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cucumbers and lives at 3,000 - 5,000 meters depth.

Overview



Orbiting from a million miles (1.6 million km) away, NASA's DSCOVR satellite always views this sunlit half of our planet.

Taken by: Deep Space Climate Observatory (DSCOVR), on March 9, 2016

Their unending gaze helps us monitor the health of our worldɎ





ÅToday there are 242,500 species registered in the World Registry of Marine Species (WoRMS)

ÅExperts estimate, only 10ς25% of all marine species have been describedΧ

ÅΧŀƴŘ ƻƴƭȅ <10% of the ocean has been explored
ÅIPBES estimates that 30% of mammals and corals are threatened and >66% of the ocean is 

under human impact

Thereare3 basiclevelsof biologicalorganisation

ÅAs mostbiodiversitycannot be observedfrom space Χ
ÅWeneedto build a έgiantbiodiversitytelescopeέfrom distributedin-situ sensor networks

ÅGeneticdiversity
ÅSpecies diversity
ÅEcosystemdiversity



https:// www.dailymail.co.uk/sciencetech/article
-9116569/Call-ban-damaging-fishing-protected-
sea-areas-help-climate-fight.html

Habitat destruction
untrawled sea bed

trawled sea bed

Trawled seabed in Sweden with coral rubble



Habitat destruction

Damage of habitat building species (eelgrass) by leisure boats. 

Photo: The Pacific Salmon Foundation



Bluefin tuna (Thunnus thynnus) caught in Denmark 1946 (MacKenzie & Myers 2007)

Overfishing



Climate change

Cumulative effects from climate change and epidemic 
pressure. Middle European forests are affected by drought 
driven outbreaks of bark beetles. cũČƚŰǃ et al (2021) Forest 
Ecology and Management. Photo: www.vulhm.cz.

Cumulative effects from climate change and epidemic 
pressure. Kelp forests are collapsing from a combination 
of abnormally warm water and epidemic outbreaks. Photo: 
Oregon Marine Reserves.

http://www.vulhm.cz/


European green crab (Carcinus maenas), 

also called "cockroaches of the sea" eat juvenile 

salmon and king crab, threatening multi-billion 

dollar fisheries. Photo: Amanda Beland

Invasive alien species

Cuthbert et al 
(2021)  Global 

economic costs of
aquatic invasive

alien species



Preventing the collapse
of ecosystems

A recent reported issued by the British Joint Intelligence Committee (overseeing MI5 & MI6) 
warns that the collapse of ecosystems is an urgent security threat. According to the report, food 

shortages, mass migration and global chaos will surge in 2030s, if ecosystems continue to decline. 

Source: www.gov.uk

YOU ARE HERE

http://www.gov.uk/


Nature positivity means enhancing 
and restoring the natural environment 
while securing the supply of food, 
medicine, and raw materials

It is about leaving nature in a better 
condition than we found it.

That means that nature restoration 
has become our most important 
science and engineering task

Towards is nature positivity



The concept of the 
Digital Twin of the Ocean



²ƘŀǘΩǎ ŀ 5ƛƎƛǘŀƭ ¢ǿƛƴ

ÅDigital twins are virtual representations of physical objects or systems 
ÅThey are used for modelling and design purposes. These virtual models are 

used to digitally represent performance, identify inefficiencies, and design 
solutions to improve their physical counterparts.

²ƘŀǘΩǎ ƴŜǿ ŀōƻǳǘ 5ƛƎƛǘŀƭ ¢ǿƛƴǎ

Å Digital twin vs. simulation. Digital twinsέƳƻŘŜƭ ǎǇŜŎƛŦƛŎ ǊŜŀƭ-ǿƻǊƭŘ ŀǎǎŜǘǎέΦIn 
contrast to simulations, which operate in entirely virtual environments the 
Digital twins are outfitted with sensors that continuously update their virtual 
counterparts in real time with high-quality data. 

Å New assets include the Internet of Things (IoT), Artificial Intelligence (AI), Virtual 
Reality (VR), Extended Reality (ER), and Cloud computing



Digital Twin concept



System 

engineering

Physical system

Virtual system





www.subsim.se



Component name Function Description

Zooniverse (ZU)
Biigle

Annotation Online workbenches for experts and the public 
to annotate videos and images

Koster Seafloor 
Observatory (KSO)

AI/ML Workspace for importing, training and testing 
computer vision models

Cloudina Data 
management 

Infrastructure for temporary data storage, 
authentication-authorisation (AAI), scaling 
operations, high performance computing (HPC), 
provenance, data federation, and interoperability 
with external systems

Integrated Publication 
Toolkit (IPT)

Publication of 
models and 
outputs 

Individual script-based functions to publish 
models (e.g., on Zenodo) and species 
observations (e.g., on GBIF)



National Platform for Analysis of Subsea Images

2023-09-19 Combine Control Systems AB 7

Species observation export

Data products

EMB FUTURE SCIENCE BRIEF

30

e.g. those promoted by Assemble Plus as part of óOpen Research 

Data Pilotô92, contain useful information on whether the data are 

likely to be valuable. Analytical results will show whether the data 

were useful or not and the frequency of metadata searches will 

determine data value. All data sets are available for exploration 

using machine learning algorithms developed by the Ocean Data 

Factory consortium93. The end results are data products on the 

distribution and abundance of key ecological species, such as corals 

and sponges as well as signatures of human activit ies (e.g. trawling 

tracks and marine lit ter).

92 ht tp:/ / www.assembleplus.eu/ access/ DMP

93 ht tps:/ / scootech.se/ odf/
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Figure 4.1.  Example of a systems architecture for management and processing of large volumes of image and hydro-acoust ic data, current ly p iloted as part  

of Swedish LifeWatch. 

Field work & Data collection

Citizens Experts

Classification & labellingModel training & evaluationHigh Performance Computing

(HPC)

Knowledge
& insight

Ecological analysis

Workspace 

(Temp. storage)Archiving

Anton et al (2021) An open-source, citizen science and machine learning approach to analyse subsea movies. 

EMB FUTURE SCIENCE BRIEF

30

e.g. those promoted by Assemble Plus as part of óOpen Research 

Data Pilotô92, contain useful information on whether the data are 

likely to be valuable. Analyt ical results will show whether the data 

were useful or not and the frequency of metadata searches will 

determine data value. All data sets are available for exploration 

using machine learning algorithms developed by the Ocean Data 

Factory consort ium93. The end results are data products on the 

distribution and abundance of key ecological species, such as corals 

and sponges as well as signatures of human act ivit ies (e.g. trawling 

tracks and marine lit ter).

92 ht tp:/ / www.assembleplus.eu/ access/ DMP

93 ht tps:/ / scootech.se/ odf/

C
re

d
it

s
 t

o
p

 l
e

ft
 t

o
 b

o
tt

o
m

 r
ig

h
t:

 O
c
e

a
n

 D
a

ta
 F

a
c
to

ry
; 

P
IX

A
B

A
Y

; 
M

a
tt

h
ia

s
 O

b
s
t,

 U
n

iv
e
rs

it
y

 o
f 

G
o

th
e

n
b

u
rg

; 

M
A

R
U

M
 ï

 C
e
n

te
r 

fo
r 

M
a

ri
n

e
 E

n
v

ir
o

n
m

e
n

ta
l 
S

c
ie

n
c
e

s
, 

U
n

iv
e
rs

it
y

 o
f 

B
re

m
e
n

 (
C

C
-B

Y
 4

.0
) 

 

 

 

  

   

 

 

 

  

 

Machine learning algorit hm s e.g. Ocean Dat a Fact ory  

Autonomous and automated ýeld work

e.g. Swedish Cent re for 

Ocean Observing T echnology

Dat a Managem ent  Plan (DMP)

e.g. Assem ble Plus

Reference im age libraries 

and annot at ion plat form s for 

classiýcation of images

e.g. Zoonuniverse

Archive for raw im age dat a

e.g. Swedish Nat ional 

Dat a Service

Tem porary  high-perform ance

com put ing analysis workspace 

e.g. Ocean Dat a Fact ory

Biodiversit y  Dat a Port al

e.g. Analysis port al

Sam ple

dat a

Training

dat a

Raw dat a

set s

Dat a product s,

(e.g. Species

dist ribut ion &

abundance) Scientiýc analysis

Met adat a

Hot

Cold

Figure 4.1.  Example of a systems architecture for management  and processing of large volumes of image and hydro-acoust ic data, current ly p iloted as part  

of Swedish LifeWatch. 

Model publication

Analytical workflow
SUBSIM ï at a glance

Anton et al (2021) An open-source, citizen science and machine learning approach to analyse subsea movies. Biodiversity Data Journal



Swedenќs first marine National park

Nilsson et al 2025 ()

Nilsson et al (2025) ApplyingDeep Learning to Quantify Drivers of Long-Term EcologicalChange 
in a Swedish Marine Protected Area. Ecol Evol



22/05/2026 22

Model training and prediction

Oldfootage

New footage

Shallowwater Rare classes



Cold-loving species decline

9őƖŔƚƣŔċŰШxЮШ ŔũƚƚŸŰЯШÉƏƖĲŰШFaurby& Matthias Obst
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Recovery of trawl-sensitive species

9őƖŔƚƣŔċŰШxЮШ ŔũƚƚŸŰЯШÉƏƖĲŰШFaurby& Matthias Obst
Protantheasimplex & Munida spp. trawling sensitivity sourcesт

Artdatabanken (Swedishspecies information portal, artfakta.se)
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Adaptive management
Å protect deep water habitats
Å revise trawling regulations

System 

engineering
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Figure 4.1.  Example of a systems architecture for management and processing of large volumes of image and hydro-acoust ic data, current ly p iloted as part  

of Swedish LifeWatch. 
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HPC demand
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Towards 
biological 
weather 
forecasts
Preventing invasive 
outbreaks with sensor-to-
modelling systems



Towards biological weatherforecasts

Biological 
weather 
forecasts

System 

engineering

Preventing invasive outbreaks with sensor-to-modelling systems

Preventive actions



É 2018 KAUST; Xavier Pita Obst et al (2020)  Front Mar Sci

Genetic Sensor Network

https:// data.arms-mbon.org



Port of Koper
Industrial port,

artificial hard surfaces,

limited light avalability,

high sedimentation & 
resuspension.

Buoy Vida
Off-shore circa-littoral zone,

rich epifauna,

high sedimentation & 
resuspension.

Piran
Coastal infra-littoral zone,

rich epifauna,

biogenic & artificial 
hard surfaces.
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