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Understanding benthic impacts of salmon farming and how to minimize them

Getting to the 
bottom of things
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5Original illustration by Natalie Renier, © Woods Hole Oceanographic Institution

Williams et al., 2026. DOI:  10.1038/s43247-025-03118-y
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6Original illustration by Natalie Renier, © Woods Hole Oceanographic Institution

Williams et al., 2026. DOI:  10.1038/s43247-025-03118-y

ATLANTIC 

SUBPOLAR 

GYRE

NORDIC SEAS 

OVERTURNING 

CIRCULATION



7

0

5

10

15

20

25

30

35

Whales Aquaculture Other inputs

Nitrogen Phosphorus

Baker et al. 2010  DOI: 10.1029/2009GB003634

Howarth et al. 1996 DOI: 10.1007/BF02179825

M
il
li

o
n

s
(M

T
)



8

We still need to think about waste 



9

Production 
limits are 
determined 
by benthic 
impacts



1 0

Group I parameters FAUNA

Group II parameters CHEMICAL

Group III parameters SENSORY
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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 

https://francoismichonneau.net/photos/capitella-telata/

Group I parameters
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Group I parameters

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

F a u n a ? NoYes

FAUNA
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Group I parameters

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

F a u n a ? NoYes

FAUNA

Group I parameters do not contribute to the final score
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Group II parameters

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

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

Gas  bubb les? YesNo

Co lo r? Light / grey Brown / black

Sme l l ? SomeNo Strong

Cons i s tency? SoftFirm Loose

Grab  vo lume? ¼ - ¾ < ¼   > ¾ 

Th i ckness

o f  mud?
2 - 8 cm< 2 cm  > 8 cm

SENSORY
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Group III parameters

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

Methane, 

carbon dioxide
NoYes

Anoxia, 

iron sulfides
Light / grey Brown / black

Anoxia, 

hydrogen sulfide
SomeNo Strong

Fluffy sediment SoftFirm Loose

Fluffy sediment ¼ - ¾ < ¼   > ¾ 

Fluffy sediment 2 - 8 cm< 2 cm  > 8 cm

SENSORY
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What makes sediment acidic, 
gaseous, anoxic, and fluffy?
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Feed

Feces

Absorbed 
nutrients

Metabolic 
losses

Available 
nutrients

Maintenance Growth

Basic bioenergetic budget
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2 2Krontveit, R.I., E.Å. 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.
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Marine ingredients have been replaced by plants

Aas, T.S., T. Åsgård, and T. Ytrestøyl.  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…

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

▪ 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

M O R E  C A R B O H Y D R AT E S ,  

D I G E S T I O N  I N H I B I T O R S

L O W E R  D I G E S T I B I L I T Y

A N T I - N U T R I T I O N A L  FA C T O R S

L O O S E ,  PA R T I C U L AT E  F E C E S

G R E AT E R  N U T R I E N T  L O S S E S
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Funct ion ing 
benth ic  

ecosystem
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accumulates

• Sediment 
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• Remaining 

fauna 

disappear

Shi f t  to  
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form
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degraded

state

• Gas bubbles
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mats

• Unstable fluffy 
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Nutrient losses—feed input vs. harvested salmon

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

Aas et al., 2022.  Aquaculture Reports 26:101316.
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Nutrient losses—feed input vs. harvested salmon

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

Aas et al., 2022.  Aquaculture Reports 26:101316.
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Nutrient losses—feed input vs. harvested salmon

Ytrestøyl et al., 2015.  Aquaculture 448:365-374.

Aas et al., 2022.  Aquaculture Reports 26:101316.

Aas et al., 2022.  Aquaculture Reports 25:101252

Wang and Olsen, 2023.  Aquaculture Environment Interactions 15231-249 

In 2012, 66% of dry matter in feed 

was lost—today the number is 67%

17,493 MT additional loss per year

6 MT more waste on 

the seafloor per site
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Solids represent roughly 1/3 of loss
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Getting to the 
bottom of things

▪ 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
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