Novel approaches to understand changes in marine
ecosystems

Dr. lan Salter - Havstovan / iNOVA granskingarltioio



Novel approaches to understand changes in marine ecosystems

Bill Anders



Novel approaches to understand changes in marine ecosystems

Bill Anders

“How inappropriate to call this planet Earth when it
is quite clearly Ocean” Arthur C. Clarke
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Today, approximately 50% of global photosynthesis is carried out in
the ocean
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Today, approximately 50% of global photosynthesis is carried out in
the ocean

Significant amounts of anthropogenic CO, are sequestered and
stored by the ocean

170-200 Mio. tonnes of fish caught or farmed

1/5% of global protein consumption
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Today, approximately 50% of global photosynthesis is carried out in
the ocean

Significant amounts of anthropogenic CO, are sequestered and
stored by the ocean

As of 2014, 170 Mio tonnes of fish caught or farmed

1/5% of global protein consumption



Novel approaches to understand changes in marine ecosystems

We know conditions in the oceans are changing rapidly:
Increases in temperature
Changes in nutrient concentrations

Increases in Ocean acidity

These will influence ocean ecosystems and the services they provide

How can we possibly study ocean ecosystems?
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Increases in Ocean acidity

These will influence ocean ecosystems and the services they provide
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Environmental DNA
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What is environmental DNA ?
All DNA that can be recovered from an environmental sample.

- Microscopic organisms isolated by filtration
- Free DNA molecules (physically separated from the organism)

Skin
Tissue
Mucuos
Saliva
Sperm
Secretions
Eggs
Urine
Faeces
Blood
Decomposing tissue

Environmental Forensics

What was where and
at what time?
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What is environmental DNA ?
All DNA that can be recovered from an environmental sample.

- Microscopic organisms isolated by filtration
- Free DNA molecules (physically separated from the organism)

Skin . .
) Environmental Forensics

Tissue

g/ltIJ.cuos What was where and
aliva at what time?

Sperm

Secretions

Eggs .

Urine Hovy can we use this

Environmental DNA?
Faeces
Blood

Decomposing tissue
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Metabarcoding
A way to identify species from the DNA encoded in their genes

Uses a very short DNA sequence from a standard part of the genome the same way a
supermarket scanner uses the black lines of the UPC barcode to identify products

AGCCCGATTGCCAGT AGCCCGAATGCCAGT

ACGATTACGATATAA ACGATTACGATATAA
ATCGAGGACATATA ATCGAGGACATATA
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Metabarcoding

Reference databases linking DNA barcodes to taxonomic assignments

STSTEMS Databases | Taxonomy | Identification | Workbench | Resources

Kingdoms of Life Being Barcoded & Print
Specimen Records : 7,053,018 Specimens with Barcodes : 5,342,766 Species with Barcodes : 263,132 Search Taxonomy
Animals: Plants:

« Acanthocephala [588 « Bryophyta [10896

« Annelida [55591 » Chlorophyta [12267

o Arthropoda [5553106 « Lycopodiophyta [945

« Brachiopoda [200] » Magnoliophyta [333646]

« Bryozoa [2668] « Pinophyta [6862

« Chaetognatha [589 « Pteridophyta [10429

« Chordata [529777 » Rhodophyta [47982

o Cnidaria [17981] i

« Cycliophora [326 Fungi:

« Echinodermata [39447

« Gnathostomulida [18 * ASC(,”," cota [83086

« Hemichordata [117] « Basidiomycota [53726

« Mollusca [136884] o Chytridiomycota [277

+ Nematoda [14015] » Glomeromycota [3523]

« Nemertea [1914] « Myxomycota [226

« Onychophora [690] + Zygomycola [3137

« Platyhelminthes [16367

« Porifera [3760] Protists:

 Priapulida [43 o Chlorarachniophyta [67'
« Rotifera [9637 « Ciliophora [706]

. Slgu‘ncula 657 « Heterokontophyta [6195
« Tardigrada [1949] « Pyrrophycophyta [2282)

« Xenoturbellida [7
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Some of the early demonstrations of this approach have been with marine fish

Ctenolabrus n.rpnstns Gadus marhua Gasterosteus aculn!us

%L%

Myoxocopham scorpius Anyuma MW‘”‘ Trachinus draco

’0-0

o i Detection of diverse marine fish fauna using
eDNA in seawater

Zoarces viviparus Syngnathus acus Spinachia spinachia

—

O o0
A -

Thomson et al. 2012 PLoSONE
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How does eDNA analysis perform in the field ?

1.5 litre water samples

Collected prior to
Bottom-trawl

Thomsen et al. 2016 PLoSONE
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How does eDNA analysis perform in the field ?
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How does eDNA analysis perform in the field ?
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How does eDNA analysis perform in the field ?

Trawl eDNA
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How does eDNA analysis perform in the field ?
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eDNA performs well for presence / absence of species
Ecological models

Invasive species
Pathogens and parasites (Salmon Louse)
Feeding ecology

How about relationships with biomass?
Intuitively > Organism > eDNA
Depends on production mechanisms of environmental DNA

Degradation mechanisms of environmental DNA



Environmental DNA and its application to aquatic Science and ecosystem studies




Environmental DNA and its application to aquatic Science and ecosystem studies

1. COD-e-DNA (Fiskivinnuroyndir) September 2017-September
2019

A complimentary approach to Atlantic Cod Stock assessment on
the Faroe Bank using environmental DNA



COD-e-DNA

g | —e— Summer survey
- —e— Spring survey Decline of catch per unit effort have
Significantly declined since 2005, leading

£ & to a management decision to close the
g fishery In 2009.

§ |

//\‘ﬁt{‘ /\/\”AL | ICES Working group report, 2016
Objectives

- Compare biomass in trawls with eDNA from seawater for Atlantic Cod
- Determine degradation rates of Cod DNA in natural samples
- Production rates of DNA from cod specimens in aquarium

- Compare total fish diversity in trawls with metabarcoding of fish DNA
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2. FAMEOS (Granskingar radid) January 2018 — December
2020

Towards a FAroese Marine Ecosystem Observing System
(FAMEQS) — integrating environmental DNA-based estimates of
diversity with essential ocean measurements



Weekly samples taken at station Skopun (Havstovan)

Skopun is representative of wider shelf area due
to strong tidal mixing

Important chemical variables already measured
Temp, Salinity, nutrients.

Couple with an eDNA sampling scheme

Figure: S. Eliasen, Havstovan

Main Objectives

Describe entire ecosystem diversity to establish baselines of coastal diversity
Use statistical analyses to describe food-web interactions

Establish a DNA archive — monitor for pathogens/parasites and invasive species

Citizen Science — Faroese coastal sampling day
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The Global Ocean
Observing System

1OC

“Critical to develop observing systems that integrate
physical, chemical and biological elements to characterise
coastal ecosystems and understand the societal
consequences of natural and anthropogenic pressure...”



The Global Ocean
Observing System

1OC

“Sustained observations are lacking, particularly biodiversity,
and this significantly limits the capacity to report on changes in
status and guide management decisions...”
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Fig. 1 Map of registered sites for OSD 2014

Globally-coordinated effort to sample
microbial diversity in the World’s
Oceans

Kopf et al. GigaSdence (2015)427 n
DOI 10.1186/513742-015-0066-5 (Glgél)
ENCE
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FAMECS

RO Citizen Science

MMMMMMM

Organise a Faroese Coastal
Sampling Day

Snapshot of diversity on
the Faroese Shelf

The Faroe Islands

15 20 25 km

©,2014Feroya Datscn
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Summary

Environmental DNA is an emerging approach that has the potential
to transform ecosystem studies

Quick, cheap, no taxonomic expertise required

Spatial and temporal scales enhanced

Non-destructive for habitats

DNA can be archived long-term for retrospective studies

Establish this approach specifically to the Faroe Islands
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