Understanding benthic impacts of salmon farming and how to minimize them

Jesse Trushenski / Lofotseminaret / 10-12 June 2026 / Henningsvaer
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Som om 17 millioner mennesker
gjor fra seg retti havet

Nye tall om utslippene fra norsk fiskeoppdrett.
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Hjem Nyheter 2025 November Bardekvalane har sommarjobb som gjgdselspreiar

Bardekvalane har sommarjobb som gjgdselspreiar

Om oss v

Bardekvalar gjer ofte fra seg, far dei dukkar djupt. Dette er ein knglkval som er i ferd med a dukke ned.
Fotograf: Carla Freitas / Havforskingsinstituttet
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‘ Freitas et al., 2025. DOI: 10.1073/pnas.2505563122
® Emissions data from Wang et al., 2013. DOI: 10.3354/aei00044
’ Scaled to North Atlantic salmon/trout production of 1.7-2.0 MM MT per year
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We still need to think about waste
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Group | parameters - FAUNA

Group |l parameters -CHEMICAL

Group |l parameters -SENSORY

LOCALITY CONDITION SCORE



Group | parameters - FAUNA
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Chaetozone spp. Capitella spp.

Spiophanes spp.

MORE SENSITIVE MORE TOLERANT

https://observation.org/taxa/10790/spiophanes/
' https://commons.wikimedia.org/wiki/file:chaetozone barentsensis %2810.3897-zookeys.1039.61098%29 figure 8 %28cropped%29.jpg 11
https://francoismichonneau.net/photos/capitella-telata/



Group | parameters

Fauna?

'.0 Standard Norge, NS 9410-2016, Miljgovervaking av bunnpavirkning fra marine akvakulturanlegg (Environmental monitoring of benthic impact from marine fish farms)

- FAUNA
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Group | parameters - FAUNA

Fauna?

Group | parameters do not contribute to the final score

Standard Norge, NS 9410-2016, Miljgovervaking av bunnpavirkning fra marine akvakulturanlegg (Environmental monitoring of benthic impact from marine fish farms)
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Group |l parameters -CHEMICAL
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Group |l parameters

»,
' 4

Gas bubbles?
Color?
Smell?
Consistency?

Grab volume?

Thickness
of mud?

Standard Norge, NS 9410-2016, Miljgovervaking av bunnpavirkning fra marine akvakulturanlegg (Environmental monitoring of benthic impact from marine fish farms)

Light / grey

< Va

<2cm

SENSORY

Yes

Brown / black

Loose

v

> 8 cm
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Group |l parameters -SENSORY

Methane, Yes

carbon dioxide

Anoxia, :

on sulfides Light / grey Brown / black
Anoxia,

hydrogen sulfide

Fluffy sediment Loose

Fluffy sediment < Y4 > 3/,

Fluffy sediment <2cm > 8 cm

»,
' 4

Standard Norge, NS 9410-2016, Miljgovervaking av bunnpavirkning fra marine akvakulturanlegg (Environmental monitoring of benthic impact from marine fish farms) O 9 O 6 2 O 16



What makes sediment acidic,
gaseous, anoxic, and fluffy?
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Basic household budget

Gross Pay

:

Available Pay

‘ Taxes

Subsistence

Expenditures

Discretionary

Expenditures
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Basic bioenergetic budget

Absorbed
nutrients

Metabolic |
losses

Available
nutrients

=
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e %
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Poor quality feed affects waste outputs
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Poor quality feed affects waste outputs

- 100
@

j—

|—

O

a1]

<

LLl

(/p)

LLl

.

|—

2

O

(7p)

LLl

o 0

N 0 20 40 60 80

o/, . - 5

FEED QUALITY

Y

100

2 1



Mumber of feed and feces samples (n) by year and feed company in a field study
monitoring apparent feed digestibility in commercial Atlantic salmon production.

Feed company

Year,n (%)

DIGESTIBILITY VALUES VARY
WIDELY THROUGHOUT NORWAY

2010 2011 2012 2013
Company 1 29 (82.9) 79 (60.3) 48 (44.0) 13 (54.2)
Company 2 0(0) 26 (19.9) 17 (15.6) 2 (8.3) TRUE DIGESTIBILITY WAS
Company 3 6 (17.1) 24 (18.3) 29 (26.6) 9 (37.5)
Company 4 0 (0] 0 (0) 11(10.1) 0 (0] LOWER THAN DECLARED
Company 5 0 (0) 2 (1.5] 4 (3.7) 0 (0) IN NEARLY ALL CASES
Total 35 131 109 24

PROTEIN DIGESTIBILITY I B |

0 10 20 30 40 50 60 70 80 90 100

FAT DIGESTIBILITY I | :

0 10 20 30 40 50 60 70 80 90 100

>o Krontveit, R.I., E.A. Bendiksen, and A. Aunsmo. 2014. Field monitoring of feed digestibility in Atlantic salmon farming using crude fiber as an inert marker. Aquaculture 426-427:249-255. 2 2



Marine ingredients have been replaced by plants
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B Other B Micro ingredients Carbohydrate sources
m Plant olls ® Plant protein sources ® Marine oils
® Marine protein sources

1990 2000 2010 2012 2013 2016 2020

100 %
90 %
80 %
70 %
60 %
50 %
40 %
30 %
20 %
10 %

0 %

e Aas, T.S., T. Asgard, and T. Ytrestayl. 2022. Utilization of feed resources in the production of Atlantic salmon (Salmo salar) in Norway: an update for 2020. Aquaculture Reports 26:101316
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Transition to plant-based feeds means...

MORE CARBOHYDRATES,
DIGESTION INHIBITORS

LOWER DIGESTIBILITY
ANTI-NUTRITIONAL FACTORS
LOOSE, PARTICULATE FECES

GREATER NUTRIENT LOSSES

©»
[

Plant proteins contain ‘hidden’ fiber and other carbohydrates,
phytic acid and enzyme inhibitors that interfere with digestion

More feces per unit feed consumed

Non-starch polysaccharides, saponins, lectins, and others
cause gut damage and diarrhea

Feces settles poorly, is rapidly metabolized by bacteria

Reduced growth, greater oxygen consumption per unit feces

® Some images created by Crafticons, andriwidodo, Adi Waluyo Noto Carito, and verry poernomo, CC BY 3.0, courtesy of the Noun Project 24



FINE PARTICULATE WASTE
& MORE NUTRIENTS
ACCELERATE JHIS PROCESS

Shift to
anaerobic
metabolism

Sediment
permeability
declines

Functioning
benthic
ecosystem

Waste
accumulates

* Well-mixed,
oxygenated
sediment

* High
biodiversity

* Sediment
becomes
clogged and
sealed off

* Heterotrophic
bacteria
proliferate

* Oxygen is
rapidly
depleted

* pH and redox
potential
decline

» Sensitive fauna
disappear

* Hydrogen
sulfide
accumulates

 Sediment turns
black and
smelly

* Remaining
fauna
disappear

Shift to
sulfur-driven
metabolism

 Bacterial mats
form

e Sediment
becomes
resistant to
recolonization

Chronic
degraded
state

* Gas bubbles

* Thick bacterial
mats

» Unstable flufty
sludge

25
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FECES

SEDIMENT

1 g carbon

> 2.7 g of oxygen demand

1 g nitrogen

Protein
Digestibility

95% 89 %

4.6 g of oxygen demand

3 X

oxygen
demand

26



FINE PARTICULATES

* Very small particles

* Remain suspended longer

* Sink slowly with low velocity

* Can travel long distances

* Form uniform layers on the seafloor

DEPOSIT CHARACTERISTICS

Fine particulates form thick,
continuous layers that can
cover large areas.

LARGER SOLIDS

* Larger, heavier particles

» Settle quickly

* Limited horizontal transport

* Create localized deposits and mounds

DEPOSIT CHARACTERISTICS

Larger solids form thin,
localized deposits and
mounds near the source.




Nutrient losses—feed input vs. harvested salmon

Energy Losses (GJ)

B Additional loss based on current feed quality
B Loss based on 1990s feed quality

B Harvested salmon
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Einen and Roem, 1997. Aquaculture Nutrition 3:115-126.
'° Aas et al., 2022. Aquaculture Reports 26:101316.
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Protein Losses (MT)
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Nutrient losses—feed input vs. harvested salmon

Energy Losses (GJ) Protein Losses (MT)
B Additional loss based on current feed quality B Additional loss based on current feed quality
B Loss based on 1990s feed quality B Loss based on 1990s feed quality
B Harvested salmon B Harvested salmon
» 50 » 3800
C ©
O c
= ;
= 40
=
= 5 600
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200
10
0 0

~250-300,000 MT
J

‘ Einen and Roem, 1997. Aquaculture Nutrition 3:115-126.

"Aas et al., 2022. Aquaculture Reports 26:101316. M O R E S A L M O N




Nutrient losses—feed input vs. harvested salmon

Dry Matter Losses (%)

m2012 =2022
70 Pt ~

60

50

40

30

‘. Ytrestayl et al., 2015. Aquaculture 448:365-374.
@ rasetal, 2022, Aquaculture Reports 26:101316,

In 2012, 66% of dry matter in feed
was lost—today the number is 67%

17,493 MT additional loss per year

Solids represent roughly 1/3 of loss

6 MT more waste on
the seafloor per site

Aas et al., 2022. Aquaculture Reports 25:101252
Wang and Olsen, 2023. Aquaculture Environmen t Interactions 15231-249
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B-survey Conditions Over Time
m\Very Good B Good Bad ™ VeryBad

100 %
90 %
80 %
70 %
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40 %
30 %
20 %
10 %

0 %

2017 2018 2019 2020 2021 2022 2023 2024 2025

Norwegian Fisheries Directorate, Official Statistics 2026. https://www.fiskeridir.no/statistikk-tall-og-analyse/data-og-statistikk-om-akvakultur/miljotilstand
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= Eutrophication is complex

» Oversimplifications that blame aquaculture
are click-bait

= Salmon farmers must still consider waste outputs
— Production is limited by benthic impacts
— More waste indicates lost growth potential

» High quality feed reduces benthic impacts
— Improved digestibility = more growth, less feces
— Fewer anti-nutritional factors = less diarrhea and fines
— Lower nutrient inputs = lower oxygen demand

32
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