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INDUSTRIAL ANIMAL PRODUCTION VS 

INDUSTRIAL FISH PRODUCTION
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Norsk fiskeoppdrett er ved et veiskille grunnet 
fiskehelse:

I 2023 døde 63 millioner laks døde i sjøen mens 138 
millioner døde før sjøfasen (Riksrevisjon 2023). 
«Prodfisk» antall øker.

-Fiskehelse utfordres av lusehåndtering og luseforskriften

-Manglende kunnskap om fiskenes tålegrenser kompliserer tiltak

-Manglende standarder for smoltkvalitet kompliserer

-Gjellehelse for risikovurdering krever klarhet i hvordan det skal brukes 

-Det er et gap mellom tilgjengelig kunnskap og dens anvendelse 

-Det er behov for å definere 'normal' fisk og et robust næringssystem

- Generelt ønsker man å forbedre risiko- og sikkerhetsstyring
  
   Kilde: FishMOM fokusgrupper Bergen 12 feb 2024 Kilde: Dag Sletmo DNB
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Healthy   sick or moribund

Industry growth=
Focus on health
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Veribarr designed as an industrially scalable metric for fish barrier health



From: The Robust Fish (2019)

substance antibacterial antifungal antiviral antiparasitic

H2A peptider √ √

H1 oncorhyncin2 √ √

H6 oncorhyncin3 √

pleurocidin √ √

Sal-2 √ √

complement

factors

Antigen-

antibody

Antigen-
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hydrolytic

enzymes

(proteases etc)

degrade degrade degrade Degrade

IgM, IgT basic

antibodies

basic 

antibodies

basic 
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lectins pathogen

recognition

pathogen

recognition

pathogen

recognition

pathogen

recognition

mucus extract √ √

interferon √

Slimlaget = proactive levende interactive user-interface mellom dyret og miljø
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Mucous cells

Mucous barrier epithelium 

wraps over and around the 

scales, in guts and around gills

- Nice layers, poor statistics

Good barriers = good health

scales

MUCOSAL EPITHELIUM = SKIN, GILLS, GUTS = BARRIER FUNCTIONS

Redrawn from Segner et al. 
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Gill (lamellae, filament)

Fore gut Hind gut

Dorsal hud

Quantitive Analysis

directly comparable across

➢ Species

➢ Tissue

➢ Treatment

➢ Time

➢ System

Change your point of view by 90o

Tangential sections for Mucosal Mapping (Veribarr ) analyses = 

statistically robust results and millions of times more surface representation
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Mucosal barrier health – slime is more important than intact skin for fish

Svendsen & Bøgwald 1997
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Fisken bærer sitt immunsystem på utsiden

demonstrasjon



Smolt origin 
important

Stress in transport, 
handling, 
crowding, 
delousings

Repeated stress = 
repeated 
weakening

Delousing etc.

20%

CAC2016G-Integrert lusehåndtering – test av ulikekombinasjoner forebyggende tiltak mot lakselus

Partners: Marine Harvest, Skretting, Inst of Marine Research, FHF, Quantidoc

smolt seawater

5%

August 2016 November 2016 June 2017

GENERATION 

STUDY

Skin
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WITH MARINE HARVEST, SKRETTING, 
FHF, IMR, NIFES OG QUANTIDOC

GENERATION 

STUDY

GILLS

   

Freshwater

Origin differences

Seawater

Reacts to net 

changes, particles, 

delousing

Significant 

differences within gill 

score  0-1

14

n=30-45 under each box
2 treatments in triplicate

Net changes H2O2

August 2016

June 2017

June 2017

Lamellar mucous cell size (µ2)

Lamellar mucous cell vol. density(%) 20%

60 µ2 
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Smolt er “jokeren”

Før sjøsetting

Vår smolt

Høst smolt

Post smolt

Storsmolt

Mangler standard for

Stammen

Temperatur

Lysregime

Flytting, sortering

Vaksineringstidspunkt

System (RAS, FT, kar)

Påvirker:
dødelighet
utseende
lever, hjerte, kjeve
FCR
modning
vekst i sjøfasen
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Wild salmon smolt gill lamellae vs farmed salmon gill lamellae 

Priority #1

Keep smolt gills healthy

Kilde: Riksrevisjon 2023
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Havbruk Landbruk

undervann

…..pga yngeldannelse
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Standarder gir

målbar helse og helsemål:

hypertrophy
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Fore gut

Hind gut

Dorsal hud

Også for tarmhelse
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24 hrs

4 weeks 

24 hrs 4 weeks

Amoebic Gill Disease increases mucous production within 24 hrs

- Treating with twice the dose Peracetic Acid (PAA) is half as good at 4 weeks

Boxplots and p-values
Dicer illustrations of gill lamellar 
mucous cells  and histological sections

Mean results against Veribarr database

from Lazado et al. 2022. Immunity and stress associated with 

the infestation of the parasite Neoparamoeba perurans are 

differentially shaped by a potent oxidant in Atlantic salmon (Salmo salar)
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CASE 1
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Mucosal responses in multiple tissues for 3 stages in RAS

Dicer images and Veribarr database comparison

Skin (DB N=2161)

Hindgut (DB N=823)

Gills  (DB N=1887)

Foregut (DB N=879)

Diarrhea – revised feed recipe

CASE 2

Gills in red zone pregrowout and growout
Foregut in red zone all 3 stages
Red zone =  leaving health



SKIN = SHIELD
Reflects surface contacts: tank and cage walls, 

crowding, handling, stocking density

The FISH DETECTIVE

using Veribarr

An industrial standard

Works on:
All fish species

All systems

GUT = FOUNDATION
Responds to stress, feeds and water

GILLS = SENTINEL GUARD
Reflects stress, water quality, particles, pathogens 

50% of fish surface area – earliest warning!

Database on 13 arter:

Salmon, trout, yellowtail,

seabass, seabream, tilapia,

lumpfish, wrasse, tuna, barramundi

Database on 7 systems

RAS and Flowthrough; open and closed cages; SW and FW,

Wild fish in nature
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✓ Fisken bærer sitt immunsystem på utsiden – dette påvirker overlevelse, helse, deformiteter, oppdrettsstrategi, 

tolerance, produktivitet og bunnlinjen

✓ Slimbarrierenes helsestandard muliggjør tidlig oppdagelse av stressorer og sykdom på hud, gjeller og tarm.

✓ Normale barrierer kan måles

✓ Barrierehelse kan kvantifiseres og settes i “trafikklys” for enkelt tolkning av forebyggende tiltak, forbedringer

mm. 

✓ Standarder og risikobasert vurdering kan anvendes selv med ufullstendig data mao SMOLT

✓ Baseline helsemål kan etableres for nye og gamle systemer / arter / batch (KPI)

✓ VeriBarr barrierestandarden er skalerbar for industri og sammenlignbar over hele havbruksverdikjeden

✓ Et objektivt mål for barrierehelse kan anvendes på oppdrett, forsikring, og logistikk

Konklusjoner



An external membrane 0.07 mm thick protects fish health: 

the mucous membranes of skin, guts and gills
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The variation in MC size (μm2) in epithelia and calculated MC defense activity of the tissue (1000/( MC size / MC volumetric 

density) for 12 fish species.  MC volumetric densities in the epithelia ( %) are presented as labels. 
From: Merkin et al (in prep) Revising current understanding of the mucosal interface in fish based on the quantitative pattern of mucous cell 

production in the skin and gills of Atlantic salmon and 11 other fish species
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Results across 12 species

Respiration etc

Somatic excretion? 



Standardization increases understanding and control of barrier health 

Veribarr salmon database from 2018  (Skin N=~2000    Gills N=~1000)
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Veribarr vs traditional histology
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