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DEFNITION

Engineering resilience

* The time required for a system to return to an equilibrium or steady

state fO”OW’ng a Perturbatlon Gunderson (2000) Annu Rev Ecol Syst

Ecological resilience

e The capacity of a system to absorb disturbance to stay in the same

basm Of attraction Walker et al. (2004) Ecology and Society

* The magnitude of change that a system can experience without

shifting into an alternate stable state
Gunderson (2004)
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Three main ways in which ecosystems can respond to a gradual change in
an external condition: (i) smooth continuous way, (ii) more responsive over
certain ranges of conditions and (iii) abrupt changes between alternative

stable states separated by an unstable equilibrium.

Scheffer et al (2001) Nature
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QUANTIFYING RESILIENCE

Resilience =
Horizontal component + Vertical component
Vasilakopoulos & Marshall (2015) Global Change Biol
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7| QUANTIFYING RESILENCE

Vasilakopoulos & Marshall (2015) applied this method to
Barents Sea cod population. By interpolating the annual

resilience values, a folded stability landscape was fit.
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NTEGRATED RESILIENCE ASSESSITENT

| ) Reduce complexity through multivariate analysis (PCAs)

Vasilakopoulos et al. (2017) Scientific Reports



NTEGRATED RESILIENCE ASSESSITENT

)

2) Non-additive modelling to investigate possible nonlinear system-
stressor relationships (e.g. tGAM:s)
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NTEGRATED RESILIENCE ASSESSITENT

)
2)

3) Resilience assessment to build a folded stability landscape

) 2)

S(Y, 2.6)

wwwwwwwwwwwwwwwwwwwwwwwww
\\\\\\\

s X
z
z .

(-PC1pop)

Population

(Y, 1.8)

0. 0.0
Conditions (PC1str)

2
X

Vasilakopoulos et al. (2017) Scientific Reports



' NORTHEAST ATLANTIC

stressors | warming A o DRI
heavy fishing :
(eutrophication) | ?@
SEAS OF
ICELAND
gradients temperature
connectivity NORTH
diversity

(salinity)




e Cod F e SST (anomalies)
|
125 Jlceland 10
1.00 A L 0.5
| (0]
0.75 A : L 0.0
0.50 |
- -0.5
025 T 1 1l 1 1 1 1 1
0.5
105 {Barents
1.00 - 0.0
L 0.00
0.75 A C
0.50 A
025 N 1 - 1 | : -305
105 1Baltic . I
|
1.00 A : L1
| L (0}
0.75 - 0 °C
! -1
0.50 A | L 2
025 N 1 1 1 : 1 1 1 1 - -3
|
125 {North
: - 0.5
1.00 - I
| L (0}
0.75 - | 0.0°C
0.50 A - -0.5
025 L T T T T T T T
1950 1960 1970 1980 1990 2000 2010

year



o) | GRADIENTS

Vo

East Greenland

Overall south-north temperature — Current

gradient (except Baltic Sea) and |

different degree of isolation from J >/

the almost enclosed Baltic Sea, g e

North Atlantic
Current

Sea ice

-2-0
0-2
2-4

. 4-6

6-8

8-10
10-12
12-14

14-16
16-18
18-20

partly enclosed North Sea to the
open systems of Barents and
Iceland Seas.

OSPAR commission



DATA

STATE

STRESSORS

fish

g

plankton

K\
AN/
N
NS
&/ /1 \\S
Rl NP

resolution

different
trophic levels

phytoplankton
zooplankton

fishing pressure
temperature
climatic indices
(nutrients)

> 30 years
annual

lantic Oscillation (NAO) winter index
ishélmur/Reykjavik, December to March

@ North Atlanti e
2 Lisbon - Stykkis Y
4
2 504
®
2
3
© 254
@
&
=
3
N
s 00 - . i
£ ’ [ T | !l H" |”
5
S s
S 2
g
Fry
2 5ol
o y . , - , -
1860 1980 1900 1920 1950 1950 1980



The aim is to provide a
first holistic assessment
of ecosystem resilience,
including as many
trophic levels and
stressors as many (and
relevant) as possible
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CONCLUSIONS
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CO"CLUS.O"S ‘ preliminary

<T NORTH SEA
1 REGITE $

the system entered into a
new stressors domain (not
previously seen) and
seems to have reached
high resilience within its
present regime

BALTIC SEA
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stressors seem to have
moved back towards the
/0s but this is only part of
the story (PCI). Anoxia
and eutrophication still
important (PC2)



CONCLUSIONS |

To what extent diversity (highest in
the North Sea) and/or level of
isolation (Barents Sea and Iceland
Sea are open ecosystems, while North
and Baltic are semi-enclosed) could
be responsible for this gradient in
responses to similar stressors?
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and later on Mediterranean fish in what was coined ‘integrated resilience
assessment’

Vasilakopoulos et al. (2017) Scientific Reports
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Hysteresis have been seen in lakes

Scheffer et al. (2001) Nature
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