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1. WHY TO CARE ABOUT RESILIENCE?
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Whyis understandingesilience important?

A In ecosystemsresilience refers to the ability t@tain essential functions, structures and
feedbackswhen faced with external stress (Folke 2006, also used in BRBBJE

A Resilience implies a degree of predictable behavior makiadély characteristic often valued by
managers.

AIn the context of ecosystem services, resilience supports ecological stability and often ensure
the sustained delivery of benefits to people.

A Mapping current resilience and discovering/measuring resilience promoting properties
contributes towards assessing teafe operating space (SOS) of so@ablogical systems (SES).

Ecosystem Services (ES) = benefits that people derive from ecosystems, such as oceans (MEA, 2005).

Safe Operating Space (SOS) = the environmental conditions within which humanity can develop and thrive for
generations without causing unacceptable, potentially irreversible earth system chaRgdss(ronmet al.2009)
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BR.D?;{BS Resilience in marine systems and BRiB&project

Regime shifts and loss of resilience has been observed and studied in several
marine and ocean systems during the past decades (e.g. Pacific, Baltic Sea,
NE Atlantic)

In BRIDGE -BS project we assess the resilience of the Black Sea
ecosystems and SES, and identify the key functions that provide for
sustainable ecosystem service (ES) production under different social -
ecological (SES) conditions by:

A Identifying key state variables (indicators), drivers and their relationships

A Analysing past tipping points, as well as the current state of (S)ES resilience

A Studying ecosystem tipping points and ES resilience in future scenarios using
modelled data

Both quantitative and more gualitative resilience assessment methods are
used in BRIDGE-BS.
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Why s resiliencao important?T heblueacceleration

a
@, Marine aquaculture
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Cumulative impacts on oceans (Halpetral.2015) 24% of ocean ecosystems show resilience loss (Rocha z
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Regime shifts are a result of perturbation exceeding 4 \

the system-specific resilience (resulting in changes in

system identity, i.e. structure, function and feedbacks ) BRIDGE-BS

(a) (i) (b) (i)

Before

(Hughes et al. 2005)
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2.DEFINITIONS OF ECOLOGICAL AND ENGINEEF
RESILIENCE
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-4 Resiliencdoss andippingpoints

high resilience low resilience

basin of attraction
€c---->

basin of attraction

low recovery rate

disturbances

disturbances

(Van Nes & Scheffer, American Naturalist 2007)
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-4 Ecosystenvs.Engineeringesilienc®

ECOSYSTEM RESILIENCE

/ 2a7

S oy a7 4
L/

Ecosystem state

TREMNDS in Ecology & Evolution

The capacity of a system to absorb shocks and
perturbations andetain structure, functioning

and feedbacks
(e.g.,Schefferet al. 2003 (fig.), Walker et al. 2004)

time

Functionality

ENGINEERING RESILIENCE

High resilience

Low resilisnce

I-I.
‘-

Time

Thetime it takes for a system teegain its
original level of functionalityafter a

perturbation or shock.
(e.g.,Furuta2014 (fig))
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A Engineering resiliences quite a popular concept
as it is directly linked to recovery and is as such
Intuitive for managers

A But it may bea bit too simple

A after a disturbance the system recovery can be

guite unique as it depends on system complexity
and multiple driver interactions

A After recoverythe system may look similar, but it is
often not the same as before (i.e. functions
differently) A significance for management

Increasing Chlorophyll a [ncreasing Chlorophyll a

Concentration

Recovery and shifting baselines

(a) Return to Neverland

(b) Regime shift

Concentration

(c) Shifting baselines

( d ) Shifting baselines + Regime shift

Increasing Nutrient Inputs

>

Increasing Nutrient Inputs

(Duarte et al 2009)
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3. DEFINITION OF SOGETOLOGICAL (SES)
RESILIENCE




Political and Economic Conditions
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Socialecological (SES) resilience

SES resilience The capacity to sustain human wedling in the face of change, both by
buffering shocks and throughdaptingandtransforming €.g., Folkeet al.2016.

Resilient SESs:

Adaptation vs. transformation:

Apersist
Aadapt (a process that enables a system Adaptation Transformation
to maintain its identity, so that it is
better able to cope with trends and \0/ —eo

shocks, or to reduce vulnerability to \/
disturbance) ———"

Atransform (a shift in a current system (Social-Ecological) RESILIENCE
to a substantial new and different one)

(Adapted from Chelleri and Olazabai 2012)
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-4 Persistencenresilience Is italwaysgood?

A For a longiime resilience has focused on absorbing shocks and maintaining
function A beneficial for predictability

A Howeverthere are other aspect®.g.capacity for renewal, r@rganisation, and
developmenthat are likely to bemore relevant for e.g. sustainability

A In a resilient SES, disturbance has the potential to create opportunities for
Innovations and potentially transformation



Enhancing
Ecosystem Service
(ERESE S

C the seven
principles

(Biggs et al. 2012)

Resilient supply of a desired
set of ecosystem services
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Figure 1

The seven principles reviewed in this paper, grouped into those that relate to
generic social-ecological system (SES) properties to be managed and those that
relate to key properties of SES governance. Abbreviation: CAS, complex
adaptive systems.
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4. RESILIENCE ASSESSMENTS WITHIN THE
BLACK SEA CONTEXT (BRIDGE -BS PROJECT)
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Examplesf resiliencdoss BlackSearegimeshift

Black Sea is one of the marine ecosystems that has historically undergone a clear change (i.e. regim
shift) in ecosystem state.

.
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it

Years

(fig. from Hughegt al.2006) (Daskaloet al.2017)



m-#9 Resiliencassessmentssingtime-seriesdata

Study different ecosystem and SES states (in fisheries)

and how they respond to drivers

a |dentify tipping points

Asczess the distance of the system to these tipping

points
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STEPICOMPLEXITY REDUCTION

A Identifying key variables
(indicators) of change

STEPZEXPLORING THE DRISEARTE

RELATIONSHIPS AND POTENTIAL TIPPI srachyurs ), sosetsson (L recr ) s

riglidae (-), Rajiformes (-), Spicara spp. (-),

POINTS (GAMs/TGAMS)

A Identifying what is the type of response
of (eco)system state to change in key
drivers

STEP3RESILIENCE ASSESSMENT

A Exploring relative resilience in time
A Drawing resilience landscapes

IntegratedResiliencéssessment
(Vasilakopoulosind Marshall 2015Yasilakopoulogt al.2017)
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Bmo?;ﬁas RESI|IenCdﬂndscape&asinscaleanalysis Daskaloet al.In prep)

Example on Black Sea dat@askalov et al., in prep)

A Afull integrated resilience assessment (IRA) on 2015 1
ecosystem data across 4 TLs (phytopl, zoopl, jellyfish,
planktivores) for 1988-2020.

3 . 0.5
2012

S N

O6. 20 A

Relative resilience

A A shift was indicated at around 2005, when the system
was shown to change state (possibly towards previous

N 0

2nd tipping point (F:

O]
a,» )
conditions) S50 - - O
' S
1.2 3 ()
1%
BN Relative esilience  ====P(C1 (ecosystem state) >
1 2 n
.11
0.8 ' 4 1 o

(e.g. PC1 of species/functional groups)

0. -1 0 d 2

')
1
‘ ‘ ‘ Environmental stressors
8 3
[=]
~

o
PC1 (ecosystem state)

Relative resilience

0 (e.g. individual stressor or PC2 of stressors)

-/
—/

2016
2018
2020

1 Low resilience [ Highresilience

20

2010 ————

1992

1994

1996

1998

2000

2002

2004 w———
2008

2012 ———



@

-4 ResiliencéandscapescEzcale Laznyat al.ln prep)

Fish landings data at EEZ level used from the Sea Around Us data bas20@2@60
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