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Governance of the oceans and
areas beyond national jurisdiction

Kristian Teleki
Director of Global Engagement, Global Ocean Commission
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Marine data: past, present and
future

Damon Stanwell-Smith
Head of Marine, UNEP-WCMC
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| Past
Marine Data Present

Future

Dr Damon Stanwell-Smith
Head, Marine Programme, UNEP-WCMC
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Past
Sperm whale Seasonality

Moby Dick, Herman Melville (1851), chapter 44 “The Chart”

https://www.youtube.com/watch?feature=player embedded&v=Tn7fQ5mYHPA
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https://www.youtube.com/watch?feature=player_embedded&v=Tn7fQ5mYHPA

Sperm whale Mar - May Present

Relative probability of occurrence as modelled using the AquaMaps approach

B 0.81-1.0080
" 061-0.80
0.41 - 0.60
= 0.21-0.40
0.01 - 0.20
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Sperm whale Jun - Aug Present

Relative probability of occurrence as modelled using the AquaMaps approach

B 0.81-1.008

= 0.61-0.80
0.41-0.60
= 0.21-040
0.01-0.20
UNEP WCMC
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Sperm whale Sep — Nov Present

Relative probability of occurrence as modelled using the AquaMaps approach

= 0.81-1.00

= 061-0.80
0.41 - 0.60 | | A,

= 0.21-0.40 S — : -
0.01-0.20
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Sperm whale Dec - Feb Present

Relative probability of occurrence as modelled using the AquaMaps approach

= 081- 1.0 e

= 0.61-0.80
0.41-0.60
= 0.21-040
0.01-0.20
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Marine Data Manual Present
Overview of 78 datasets

Nine Categories
» Biogenic habitat
= Species distribution
= Species habitat
» Biodiversity metric
» Area of biodiversity importance
» Biogeographic classification
» Ecological status and impact
» Environment descriptor
* Administration

TP
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Ocean Data Viewer Present
http://data.unep-wcmc.org/

Nine Categories
» Biogenic habitat
= Species distribution
= Species habitat
» Biodiversity metric
» Area of biodiversity importance
» Biogeographic classification
» Ecological status and impact
» Environment descriptor
» Administration

Fany |
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Ocean Data Viewer Present
http://data.unep-wcmc.org/

Ocean Data Viewer

Nine Categories
» Biogenic habitat
= Species distribution
= Species habitat
» Biodiversity metric

» Area of biodiversity importance |.......

» Biogeographic classification a7t @ © © © @ ¢
= Ecological status and impact R S TR TN

» Environment descriptor
» Administration
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Ocean Data Viewer
http://data.unep-wcmc.org/ Future

Ocean Data Viewer

Nine Categories
» Biogenic habitat
= Species distribution
= Species habitat
» Biodiversity metric
» Area of biodiversity importance
» Biogeographic classification

» Ecological status and impact
» Environment descriptor
» Administration
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2D sea bed - benthic biodiversity
Present

Fany |
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3D volume - pelagic biodiversity
Future
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Future
UNEP-WCMC marine work 2014-2016

Improving priority global marine biodiversity-relevant data

Spatial planning in ABN]

* Marine ecosystem service assessment, mapping, valuation

Decision support tool development

P
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Future
UNEP-WCMC marine work 2014-2016

Qmproving priority global marine biodiversity-relevant daD

* Spatial planning in ABN]
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UNEP-WCMC ABN]J area based
planning project

Future
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UNEP-WCMC ABN]J area based
planning project

GEF (World Bank) funded, 5 years 2014-2018 Future
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UNEP-WCMC ABN]J area based
planning project

1. Explore how area-based planning

tools can be adapted to ABN] Future

MPA network planning

Analysing trade-offs
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& O Valuing ecosystem services
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UNEP-WCMC ABN]J area based
planning project

2. Share the challenges and successes
of existing ABP experiences in ABNJ Future
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UNEP-WCMC ABN]J area based
planning project

3. Test area-based planning tools in
multi-sectoral planning processes Future

Proteus Annual Meeting - Marine Data DSS 2014 13 May 2014 23



Future

Working with you...
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The value of conservation modelling

Lucas Joppa

Head of Conservation Science Research Unit, Microsoft Research
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nvironmental Data to Decisions

Microsoft Research

Our research ~ Connections ~ Careers  About us

All Downloads

Events

Microsoft Translator | Choose language

n
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Groups ~ News  People  Projects  Publications

Videos

Computational Ecology and Environmental Science

Predictive Models || Why Microsoft? || Real Ecologists || The Science || The Software

L
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Predictive Models of Ecological Systems

The Computational Ecology and Environmental Science Group (CEES)
develop, for ecological systems, the kind of useful predictive models we
take for granted In other areas, such as physical engineering. To
develop such models, we find that we need to invent a variety of new
concepts, algorithms, and methods = which we then package into re-
useable software tools. In this way, we can help Microsoft to
substantially improve environmental management. [read more here]

Why Microsoft?

Individuals, governments and businesses are showing an
unprecedented level of concern for environmental issues, and for good
reason - humanity is facing some serious global envirenmental
challenges, including climate change, food security, and the possibllity
of pandemics. Solving these challenges requires new kinds of science
enabled by new kinds of sclentific software. And the world's largest

--- More about CEES ---
Projects
Software tools
Publications

--- See also ---
Computational Science Lab
Biological Computation Group

Research Connections E3
Microsoft Research Cambridge

CEES People (MS internal)
i@ Drew Purves

E Matthew Smith

Lucas Joppa

E Vassily Lyutsarev
! i i i
Piero Visconti

Science

Biodiversity hotspots house most undiscovered
'S

plant specie:

Policy
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Microsoft Research, UNEP-WCMC, and IUCN

IUCN Red List Partnership
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Just How Valuable Can a
Model Be?




We do this every day...

Driving cars, flying in planes...



Which usually works out ok

Chris Bishop didn't die
because...

Experiment
S

Near predictive certaint

Models Allow ACTIONABLE Predictions...




But we also do this every day

Deforestation, ocean acidification, CO2 emissions, species


http://3.bp.blogspot.com/_Cq6fToMLL5k/S3CrcvlSrcI/AAAAAAAAAAM/IzmuaUbRy44/s1600-h/Earth+no+background.png

And that proloab\y |snt 3 good
dea... ca cin cia (4 P

We need models to....

help us UNDERSTAND the fundamentals of a system and to

make ACTIONABLE
predictions



What is a model?
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A substitute for a real system

-conceptual
-statistical
-mathematical, etc. etc.




COﬂSel’vatIOﬂ QU@SUOHS (in brief and at random!). ..

How many species are there?
How fast are they going extinct?

What are the implications of species
Invasions?

Where do animals live?
How and why do animals move?

How many individuals of a species is
‘enough’?

How will species respond to
changing environments?

Do protected areas work?

Where should we put protected
areas?

What are the knock-on effects of
deforestation?

How do individuals interact
between and within species?



RED
LIST

Let’s get specific: [IUCN Red List

- Global standard, comprehensive, objective approach
for evaluating the conservation status of plant and
animal species.

- To become Critically Endangered, Endangered, or
Vulnerable?

- Criterion A: High decline rate

- Criterion B: Small range area and decline

- Criterion C: Small population size and decline
- Criterion D: Very small population size

- Criterion E: Unfavourable quantitative analysis

Extinct Threatened Lower Risk

\ \
V
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And even more specific: Criterion B

Geographical range is very restricted and when other factors suggest that it is at risk.

Range Measure 1: Extent Of Occurrence (EOO)

-Extent of occurrence is defined as the area contained within the shortest
continuous boundary that can be  drawn to encompass all the known, inferred, or
projected sites of occurrence of a species. Risk of extinction is associated with
range area itself.

-Critically Endangered = 100km?2
-Endangered = 5,000km?2
-Vulnerable = 20,000km?2.

A species must also exhibit at least 2 other symptoms of risk.

-Some evidence the population is or is projected to be in continuing
decline

-Severely fragmented
-Limited to a few locations
-Subject to extreme fluctuations



Making the map...

09,
.': Scientific or Common name *G0

Guiding
E!%? m HOME  SPECIES RANGE ~ OBSERVATION  PROTECTED AREAS

@ () cHance BasemaP |

...as the area contained within the shortest continuous
boundary that can be

drawn to encompass all the known, inferred, or projected seectes ommaTIon @ |
sites of occurrence

of a species.

Mammalia > Cetartiodactyla > Bovidae
Ovis ammon

Argali

Download Spatial data

(Linnaeus, 1758)
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The problemis...

How do we know where species occur?
Previously: Data (Observations); Expert Opinion
Recently: Models

So, can models help us understand where species oc-«¢ 5>
and assist in Red Listing for Criterion B? »ﬂw B/ 4
N
DY S Y/

iNaturalist



A solution?

Species Distribution Modeling: “Models that predict species’
potential distributions by combining known occurrence
records with environmental variables have much potential
for application in studies of ecology, evolution and
conservation.”

Data Statistical & Spatial
collection dynamic modelling predictions
- Species field
.« *c_ observations

/ Response curves )
Environment o m w
al GIS maps - -

Ecological niche
modelling

Predicted species
distributions




Let’s build a model!
Yi = Bo + BXy + BoXy + BsXs

A e
ot | Where X1 = Elevation (m)
Where X2 = Annual Precipitation
60 B Where X3 = Distance to roads (m)
ks
> 501 OR
@ Y=20+5X%
8 40+ AY
- P Model! i
.;EU it 1004
>
% 20 T
(e i — 1
= A Q F=10+5X
H 60T
10+ Model!
X 2
| | | ] ] | | |
0 1 2 3 4 5 6 7 3} 20 )

Elevation (m)




Let’s not pay attention to this...

Likelihood stuff
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Figure 11.7.1 Concept of Maximum Likelihood Method



We confront model with data

o e D

Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo

Panthera leo

Lat,Long
Lat,Long
Lat,Long
Lat,Long
Lat,Long
Lat,Long
Lat,Long
Lat,Long
Lat,Long
Lat,Long

Lat,Long

Xlll X2|l

0.76
0.05
0.94
0.56
0.45
0.32
0.84
091
0.32
0.86

And find the ‘best’ model to explain

the data
Y' - 30 +

Y, =By +
Yi =By +
Y = By +

B Xqi + BoXy + BsXy; + €

B Xqi + BoXyi + BaXyy + €
B1X2 + BX55 + B3X35 + €
B Xy + B3X5 + €

What is best?

-Parsimony

“With four parameters I can fit an elephant, and with five
can make him wiggle his trunk” — John von Neumann

-Accuracy

-Training versus test
-Whatever you want really...



And assess model performance

MaxEnt probability of occurrence map

Barbosella geminata

11

10

Pacific Ocean

Probability of Occurrence
High : 0.844

— Low : 0.002
-85 -84

True positive rate

1.0

0.8

0.6

0.4

0.2

0.0

— Training AUC: 0.876
— Test AUC: 0.859

i T T T
0.0 0.2 04 0.6

False positive rate

I I
0.8 1.0




Now what? Choosing a probability thresholo

60°N

55°N

50°N

Known occurrences
« B. pascuorum

0 100 200km

1

—_—

55°N

Average probability
B 0.05-031
Mmo0.32-038
0.39-04
1041-047
mm048-074

C Predicted presence
Number of times
z § —
] ¢ -3
4-6
) m-9
&'; 0o
Rl

55°N

200km

55°N

50°N

Final probability
mo
Bm0.3-036
0.37-0.38
10.39-0.44
mm045-074

200km




Back to the problem at hand...

Can we use Species Distribution models to confidently predict a species’ EOO®

1)  Start with known observations of well-sampled species

2)  Create model

3)  Threshold the model across all probabilities

MaxEnt probability of occurrence map

Barbosella geminata

4
4 b 9 - \
\ : :
A s - Atlantic Ocean
‘l p o\ ‘FQ
N&{&,‘ h '5 a‘&..

¥ B
Y. 5J

Pacific Ocean

Probability of Occurrence ,

. High - 0.844

4) Create the MCP
5) Calculate the EOO

6) Find threshold which best matches Area or Similarity

Area Threshold

Similarity Threshold

— Low : 0.002

DM MCP= 165,650 km?

SDM MCP= 23,439 km?

85 84 83 82 81




Choosing a probability thresholo

Presence/ absence map

(a)
N
\/,\\
Costa Rica
.\\\
10{ \
\ 4 D) Atlantic Ocean
v ‘x\ N
Pacific Ocea \ \ -

. -‘ R \ AN N kh"—
3y )
OpontbasedMce - panama
81 1] SDM-derived MCP e \'\ «
Il SDM presence ' :}

SDM absence "IN TR

85 84 83 82 81

Jaccard similarity index

Range extent area (Log10)

Jaccard similarity Index

0.0 1

Similarity in area

4 = = - Point-based MCP

(b)

= SDM-derived MCP

T T T

00 02 04 06 08 10
Probability threshold

Maximum geographical similarity

08

0.6 -

04

(d)

maxJS|

T 1

00 02 04 06 08 10
Probability threshold

But how do we know if it works?
-Subsample the data...

Does it work?

"The EOOs of the SDM-derived MCPs at the maximum
geographical similarity threshold are significantly closer to the EOOs
of the full-sample MCPs than the EOOs of the sulbsample MCPs at
all subsample sizes, although the improvement in the estimated
EOQ is notably larger at sample sizes of 5 and 10

Does it matter?
“For both of the SRU species the areas of the SDM-derived MCPs lie
withinthe Wherablecategory (5,000 km? < EOO < 20,000 km?),

although C chinquianawas assessed in the £naangeredcategory
(100 km? < EOO < 5,000 k).



And the moral of the story...

Modeling is for Learning!
Modeling is iterative!
Models can assist humans in the process of biodiversity conservation

Remember: ‘All models are wrong, but some are useful’

So choose your
models carefully!




The Madingley Model

EMERGENT PROPERTIES

Abundance

Abundance

Abundance

Abundance

Current body mass
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Biomass (kg/m2)
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4000

Biomass (kg/m2)
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