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Ecosystem'Based'Management'
•  Of'CBDForigin'(late'1990s)'

–  A common international commitment  
–  “The primary framework for action” 
–  Defined in the 12 Malawi principles 

•  Bergen'DeclaraJon'2002'

•  Increasingly'advocated'for'
•  Few,'but'increasing'number'of'operaJonal'examples''

•  In#common#is'to'preserve'the'structure'and'funcJon'of'the'
ecosystem,'balance'conservaJon'and'use,'inclusivity'of'
stakeholders'and'underlining'the'importance'of'adapJve'
management'
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What'is'adapJve'management?'

•  Requires'a'management'structure'that'is'
adapJve'to'change'and'integrates'a'range'of'
different'and'complementary'sources'of'
knowledge'and'capacity.''

A PARTNER WITH



Adap2ve-management-requires-

•  Flexible'and'learning0based#collaboraJon'and'
decisionFmaking'processes,'involving'both'
state'and'nonFstate'actors'

•  A'whole'landscapeF'or'seascape'approach'

•  Does'not'exclude'more'”tradiJonal”'
management'tools'

A PARTNER WITH



Process--

•  Build'knowledge'and'understanding'of'
ecosystem'services'and'dynamics'

•  Feed'this'knowledge'into'adapJve'
management'processes'

•  Support'flexible'insJtuJons'and'mulJlevel'
governance'systems'

•  Deal'with'external'perturbaJons,'uncertainty'
and'surprise'

Folke'et'al.'2005'Annual#Review#of#Environment#and#Resources'

A PARTNER WITH



Dealing'with'complex,'mulJFscale'and'
interdependent'challenges'

•  From 
–  Government 
–  Top-down 
–  Command and control 
–  Blueprint 
–  Expert 

•  To  
–  Governance 
–  Polycentric 
–  Adaptive co-management 
–  Experimentation 
–  Collaborative learning and 

stakeholder participation 

A PARTNER WITH



Common-ingredients-in-marine-
ecosystem-based-approaches-

•  MiJgaJng'unwanted'effects'on'nonFtarget'
species'and'habitats'

•  MPAs'and'Marine'spaJal'planning'

•  InvesJgaJng'ecosystem'boundaries'and'
thresholds'

•  Regarding'humans'as'part'of'the'system'

 A PARTNER WITH



MiJgaJng'unwanted'effects'on'nonF
target'species'

''

•  Gillnets'around'Greenland'
– Public'awareness'and'policy'has'spread'all'over'
the'world'



MiJgaJng'unwanted'effects'on'nonF
target'species'





Seabirds'

•  Komar.org'



Seabird'distribuJon'

•  Karpouzi'et'al.'2007,'MEPS'
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ArcJc'Seabird'colony'map'
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Competition for feed: 
Seabirds 

•  Cury 

Fig. 2. (A) Relationship between normalized annual
breeding success of seabirds and normalized prey
abundance. Each data point from all the time series
was plotted with the predictions of a generalized
additive model (GAM) (solid line). The gray area
represents the 95% confidence interval of the fitted
GAM. The threshold in the nonlinear relationship
(black solid vertical line) and its 95% confidence
interval (black dashed vertical lines) were detected
from a change-point analysis. (B) Change in
variance across the range of normalized food
abundance ranging from –1.5 to 2 standard
deviations in eight classes. Variance below the
threshold was 1.8 times higher than above it. (C
and D) Similar relationships were present when
data were pooled (C) for species within ecosystems
and (D) for species pooled among ecosystems using
the best-fitting asymptotic model (table S2). The
Arctic Tern (not shown) model fit was not significant
(table S1). The colors in (A) and (C) represent the
data set for each ecosystem and in (D) for each
seabird species.
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Fig. 3. Relationship between normalized annual breeding success of pooled seabird species and normalized prey abundance for the seven different
ecosystems using the most parsimonious asymptotic model (table S2).
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predator populations is an objective (2, 11, 12),
will remain controversial until these relationships
are more fully quantified.

To improve our understanding of the effects
of LTL fisheries on marine ecosystems, more
information on predator-prey relationships across
a range of species and ecosystems is required (6).
Seabirds are conspicuous members of marine
ecosystems globally. Many aspects of seabird
ecology have been measured consistently for dec-
ades, encompassing ecosystem change at mul-
tiple scales (13). Substantial long-term data sets
on seabird breeding success have been compiled
for many taxa in several marine ecosystems
around the world (14–16), but for relatively few
has independent information on prey availability
been obtained concurrently. For those where prey
data are available, temporal covariance in pred-
ators and their prey suggests that seabirds can be
used as indicators of forage fish population
fluctuations (7, 16, 17). Here, we used data
collected contemporaneously over multiple dec-
ades from seabirds and forage fish to test the
hypothesis that the form of the numerical
response between seabird breeding success and
forage fish abundance is consistent across species
and ecosystems. We used data from seabird
species that have strong dietary dependencies on
forage fish prey and where the time series for
both the predator and the prey have high spatial
and temporal congruence. We compiled data from
19 time series covering seven marine ecosys-
tems, nine sites, and 14 seabird species and their
major prey (Fig. 1 and table S1). The data set in-
cluded 438 data points spanning 15 to 47 colony-
years per breeding site (table S1). The abundance
of principal prey for each seabird species was
estimated independently of the data collected from
the birds, usually as part of population assess-
ments conducted in support of fisheries manage-
ment (table S1).

To examine empirical relationships between
seabird breeding success and prey abundance, we
used nonparametric statistical methods that fa-
cilitate nonlinear modeling by making no a priori
assumptions about the form of the relationships
(generalized additive models, or GAMs). Initial-
ly, each time series (seabird breeding success and
prey abundance) was normalized by expressing
the measurements as the number of standard de-
viations from the mean; this enables robust com-
parisons across species and ecosystems. Once
the numerical relationship was established, we
used a change-point analysis (sequential t tests
that find the most likely point at which the slope
of breeding success changes in relation to prey
abundance) to identify thresholds within non-
linear relationships (18) (Fig. 2A). A bootstrap
analysis was used to calculate confidence inter-
vals of the threshold, and the variance in seabird
breeding success was calculated for each prey
abundance class. Last, a selection of a priori
parametric models ranging from linear, sigmoid,
asymptotic, to hierarchical (table S2) was fitted to
the general relationship. The most parsimonious

model was then used to fit the relationship be-
tween seabird breeding success and forage fish
population size for each ecosystem (pooling all
species) and each seabird species (pooling all
ecosystems).

Seabird breeding success showed a nonlinear
response to changes in prey abundance (Fig. 2A).
The threshold at which breeding success began to
decline from the asymptote was not significantly
different from the long-term mean of prey abun-
dance (range –0.30 and +0.13, standard deviation
of the mean, Fig. 2A). The threshold was 34.6%
(95% confidence interval 31 to 39%), or approx-
imately one-third of the maximum observed prey
abundance. The coefficient of variation between
the different thresholds among species and eco-
systems was 28% (table S1). All time series were
of sufficient duration to identify the threshold
(detection is possible after 13 years of observation,
fig. S1) and the maximum biomass (detection
is possible after 11 years, fig. S2). Variance in
breeding success increased significantly (F test,
P < 10−4) below the threshold of prey abun-
dance (Fig. 2B). Fitting parametric models to
individual responses showed a similar inflection
point and similar asymptotic values across eco-
systems and species (Figs. 2, C and D, and 3),
indicating that the functional form was a general
feature of the seabird–forage fish relationship.

The asymptotic form of the relationship
between seabird breeding success and forage

fish abundance has been reported previously
(15, 16, 19–24), but the common scaling across
species and ecosystems and the consistency of
threshold values are new observations. The glob-
al pattern shows a threshold below which the
numerical response declines strongly as food
abundance decreases and above which it reaches
a plateau and does not change even as food abun-
dance increases. This pattern is apparently ro-
bust to the varying life-history strategies, habitat
preferences, and population sizes of the seabird
species considered. Nonetheless, we acknowl-
edge that a range of factors may interact to
weaken or possibly accentuate the relationship
between seabird breeding performance and prey
species abundance. Alternative drivers of change
in breeding success include changes in habitat
characteristics or predation pressures, or com-
plex intercolony dynamics. Predators may also
show more or less capacity to switch to alterna-
tive prey items, which may buffer productivity
against declines in any single prey species (25).

Periods of consistently high or low breeding
success, or occasional complete breeding fail-
ures, are normal in seabirds, and most species are
adapted to fleeting anomalous environmental
conditions. However, chronic food scarcity, as
potentially defined by prey abundance below the
threshold described here for seabirds, will com-
promise long-term breeding success, and this
may affect the trajectory of their populations.

Fig. 1. Map of the distribution of seabird and prey species considered in our analysis.
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Cury et al. 2011, Science!





Marine'Protected'areas'
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Marine'Protected'Areas'



SpaJal'management:'
Dynamic'“eventFtriggered”'

closures'

Courtesy of Daniel Dunne, Marine 
Geospatial Ecology Lab, Duke University!
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Beyond'MPAs:'MSP'as'a'mulJpleFuse'
and'conservaJon'approach'to'marine'

space'

•  Marine'spaJal'planning'is'increasingly'seen'
as'a'tool'for'implemenJng'the'ecosystem'
approach'
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Algal dominance" '
'
'
Coral'reefs'
'
'
'
'
'
Grasslands'
'
'
'
'
'
'
Tropical'forests'

THE-WORLD-IS-NOT-STATIC-



Coral dominance"
Phase shift"



Algal dominance"



What drives regime 
shifts? 

•  Large scale change in 
all sub-system 

•  Simultaneous change 
•  Climate important 

driving force, together 
with basin specific 
drivers 

Bothnian Bay (BB) 

BB 

BS 

GF 

GR 

CBS 

TS 

Bothnian Bay (BS) 

Gulf of Finland (GF) 

Gulf of Riga (GR) 

Central Baltic (CBS) 

The Sound (TS) 

Blenckner et al, manuscript 







Regime Shift Database 
www.regimeshifts.org!

AQUATIC'SYSTEMS'

1.'Coral'transiJons'

2.'Kelp'transiJons''

3.'Bivalve'collapse''

4.'Fisheries'collapse''

5.'Marine'food'webs''

6.'EutrophicaJon'

7.'Hypoxia'

8.'FloaJng'plants''

'

CLIMATE'SYSTEM'

9.'Ice'sheet'collapse'

10.'Summer'ArcJc'sea'ice''

11.'Thermohaline'
circulaJon'

12.'Monsoon'collapse'

'

'

'

'

'

'

'

TERRESTRIAL'SYSTEMS'

13.'Bush'encroachment''

14.'Forest'–'Savanna''

15.'Savanna'–'Desert''

16.'Tundra'–'Steppe''

17.'Tundra'F'Boreal'

18.'Soil'SalinizaJon'

19.'SalinizaJon'F'snow'
geese'

'

STRONG'SOCIAL'
FEEDBACKS'

20.'Forest'F'Cropland'

21.'Dammed'Rivers'

22.'Locust'plagues'–'
outbreaks''

23.'Development'Poverty'
trap''

24.'Ecosystem'
management'

25.'Urban'Sprawl'
'

'
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Crossing unexpected tipping points? 



Rockström et al 2009, Nature!



Three-examples-of-ecosystem-based-
management-

•  Addressing'local'and'global'drivers'of'change'
•  Addressing'the'risk'of'Jpping'points'
•  Balancing'conservaJon'and'use'
•  Including'stakeholders'

A PARTNER WITH
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Marine spatial planning and 
rezoning of the GBR 
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The-Great-Barrier-Reef ''

•  ExisJng'zoning'could'not'fully'protect'
biodiversity'and'could'thus'not'protect'the'
resilience'of'the'reefs'
– Especially'in'light'of'recurrent'disturbances'

•  A'perceived'crises'following'bleaching,'crown'
of'thorn'outbreaks,'overfishing,'
eutrophicaJon'
– An'iconic'reef'under'severe'pressure'from'local'
and'global'drivers'of'change'

A PARTNER WITH



GBRMPA'response ''

•  Produced'a'“reef'under'pressure”'informaJon'
campaign'
– Raise'public'awareness'
– Built'support'for'a'reFzoning'of'the'reef'

•  Massive'stakeholder'consultaJons'

A PARTNER WITH



GBR'Outcomes'

•  Rezoning'of'the'GBR'has'resulted'in'an'
increase'in'noFtake'areas'from'5'–'33'%,'
combined'with'changes'in'fisheries'
management'and'new'monitoring'programs'

•  But'many'issues'remains'to'be'addressed'

•  GBRMPA'serves'as'an'important'source'of'
inspiraJon'for'MSP'around'the'world'

- A PARTNER WITH





KrisJanstad'–'the'case'

•  Wetlands'management'in'the'south'of'
Sweden'

•  Environmental'degradaJon'connected'to'land'
abandonment,'eutrophicaJon'and'polluJon'
– DeterioraJng'water'quality'
– Decreasing'bird'populaJons'

A PARTNER WITH



Framing'the'KrisJanstad'Water'Realm'

•  CreaJon'of'Ecomuseum'KrisJanstad'

•  Brought'together'five'relevant'sectors'
– EducaJon,'cultural'heritage'(agriculture),'nature'
conservaJon,'tourism,'research'

•  Mobilized'a'broad'knowledge'base'

•  Connected'previously'disconnected'actors'
•  Designated'a'UNESCO'Biosphere'Reserve'in'
2005'

A PARTNER WITH



Outcomes'in'the'Water'Realm ''

•  An'acJve'management'of'grasslands'and'
wetlands'

•  Improved'nutrient'cycling,'flood'protecJon,'
aestheJc'value'and'habitats'(e.g.'for'birds).'

•  Improved'recreaJon'and'educaJon'

•  A'visitor'centre'alracJng'>'100'000'visitors'
annually'

'
A PARTNER WITH



Photo:'Dr'Stuart'Hanchet,'NIWA.'



CCAMLR'and'IUU'fishing'



“..causing'the'likely'collapse'
of'the'populaJons'of'
several'species'of'albatross'
and'of'whiteFchinned'
petrels,#as'well'as'the'
potenJal'collapse'of'the'
Dissos@chus#stocks”''
(SCFCAMLR'1997).''
'

Photo:'Rowan'Trebilco/Azote'
Photo:'AFMA'



Österblom'et'al'(2010)'PLoSONE'







Social'networks'–'connecJng'groups'
with'complementary'capaciJes'

CCAMLRCOLTO
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(a)

(c)

(b)

Government ministries and agencies

International governance organizations

NGOs

Other

Licensed fishing organizations

Österblom & Bodin 2012 Conservation Biology 
See also Bodin & Österblom 2013, Global Environmental Change 



H
en

ri
k'
Ö
st
er
bl
om

,'S
to
ck
ho

lm
'R
es
ili
en

ce
'C
en

tr
e'



Who'is'important?'

1
2

3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

8 Reduce Illegal Fishing in the Southern Ocean

Table 1. Level of collaboration between and among different types of organizations involved in cooperation aimed at reducing Illegal, unreported,
and unregulated fishing in the Southern Ocean.

Type of Licensed International Nongovernmental
cooperation Government fishing governance organization Other
and organization (GOV) industry (IND) organizations (IGO) (NGO) organizations

Monitoring, control, surveillance
GOV 1.40++ 1.01 2.30++ 0.59− 0.69
IND 1.10 2.50++ 1.23 0.63− 0.76
IGO 1.75++ 0.14− 1.15 0.41− 0.86
NGO 0.42− 0.10− 1.41 1.05 0.72
other 0.48 1.08 0.36− 0.00− 1.08

Tracing IUU trade flows
GOV 1.20++ 0.65− 2.40++ 0.53− 0.69−

IND 1.18+ 2.52++ 1.23 1.12 1.65
IGO 3.14++ 1.99++ 2.50++ 0.99 1.87
NGO 0.44− 0.14− 1.56+ 1.72++ 0.73
other 0.17− 0.08− 0.13− 0.39− 0.00−

Policy development
GOV 1.11++ 0.52− 2.17++ 0.66− 0.66−

IND 0.98 2.00++ 1.30 1.36+ 1.57
IGO 1.22+ 0.08− 1.45 0.47− 0.48
NGO 0.99 0.41− 2.48++ 3.26++ 1.29
other 0.56− 0.44− 1.11 0.37− 0.40−

Note: The numbers refer to the ratio of observed to expected number of relations assuming all relations were distributed randomly (i.e.,
null hypothesis, see Supporting Information). If the ratio of collaboration deviates significantly (in either direction) from unity (p < 0.05 or
p < 0.01), the value is marked with plus or minus signs, respectively.

regards to the statement “This fishing represents a form
of organized crime” (Table 3).

The IUU list and the catch-documentation scheme pro-
vide for a commonly agreed-upon protocol for interac-
tion and information exchange, which seems to further
facilitate interorganizational collaboration. According to
a senior representative who has a decade of experience in

leading a national delegation to CCAMLR, “The existence
of the CDS [catch-documentation scheme] provides a
platform which lowers the barrier to [international] co-
operation, because it provides a common platform for di-
alogue.” The catch-documentation scheme and the IUU
list serve the interests of all organizations and were col-
lectively identified as being critically important. In the

Table 2. The 20 organizations perceived by respondents as the most important for adressing illegal, unreported, and unregulated fishing in the
Southern Ocean.

Organization Total score∗

Commission for the Conservation of Antarctic Marine Living Resources Secretariat 102
Coalition Of Legal Toothfish Operators (COLTO) 65
Australian Fisheries Management Authority (AFMA) 64
Australian Antarctic Division (AAD) 55
Antarctic Southern Ocean Coalition (ASOC) 50
New Zealand Ministry of Fisheries 50
Directorate-General for Maritime Affairs and Fisheries of the European Commission 49
U.S. National Oceanic and Atmospheric Administration (NOAA) 47
Australian Department of Agriculture, Fisheries and Forestry (DAFF) 43
United Kingdom Foreign and Commonwealth Office 42
TRAFFIC 41
New Zealand Ministry of Foreign Affairs and Trade 41
Marine Resources Assessment Group (MRAG) 40
Australian Customs Service 40
Australian Department of Foreign Affairs and Trade 40
Government of South Georgia and South Sandwich Islands 40
French Navy 39
French Southern and Antarctic Lands 38
U.S. Department of State 37
UN FAO Food and Agriculture Organization 37

∗The responding organizations scored each organization’s level of importance (high, 3; medium, 2, or low, 0) in terms of how active and useful
they are in addressing illegal, unreported, and unregulated fishing for toothfish. Values correspond to the sum of scores for each organization.

Conservation Biology
Volume **, No. *, 2012
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Any'relevance'for'the'ArcJc?'



Problems-move-across-scales…-

•  Mobile'actors,'outsourcing'of'problems…'

•  Some'of'these'vessels'have'moved'to'deep'
sea'gillneqng'of'sharks'of'the'coast'of'
Madagascar'

•  And…'to'the'ArcJc'

A PARTNER WITH



Evolu2on-of-ins2tu2ons-across-scales-

•  Globalized'problem'of'IUU'fishing'

•  Towards'global'coordinaJon'
–  Early'2000s:'Increased'collaboraJon'between'
compliance'officers'in'RFMOs'(including'CCAMLR)'

– Mid'2000s:'Rapid'growth'of'the'IMCS'network'

–  Late'2000s:'Growing'pains'and'coordinaJon'problems'

–  Early'2010s:'Interpol'iniJate'work'on'”fisheries'
crimes”'

–  2014:'IMCS'and'Interpol'increase'collaboraJon'

A PARTNER WITH





Development-of-adap2ve-
management-approaches-

•  the'move'from'uncoordinated,'sectorial'
management'to'holisJc,'flexible'collaboraJons'
was'triggered-by-a-crisis'

•  Small'number'of'“key-individuals”-instrumental-
for'iniJaJng'and'developing'novel'approach''

•  umbrella(concepts(were'crucial'for'sJmulaJng'
cooperaJon.''

•  A'broad'mobiliza2on-of-ecological-knowledge,'
connecJng'previously'disconnected'actor''

•  A'bridging-organiza2on-connected'scales'





All-three-ini2a2ves-

•  Use'the'concept'of'ecosystem'services'''
– Help'clarify'the'values'of'natural'capital'and'
necessary'trade'offs/synergies'between'users'

•  Provides'the'coordinaJon'and'the'context'for'
choosing'between'different'tools,'and'monitor'
their'effects'
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Capacity-development-(inside-and-outside)-

•  Capacity'to'deal'with'new'challenges'
–  Increasing'in'KV,'unclear'in'GBR'and'SO'

•  All'iniJaJve'were'highly'contagious(
– KV'naJonal'and'European'show'case,'source'of'
inspiraJon'for'integrated'management'approach'

– CCAMLR'management'tools'(e.g.'CDS'and'IUU'list)'
major'source'of'inspiraJon'for'other'RFMOs'

A PARTNER WITH



Global-dynamics-operate-across-
scales-

•  Trade'
•  Increasing'demand'for'marine'protein'(e.g.'for'
aquaculture)'

•  Global'industry'actors'
•  Technological'advances'
•  Shiuing'species'distribuJon'
•  ..'
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Get-ready-for-surprise-

•  What'happens'in'places'with'unclear'
boundaries'and'rules?'
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Dynamics'of'the'high'seas'
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Merrie'et'al.'2014'Global#Environmental#Change'
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Merrie'et'al.'2014'Global#Environmental#Change'



Drivers'of'ArcJc'change'
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How-to-design-ins2tu2ons?-

•  Pioneering'work'by'Elinor'Ostrom'and'
colleagues'

•  But'primarily'at'the'local'level'
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Valman,'Österblom'and'Olsson,'in'revision'



Link CTI-CFF HELCOM CCAMLR 

Involve all parties in 
information sharing, 
compliance and 
adaptation 

NGOs dominate 

State level compliance  

Adaptation plans  

Govs and science  

State level compliance  

No adaptation plans. 

Gos, NGOs, industry 

International  

Continuous adaptation  

Allocate authority to 
provide infrastructure 
and encourage 
adaptation 

Infrastructure: NGOs 
Adaptation: Non-state. 

National, bilateral, and 
regional infrastructure. 
Adaptation: State level. 

Member states and 
secretariat 

Adaptation: Int-ntl 

Employ a mixture of 
institutions to deal with 
conflicts, to provide 
infrastructure and to 
encourage adaptation 

No conflict resolution 
mechanisms. 

No conflict resolution 
mechanisms  

Conflict resolution 
mechanisms. 
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“EvaluaJng”'Helcom'
•  InformaJon'sharing:'Limited'involvement'of'
stakeholders'

•  Decision'making:'Limited'involvement'of'
stakeholders'

•  No'forums'for'evaluaJng'compliance'
•  No'sancJoning'mechanisms'
•  No'conflict'solving'mechanisms'
•  No'performance'evaluaJon'
•  No'mechanism'for'burden'and'benefit'sharing'
•  Weak'links'between'levels'of'authority'
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Conclusion-

•  Ecosystem'based'management'requires'diverse'
capacity,'competence'and'coordinaJon'

•  IntegraJon'of'diverse'knowledge'sources'improves'the'
capacity'to'address'complex'challenges'

•  Adap@ve#management#is#never#achieved#but#will#
always#involve#a#con@nuous#learning#process,#nurturing#
of#trust,#reflec@on#of#procedures#and#structures,#and#
developing#collabora@on#towards#a#common#goal##
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Conclusions'

Individuals,-and-their-networks-–-makes-
-a-difference'
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Thanks!-

•  Co0authors:#R.'Sumaila,'A.'Press,'Ö.'Bodin,'J.'
HentaJFSundberg,'A.'Constable,'C.'Folke,'S.'
Fukumi,'L.'Schultz,'P.'Olsson.'

•  Funders:'FORMAS,'MISTRA'and'the'Nippon'
FoundaJon'

A PARTNER WITH




