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“How	  inappropriate	  to	  call	  this	  planet	  Earth	  when	  it	  
is	  quite	  clearly	  Ocean”	  Arthur	  C.	  Clarke	  
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the	  ocean	  
	  
Significant	  amounts	  of	  anthropogenic	  CO2	  are	  sequestered	  and	  	  
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Today,	  approximately	  50%	  of	  global	  photosynthesis	  is	  carried	  out	  in	  
the	  ocean	  
	  
Significant	  amounts	  of	  anthropogenic	  CO2	  are	  sequestered	  and	  	  
stored	  by	  the	  ocean	  
	  
As	  of	  2014,	  170	  Mio	  tonnes	  of	  fish	  caught	  or	  farmed	  
	  
1/5th	  of	  global	  protein	  consumpOon	  
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We	  know	  condiOons	  in	  the	  oceans	  are	  changing	  rapidly:	  
	  
Increases	  in	  temperature	  
	  
Changes	  in	  nutrient	  concentraOons	  
	  
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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What	  is	  environmental	  DNA	  ?	  
	  
All	  DNA	  that	  can	  be	  recovered	  from	  an	  environmental	  sample.	  
	  
-‐  Microscopic	  organisms	  isolated	  by	  filtraOon	  
-‐  Free	  DNA	  molecules	  (physically	  separated	  from	  the	  organism)	  
	  
Skin	  
Tissue	  
Mucuos	  
Saliva	  
Sperm	  
SecreOons	  
Eggs	  
Urine	  
Faeces	  
Blood	  
Decomposing	  Ossue	  

Environmental	  Forensics	  
	  
What	  was	  where	  and	  
at	  what	  Ome?	  
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Environmental	  Forensics	  
	  
What	  was	  where	  and	  
at	  what	  Ome?	  

How	  can	  we	  use	  this	  
Environmental	  DNA?	  
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Metabarcoding	  
	  
A	  way	  to	  idenOfy	  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	  idenOfy	  products	  
	  
	  
	  

AGCCCGATTGCCAGT
ACGATTACGATATAA
ATCGAGGACATATA	  

AGCCCGAATGCCAGT
ACGATTACGATATAA
ATCGAGGACATATA	  
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Metabarcoding	  
	  
	  
	  
Reference	  databases	  linking	  DNA	  barcodes	  to	  taxonomic	  assignments	  
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Some	  of	  the	  early	  demonstraOons	  of	  this	  approach	  have	  been	  with	  marine	  fish	  

Thomson	  et	  al.	  2012	  PLoSONE	  

DetecOon	  of	  diverse	  marine	  fish	  fauna	  using	  
eDNA	  in	  seawater	  
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Thomsen	  et	  al.	  2016	  PLoSONE	  

How	  does	  eDNA	  analysis	  perform	  in	  the	  field	  ?	  

1.5	  litre	  water	  samples	  
	  
Collected	  prior	  to	  
Bo`om-‐trawl	  
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How	  does	  eDNA	  analysis	  perform	  in	  the	  field	  ?	  

Trawl	  
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How	  does	  eDNA	  analysis	  perform	  in	  the	  field	  ?	  

eDNA	  
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Thomsen	  et	  al.	  2016	  PLoSONE	  

How	  does	  eDNA	  analysis	  perform	  in	  the	  field	  ?	  

eDNA	  Trawl	  

26	  of	  28	  
	  
>90%	  
DetecOon	  
rate	  
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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	  relaIonships	  with	  biomass?	  
	  
IntuiOvely	  >	  Organism	  >	  eDNA	  
	  
Depends	  on	  producOon	  mechanisms	  of	  environmental	  DNA	  
	  
DegradaOon	  mechanisms	  of	  environmental	  DNA	  
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Environmental	  DNA	  and	  its	  applicaIon	  to	  aquaIc	  Science	  and	  ecosystem	  studies	  

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

A	  complimentary	  approach	  to	  Atlan=c	  Cod	  Stock	  assessment	  on	  
the	  Faroe	  Bank	  using	  environmental	  DNA	  
	  

2. 	  FAMEOS	  (Granskingar	  ráðið)	  January	  2018	  –	  December	  
2020	  
	  
Towards	  a	  FAroese	  Marine	  Ecosystem	  Observing	  System	  
(FAMEOS)	  	  –	  integra=ng	  environmental	  DNA-‐based	  es=mates	  of	  
diversity	  with	  essen=al	  ocean	  measurements	  
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Decline	  of	  catch	  per	  unit	  effort	  have	  
Significantly	  declined	  since	  2005,	  leading	  
to	  a	  management	  decision	  to	  close	  the	  
fishery	  In	  2009.	  
	  
ICES	  Working	  group	  report,	  2016	  

ObjecIves	  
	  
-‐	  Compare	  biomass	  in	  trawls	  with	  eDNA	  from	  seawater	  for	  AtlanOc	  Cod	  
	  
-‐	  Determine	  degradaOon	  rates	  of	  Cod	  DNA	  in	  natural	  samples	  
	  
-‐	  ProducOon	  rates	  of	  DNA	  from	  cod	  specimens	  in	  aquarium	  
	  
-‐	  Compare	  total	  fish	  diversity	  in	  trawls	  with	  metabarcoding	  of	  fish	  DNA	  
	  
	  

COD-‐e-‐DNA	  
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Figure:	  S.	  Eliasen,	  Havstovan	  

Weekly	  samples	  taken	  at	  staOon	  Skopun	  (Havstovan)	  
	  
Skopun	  is	  representaOve	  of	  wider	  shelf	  area	  due	  
to	  strong	  Odal	  mixing	  
	  
Important	  chemical	  variables	  already	  measured	  
Temp,	  Salinity,	  nutrients.	  
	  
Couple	  with	  an	  eDNA	  sampling	  scheme	  

Main	  ObjecIves	  
	  
Describe	  enOre	  ecosystem	  diversity	  to	  establish	  baselines	  of	  coastal	  diversity	  
	  
Use	  staOsOcal	  analyses	  to	  describe	  food-‐web	  interacOons	  
	  
Establish	  a	  DNA	  archive	  –	  monitor	  for	  pathogens/parasites	  and	  invasive	  species	  
	  
CiOzen	  Science	  –	  Faroese	  coastal	  sampling	  day	  

FAMEOS 
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Describe	  enIre	  ecosystem	  diversity	  to	  establish	  baselines	  of	  coastal	  diversity	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
“Cri=cal	  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…”	  
	  
	  
	  

FAMEOS 
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“Sustained	  observa=ons	  are	  lacking,	  par=cularly	  biodiversity,	  
and	  this	  significantly	  limits	  the	  capacity	  to	  report	  on	  changes	  in	  
status	  and	  guide	  	  management	  decisions…”	  
	  
	  	  

FAMEOS 
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Kopf	  et	  al.	  2015	  Gigascience	  

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

FAMEOS 

Ocean	  Sampling	  Day	  



CiIzen	  Science	  
	  
Organise	  a	  Faroese	  Coastal	  
Sampling	  Day	  
	  
Snapshot	  of	  diversity	  on	  
the	  Faroese	  Shelf	  
	  
	  
	  
	  	  

FAMEOS 

Taking	  the	  pulse	  of	  the	  Faroese	  shelf	  ecosystem	  



Summary	  
	  
Environmental	  DNA	  is	  an	  emerging	  approach	  that	  has	  the	  potenOal	  
to	  transform	  ecosystem	  studies	  
	  
Quick,	  cheap,	  no	  taxonomic	  experOse	  required	  
	  
SpaOal	  and	  temporal	  scales	  enhanced	  
	  
Non-‐destrucOve	  for	  habitats	  
	  
DNA	  can	  be	  archived	  long-‐term	  for	  retrospecOve	  studies	  
	  
Establish	  this	  approach	  specifically	  to	  the	  Faroe	  Islands	  
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