UTILZING WILD LUMPFISH INSIGHTS TO
ENHANCE WELFARE AND PERFORMANCE OF

L UMPFISH IN AQUACULTURE
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PHOTO 1. Faroese salmon farming capes. Photo by Sandra [ jdsd Ostera.

O'IH:.' the: past two decades, the salmon farming industry in
the Faroe Islands has expenienced sigmificant growth, positioning
the: archipelago as the Dfth-larpest Atlantic salmon (Salmo
salar) producer globally, despite its population of only 55,000
residents. Simalar to other Atlantic salmon producers, the industry
faces challenges from sea hoe (Lepeophtheirs salmonis), which
pose a significant threat o both farmed salmon and wild trout
populations. To combal sea lice infestations, the Faroese salmon
farming industry has shifted away from chermical treatrments toward
non-chemical solutions, including the use of lomplish (Cyclopterus
lermpus) as cleaner lish

In 2014, the: Faroese salmon producer 1hiddenfjord became the
first o deploy lumplish as deaner fish in salmon cages, marking the
beginning of their use in the Fame slands” aquaculiure industry.
Since then, lumplish have become an integral part of salmon
farming, serving as natural cleaners o control sea lice infestations.
Despite their widespresd use, high mortality rates and welfan:
concerns have ratsed guestions about their long-term sustaanability.
This has led o a decline in lormplish wse in both the Faroe Iskands
and Norway (@sters of al | 2024).

As lumplish use in salmon farming was still in s eary stages,
the: initial years were marked by trial and ermor, with farmers
and researchers reflining their approaches through hands-on
expenence. The small stae of the Faroe Iskands (Photo 1) allows for
close collaboration between the indusiry, public institutons, and
researchers, enabling the swill exchange of knowledge and the rapd
implementation of solotions o indostry challenges.
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PHOTO 2. Wild lumpfish fiver. Photo by Kirstin Eligsen.

LearrinG FrROM WiLD LumprisH

Muost lumplish used in the Faroe Islands as cleaner fish are
sourced from wikd-caughi broodstock, meaning they are essentially
non-domesticated. With limited knowledge on lumplish baobogy
and hushandry, researchers naturally turmed to wild lumplish for
gundance. Early in thear use a5 cleaner [sh, there were no established
welfare indicators for lumplish, leading o the: need for species-spealic
ESSERSITIENLS.

Having accursle species-specilic wel fare indicators i crocal
for ensuring the health and well-being of farmed fish. Many
peneral welfare parameters used in agquacubiune are derved from
other species, which may not always be suitable for lumplish. As
a practically non-domesticated species with unigue biobogical and
behavioral trasts, lumplish require specialied mdicators tailored to
their neads.

THE SpecTRUM OF Liver CoLORs

Shortly afier the introduction of lumplish in the Faroe Islands in
2014, regular welfare checks were implermented o assess thear health
and condition, leading to the pradual development and refinement of
suitable Operational Welfare Indicators ((OW1s) based on observations
and research.

During welfare checks, researchers observed that lomplish in a
sea cape with a high survival rate had bright orange livers. Given the
Tormnited knowledge available on liver color in lumplish, they tumed o
wild populations for insights. By examining the liver colors of farmed
and wild lormplish—assumed to be in optimal health—they ammed o
dentify potential correlations between pigmentation and overall well-

being. The lindings revealed that wild lumplish
consistently had bright orange Tvers, sugpesting
a link between liver pigmentation and overall
well-being (Photo Z).

This discovery led toa study by Elasen
et al . (20, winch demonstraied thai liver
color—ranging from pale: to brght orange o
dark reddish-brown—reflects key biological
differences and can function as an OWT and help
farmers improve lumplish welfare and survival
(Figure 1)

The study found that lnmpilish with bright
orange livers had higher levels of cantenosd
prements hike astaxanthin and canthaxanthin,
essential for immune function and overall health,
In the wild, lumiplish obtain these pigments
naturally from their diet, which is rich in
crustaceans. | lowever, in salmon cages, they
rely on formulated feed, which may not abways
prowide enough of these important nutrents.

Omn the: ather hand, lomplish with dark
reddish-brown livers had lower energy reserves,
particularly stored fats (lipids), wioch play an
important role in therr overall condition and
welfare (Fgure Z). These (sh were likely under
nuiritsonal stress, causing them

researchers relied on data on lengths and
weights of wild lomplish, provided by the
Faroe Marine Research Institute from their
longstanding pelagic surveys. This reference
has played an immportant role i adentifying
discrepancies in growth patierns, highlighting
areas for roprovernent in hushandry and

A study by Pstend et al. (2024) found that
wild lamiplish canght around the Faroe: Islands
exhibit a positive allometric growth patiemn,
meaning they gain proportionally more weght
as they grow longer. In contrast, lomplish
in salmon cages displayed slightly negative
allometric growth, where wegshit did not
increase in proporton o length. Addionally,
other commonly used standard weight
references for farmed lumplish showed an even
more pronounced negative allometne growth
patiern. These differences in growth patiems
are displayed in Fagure 3. The differing growth
patterns may be due to the long-standing wse of
wild lumiplish as a reference for body condition
in the Faroe Islands. This ongoing comgarnson
may have contributed to efforts o manian

growth patierns doser to those
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The study found that
a significant proporton of
lurnpfish in salmon coges wene
underweight or emaciated
cormpared to wikd lumplish.
Fgure 4 illosirates the
proportional distribution of
lumplish across three body
condition catepories—good
condition, underweight, and
emaciled —using (@) a length-
weizht regression by Gutiernesz
Rabadan et al. (2021) and (b) a
regression based on wild lomplish

Liver colour

underlying disease. Regular liver

OWTL, helping farmers make
decisions on feeding strategies
and hushandry practices. By closely tracking these shifis, farmers
can intervene early o improve lumplish welfare, survival rtes, and
their overall eflicency as deaner fish.

Eligsen et al. 2020

Booy ConDimon

The: body condition of lsh can be estimeated using standand
length-to-weight relationships 1o evaluate their growth and conditon.
Traditionally, the: body condition of lumplish in salmon coages has
been based on length-weaght relationships from lumplish in salmon
cage environments (Gutierrez Rabadan ef al, 2021, Ehasen et al,
AN, Rey et al_, H21, Enpebretsen et al, 2024). Towever, from
the onset of welfare monitoring in the Faroe Islands, farmers and

TOP, HGURE 1. Liver color scoring system. From Efiasen et al. 2020,
color assesaments offer a practical BOTTOM, HGURE 2. Lipid content (%) in relation to fver color: From

From the study by Gsters of al.
(2024). The distribution based

on 'wikd lumpfizh aligns well

with observations from the Faroe
Islands, where lumplish generally display pood body condition i
hatcheries and at deployment but where body condition declines after
deployment in salmon cages. Incorporating body condition standands
besed on wild lumplish, can help farmens better o detect underwerzsht
or emaciated lumplish (Photo 3). Regular monitoring of growth
patierns allows for eardy intervention when signs of poor health anse,
ultimately improving survival rates and the effectiveness of lumpilish
as Cleaner lish. Using wild lumplish as a reference for body condition
ensures that frmed lomplish are assessed agpinst therr natural growth
patterns, offering a more accurate benchmark for detecting and

addressing poor body condition.
(CONTINUED ON PFPAGE 34)
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WiLD LumprisH As A BENCHMARK i T ——————
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The approach of using wild lumgfish g 2 i S S BN L §
as a reference in Faroese research is nol < o i e IR I I II I
limited io liver color and body condition. ™ l Illl
Other lumplish studies have applied this
miethod o improve knowledge of lnmplish o

welfare and hushandry. Research comparing
wild and farmed lumplish has also been
used o assess differences in nuiritional
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requirements, feeding behavior and natural =
sheliers (Photo 4). These studses help reline
feeding strafegries and management practices
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SEAWEED SHELTERS
Recent reseanch in the project Lumiplish
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search Fund progect 90178 has explored the

polential of using natural seaweed sheliers
to improve lumplish welfare and deaning

efficiency. The study found that while the
seaweed shelters did not significantly alter
lumplish activity or hee consumption rafes,
they did harbor fewer pathogenic bacteria
compared o traditional plastic shelters. This
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provide a healthier environment for lump-
lish, potentially reducing infection pressun:
and stress-related mortality.
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lumplish also plays a critical role in therr
effectivencss as cleaner lish in agquaculiore.

TOP LEFT, AGURE 3. Length-weight relationships. From Osters et al. (2024). BOTTOM LEFT,

Lumplish are opportunistic feeders, adapting AGURE 4. Proportional distribution of body condition categories based on a) Gutierrez Robadan et al.

their diet to whatever is available in their
environmenL. In the wild, young lumplish
primurily feed on small crostaceans in
cusial habitats before mugrating o open
walers as they mature. A study by Eliasen et al. (2018) showed that
in salmon cages, lomplish exbibit amilar opportumstic behavior,
consuming nol only sea lioe but also formulated feed, biofouling
organisms, and seasonally available zooplankion (Fgure 5, Photo
3). This adaptability can be both beneficial and challenging—while
it mary allow lumplish to adapt o life in salmon cages in varied
conditions, it also means that their delousing efliciency can octsste
depending on the avanlability of aliermative food sources.

A recent PhD study investgated nutritional deficils in
lurngplish feeds by comparing wild and farmed populations, aiming
i improve welfane and survival. The study revealed sgmilicant

(2021) and b) wild lumpfish model. From stere et al. (2024). RIGHT, AGURE 5. Monthly wariation

in the average prevalence of empty stomachs and in the average prevalence of food types in the fumpfish
stomachs. From Eligsen et al. (2018).

differences i lipad and profein levels between wild and farmed
lumplish, which directly impact their health and efficency as ceaner
fish. These indings contribute to the formulatyon of nutritomnally
optimized feeds tailored to the specific dietary needs of lumplish,
enhancing thear robustness and effectiveness in aguacoliore.

CoNcLusiOoN

The use of wild lumplish as a benchmark has significantly
improved our understanding of lomplish welfare and performance
in aquaculiure (Photo 6). Research on Tiver color, body condition,
feeding behavior, and habtat preferences has highlighted the

THE USE OF WILD LUMPFISH AS A BENCHMARK HAS SIGNIFICANTLY IMPROVED OUR UNDERSTANDING OF LUMPFISH
WELFARE AMD PERFORMAMCE IN AQUACULTURE... . AS LONG AS LUMPFISH REMAIN MNOMN-DOMESTICATED,
LSING WILD LUMPFISH AS A BEMCHMARE CONMTIMUES TO BE A VALUABLE APPROACH.
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PHOTO 3. Incorporating body condition standards based on wild lumpfish
aan help farmers detect underweight or emaciated cultured lumpfish. Photo by
Kirstin Eliasen.

PHOTO 5. In salmon cages, kempfish consume not only sea lice but also

importance of using natural references when developing welfare
indicators and management strafepies. for farmed lnmplish. By
continuously refining husbandry practices based on wild lumplish
insights, farmers can enhance survival rates, optimize feeding
efficiency, and improve the overall well-being of lumplish in salmon
cages. As hong as lomplish rermain non-domesticated, vsang wilkd
lumgplish as a benchrmark continoes o be a valuable approach. Ther
natural baologrical trasts offer key msaghts into health, prowth, and
behavior, gusding the development of welfare indcators sued o
Farmed populations.
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