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A global protected area network

should represent biodiversity from species to ecosystems

Need world maps of

v' Ecosystems
Biomes
Habitats
Species richness
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Species endemicity (realms)

" M Photo by Dr Galice Hoarau




Aquamaps.org
Colours on log-scale.

(1) Modelled species ranges (top)
(2) carefully cleaned primary data
(bottom) show

most species occur along

coasts and tropics

OBIS sample data

ES;, index used to standardise for
sampling effort.

Marine species richness

Modelled ranges for 24,000 species

" Distribution data for 65,000 species



Key concepts

- Bilogeographic realms
based on species
endemicity (uniqueness)

- Ecosystems based on
energy flow between
adjacent areas

As species are unique to each realm,
each realm needs protected areas

Relevant to ecosystem function and
services, food webs, productivity

Agnostic to species composition

Different species may provide similar
ecological roles 1n different areas



Key concepts

- Biomes - Large areas dominated by habitat forming
species

- May be one or more species

- Species composition will vary geographically

. Biogenic habitats ° Habitat formed by a particular species at a
local scale

Is part of a biome



Biogeographic regions

Who wants one? Why?

« [TUCN, WWF, CI - nature conservation reporting

 GEO & GEOSS - ecosystem classification

= FAO and ICES - fishery management

= JOC and IODE - marine data management

= Researchers - 1ndicating species
distributions

Why not use other geographic regions?



Existing marine ‘regions’

Geographic (Seas and oceans)

Political (Exclusive Economic Zones)

Large Marine Ecosystems

Marine Ecoregions of the World MEOW
Global Open Oceans and Deep Seabed
GOODS

FAO areas

ICES areas

Longhurst’s pelagic

9

%

Global

Global if non-EEZ ‘high-seas’
included

Coastal but not all coasts

Coastal - includes LME & EEZ &
other

Pelagic and deep sea to complement
\Y%12(0)%Y%

Global — fishery boxes

Regional - fishery & related
management boxes

Global — ocean colour



Marine Ecoregions of the World
(MEOW) 12 Realms

Very large regions of coastal, benthic or pelagic ocean across which biotas are internally coherent at higher
taxonomic levels, as a result of a shared and unique evolutionary history. Realms have high levels of endemism,
not only at the species level, but also with unique taxa at generic and family levels in some groups.




Marine Ecoregions of the World

(MEOW) 62 Provinces

Large areas defined by the presence of distinct biotas that have at least some cohesion over evolutionary
timeframes. Provinces will hold some level of endemism, principally at the level of species




Marine Ecoregions of the World

(MEOW) 232 Ecoregions

Areas of relatively homogeneous species composition, clearly distinct from adjacent systems. This
species composition is likely to be determined by the predominance of a small number of ecosystems
and/or a distinct suite of oceanographic or topographic features.

Include “Large Marine Ecosystems”




30 biogeographic realms

1.e., areas endemicity based on cluster analysis 65,000 species from OBIS

Freshwater influenced Baltic and Black Seas.
Land barriers - Panama isthmus and Suez Canal.
One open ocean realm split in two by another.

. Most realms coastal, offshore realms larger
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Costello et al. 2017. Marine biogeographic realms and species endemicity. Nature Communications



Seas’ group

Realm

% Spp
unique

Inner Baltic Sea

Inner Baltic Sea

63

Black Sea

Black Sea

84

NE and NW
Atlantic and
Mediterranean,
Arctic and
Morth Pacific

NE Atlantic &
Mediterranean
(2)

MNE Atlantic (3)

NE Atlantic

27

Arctic Europe (5)

Norwegian Sea (in
part)

43

Mediterranean (3)

Mediterranean
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Global biogeography razor clams

‘Endemic / total
species per region 1,1

PITTYE Bimodal latitudinal species richness and ;;«,, -
aallidl high endemicity of razor clams -
(Mollusca)

Hanieh Sacedi, Todd E. Dennis® and Mark J. Costello'




Biogeography of polychaete worms (Annelida)

of the world

Joko Pamungkas!?*, Christopher J. Glasby®, Mark J. Costello*®

Other marine biogeography’s

Vol. 657: 147-159, 2021

MARINE ECOLOGY PROGRESS SERIES

https://doi.org/10.3354/meps13531 Mar Ecol Prog Ser

Polychaete worms

Amphipod crustaceans

Equator

Baltic Sea contains

Global biogeography of marine amphipod c
o e g freshwater species

crustaceans: latitude, regionalization,
and beta diversity

Tri Arfianti'**, Mark J. Costello®*

Eguator

Eastern
Pacific
Ocean

| [@))

(6)_,

Atlantic
Ocean g Indian
Oceay

Vol. 638: 83-94, 2020 MARINE ECOLOGY PROGRESS SERIES _____
https://doi.org/10.3354/meps13272 Mar Ecol Prog Ser




SPGCiGS richness based on modelled ranges of 24,000 species from AquaMaps
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- . _

Species richness
within realms of endemicity

Re giOIlS of high endemicity from biogeographic realms



New world maps of seagrass and kelp biomes

e

Maps by
Dr Dinusha
Jayathilake

Photos by 5;‘"
Dr Galice Hoarau

*~| GIS maps published at http://data.unep-wcmc.org/datasets
| and 1n the journal Biological Conservation



http://data.unep-wcmc.org/datasets/46
http://data.unep-wcmc.org/datasets/46
http://data.unep-wcmc.org/datasets/46

Where do the marine biomes
provide productive 3D habitat?
Seagrass bedsg £ . m
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Mangrove forests zooxanthellate coral reefs

Data from lower maps from UNEP-WCMC Ocean Data Viewer



7 marine ECOSYStemS defined by environmental data

Annual phytoplankton productivity is also coastal

7 marine ecosystems distinguished
by PCA and k-means clustering of
20 sea surface variables

o e R . ECOLOGICAL
SPECIAL FEATURE RESEARGH WILEY

Approaches for general rules of biodiversity patterns in space and time

Mapping near surface global marine ecosystems through cluster

analysis of environmental data

Qianshuo Zhao | Zeenatul Basher | Mark J. Costello



Trophic convergence of marine vertebrate
communities worldwide (under review, PNAS)

Juan David Gonzalez-Trujillo, Jorge Assis, Ester Serrao, Mark John Costello,

Eliza Fragkopoulou, Manuel Mendoza, Miguel B. Araujo

The trophic guilds spatially align with
Zhao’s Ecosystems
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Ecosystems

Distinct polar, boreal, tropical and
coastal
ecosystems and trophic guilds

Trophic guilds




3D environmental mapping by Esri

53 million data points in ArcGIS Pro
0.25°latitude-longitude * 5 m to 500 m deep cells

6 variables: temperature, salinity, oxygen, nitrate, phosphate, silicate

Called
“Ecological Marine Units”
but conceptually
the same as
Zhao “ecosystems”

Sayre et al. 2017. A three-dimensional mapping of the ocean based on environmental data. Oceanography



SCIENTIFIC REPg}RTS

‘Stratifying ocean sampling globally
“and with depth to account for
_environmental variability

. Mark John Costello(®?, Zeenatul Basher(®?, Roger Sayre?, Sean Breyer® & Dawn J. Wright(%?
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ed: 5 September 2017
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No. Characteristics

Sea areas

Fuelidean distance
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Figure 6. Hierachical classification of Ecological Marine Units according to the similarity of their environments
based on salinity, temperature, oxygen, nitrate, phosphate, and silicate. N= north, S = south.




Mean number of species per area

- Number of species declines with with 95% confidence limits
depth in the ocean Depth 0 10 20 30 40 50 60
. m I T T T N T T |
- Most species are shallow water A T )
1000 - g
51,000 species analysed in 50,000 km? 2000 | &
hexagons by Dr Chhaya Chaudhary { e
3000 1 =
4000 |
5000 1 =
6000 - ¢
1® A coral skeleton at 600 m with
7000 - species from 8 phyla © Johnsen

Costello & Chaudhary 2017. Marine biodiversity, biogeography, deep-sea gradients, and conservation.
Current Biology 27



For Europe

. Now we have more environmental and biological data
. Newly available variable “wave exposure”

Models of oceanographic connectivity

. At finer scale spatial resolutions

For recent and climate change scenarios



WP2 - ecosystem and connectivity modelling =

Modelled in updated version of BioOracle (open access)
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WAVE EXPOSURE - significantly influences
distribution of marine species (and organic
carbon) but no European scale data on it
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Lower precision =
greater environmental variability
(i.e., transition zones)

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

o
@ Cluster 1
@ Cluster 2
@ Cluster 3 Assignment precision
@ Cluster 4 0.2 I 1.0
Cluster 5 ’ ) ‘
£ ¥
a -
.,3 s
) 4
‘:\,- . y t -
J »

European marine ecosystems of surface waters estimated by k-means clustering analysis of
environmental data (left) and clustering assignment precision based on fuzzy logic (right) 30



WP2 - ecosystem and connectivity modelling =

Ecosystem classification — near seabed

Assignment precision
@ Cluster1

‘ Cluster 2
Cluster 3

31



WP2 - ecosystem and connectivity modelling

Classifying marine ecosystems — but what is their biological significance?

® Cluster 1
@ Cluster 3
@ Cluster 2
) Cluster 4

°

SURFACE WATERS

. Cluster 1
’ Cluster 2
Cluster 3

NEAR SEABED WATERS

n) Depth 2500

@ Cluster1

@ Cluster 2

Cluster 3

Cluster 4

Cluster 5

Cluster 6

@ Cluster 7

\ @ Cluster 8

DEPTH-INTEGRATED
(ALL DEPTHS FROM 0 TO 2,500 m)

32
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A WP3 - species and biogenic habitat distributions

50°N
~ 35,000 species
> 67,000,000 records 40°N
> 12,000 species ranges modelled

30°N

20°N

8
Number of records)
adjusted in Log10 -- [ |

1 100 10000 33
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= Marine species biogeography

Not in original proposal

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 occurreng€): 7 realms

West Iberian realm artefact of data in OBIS

Note brackish realm 7 in AquaMaps —

Comparison with ecosystem classification in progress




key messages

. Present regions “Basins™ are a good approximation of species’
biogeography

. The MPA network may need to include the 6 regions™

3. but the prioritisation analysis may account for this 1f species

used are representative of all the study area.

*Baltic, Black and Mediterranean Seas

* Arctic-Boreal, Mid-European Atlantic

*Offshore mid-southern European Atlantic
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Table 1

Key concepts in manne biogeographic and regional classifications. To help reduce confusion that sometimes occurs the concepts are explined,

an example given, and a statement of what they are not, included. For more details and a glossary see (Costello ef al, 2020a,b)

Concept

What it is

Examples What it is not

Realm

Province

Ecosystem

Seascape

Habitat

Community

Biotope

Assemblage

Area of high species endemicity indicating species have
evolved there in isolation from other areas.

Are defined based on distinct fauna and flora, such as
within a realm.

Large area with a distinctive plant growth form. The
species may vary geographically, and there may be from
one to several species in the biome at any particular
location.

Half of the marine species of the Antarctica and
Southem Ocean realm occur nowhere else
(Gostello et al., 2017)

An environmentally
defined area.

Sub-units with realms defined as part of the
Marine Ecoregions of the World (Spalding
et al., 2007).

A political region.

Seagrass meadows, kelp forests, mangrove
forests, zooxanthellate coral reefs (Jayathilake
and Costello, 2018, 2020a,b,c, 2021)

An environmentally
defined area.

Geographic area of any size where biological and energy The marine coastal shelf ecosystem is distinct from A habitat or

interactions are greater within the area than with
adjacent areas (ecosystems)

As in landscape, an area with a distinct geomorphology
and topography.

The physical and chemical environmental niche to which
one or more species is limited.

A group of species living together and ecologically
interacting.

The combination of a distinct community and habitat.

A group of species occurring in the same place but which
may or may not interact with each other.

offshore ecosystems (Zhao et af, 2020a,b). community.

Estuary, canyon, seamount, plain (Costello, 2009) A habitat,
ecosystem or
area.

An area.

Strandline on the seashore, hydrothermal vent,
kelp forest (Costello, 2009).

Benthic community at a particular location
(Gostello, 2009)

An assemblage.

Mussels and fucoid algae on moderately wave  An area.
exposed rocky seashores (Costello and Emblow,

2005)

List of fish species living at a location.




Beyond MPA Europe

* Assumptions
= Qur data are representative of biodiversity in the region
* Limitations
= Species are only present in locally suitable habitats within their range

* Next steps

= Use the MPA Europe data layers to provide a geographic context for
planning MPA 1n cooperation with local stakeholders, e.g., using the
SeaSketch platform as used in the Azores.



2 bioregions 7 bioregions*
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20d key message

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

* Possible extirpations of some species in the Mediterranean



34 message

Map of organic carbon concentrations available for European
seabed.

Management could ban disturbance of sediments with high

organic carbon to mmimise release of greenhouse gases from
sediments (CO,, CH,).



4th key message(s)

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

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

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



Implications of key message(s)

* 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 MPA 1s
appropriate now and under future climate change.



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

The proportion of a measure of biodiversity per area

Aim for Y s
atleast80% | I
representation o084 [ S . .
of biodiversity Coral
within 30% Seagrass

Richness in
realms endemicity
Rugosity

of the sea area

Example is from a global
prioritisation in 2020

T T T T T T

0.4 0.6 0.8

Th rti f tected
From Zhao et al. 2020, Biological Conservation © Proportion of area protecte



Most Representative Biodiversity Areas for a global MPA network,
covers 30% of ocean, 70% species, 90% biomes & habitats

Data layers

1. Ecosystems = 20
environmental variables

2. Biogeographic realms =
endemicity

3. Species richness = ranges

4. Biomes = mangrove,
coral, seagrass, kelp

5. Habitat = seabed rugosity

Zhao et al. 2020. Where Marine Protected Areas would best represent 30% of ocean biodiversity. Biological Conservation



Adding threatened species
to Representative Biodiversity Areas

e~ L et -
=T S 3 S e o R e R Below
. — AR = - - -

Priority Areas in Blue.
Verified (fully protected) MPA
in red (not in priority areas) &

green cover only
2.7% of the ocean.

Only 34% these MPA in the
Prioritised Areas.

. Need to rotect 40% of the ocean to protect 70% [ _
.| of biodiversity plus 30% of range of each ~1,000
‘ threatened species

"
g 7
.‘.‘.

T

s -~ . ] r
E: ) L -
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Jefferson, Costello, Zhao. 2021. Conserving threatened marine —[Siaioue k
species and biodiversity requires 40% ocean protection. -
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Example of
species range
map for the
native oyster

Showing
likelihood of

occurrence
and

data points used
in the model

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

Likelihood SPECIES THERMAL RANGE HABITAT

of occurrence

n - ! Search species ¥ Filter

Low High X
g Ostrea edulis

Ostrea edulis
Phylum: Mollusca > Order: Cstreida = Family: O=streidae
AphialD: 140658

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

Additional info: All inside thermal envelope? Yes (100%)


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

50°N

40°N

30°N

20°N

Number of species - Fishes
Current period

0

Future (2100 - SSP5 - 8.5)

50°N

40°N

30°N

20°N

Number of species

WP3 - species and biogenic habitat distributions

10 20 30 40 50

49



A WP3 - species and biogenic habitat distributions =

Species range maps, present and under 3 climate change scenarios

Current SSP1 SSP2 SSP5

70°N

S0°N

30°N

for the ray species Raja brachyura
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Countries Exclusive Economic Zones




FAO fishery areas or boxes
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“Large Marine Ecosystems” LME

Based on areas of political and economic interest where a case could be made to study
the ‘ecosystem’ because of its importance for fisheries or due to pollution threats
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Global Open Oceans and Deep Sea-habitats bioregional
classification (GOODS) (UNESCO 2008)

Bathyal Provinces of the World O (800 - 3500 m)

= e e

|:| 1. Arctic D 4. North Atlantic - 7. Cocos Plate - 10. Subantarctic E 13. South Atlantic
[ ] 2 Norther North Atiantic [ 5. SE Pacific Ridges 8. Nazca Plate [JJJl] 11 Indian B 4. North Pacific
- 3. Northern North Pacific - 6. New Zealand Kermadec C] 9. Antarctic [:] 12. West Pacific
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GOODS: abyssal

Abyssal Provinces of the World Ocean (3500 - 6500
e =] .

P =

1. Arctic - 4. Angola Basin - 7. West Antarctic 10. South Pacific
2. North Atlantic 5. Argentine Basin B 5. indian 11. Central Pacific
- 3. Brazil Basin - 6. East Antarctic Indian - 9. East Pacific Basins - 12. North Central Pacific

B 3. North Pacific

B 4. West Pacific Basins
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DS: Hadal

)

Figure 15: Hadal provinces. 1 - Aleutian-Japan Province (Aleutian, Kuril-Kamchatka, Japan, lzu-Bonin Trenches); 2 - Philippine Province (Philippine and
uku Trenches); 3 - Mariana Province (Volcane, Mariana, Yap and Palau Trenches); 4 - Bougainville-New Hebrides Province (New Britain, Bougainville,
Santa Cruz, and New Hebrides Trenches); 5 - Tonga-Kermadec Province; 6 - Peru-Chile Province; 7 - Yavan Province; 8 - Puerto Rico Province; 9 - Romanche

Province; and 10 - Southern Antilles Province




Longhurst’s pelagic regions

Based on ocean colour and his opinion (no data analysis)
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Baltic Sea
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ecoregion
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and Mediterranean Part of a North |ecoregions
Mediterrane 3.1.2 Arctic Norwegian Sea | Atlantic Boreal
an, Arctic Europe (in part)
and North 3.1.3 Mediterranean® |Mediterranean |Mediterranean Province?
Pacific Mediterranean
3.2 Arctic + 3.2.1 Arctic Arctic seas Arctic 1. Arctic Realm.
North Pacific
3.2.2 North North Pacific North West 3. Temperate North
Pacific3 American Pacific realm
3.3 North North American |North American | Arctic real
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