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Analytical types

Microbes
(eDNA)

Targeted, adaptive  
contaminant 

monitoring
(>> toxicity testing)

Stress indicators in 
sensitive species

Specific 
tracers

FA / isotope 
/genetics 

B-investigation C-investigation

Ecological compartment Sensory (Farge, luft, konsistens etc.) Macrofauna
Kjemiske parametere
(in sediments)

Discharge type Farge Luft Konsistens Grabvolum Tykkelse
Redox
/pH S N NQI1 NSIH' TOM nTOC N C:N P Zn Cu Research

Depth of 
knowledge

Soft sediment footprint

Organic enrichment ~ ~ ~ ~ ✓/?✓✓ ✓ ✓✓✓ ✓ ✓✓ ✓ ✓ High ✓
Biofouling drop off ~ ~ ~ ~ ~ ~ ~ ~ x Low ✓
Antifouling 
chemicals: Cu ~ ~ ~ ~ ~ ✓ ✓/?

Moderate-high 
(synergistic?) ? ✓

All new 
products ? ? Low ? ✓

Infeed therapeutants Zn ~ ~ ~ ~ ~ ✓ ✓/?
Moderate-high 
(synergistic?) ? ✓

All others ? ? Low ? ✓
New feed composition 
(eg terrestrial) ? ~ x Low ✓ ✓ ✓
Bath treatments ? ✓/? Low ✓

Subtle far-field effects ~ ~ ~ ~ ~ ✓/? Low-moderate ✓ ✓
Information from hard substrates? ✓ Low-moderate ✓
Deep water, hard substrata fauna (corals?) ✓ Low-moderate ✓/? ✓ ?
Mobile, demersal, pelagic species? ✓ Low ? ✓

Additional /independent /synergistic effects?
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Lacking (W.I.P.)

✓= Quantitative and useful
~ = Qualitative / some relevance
? = Potential relevance / not well understood



Avfallssporingsmetoder 
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Tracing feed signatures into environment
• Terrestrial fatty acids (LA, OA, ALA)

• Soy DNA (other candidates?)

• Stable isotopes (δN:δC)

• Others? – new feed compositions…

Avfallssporingsmetoder 

✓
/?×

++?

Sediments (sinks)

Bivalves

Crustaceans

Echinoderms

Fish

…

Corals

Sponges

…
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Bentisk mikrobiell eDNA – sediments



Mikrobiell eDNA
• Converged on microbial

• Repeatedly proven for organic enrichment

• Sensitive / tracer equivalent

• Uptake for compliance is slow*

(Stoeck et al. 2018, MPB127)



• Norway-specific AQUAed
database

• Can be used to assess benthic 
enrichment now

• Question of exact method and 
how to implement

Mikrobiell eDNA
nEQR

Observed nEQR
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Hardbunnsovervåking

Funded by: Akvakyst (HI), ‘Sustain Aqua’: NFR No. 267829, ‘AQUAed’: NFR No. 320076 



Existing 

(b-investigation)

New

(eDNA bMBI + visual)

Hardbunnsovervåking
• Combining 16S microbial eDNA + visual indicators

• Cable mounted sample 0-170m depth

• Triplicate samples

• Relatively rapid, quantitative, sig. cheaper than 

macrofauna

Keeley et al. In Review. An approach for quantifying the influence of fish farm waste on 

hard-bottom habitats. Ecological Indicators



Hardbunnsovervåking - dype lokaliteter



• Triplicate samples per dive

• Control over positioning

• Potential for benthic enrichment 
monitoring at depth

• Scope for properly mapping waste 
distribution

• Scope for studying waste exposure 
on sessile reef species

Hardbunnsovervåking -
dype lokaliteter

(FHF: VDWS Transition)



UV-sulfider

• New UV sulfides method

• Resolved some historical 
issues with TFS method

• Rapid, practical, needs more 
testing in Norway 

• Arguable ‘better’ than redox

Cranford et al (DFO, Canada)



Sensitive deepwater species monitoring

Duva florida

Weberella sp.

Craniella sp.

Hormathia diitata

• SustainAqua (NFR 2017-2020)

• Akvakyst (HI, on-going)

• VDWS Transition (FHF, 2023-2025)

Isidella lofotensis



Analytical processes

Culled specimens:

• In-situ visual assessment

• On-board respirometry

• On-board LMS

• Multiple types of tissue samples for in-depth analysis for 

stress indicators* (‘scatter gun’ approach)

Live specimens:

• Laboratory exposure trials

• Visual / hyper spectral assessment

Evaluate ‘specimen-specific’ wase exposure

• Distance from farm (as the crow flies)

• Sedimentation measurements

• Modelled particle dispersion

• Waste influence on seabed (microbial eDNA)

(VDWS Transition + Akvakyst)



• Large differences in lethal and sub-lethal thresholds for Cu exposure between exposed species 

• High sensitivity to Cu detected in the two corals, likely linked to limited mucus production capacity and 

high metabolic rates

• Rapid mobilization of cellular defence system in the bivalves, possibly causing enhanced tolerance to 

copper exposure

• No mortality and high tolerance to copper detected in the sponge Phakellia
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Sensitive deepwater species monitoring
Effects of antifouling agents on selected deep-sea foundation species - Exposure of 4 deep-sea foundations 

species to dissolved copper​. Tina Kutti, Vivian Husa, James Kar Hei Fang, Gry Hunvik, Bjørn Einar Grøsvik, Ketil Hylland



Duva florida

Isidella lofotensis

Craniella sp.
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• Relative sensitivity (eg LC50, waste 

tolerance)

• Species specific stress indicators

• General knowledge of distributions

• General knowledge of functions and 

ecological value

For each:

W.I.P.

Clear need to prioritize important 

stressors based on level of use and 

anticipated use in future
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Analytical types

Microbes
(eDNA)

Targeted, adaptive  
contaminant 

monitoring
(>> toxicity testing)

Stress indicators in 
sensitive species

Specific 
tracers

FA / isotope 
/genetics 

B-investigation C-investigation

Ecological compartment Sensory Macrofauna
Kjemiske parametere
(in sediments)

Discharge type Farge Luft Konsistens Grabvolum Tykkelse
Redox
/pH S N NQI1 NSI H' TOM nTOC N C:N P Zn Cu

Soft sediment footprint

Organic enrichment ~ ~ ~ ~ ✓/? ✓ ✓ ✓ ✓ ✓✓ ✓ ✓✓ ✓ ✓
Biofouling drop off ~ ~ ~ ~ ~ ~ ~ ~ ✓
Antifouling chemicals: Cu ~ ~ ~ ~ ~ ✓ ? ✓

All new 
products ? ? ✓

Infeed therapeutants Zn ~ ~ ~ ~ ~ ✓ ? ✓
All others ? ? ✓

New feed composition 
(eg terrestrial) ? ~ ✓ ✓ ✓
Bath treatments ? ✓

Subtle far-field effects ~ ~ ~ ~ ~ ✓ ✓
Information from hard substrates? ✓
Deep water, hard substrata fauna (corals?) ✓/? ✓ ?
Mobile, demersal, pelagic species? ? ✓

NB: Fish feed does 

not start and end 

with the salmon!

Adaptive 

monitoring

✓= Quantitative and useful

~ = Qualitative / some relevance

? = Potential relevance / not well understood

More sensitive, farm-

specific options 

available

Potential of new technologies



Recommendations for future emphasis

1. Expand toxicity testing for new and emerging contaminants – don’t wait 
for the natural environment to be the testing ground…

2. Continue multi-species eco-tox & stress indicator work with ‘sensitive’ 
species.

3. Continue to develop new waste tracers based on new feed 
compositions. 

4. Attempt to separate effects from organic enrichment per se, versus that 
of associated contaminants.

5. Obtain consensus on 16s eDNA monitoring methods. Decide on  
optimum method and implementation pathway. Implement.

6. Revision of existing monitoring strategy to ensure it is optimally focused 
and using best available (and cost effective) methods
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