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• General introduction about ecosystem functioning

• Baltic Sea biological/physical characteristics

• Baltic cod biological changes, potential causes and effects

• Recent project for a better management of the Baltic cod

• Ecosystem-based (fisheries) management

• Management options
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Changes in the
populations, community 

and ecosystem



Top-down Bottom-up

Top-down vs Bottom-up trophic control



From Cury and Shannon (2004) 

Bottom-up Top-down Wasp-waist

Top-down vs Bottom-up trophic control
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Baltic Sea: low biodiversity

• Very strong linkages between the biological components: 
changes in one component strongly affect the others

• Many species are at the limit of their distribution range: 
sensitive to even small changes in external pressures



Fishery
Climate / hydrography

Eutrophication

+ -

Baltic Sea: multiple pressures

Pollution
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Baltic Sea: anoxia and hypoxia



SMHI (2019)
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Baltic Sea: catchment area
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Baltic Sea: complex political situation
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Eastern Baltic cod
Western Baltic cod

The Baltic cod stocks

FishBase



ICES, 2014
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Contraction of the spatial distribution

Bartolino et al. (2017)



Decline in size at maturity and increase in parasites

Köster et al. (2016), updated in ICES (2021) WGBFAS
Eero et al. 2015



Decrease in condition: Fulton’s K

ICES (2021) WGBFAS
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Disappearance of large cod

Once upon a time….



20% in biomassa
7% in abbondanza0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

Pe
rc

en
t i

n 
bi

om
as

s

Year

Fishable biomass

< 38

>= 38

• Catture difficili da vendere
• Aumento dei rigetti
• I pescatori non riempono le loro quote

A B

Effects of small cod size: the fisheries perspective



• Catture difficili da vendere
• Aumento dei rigetti
• I pescatori non utilizzano le loro quote

ICES (2021)

Effects of small cod size: the fisheries perspective
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Casini et al. (2008)

Trophic cascade

+

Indirect effects of changes in fish community



1980s From 1990s

Overexploitation Hydrological changes
(oxygen, salinity)

Casini et al. (2008, 2012)

Indirect effects of changes in fish community
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The predation effects of sprat on zooplankton seems to be evident only
when the sprat stock is above a certain threshold
...we come back to this....

Casini et al. (2009)

Indirect effects of changes in fish community



Algal blooms are not only due 
to nutrients emissions, but 
also to overexploitation of 
the resouces at the top of the 
food chain

Presented at the European Parliament 2011

Summer bloom of 
cyanobacteria in the central 
Baltic Sea (satellite image 
from NASA reworked by 
SMHI)

Cover, Proceedings of the Royal Society B  (2008, issue 1644)

Indirect effects of changes in fish community



?

Top down vs bottom up control: putting the Baltic on map

Frank et al. (2007)



New project 
in support to management:

---
Has Baltic cod growth rate changed?
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WHY?

• High size-selective fishing pressure?

• High natural mortality?

• Decrease in individual growth rates?
- If yes, when during the lifetime?
- If yes, what are the causes?

• Can we do anything about it?

Photo Magnus Andersson

© G. Gorick and DTU Aqua

Disappearance of large cod
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Disappearance of large cod
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Disappearance of large cod

Before
Age = 4 years

Now
Age = ?

1 mm

Otoliths: 
ear stones

Photo Karin 
Hüssy

• Difficult to determine age with ordinary otoliths reading
• Has growth decreased or fish just die?



• Growth and mortality unknown

• No analytical assessment 2012-2018

• ICES advice uncertain

• Management problematic

• MSC suspended

Otoliths readibility and stock assessment



The tagging experiment

TABACOD project
(2016-2019)
www.tabacod.dtu.dk/

http://www.tabacod.dtu.dk/


External tagging



Tag and release study

External tagging

Photo Monica Mion



Involvement of the fishermen and industry



Estimation of growth with tagging historical data

Mion et al. (2020, 2021)
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1955-1970

1981-1990 
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2016-2019 

Estimation of growth with tagging historical data

Mion et al. (2020, 2021)



Internal tagging
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Limburg et al. (2014)

X-ray fluorescence microscopy

Synchrotrone at 
Cornell, USA

New method to age fish from otoliths?
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Horizontal movements
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Why has the Baltic cod 
growth rate changed?



Why a decrease in cod growth?

• Lack of food

• Competition

• Physiological stress

• Selective fishing

Mion et al. (2020)
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ICES WKSPATIAL (2015)

Change in the prey composition and total energy intake of cod
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Why a decrease in cod growth: they eat less
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Predator
Cod

Prey
Sprat

19951984 > 2000

19951984 > 2000

Why a decrease in growth: spatial mismatch with the prey?

Casini (2013)



Why a decrease in growth: anoxic waters?

SMHI (2019)

1993 2013
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© G. Gorick and DTU Aqua

Before Now

The Baltic offshore ecosystem

Why a decrease in growth: anoxic waters?



Why a decrease in growth: anoxic waters?

Breitburg et al. (2022)



Casini et al. (2016)

Why a decrease in growth: anoxic waters?



Time

Why a decrease in cod growth: selective fishing?

Not fished Fished

Recruitment

38 cm

Svedäng and Hornborg (2014)

Results: increased competition in small fish!



Why a decrease in growth: seals?

Contracaecum osculatum
- ”liver worm” -

Increased cod mortality due to predation and parasites?
Decreased condition/growth due to parasites?

Haarder et al. (2014)



Haarder et al. (2014)

adult female parasites lay 
egg in seal stomach 

Egg hatch and larvae 
moult and are eaten by 
crustaceans or 
polychaetes (first 
transport host)

cod (second tranport host) 
eat crustaceans and 
polychaetes or smaller cod

final host

Parasite life 
cycle

Why a decrease in growth: seals?



Populations and community 
recovery: is it possible?



Ecosystem response to changes in external pressures

Smooth
Abrupt

(threshold)
Discontinuous
(hysteresis)

Scheffer et al. (2001) Alternative Stable States 
(ASS)



Mechanisms of Alternative Stable States

Scheffer et al. (2003)

Positive feedback between 
vegetation and rainfall



Hughes et al. (2005)

Examples of Alternative Stable States



Hints of Alternative Stable States from field data

Scheffer et al. (2003)



Are there Alternative Stable States (one cod 
and one sprat dominated) in the Baltic sea?
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Predator-prey interactions

1 Prey compete with predator early life stages
Competitive cultivation-depensation
Walters & Kitchell (2001)

2 Prey predate on predator early life stages
Predatory cultivation-depensation

Gårdmark et al. (2015)



3 Predation-induced competitive release of prey
Abundance overcompensation
de Roos & Persson (2002)

Gårdmark et al. (2015)

Predator-prey interactions
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Food 
competition

Egg
predation Prey

growth & 
fecundity

Prey-to-Predator feedback loops

Casini (2013)

Predator-prey interactions



Climate stressor (salinity, oxygen, etc...)

Biological feature
(zooplankton,
fish growth, 

cod recruitment)

Casini et al. (2010)

Biological
feature

hydrology

Sprat

Biological
feauture

Hydrology

Sprat

Schematic representation of the potential 
Alternative Stable States in the Baltic Sea

1970s-1980s

1990s-2000s



Phytoplankton

Nutrients
in system

Anoxia

Human
emissions

Low cod

Trophic  cascade Cod growth
Cod distribution
Cod reproductive potential

Ecosystem feedback loops

Ecosystem interactions

Casini (2013)



Other components changed in the Baltic Sea

Contracaecum osculatum
- ”liver worm” -

Increased cod mortality due to predation and parasites?

Haarder et al. (2014)



Options for an ”ecosystem-based 
fisheries management”



Different levels of managements

National Oceanic and Atmospheric Administration

From a single-
species 
management to an 
ecosystem 
approach to 
management

…or at least this is 
the aim…



The International Council for the Exploration of the Sea

ICES provides the European Commission with an annual evaluation of the 
stock status and with scientific advice on how to manage the fishery  



Biological data (age, 
length, weight,….)

Evaluation of stock status  
(ICES)

Data compilation

SurveysLandings
Discards

Decision EU Ministers

Management 
actions

ICES ”Advice” to the 
European Commission

National 
level

Annual cycle of stock evaluation and management

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMae4NWJ3ccCFeN-cgodI_8BtA&url=http%3A%2F%2Fswetox.se%2Fen%2Fresearch%2Fedc-mixrisk%2F&psig=AFQjCNELC51Z6iOvD7Tgt_WrmiU9mA--ew&ust=1441445638451395


Current management dilemma: should we decrease fishing pressure on 
sprat in the southern Baltic Sea?

Cod

Sprat

Cod

Sprat

< 1990 > 1990

Option for management (1)



ICES Advice (2018)

Cod Sprat Herring

Option for management (1)



-

-

Food 
competition

Egg
predation Prey

growth & 
fecundity

Or is it better to increase fishing for pelagic fish in the southern Baltic?

Casini (2013, 
2018)

Option for management (2)
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Set a minimum abundance/biomass limit for sprat (escapement
biomass)? (EC 2012, ICES WKMULTBAL 2012)

Casini et al. (2009)

Option for management (2)



Cod

Sprat Herring

FlounderBenthos

Should we increase fishing on flounder? ICES Advice (2019)

Option for management (3)



Time

Not fished (unwanted) Fished (wanted)

Recruitment

38 cm

Reduce the minimum landing size (now conservation size)?

Option for management (4)



Baltic Sea (still simplified) food-web



It is a great scientific and political challenge since it shows the trade-
offs among the societal interests and needs

Ecosystem approach to management



• The Baltic is a very sensitive sea (closed, brackish, low diversity) 
• Multiple climate and anthropogenic forces
• 9 bordering countries (1 not EU)

• Cod is in a distressed situation 
• Cod stock has become constituted by smaller and thinner fish, with large 

ecosystem and economic effects
• The reasons are still unknown hampering management: still need of 

basic biological knowledge about growth and mortality
• The inclusion of ecosystem considerations into management is key
• Cod is at the center of the current public debate around the Baltic Sea, 

but other components should not be forgotten 

Summary



www.unibo.it
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