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Concept: Regime Shifts

b Folke et al 2004
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Cod abundance (*10%)

Ecosystem dynamics — regime shift 1974-2006
Food-web reorganisation
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Regime Shift at the Baltic Sea

Cod

Herring
Pseudocalanus sp.
Sprat mean weight

Acartia sp.
Temora sp.
Sprat

HERSSB
COoDssB
HERWC3

CODR2
SPRWC3

Pseudo_Sum

Pseudo_Spr
HERR1

cyano_BB_sum
dia_GB_spr
Chla_BBSum
Temora_Sum
cyano_GB_sum
dino_BB_sum
dia_GB_sum
Acartia_Sum
dino_GB_sum
Cod_F46
dia_BB_sum
cyano_BB_spr
CODWC4
Chla_BBSpr
Chla_GBSpr
cyano_GB_spr
SPRR1
dia_BB_spr
Chla_GBSum
dino_GB_spr
Her_F36
Spr_F35

Variables (sorted by their loading on the 1st PC-Axis)

Temora_Spr

SPRSSB
Acartia_Spr

W <0.2 quintile
W < 0.4 quintile
< 0.6 quintile
< 0.8 quintile
M > 0.8 quintile
missing value
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Ecological regime shifts in the Baltic Sea

- due to overexploitation and climate change

PC2 (12.4%)

Méllmann et al. 2009
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fishing
climate

climate+nutrients

cod RV

hypoxia

Tomczak et al. 2012
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Juv. Sprat Juv.Herring

Other phytoplankton Temorasp.

Spring phytoplankton
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Diet composition of Ad. Cod

Adult cod - diet composition changes (model)
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Indices and ENA (1974-2006)

Total System Throupout (TST)

Relative Ascendance (A/C) Network Indices
Average Mutual Information (AMI)

Entropy (H)

Predatory Cycling Index (PCI)

Mean Path Length (MPL)
Recycle

Proportional Flow to Detritus (PFD) and Structure

1.
2
3
4
5. Finn Cycling Index (FCI)
6
7
8
9 Total biomass per Total Production ratio (ToTB/ToTP)

10. The Total Production per Total respiration ratio (ToTP/
ToTR)

11. Total catches (TC)

12. Primary Production Required per PP (PPR/PP)

13. Mean Trophic Level of Catch (mTLc) Fisheries effect
14. Kempston Q




Ecological Network Analysis

e The overhead (@) is the fraction of a system’s capacity
and it indicates the system’s energy in reserve (Monaco
and Ulanowicz, 1997)

e Proposed Redundancy (R=internal @) as an index of
system resilience
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PressuresA- PC1 model forcingB
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Pressures

Biomass

PP_BALTSEM

FAdCod

FAdSprat

FSmallCod

FAdHerr

SST_aug

FJuvSprat

TempWC_spring

Variables (sorted by their loading on the 1st PC—Axis)
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Anomalies
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R [% of C]

Regime shift — Resilience
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Regime shift — Resilience and presures
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Regime shift — Resilience and presures
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Conclusios

e Adrupt changes at system (Low resilience)

e Food-web reorganization and redirection of energy flow
pathways

e Ecosystem topology also changed from a web-like
structure to a linearized food-web

e ENA indices - very informative but:

— not operational indicators
— model dependent reference points
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Ecological Network Indicators of Ecosystem Status and
Change in the Baltic Sea

Maciej T. Tomczak'*, Johanna J. Heymans?, Johanna Yletyinen®?, Susa Niiranen®, Saskia A. Otto®,
Thorsten Blenckner?®
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Sweden, 4 Stockholm Resilience Centre, Stockholm University, Stockholm, Sweden

Abstract

Several marine ecosystems under anthropogenic pressure have experienced shifts from one ecological state to another. In
the central Baltic Sea, the regime shift of the 1980s has been associated with food-web reorganization and redirection of
energy flow pathways. These long-term dynamics from 1974 to 2006 have been simulated here using a food-web model
forced by climate and fishing. Ecological network analysis was performed to calculate indices of ecosystem change. The
model replicated the regime shift. The analyses of indicators suggested that the system’s resilience was higher prior to 1988
and lower thereafter. The ecosystem topology also changed from a web-like structure to a linearized food-web.
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