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Os‘za‘f;i;‘a“d Is there a problem?

Sir Thomas Huxley

| believe, then, that the cod
fishery, the herring fishery,
the pilchard fishery, the
mackerel fishery, and
probably all the great sea
fisheries, are inexhaustible;
that is to say, that nothing we
do seriously affects the number
of the fish. And any attempt to
regulate these fisheries seems
consequently, from the nature
of the case, to be useless.

Inaugural Address to the Fisheries
Exhibition - 1883
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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
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1975 1985 1995 2005 2015 2019

1974 1980 1990 2000 2010 2019

Unbroken trend to overfishing in FAO assessment
e Strong impacts on ecosystems, biodiversity, economics and social systems
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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

Successful, commonly accepted fisheries
management needs to include economics!
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Os‘zszi:a”d Recent efforts: include env. change & species intercation
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O:Otyfd Baltic Sea — the largest brackish water body of the world

Salinity at the surface

10° 14° 18° 22° 26° 30°E

Max. depth: Gdansk Deep: 112 m
Arkona Basin: 48 m Eastern Gotland Basin: 248 m
Bornholm Basin: 92 m Western Gotland Basin: 460 m
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Owner
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Biscaja Ostsee
RN _

Cabillaud Or Dorsch

Cod
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soceanand Central Baltic g

A
Sauerstoff [ml/I] Heat exchange
—— Salzgehalt /\_/\V
Temperatur [°C] . -

B Freshwater inflow

Thermocline

Advection from
Arkona Basin

Halocline ——

Oxygen
minimum zone
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Ocssé‘zzf;’;d Central Baltic multi-species fishery: three dominant species
cannibalism on juveniles

Society
predation redation on
on sprat juvenile herring

predation on sprat & cod eggs

a

cannibalism
on eggs
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Os‘zé’ff;i{:a”d Ecological-economic model

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

e Variation of interest rate & prices possible

@oceanandsociety — www.OceanAndScociety.com



Center for
Os‘zsi?ai;‘a“d Optimal multi-species management: profit maximization

2 B T

1980 1990 2000 2010 2020 203
* Incorporation of side conditions needed

 Other objectives, e.g. conservation goals, equity considerations
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Multispecies MSY: Trade-offs in management
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Os‘zazi;‘a“d Multispecies MSY: Trade-offs in management

Obijective:

Intertemporal utility of
fishing income:

/e Discount factor

n Representative fisherman’s aversion against
intertemporal income fluctuations

9>0 Social aversion against inequality of incomes
— for the three different fisheries

Xso Spawning stock

420

willingness to pay for sprat ecosystem services
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(A) Profit optimum

Fishing mortality
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Os‘zsi‘;i;a“" Optimal multi-species management:

(A) Profit optimum

Fishing mortality

Stock size .,

o<
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(B) Conservation

(C) Equity

Fishing mortality

Stock size

P
Profit
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| §
{ * ) Year 2006 Year 2030: Profit max.
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Os‘za‘f;i{: e Limitations

Spatial resolution
e 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
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O(:wad Baltic Sea is highly stratified

i

Sprat larvae

Temp. conditions

Cod larvae

Sprat .« .
PSS Oxygen conditions
Cod eggs
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ot Dead zones In the Baltic

Society

Russia Russia Russia

Sweden Sweden

Lithuania Lithuania

1906
Poland 1906

1955

Poland 1955

Development of oxygen depletion in the Baltic Sea over time
Estimated bottom concentrations (mg/l)
B -2
o . 100km
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Os‘zé’ff;i{:a”d Older cod have larger eggs
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socrem Egg survival: environmental selection
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Life stage

Recruitment

Variability
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Os‘za‘f;i;‘a“d Including environmental change: trends

— * Recruitment (R) of herring is

B E i N i stable / decreasing
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What we do NOT use:

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

Model of intermediate complexity Simplyfied model
Prof. Martin Quaas
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e Age-structured, multispecies optimization model
* Biological input based on ICES data & predation rates

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

e Comparison of situation in 2014 vs 2019
* Long-term targets & short-term advice
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Os‘zé’i?t;‘a“d Management scenarios

Multispecies Maximum Economic Yield (MMEY) - unconstrained

W Multispecies Maximum Sustainable Yield (MMSY) - unconstrained
W MMSY respecting minimum biomass reference points (MMSY B,.)

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

negative profits (MMSY B, . econ)

W MMEY respecting minimum biomass reference points (MMEY B, )
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Oé&&%ﬁ;‘a“d Cod recruitment scenarios

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

Recruitment level 2 Average R over 5 years (2014-18)

(ICES standard)

Recruitment level 3 Average R over 3 years (2016-18)
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Ozowfd Long-term effects: changed biological input data

Harvest Harvest

Herring

Sprat
Herring

Sprat

Herring

0.35

Cod
Herring Cod

SSB

Herring

F

Sprat F Sprat F
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Prof it
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Os‘za‘f;i;‘a“d What about ... ?

... Alec Guinness

Sir plus
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Total Welfare |Producer Surplus |Consumer Surplus
79.2 p

MMEY 397.1 317.9

MMEY robust 396.8 83.5 313.3

MMEY B, , 391.1 876 V 303.5
MMSY 301.1 -55.5 356.5
MMSY B, 298.4 -42.6 341.0
MMSY B, econ 380.9

59.2 321.6

@oceanandsociety — www.OceanAndScociety.com



Center for
03‘3&2?3 ~¢  Short-term effects

@oceanandsociety — www.OceanAndScociety.com Christian-Albrechts-




Center for
Ocean and
Society

Short-term effects
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* Closure of cod fishery needed
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Os‘zé’ff;i{:a”d Effects of varying time span of R averaging

3 years - 2016-2018
20

0: " 'IH |’]H

L

Change to 5 year baseline (%)

cod herring  sprat

* Varying the timespan of averaging has large effects
* Last 3 years below-average R for all species
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1 year - 2019
;\3 20
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m I
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cod herring  sprat

e Simulation with (low) 2019 recruitment of cod
* Last 3 years below-average R for all species
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* Management targets need to be adapted

* Synergy between fishery profits and respecting
Blim

* If cod stock dynamics further worsen -> Brave New
Baltic

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

* This is what we did recently in the
Western Baltic ...
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The Western Baltic Sea
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1 40

301
20
10

0_

1990 2000 2010 2020

1990 2000 2010 2020
[} _

300- .
100
100- *]
0_

1990 2000 2010 2020 1990 2000 2010 2020
Year Year

N
o

8
o

L
o

M
o

MSY Btrigger

—
o

M
o

Landings (1000 tonnes)

[

o

o
-
on
=

Spawning Stock Biomass (1000 tonnes)

@oceanandsociety — www.OceanAndScociety.com Christian-Albrechts-Universitét zu Kiel



Center for

socean and Crisis of the German Baltic fisheries

ZU verkaufen

0171-4166635
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Oz"wfd Fleet development

snoﬁ

IRERT 8 | Wir wollen auch
leben !

ﬂ
! 1991 - 1800 Fischer
‘ l 2012 - 277 Fischer

v Yw ” m}
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0us dem Inhalt:
Ostseefischerel steht vor dem brutalem Strukturwandel

Was I5uft ab in der Ostsee?

Die keine Hochsee- und Kustenfischerel Niedersochsen und, Bremen 2018

fischerblatt 9/19
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2000 2010 2020
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Herring Cod
her.27.20-24_2023_17746_2023318101340
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e Both stocks showed reduced recruitment in recent years
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COLD WINTER (Season 1995/1996)

Bloom dynamics still under study
i but substantial decrease in
zooplankton biomass since 2013

Early larvae may
experience mismatch
with food

I TEMPERATURES BELOW 45°C I SPAWNERS [ YOLK-SAC LARVAE [___] FEEDING LARVAE

PHYTOPLANKTON BLOOM ZOOPLANKTON BLOOM
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X % .
KX
% Data ]
estimate at mean temperature .
estimate with actual temperature 01
100 150 200 250 300 350 0 10 20 30
SSB [1000 tons] SSB [1000 tons]
Nonlinear regression model: Nonlinear regression model
R~ ((b1 + b3*temp_bottom_q4)*SSB/(1 + b2*SSB)) model: log(R1) ~ (cc * q3_SST) + log(ac * SSB) - log(1 + bc * SSB)

Herring: bottom temperature, Cod: Sea surface temperature,

4th quarter! 3rd quarter!
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500 41 Constant climate

Spawning stock biomass (‘000 tons)
Spawning stock biomass (‘000 tons)

* 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

Christian-Albrechts-Universitat zu Kiel
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N
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2040 2080
e Strong climate impact

e Future catch potential for cod is low
e RCPs differ significantly from mid-century onwards
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Required income from Required income from Required income from Required income from
other sources other sources other sources other sources
b ) )
= | |
° I 8 Income from Income from Income from Income from
SOC I a pa fisheries fisheries fisheries fisheries

Monthly target income

Economy

FISHERY BUSINESS

b4
Governance S
e
w Cid Her*ring Otier
@ Scenario |: Positive overall development @ Scenario ll: Stagnating overall development

Ecology

Stock development
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Finally: Fun stuff

N
i [CEn RN

KIEK

KIEK MOL, MIN DEERN! DAS IST DER PLATZ, AN
DEM MEINE ALTE (GERTRUDE® GELEGEN HAT. EIN
GUTER KUTTER WAR DAS! NA JA, ALSO FRUHER

A SAH DAS HIER BESSER AUS. DIE FISCHEREI HAT

WAS ST DENN PASSIE!
ES 20 DEM HIER KOM!

MOL, MIN DEERN! KIER LAG DAMALS MEIN

Y ALTER KUTTER, ALS EINER VON VIELEN! ABER VIEL
MEHR GAB'S AUCH NICHT..! ERFREULICHERWEISE HAT

SICH EINIGES GETA

t/WAS MEINST DU DAMIT?
WAR ES DENN DAMALS
=2\ W NICHT 6UT, 0PAZ

UNSERE MEERE AM KIPPPUNKT

VERANDERUNGEN IN EINEM oxosvsm« Kotmsn so eznauuve KIPP-PUNKTE AUSLOSEN. DIESE PUNKTE MARKIEREN DIE GRENZE DER susmmu EINES OKOSYSTEMS.
“ DAS SYSTEM IN EINEN NEUEN, OFTMALS WENIGER PRODUKTIVEN 2USTAND,
usLbsu VON KIPP-PUNKTEN: IN DER 0STSEE sneuu VOR ALLEM
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UND DIE MEERE SCHUTZE!

* VERSCHMITZONS, * oND DlE Kumnmzuus
EINE GROBE ROLLE.
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KIPPPUNKT! WIR WUSSTEN,
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6£u£u KONNTE UND HABEN

ZUSAMMEN KONNTEN WIR

WIR STANDEN AN EINEM
55 £5 SO NICHT WEITER-

IDER RUMREIBEN
bnucn 20UM GLUCK! ALLE

INSERE 2UKUNFT SICHERN
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KIPP-PUNKTE KONNEN onsvrscu VERANDERUNGEN YERURSACHEN, DIE DIE WEITERE !uvmcano DES SYSTEMS NEGATIV, ABER AUCH msmv BEEINFLUSSEN KONNEN.
ONNEN FUR DEN POTENZIELLEN WANDEL STEHEN, ABER AUCH FUR DIE KRAFT DES INTELLIGENTEN HANDE
LASSEN SIE UNS INTELLIGENT HANDELN. GEMEINSAM. FUR EINE uAcunnmu GESUNDE 0STSEE!

E 'DAS HORT SICH EINFACH AN. WAR ES Y-
ABER BESTIMMT NICHT, ODER?
> 2

S 5

[/65 WAR SCHWER. ES GAB VIEL MISSTRAUEN UNTER OEN LEUTEN UND VIELEN
WAR DAS EIGENE INTERESSE AM WICHTIGSTEN! SO SIND WIR DANN HIER GE-
LANDET. UNSERE WIPPE KAP"E uuAumAusAn UND ENDGULTIG AUF DIE SEITE,

EIGENTLICH NICHT HABEN WOLLTEN.

DU HAST RECHT.
MEERE WERDEN NICHT VON EINER PERSON
ODER EINER GRUPPE GERETTET. ALLE
MUSSEN ETWAS BEITRAGEN! DAZU GEHOREN
AUCH KOMPROMISSE. 2UM GLUCK HANDELTEN
ALLE VERANTWORTUNGSBEWUSST UND IN
VIELEN GESPRACHEN GELANG ES. ALLE INTE-
RESSEN ZU HOREN UND ZU VERMITTELN. WIR
HATTEN WIRKLICH GLOCK!

| woLLTEN DaS vnmuuln? Aau
DIE LEUTE KONNTEN SICH EINFACH
NICHT EINIGEN? WIE TRAURIG!
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P 1CH BIN FROH, OPA! KATTET IHR DAMALS
NICHT DIE RICHTIGE RICHTUNG EINGESCHLA- [
GEN, WURDEN WIR HEUTE NICHT 50 EINE

SCHONE 2EIT HABEN!
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Os‘c?;eei{:a“d Finally: Fun stuff

Climate change:
Tosrg. change as compsred 1o meam 16020

4 Baltique occidentale, gestion Clinate
des péches, changement...

Western Baltic, fisheries
management, climate change,...

V..
g
ool Ocean and Society

!!\ Ocean and Society
%=l 125 Aufrufe - vor1 Jahr

222 Aufrufe -« vor 1 Jahr

° e ® iDiv " m @
Playmobil goes Science: Brave New Baltic - Optimal
Fishing past a tipping point multispecies fisheries...

Thanks a lot!!

Christian-Albrechts-Universitat zu Kiel
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Szenarienrechner flir die deutsche Kistenfischerei

Willkommen Rechner Typen ~ Hintergrundinfo

Bestands-Entwicklungs-Szenarien:
Hering

Stagnierende Gesamtentwicklung

Hering: Gesamtfang 6000 Tonnen

Mégliche (in hr):
Hering: 3312, Dorsch: 1276.2, Andere Arten: 2000

Fischerei A Fischerei B

Quote Hering (in %): Quote Hering (in %):
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Positive Gesamtentwicklung v

Dorsch: Gesamtfang 6000 Tonnen

5gliche Anlandemenge andere Arten (Gesamtbiomasse) z.B. Scholle (in Tonnen/Jahr):
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Quote Dorsch (in %):
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Quote Dorsch (in %):
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Jahreseinkommen / Betriebsei
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Monatliches Zieleinkommen pro Fischendem (Betriebseigner) (in EUR):

How many fishers the resources may support?
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