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Preface

This handbook is an output of the FHF - Fiskeri- og havbruksneeringens forskningsfinansiering (the
Norwegian Seafood Research Fund) funded project “CrowdMonitor” (grant agreement number 901595).
The CrowdMonitor project “Monitoring and optimising the crowding of Atlantic salmon using emerging
health and welfare indicators” aimed to update our scientific and operational knowledge on the crowding
of Atlantic salmon in net pens using an updated suite of operational and laboratory-based welfare
indicators (OWIs and LABWIs). It involved two Norwegian research partners (Nofima and the Institute
of Marine Research) and two commercial partners (Cermaq Norway AS and Grieg Seafood ASA).

This handbook builds upon and expands existing welfare indicator toolboxes, suggests new crowding
intensity scales and recommendations for aiding the crowding of Atlantic salmon in net pens based upon
the results of the CrowdMonitor project, other relevant projects, other information sources, and an
updated scientific state of the art. The handbook utilises and further develops the format of the existing
crowding welfare indicator toolbox outlined in the FISHWELL Welfare Indicator handbook for Atlantic
salmon .

NB: The suggestions we provide are no guarantee of crowding outcomes and are meant as
guidance and support for personnel involved in monitoring and managing the crowd.

We wish to say a big thank you for all the fantastic help from research, technical and operational
personnel from all the collaborating partners, especially the farm partners when we tested the toolboxes.
Some of the recommendations in this handbook are based on the CrowdMonitor tank experiments,
which were conducted at Nofima’s Research Station for Sustainable Aquaculture at Sunndalsgra. Other
recommendations are based on the CrowdMonitor net pen experiments, which were conducted at the
Institute of Marine Research Matre Research farm at Solheim. We would like to thank the staff at both
facilities for their wonderful help and dedication to making these experiments a success. We would also
like to thank Mattias Bendiksen Lind at HaVet AS, Stian Amble at Nova Sea AS, and the staff at Nova
Sea that participated in the remotely operated vehicle (ROV) surveys and helped in creating the ROV
risk scale for crowding. We also wish to say a big thank you to Sebastian Gjertsen at Sensor Globe for
joining us in one of the commercial net pen crowding events and providing us with the loan of some of
their crowd monitoring equipment and access to the data that was generated.

Front cover image © Gunhild Seljehaug Johansson.
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1 Introduction

Crowding is an operation where fish are temporarily subjected to increased density and a reduced
available water volume. It is usually carried out to expedite the removal or transfer of fish from a net pen
or a tank (this handbook focuses on net pen crowding). It is a central component of several Atlantic
salmon farming procedures throughout a production cycle, including but not limited to i) transfer between
production units, ii) vaccination, iii) transport, iv) grading, v) medicinal and non-medicinal delousing that
involves handling, and vi) lice counting '. Crowding operations involve hazards that are a welfare risk
for Atlantic salmon (see '-5) and all other farmed fish species. These risks are dependent upon the
crowding method, rearing system, water environment, life stage and fish health and welfare status. Their
threat can be minimised if tools are available for detecting them at an early stage and mitigation
strategies are available.

1.1 A welfare indicator framework for crowding

A range of welfare indicators (WIs) are needed to measure and document fish welfare before, during
and after crowding operations. These WIs can be classified as originating on or from the fish (Outcome-
based WIs) or address the resources or environment the fish are subjected to (Input-based WiIs). The
indicators can be further broken down into those that are farm friendly (Operational Welfare Indicators,
OWIs) or more complex indicators that are sampled on the farm and sent away for further laboratory
analysis (Laboratory-based Welfare Indicators, LABWIs), see . To facilitate the targeted use of each
WI, they can be organised in a framework.

The FISHWELL welfare indicator handbook ', a further book chapter on assessing fish welfare € and the
LAKSVEL protocol 7 have suggested a three-step framework for measuring and monitoring farmed
Atlantic salmon welfare with different OWIs and LABWIs (see a refined version of this, Figure 1). The
complexity of the WIs increase from the first to third stage of the framework. The first stage of the
framework utilises non-invasive OWIs, e.g. simple water quality indicators (e.g. dissolved oxygen
saturation) and basic observations of e.g. fish behaviour and appetite. In case one or more of these first
stage outcome-based indicators suggest that something may be wrong with the fish, or there is not
enough information, the fish farm personnel can move to the second stage of the framework that still
involves non- or minimally invasive monitoring. Depending on the nature of the problem they can then
perform more extensive monitoring of e.g. oxygen variability, fish behaviour and/or sample fish for
scoring of external injuries according to the LAKSVEL protocol 7 to get a more precise and detailed
overview of the problem. If the fish farm personnel still do not have enough information for an informed
decision (in the case of crowding, on whether to commence, proceed with, or how to best manage the
crowd), fish health personnel or other experts should be called in to carry out even more complex
monitoring and collect samples for later auditing. This third stage is typically the stage where one can
start using the more complex LABWIs. In this handbook, we have refined this framework to consider the
complexity of measuring and monitoring welfare and clarify whether the Wls are non-invasive, minimally
invasive or invasive and then applied it exclusively for crowding.

Although OWIs are the most commonly used welfare indicators, their ease of use and general
applicability should not distract from the numerous existing and emerging LABWIs that are becoming
increasingly used by the R&D community, fish health services and also the farmers themselves. For
example, assessing mucosal health is driven by emerging knowledge on the sensitivity and
responsiveness of mucosal surfaces to the stressors fish can face during crowding, and new instruments
can detect changes in the responses of this WI to existing and emerging threats with considerable
resolution €9 8 Further LABWIs to consider are tools for monitoring cardiac activity such as
electrocardiograms, which can give information on cardiac health, including wave morphology,
durations, and intervals that can serve as indicators of the fish's ability to tolerate crowding operations



°. Heart rate loggers—along with associated physiological stress indicators—may provide important
information on the cardiac and physiological status of the fish. However, they require surgical
implantation 9. Other LABWIs, such as skin models for assessing wound healing, can be used to
determine if there is any innate and adaptive immune suppression associated with the crowding
operation .12, Each OWI and LABWI has various benefits and challenges for documenting fish welfare
and there are various technologies and methods for measuring and monitoring each WI ranging from
non-invasive to invasive (see Box 1).
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Figure 1 An updated OWIs and LABWI framework for crowding utilising i) Input-based Wis (water quality parameters in this instance), ii) Outcome-based Wis at the group and
individual level. Figure © Noble, C. Stien, L.H., Tschirren L. and Johansson, G.S. Adapted from figures outlined in 67,
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Box 1: Levels of invasiveness of the OWIs and LABWIs within the presented framework

Non-invasive monitoring technologies can be used to:

Measure and monitor water current, water quality and the presence of potential planktonic threats
in and around the crowd '. This can help identify potential water-based risks and to detect
deteriorating conditions before they become serious.

Monitor the behaviour of the fish either above or below water, preferably both ° to especially
identify behaviours associated with any potential welfare problem that pose a danger for the fish.
Observe and monitor mouth opening frequency or gill beat rate as an indicator of potential stress,
exhaustion or stimulation 3.

Observe the speed of the crowding operation and irregularities, e.g. in the shape of the net that
can pose a hazard to the fish 3.

Measure and monitor changes in mechanical forces towards the crowding equipment or system
infrastructure to detect and monitor the frequency and severity of impacts that may harm the fish.
Observe the frequency and severity of external injuries on the fish before, during and after a
crowding operation 5 4,

Minimally invasive monitoring methods (on anaesthetized fish, e.g. during lice counting) can be
used to:

Measure and monitor the health and welfare of individual fish, e.g. by using the LAKSVEL injury
scoring scheme 7 or AGD scoring of the gills 5.

Assessing cardiac health in anesthetized fish through real-time electrocardiography using either
minimally invasive subcutaneous needle placement %'® or non-invasive flat electrode ECG
recordings (Lucas Zena, personal communication).

Invasive monitoring methods can include:

Histological approaches to evaluate the status of the skin, heart and gills before, during and after
a crowding operation to understand how the operational procedures affect cellular integrity °.
Assessing heart morphology using qualitative and quantitative methods .

Molecular and cellular analytical tools such as transcriptomics and proteomics, which may give
insight into potential damage at the micro-level 8. This may help a stakeholder understand the
impact of different levels of stress and to identify high risk elements of the crowding process.
Indicators of wound healing potential, such as migration assays that utilise scale explants, can
add further functional information for understanding how the fish will respond to operational
procedures in the long run 5.

Physiological markers such as glucose and lactate take some time to peak after the initiation of a
stressor, which limits their utility for real-time risk monitoring and Gismervik et al. (in ') state that
“the values are dependent on the condition/state of the fish in addition to the event itself....
Measuring lactate and pH can give an indication of stress if the measurements are repeated
during the crowding procedure or carried out before, during and after. They can also help direct
future best practice procedures but are not a good "stop signal" concerning welfare during
ongoing operations.” Similarly, cortisol is a well-established LABWI in many operational settings
and has utility in crowding situations if samples can be obtained in a standardised and rapid
manner.

Biosensors for measuring changes in heart rate to detect increases in potential stress and
arrhythmic heart beats 4.18-20,




2 Targeted welfare indicator toolboxes for crowding

It is important that staff have a plan on how to measure and monitor welfare before, during and after a
crowding operation and any subsequent handling the fish are subjected to and act upon any problems
they discover ¢9-21.22. From the updated OWI and LABWI framework (Figure 1), specific sets of Wls —
so-called toolboxes — can be put together to monitor fish welfare in a targeted situation.

The main goal of this CrowdMonitor handbook is to suggest toolboxes with fit-for-purpose indicators
when Atlantic salmon are subjected to crowding in net pens (sea cages).

The FISHWELL welfare indicator handbook ', proposes a WI toolbox for crowding that only applies for
the crowding event itself. In this handbook we propose WI toolboxes for before, during and after
crowding operations (following the structure proposed by 2324). The proposed toolboxes can help
stakeholders in their selection of appropriate welfare indicators and in identifying anomalies that can be
an early warning of emerging risks or draw their attention to an ongoing problem.

A major part of crowd management is based on surface and sub-surface observations of the fish to
gauge the intensity of the crowding operation. Various crowding intensity scales have been produced to
help the farmer steer a crowd using surface observations such as one outlined by 25, adopted by the
RSPCA welfare standards for farmed Atlantic salmon 26 and adopted in the FISHWELL handbook .
This specific crowding intensity scale is widely used in the industry, by retailers and by the Norwegian
Food Safety Authority (Mattilsynet 27), but it is not without its limitations: i) it only monitors surface activity
(giving a limited overview of the whole group), ii) it was designed for net pen crowding of fish at slaughter
and may not be very applicable to crowding in other situations or potentially other fish sizes, iii) it is
somewhat opinion based. These limitations were some of the main focus areas for the CrowdMonitor
project. It should also be noted that fish can still be stressed and swim calmly 4 and
behaviour/observation metrics should be considered as part of an integrated welfare indicator toolbox.

In the CrowdMonitor handbook we propose the first version of an updated crowding intensity scale for
net pens based upon surface observations, increasing the range of observational metrics included in
the scale compared to previous works, whilst also attempting to standardise the terminology for each
metric.

We also aim to format it in a way that can be integrated into Standard Operating Procedures
(SOPs) and have assigned it five levels (1-5).

We propose the following:

= level 1 addresses any potential acclimation and inter-crowd period and can be classified as
minimal risk - the crowding can proceed as planned

= level 2 can be classified as low risk and the crowding can proceed as planned

= level 3 has increasing risk but the crowding can proceed as planned (with increasing levels
of diligence from the crowding staff with corrective actions being readied and applied if
needed)

= level 4 poses even greater risks and the crowding staff should consider intervening with a
corrective action/pausing/releasing the crowd

= level 5 is high risk, clearly unacceptable, and a corrective action should be immediately
implemented/the crowd should be released (this also equates to many of the metrics for level
5 crowding in the previous intensity scales 1.25:26).

We also propose the first version of a novel underwater crowding intensity risk scale for use by
ROV operators.
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NB: The suggestions we provide are no guarantee of crowding outcomes and are meant as
guidance and support for personnel involved in monitoring and managing the crowd.



3 Before crowding

The following section outlines a brief WI toolbox for monitoring fish welfare and managing welfare risks
before a crowding operation.

3.1 Risks to consider before crowding

Crowding is a stressful operation for the fish and optimal outcomes are expected when stress is
minimised and welfare maximised before, during and after the operation. Awareness of potential risks
before the operation (Box 2) helps a stakeholder select a range of relevant welfare indicators from the
WI framework and put together a useful toolbox.

Fish with compromised health or welfare may not be resilient enough to withstand the potential
challenges they can encounter during the crowding procedure and any subsequent handling it is
associated with. A particular factor to consider is gill health, as fish with damaged or diseased gills may
struggle to meet their oxygen demand under stressful and/or reduced oxygen conditions. Heart health
is a critical concern, particularly as underlying heart conditions—such as abnormalities in heart
morphology and cardiovascular diseases—can be prevalent in farmed salmon. These issues can stem
from infections, including viral infections that cause heart inflammation, such as Heart and Skeletal
Muscle Inflammation (HSMI) and Cardiomyopathy Syndrome (CMS). Additionally, coronary
arteriosclerosis is becoming increasingly common and severe in farmed salmon (Heidi Mortensen,
Lucas Zena, personal communication). This condition can impair heart oxygenation (i.e., myocardial
ischemia) thereby weakening the heart’s ability to cope with exposure to a stressor such as crowding
and any potential subsequent handling. Engdal et al. ' have refined and developed quantitative
(addressing 5 traits) and qualitative (picture guide addressing 42 morphological traits) methods for
auditing heart morphology, in addition to producing a pictorial guide for operational use as an appendix
7. Skin condition is also important, as existing skin infections and/or skin damage can increase the
risk of and be exacerbated by the crowding operation. Further, factors such as abnormal behaviour,
reduced appetite and/or increased mortality (which all indicate that something is wrong with part or
all of the population), should be considered indicators of underlying problems that can pose a risk to the
crowding.

Fish should also undergo fasting before crowding so they are not digesting food, and thereby have
lower metabolism and lower oxygen demand, which increases their stress tolerance. Additionally,
fasting prevents the risk of fish evacuating their gastric tract and defaecating if stressed, which can
decrease water quality 28,

Water quality risks include those associated with dissolved oxygen (DO) saturation levels, water
temperature and water current speed. Low dissolved oxygen saturation levels are a welfare risk. High
water temperatures lower the amount of oxygen available to the fish. Crowding at low water
temperatures can increase the risk of winter ulcers in the days and weeks after the operation &9- 127,
With regard to non-medicinal delousing treatments that involve handling, the Norwegian Food Safety
Authority have stated that risk is not just linked to absolute temperatures but also whether it is expected
to rise or fall during the period after the operation 2*. This approach is relevant for evaluating whether
fish should be crowded. Information on water velocity helps the farmer assess how fast the water is
replaced inside the crowd and if the fish will be under added stress due to high currents or be at risk of
low dissolved oxygen levels if currents are too low. The presence of certain types of algae and
zooplankton (e.g. harmful algal blooms - HABs, jellyfish blooms) can have negative impacts upon gill
and skin health, other fish health parameters, behaviour and algal blooms can also reduce dissolved
oxygen levels in and around a net pen &9 29-32 and references therein
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With regard to number of previous treatments/crowding operations and the time since/severity of
the last crowding operation, each crowding or handling operation poses a risk for fish welfare, and
this risk can accumulate as the number of crowds/handlings increases, €9 24, However, there is a high
level of uncertainty around this risk as it is influenced by an array of confounding factors related to e.g.
the severity of previous events and their effect upon fish welfare.

Box 2: Risks BEFORE crowding include, but are not limited to:

= Compromised health and welfare status:
= Poor gill health
= Poor heart health
= Poor skin condition
= Abnormal behaviour
= Reduced appetite
* Increased mortality
» Disease status and history

= Non-fasted, or insufficiently fasted, fish

= Suboptimal water quality:
= Low dissolved oxygen saturation levels
» High temperature (and whether it is expected to rise or fall post handling)
= Low temperature (and whether it is expected to rise or fall post handling)
=  Water velocities that are too high or too low
= Presence of planktonic threats

= Management factors
= Time since last crowding/handling
= Severity of last crowding/handling
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3.2 A Welfare Indicator Toolbox to use before crowding

The overall goal of this toolbox is to suggest indicators for evaluating whether the status of the fish, the
equipment and the environment will promote a low risk crowding operation. These will be simple OWIs,
mostly outcome-based, but also a selection of input-based OWIs related to the rearing environment and
e.g. handling history.

3.21 OWIs to consider before the crowding operation

The CrowdMonitor project has identified six key sets of welfare indicators and factors that a stakeholder
should consider to gain a holistic insight into fish health and welfare status before crowding. These
indicators can be used to support and inform decisions on e.g. whether the fish can handle the operation.
The grading of the welfare indicators follows the LAKSVEL protocol 7, where the indicators are divided
into four levels from 0 to 3 (Table 1). The six sets of welfare indicators are outlined in Table 2. NB: water
quality and the presence of planktonic threats should also be considered in the toolbox and monitored
as close to the start of crowding as possible, but these are not assigned levels 0-3.

Table 1 General definition of some of the outcome-based welfare indicator levels used in the CrowdMonitor
handbook (adapted from the LAKSVEL protocol 7)

0 Free from injuries, disease or deviation.

1 Indicates a minor injury, disease or deviation, that normally is assumed to have little impact on fish
welfare but still indicates that something is not optimal.

2 Indicates a clear injury, disease or deviation.

Indicates a severe injury, disease, or deviation that is assumed to have large consequences for the
welfare of the fish.
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Table 2 A suggested welfare indicator toolbox for monitoring the health and welfare status of the fish before crowding. The toolbox focuses predominantly on outcome-based
Wis. NB: water quality and the presence of planktonic threats should also be considered in the toolbox, but these are not assigned levels 0-3 3°

crowding

s aYa aYd YA - - ™
“Normal group shoaling “Normal shoaling behaviour by “Clear deviating behaviour of Ve LR CENE ] EUTENE
; . . L - or large part of the group
behaviour (outside feeding the majority of fish, but small large parts of the group or an . . i
. . X A . . . B showing behaviour that indicates . =
Behaviour times) with no or very few groups of individuals isolate increasing or significant part of . - Nilsson et al.
R - o - o bad environmental conditions or
individuals with deviating themselves from the general fish the group with disease related or - :
— 7 S on S disease, often connected with
behaviour group (“loser fish”) other abnormal behaviour . ey
Y I U I increased mortality Y.
. N - N F aYs ™
Fish show normal feeding el show slaliiygleniriizeeing F|sh Ses mar_kedly lenie Fish are eating very little and
R motivation and have eaten feeding motivation and have . .
motivation and have eaten as . have shown little feeding
. somewhat less than expected eaten noticeably less than S Adapted from
Appetite much as expected over the past motivation over the past week . 7
) - over the past week based on expected over the past week ) - Nilsson et al.
week based on fish size, water ' . ; : based on fish size, water
. fish size, water temperature and based on fish size, water .
temperature and time of year . . temperature and time of year
\ I time of year J\__temperature and time of year  J\ Y,
( Monthly: 0.0-0.3% \ Monthly: 0.3-0.7% \ Monthly: 0.7-2.0% N Monthly: >2.0% A
Mortality Weekly: 0.0-0.7%o Weekly: 0.7-1.7%o Weekly: 1.7-4.9%o Weekly: >4 .9%o Nilsson et al_ ’
9 Daily: 0.0-0.1%e ) Daily: 0.1-0.25%o L Daily: 0.25-0.7%o U Daily: >0.7%e )
g o L aYd ~ 7 ~ 3
Free from injuries or deviations,
Gill health status no evidence of e.g. amoebic gill Minor injury or deviation Clear injury or deviation Severe injury or deviation Nilssonetal. *
L disease (AGD) JIN U N )
4 _ Y _ N . e ) Histology
No evidence of HSMI/CMS. No HSMI/CMS suspected. Minor HSMI/CMS confirmed. Clear HSMI/CMS outbreak ongoing. .
Heart health R o T . scoring adapted
deviation in autopsy deviation in autopsy deviation in autopsy Severe deviation in autopsy .
status L . L . . . _— . from Fritzvold et
findings/histology findings/histology findings/histology findings/histology .
\. I\ AN \ al.
Scale loss, body / \ [ \ / \ / \
wound/ulcer,
At . Free from injuries or deviations Minor injury or deviation Clear injury or deviation Severe injury or deviation Nilssonetal_’
haemorrhaging,
snout damage,

fin damage \ / \ / \ / \ /

Other input based OWIs to consider not assigned a 0-3 score: Dissolved oxygen saturation levels, water temperature and changes in water temperature, water flow and
velocity, the presence of planktonic threats, see section on input-based indicators during crowding for more information on these parameters
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Monitoring welfare indicators before crowding and handling can, to a large extent, follow some of those
that are monitored during the operation, but with some specific information to consider for certain input-
and outcome- based welfare indicators:

Behaviour. Observational metrics developed in the LAKSVEL project 7 are appropriate to follow before
crowding and are outlined in Table 2 above.

Appetite. Metrics for monitoring fish appetite developed in the LAKSVEL project 7 are appropriate to
follow before crowding and adapted versions are also outlined in Table 2 above.

Mortality. A non-specific but appropriate indicator 7 to use around crowding operations. The mortality
status of the fish group (stable, decreasing or increasing) and potential expected developments in
mortalities should be considered before crowding, in addition to mortality causes (after 2324). Differing
mortality levels are outlined in Table 2, after 7.

Health Status. An ongoing overview of any changes in gill, heart and skin health status before the
operation will help an operator get a better overview of the potential health and welfare risks it will pose
to the fish. See Table 2 for guidelines on how to follow health status before the crowding event. Engdal
et al. '7 have refined and developed quantitative (addressing 5 traits) and qualitative (picture guide
addressing 42 morphological traits) methods for auditing heart morphology, in addition to producing a
pictorial guide for operational use as an appendix 7. With regard to non-medicinal delousing treatments
that involve handling, the Norwegian Food Safety Authority 24 have stated that it is good practice to
undertake a thorough assessment of fish health status before the treatment, and that fish health status
at the time of treatment is up to date (using data < 3 weeks old) and used as the foundation for the
treatment plan. The health status of the fish should also be updated immediately before the operation
24 Nygaard et al. 2 also suggest clinical diseases/disorders should be considered in relation to whether
it is early or late in their development, mortality levels (high or low) and the expected development of
the disease/disorder. This information is also relevant for crowding.

The majority of the LAKSVEL 7 external injury-based OWIs are appropriate for monitoring fish welfare
status before the operation, especially the ones relating to i) the first impression of the fish, ii) scale loss,
iii) skin haemorrhaging, iv) body wounds, v) snout injuries, vi) eye opacity, vii) eye injuries, viii) opercular
injuries, ix) gill damage and x) fin damage. With regard to non-medicinal delousing treatments that
involve handling, the Norwegian Food Safety Authority 24 have stated that with regard to injury levels
amongst the fish group, the proportion of fish with body wounds that correspond with LAKSVEL 7 level
2 should not exceed 5% of the group before handling. They also state that the proportion of fish with
level 3 body wounds according to LAKSVEL should be very low, i.e. close to 0%. The future healing
prognosis will affect any potential risk appraisal and should also be included in an overall assessment.
Small snout wounds, “white snouts", such as Level 1 snout wounds according to LAKSVEL 7 are
excluded from Norwegian Food Safety Authority guidelines and no upper limit has been set for the
proportion of fish with Level 1 LAKSVEL wounds, scale loss and skin haemorrhaging bleeding 2.

NB. For further potential consideration:

Handling history. As each crowding or handling operation poses a risk for fish welfare, handling history
and the welfare consequences of previous handling events should be taken into account before
crowding and/or handling the fish in the future and should be judged on a case-by-case basis.
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Time since last handling. This can affect e.g. the ability of fish to tolerate a further handling event and
should be considered in any pre-crowding welfare evaluation on a case-by-case basis.

Number of previous treatments. With regard to non-medicinal delousing treatments that involve
handling, the Norwegian Food Safety Authority 24 have stated that they do not take a position on the
number of treatments associated with high risk, stating risk must be evaluated on a case-by-case basis.
We believe this information is also relevant for crowding.

Frequency of crowding. For information, crowding frequency is addressed in various welfare
standards and guidelines. For example, the RSPCA 26 state “No enclosure must be crowded more than
twice in any one week or three times in any month, unless this is required by the designated veterinary
surgeon for fish welfare reasons” and “After transfer to sea, smolts must not be handled for at least 120
days, for example not crowded, except for veterinary treatments.” Global Animal Partnership’s (G.A.P’s)
5-step Animal Welfare Standards for Farmed Atlantic Salmon v1.0 34 state “Newly transferred smolts
must not be pumped, crowded or graded for their first 90 days in seawater unless immediate medical
intervention or culling is required.” Global Animal Partnership standards 3 also state “Salmon must not
be crowded more than 3 times in any 30-day period”. Compassion in World Farming: Food Business 3%
state in their humane slaughter of salmon article “repeated crowding should be avoided. Where
unavoidable there should be a period of 24-48 hours between subsequent crowds”.

NB. Water quality samples can also be collected before the operation for later retrospective LABWI
analysis if needed, see e.g. Brgnnbatveilederen .

12



4 During net pen crowding

The following section outlines a net pen-specific WI toolbox for monitoring fish welfare and managing
welfare risks during the crowding operation.

Figure 2 A net pen crowding operation that involves lifting the whole pen to increase fish density and reduce the
available water volume © Gunhild Seljehaug Johansson.

4.1 Risks to consider during net pen crowding

Crowding in net pens involves the use of sweep nets and/or lifting the net pen (often with the assistance
of a floating line) to decrease water volume to crowd the fish.

As outlined earlier in section 3 (before crowding), fish with compromised health or welfare may not be
resilient enough to withstand the potential challenges and risks they can encounter during the crowding
procedure and any subsequent handling it is associated with. A particular factor to consider is gill
health, as fish with damaged or diseased gills may struggle to meet their oxygen demand under stressful
and/or reduced oxygen conditions. Heart health is also a critical concern, particularly as underlying
heart conditions can impair heart oxygenation (i.e., myocardial ischemia) thereby weakening the heart’s
ability to cope with exposure to a stressor such as crowding and any potential subsequent handling.
Skin condition is also important, as existing skin infections and/or skin damage can increase the risk
of problems and also be exacerbated by the crowding operation. The crowding operation can also lead
to various external injuries (e.g. scale loss 3) as the fish come into contact with the net or each other.
Any form of struggle or panic can make this worse. Abnormal behaviour or increased mortality
indicate something is wrong with part or all of the population, and the fish are stressed. Stress and high
activity increase oxygen demand.

In addition to water quality risks associated with Dissolved Oxygen (DO) saturation levels, water
temperature and water current speed, crowding fish in net pens is vulnerable to the weather, wave
action and changing water conditions. Low dissolved oxygen saturation levels lower the amount of
oxygen available to the fish. A clean net is very important as biofouling can restrict water flow in and
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around the net pen, lead to low DO levels within the crowd, particularly if supplementary oxygenation
systems are poorly placed or lacking. Biofouling can also hinder visibility when using a remotely
operated vehicles (ROV) outside the net to observe the crowd. High water temperatures lower the
amount of oxygen available to the fish. Crowding at low water temperatures can increase risks for skin
ulcers in the days and weeks after the operation ¢9- 1:27. Cold weather and cold water at the water surface
may mean the fish avoid the surface waters, limiting crowd monitoring and potentially leading to
increased densities and undetected problematic fish behaviours below the surface °. Increased water
current can reduce the amount of available crowding space due to net deformations e.g. the net being
lifted ' or the fish being stuck against the net if they become exhausted or if currents are too strong for
them to swim against. Poor weather, such as high winds, can complicate the monitoring and control of
crowd equipment and the steering of the crowd. It may mean the operation is sped up, possibly putting
the fish at risk. High waves can make the operation difficult to perform, make it more difficult to observe
the fish and cause the net to fluctuate, which risks harm to the fish inside the crowd. All these last three
factors increase the risks of the fish being injured during crowding by e.g. being pressed against the
crowding equipment or other fish 36,

With regard to crowding equipment and crowd management factors, it is important to note that although
crowding risk increases with crowding duration 3, risk also increases with crowding intensity °.
However, a CrowdMonitor study on crowding in net pens did not find a relationship between high
intensity crowding (level 4 on the previous described intensity scales '2526) and effects upon fish welfare
1 month later ®. The farmer must therefore find a balance between these two risks and steer the crowding
process at a speed that both expedites the operation and exposes the fish to as little stress and risk as
possible. Equipment limitations and a shortage of trained staff can increase the risks associated
with crowding operations. Inadequate process monitoring set up, e.g. improperly calibrated sensors
or poor camera coverage, can result in delayed or erroneous information processing and decision
making. Hazards such as net shelves (shallow areas), folds and pockets in the net that the fish can get
trapped in or harm themselves against are also a welfare problem. Large mesh sizes, a rough net, or
a net with harmful biofouling such as hydroids and shells can harm the fish if the net is brought into
contact with the fish. Planktonic threats such as high levels of phytoplankton can lead to decreased
oxygen levels if the crowding is carried out or lasts into the night (darkness). The presence of harmful
algae or other planktonic hazards such as jellyfish can also harm the fish 2930.32, Poor water clarity
can be an indicator of increased planktonic activity and negatively impact observations of the fish and
the crowd and may mean a risk goes undetected .

It is important to evaluate these risks and others (Box 3) and come up with suitable mitigations. For
example, some water quality and operational risks may be alleviated by supplementary oxygenation or
assigning extra personnel to monitor the crowd, while in other cases the added risk may be so high that
the crowding operation should be delayed for a few hours to potentially days, until the risk levels
decrease.
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Box 3:

Risks to consider DURING net pen crowding include, but are not limited to:

Compromised health and welfare status:

Poor qill health
Poor heart health
Poor skin condition
Abnormal behaviour
Increased mortality

Weather and water quality:

Low dissolved oxygen saturation levels and/or high temperature
Low water temperatures

Poor weather

High waves/wind speeds

High current speeds

Cold weather and cold water at the water surface

Equipment and crowd management factors:

High crowding intensity

Long crowding duration

Equipment limitations

Shortage of trained staff

Inadequate process monitoring set up

Poor water clarity — turbid water/surface foam hindering visual observations
Net hazards - shelves, folds and pockets

Large mesh sizes, a rough net, or a net with harmful biofouling

Biofouling or restricted water flow

Planktonic threats:

High levels of phytoplankton
The presence of harmful algae and zooplankton e.g. jellyfish

15




4.2 Managing the crowd during net pen crowding

Crowding fish in net pens is a complex operation requiring skilled personnel who have a thorough
knowledge on how to manage the crowd (Box 4). Poor management can cause fish to be pressed
against the crowding equipment or other fish, resulting in physical damage, compressive asphyxiation,
or even death if gill ventilation is impaired. This can occur even when the starting point for the crowd
involves good water quality, sufficient available space, healthy fish and fully checked and maintained
crowding equipment. Pulling the net too quickly can also trigger escape behaviours, such as burrowing
into deeper areas of the net, which can cause harm to the fish from the net, increase the risk of
asphyxiation, and the fish may also pull or distort the net, causing e.g. net “balloons”. This can be
potentially detected from the surface if the net or floating line is pulled downwards into the water 3.
Ballooning can create a net pocket where fish can become stuck, are unable to escape and it can
potentially lead to high mortality. Shallow areas of the crowd can cause fish to become stuck on the net
(even above water). Mismatches between pumping and crowding can lead to overcrowding. Personnel
must therefore make small adjustments to the crowd, know how fast to pull in steering ropes, and which
ropes to pull at a given time to achieve a deep, uniform crowd e.g. %. It is especially important that
personnel can quickly recognise signs that there are potentially issues in the crowd and adjust the
operation accordingly. For example, if the fish begin expelling bubbles through the mouth/gill openings
it can be a sign that fish are stressed 3 and there are problems in the crowd 3¢, although it can also be
a sign that the fish are adjusting to being brought to the surface from the deep as part of their buoyancy
regulation.

Box 4: Managing a crowd in a net pen involves managing the crowding equipment, water quality,
behaviour of the fish and logistics of the operation. Factors to consider include, but are not
limited to:
= Acclimating the fish to the crowd, slowly introducing crowding equipment/monitoring equipment
and personnel around the pen to allow the fish to adapt to their presence.
= Avoiding pulling in crowding equipment and the net too quickly; adjust net volume and depth
gradually to prevent fish from becoming trapped in net pockets or folds 5.
= Applying corrective actions, pausing the operation or partially/fully releasing the crowd if
potential risks are observed — to reduce stress and allow fish to adapt to the available space.
= Avoiding situations that can lead to poor water quality for the fish in the crowd.
= Maintaining water quality and adequate flow through fish transfer pipes during operations.
» Avoiding instances where fish can lose behavioural control due to insufficient water volume, a
shallow net, high water currents or close proximity to other fish and crowding equipment
= Avoiding sudden or loud noises that can startle the fish.
= Avoiding situations that can trigger detrimental behaviours like panicking or crowd surging,
which can lead to escape responses such as burrowing and can mean the fish injure themselves
(e.g. the snout) by coming into contact with other fish or the net pen. Panic behaviours also
increase oxygen demand.
= Consider actions to help fish adapt and avoid panic behaviours, like increasing water inflow,
reducing fish pumping rates, and allowing more space for swimming.
=  Whilst there is a knowledge gap on the use of sedation during crowding, sedatives can be used
to calm the salmon, and can lead to reduced cortisol and lactate levels and reduced scale loss
39_ If this is considered, gill health must be taken into account 23, dosing recommendations from
sedative producer/veterinarian should be followed, and the crowd operator should also be
prepared for reduced oxygen consumption, and that the fish will likely resist pumping less,
increasing the risk of higher fish densities in transfer pipes.
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4.3 A Welfare Indicator Toolbox to use during net pen crowding

The CrowdMonitor welfare indicator toolbox for net pens can be applied in three stages, where first
stage indicators are mostly non-invasive OWIs and relevant for fish farm personnel, whereas second
and third stage indicators are increasingly more complex and can be more applicable to fish health
specialists or technical experts (Figure 3). Second stage indicators are typically used if the first stage
indicators suggest i) that something is not optimal, ii) the farm personnel are not able to explain and
make an informed decision based on the deviation and/or iii) if the stakeholder wants even more detailed
information on the health and welfare status of their fish. Third stage indicators are often analysed
retrospectively and do not allow for any direct intervention during the crowding procedure (Figure 2).
Monitoring the crowd is essential as many factors outside the control of the farm personnel can suddenly
influence water quality, the net shape and potential deformations and fish behaviour inside the crowd.
The farm personnel must therefore be ready to quickly adapt, implement corrective actions, pause or
release the crowd if necessary.
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Input-based
_Zl Wis

+ Dissolved oxygen saturation

« Water temperature

« Salinity

« Water velocity

« Wave height

+ Wind speed

+ Presence of planktonic threats

+ Gas supersaturation
= Severity
= Frequency
= Duration

Second

stage
OWls

Outcome-based
Group Wls

+ Health status

» Behaviour - Crowding intensity risk scales
for observations above and below water

+ Scales in water

+ Mortality and its cause

+ Skin colour change

+ A selection of the CrowdMonitor behavioural
OWIs to consider if not using the surface
observations intensity scale:

=Burrowing = Space between fish
=Gasping =Distance to surface
=Lethargy *Fins/backs/heads out of
=White side at surface water

=Contact with =Water surface state

net/equipment *Swimming speed

» CrowdMonitor behavioural OWIs to consider if
not using the underwater ROV intensity scale:

=Burrowing =Queueing

= Lethargy = Mability

=Net proximity =Qcclusion
=Contact with the net pen =Bursts

=Space between fish =Direction change
=Collisions

Outcome-based
Individual Wls

+ Laksvel injury-based OWIs (either
monitoring using underwater cameras or
minimally invasive assessment if the fish
are individually sampled for other
purposes anyway)

+ Mouth opening/Ventilation frequency

+ Detailed gill damage scoring
+ Laksvel injury-based OWIs:

=Firstimpression =Eye opacity
=Scale loss =Eye injuries
= Skin haemorrhaging =QOpercular injuries

=Body wounds
=Snout injuries

=Fin damage

« Muscle pH, pre-rigor time, glucose, lactate

ﬂNofima

________________________________________________________________________________________________

* Mucosal surfaces

« Electrocardiographic predictors of heart disease

« SKin, gill, heart histology

+ Keratocyte migration capacity — wound healing rate
« Transcriptional analyses

+ Physiological markers e.g., plasma cortisol

» Water samples collected to identify type
of planktonic threat

Figure 3 An updated OWI and LABWI toolbox for net pen crowding incorporating i) Input-based Wils (water quality parameters in this instance), ij) Outcome-based Wis at the
group and individual level. Figure © Noble, C. Stien, L.H., Alvestad, R., Tschirren L. and Johansson, G.S. Adapted from figures outlined in .
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4.31 Input-based OWIs for detecting crowding risks in net pens

Dissolved Oxygen (DO) concentration and saturation levels. Increased fish density or poor water
exchange in and around the crowd can lead to low DO saturation levels, which may be a welfare risk
for the fish. This risk can be exacerbated by potential increases in the metabolic rate of the fish due to
increased stress and/or activity levels, which in turn increase their oxygen demand. This is particularly
relevant if the fish have not been fully fasted. Health issues, principally gill and heart health can also
impact upon the oxygen requirements of the fish. Numerous authors have demonstrated that oxygen
requirements are temperature dependent and 4° has outlined an array of thresholds for salmon post-
smolts at differing temperatures that can be considered either optimal (lower limits for DO saturations
for maintaining maximal feed intake, termed DOmaxri) or critical (the upper level of the Limiting Oxygen
Saturation, LOS) at different temperatures for clinically healthy fish (see Table 3). However, caution
should always be applied when considering specific DO saturation thresholds as numerous factors
including the clinical health status of the fish and stress can have a marked impact upon how individual
fish react to these limits 4! and other authors have proposed that DO saturation ranges are utilised
instead 2.

Building upon the work of Remen et al. 49, Nilsson and colleagues 7 visualised and extended their DO
thresholds from 4 — 20°C (see Figure 4 below, where the Remen et al., 4° data are represented by the
red/orange border). To account for potential variation in oxygen demand due to e.g. health status, stress
levels etc., a margin of 10% has been added for the yellow level and 20% for the green level. Berntsson
et al. 3! have recently suggested adding 40% margins to the DOmaxri and LOS thresholds for practical
farming operations to take fish health and activity status into consideration, based upon suggestions
from Remen et al. 4! who added this margin to the upper level of their LOS (see Table 3 for original and
adjusted DOmaxri and LOS data below).

DO saturations should at least be measured where the saturation can be expected to be the lowest, e.g.
at the highest biomass in the crowd and where water current speeds are at their lowest, but preferably
at multiple points within the crowd, and if possible, over multiple depths, to help identify locations and
times of highest risk.

Table 3 Showing the lower thresholds for DO saturation that maintain maximal feed intake (DOmaxri) and the upper
thresholds for Limiting Oxygen Saturation (LOS) levels for 300-500g post-smolt Atlantic salmon at differing
temperatures, according to Remen et al. 4%, in addition to adjusted precautionary limits (as outlined by 3! based
upon data from 47).

Temperature (°C) DOmaxri Adjusted DOmaxri Adjusted LOS
7 42% 24% 59% 34%
11 53% 33% 74% 46%
15 66% 34% 92% 48%
19 76% 40% 106% 56%
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Figure 4 Outlining limiting values of oxygen saturation at water temperatures of 4 — 20 °C. This figure is reproduced
with permission from Nilsson et al. 7. The values are based on known minimum levels that ensure normal activity in
healthy, unstressed post-smolts, based upon work carried out by Remen et al. 4°, which here are represented by
red/orange border. To account for potential variation in oxygen demand due to e.g. health status, stress levels efc.,
a margin of 10% has been added for the yellow level and 20% for the green level.

Water Temperature. Ambient water temperature drives the metabolism of many fish species 43, wound
healing rate 44, affect oxygen solubility and pathogen and parasitic risks 7. Crowding risks increase with
both high and low temperatures. Gill health and general fish health status should be considered when
crowding at high temperatures (after Norwegian Food Safety Authority 24) and low temperatures
decrease wound healing rates 44 and increase risks for skin ulcers ¢9- 127 and references therein.
Expected temperature changes after the operation e.g. whether the fish will be subjected to rising or
falling temperatures should also be considered when evaluating welfare risk.

Salinity. Norwegian fjords can sometimes be subjected to freshwater runoff that creates a halocline
where brackish water of variable salinity overlays the existing fjord water at ambient salinity . The
documentation of salinity at different depths in preparation for crowding can provide the operator with
knowledge on whether a halocline is present (which in itself may have varying temperatures) and will
give them an overview of what the crowding will subject the fish to in terms of water state.

Water velocity and flow. Replenishes oxygen, dilutes or flushes out metabolites and aids the removal
of e.g. any fish faecal material during a crowd if the fish haven't been fully fasted '. However, high
velocities can lead to the fish losing behavioural control and their ability to hold their position within a
crowd and can lead to stress, panic or exhaustion. The velocities that salmon can tolerate over time
depend on e.g. fish size, fish status (especially gill status), water temperature, oxygen saturation and
more. High velocity can also lead to fish being trapped up against crowding equipment and in net pens
may lead to net pocketing and net deformations which pose welfare risks to the fish, particularly if they

are tiring. It may also markedly reduce pen volume, a further welfare risk during pen crowding
operations.
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Wave height and wind speed. Large waves and high wind speed introduce extra risks, both in that the
operation becomes more difficult to perform and that large waves can create movement in the net and
in other equipment that can directly harm the fish.

Poor water clarity. Poor visibility restricts visual observations of both the fish and the crowding
operation, making it difficult to monitor and manage crowding risks. If the poor clarity is due to solids
containing abrasive particles 45 or Harmful algal blooms (HABs) 222 it can negatively affect gill health.
Heightened levels of turbidity can also negatively affect water quality, &9 ' and references therein_

Planktonic threats. Algal blooms and zooplankton can cause unstable oxygen saturations. For
example, both zooplankton and phytoplankton can consume oxygen at night which can be detrimental
to DO levels, eg- 1 and references therein - Harmful Algal Blooms (HABs) or harmful zooplankton blooms can
negatively affect gill and skin health 2230, Fish are less able to avoid these threats when subjected to
reduced rearing volumes during crowding. If planktonic threats are detected around or in the crowd
during a crowding operation it can be a stop criterion for the crowd “8.

NB. Changes in light intensity? To the authors knowledge, the welfare effects of potential forced
changes in light intensity (e.g. if fish are crowded at the surface of deep production systems, or if
submerged net pens are brought to the surface to facilitate crowding), is currently unknown. Sudden
changes in light intensity can be stressful for the salmon 47 and fish may only partially acclimatise to
these changes over time 48, When fish are crowded in darkness and an ROV is positioned outside the
net to observe the crowd, the ROV-pilot should be very aware of how strong light from the ROV
potentially affects the fish. Fish can be stressed by the change in light intensity 47 or they may also gather
near the light, which can cause unwanted crowding at the bottom of the net (B. Seljestokken, pers. obs.).
With regard to welfare standards and guidelines, HSA 3 state any changes in light intensity can be
limited by e.g. using shade netting over net pens. RSPCA Australia #° also state “The volume of the
crowd must [..] maximise the time that fish are able to swim at a depth to minimise disturbance from
bright light and human activity at the surface”.
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4.3.2 Outcome-based OWIs for detecting crowding risks in net pens: group level

Health Status. Prior knowledge of the fish’s health status will help an operator get a better overview of
the potential health and welfare risks the fish will face during the crowding operation. The fish should be
resilient enough to withstand the operation '. See Table 2 for guidelines on how risk can be documented
in relation to this indicator. Engdal et al. 17 have refined and developed quantitative (addressing 5 traits)
and qualitative (picture guide addressing 42 morphological traits) methods for auditing heart
morphology, in addition to producing a pictorial guide for operational use as an appendix 7.

Mortality. A non-specific but appropriate indicator 7 to use around crowding operations. Can be followed
during (and after) an operation to actively and retrospectively examine its welfare impacts ' via the use
of underwater cameras or ROVs 24, Differing mortality levels are outlined in Table 2 (after 7). Cause of
mortality should also be documented.

Scales in water. These are an indicator of scale loss and skin damage (also to the mucosal surface).
This damage can cause e.g. osmoregulatory issues and may provide access to opportunistic pathogens
and/or ulcer development .

Skin colour change. A non-invasive indicator for stress can be a change in skin colour from green to
blue and this indicator can be monitored during crowding .25:30,

Behaviour. Observational metrics have been developed in the CrowdMonitor project for assisting crowd
management in net pens, both above and below water. To the authors knowledge only limited scientific
sources ¢9 45 have published information regarding crowding metrics for Atlantic salmon that are
applicable above and below water.

CrowdMonitor observation metrics are predominantly behavioural and metrics consider how fish interact
with the water surface, the crowding equipment and/or each other. Group structure is not included as a
metric as fish can swim calmly but in an unstructured, irregular manner during crowding 4% and fish
should be able to make a turn to avoid other fish or equipment/obstacles 9 2649 See Table 4 for
overwater observations metrics and Table 5 for underwater observation metrics.
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Table 4 Observational metrics and surface observation descriptions for the CrowdMonitor crowding intensity risk
scale for Atlantic salmon in net pens (adapted with permission from an open access article under the CC BY license:
Stien, L. H., Nilsson, J., Noble, C., Izquierdo-Gomez, D., Ytteborg, E., Timmerhaus, G., & Madaro, A. (2024).
Evaluating a crowding intensity scale and welfare indicators for Atlantic salmon in sea cages. Aquaculture Reports,
37, 102211. © 2024 The Authors. Published by Elsevier B.V ®).

Observational metric Description

1 Burrowing “when the fish burrow into the bottom of the holding net” ’

Proportion of fish exhibiting respiratory distress and gasping at

2 Gasping the water surface 3°

Number of fish that lose buoyancy/behavioural

3 Lethargy control/equilibrium

Proportion of white sides (belly side) observed at the surface

s U S El SUREED (although this can also be observed when fish are sedated 3°)

5 Contact with net pen Proportion of fish touching or being pressed into the net

(=]

Space between fish The amount of space between fish in the crowd (after 3')

Distance between the water surface and the majority of the fish
group (fish backs may also be exposed if there is no distance to
water surface in a shallow crowd). NB. Sometimes fish will

7 Distance to water surface choose to be close to the surface, so a small gap (level 3 in the
intensity scale below) isn’t always a sign of risk. This metric
should be compared to the depth preferences of the fish before
crowding.

8 Dorsal fins/backs/heads out of water Proportion of dorsal fins/backs/heads sticking out of the water

Amount of visible activity from fish at the surface. Including
9 Water surface state ripples in the water and various surface breaks by the fish
(rolling, jumping etc.)

Relative swimming speed, as activity can increase during net

10 | Swimming speed pen crowding 1952
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Table 5 Observational metrics and underwater observation descriptions for the CrowdMonitor crowding intensity
risk scale for Atlantic salmon in net pens (reproduced and adapted with permission from open access articles under
the CC BY license: Stien, L. H., Nilsson, J., Noble, C., Izquierdo-Gomez, D., Ytteborg, E., Timmerhaus, G., &
Madaro, A. (2024). Evaluating a crowding intensity scale and welfare indicators for Atlantic salmon in sea cages.
Aquaculture Reports, 37, 102211. © 2024 The Authors. Published by Elsevier B.V ® and Stien, L. H., Noble, C.,
Izquierdo-Gomez, D., Bui, S., Amble, S., & Lind, M. B. (2025). An underwater risk scale for monitoring the crowding
intensities of Atlantic salmon in commercial net pens using Remotely Operated Vehicles (ROVs), v0. 1. Aquaculture
Reports, 45, 103109. © 2025 The Authors. Published by Elsevier B.V %3).

Observational metric Description

1 Burrowing “when the fish burrow into the bottom of the holding net” ’

Number of fish that lose buoyancy/behavioural

2 LEhERE) control/equilibrium

3 Net proximity Level of closeness to net

4 Contact with net pen Proportion of fish touching or being pressed into the net
5 Space between fish The amount of space between fish in the crowd (after 3')

The extent that fish seem to come in contact and collide with

6 Collisions T

Degree to which fish are being restricted in their movements and

7 CELEE are having to slow down
. Ability of the fish to manoeuvre and reposition themselves inside
8 Mobility the c?'lowd P
9 Occlusion Possibility to see the surface through the crowd
10  Bursts Insta_nces of fish burst swimming to escape the crowd (if
possible)
1 Direction change If the individuals in the crowd frequently change direction
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4.3.3 An updated crowding intensity risk scale for net pens using surface observations

This section outlines an updated crowding intensity risk scale for net pens, refined from the crowding
intensity scale proposed by Mejdell et al. 25, the RSPCA welfare standards for farmed Atlantic salmon 26
and adopted by the FISHWELL handbook '. The update predominantly i) increases the range of
observational metrics that are included in the scale and attempt to standardise the terminology for each
metric, and ii) proposes a pre-crowd or inter-crowd state (Level 1 - outlining the metrics that are e.g.
desirable before the crowding line is pulled in). We also aim to format it in a way that can be integrated
into Standard Operating Procedures (SOPs).

We propose that:

= level 1 addresses any potential acclimation and inter-crowd period and can be classified as
minimal risk - the crowding can proceed as planned

= level 2 can be classified as low risk and the crowding can proceed as planned

= level 3 has increasing risk but the crowding can proceed as planned (with increasing levels
of diligence from the crowding staff with corrective actions being readied and applied if
needed)

= level 4 poses even greater risks and the crowding staff should consider intervening with a
corrective action/pausing/releasing the crowd

= |evel 5 is high risk, clearly unacceptable, and a corrective action should be immediately
implemented/the crowd should be released (this also equates to many of the metrics for level
5 crowding in the previous intensity scales 1.25:26),

The suggestions we provide are no guarantee of crowding outcomes and are meant as guidance and
support for personnel involved in monitoring and managing the crowd.

Observing one or more metrics is enough for defining the crowding intensity level in the risk scale.

The net pen can also be divided into various risk zones e.g. areas around the floating line or areas
around the pump inlet, and observational metrics can be especially monitored in these areas if needed
or desired.
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Table 6 The CrowdMonitor crowding intensity scale to use during net pen crowding based on surface observations.
NB: contrary to backs/heads out of the water, dorsal fins out of the water may not represent an overt risk to welfare
but may still be used as early indicators of risk. Table © Noble, C. Stien, L.H. and Johansson, G.S. Photos © Stien,
L.H. and Noble, C.

Crowding
intensity > . R g i ;
scale: net — S E—— - I-WEI.S Pmceed as I.EVEI.4 implement
pens LEVEL 1 - Acclimation and LEVEL 2 - proceed as planned/prepare corrective corrective action/ corrective actionirelease |
inter-crowd planned action crowd crowd
Potential burrowing observed .
BURROWING None [ None ][ None { from surface ] Extensive burrowing observed
or or or or
Sporadic instances of fish Frequent instances of fish
GASPING [ None }[ None [ gasping } gasping
or or o
ETHAR Sporadic instances of lethargic Frequent instances of
- cY [ po ][ None ][ fish J lethargic/exhausted fish
or or or
WHITE SIDES A few white sides occasionally in High number of white sides in High number of white sides
AT WATER None crowding risk zones (for 2-3 crowding risk zones (for 4-5 across a large portion of the
SURFACE seconds per fish) seconds per fish) surface for > 5 seconds
or or or or
CONTACT WITH P Fish occasionally in contact with Fish frequently in contact with Fish pressed againstthe net and
NET AND i ﬂs:rg'“f;:m: \:ui\t)hmt:tnel or i ﬁs:m \:‘vlrlh l::net or the net or crowd equipmentand the net or crowd equipment but crowding equipment, no
EQUIPMENT I ng equipm: fish have opportunity to move still have opportunity to move opportunity to move
or or
SPACE Fish at the surface have enough Fish at the surface have enough Fish are close together but fish 'i':h :;i‘;zﬁ;zseexg:::e;::; ;f:;'ry };':L‘ L';:z;:i:;xtgziiz
BETWEENFISH CLEREGRANTEICIEEEERINGGEE (- space to swim around each other are moving around each other 4 .
other each other and are stuck
or or
DISTANCE TO Clear gap between the surface Clear gap bef the surface Smallgap between the surface No gap between the surface and No gap between the surface and
VAR and the fish grou| and the fish grou; and the fish groul the fish group, some fish backs the fish group, high number of
SURFACE sy group group exposed fish backs exposed
or or or
DORSAL - -
Some fins visible in g risk of fins Occasional backs/heads out of
HFIEI':DS OI.C.ITKSC,){F Low to none zones but nat whole SLI‘fB\)e of visible in crowdlng risk zones but the water in crowding risk zones Ty backsftheads ExiEiiie
WATER not whole surface of crowd but not whole surface of crowd WWEISE
or or
WATER Occasional fish driven ripples, Medest frequency of fish driven The surface is covered with fish it
SURFACE breaks and splashes from ripples and breaks, occasional i H'ﬁ:‘ﬁ":gii:‘:ﬂ,:f: dl;':f:ﬁ driven ripples, breaks andfor S : I‘;‘;‘:;g CDAE
STATE individual fish splashes PP’ P splashes 2 9
or or
Several fish swimming slower Groups of fish stationary and/or Nearly all fish stationary, burst
SVSV::.IIEIEIII;G Fish mainly swimming normally [(RELD w;;'g‘g‘g‘;‘:mg LTIy than normal with some increasing cbservations of burst swimming very difficult, but high
observations of burst swimming swimming number of burst attempts
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4.3.4 A crowding intensity risk scale for underwater use based on ROV-observations

Although many farmers use remotely operated vehicles (ROVs) to monitor crowding operations they
consider particularly critical, due to e.g. compromised fish or strong currents, many crowding operations
are only monitored from the surface. However, studies conducted in this project show that there is often
a poor correlation between what is observed above water and the fish's behaviour under water, and
whether the fish is exposed to risks such as folds in the net, pockets, and protrusions. Fish can also
avoid the surface layers of the water during crowding 45. We therefore propose a preliminary version of
a crowding intensity risk scale based on underwater observations (Table 7). This scale was developed
through a survey among aquaculture personnel, fish welfare researchers, and fish health students and
has been recently published 53. A crowding operation typically varies in intensity and risk level across
different positions within the crowd and over time, and the intensity and risk level can change in an
instant. The scale is thus based on snapshots of commercial crowding operations monitored with ROVs.
The aim is for new ROV operators to use the scale to recognize risk situations and, if necessary, instruct
the personnel performing the operation to make adjustments that reduce the risk to the fish.

The suggestions we provide are no guarantee of crowding outcomes and are meant as guidance and
support for personnel involved in monitoring and managing the crowd.

Observing one or more metrics is enough for defining the crowding intensity level in the risk scale.
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Table 7 Observations to use when grading the crowd intensity risk from ROV observations. The table is based upon
a risk scale that is reproduced and adapted with permission from an open access article under the CC BY license:
Stien, L. H., Noble, C., Izquierdo-Gomez, D., Bui, S., Amble, S., & Lind, M. B. (2025). An underwater risk scale for
monitoring the crowding intensities of Atlantic salmon in commercial net pens using Remotely Operated Vehicles
(ROVs), v0. 1. Aquaculture Reports, 45, 103109. © 2025 The Authors. Published by Elsevier B.V %. It also
reproduces and adapts information with permission from an open access article under the CC BY license: Stien, L.
H., Nilsson, J., Noble, C., Izquierdo-Gomez, D., Ytteborg, E., Timmerhaus, G., & Madaro, A. (2024). Evaluating a
crowding intensity scale and welfare indicators for Atlantic salmon in sea cages. Aquaculture Reports, 37, 102211.
© 2024 The Authors. Published by Elsevier B.V . Table © Stien, L.H., Noble, C. and Johansson, G.S.

ROV
crowding
intensity
risk scale

[

LETHARGY

NET
PROXIMITY

CONTACT WITH
NET

SPACE
BETWEEN FISH

COLLISIONS

QUEUEING

MOBILITY

OCCLUSION

BURSTS

DIRECTION
CHANGE

Level 1

There is a clear distance
between the fish and the net

No fish in contact with the net

or

There is clear space between
individuals in the crowd

The fish have space to avoid
each other

Calm behaviour, relatively
unrestricted swimming

Lots of space to manoeuvre.
Free moving individuals

Can clearly see the surface
through the school

No need for burst swimmingto

escape conditions in the crowd

Fish and free to change
swimming direction

Level

Level 4

[ None

Potential burrowing observed
from ROV

| ]

None

Level 5

Burrowing observed and here
can be a “balloon” in the net
putemia\ly due to burrowing

Sporadic |ns|ancesaf lethargic Many fish are
lethargic/exhausted

or

or

~
The fish are smmmmg closeto

[ The fish seemvery close to the

[ The fish are smmmlng closeto
-

[
[
[

J
]
J
]

|

the net.
J J
) 7 Fish sometlmestouchmg the
No fish in contact Some fish occasionally in net. Risk of colliding with net
with the net contact with the net folds or becoming temporary
Y, Y, n'apped
or
The fish are close together The fish are clos_e together and The fish are in frequent contact
there is occasional contact with each other
J J
or
( (-
Fish can still avoid Fish llide and Frequent collisions between
and physical contact brush against each other the fish
.

Calm behaviour, restricted
swimming

|

Restricted swimming and slowed
swimming speed

Individual fish can be stationary,
markedly slowed swimming
speed

Less space between fish, but
still easy to manoeuvre

)

The fish obstmcl each other, but
individual fish are generally
still able to manoeuvre through
the crowd

The fish obstruct each other,
they are still able to manoeuvre
and slowly reposition themselves
in the crowd

[
|
[

school (depending on
camera anqle)

Surface vmble mruughlhe ][

Surface uuuaslcnally visible
through the school (depending
on camera angle)

Surface occaslonally visible
through the school (depending
on camera angle)

Occasionalinstances of burst
swimming

Some instances of burst
swimming

‘Some instances of burst
stmng

[
[

Some changes in swimming
direction are necessary

I
)

Frequenl changes in swlmm\ng

Consmmuhanges in svwmmlng

( )
I )
I )
I ]
I ]
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Difficult or impossible for fish to
or

The fish in the crowd periphery
are pressed againstthe net

Fish pressed against the net, or
trapped in pockets, folds in the
net or at the bottom of the crowd

The fish are in constant contact
with each other

Impossible to avoid collisions

Fish are stopped by the crowd
and stuck, little or no
forward movement

The fish have slgnlﬁcant
difficulties in manoeuvring and

changing position in the crowd.
Struggling towards each other

Cannot see the surface through
the crowd

carry out burst swimming

No opportunity for change in

fish are stuck or
wnthlng and twisting in the crowd
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4.3.5 Outcome-based Wis for detecting crowding risks in net pens: individual level

For the first stage of the framework — deploying OWIs only — measuring and monitoring welfare
indicators at the individual level may still be done either through observations with underwater cameras
or when the fish are handled for other purposes (e.g. lice counts). At such opportunities, the majority of
the LAKSVEL 7 external injury-based OWIs are appropriate for monitoring and documenting crowding,
especially the ones relating to i) the first impression of the fish, ii) scale loss, iii) skin haemorrhaging, iv)
body wounds, v) snout injuries, vi) eye opacity, vii) eye injuries, viii) opercular injuries, ix) gill damage
and x) fin damage. With regard to non-medicinal delousing treatments that involve handling, the
Norwegian Food Safety Authority 24 have stated if fish are observed with acute body wounds or eye
damage that correspond with LAKSVEL 7 level 2 or 3 during handling, the handling operation should be
stopped.

Further OWIs to consider include:

Ventilation frequency/mouth opening frequency. Ventilation frequency has been used as a welfare
indicator for crowding 4 who reported an increase in beat frequency from 55-65 beats per minute (bpm)
before crowding to ca. 80 bpm during a net pen crowding operation. Monitoring is most effective if fish
are static or swimming slowly '. New technologies are available for calculating mouth opening frequency
1354 using computer vision and machine learning or via the use of fish tags %5. When using ventilation
frequency as a WI, dissolved oxygen saturations, water velocity or gill health status can affect absolute
values. Noble et al. ' suggested using a percentage change in ventilation frequency when it is monitored
before, during and after a crowding operation as a possible way around these challenges.

For the second stage of the framework — deployed when the first stage results are unclear or reveal
issues — a sub sample of the fish should be taken and the LAKSVEL 7 external injury-based OWIs
outlined above can be monitored if they weren't evaluated during the first stage. Further OWIs to
consider include:

Muscle pH can also be monitored as increased swimming activity or stress levels generate lactic acid
in the muscle which lowers muscle pH 557,

Pre-rigor time. Stress can reduce pre-rigor time in slaughtered fish 58,

Lactate and glucose. Although these OWIs do take some time to peak following exposure to a stressor
and their monitoring should be adapted accordingly, they have been used as OW!Is for crowding 24:19.59,

Muscle pH, pre-rigor time and lactate and glucose results are temperature dependent, and the
information gained from sampling these indicators is more robust if they are sampled at intervals during
and at the end of the crowding process.

For the third stage of the framework — used when the first and second stage results are unclear or
revealed issues — more detailed indicators can be used to reveal potential causes of these issues. Other
appropriate LABWIs at the third stage include:

Mucus. Crowding can affect the biological and chemical properties of the mucus layer on mucosal
surfaces in close contact with the aquatic environment. Mucus can be collected from the skin and gills
and may undergo targeted analysis of immune molecules or stress-related metabolites or it can be

analysed using high-throughput profiling on advanced platforms such as metabolomics and proteomics
8
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Electrocardiogram (ECG). Several studies have shown that elevated heart rate can serve as an
indicator of stress in various fish species, including farmed Atlantic salmon '© and can, but not always,
be influenced by crowding intensity in net pens 819, Electrocardiogram (ECG) analysis offers a valuable
tool for real-time monitoring of cardiac electrical activity and provides insights into underlying conditions
by tracking changes in ECG wave amplitude and duration. Recently, ECG recordings in anesthetized
rainbow trout have demonstrated proof of concept for detecting heart disease through rapid ECG
screening 9, which suggests it could serve as a diagnostic tool for assessing cardiovascular disease risk
and detecting stress-related crowding risks in farmed salmon.

Skin, gill and heart histology. Advanced imaging techniques and histological LABWIs that consider
skin, heart and gill morphology may be used to check for micro-damage that is hard to determine with
the naked eye %50, Micro-damage may reduce oxygen uptake from the gills, heart functions and the
barrier properties of skin. Skin damage may further reduce the skin’s healing capacity, leading to the
development of larger wounds and/or secondary infections ©°.

Keratocyte migration capacity. Increased crowding intensity induces, amongst others, micro-damage
to the epidermis, which may decrease the migration capacity of keratocytes. If this persists over time, it
may have a further impact on the skin’s healing ability °.

Transcriptional responses. Crowding can impact upon the gill transcriptome by triggering stress-
related genes, influencing inflammation pathways, and potentially altering immune functions %0. These
changes can persist for several weeks, with the magnitude of the change dependent upon on the
stressor.

Plasma cortisol. Crowding can stress the fish 25 and plasma cortisol levels and the time it takes for
these levels to return to basal states can be a suitable indicator for crowding.

When considering outcome-based individual OWIs for crowding, Noble et al., ' state “Although these
parameters can be measured on the individual, a decision also has to be made at the group level, by
comparing data from pre- and post- crowding” and this approach is also suggested in the CrowdMonitor
handbook.
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5 After crowding and handling

Continued monitoring of fish health and welfare after the crowding and any subsequent operation allows
for key insights about its effects, which then can inform future decisions on what corrective actions
should be implemented. The following section therefore outlines a brief WI toolbox for monitoring fish
welfare and managing welfare risks after the crowding and handling operation in net pens. Much of
this toolbox can be monitored non-invasively e.g. behaviour using underwater cameras or via the use
of ROVs (immediately after the operation when the fish are returned to the pen) or the return of appetite.

5.1 Further risks to consider after crowding and handling

The risks before and after crowding may be similar, but drivers can be different, e.g. while impaired fish
health before crowding can cause mortalities during the handling, the effect of the crowding and
subsequent handling may cause impaired health and welfare afterwards. For example, it is well
established that crowding can e.g. stress the fish, and lead to skin problems such as wounds, see "% and
references therein - Byrrowing, gasping or panic driven behaviours can be an indicator that the fish have been
stressed (and burrowing can also injure the fish, e.g. lead to snout wounds), and reduced water quality
or poor weather during the crowd can lead to problems after the operation has been completed.

Box 5: Risks AFTER crowding and handling include, but are not limited to:

= Compromised health and welfare status:
= Poor gill health
= Poor heart health
= Poor skin condition
=  Abnormal behaviour
= Reduced appetite
» |Increased mortality
= Suboptimal water quality:
= High temperature (and whether it is expected to rise or fall post handling)
= Low temperature (and whether it is expected to rise or fall post handling)
=  Water velocities that are too high or too low
= Presence of planktonic threats
= High waves (and also wind speeds)
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5.2 A Welfare Indicator Toolbox to use after crowding and handling

Evaluating health and welfare consequences for fish after a crowding operation is essential knowledge,
to optimise the ongoing management of the fish population and to systematically improve crowding
procedures for future operations. In this context, the outcome-based welfare indicators are especially
relevant as they measure the result or outcome of what the fish is being or has been subjected to — in
this case, a crowding operation followed by the rest of the handling operation (e.g.
pumping/seining/netting + anaesthesia/ grading/ counting/(non) medicinal treatment/ transport to
another net pen). Indicators include both the immediate health and welfare status of the fish after the
operation, as well as how their health and welfare status develops during the days and weeks after the
handling operation (Table 8).

The CrowdMonitor project has identified six key sets of welfare indicators and factors that a stakeholder
should consider to gain a holistic insight into fish health and welfare status after crowding and
subsequent handling. The grading of the welfare indicators follows the LAKSVEL protocol 7, where
the indicators are divided into four levels from 0 to 3 (Table 1). NB water quality, water flow and velocity,
wind speed, wave action and the presence of planktonic threats (following seawater transfer to marine
net pens) should also be considered in the toolbox, but these are not assigned levels 0-3.
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Table 8 A suggested toolbox for monitoring the health and welfare status of the fish after crowding. The toolbox focuses predominantly on outcome-based Wis. NB water quality
and the presence of planktonic threats should also be considered in the toolbox.

Post-crowding/
handling Level 1 Level 2
—_— N/ ~ — — N Thare e ofill “onry ~laar deviatinm )
; . B . There is still “clear deviating There is still “very clear deviating
Return of “normal group shoaling Return of “normal shoaling . .
. ? ) ) T ? behaviour of large parts of the behaviour, or large part of the
behaviour (outside feeding behaviour by the majority of fish, - : . .
Return of normal . . A group or an increasing or group showing behaviour that Adapted from
. times) with no or very few but small groups of individuals = 2 . - 7
behaviour L ] A . significant part of the group indicates...[challenges with the Nilsson et al.
individuals with deviating isolate themselves from the : - -
T . N o with...[]... other abnormal operation]...often connected with
behaviour general fish group (“loser fish”) behaviour” . o
Y I JAN ehaviour JAN increased mortality Y,
e N E : N/ F Y ™
Fish show normal feeding A show sleniyErErizal i Flsh SRS _mar_kedly T Fish are eating very little and
o motivation and have eaten feeding motivation and have . -
motivation and have eaten as - have shown little feeding
Return of somewhat less than expected eaten noticeably less than S Adapted from
. much as expected over the past motivation over the past week : 7
appetite ) : over the past week based on expected over the past week . . Nilsson et al.
week based on fish size, water ] . - - based on fish size, water
. fish size, water temperature and based on fish size, water )
temperature and time of year " f ¢ t dti £ temperature and time of year
Y JAN ime of year )\___temperature and time of year  J{ )
( Monthly: 0.0-0.3% g Monthly: 0.3-0.7% I\ Monthly: 0.7-2.0% I Monthly: >2.0% h
Mortality Weekly: 0.0-0.7%o Weekly: 0.7-1.7%o Weekly: 1.7-4.9%0 Weekly: >4.9%o Nilssonetal. 7
L Daily: 0.0-0.1%eo )L Daily: 0.1-0.25%0 U Daily: 0.25-0.7%o U Daily: >0.7%0 )
( Free from injuries or deviations, I I\ ( h Adapted from
Gill health status no evidence of e.g. amoebic gill Minor injury or deviation Clear injury or deviation Severe injury or deviation Nilssonetal. 7
L disease (AGD) L L I )
s . ~\ _ ~ _ N/ —
Heart health No ewder_m_e of_HSMI/CMS_ No HSMI,’CMS su;pected_ Minor HSMI/CMS cqnflrmed. Clear HSMI/ICMS c_)utlbregk ongoing. adapted from
deviation in autopsy deviation in autopsy deviation in autopsy Severe deviation in autopsy : 3
status e ; e . L . _— . Fritzvold et al.
findings/histology findings/histology findings/histology findings/histology
I\ J AN /
I r ™
Scale loss, body
wound/ulcer,
Sl . Free from injuries or deviations Minor injury or deviation Clear injury or deviation Severe injury or deviation Nilssonetal. 7
haemorrhaging,
snout damage,
fin damage
/ - /

Other input based OWIs to consider not assigned a 0-3 score: Dissolved oxygen saturation levels, water temperature and changes in water temperature, water flow and
velocity, wind speed, wave action and the presence of planktonic threats , see section on input-based indicators during crowding for more information on these parameters
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5.21 Outcome-based OWIs to consider after the crowding and handling operation

Monitoring welfare indicators after crowding and handling can, to a large extent, follow those that are
monitored during the operation, but with some further information to consider for certain outcome-based
welfare indicators:

Return of normal behaviour. The time taken for normal behaviour to return can also be used as a
retrospective indicator of how the operation affected the fish. Fish can return to normal activity levels 24
hours after crowding 952, Behaviours to consider are outlined in Table 8, after .

Return of appetite. Appetite drops can be due to stress and health and welfare problems 76" and the
time needed for appetite to return after the operation can be a relevant indicator for monitoring its
severity '. A rapid return to normal appetite levels as outlined in Table 8, after 7 is desirable.

Mortality. Continue to follow up mortality after an operation to retrospectively examine its welfare
impacts '. Differing mortality levels are outlined in Table 8, after 7. Cause of mortality should also be
documented.

Health Status. An ongoing overview of any changes in health status after the crowding and handling
operation will help an operator get a better overview of future potential health and welfare risks. See
Table 8 for guidelines on how to follow health status after the crowding event.

The majority of the LAKSVEL 7 external injury-based OWIs are appropriate for monitoring and
documenting the effects of crowding and handling on the fish after the operation, especially the ones
relating to i) the first impression of the fish, ii) scale loss, iii) skin haemorrhaging, iv) body wounds, v)
snout injuries, vi) eye opacity, vii) eye injuries, viii) opercular injuries, ix) gill damage and x) fin damage.
NB. With regard to non-medicinal delousing treatments that involve handling (crowding, pumping,
handling), the Norwegian Food Safety Authority 2* have stated that if after 24 hours post-handling 0.1%
of fish are observed with acute body wounds or eye damage that correspond with LAKSVEL 7 level 2 or
3, itis an undesired result of the handling.

Growth. Post crowding growth can be negatively affected by how stressful the operation was in both
the short and long-term as the fish motivation to eat might be negatively affected after the end of the
operation 1.
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6 Discussion

This handbook builds upon and expands existing welfare indicator frameworks, toolboxes and
recommendations for aiding the crowding of Atlantic salmon in net pens based upon the results of the
CrowdMonitor project. It also proposes preliminary versions of an updated crowding risk scale for net
pens. The handbook utilises the format of the existing welfare indicator toolbox outlined in the
FISHWELL handbook ' and the LAKSVEL protocol 7 and further develops them for a crowding-specific
purpose using the latest scientific insights and state-of-the-art knowledge. The goal of this handbook is
to present stakeholders with a standardised framework from which tailored toolboxes can be created
that fit their farm(s), personnel and operations.

The CrowdMonitor handbook authors would like to fully emphasise the preliminary nature of
these revised intensity scales. The suggestions we provide are no guarantee of crowding
outcomes and are meant as guidance and support for personnel involved in monitoring and
managing the crowd. Whilst they are based upon state of the art generated in the CrowdMonitor
project and other information sources, they are the first version of an updated scale that hasn’t
been extensively tested in a range of commercial crowding situations. We hope that we have
been transparent with our revisions of previous crowding intensity scales for net pens. Feedback
is very welcome, and we hope the scales can be tested, improved and built upon over time as
momentum and experience builds with their use.

In light of this we would like to suggest the following:

6.1 Create your toolbox from the framework and use it

The presented health and welfare monitoring framework (Figure 1) arranges input- and outcome-based
OWIs and LABWIs into three stages for the specific process of crowding farmed Atlantic salmon. From
this standardised framework, a farm- and system-specific toolbox is created to monitor fish health and
welfare during the whole process and offer decision guidance along the way.

In order to create a toolbox from the framework that is best suited to your systems and operations,
please select the most appropriate Wis from the CrowdMonitor toolboxes when conducting a risk
assessment of the crowding operation, paying attention to personnel responsibilities and competencies.
For example, make lists of these indicators and add additional indicators that you consider relevant
and/or are already part of your farm’s routine if these are missing from the CrowdMonitor toolbox. Define
how, how often and how frequently the WIs are measured and monitored. Write protocols, ensure all
staff are trained in their use and both collect and interpret the data the same way. One should also
consider what corrective actions to implement and when, especially e.g. relevant stop criteria. Clarify
what the results of each indicator means and which indicators (alone or in combination) lead to which
corrective action. Define when these actions should be implemented and also state who passes on,
receives and has access to which information from the toolboxes to put potential actions in motion.

6.2 The value of long-term documentation

In addition to the immediate, actionable insights a fish health and welfare toolbox has, there is
tremendous value in the long-term documentation of the data gathered. If the results generated by the
toolbox are kept as digital data over time, additional insights can be gained by revealing patterns,
correlations and causations. Knowing more about the causes and effects of factors before, during and
after crowding can help improve future operations.
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6.3 Key recommendations for crowding

Effective crowd management, diligent planning and smooth implementation of a crowding operation will
help prevent and reduce the risk of poor fish welfare. This requires a clear understanding of potential
risks and robust monitoring to give an operator a better overview of potential bottlenecks in the crowding
operation and assist in decision support. Robust monitoring can help prevent problems with the crowd.
When problems are encountered, effective and timely interventions should minimise their impacts.

Box 6: Some key recommendations when crowding fish in pens

Use welfare indicator toolboxes and crowding intensity risk scales if they are appropriate to your
system/operation.

Evaluate risk in relation to fish health (especially heart, gill and skin health), the injury status of the
fish and weather and water conditions.

Check all crowding equipment is in good working order before the crowd.

Aim for a low-risk crowd, where fish have ample space and favourable conditions to control their
movements and move amongst their conspecifics.

Crowding at low water temperatures can be a risk for winter ulcers.

Crowding at high water temperatures can increase oxygen demand and reduce oxygen availability
to the fish.

Monitor water quality parameters closely, especially oxygen levels, and use supplementary oxygen
if necessary. Some authors suggest maintaining dissolved oxygen saturations at 80% 62 or ca. 50
—100% at temperatures 4 —20° C 7, ca. 60 — 110% at temperatures 7 — 19 © C 3' or 100% where
possible 24. 70% DO saturations are reported to be a widely used stop criteria in the industry ¢ and
< 70% has also been proposed for fish in poor health 23

Monitor fish behaviour. Preferably both above and below the water surface. Ensure that there is no
contact between the fish and crowding equipment or the rearing system, and that the fish can move
and reposition themselves in the crowd.

A compact and dense crowd can still be low risk if water quality is sufficient, and the fish maintain
behavioural control.

Carry out the crowd in a methodical step-wise manner. Avoid rapid management actions that can
trigger burrowing, surging and/or other panicking behaviours in the crowd. This must especially be
avoided when the crowd is dense (e.g. if the fish begin to have limited space for movement or exert
pressure upon each other due to close uncontrollable contact), or water quality is deteriorating or
poor. Panic behaviours also increase oxygen demand. The crowd should be released in such
situations.

Pockets or areas where the fish can be stuck should be monitored and avoided if possible ¢9- 27,
Fish expelling bubbles via the mouth/gill openings can be a sign of acute stress 3 e.g. if the net is
being lifted too fast. Fish can also descend in the water column when this occurs and it is important
to give fish sufficient depth in the crowd to account for this. However, it can also be a sign that the
fish are e.g. adjusting to being brought to the surface from the deep as part of their buoyancy
regulation.

Crowding duration. Crowding is a stressful situation for the fish and some crowding
recommendations and welfare standards suggest time limits for crowding ¢-9- 2326.34.36,37.63 The
crowd should be as short as possible but the wish for shortening crowding time should be balanced
against the need for conducting the crowding operation in a calm and controlled manner.
Crowding intensity and the maintenance of crowding intensity should also be balanced against the
need for carrying out crowding in a calm and controlled manner.

When procedures (e.g. pumping, delousing) or equipment failures cause delays and prolong the
crowding period, the crowd should be loosened to allow the fish to rest.
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