 
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13. Effects of by-catch

14. Introduction of non-native 

species

* Still being developed

Extended single-species models
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Ecopath with Ecosim

E c o p a t h

E c o s i m

E c o s p a c e

EwE
Snapshot of the food web

Time dynamic 
simulations

Spatio-temporal
simulations
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Ecopath with Ecosim

http://odysseaplatform.eu/


odysseaplatform.eu |@odysseaplatform

Ecopath models around the world

EcoBase repository>433 unique models globally

http://odysseaplatform.eu/
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Ecopath models in the Mediterranean

EcoBase repository>40 models in the Mediterranean

mostly in the western (e.g. Catalan Sea; Coll et al 2009) and central (e.g. Adriatic; Coll et 
al. 2007) part of the basin

eastern Med: Israel (Corrales et al. 2017; 2018), Greece (Piroddi et al. 2010; Tsagarakis et 
al. 2010; Moutopoulos et al. 2013)

http://odysseaplatform.eu/


odysseaplatform.eu |@odysseaplatform

Ecopath models in the Mediterranean

EcoBase repository>40 models in the Mediterranean

Within the ODYSSEA project, Ecopath models are being built for the first time in:

Morocco, Egypt and Gökova Bay

http://odysseaplatform.eu/
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Ecopath with Ecosim

Why is it successful?

simple and understandable logic, relatively high realism

advanced features (representation of the structure and function of the ecosystem, 

spatio-temporal management and environmental scenarios, evaluation of management 

strategies)

friendly user interface, simple to use, user guide available

extended user community

evolving by developers as well as independent users (open-source code)

ongoing workshops all over the world

data meta-analysis

http://odysseaplatform.eu/
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Steps in constructing an Ecopath base model (Thermaikos Gulf)
St

u
d

y 
ar

e
a

Species of interest in
the studied ecosystem

Abundance, biomass

Dietary information

Landings, discards, IUU

Definition of functional groups

Calculation of P/B and Q/B

BalancingAnalysis of outputs

http://odysseaplatform.eu/
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Ecopath master equations

Mass-balance model (whatever is consumed within the system cannot exceed what is 

produced in the system)

For every functional group of organisms:

Production = catches + predation mortality + biomass accumulation + net migration + other 

mortality

Consumption = production + respiration + unassimilated food

http://odysseaplatform.eu/
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MEDITS
hauls

4 fishing fleets
• trawlers

• purse-seiners

• beach-seiners

• small coastal vessels

Modelled area: ~ 3200 km2

high trawling and purse seining

fishing effort

Year of the model
• average of 1998-2000

• good data availability

Study area - Thermaikos Gulf

http://odysseaplatform.eu/
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Defining the functional groups

the user defines the number and content of FGs 

focus on the groups we are most interested in, e.g. predators, commercial species

multi-stanza groups can be defined (connected FGs of different life stages of the species)

data availability

it’s better to include a group with no data (guesstimates) rather than exclude it

ongoing workshops all over the world

data meta-analysis

http://odysseaplatform.eu/
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~ 108 taxa plus other invertebrates

Low trophic level Invertebrates Fish Other
Phytoplankton Zooplankton Red mullets Sea turtle
Discards Benthic small crustaceans Anglerfish Seabirds
Detritus Polychaetes Flatfishes Dolphins

Shrimps Other gadiforms
Crabs Hake
Benthic invertebrates Demersal fishes 1
Octopuses & cuttlefish Demersal fishes 2
Squids Demersal fishes 3

Demersal fishes 4

Picarels and bogue

Sharks
Rays & skates
Anchovy
Sardine
Horse mackerels
Mackerels
Other small pelagics
Medium pelagics
Large pelagics

33 functional groups (FGs)

http://odysseaplatform.eu/
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Shrimps
Melicertus kerathurus
Parapenaeus longirostris

Red mullets
Mullus barbatus
Mullus surmuletus

Anglerfish
Lophius budegassa
Lophius piscatorius

Picarels and bogue
Spicara smaris
Spicara maena
Spicara flexuosa
Boops boops

Sharks
Mustelus spp.
Squalidae
Scyliorhinus canicula

Horse mackerels
Trachurus trachurus
Trachurus mediterraneus

Mackerels
Scomber colias
Scomber scombrus

Other small pelagics
Mugilidae
Belone belone
Sardinella aurita

Medium pelagics
Auxis thazard
Katsuwonus pelamis
Pomatomus saltatrix
Sarda sarda
Seriola dumerili

Large pelagics
Thunnus thynnus
Xiphias gladius

Rays and skates
Leucoraja naevus
Raja clavata
Raja radula
Torpedo marmorata
Rhinobatidae

Functional groups

http://odysseaplatform.eu/
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Defining the functional groups

Multi-species groups should be defined based on ecological feature rather than taxonomic

habitat

size (e.g. small/medium/large pelagics, small/medium/large demersal fish etc)

diet composition, feeding habits

multivariate analyses 

http://odysseaplatform.eu/
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MEDITS
hauls

Biomass (t/km2)
• acoustic surveys

• trawling surveys

Diet composition
• literature reviews on 

feeding habits of 

Mediterranean fish

Stergiou & Karpouzi 2002; Karachle & 

Stergiou 2017; Tsagarakis et al. 2010

Landings & discards (t/km2/year)
• Hellenic Statistical Authority

• discard ratio

Tsagarakis et al. 2014 “Mediterranean 

fishery discards”

P/B, Q/B (year-1)
• FishBase

• empirical equations

• literature

Study area – Thermaikos Gulf

http://odysseaplatform.eu/
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Catch per species /
Swept area (gear characteristics: 
wing opening * duration of the haul)

For each species average biomass
from 3 years (1998-2000)

For the FG, sum of the biomasses of 
all species

For the final biomass value of the FG 
application of catchability factor
(Sánchez & Olaso 2014)

• 10% demersal species
• 15-20% benthic species

Biomass (t/km2)

http://odysseaplatform.eu/
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Catch per species /
Swept area (gear characteristics: 
wing opening * duration of the haul)

For each species average biomass
from 3 years (1998-2000)

For the FG, sum of the biomasses of 
all species

For the final biomass value of the FG 
application of catchability factor
(Sánchez & Olaso 2014)

• 10% demersal species
• 15-20% benthic species

Biomass (t/km2)

http://odysseaplatform.eu/
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Biomass (t/km2)

Method + -
Stock assessment 

models

• take many parameters into 

account

• reliability

• assessments only for specific 

geographical areas probably 

different from our study area

Data onboard 

commercial boats 

(mainly trawlers)
• data frequency

• good seasonal coverage

• not representative picture

• specific fishing grounds

• gear selectivity

• uncertainty regarding gear 

catchability

bottom trawl 

surveys

• fixed gear

• low selectivity

• Targeted, stratified 

sampling

• time-series

• lacks seasonality

• uncertainty regarding gear 

catchability

acoustic surveys • reliability

• time-series

• only for a few pelagic species

• lacks seasonality

Estimation from 

landings

• availability of fisheries 

data

• reliability of fisheries data?

• assumes constant CPUE

http://odysseaplatform.eu/
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Stergiou & Karpouzi 2002 “Feeding habits and trophic levels of Mediterranean fish”

Karachle & Stergiou 2017 “An update on the feeding habits of fish in the Mediterranean Sea (2002-2015)”

Weighted averages for FGs
% weightDiet composition

http://odysseaplatform.eu/
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Diet composition

high plasticity (important when balancing the model, usually it needs modifying)

set a functional group to feed on imported material outside of the studied system if 

needed (e.g. migratory FGs, seabirds, preys not included in the model)

a weighted average is needed for multi-species groups

be careful with cannibalism (avoid it being more than 0.1. you don’t want the 

consumption of a group to be higher than its production)

http://odysseaplatform.eu/
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Landings / discards (t/km2/year)

http://odysseaplatform.eu/
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Turnover rate (high: phytoplankton; low: fish and marine mammals)

P/B = Z = F + M (total mortality rate – fishing plus natural)

F from stock assessment: F = C/B 

M from empirical equation (Pauly, 1980)

K is the growth rate (/year)

L∞ is the asymptotic length (total length, cm)

Tc is the mean habitat (water) temperature, in °C 

weighted averages for each FG

Non-fish FGs: values from other models with adjusted T, literature

P/B – production / biomass (year-1)

http://odysseaplatform.eu/
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Q/B from FishBase Life-history tool 

*Non-fish FGs: values from other models with adjusted T, literature

Q/B – food consumption (year-1)

http://odysseaplatform.eu/
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The pedigree of an Ecopath input categorizes the origin a given input (the type of data on which 
it is based), and specifies the likely uncertainty associated with the input, i.e. the reliability of 
the data.

Biomass
• Estimated by Ecopath 

• From other model

• Guesstimate

• Approximate or indirect method

• Sampling/locally, low precision

• Sampling/locally, high precision

P/B, Q/B
• Estimated by Ecopath 

• Guesstimate

• From other model

• Empirical relationship

• Similar species, similar system, low precision

• Similar species, same system, low precision

• Same species, similar system, high precision

• Same species, same system, high precision

Pedigree

http://odysseaplatform.eu/
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The pedigree of an Ecopath input categorizes the origin a given input (the type of data on which 
it is based), and specifies the likely uncertainty associated with the input, i.e. the reliability of 
the data.

Diet composition
• General knowledge of related group/species

• From other model

• General knowledge for same group/species

• Qualitative diet composition study

• Quantitative but limited diet composition study

• Quantitative detailed diet composition study

Catch
• Guesstimate

• From other model

• FAO statistics

• National statistics

• Local study, low precision/incomplete

• Local study, high precision/complete

Pedigree

http://odysseaplatform.eu/
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Pedigree

http://odysseaplatform.eu/
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The fraction of the food that is not assimilated (it is not physiologically useful), consists of 
urine and feces and is directed to detritus.

Default value of 0.2 for 
carnivorous fish groups if 
other estimates are not 
available (Winberg 1956)

For herbivores, the 
proportion not assimilated 
may be considerably 
higher, e.g. up to 0.4 in 
zooplankton

Unassimilated consumption

http://odysseaplatform.eu/
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EE is the proportion of production that is used in the system (predation or fishing) 

EE close to 1 usually for preys and commercial species, except for

1-EE is “other mortality” Phytoplankton in bloom (0.5)

Kelp and macro-algae (0.1)

Unexploited predators (~0)

P/Q typically varies between 0.1 
and 0.30

Consumption of most groups is 
about 3-10 times higher than their 
production

May be lower for top predators and 
higher for very small organisms

It “travels well”

ECOPATH outputs

http://odysseaplatform.eu/
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EE < 1.0: The EE can never > 1 

It is not possible for more biomass to be passed on to the next trophic level than was originally 
produced

• Maybe a FG has too low biomass

• Maybe the conversion factors used are wrong

• Maybe too much predation is exerted on a FG

• Maybe a FG is fished too much

Look for big problems initially, evaluate which 
parameters are most uncertain, change those 

Modify the data that has less quality (use pedigree) 

Not mass-balanced model

http://odysseaplatform.eu/
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Flow diagram

TL

The main trophic flows among the functional groups are illustrated in the output flow diagram 
where all groups are organized based on their TLs and their habitat (pelagic or demersal). 

ECOPATH outputs

http://odysseaplatform.eu/
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Summary statistics and indicators

Parameter Thermaikos Units

Sum of all consumption 1386 t km-2 yr-1

Sum of all exports 514 t km-2 yr-1

Sum of all respiratory flows 417 t km-2 yr-1

Sum of all flows into detritus 868 t km-2 yr-1

Total system throughput 3184 t km-2 yr-1

Sum of all production 1350 t km-2 yr-1

Mean trophic level of the catch 3.314

Calculated total net primary production 923 t km-2 yr-1

Total primary production / total respiration 2.212

Net system production 506 t km-2 yr-1

Total primary production / total biomass 23

Total biomass / total throughput 0.013

Total biomass (excluding detritus) 40 t km-2

System Omnivory Index 0.2

Ecopath pedigree index 0.534

ECOPATH outputs

http://odysseaplatform.eu/
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Statistics

Parameter Thermaikos Units

Sum of all consumption 1386 t km-2 yr-1

Sum of all exports 514 t km-2 yr-1

Sum of all respiratory flows 417 t km-2 yr-1

Sum of all flows into detritus 868 t km-2 yr-1

Total system throughput 3184 t km-2 yr-1

Sum of all production 1350 t km-2 yr-1

Mean trophic level of the catch 3.314

Calculated total net primary production 923 t km-2 yr-1

Total primary production / total respiration 2.212

Net system production 506 t km-2 yr-1

Total primary production / total biomass 23

Total biomass / total throughput 0.013

Total biomass (excluding detritus) 40 t km-2

System Omnivory Index 0.2

Ecopath pedigree index 0.534

+

=

The total system throughput is the sum of all flows in a system.

It is considered to be an indirect indicator of the size of the food web and is 
estimated as the sum of four flow components, i.e.

Total consumption + Total export + Total respiration + Total flows to detritus

(Export = commercial fishing)

Total system throughput represents the ‘size of the entire system in terms of 
flow’ (Ulanowicz, 1986).

As such, it is an important parameter for comparisons of flow networks.

ECOPATH outputs

http://odysseaplatform.eu/
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Statistics

Parameter Thermaikos Units

Total primary production / total respiration 2.212

Net system production 506 t km-2 yr-1

Total primary production / total biomass 23

Total biomass / total throughput 0.013

Total biomass (excluding detritus) 40 t km-2

System Omnivory Index 0.2

Ecopath pedigree index 0.534

Total primary production / total respiration and biomass: important ratio for description of the 
maturity of an ecosystem (Odum 1971)

In early developmental stages of a system, production is expected to exceed respiration, >1 and 
biomass accumulates over time, production to biomass declines

Fishing causes the bottom complexity as well as the benthos and fish species composition to 
change from mature to disturbed ecosystems (Watling and Norse, 1998)

Net system production: difference between total primary production and respiration, large in 
immature systems, close to 0 in mature

System biomass / throughput: decrease to a minimum for the most immature stages of a 
system, close to 0

ECOPATH outputs

http://odysseaplatform.eu/
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The relative direct and indirect 
impact that a hypothetical very 
small increase of the biomass
of the impacting groups have on 
the biomass of the impacted
groups.

Mixed Trophic Impact plot

Indirect cascade effects on a 
prey’s prey or competitor can 
also be revealed.

http://odysseaplatform.eu/
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Impacts due to fishing

Mixed Trophic Impact plot

http://odysseaplatform.eu/
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Octopuses & cuttlefish eat a lot 
of benthic invertebrates

Demersal fishes 1 eat a lot of 
polychaetes

Small scale vessels discard many 
large pelagics, turtles and 
dolphins

Most groups have a negative
impact on themselves, 
interpreted here as reflecting 
increased within-group
competition for resources.

Mixed Trophic Impact plot

http://odysseaplatform.eu/
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Relative total impact
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0

-2.5

Benthic invertebrates

Zooplankton
SquidsOther gadiforms

Phytoplankton

Polychaetes

Keystone groups >0: play an important role in the food-web with relatively low biomass

Dominant groups: play an important role and have a relative large biomass in the ecosystem

Squids and other
gadiforms: high 
relative total impact
and keystoneness
with relatively low 
biomass

Zooplankton: the 
most important group 
(impact), but not
keystone due to high 
abundance

Keystoneness graph
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Ecosim

temporal simulations

its purpose is not to replace single-species approaches, but to test strategic questions 

and interactions that can’t otherwise be accounted for

biomass dynamics expressed through a series of differential equations

the consumption of each FG is expressed according to the “foraging arena” theory (not 

Lotka-Volterra) in which the prey is divided to available (vulnerable) and not available 

(invulnerable) to the predator through activities such as foraging and dispersal

http://odysseaplatform.eu/
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Vulnerabilities in Ecosim

how is the biomass of each group in the ecosystem controlled

Bottom-Up Top- Down Wasp-Waist

Fishing

Fishing

predator controlprey control
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Time series data in Ecosim

Forcing (no gaps allowed)

fishing effort 

environmental (T, chla etc.) 

anomaly (estimated by the software based on the rest of the time series)

Fitting (gaps allowed)

biomasses

catches

Historical comparison data

Forcing data
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Time series data in Ecosim

Forcing (no gaps allowed)

fishing effort 

environmental (T, chla etc.) 

anomaly (estimated by the software based on the rest of the time series)

Fitting (gaps allowed)

biomasses

catches
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Ecosim fit to time series

Applying an environmental anomaly function (e.g. on the primary producers) that drives 

the model
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Ecosim fit to time series

Search for the most vulnerable prey-predator interactions
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Ecosim fit to time series

The most vulnerable interactions are modified. The software searches for the best solutions 

(with iterations)
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Running Ecosim

Relative biomass
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Ecosim scenarios

fishing effort scenarios 

fishing practices, e.g. selectivity (indirect)

application of management practices (e.g. landing obligation)

scenarios of environmental changes (nutrients, temperature rise)

biomass changes of specific groups (e.g. invasive species)
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Ecospace

two-dimensional 

it employs the Ecosim model in a spatial grid of one size cells

cells are connected through distribution/movements of populations and fishing effort

the dispersal rate depends on the cell being a “preferred habitat” or not

high predation risk and lower food intake in non preferred habitats

fishing effort proportional to cell productivity
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Ecospace

Defining and evaluating Marine Protected Areas

Catches by the end of the 

simulation period

(Abdou et al. 2016)
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Ecospace

Species distribution
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Derek A. Roff
Professor of Biology
UC Riverside, California

"No model is constructed to capture all the 

intricacies of the real world, for if it did so it 

would be as difficult to understand as the real 

world itself and little would be gained"
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