
Ecosystem-based fisheries management in the Baltic

Possible contributions of ecological-economic modeling to advance EBFM 
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Is there a problem?
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• Global imperative on sustainable fisheries since 2002 
(Maximum Sustainable Yield concept)

• Confirmed and reinforced during the Rio+20 
conference in 2012

• Needs: 

• Include species interaction

• Include ecosystem interaction

• Advice is based on biological data - not accounting
for economic and social needs and drivers

• A main reason for failing fisheries management in 
the past – and ongoing

On the way to sustainability?

3
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Unbroken trend to overfishing in FAO assessment

• Strong impacts on ecosystems, biodiversity, economics and social systems

On the way to sustainability?

4
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• Successful, commonly accepted fisheries
management needs to include economics!
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Current state of the art

Of Fish and Men: Integrated Fisheries Management Solutions to secure sustainable marine food production 

 
Abstract 

The world’s fish stocks are increasingly under pressure, not only due to climate change effects, but also due 
to socio-economic development, leading to a worldwide increased demand for fish. Currently, many of the 

world fisheries are still in a bad shape, causing both ecological and socio-economic problems. One major 

reason is failing fisheries management, allowing for too generous catch opportunities, while disregarding 
ecological-economic feedback dynamics. The proposed postdoc project adds new aspects to my overall 

research agenda of developing integrated, sustainable fisheries management solutions, and addresses the 
clusters’ thematic areas of “Ocean Pressures” and “Ocean Prosperity”. I will advance and apply cutting-edge 

ecological-economic models based on newly available data that enable a necessary innovation in inter-and 
trans-disciplinary fisheries management: input from global bio-geochemical models, global databases on 

fishing activity (Global Fishing Watch), regionalized Shared Socioeconomic Pathways (SSPs)  and 
observations from behavioral-economic experiments, which I will use in addition to regional socio-economic 
data and international fisheries assessment databases,. My research aims to inform ‘on the ground’ 

management applications. I will focus on (i) global pressures, and (ii) the human dimension impacting 
fisheries management decisions, in order to (iii) develop regional solutions for a sustainable, fair, and 

transparent future in marine fisheries. This work will be done in close collaboration with leading scientists 

from within as well as outside the cluster. My work will contribute towards the development of ecosystem-
based fisheries management, and finally UNDP Sustainable Development Goals 2 (Zero Hunger), and 14 
(Life below Water). 
 

State of the art 
Sustainable use of marine resources is a highly ranked societal and policy goal. However, fisheries 
management continues to fail, so that many marine fish stocks are still overfished. Of assessed fish stocks, 

28.8 % are overfished (1,2). Moreover, the composition of fish stocks changed over time: Over the last 
century, the abundance of large predatory fish has strongly decreased, while abundance of prey fish has 

increased, probably as a result of released predation pressure (3). This might have critical impacts on 
ecosystem stability (2). Effective regulations are missing or are limping behind; mainly because basic 

ecological and economic conditions are not understood. As a result, in many places trust in fisheries 

management is lost, causing strong discontent between groups of society. From a socio-economic point of 
view, the world fisheries can be seen as strongly underperforming natural assets (4,5), and the depletion of 
global fish stocks corresponds to a loss of world’s natural capital in the order of $83 billion per year (6).  
Currently, worldwide approximately 500 million people are directly dependent on fisheries for earning their 

livelihood (1). A growing world population in combination with an increasing population concentration at the 
coasts is likely to further exacerbate problems linked to poor management of marine resources. Given these 

increasing socio-economic pressures as well as increasing pressure on alternative food sources that can 
ensure future food and nutrition security, more conflicts about resources are likely to arise in the future (7), 
and improved fishery management seems to be urgently required (8-13). However, as changes in social, 

economic, and ecological conditions will change both, food supply and demand for food (14), an inter-
disciplinary approach is needed to guarantee worldwide food and nutrition security. 
 

 
Fig. 1. Widening the scope of ecological-economy to solve imminent conservation problems and to achieve sustainable 
fisheries management: from a focused stock perspective to ecosystems and global markets. 

One major problem in current fisheries management is the continued disregard for feedbacks between 
economic and ecological processes in the coupled ecological-economic system, which results in wrong 

incentives, non-compliance, and, in the end, mismanagement. The concept of Ecosystem-Based (Fisheries) 

Management (EBFM) offers a way forward. The goal is to protect ecosystem structure, function, and key 
processes, using policies that are designed to explicitly account for the ecological, social, and economic 

interconnections within marine ecosystems (15). The tight coupling of the ecological and the economic 
systems is, however, still critically underrepresented in science and management, although truly inter-

disciplinary science can offer solutions for many of the most urgent problems in sustainable fisheries 

management.  
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Recent efforts: include env. change & species intercation

Of Fish and Men: Integrated Fisheries Management Solutions to secure sustainable marine food production 
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Needed:  incl. socio-economics & ecosystem
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Needed:  incl. socio-economics & ecosystem
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Baltic Sea Case Study
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Salinity at the surface

Max. depth: Gdansk Deep: 112 m

Arkona Basin: 48 m Eastern Gotland Basin: 248 m

Bornholm Basin: 92 m Western Gotland Basin: 460 m

Baltic Sea – the largest brackish water body of the world

Western 
Baltic Sea

Central
Baltic Sea
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Sprat

Species of interest: a riddle
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Owner

Her ring

Species of interest
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Biscaja Ostsee

Or

Was soll ich kochen?
Que cuisiner?

Cabillaud Or Dorsch

Cod

Species of interest
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Heat exchange

Wind

Freshwater inflow

Clupeiden 

fressen 

am Tag

Advection from

Arkona Basin

Salt

Inflow

Thermocline

Halocline

Oxygen

minimum zone

O2

?

Central Baltic
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predation on sprat & cod eggs

food competition

cannibalism on juveniles

predation on
juvenile herring

predation
on sprat

cannibalism
on eggs

food competition

Central Baltic multi-species fishery:  three dominant species
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Ecological-economic model
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• Combined model for sprat, herring, and cod

• Predation mortality as central interaction (SMS output)

• Age-structured (8 age-classes) to meet standard assessment

• Cost functions dependent on stock size and effort

• Dynamic optimization of F in every fishing period

• Standard objective: Maximize present value of profits

• Desire for catch stability (max. changes 15% per year) built in

• Variation of interest rate & prices possible
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Optimal multi-species management: profit maximization
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• Incorporation of side conditions needed

• Other objectives, e.g. conservation goals, equity considerations
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Optimal multi-species management: profit maximization
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Profit Conservation Equity

Multispecies MSY: Trade-offs in management
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Wake up! YEAH! Formula!

20
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Multispecies MSY: Trade-offs in management
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Intertemporal utility of 

fishing income:

Discount factor

Representative fisherman’s aversion against 
intertemporal income fluctuations

Social aversion against inequality of incomes 
for the three different fisheries

Spawning stock

willingness to pay for sprat ecosystem services
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Optimal multi-species management: Profit maximization
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Profit maximization
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Optimal multi-species management:

23
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Year 2006 Year 2030: Profit max.

Regional distribution of profits: 
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Limitations

25

• Spatial resolution
• Current changes in predator-prey overlap?

• Rate of cannibalism in cod

• Food limitation of cod (benthic component)

• Competition between clupeids

• Feed-back from clupeids->cod

• Demand side interactions

• Technological progress

• Environmental change



@oceanandsociety – www.OceanAndScociety.com

Cod eggs

Sprat eggs

Cod larvae

Sprat larvae

Baltic Sea is highly stratified

Oxygen conditions

Temp. conditions
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1906 1955 2012

Dead zones in the Baltic
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Older cod have larger eggs
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Egg survival: environmental selection

2
3
4
5
6
7
8

proportional egg production

per age class

proportional egg production

per age class -
O2 dependent
survival factor applied

von Dewitz et al. (in prep.)

stagnation 
period

after inflow 
event

2
3
4
5
6
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2
3
4
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7
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O2

O2



@oceanandsociety – www.OceanAndScociety.com

Temperature development in the Central Baltic

30
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Sprat recruitment variability

Life stage
Important factors

Predation Temp.

Food Temp.Turbulence

Food Temp.Drift

Fishery Temp.
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Including environmental change
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Including environmental change: trends

• Recruitment (R) of herring is
stable / decreasing

• R of sprat is highly variable

• R of cod is decreasing

• ICES uses 5y averages for short-
term forcast & advice

• New stock productivity and
predation rates for cod available
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Model?
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Model?

End

End
What we do NOT use:

End-to-end model
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What we do NOT use:What we use:

Model of intermediate complexity
Prof. Martin Quaas

Simplyfied model

Model?
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• Age-structured, multispecies optimization model
• Biological input based on ICES data & predation rates

• Fishing costs are stock-dependant; prices sensitive to supply
• Overall welfare can be separated to producer and consumer surplus
• Analysis of total profits, trade-offs and synergies

• Comparison of situation in 2014 vs 2019
• Long-term targets & short-term advice

Model!
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Ähmm, ... 
why?

M ME Y

Management scenarios
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Scenario 1 Multispecies Maximum Economic Yield (MMEY) - unconstrained

Scenario 2 Multispecies Maximum Sustainable Yield (MMSY) - unconstrained

Scenario 3 MMSY respecting minimum biomass reference points (MMSY Blim)

Scenario 4 MMSY respecting minimum biomass reference points and yielding non-

negative profits (MMSY Blim econ)

Scenario 5 MMEY respecting minimum biomass reference points (MMEY Blim)

Management scenarios
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Recruitment level 1 Average R over 10 years (2009-18)

Recruitment level 2 

(ICES standard)

Average R over 5 years (2014-18)

Recruitment level 3 Average R over 3 years (2016-18)

Cod recruitment scenarios
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Long-term effects
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2014 2020 2020

MMEY MMEY MMSY

Long-term effects: changed biological input data
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Prof it

What we are also interested in:
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Annual profits
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+
... Alec Guinness

Sir plus Sur plus

What about ... ?
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Trade-offs

Total Welfare Producer Surplus Consumer Surplus

MMEY 397.1 79.2 317.9

MMEY robust 396.8 83.5 313.3

MMEY Blim 391.1 87.6 303.5

MMSY 301.1 -55.5 356.5

MMSY Blim 298.4 -42.6 341.0

MMSY Blim econ 380.9 59.2 321.6
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Short-term effects
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Short-term effects

• Closure of cod fishery needed
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Effects of varying time span of R averaging

• Varying the timespan of averaging has large effects
• Last 3 years below-average R for all species



@oceanandsociety – www.OceanAndScociety.com

Effects of varying time span of R averaging

• Simulation with (low) 2019 recruitment of cod
• Last 3 years below-average R for all species
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Conclusions Central Baltic

• Environmental effects can be included, 
e.g. in S/R relationship

• This is what we did recently in the
Western Baltic ... 

• Management targets need to be adapted
• Synergy between fishery profits and respecting

Blim
• If cod stock dynamics further worsen -> Brave New 

Baltic 
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The Western Baltic Sea

52
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Cod & herring collapse

23.01.2024 53

MSY Btrigger
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Crisis of the German Baltic fisheries
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Fleet development
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Mean increase in SST: 1.3 C°

Mean increase in bottom Temp.: 0.89 C°

Mean decrease in bottom O2 (ml/L-1): 0.90

Long-term change in physics
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Marine heatwaves

57

Oberfläche Boden
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Climate impact on stocks: recruitment

58

ICES Advice on fishing opportunities, catch, and effort 
Baltic Sea and Greater North Sea ecoregions 
Published 31 May 2023 

 

ICES Advice 2023 – her.27.20-24– https://doi.org/10.17895/ices.advice.21907944 
ICES advice, as adopted by its Advisory Committee (ACOM), is developed upon request 
by ICES advice requesters (European Union, Iceland, NASCO, NEAFC, Norway, and United Kingdom). 1 

Herring (Clupea harengus) in subdivisions 20–24, spring spawners (Skagerrak, Kattegat, and western Baltic) 
 

ICES advice on fishing opportunities 
 
ICES advises that when the MSY approach and precautionary considerations are applied, there should be zero catch in 
2024. 
 
This advice applies to the catch of western Baltic spring-spawning herring (WBSS) in subdivisions 20–24 and the eastern 
part of Subarea 4 (Figure 3). 
 
ICES advice on conservation aspects 
 
ICES advises that measures to protect and restore known spawning habitats and nursery areas are needed. 
 
Stock development over time 
 
Fishing pressure on the stock is below FMSY; spawning-stock size is below MSY Btrigger, Bpa, and Blim. 
 

       

Figure 1 Herring in subdivisions 20–24, spring spawners. Summary of the stock assessment. The assumed recruitment value for 
2023 is shaded in a lighter colour and the grey diamond in the SSB plot is a predicted number for 2023 at spawning 
time. 

 
Conservation status  
 
ICES is not aware of any information on stock/species-specific conservation status. 

ICES Advice on fishing opportunities, catch, and effort 
Baltic Sea ecoregion 
Published 31 May 2022 

 

ICES Advice 2022 – cod.27.22-24 – https://doi.org/10.17895/ices.advice.19447868  
ICES advice, as adopted by its Advisory Committee (ACOM), is developed upon request 
by ICES requesters (European Union, Iceland, NASCO, NEAFC, Norway, and United Kingdom). 1 

Cod (Gadus morhua) in subdivisions 22–24, western Baltic stock (western Baltic Sea) 
 

ICES advice on fishing opportunities 
 
ICES advises that when the MSY approach is applied, catches should be no more than 943 tonnes in 2023. This applies to 
the sum of commercial and recreational catches.  
 
Stock development over time 
  
Fishing pressure on the stock is above FMSY and between Fpa and Flim; spawning-stock size is below MSY Btrigger, Bpa, and Blim. 
 

 
Figure 1 Cod in subdivisions 22–24, western Baltic stock. Summary of the stock assessment.  Landings since 2017 include 

landings below minimum conservation reference size (BMS). 
 

Catch scenarios 
 
Table 1 Cod in subdivisions 22–24, western Baltic stock. Values in the forecast and for the interim year.  

Variable Value Notes 
Fages 3–5 (2022) 0.90 Equal to F in 2021 (Fsq)  

SSB (2023) 9 299 Short-term forecast; tonnes 
Rage 1 (2022) 28 966 From the assessment; thousands 

Rage 1 (2023) 17 015 
Sampled from the last ten years (2013-
2022); thousands* 

Rage 1 (2024) 17 187 
Sampled from the last ten years (2013-
2022); thousands* 

Total catch (2022) 4 295  Based on F in 2021 
* Recruitment is randomly resampled from the assessment estimates of the last ten years, and the median of these random draws is 
used. This will vary slightly every time this is carried out.  
 

Herring Cod

• Both stocks showed reduced recruitment in recent years
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NOV DEC JAN FEB MAR APR MAY JUN JUL

COLD WINTER (Season 1995/1996)

WARM WINTER (Season 2019/2020)

TEMPERATURES BELOW 4.5°C

NOV DEC JAN FEB MAR APR MAY JUN JUL

SPAWNERS

ZOOPLANKTON BLOOM

YOLK-SAC LARVAE FEEDING LARVAE

PHYTOPLANKTON BLOOM

Bloom dynamics still under study 

but substantial decrease in 

zooplankton biomass since 2013

Early larvae may 

experience mismatch

with food

Is it too warm 
for late larvae?

Herring: mismatch between larvae & prey
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Temperature-dependent Stock-Recruitment

Herring: bottom temperature,
4th quarter!

Cod: Sea surface temperature,
3rd quarter!

Nonlinear regression model:
R ~ ((b1 + b3*temp_bottom_q4)*SSB/(1 + b2*SSB))

Nonlinear regression model
model: log(R1) ~ (cc * q3_SST) + log(ac * SSB) - log(1 + bc * SSB)
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Climate scenarios: Optimal stock size

• Under no climate change, cod will slightly recover – but not to former levels

• Herring recovers; under RCP4.5 rebuilding to higher stock size is optimal

• Negative temperature impact from mid-century onwards
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Future catch potential

• Future catch potential for cod is low

• Strong climate impact

• RCPs differ significantly from mid-century onwards
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How many fishers the resources may support?

Ecology

Governance

Economy

Social
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Finally: Fun stuff
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Finally: Fun stuff

Thanks a lot!!
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How many fishers the resources may support?
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