Marine Protected Areas for Europe:
Systematic Planning and dispelling myths

Mark John Costello, Nord University, Norway



Systematic Conservation Planning

* Focusing conservation effort where 1t will save species from extinction
= Scientific evidence to guide planning

» People negotiate boundaries and activities allowed (or not), e€.g., using
SeaSketch

* Can use
1. Observed locations of species and/or habaitats

2. Expert drawn range maps of where one or more species occurs (€.g.,
from IUCN Red List)

3. “species distribution model” range maps based on predicting a species
“environmental niche” from observations
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Set objectives, define targets, and scenarios
collect spatially explicit data

Recently described %
In review paper

Biodiversity, ecosystem services

Existing protected areas, OECMs

Cost, alternative uses

Threats

Spatial prioritization

Site e s 3( > 4 s Richness
A v v v v 5
B v v v 5
C v v v 3
D v v v 3
E v v 4

Selection of new conservation areas

Trends in Ecology & Evolution
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Where Marine Protected Areas would best
represent 30% of ocean biodiversity
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https://www.arcgis.com/apps/webappviewer/index.html?id=a63ab095e4664b138116671c5095257c&extent=-697.5%2C-172.0894%2C-149.0625%2C154.5122%2C4326

Overlap of 6 systematic prioritisation studies

None of these
studies cited
by Convention
on Biological
Diversity

nor used by
countries

Data driven priority analysis: Jones et al., 2020; Sala et al., 2021; Selig et al., 2014; Visalli et al., 2020; Zhao et al., 2020;
Brito-Morales et al. 2022; and expert opinion (Olson and Dinerstein 2002). [Zhao & Costello 2025, TREE review]
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How much species’ biodiversity could area targets protect
globally?
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All global studies find similar relationships |
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Marine Protected Areas for Europe
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MPA Europe mapped the optimal locations for

Marine Protected Areas in European seas to support
science-based Marine Spatial Planning

BIODIVERSITY BLUE CARBON

SYSTEMATIC
CONSERVATION
PLANNING (SCP)




Deliverables
reported
on
project website
and can be
downloaded
from
Zenodo
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D11

[

D21
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D23

2025

DELIVERABLE NAME

Data Management Plan

Report from the kick-off meeting

Project website and social media

SCCOUNTS

Compilation of marine
environmental data ready for
ecosystem classification analysis

and distribution modelling

Compile additional data and publish

it into OBIS

Dissemination, Exploitation and

Communication plan

Paper on wave exposure index for

all European coasts

Marine ecosystem classification for

surface waters of Europe

2026

DUE DATE

jun

jun

jun

oct

STATUS

Submitted

Submitted

Submitted

Submitted.

Wiew the submitted version here

Submitted.

View the submitted version here

Submitted

Submitted

Submitted.

View the submitted version here



News on
project website

MEDITERRANEAN SEA
STAKEHOLDER
WORKSHOP
28th January 2025

In collaboration with
Mediterranean Sea Stakeholder
Workshop Report is now available
April 4, 2025

MPA Europe’s report on the Mediterranean
Sea stakeholders workshop recently co-
hosted by the project, is now available on
the Resources page

Read more »
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LikeSihood species  ERETEE

of occurrence
I = | Search species

L L
o o0 Paracentrotus li

Mask acth

e paracentroi
Phytum: Echinodermata
AphialD:

Number of records: 265
Number of records for it

Additional Info: Al insich

iter: None + Show uncertainty Show realms Show EEZs

Calling All Marine Experts: Help
Validate Species Distribution Models
with MPA Europe

March 17, 2025

MPA Europe is inviting marine
taxonomists and ecologists to contribute
to an important collaborative effort—
validating Species Distribution Models
(SDMs). Experts who participate will gain

NEWS

February 28, 2025

On February 19 and 20, MPA Europe
project team held its annual meeting in
Copenhagen, Denmark.

Read more »
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MARINE
AREAS

A WP6 - Stakeholder engagement é

TWO-WAY PROCESS
& WIN-WIN APROACH

MARITIME SPATIAL PLANNING IN THE EU

s s since project’s day-one
T 30 Events X, o ke v
e . AN - teamwork with sister projects
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regional meetings \/
co-design case-studies \/

_ regular interactions \/

open access data \/

e

B analysis re-adaptation \/

© EU MSP PLATFORM INFOGRAPHICS
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INITIAL STAKEHOLDER FEEDBACK - FAQs

PROJECT SCOPE AND OUTCOMES

DATA ACCESS AND RESOLUTION

ey CASE STUDIES

+ Whatis {

EXISTING ACTIVITIES AT SEA

DATA SOURCES

How ardg

move t

THE BL

Think
+

I noticed we are talking about estimating species richness, is that based on temperature and existing species, or temperature and conservation/active

+ Will mag]

occurs, restoration?

+ Areyou

+ So you are taking species data to which you add a further list of environmental data, and then overlay it with temperature modelling. Is that right?

reco

The data sources you are using are the global data aggregators. From my previous experience | have seen a lot of data is held in national institutions and
CLIMAT + scientific organisations and they do not share it with the aggregators. Do you have the capacity or plan to consider national databases, which often do not

STA K E H often conform to FAIR principles, so you have to standardise the data?

+ For seabirds will the maps be built based on Important Bird Areas data, or what other data?
+ Whatexa

It seems you are taking into account the changing ranges of species. Does this mean that once the MPAs are designated, there is the possibility of changing

the boundaries or are these set in stone?

+ You mentioned you will produce Species Distribution Models. What is the difference between EMODnet Biology and EMODnet Seabed Habitats? Do you plan to

acquire new data®




Systematic Conservation Planning A
designs a network of areas that best represent (include)
measures of biodiversity

The proportion of a measure of biodiversity per area

Aim for s . e
atleast80% {1 ) e
representaton 08, [ S 2/ . <elp
of biodiversity Coral
within 30% I Seagrass
of the sea area = Richness in
| realms engi;ﬁ;::g
Example is from a global I
prioritisation in 2020 I
]
0o £ P —
0 0.2 0.4 0.6 0.8

: . : The proportion of area protected
From Zhao et al. 2020, Biological Conservation
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Temperature

ENVIRONMENTAL DATA

Salinity
Sea Ice Cover
Sea Ice Thickness

Sea Water Velocity

A %
4,

Mixed Layer Depth

Diffuse Attenuation Coefficient

PAR

S AP -

PAR at bottom

%
-W///
f/
D

Oxygen

pH

Iron

Phosphate

Nitrate

Silicate

Total phytoplankton

Chlorophyll

Present-day sea surface temperature

Topographic (slope)

Future (decade 2090) sea surface temperature

Topographic (roughness)

EMODnet Bathymetry

Sedimentation Rates

Seabed Substrates

Distance to coast

Distance to closest port

Example of data layer produced for the European Seas from BioOracle.
Colour gradients reflect spatial differences in °C from today (left) to 2090 (right)
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WP2 - ecosystem and connectivity modelling =

24 Environmental variables Modelled in updated version of BioOracle (OA)
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WAVE EXPOSURE - significantly influences
distribution of marine species (and organic

carbon) but no European scale data on it
‘previously available
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WP2 - ecosystem and connectivity modelling

OCEANOGRAPHIC CONNECTIVITY

Connectivity degree
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medium
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Additional task on species biogeograph

-15 0 15 30 45
]

Aim
How do “ecosystems” classified based on environment variables
align with biogeography (i.e., species composition)?

Use neural network analysis (InfoMap Bioregions) to define
biogeographic regions for European seas using 5,000 species’

* distribution records in OBIS (subject to sampling bias,

underestimate species distribution): n = 6 realms
* range maps from AquaMaps (overestimate species occurrenet):

7 realms

West Iberian realm artefact of data in OBIS

Note brackish realm 7 in AquaMaps —

Comparison with ecosystem classification in progress




15t key message

The MPA network will need to include the 6 regions to be
ecologically representative:

Baltic, Black and Mediterranean Seas
Arctic-Boreal
Mid-European Atlantic

Offshore mid-southern European Atlantic and Marcaronesia



MARINE

R = A WP3 — species and biogenic habitat distributions

We use OBIS ‘
~ 35,000 species o
> 67,000,000 records
> 12,000 species ranges modelled -
adjusodin Logl0 - e —

1 100 10000
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PA  https://shiny.obis.org/distmaps/ $
& - Likelihood SPECIES

of occurrence
* B Ml J Searchspecies ¥ Filter

Low High \
g Ostrea edulis

Example of %
species range | ¥ .
map for the Ostrea edulis
. o : 3 Phylum: Mollusca > Order: Cztreida > Family: O=treidae
native oyster : AphialD: 14075¢

Number of records: 301
Number of records for independent evaluation: 1)

pe? Yes (106

S h OWi n g ..- X : i . Additional info: All inside thermal envelo
likelihood of 2

occurrence

and ,

data points X5 7

used in the - .
model J



https://shiny.obis.org/distmaps/

' Predicting potential
distribution

Biodiversity &
Environmental data

Distribution maps for

ssesas ~12,000 marine species

Species
occurence TR |
(OBIS + GBlF)i i SDM from Europe

4
logit(7,) = o+ Eﬁinj
j=1

Biogenic habitat
maps, based on SDM

Predicted presence

(BioOracle v3) i .| Conservation status
SeaSuface gmwmm g | / il mvecmips | | Of species and habitats
Temperature / L ve : ! i

// ! E scenarios ! (IUCN Red LlSt)
Niche i (SSP1-SSP5) !
. Environment | . | Species range shifts
Twoperiods | | under climate change

i . (2050 / 2100)

____________________________________________________________________ 23
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50°N

40°N

30°N

20°N

Number of species - Fishes
Current period

Future (2100 - SSP5 - 8.5)

50°N

40°N

30°N

20°N

Number of species

DA WP3 — species and biogenic habitat distributions

0

10 20 30 40 50
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WP3 — species and biogenic habitat distributions =

Species range maps, present and under 3 climate change scenarios

Current SSP1 SSP2 SSP5

70°N

S50°N

30°N

for the ray species Raja brachyura

25



2nd key message

Even 1n worst case scenarios,
* Most species will remain 1n their current geographic range™
* With increased species richness in northernmost (Arctic)

* Possible extirpations of some species in the Mediterranean

*but their abundances will vary



Cells prioritised for an optimal contribution to an The top 10% of the area —
MPA network using Zonation coastal including islands




Distribution of records for species for which
SDM were not available

PRIORITY

p




The top 10 %, 30 % and 50 % of the
Representative Biodiversity Areas
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90
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58% of species in 10% of the area

70 80% of species in 30% of the area

60 if optimal areas protected
50
40
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20

Proportion of protected species (%)
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% species that can be included in % of the area

For all I0,000 Species ——Full_set (10038) —— Habitat_forming (17) ——EU_legislation (309) —IUCN_threatened (CR, EN, VU) (146)

(blue line) 100 1 _
: : : 90 /
Habitat forming species 1 ” Number of species

(green line) 50 1

70 0 2000 4000 6000 8000 10000

| 1 h

..................

Species in EU legislation
(red line)

60 -

50 J

Species IUCN lists as
threatened with
extinction

40 A

% spatial mismatch
~

30

] . ©10%  30%
20 ]

PROPORTION OF THE SPECIES BY CATEGORY (%)

Insert plot shows 10
differences when less

species used 0 10 20 30 40 50 60 70 80 90 100
PROPORTION OF THE PROTECTED AREA (%)




The proportion of species that ----- Portugal

can be included within a
country’s Exclusive Economic
Zone varies

Sweden can include 76 % of
its species in 10 % of its EEZ

- Bulgaria

[y’ = it

Slovenia can only 16 % in 10
% of the area

Denmark |

Belgium

e Pt

Slovenia




The
Representative
Biodiversity
Areas include
deep sea and
coastal species

Some of 10 %
areas extend to
5,600 m depth

Scaled density

Not prioritised
RBA top 10%




—CR(25) - DD(3) ----EN(34)

o
o

The algorithm preferentially selects more
endangered species:

Red line for Critically Endangered species line
1s to the left of others
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Baltic
Black
Mediterranean
NE Atlantic
More species can be
Included in less space in the

Mediterranean
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——Present_day ——SSP5
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Conclusions so far

1. We have enough species 1n analysis to represent biodiversity
2. The RBA 1s ecologically representative
3. The RBA 1s climate resilient

4. Protecting any coastal area could be a positive contribution

 BUT, our prioritisation does not consider variation in abundance or breeding locations
of mammals, birds, fish, etc.. (so they need local species level attention)



M A Mappmg organic carbon storage capacity =
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Prioritization based on biodiversity

Overall, no correlation between
areas prioritised for conservation
and with high carbon stores in
sediments

Prioritisation based on blue carbon

Areas prioritised for biodiversity
with high organic carbon in seabed




4th key message
. Map of organic carbon concentrations available for European seabed.

. Management could ban disturbance of sediments with high organic carbon to
minimise release of greenhouse gases from sediments (CO,, CH,).

Spatial planning should consider protection of biodiversity and carbon stores
separately, although disturbance of seabed by trawling and dredging will
destroy biodiversity as well as release carbon from sediment stores



Responding to stakeholders

* Several misunderstandings amongst stakeholders

* Some criticisms of MPA without evidence and already
known to be untrue = zombie ideas



10 myths and misunderstandings

S

ek

Countries use best scientific practice to locate MPA

MPA aim to protect biodiversity as a whole

It 1s radical to limit public access in the ocean

Only commercial fishing impacts biodiversity

MPA only benefit seabed, not pelagic, life

MPA are expensive so only rich countries can afford MPA
MPA do not protect against pollution

MPA do not protect against climate change

=oope =By Bl s

MPA cause losses to or displace fisheries, > impacts outside MPA

10. Partially protected MPA, a compromise, are a solution

4 3 . b
e T
A 3 f R 7
:k. s 3
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3 RS-
3 8




It 1s reasonable for public to think that

. Wildlife 1in a “Protected Area” 1s not hunted and killed

. Countries must use IUCN categories to define “Protected”™
status

. Biodiversity in all areas listed as protected in the World
Database on Protected Areas (WDPA) 1s protected



Today, only 2.9% of ocean area aims to be no-take (natural)

Countries promised 10% by 2020

Convention on Biological Diversity and UNCLOS draft High Seas Agreement call for
30% by 2030

6.000 3/4 coastal countries

have no

4.000 Marine Reserves
Only 6 % aim to fully (no-take MPA)

2.000 protect nature

[ ]
=]
-
~
L=
=]
e
=¥
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[
=
z

Gap between real and
pretend protection
widening




150,000 -

100,000 -

.
3,000 -

2,500 1

2,000 -

1,500 A
1,000 1

500 1

190

1 Partly and fully
| protected areas

on land

1900 1920 1940

i Partly and fully

protected
marine and
coastal areas

1920 1940

1980

2000

2020

1980

2000

2020

What does the widening gap
between partly and fully
protected areas,
on land and sea, indicate?

Note these areas are not
optimal (no systematic
conservation planning).

Should conservation focus
on 50% of species in 10% of
area?

Data from WDPA (so not all protected for
biodiversity)




The “Cons” 1in Conservation

Protected does not mean protected, especially underwater
94% MPA do not aim to protect biodiversity
Protection exaggeration 1s increasing

Most (4 of 7) IUCN categories of Protected Area do not aim to protect
all aspects of biodiversity in a natural condition

[TUCN has no authority, it 1s advisory

Countries are free to call areas MPA as they wish; so they do (most
European MPA allow seabed trawling, ~ 25% are trawled)
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MPA are not radical

It 1s common to set aside public

land for public benefit — schools,

hospitals, universities, museums, People and fishing are alr.eady
national parks, sports, art, excluded from many marine
transport areas: harbours, pipeline and

cable zones, military areas, fish

. farms; but far less than on land
Why not in the ocean?

MPA facilitate, not exclude,

public access




Is limiting public
access and use unusual?

No, it is common (and normal on land)
- Harbours

. Marinas

. Industrial areas Is the public already excluded from more

. Fish farms areas than currently MPA occupy?

- Pipelines
And MPA do not exclude people —
they welcome them for recreation!

- Cable zones
- Military areas
- Mining



Marine Reserves can benefit pelagic species

40°N

e Tuna and billfish from MPA
boost adjacent fisheries

N
o

[*]
pd

* Fishery catch per unit effort
increased after and outside MPA
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40°N

30°N

Spillover benefits from the world’s largest fully pro-
tected MPA

SARAH MEDOFF

20°N

10°N

Science

, JOHN LYNHAM AND JENNIFER RAYNOR Authors Info & Affiliations

I Impact of two of the world's largest protected areas
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MPA are not expensive —
any country can afford to have Marine Reserves

* People who rely on ocean for food recognise common sense to protect
biodiversity

* Indigenous people’s often have cultural ‘no-take’ areas, €.g. Indonesia, New
Zealand, Solomon Islands, East Africa

* Flip management to precautionary principle to “all protected” unless
permitted

Some largest Marine Reserves in world are in Developing Countries
* 408,250 km? Phoenix Islands (PIPA), Rep. Kiribati 2008
* 150-410,000 km? Motu Motiro Hiva (Easter Is.) Marine Park, Chile 2010
* Chagos (Britain)
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https://bigoceanmanagers.org/

Are MPA expensive?

- False claims about MPA costs 1. No evidence anywhere that

to fisheries, displacement, etc. MPA were a cost to any fisheries
- If an area 1s already managed, 2. Fully-protected areas have

such as for fisheries, then MPA lowest management costs

simplify management at no (simpler rules)

extra cost

3. Good evidence of MPA benefits
to fisheries (spillover)



Pollution and MPA

Pollution, like fishing, is by people
Pollution, like fishing, can be managed by people

Authorities are likely to make a special effort to limit pollution
into an MPA, from land and nearby sea areas

Allowing pollution and fishing in an MPA 1is not the fault of the
MPA, 1t 1s bad management



MPA and climate change

 MPA provide resilience against climate change by having
larger, and more natural, populations

* MPA can be designed to accommodate future species range
shifts due to climate change

nature communications

Article https://doi.org/10.1038/s41467-024-44976-y

Marine protected areas promote stability of
reef fish communities under climate

warming
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Fisheries do NOT loose catch due to MPA

Total examples in literature 51| 100%

Increased fishery catch only

Increased body size of fishery species

Both bigger catch and body size

“Spillover” reported

Sub-total benefits to fisheries m

Uncertain effects on fishery 5
Decreased fishery catch 0 0%

Details in
Costello MJ. 2024. Evidence of economic benefits from Marine Protected Areas.
Scientia Marina.



DA WP6 - Stakeholder engagement A

M MARINE

Economic benefits of
MPAs for finfish,
crustacean, and
mollusc fisheries

2 New review of
science
literature on
MPA effects on
fisheries found
examples from

Countries where benefits
have been reported

25 countries.

13 studies found increased body size up to 34%
- W
6 studies found increased catch and body size
-
0 studies reported decreased catch

No indications
of any fishery
loss due to
MPA anywhere.

8 studies reported spillover of larvae and adults

Costello MJ. 2024. Evidence of economic benefits of Marine Protected Areas. Scientia Marina. 57



MEERP L WP6 - Stakeholder engagement A

EUROPE u
Economic benefits of MPAs Evidence of economic benefits
for tourism | from marine protected areas

S b » Mark John Costell
. s {
—e 30 to 50 jobs per MPA A St Ngs ark Jonn L-0stetlo
» ‘ . N\ K

. ‘ SCIENTIA Manrina 88(1)
Ma_n::h 2024, e080, Barcelona (Spain)

—e Up to USS$6.4 billion from one Marine Park Countries where benefits have been reported

pNAS ® COMMENTARY

—e Up to US$2.7 million from entrance fees, £
depending on MPA size and age

Fully protected Marine Protected Areas do not displace
fisheries

Mark John Costello™®! [ iD]

-

& ¥

W
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More tourism revenue
from larger and older MPA

10000 3 Total annual tourism .
1000 . Vvalue (million USS)
100 -
10 -
1
0.1 ] ' I I T I T T T T I T T T T T T T T T |
0 10 pA| 30 40

MPA age (years)
Details in

Costello MJ. 2024. Evidence of economic benefits from Marine Protected Areas.
Scientia Marina in press.



Do MPA “displace fisheries™ ?

or, 1s 1t an “invented problem” ?  (Ballantine 2014)

Biological Conservation

journal homepage: www.elsevier.com/locate/biocon

Perspective

Fifty years on: Lessons from marine reserves in New Zealand
and principles for a worldwide network

Bill Ballantine

University of Auckland, Institute of Marine Science, Leich Marine Laboratory, PO Box 349, Warkworth, New Zealand




A1}

Using global fishery data and past

MPA expansion, find fishing
eftfort decreased around MPA

Predict continued decreasing

fishing effort under multiple MPA

€xpansion scenarios

increased effort 1f business-as-
usual

the redistribution of fishing effort

Gavin McDonald™ ", Jennifer Bone®", Christopher Costello™", Gabriel Englander®, and Jennifer Raynor®

A Change in observed fishing effort between
( ) year after and year before MPA implementation

1

Change in predicted fishing effort between
MPA scenario and BAU scenario

Inside MPA 0-100 100-200
Distance to nearest MPA (km)

Global expansion of marine protected areas and



Coral Grouper fishery in the Great Barrier

Reefa AUStraha Marine reserves contribute half of the larval

supply to a coral reef fishery B/ F: 1)/ VYo 25
5 Feb 2025

766 no-take Marine Reserves occupy 30% of the GBR area

designed using systematic conservation planning
fishery is well (sustainably) managed

Yet 30% MPA contributes to whole GBR:
" 55% of larval supply,

= 50% of larval settlement,

= 47% of commercial catch,

= one of every two fish to the fishery.



Partly-Protected MPA do not (aim to) work

1. 91% examples on fishery benefits from fully-protected MPA

2. Partly-protected MPA, allowing subsistence-recreational fishing,
led to same trophic cascade as outside MPA.

3. European countries allow seabed trawling in MPA (25% trawled)

4. So they may have no ecological benefits

= Effects relative to mtensity of fishing outside

5. Do they have social or political benefits?



Evaluating the social and ecological effectiveness of

People do not see partially protected marine areas
. Conservation Biolggy, Volume 35, No. 3, 921-932
benefit of partial

1,2

John W. Turnbull ©,"* Emma L. Johnston ©."* and Graeme E Clark

[ ]
prOteCtl on ISchool of Biological, Earth and Environmental Sciences, University of New South Wales, Kensington Campus, Sydney, NSW 2052,
Australia
“Evolution and Ecology Research Center, University of New South Wales, BEES, Sydney, NSW 2052, Australia

“We found no social or ecological benefits for partially protected areas’ ... ...

partially protected areas act as red herrings in marine conservation because they create
an illusion of protection and consume scarce conservation resources yet provide little or
no social or ecological gain over open areas.

Fully protected areas, by contrast, have more fish species and biomass and are well
understood, supported, and valued by the public. They are perceived to have better
marine life and be improving over time in keeping with actual ecological results.”

Full protection is equitable for people and nature; why exclude commercial food-fishing over recreational fishing?



Part-protection does not work

In medicine (half a dose may have no benefit)
Public health

In business (not getting paid what 1s needed)

Or nature conservation

* But may be better than nothing or a starting point



10 myths and misunderstandings

S

ek

Countries use best scientific practice to locate MPA

MPA aim to protect biodiversity as a whole

It 1s radical to limit public access in the ocean

Only commercial fishing impacts biodiversity

MPA only benefit seabed, not pelagic, life

MPA are expensive so only rich countries can afford MPA
MPA do not protect against pollution

MPA do not protect against climate change

=oope =By Bl s

MPA cause losses to or displace fisheries, > impacts outside MPA

10. Partly protected MPA, a compromise, are a solution

4 3 . b
e T
A 3 f R 7
:k. s 3
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5t key messages

. MPA do not only benefit biodiversity, there are ~50 examples of
benefits to fisheries through spillover effects.

. There 1s no published evidence of any MPA reducing fishery
catch anywhere.

. There 1s no evidence of fishery displacements effects, but there
1s of improved fishery CPUE around MPA locally and globally.



Implications of key messages

* Because biodiversity includes all species and ecosystems, it

cannot be protected piecemeal.

* Nature conservation should prioritise strictly protected areas
where people are prohibited from killing any marine wildlife and

damaging their habitats.

* An ecologically representative (coherent) network of Ml
appropriate now and under future climate change.

PA 1S



Beyond MPA Europe

e [imitations

" Species are only present 1n locally suitable habitats within their range
(they may have be extirpated by pollution or bottom trawling)

* Opportunities

= Use the MPA Europe data layers to provide a geographic context for
planning MPA in cooperation with local stakeholders, e.g., using the
SeaSketch platform as used in the Azores.

* How can MPA be designed to benefit fisheries? New project MPA4Fish



Thank you
Mark Costello

mark.j.costello @ nord.no

https://www.facebook.com/marinereserves

- a post a day about MPA

MARINE =~
PROTECTED =

?SFEC?PSE AN Co-funded by
L the European Union
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