Modeling Marine Ecosystems to Address
Societal Challenges
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HUMAN ACTIVITIES HAVE IMPACTS

Human induced pressures become margense and diverse andesult in
the loss of habitats

Changes in siltation and light regime
Abrasion

Nitrogen and phosphorus enrichment
Input of organic matter

Smothering

Substratum loss

Introduction of non-indigenous species

Multiple unspecified pressures

Litter

Selective extraction of species
Introduction of non-synthetic compounds
Introduction of synthetic compounds

Introduction of other substances

Salinity regime change I

Introduction of radionuclides

Water flow rate changes

Introduction of microbial pathogens
Thermal regime change
Noise

Electromagnetic changes

Selective extraction of non-living resources
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Baltic Sea is a transboundary ecosystem
with large watershed area
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Eutrophication integrated assessment results
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(admium

Copper

Lead

Mercury

PBDE

PCB, dioxin and furan
HBCDD

PFOS

PAH and metabolites

TET and imposex

(s-137 in fish and seawater
White-tailed eagle productivity

| spills affecting marine environment

Trends in non-indigenous species

Macro litter on beaches

Low and mid frequency
anthropogenic impulsive sounds*

Continuous low
frequency anthropogenic sound**
Continuous low
frequency anthropogenic sound***
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HELCOM Baltic Sea action plan (BS&R)ronmental targets

&

Baltic Sea unaffected by eutrophication Favourable status of Baltic Sea biodiversity Q)
- Clear - i & ®
water Natural marine and coastal landscapes \)

- Natural level of algal blooms - Thriving and balanced communities of plants and \ \@
- Matural distribution and occurrence of plants and animals % S
animals - Viable populations of species

- Natural oxygen levels

A Hazardous substances

Baltic Sea undisturbed by hazardous substances Enviromentally friendly maritime activities

- Concentrations of hazardous substances close to - Enforcement of international regulations - no
natural levels illegal discharges

- All fish are safe to eat - Safe maritime traffic without accidental pollution

- Healthy wildlife - Efficient emergency and response capabilities

- Radioactivity at the pre-Chernobyl level - Minimum sewage pollution from ships

- No introductions of alien species from ships
- Minimum air pollution from ships

- -EE ro discha rges from Oﬁshore platfﬂrms VectorStock VectorStock.com/1022925
- Minimum threats from offshore installations




Complex system:
human activities anc
related pressures in
the Baltic Sea
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HUMAN ACTIVITIES

Land claim

Canalisation, other watercourse modifications
Coastal defence, flood protection

Offshore structures

Restructuring of seabed morphology

Extraction of minerals

Extraction of oil and gas

Renewable energy generation and infrastructure
Non-renewable energy production
Transmission of electricity and communications
Fish and shellfish harvesting

Fish and shellfish processing

Marine plant harvesting

Hunting and collecting for other purposes
Aguacuture - marine

Agriculture

Forestry

Transport infrastructure

Transport - shipping

Transport - land

Research, survey and educational activities /

PRESSURES

Input of nutrients

Input of organic matter

Input of hazardous substances
Input of litter

Input of sound

Input of other forms of energy

Input or spread of
non-indigenous species

Input of genetically modified species,
translocation of native species

Input of microbial pathogens

Disturbance of species

Extraction of species
or mortality/injury to species

Physical disturbance to seabed

Physical loss of seabed

Changes to hydrological conditions

SUBSTANCES

ENERGY

BIOLOGICAL

PHYSICAL



Complex ecosystems
with multiple
feedback loops




How to effectively bridge the gap between science and poli

The structure and functioning of marine ecosystems is the result of myriads of components and processes
acting simultaneously. Addressing this level of complexity requires data- and analysis-demanding schemes.

b ™

Gradients of disturbance to an algal canopy and the
modification of an intertidal community

Danhd B Schint’, Stacke A. Lilley

Disconnection in the flow of knowledge between science
(specific/technical) and policy (general/layman approach).




Ecologicadligital twin for dynamic impact assessments and
mitigation strategies




Ecologicadligital twin: New generation ecosystem models




Ecologicadigital twin: Overcoming the challenges of data
scarcity and quality
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Ecologicadligital twin: Overcoming the challenges of data
scarcity and quality

| Positive effects

Response ratio

{
Negative effects




Communities and processes:
Single species and function modelling

D 4 D 4 N
Structure: Machine learning Spatial prediction:
e.g., point data of species biomass e.g., BRT e.g., NPC sequestration maps

TNV

)
Environment: Functioning: ]
GlIS-layers of environmental data e.g., primary production, nutrients assimilation
and content, growth deploying Dynamic
Energy Budget modelling and similar




Communities and processes:
Measuring and modelling carbon capture
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Quantifies the benefits of various nature assets in the context of future scenarios



Observational data

Communities and processes:
Joint Species Distribution Modelling (HMSC)

How to link the data to ecological questions?

Signals of environmental filtering: Are species
associated to habitat characteristics?
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(b)

Slgnals of biotic ﬂlterlng Do species co-occur?

Signals of response traits: Are traits (here colour)
associated to habitat characteristics? Here dark-
coloured species are associated with green habitat.

(d)

Signals of niche conservatism: Are habitat associations
and traits correlated with phylogeny?
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(e)

Spatio-temporal context

Ovaskainen et al. 2017 Ecology Letters
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Communities and processes:
Joint Species Distribution Modelling (HMSC)
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Incorporating non-linear responses and working with over 10,000 samples



Communities and processes:
Environmental carrying capacity modelling

Integrating 3D hydrodynamics with biological
processmodeling enabling dynamic feedback
loops(e.g. dynamic energy budget models)

host model for 3D Hydrodynamics: &

- sea level, S, T, u,v, w, ice N-cycle, carbon, sed
- wind/bottom stress, diffusivity A sea - state '

- meteo input variables chla | NHs

\
A\l

processes:

- runoff loads e [ V,E, Er,Eh,L, e ]
- advection
- mixing




tagging and telemetry
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chemical markers

> Spatial resolution largely dependent on environmental gradient
1 meter 1km 10km 100km 1000km
Space

* Synonymous with “Habitat Suitability Modelling”
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ADiverse, disconnected methods, each witl
unigue assumptions, strengths, and

weaknesses.

A Shift from singlespecies focus to
community, metacommunity, and
ecosysterased approaches.

AFuture direction: develop algorithms for
Integrating these methods.



Cumulative impact&nowledge inventory

Extract data from
relevant publications

|

Response ratio

Positive effects

’_l_‘

HJ

Negative effects

Meta-analyses and
calculation of effect sizes

Nature value ID env_layer_name dredging |windpark |[fish farming |shipping |underwater cabldcommercial fishilharbours
1|Bird - Benthos feeders 1 1 1 0.9 1 1 0.9
2|Bird - Fish feeders 0.75 1 0.9 0.9 1 0.9 0.9
3|Bird - Migration routes 1 0.75 1 0.9 1 1 1
4|Bird - Wintering areas 1 0.75 0.9 0.9 1 1 0.9
5|Bird - Herbivores 0.7 0.85 0.7 0.9 1 1 0.8
6|Fish - Herring spawning areas 0.75 1 0.9 1 1 1 0.9
7|Fish - Pikeperch spawning areas 0.75 0.9 0.9 1 1 1 0.9
8|Fish - Whitefish spawning areas 0.75 1 0.75 1 1 1 0.9
9|Habitat - Charophytes 0.5 1 0.5 1 0.9 1 0.75

10[Habitat - Fucus 0.9 1 0.9 1 1 1 0.9
11|Habitat - Furcellaria 0.75 1 0.75 1 1 1 0.9
12|Habitat - Higher plants 0.9 1 0.9 1 1 1 0.9
13[Habitat - Richness flora and fauna [0.5 1 0.9 1 1 1 0.9
14|Habitat - Suspension feeders 1 1.25 1 1 1 1 0.9
15|Habitat - Zostera 0.75 1 0.75 1 1 1 0.9
16|Seals - All species 0.9 0.75 0.9 0.9 1 0.9 0.9
17|HD - Sandbanks 0.66 1 0.76 1 0.98 1 0.86
18|HD - Mudflats and sandflats 0.63 1.06 0.89 1 1 1 0.9
19|HD - Reefs 0.79 1.06 0.89 1 1 1 0.9

Matrix of effects

Shift from expert judgment to datdriven analysis




Calculatingumulative impacts

Spatially explicitimpact map Spatially explicit impact map
(Scenario B) (Scenario A)

Extensive

distribution data

Spatially uniform impact map Spatially uniform impact map
(Scenario D) (Scenario C)

Limited

No-data
situation
(Scenario E)

Presenting potential positive and negative outcomes of human impact scenarios and our restoration efforts



Ecosystem condition

Ecologicadligital twin: Management model

Precautionary Confidence Undesired
buffer interval regime
>r< >
< >
\ Ecosystem
4 threshold
estimate
ment
et

Driver or cumulative impact —p>
<4— Restoration effort

A transition from current management to true ecosysteased management



Ecologicadligital twin: Sustainability assessment
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Conducting analyses across multiple dimensions while safeguarding the sustainability of natural systems



