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Abstract

Atlantic salmon (Salmo salar) are an economically and ecologically important fish species that interact with humans during
farming, fishing and research operations. Routine handling in nets exposes fish to mesh and causes scale loss. To promote welfare
and experimental refinement, a study was performed in a controlled environment to investigate the effect of net mesh type
(rubber-coated or standard knotless, both bag volumes circa 7 l; mesh size: 6 mm) and the number of fish per net (capture
density) on scale loss. Up to three large adult salmon (mean weight: 900 g) or 15 small smolts (mean weight: 145 g) were briefly
captured in hand-nets during routine immersed-stock movement between tanks. Scales were recovered and counted from trans-
portation containers, to establish a simple and rapid methodology. For both size grades, scale loss was generally proportional to
capture density. For large adult salmon, scale loss significantly increased with capture density when knotless mesh was used,
however the increase was less marked and not statistically significant for adults handled in rubber mesh. Small smolts also demon-
strated significantly reduced scale loss when handled with rubber mesh, which increased gradually with capture density. In contrast,
small smolts handled in knotless mesh showed greater scale loss as capture density increased. An overall reduction in scale loss
with increased capture density was not shown, although the biomass loading per net used in this study were intentionally low
(< 3.5 kg). This method suggests a low-tech and rapid approach to quantitatively compare net types and husbandry techniques
and suggests a fundamental but simple improvement to salmonid handling in recreational and commercial operations. However,
any correlation to conventional stress assays or behavioural observations remains to be established.
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Introduction
Global production of farmed Atlantic salmon
(Salmo salar) has doubled since 2000, and from 2012 has
exceeded 2 million tonnes per annum, originating from at
least 16 producer countries (Food and Agriculture
Organisation [FAO] 2020). During this period, overall
farm animal and fish welfare research has increased
(Friere & Nicol 2019), including definition of welfare
indicators specifically for farmed S salar (Santurtun et al
2018). In addition to aquaculture and associated research,
wild salmonids such as S salar are a popular species for
recreational angling (Olaussen 2016), interact with
commercial fishing gear (Veneranta et al 2018; Cook et al
2019) and represent a commonly sampled environmental
indicator species (eg Malcolm et al 2019).
These activities involve capture, handling and transport,
usually requiring interaction with net mesh which causes
the loss of protective mucus and scales. This may lead to
pathogen invasion and osmoregulatory stress (Brydges et al
2009; Cook et al 2019) and, potentially, internal bruising
(Bord Iascaigh Mhara [BIM] 2020). Commercial fishing

(Olsen et al 2012), recreational angling (Butcher et al
2010), handling in aquaria (Brydges et al 2009), holding
and transportation of stock (Portz et al 2006) and man-made
barriers in watercourses (eg Brackley et al 2018) have all
contributed to skin damage in fish. Studies have commis-
sioned experimental scale and mucus removal treatments,
demonstrating a correlation with the severity of osmoregu-
latory stress, infection and mortality rate in herring
(Clupea harengus; Olsen et al 2012) and S salar smolts
(Svendsen & Bøgwald 1997; Zydlewski et al 2010). This
suggests that handling techniques which minimise scale loss
during routine handling of S salar would be beneficial to
fish health and welfare. Additionally, optimising handling is
an example of experimental refinement which can improve
the outcome of experiments by reducing stress, disease and
injury, and hence variation (Brydges et al 2009).
Optimisation of handling techniques has included investiga-
tion of different net mesh types in field studies, working
alongside recreational angling of wild fish. Subsequently,
this has informed husbandry techniques by recording the
presence of fin and skin damage (including grading the
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