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Executive Summary

The Sea Lice Regulatory Framework (SLRF), implemented by SEPA, aims to manage the
potential impact of sea lice from salmon farms on today’s wild Atlantic salmon and sea
trout populations. The science and evidence used to justify and inform SEPA’s
framework are areas of concern for the industry. Ministers requested CSA Marine to
engage with the sector and report back on these concerns.

CSA Marine met with Salmon Scotland and SEPA to understand and then evaluate the
industry's concerns. Eight categories of concern raised by the industry are identified,
mapped to five actionable recommendations for Ministers to consider. The concerns
span documented scientific clarity, model robustness, regulatory transparency, and
adaptive management.

CSA Marine concludes, first and foremost, that the framework is scientifically
defensible; implementation and documentation, however, require improvement. The
industry's concerns are valid in several areas and merit Ministerial attention; in other
areas the concerns are directly addressed in this report and its annexes.
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Background

1.

Wild salmon numbers have been in decline across all regions of northern Europe over
the last few decades. There is no scientific consensus as to the cause(s) for this
decline. Declines are seen in regions with and without salmon farms. Into this state of
decline entered the new SEPA Sea Lice Regulatory Framework (SLRF), designed to look
not at the cause of past decline, but to focus on the potential pressure that present-day
wild salmon stocks may experience from sea lice originating from salmon farms.

The industry met with senior Ministers to express their concerns in relation to the
implementation of the SLRF. The Cabinet Secretary for Rural Affairs, Land Reform, and
Islands (RALRI) asked the Chief Scientific Advisor Marine to consider the scientific
underpinning of SEPA’s framework.

As part of the process, CSA Marine met with Salmon Scotland and representatives from
the sector and listened to their concerns. CSA Marine and SEPA then met to clarify
some relevant technical and factual details of the SLRF. Redacted notes of all meetings,
agreed by parties present, are available.

The expectation of all parties is CSA Marine would report back to Cabinet Secretary
RALRI, and Cabinet Secretary for Climate Action and Energy. That is the purpose of this
report and its annexes.

As a result of SEPA’s implementation of the SLRF from February 2024, Notices of
Variation (NoVs) were issued to farm operators, and the industry subsequently appealed
against some of the conditions contained within NoVs.

Reporting structure

6.

Reporting follows a three-tiered approach: A summary submission to The Cabinet
Secretary for Rural Affairs, Land Reform, and Islands (RALRI) and The Cabinet Secretary
for Climate Action and Energy; a full report (this document); and a set of annexes. The
annexes provide detailed background to the SLRF' and draw on the scientific evidence
related to the areas of concern raised during the meeting with representatives from the
sector.

' Scottish Environmental Protection Agency (2025) Sea Lice Regulatory Framework
Implementation Available at: SEPA — Aquaculture landing page [Accessed 2 October
2025]
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7. Neither this report nor its annexes provide a comprehensive review of the SLRF
underpinning science, that is found elsewhere 2, and reviewing the science is an
ongoing process. This is a report on the salmon farming industry’s concerns and a
response to those concerns. Some of the concerns raised (but not all) lead to the five
recommendations.

1. Recommendations

R1: Improve documentation and communication.

The current description of SLRF is spread across several documents and lacks clarity in
key places. What is required is a final, consolidated Regulatory Rulebook or Technical
Guidance Document that supersedes all previous documentation, has a clear revision
history and is in the public domain. This document needs to contain new and clear
process flow diagrams of SLRF and collate information from consultations, responses,
FAQs, standards and any other documentation relating to SLRF. This one document
should be the single point of reference relating to the SLRF which explicitly states
current methodology, assessment and implementation requirements. The position
statement published by SEPA on 2" September 2025 (after this review began) is a basic
starting point, in need of elaboration.

R2: Full sensitivity analyses to be undertaken.

There is a strong scientific imperative to undertake a comprehensive sensitivity analysis
of the screening model. This work should be independently reviewed.

R3: Full framework to be implemented.

Two areas have not been fully implemented or described: framework adaptation and
refined modelling. These shortcomings should be rectified.

R4: Shape of success to be defined.

Itis unclear how and when the success or otherwise of the SLRF will be demonstrated.
An evaluation strategy and accompanying implementation plan should be published.

2 Scottish Government (2021) Impacts of lice from fish farms on wild Scottish sea trout
and salmon: summary of science Available at: Impacts of lice from fish farms on wild

Scottish sea trout and salmon: summary of science [Accessed 2 October 2025]
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R5: Update the review of underpinning science.

This is a rapidly evolving field of science which requires regular updating. There should
be a commitment to a regular update of available scientific evidence every 4-5 years in
a similar form to the Marine Directorate’s 2021 Summary of Science.

More detailed reasoning behind these recommendations and their links to the industry-
raised concerns are provided in “Summarised: Concerns raised by industry
(categorised) and this report’s response” below.

2. Sea lice and wild salmon interactions

9.

10.

The SLRF is driven by concerns about sea lice from fish farms affecting wild Atlantic
salmon and sea trout, particularly during their post-smolt migration to sea. The
scientific foundations of fisheries and aquaculture management principles are
described in the UK Fisheries Act 2020 as applied to the development of the SLRF,
detailed in Annex A.

In summary, scientific studies suggest that elevated sea lice levels near fish farms have
potential to increase mortality rates in migrating wild salmon post-smolts. There are
many pressures on wild salmon, by design the SLRF currently only considers sea lice.
The relative importance of all pressures becomes relevant when discussing the
proportionality of the measures contained within the SLRF; this is considered here.

3. Key areas of concern mapped to recommendations.

11.

12.

Having listened carefully to the industry, eight broad categories of concern have been
identified and are synthesised below. The discussions were wide ranging, concerns
were filtered according to their relevance to the science evidence base (see below and
Annex B), some concerns were viewed to be out with the competence of this report. The
relevant concerns were gathered together by their commonality into one of the eight
categories below.

After reviewing publicly available documentation, peer-reviewed scientific literature,
case studies provided by industry to CSA Marine on request, and discussions between
CSA Marine and SEPA the following responses have been drawn up. The responses are
linked in some cases to one of the five recommendations.

Summarised: Concerns raised by industry (categorised) and this
report’s response.

Concern 3.1, Transparency and clarity

Response
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R1: Improve documentation and communication.

The current description of SLRF is spread across several consultation and response
documents and lacks clarity in key places. The phrase “will be” is used often and the
methodology is presented in different stages of revision in different documents. A
formal SLRF software release cycle should exist with a clear note of which version was
used on which occasions. Each release version needs clear methodological diagrams
and descriptors that would allow for reproducibility, the required standard for a
scientific method. Implementing a formal SLRF documentation structure will help with
communication by providing a single reference point.

R5: Update the review of underpinning science.

A claim of “misrepresentation” of scientific findings by the regulator is unfounded. There
is a genuine scientific debate/disagreement over the quantitative statistics regarding the
effect of parasites on the return-rate of wild salmon. A paper published in 2025 (Gargan
et al 2025) gives some clarity to this debate. The view of CSA Marine is that the balance
of scientific evidence does indicate a statistically significant negative impact of
parasites on wild salmon return rates, and that this evidence is not misrepresented by
the regulator.

Concern 3.2, Model parameter choices / uncertainty
Response
R2: Full sensitivity analyses to be undertaken.

The screening model has not undergone a comprehensive sensitivity analysis.
Sensitivity of the screening model outcomes (i.e. the designation of relative risk
category for each farm) has been undertaken for some but not all parameters. There is
good scientific reason to undertake a more comprehensive sensitivity analysis,
independently reviewed by a third party (non-government or non-government agency).

Coastal systems are sensitive to extremes in weather (wind strength and direction, and
rainfall in particular). The effects of weather extremes should be included in a sensitivity
study of the screening model.

Concern 3.3, Historic baseline data

Response

A specific concern raised was that SEPA would in future change their methodology used
to determine the historic baseline sea lice count, used as the standstill limit. If adopted,
such a procedure could lead to a reduction in the limit of sea lice permitted on an
individual farm — a “ratchet effect.” SEPA have stated as a matter of record that this will
not happen.
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Another concern expressed was that “baseline data” on sea lice numbers around
Scotland should be determined (i.e. sea lice numbers in the absence of aquaculture).
There are limited historic data, which do show geographic differences (detailed in Annex
B), but historic records are sparse, and we cannot retrospectively know that which was
not measured.

Concern 3.4, Adaptive use of near-real-time data
Response
R3: Full framework to be implemented.

The framework has been applied without a clear adaptive mechanism. It needs to be
stated clearly when, and on what evidence-base, adaptation of the framework will take
place. As an active field of research, improvements will be forthcoming. For example,
adapting to an approach in setting sea lice limits that incentivises good fish husbandry
and a provision to adapt regulation on a near-real-time basis in line with near-real-time
reporting of lice numbers.

Concern 3.5, Refined modelling
Response
R3: Full framework to be implemented.

“Refined modelling” is required for higher relative risk farms if relative risk re-
categorisation is to be considered, and for some relative risk category new farms.
Unambiguous technical and scientific descriptions of what acceptable refined
modelling looks like should be published by the regulator (relates to R1).

Concern 3.6, Fish health

Response

This is an intersection between two different regulations: consented biomass, and sea
lice limit. It is common for an industry to have different regulations that interact on the
ground. Itis for the industry to decide how to comply with all pertinent regulation. In this
case, if the primary concern is worker wellbeing or fish health, then stocks must be held
below consented biomass, or other techniques devised to reduce lice-per-fish. This is
deemed not to be anissue for the regulator, who is aware and has published their
consideration of the issue.

Concern 3.7, Proportionality

Response

It is accepted by the regulator that reasons for the universal decline in wild salmon
numbers in east and west coast rivers over the last few decades are unclear. There are a

7



13.

14.

15.

16.

CSA Marine Sea Lice Regulatory Framework
Scientific Review

complex range of reasons, some related to well-documented oceanic changes. The
historic decline is not relevant to the SLRF. The SLRF addresses whether the present-
day pressure of sea lice is now significant on wild salmon whose stocks are at
historically low levels.

This concern is part-related to Concern 3.8 (Efficacy), to which recommendation R4
applies.

Concern 3.8, Efficacy
Response
R4: Shape of success to be defined.

Itis unclear how and when it will be judged whether the SLRF has been a success.
Experience from Norway suggests this will not be trivial. Details of monitoring
programme arrangement, and how success criteria will be assessed including
disentangling other pressures and natural variation, which requires explicit
consideration of compounded uncertainty of many pressures on wild salmon. There are
regulator statements that this will be done, but insufficient detail: how (statistical
methodology, including uncertainty analysis), by whom and when.

SLRF implementation

The SLRF uses observations and predictive numerical models to solve two aspects of
the classic “encounter problem”. A detailed process description is given in Annex C,
here we summarise using figures 1 and table 1.

The screening model sets out to quantify the post-smolt/sea lice encounter problem:
how many sea lice does a seaward-migrating salmon post-smolt encounter, and where
did those sea lice originate? A problem trivial to state and complex to solve.

The SLRF uses the same physics as weather forecasting models, here applied to the
water flow around Scotland. Every farm is treated as a point source of sea lice, the size
of each source is derived from fish numbers, generated from the farms authorised
biomass limit and a standardised number of adult female sea lice per fish (see Annex C
for details).

The SLRF simulates the natural variation in post-smolt migration routes by moving
virtual post-smolts through the simulated moving water that contains sea lice released
from point-source farms, and by varying the smolt route many times to estimate how
much the precise route matters to the number of sea lice encountered.
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The SLRF only attempts to solve the encounter problem at the main season for post-
smolt migration from rivers to sea (April and May). These elements of the SLRF are
shown in the top boxes of the flow diagram in Figure 1.

SLRF keeps track of every sea louse the post-smolt encounters and from which farm the
lice originated, in addition to the total number of encounters. If the total number of
encounters is less than some threshold considered acceptable for wild post-smolt
health, then there is “remaining environmental capacity” for smolts to encounter a
greater number of sea lice without undue detriment. Remaining environmental capacity
forms the x-axis of the “relative risk matrix” in Figure 1. How much did each farm
contribute to the total number of encounters? This forms the y-axis of the relative risk
matrix.

In this way every single farm occupies a single box in the relative risk matrix: x-axis
determined by all farms, y-axis determined by the farm in question. The relative risk
matrix is then partitioned diagonally into four relative risk categories (1=low/green,
2=medium/yellow, 3=considerable/amber, 4=high/red).

All farms with a relative risk category 1 or “low relative risk” as designated by SEPA are
not subject to sea lice limit conditions. They are subject to sea lice monitoring and
reporting conditions allowing SEPA to track sea lice numbers on the farms and intervene
if those numbers are rising to levels likely to result in the sea lice exposure threshold
being exceeded.

Farms in relative risk categories 2, 3 and 4 are all subject to (standstill) sea lice limit
conditions and have measures applied by the regulator (detailed in Annex C). For this
reason, the methodology of SLRF just described is called the “screening model”. Note:
the screening model is applied only to farms in areas desighated as Wild Salmon
Protection Zones (WSPZs)?, though the effects of lice from farms out with WSPZs are
accounted for (Annex C).

Relative Risk Assessment Matrix

The matrix combines two assessments to assign a relative risk category (1-4) to each
salmon farm. The rows represent a farm's individual contribution to sea lice exposure in
the Wild Salmon Protection Zone (WSPZ); the columns represent the remaining
environmental capacity in the WSPZ after all farm contributions are summed.

3 Scottish Environmental Protection Agency (2025) Wild Salmonid Protection Zones
Available online Map | Scotland's environment web [Accessed: 18 September 2025]
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Farm contribution to
sea lice exposure

Remaining environmental capacity in WSPZ

Large remaining

Intermediate

Little or no

capacity remaining capacity remaining capacity
Substantial contribution 2 - Medium 3 -Considerable 4 —High
Moderate contribution 1-Low 2 —Medium 3 -Considerable
Small contribution 1-Low 1-Low 2 —Medium
Negligible contribution 1-Low 1-Low 1-Low

Key: 1 = Low relative risk; 2 = Medium relative risk; 3 = Considerable relative risk; 4 =

High relative risk.

Higher risk scores indicate greater regulatory focus is needed. Risk increases when a

farm contributes substantially to sea lice exposure and/or little environmental capacity

remains in the WSPZ. New farms receive risk-based permit conditions and numeric lice

limits; existing farms receive standstill or reduction conditions depending on their

score.
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Sea Lice Relative Risk Assessment Matrix Flow Diagram

Input Data Collection

« Farm locations
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* Sea lice numbers
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Sea lice dispersion
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Environmental Capacity

ive Risk A
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Assessment in WSPZs Ll
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Combines both assessments

Priority WSPZs
Initial screening
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where infestation
pressure may be
highest, requiring
further assessment

Virtual Salmon
Post-smolt Model
Migration exposure simulation

Individual Farm
Contribution Assessment
to sea lice exposure

| g SR

Y

Farm contribution
to sea lice exposure

Large

Relative Risk Assessment Matrix

Intermediate Little or None

Moderate ||

Small |

Negligible 1

4 High

3. Considerable

3.\ Gonsiderable

Remaining Environmental Capacity in WSPZ

o

New Farms Existing Farms

« Standstill conditions,

historical performance limits

*» Monitoring requirements

* Potential reduction if needed

« Farms with limit conditions
sample more fish (weeks 12-22)

* Risk-based permit conditions

* Numeric lice limits

+ Refined modelling if needed

« Farms with limit conditions
sample more fish (weeks 12-22)

Relative Risk Categories
. 1-Low
E 2-Medium

. 3 — Considerable

B +-Hion

Key points:

Little/no capacity = higher risk
Matrix combines capacity and
contribution assessments
Higher risk = greater regulatory
focus needed

Figure 1. Plain text description and flow chart of the SLRF process —based on an

interpretation of published information on data processing undertaken by the regulator

in establishing the farm-based relative risk assessment matrices.

22.There is a further complexity around sea trout (for example in Northern Isles where there
are no designated salmon rivers), where instead the protection zones for sea trout will
cover defined areas of sea. Within sea loch systems, they will extend up to 20 km from

the relevant river mouths. For rivers flowing out into open sea areas, they will extend

outward from the river mouth for 5 km. The use of the word “will” accurately reflects the

language used by the regulator on this matter.

23. Figure 2 lists the numerical values of the technical parameters used in the screening

model, based on scientific literature. The individual accuracy of the numerical values of
the technical parameters used in the screening model and the combinatory effects of

their accuracy on the outcomes of the screening process are relevant to the

recommendation R2 of this report.

11
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Detailed textural expansion of Figures 1 and Table 1 is given in Annex C. Much of this
explanation is also attempted in SEPA’s documentation®, the reason to revisit in such
detail here and in Annex C is relevant to recommendation R1.

Relative risk-categorised interventions

Annex C summarises the interventions and conditions applied to salmon farms
according to which of the four relative risk categories they are assigned. Existing farms
and new or expanding farms are treated differently.

The key point regarding new or expansion applications is that data from the
preapplication process are used to run the screening model, and those that are
categorised as 3 or 4 require sea lice limits to be set by using what is termed as
“additional refined modelling’, relevant to recommendation R3.

Table 1. Published parameter values and descriptions for use in determining aspects of
the screening model processes as part of the risk assessment process.

Technical Parameter Value Notes

=1 body
Post-smolt speed 12.5cm/s

length/second
Exposure threshold 0.7 lice m~? days 95th percentile

After 4 days to attachment:

Mortality at 17 days
Lice development
Temperature dependent

(10°C applied)

Salmon: Weeks 12-22
Protection period

Sea trout: Weeks 12-44

. . 17% daily mortality post- Applied to particle
Lice mortality hatching hass

4 Scottish Environmental Protection Agency (2023) Managing interactions between sea
lice from finfish farms and wild salmonids: Proposed new regulatory framework.
Available at: Managing interactions between sea lice from finfish farms and wild

salmonids, Proposed new regulatory framework [Accessed: 18 September 2025]

12
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. . 30 new sea lice per
Lice production
female/day

Mortality: 17% per day
(applied to particle mass)

Sealice biology (post- Infective window: age> 4
hatching) days and < 17 days

Upward swimming speed
velocity: 0.0014 m/s

These are not

Negligible: <10% exposure thresholds

but categories of

Small: 10 -<20%

Relative contribution relative contribution

categories Moderate: 20 — <30% to exposure as

percentage of the

Substantial: 230% sea lice exposure

threshold

26. For all farms, weekly sea lice counts, and fish numbers reporting are required
between Week 12 - 22 (approximately 16" March - 30" May) every year adhering to
SEPA specified counting protocols. The stated plan is to use these data to re-run
screening assessments each year.

4. Conclusions

27.Regulation is a fixture of an industrial landscape, which is undisputed. The physical
principles and underlying methodology of the SLRF are scientifically well-founded
(assessing encounter rates in a moving fluid). Clarity on the precise application of
the approach and certainty of outcomes is where most contention has arisen.
Science moves on, the underlying principles are the SLRF used the best science
available at the time of development — a timetabled and rules-based method for
adaptation to new scientific evidence must be clearly articulated.

28. Relationship between industry and regulator is at a low ebb (notwithstanding
continuing day-to-day operational dialogue). This report tries to summarise and
categorise industry concerns which centre around the scientific basis, scientific

13



CSA Marine Sea Lice Regulatory Framework
Scientific Review

presentation, and scientific application of the SLRF. Where it finds merit in those
concerns, recommendations are made which Ministers are invited to consider.
Where recommendations are not made, explanations are given as to why a
particular concern does not merit further action in the view of CSA Marine.

29.This report is based on unilateral meetings between CSA Marine and industry
(listening to their concerns), and CSA Marine and SEPA (seeking points of
clarification). Bilateral meetings should now happen to facilitate any Ministerial
recommendations. Respecting SEPA’s role as the independent regulator, these
meetings should have a third-party expert chair agreed in advance by both parties
and be time limited. This may improve the relationship between industry and
regulator and lead to improved relations and regulation.

5. Annexes

Accompanying Annexes to this report are:

Annex A: Scientific Foundations

Annex B: Discussion regarding issues raised

Annex C: Process Description and SLRF implementation

Annex D: an example of fragmentation and ambiguity in the Sea Lice Regulatory
Framework documentation

14
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5. Annexes

Foreword

These annexes are published as a record of the work and thinking behind their main
report, in which recommendations to Scottish Government Ministers are made. The
annexes inform the main report but should not be read or quoted as recommendations
in and of themselves. Annexes are the independent work and thinking of CSA Marine,
written between July and November 2025 and based on information available in the
public domain at that time, or scientific papers some of which are behind pay walls.
Unpublished manuscripts under review are not considered.

At that time SEPA operated two websites both with information relating to SLRF. This
situation has since improved, nonetheless, these annexes reflect what information
regarding SLRF was available at the time Minister’s requested CSA Marine meet with
and listen to their concerns. In order to understand the boundaries of the scope of the
Minister’s request, it was necessary in places to stray beyond them. In places these
annexes do stray, but the main report and recommendation do not, precisely because
the boundaries were properly explored.

Mark Inall, CSA Marine, March 2026.
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Annex A: Scientific Foundations
UK Fisheries Act 2020 applied to the development of the Sea Lice Regulatory

Framework

1.

The Fisheries Act 2020° contains a fundamental scientific principle: management
decisions must be based on the best available scientific advice, not perfect
knowledge. This approach reflects scientific understanding that regulatory action
cannot be postponed by uncertainty whilst acknowledging the inherent limitations
of current knowledge.

The Act's scientific evidence objective mandates that scientific data relevant to
management of [fish and] aquaculture activities be collected, shared between
authorities where appropriate, and that management be based on the best available
scientific advice. This creates a legal framework that aligns with scientific best
practice whilst recognising the practical realities of regulatory decision-making.

In environmental sciences, management recommendations are routinely based on
incomplete data sets, utilising statistical confidence intervals, uncertainty analysis,
and precautionary measures. The Act's framework legitimises this approach in
regulatory contexts.

The Act defines the precautionary approach as one where "the absence of sufficient
scientific information is not used to justify postponing or failing to take management
measures to conserve target species, associated or dependent species, non-target
species or their environment". From a scientific standpoint, this principle is
important for establishing a sea lice regulatory framework because it accounts for
scientific uncertainty and knowledge gaps. Primarily these being:

Population-level effects of sea lice (predominantly Lepeophtheirus salmonis, but

also other Caligidae such as Caligus elongatus) on wild Salmo salar (Atlantic salmon,
which will be referred to as salmon in this document) and sea trout (Salmo trutta) are
inherently difficult to quantify due to multiple confounding factors affecting wild
salmonid survival

Cumulative impacts across multiple salmon farm sites require complex

numerical modelling with associated (quantifiable) uncertainties

Climate change interactions with host-parasite dynamics introduce additional

uncertainty layers

Threshold effects may exist where small increases in sea lice pressure cause

disproportionate impacts (“tipping points™)

5 Fisheries Act 2020 [Available at Fisheries Act 2020 Accessed 2 October 2025]

16
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The scientific literature demonstrates that whilst we cannot precisely quantify all
sea lice impacts, evidence indicates there is potential for significant effects on wild
salmon populations. The Act's framework enables regulatory action grounded on
this evidence base without attaining some prescribed level of certainty.

SEPA’s framework aligns with the Act's scientific principles of implementing
practical risk assessment methodologies. When fully implemented, this represents
an application of evidence-based decision-making under conditions of uncertainty.

The screening models assess relative risk using available data on salmon farm
locations, sea lice levels, and wild salmon migration routes. These models partially
account for uncertainty by applying conservative assumptions, and variable post-
smolt routes.

There is a tiered assessment with an approach that adopts screening for initial
assessment, then refined modelling for higher-risk scenarios, optimising inspection
and evaluation resource allocation whilst maintaining best possible scientific
practices.

The framework includes model validation against monitoring data ensuring scientific
credibility whilst acknowledging inherent knowledge limitations in complex
ecological systems. It aims to be adaptive and encourages regular updates
incorporating new scientific evidence, reflecting the iterative nature of scientific
understanding and regulatory improvement.

Exposure thresholds are established related to on-farm biomass and sea lice
counts. This represents a translation of population-level risk into operational
thresholds. The scientific basis for understanding the population vulnerability during
migration periods reflecting scientific understanding of when wild salmon are most
susceptible to sea lice-induced exposure.

.The risk assessment incorporates proximity to migration routes, reflecting

understanding of sea lice dispersal and salmon migratory behaviour.

There needs to be an acknowledgement of the scientific limitations in implementing
the regulatory framework in that attributing mortality to sea lice remains complex
due to multiple pressures affecting wild salmonids, as well as sub-lethal effects
such as impacts on growth, condition, immune function, and behavioural impacts.
There is a need for cumulative system assessment where multi-site interaction
effects require continued model development and validation. There is also the
overarching uncertainty of climate change interactions, and with the changing
temperature and salinity regimes affecting host-parasite dynamics.

17
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13. The regulatory framework proceeds despite these many uncertainties,
implementing management measures based on available evidence whilst
maintaining capacity for refinement as scientific understanding advances. The Act's
provisions for adaptive management reflect core scientific methodology -
hypothesis testing, data collection, analysis, and revision of understanding.

Scientific Assessment of Framework Adequacy

14. From a scientific perspective, the full SEPA framework represents a proportionate
response to current evidence whilst maintaining capacity for evaluation. The
framework acknowledges uncertainty whilst implementing protective measures
based on available data, an approach scientific advisory bodies recommend for
environmental management under uncertainty.

15. However, there is a need for transparency, reproducibility and detailed process
description for operators and the public, and details of how the framework can be
adapted as new evidence emerges. There is also the requirement for defining the
refined modelling processes as well as the use of historic data. That s, the
framework should be adopted in full.
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Annex B: Discussion regarding issues raised

16. This Annex provides detailed responses to discussions with Salmon Scotland. To aid

navigation the topics are first summarised in Table B1. Links are provided from the
tabulated topics to the detailed paragraphs which follow the table. Where the
consideration corresponds to a recommendation in the report from the Chief
Scientific Adviser (CSA) Marine, this is also indicated.

Table B1. of the issues raised by the sector in discussions with CSA Marine

Topic Specific Issues / Requests \ Cross reference to text

Need for independent
analysis of wild salmonid
catch data

Examination of global
research reframing
aquaculture seallice
contributions

Assessment of Canadian

research on sea lice trends
after farm cessation

19

Baseline Lack of baseline data on #Plankton_sea_lice 832
Data & natural sea lice levels in
Evidence Scottish waters
Gaps
No population-level impact  #Population_impact 841 - 73
Absence of quantified scale  #Population_impact 841 - 73
of any impact
Need for east/west coast #Plankton_sea_lice 832
comparison studies #East-West Comparison 871
Failure to analyse existing #EMP 874 -76
Environmental Management
Plan (EMP) data
Post-smolt monitoring data  #EMP 874 -76
not considered in SLRF
development
Scientific Interpretation of RCT papers #Population_impact 841 - 73
Evidence cited by SEPA regarding
Base population impact

#EMP 874 -76

#Population_impact 841 -73

#Canadian_removal_study 838 - 40
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Review of 10-year MD
project outputs (or lack
thereof)

Sea Lice Regulatory Framework
Scientific Review: Annexes

Partially addressed
#MD_Pilot_study 873

Risk Compound conservatismin  Recommendation 2: Full sensitivity
Assessment risk assessment parameters analyses to be undertaken.
Methodology
Use of unvalidated Recommendation 2: Full sensitivity
conceptual model of sea analyses to be undertaken.
lice attachment
Murray & Moriarty (2021)® base their
theoretical model parameter choice
on experimental observation (Tucker
20017)
Reliance on Scottish Shelf SSM notindividually addressed,
Model with aggregated wind  however broader Recommendation 2:
data from 2013 Full sensitivity analyses to be
undertaken.
Black box nature of R1: Improve documentation and
decision-making process communication.
Arbitrary 100m influence This is in relation to medicinal use not
area for marine environment directly related to SLRF
Lack of transparency in how R1: Improve documentation and
data feeds into framework communication.
Regulatory Standstill conditions based  #Methods §125-178
Framework on flawed methodology
Issues

Penalisation of operators
with good track records

No mechanism for adaptive
management or getting off
standstill

#Track_record 8172 -175

R3: Full framework to be
implemented.

5 Murray, A. G., Moriarty, M. (2021). A simple modelling tool for assessing interaction with host and local
infestation of sea lice from salmonid farms on wild salmonids based on processes operating at multiple
scales in space and time. Ecological Modelling, 443, 109459.

7 Tucker, C.S., Sommerille, C., Wooten, R., 2001. The effect of temperature and salinity on the settlement
and survival of copepodids of Lepeophtheirus salmonis (Krayer, 1837) on Atlantic salmon, Salmo salar L.
Journal of Fish Diseases 23, 309-320.
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Disproportionate response
to available evidence

Failure to align with SIWG
recommendations as a
package
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#Expediency 877 — 102

#Pressures 8§19 - 31

Fish Health
&

Welfare
Concerns

Monitoring &
Validation

Conflict between
environmental controls and
fish health requirements

Forced treatment regardless
of fish size or health status

Veterinary ethics
compromised by arbitrary
thresholds

Medicine restrictions based
on questionable
environmental standards
Impact on fish welfare
through over-treatment

No framework for monitoring
success of SLRF

Expensive and problematic
sentinel pen validation
methods

Lack of real-time data
integration

No assessment of
framework effectiveness

Missing adaptive framework
for incorporating new
evidence

#Fish _health 8103 - 124

#Fish _health 8103 - 124

#Fish _health 8103 - 124

#Fish _health 8103 - 124

#Fish _health 8103 - 124

R4: Shape of success to be defined.

#Cage_validation 834, 8§37 §82-83,
§139, 8180 -182

R3: Full framework to be
implemented.

R4: Shape of success to be defined.

R3: Full framework to be
implemented.

Comparative
Analysis
Needs

Assessment of sea lice
relative to other 40+
pressures on wild salmon

21

#Pressures 8§19 - 31
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Review of River Basin Itis not clear what the relevance is
Management Plans showing between ariver’s good environmental
"good environmental status" status (which is not salmonid focused)
to the aim of avoiding further marine
environment deterioration with
regards to sea lice.
Comparison with Norwegian #Expediency 877 -102
traffic light system
limitations
Analysis of proportionality #Pressures 819 - 31
compared to other
environmental impacts
Geographic Northern Isles regulation Recognition of application to
& with zero baseline data #Northern_lIsles_trout 8200
Regional
Issues West coast vs east coast #Pressures 819 - 31

impact differences

Application to sea trout
without scientific
justification

Site-specific risk
assessment inadequacies

#Trout 866

#Site_specific_assessment 8155 - 160

17.Within Annex B three ‘voices’ are represented:

e Voice 1(italics) reflects the issues raised by the industry.

e Voice 2 (plain font) represents CSA Marine review of relevant evidence.

e Voice 3 (bold) is the opinion/conclusion of CSA Marine.

18. The voices are intertwined and differentiated as above.
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Annex B1. Context: Wild Salmon Pressures in Scotland

Issues Addressed in This Section:

e Assessment of sea lice relative to other 40+ pressures on wild salmon
e West coast vs east coastimpact differences
e fFailure to align with SIWG recommendations as a package

19. The Regional and national assessment of the pressures acting on Atlantic salmon in
Scotland, 20218 documented the pressures salmon face in Scotland. This indicates
that the major threats identified nationally were predation by birds and seals and
upstream barriers as the most severe pressures acting on wild salmon across
Scotland. These pressures are considered stable but ongoing, representing the
greatest current threats to salmon populations.

20. Of the emerging national threats identified, high river temperatures emerge as the
most significant developing pressure, expected to increase due to climate change.
Other emerging pressures include extreme high flow events, marine developments,
and invasive North American signal crayfish, though confidence in assessing these
impacts remains lower.

21.The declining pressures identified were exploitation through coastal and in-river
netting; now considered historical, reflecting the success of the 2016 legislative ban

on salmon retention in coastal waters.

Regional Variation in Sea Lice Pressure

22.Sealice, however, are seen as a concern in regional contexts, primarily on the west
coast where sea lice derived from salmonid aquaculture represents the greatest
contemporary pressure, where salmon farming is concentrated. This regional
dominance reflects the geographic distribution of marine finfish farms, with a
presumption against further salmon farm developments on the north and east
coasts of Scotland to protect migratory fish species.

23. Whilst sea lice do not feature prominently in the national summary, which is
dominated by east coast data where salmonid aquaculture facilities are absent and
impacts are likely minimal, it remains important where salmonid aquaculture
occurs. The assessment reveals sea lice affects approximately 27% of Scottish river
areas where severity could not be determined, indicating both widespread concern
and significant uncertainty about impacts.

8 Marine Scotland and Fisheries Management Scotland (2023). Regional and national assessment of the
pressures acting on Atlantic salmon in Scotland, 2021. Scottish Marine and Freshwater Science Vol 14
No 4, 22p. DOI:10.7489/12447.
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28.

29.

30.

31.
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On the west coast, sea lice rank as the primary threat, followed by bird and seal
predation. This contrasts sharply with other regions where physical barriers,
predation, and climate-related pressures dominate, with netting eliminated. The
localised nature of sea lice impacts demonstrates how pressure profiles vary across
Scotland's coastal environments.

On the east coast the dominant pressure is bird predation and migration barriers
whilst sea lice are perceived as negligible. The emerging concern on the east coast
is climate change (temperature and flow extremes).

The north coast has generally fewer pressures affecting salmon although the
primary concern is again predation from seals and birds, with sea lice providing
minimal pressure.

In the southwest the major concerns are migration barriers and bird predation, and
some netting persisted at the time of the review (although the latest fishery catch
statistics® indicate nine caught and retained salmon in southwest Scotland)

The assessment reveals significant uncertainties, with marine developments
affecting over 50% of river areas classified as "unknown severity". Sea lice, farmed
escapees, and predation also feature prominently among pressures where impact
severity remains uncertain, highlighting the need for improved evidence and
monitoring.

This assessment provides guidance for targeted management action. The regional
variation in pressure profiles suggests that effective salmon conservation requires
locally tailored approaches rather than uniform national strategies. For sea lice
specifically, the concentrated impact on west coast populations requires attention
in areas where salmon farming and wild salmon migration routes intersect.

The report emphasises that whilst sea lice represent a regionally critical pressure,
Scotland's salmon face a diverse array of threats requiring comprehensive, adaptive
management strategies that address the full spectrum of contemporary and
emerging pressures across all regions.

There is clear evidence that there are multiple pressures faced by wild salmon
populations and that these differ regionally around Scotland, however sea lice
represent a particular pressure which can be managed, whereas survival at sea
or impacts of climate change are not directly controllable.

9 Scottish Government (2025) Scottish salmon and sea trout fishery statistics 2024. [Available online:
Scottish salmon and sea trout fishery statistics 2024, Accessed 06 October 2025]
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Annex B2. Evidence Base for Sea Lice Impacts

Issues Addressed in This Section:

e Lack of baseline data on natural sea lice levels in Scottish waters

e No population-level impact quantification

e Absence of quantified scale of any impact

e Interpretation of RCT papers cited by SEPA

e Examination of global research reframing aquaculture sea lice contributions
e Assessment of Canadian research on sea lice trends after farm cessation
e Review of 10-year MD project outputs (partially addressed)

e Need for east/west coast comparison studies

e Need forindependent analysis of wild salmonid catch data

e Application to sea trout without scientific justification

e fFailure to analyse existing EMP data

e Post-smolt monitoring data not considered in SLRF development

Annex B2.1 Environmental Sea Lice Observations

32.

33.

34.

When considering salmon aquaculture contribution to environmental levels of sea
lice, Harte et al (2017)'° described the presence of sea lice in plankton samples
collected from east and west coast sampling sites over a period of a decade. There
were elevated plankton sea lice on the west coast compared to the east coast with
the maximum recorded density value in Shieldaig at 14.2 sea lice m~3, while the
Stonehaven site had density values of <1 louse m™. Moreover, the species present
on the west coast was the salmon specialist Lepeophtheirus salmonis, whilst the
east coast was the generalist Caligus elongatus.

Although this is not an exhaustive exploration of environmental sea lice levels,
these long-term series of east and west coast demonstrate a substantial
difference in the abundance and species composition between two indicator
sites.

Sentinel cage studies on the west coast (Pert et al 2014) " identified that Infestation
pressure on the sentinel fish was correlated with gravid L. salmonis counts from
nearby salmon farms, the paper demonstrates sentinel cage proximity to a salmon
farm did not determine the prevalence of sea lice on sentinel salmon. A similar

" Harte, A. J., Bowman, A. S., Salama, N.K.G., & Pert, C. C. (2017). Factors influencing the long-term
dynamics of larval sea lice density at east and west coast locations in Scotland. Diseases of aquatic
organisms, 123(3), 181-192.

" pert, C.C., Fryer, R.J., Cook, P, Kilburn, R., McBeath, S., McBeath, A., Matejusova, .l, Urquhart, K., Weir,

S.J.,

McCarthy, U., Collins, C., Amundrud, T., Bricknell, I.R. (2014) Using sentinel cages to estimate

infestation pressure on salmonids from sea lice in Loch Shieldaig, Scotland. Aquaculture Environment
Interactions 5:49-59
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relationship was identified using plankton sampling by Penston & Davies (2009) "2,
who found that numbers of gravid females on fish farms correlated with the
numbers of sea lice copepodids in surrounding waters.

35. Similar observations on the proximity of salmon farms and infestation levels on wild
salmonids have been demonstrated from data collected from west coast of
Scotland which showed that the proportion of individual sea trout (Salmo trutta)
with stress-inducing sea louse burdens increased with the mean weight of salmon
on the nearest salmon farm and decreased with distance from that salmon farm
(Middlemas et al. 2013"%). Levels of sea lice on wild sea trout also relate to
fluctuations on salmon farms associated with stage of production cycle (Middlemas
etal. 2010").

36. Although these studies provide observations only in specific sites, this
evidence demonstrates the scale of the difference in baseline sea lice levelin
an area in the presence (west coast), and absence of salmon aquaculture
facilities (east coast), and that presence to salmon farms influences the
environmental incidence of sea lice.

37.Rabe et al (2024)" provide a review of the suite of environmental monitoring
methods for assessing sea lice concentrations, including sentinel caged fish both
static and towed, plankton sampling and wild fish surveillance and eDNA
techniques. The paperincludes examples of where sentinel cage data has been
used to assess sea lice dispersal modelling outputs for both Scotland (e.g. Salama
et al 2018'%) and Norway (Sandvik et al 2020)", where there is a correspondence
between modelled relative sea lice concentrations and observed sea lice
concentrations.

2 Penston, M. J., Davies, |. M. (2009). An assessment of salmon farms and wild salmonids as sources of
Lepeophtheirus salmonis (Kr@gyer) copepodids in the water column in Loch Torridon, Scotland. Journal of
Fish Diseases, 32(1), 75-88.

3 Middlemas, S.J., Fryer, R.J., Tulett, D., Armstrong, J.D. (2013) Relationship between sea lice levels on
sea trout and fish farm activity in western Scotland. Fisheries Management and Ecology 20, 68-74.

4 Middlemas S.J., Raffell J.A., Hay D.W., Hatton-Ellis M., Armstrong J.D. (2010) Temporal and spatial
patterns of sea lice levels on sea trout in Western Scotland in relation to fish farm production cycles.
Biology Letters 6, 548-551.

S Rabe, B., Murray, A. G., lves, S. C., Moriarty, M., & Morris, D. J. (2024). Searching for sea lice:
surveillance to assess environmental infection pressures to model and inform sea lice infestation
management. Aquaculture Environment Interactions, 16, 241-262.

6 Salama N.K.G., Dale A.C., lvanov V.V., Cook P.F.,, Pert C.C., Collins C.M., Rabe B. (2018) Using biological-
physical modelling for informing sea lice dispersalin Loch Linnhe, Scotland. Journal of Fish Diseases 41:
901-919

7 Sandvik, A.D., Johnsen, I.A., Myksvoll, M.S., Saevik, P.N., Skogen, M.D. (2020) Prediction of the salmon
lice infestation pressure in a Norwegian fjord. ICES Journal of Marine Science 77: 746- 756
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The recent analysis by Jones et al. (2025)'® considered sea lice infestations on
juvenile wild Pacific salmon (which have differing susceptibility to L. salmonis '°,
thus comparisons to the salmonids in Scotland may exhibit different influences
on the environmental prevalence of L. salmonis) in British Columbia Discovery
Islands over an eight-year period spanning both active and inactive phases of
Atlantic salmon aquaculture. The study reports a 96% decline in sea lice abundance
between 2020 and 2022, coinciding with the phased removal of salmon farms,
which suggests that salmon aquaculture operations were a contributor to
infestation pressure. However, sea lice persisted and even increased in 2024
despite the continued absence of salmon farming, indicating that environmental
factors, such as temperature, salinity, and natural reservoirs, also play important
roles in sea lice dynamics. While the influence of salmon farms is substantial, the
findings demonstrate the complexity of infestation patterns and the need for
environmental monitoring to better understand and manage risks to wild salmon
populations.

This Canadian work demonstrates the complexity of relating presence of
salmon farms and the interaction with environmental conditions to sea lice
infestation on wild salmon. It is noted that this report is of a short time series;
the elevated observation in 2024, after two low year recordings of sea lice on
wild salmon after the removal of salmon farms in the area. It is not scientifically
justifiable to make a definitive conclusion either way of the long-term natural
variability of infestation experienced by wild salmon in the presence or absence
of salmon farms. One extreme year in a three-time series can skew results, for
long-term changes in climate studies time series generally need to exceed two
decades in length and have 5-year running means applied (or similar statistical
treatment).

Although this evidence demonstrates that salmon farms can act as a source of
environmental sea lice, it does not demonstrate that this environmental
exposure results in wild salmon risk. For this, assessment of salmon detriment
is required.

8 Jones, S. R. M., Revie, C. W., Stewardson, L. (2025). Trends in abundance of sea lice Lepeophtheirus
salmonis and Caligus clemensi on juvenile wild Pacific salmon unchanged following cessation of salmon
aquaculture in coastal British Columbia. Journal of Fish Diseases, Article e14136. Advance online
publication. Trends in Abundance of Sea Lice Lepeophtheirus salmonis and Caligus clemensi on Juvenile
Wild Pacific Salmon Unchanged Following Cessation of Salmon Aquaculture in Coastal British Columbia

9 Sveen, L., Fast, M.D., Tengs, T., Kline, R.A., Marti, J.A., Kurian, D., Timmerhaus, G., Vaadal, M., Houston,
R.D., Bron, J.E. and Monaghan, S.J., (2025). Local inflammation at the salmon louse (Lepeophtheirus
salmonis) attachment site contributes to copepodid rejection in coho salmon (Oncorhynchus

kisutch). Cell and tissue research, 401(2) 181-211.
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Annex B2.2 Impacts on Wild Salmonid Condition and Survival

41. Assessment of somatic condition in wild adult salmon sampled from sites not

42.

43.

located near salmon farms, revealed significant negative associations between sea
lice burden and weight-at-length relationships that persist throughout the marine
growth phase (Susdorf et al., 2018)%°. Analysis of over 6,000 return-migrant salmon
captured at three locations across Scotland, England, and Ireland demonstrated
consistent reductions in body condition associated with mobile sea lice density,
with effect magnitudes varying seasonally and geographically in response to
environmental conditions and salmon aquaculture intensity. The presence of sea
lice in returning samples indicated a median reduction in weight by 3.7%
representing a median of 85g reduced mass.

The relationship between sea lice burden and growth performance exhibits
interactions with host characteristics, environmental conditions, and seasonal
timing that modulate the severity of observed effects (Shephard et al., 2016)?'. Sea
trout monitoring across 94 river systems in Ireland and Scotland revealed that
proximity to salmon farms significantly reduced weight-at-length relationships, with
the strongest impacts occurring during dry years when environmental stress was
elevated. These context-dependent effects highlight the vulnerability of wild fish
populations to cumulative stressor impacts that exceed individual tolerance
thresholds.

Long-term consequences of condition reduction extend beyond immediate survival
impacts to encompass reproductive success, competitive ability, and population-
level demographic changes (Thorstad et al., 2015)?2. Reduced somatic condition
typically reflects depleted lipid reserves that are critical for successful upstream
migration and spawning performance, creating potential intergenerational effects
that amplify population-level impacts beyond direct mortality estimates.

20 Susdorf, R., Salama, N.K.G., Todd, C. D., Hillman, R. J., Elsmere, P., Lusseau, D. (2018). Context-
dependent reduction in somatic condition of wild Atlantic salmon infested with sea lice. Marine Ecology
Progress Series, 606, 91-104.

2' Shephard, S., Maclintyre, C., Gargan, P. (2016). Aquaculture and environmental drivers of salmon lice
infestation and body condition in sea trout. Aquaculture Environment Interactions, 8, 597-610.
2Thorstad, E. B., Todd, C. D., Uglem, I., Bjgrn, P. A., Gargan, P. G., Vollset, K. W., Halttunen, E., Kalas, S.,
Berg, M., Finstad, B. (2015). Effects of salmon lice Lepeophtheirus salmonis on wild sea trout Salmo
trutta a literature review. Aquaculture Environment Interactions, 7(2), 91-113.
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Laboratory-based dose-response relationships have enabled quantification of
specific sea lice burden thresholds associated with different severities of impact on
juvenile salmonids (lves et al., 2023)2. The identification of two critical thresholds at
points where 50% probability of mortality occurs (equivalent to LDso) provides
empirical foundations for regulatory decision-making and monitoring programme
design. The lower threshold (T1) of approximately 0.08 sea lice g~ host weight
represents the onset of systemic sub-lethal effects likely to compromise long-term
survival prospects, whilst the upper threshold (T2) of 0.24 sea lice g™ indicates 50%
probability of direct mortality under controlled conditions.

Recent work by Vollsett et al (2025)* reports that studies from PIT tagging studies of
brown trout in Norway demonstrated a statistically significant reduction in survival
fromincrease from 0 to 1 louse per gram reduced the survival probability by
approximately 73% in 2020 and 58% in 2021. These are higher limits than observed
in laboratory settings for Atlantic salmon and is hypothesised to be a result of brown
trout having behavioural responses enabling the opportunity to recuperate from the
osmotic damages caused by sea lice exposure.

Long-term salmon population modelling simulations indicate that sea lice induced
reduction of the body condition of multi-sea-winter fish has long term declines in
modelled population trajectories (Susdorf et al 2018)2°.

Although sea lice parasitism has the potential for deterioration in fish condition,
studies of actual direct mortality are required to be considered.

Zves, S. C., Armstrong, J. D., Collins, C., Moriarty, M., Murray, A. G. (2023). Salmon lice loads on Atlantic
salmon smolts associated with reduced welfare and increased population mortalities. Aquaculture
Environment Interactions, 15, 73-83.

2Vollset, K. W., Skér, B., Lennox, R. J., Serra-Llinares, R. M., Lehmann, G. B. (2025). Salmon Louse
Infestation Impairs the Long-Term Survival of Sea-Run Brown Trout. Ecology and Evolution, 15(8), e71006.
% Susdorf, R., Salama, N. K., Lusseau, D. (2018). Influence of body condition on the population dynamics
of Atlantic salmon with consideration of the potential impact of sea lice. Journal of Fish Diseases, 41(6),
941-951.
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Annex B2.3 Experimental Evidence: The RCT Debate

48. Meta-analytical assessment of manipulative field experiments conducted across
Ireland and Norway has provided quantitative estimates of sea lice-induced
mortality in wild Atlantic salmon populations (Krkosek et al., 2013)%. The analysis
encompassed 24 experimental trials involving 283,347 tagged smolts released as
paired control and prophylactically treated groups between 1996 and 2008,
representing an empirical assessment of sea lice impacts on wild fish populations.

49. Results demonstrated a significant positive effect of parasite protection on survival
to recruitment, with an overall odds ratio (odds ratio is a way to compare the
chances of something happening in one group compared to the chances of it
happening in another group) of 1.29 corresponding to an estimated 39% reduction in
adult salmon recruitment attributable to sea lice infestation (KrkoSek et al., 2013) as
a result of treated versus untreated fish.

50. Regional variation in mortality estimates reveals heterogeneity that reflects
differences in sea lice pressure, environmental conditions, and baseline survival
rates between study locations (Vollset et al., 2016)?’. This Norwegian study reported
of hatchery-reared Atlantic salmon smolts untreated with sea lice medicines
experienced mortality from 0.6% to 31.9% between different river systems, with the
most severe impacts occurring in areas characterised by intensive salmon
aquaculture development and elevated environmental sea lice concentrations.
Importantly, the magnitude of sea lice effects demonstrates strong negative
correlation with baseline survival rates of anti-parasite medicine treated hatchery
reared fish, suggesting that salmon populations already experiencing poor marine
survival face additional mortality from parasite exposure.

51. Recent meta-analyses (Gargan et al 2025)® of 43 paired releases spanning the
period 2001 to 2019 show a significant treatment effect against sea lice with a risk
ratio of 1.22, equating to 18% [CIl: 8%—27%] fewer returns of untreated adult
hatchery salmon. Meta-regression further demonstrated that the risk increased with
sea lice infestation pressure from salmon farms. Infestation pressure was also
significantly associated with declining return rates in both the treated and untreated
groups, corroborating earlier findings that the medicinal treatment against sea lice
may not completely shield the post-smolt salmon against the virulent effect of sea
lice.

% Krko$ek, M., Revie, C. W., Gargan, P. G., Skilbrei, O. T., Finstad, B., & Todd, C. D. (2013). Impact of
parasites on salmon recruitment in the Northeast Atlantic Ocean. Proceedings of the Royal Society B:
Biological Sciences, 280(1750), 20122359.

27 Vollset, K. W., Krontveit, R. I., Jansen, P. A., Finstad, B., Barlaup, B. T., Skilbrei, O. T., Krkosek, M.,
Romunstad, P., Aunsmo, A., Jensen, A. J., Dohoo, |. (2016). Impacts of parasites on marine survival of
Atlantic salmon: a meta-analysis. Fish and Fisheries, 17(3), 714-730.

2 Gargan, P. G., Millane, M., Lennox, R. J., Vollset, K. W. (2025). Salmon lice from aquaculture reduce
marine survival of Atlantic salmon. Journal of Animal Ecology. 94: 1346-1360
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The Jackson-KrkoSek Debate

52.

53.

54.

55.

56.

There is discourse concerning interpretation of randomised control trials of sea
lice treatment release and recapture studies. This is exemplified by the debate
as aresult of Jackson et al’s (2013) work in Ireland.

The quantification of sea lice impacts on wild Atlantic salmon populations has
generated significant academic debate, centered primarily on methodological
approaches to analysing randomised controlled trial (RCT) data. This discourse
has evolved from disagreements about statistical methodology and
interpretation —there is no clear “right” or “wrong”.

Jackson et al. (2013)?° presented a large-scale analysis of 28 paired releases
involving 352,142 salmon across Ireland's west coast surveyed between 2001-2009.
The study treated fish with prophylactic emamectin benzoate as the experimental
intervention, they applied generalised logistic regression models incorporating
random effects for location and temporal variation. Their primary findings indicated
an odds ratio of 1.14 (95% CI: 1.07-1.21), corresponding to approximately 1%
absolute difference in return rates between treated and control groups.

The authors' interpretation emphasised the magnitude of this effect relative to
overall marine mortality (>94%), concluding that sea lice-induced mortality
represented "a minor and irregular component of marine mortality" unlikely to
significantly influence salmon conservation status. This conclusion was predicated
on their statistical approach treating the data as individual fish-level observations
within a mixed-effects framework, adjusting for inter-annual and spatial variation.

Krkosek et al. (2014)%* challenged Jackson's analysis arguing that Jackson failed to
apply the paired structure of the experimental design in their meta-analytical
approach, instead treating releases as independent observations without proper
within-pair comparisons. They also contended that survival data required log-scale
analysis rather than arithmetic comparison of proportions, citing established
survival analysis methodology. They distinguished between absolute percentage
point differences and proportional mortality effects, arguing that Jackson's 1%
figure misrepresented the actual biological impact. Applying random-effects meta-
analysis with appropriate weighting, KrkoSek et al. calculated an odds ratio of 1.41
(95% CI: 1.25-1.60), translating to an estimated 34% loss of adult recruitment
attributable to sea lice infestation. This represented a 30-fold difference in
estimated impact magnitude.

2 Jackson D., Cotter, D., Newell, J., McEvoy, S., O'Donohoe, P., Kane, F., McDermott, T., Kelly, S., Drumm,
A. (2013). Impact of Lepeophtheirus salmonis infestations on migrating Atlantic salmon, Salmo salar L.,
smolts at eight locations in Ireland with an analysis of lice-induced marine mortality. Journal of Fish
Diseases, 36(3), 273-281.

30 Krkosek, M., Revie, C. W., Finstad, B., Todd, C. D. (2014). Comment on Jackson et al. ‘Impact of
Lepeophtheirus salmonis infestations on migrating Atlantic salmon, Salmo salar L., smolts at eight
locations in Ireland with an analysis of lice-induced marine mortality’. Journal of Fish Diseases, 37(4),
415-417.
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57.Jackson et al.'s (2014)*" response defended their methodological choices
maintaining that their logistic regression approach was appropriate for binary
response variables from designed experiments, citing established statistical
literature. They highlighted that KrkoSek's meta-analysis exhibited extreme
heterogeneity (I* = 93%), arguing that combined estimates under such conditions
were "highly questionable" and violated fundamental meta-analytical assumptions.
They clarified that their chi-squared tests did incorporate within-river comparisons,
addressing the "paired structure" criticism as a mischaracterisation of their
approach. They also noted that concurrent Norwegian studies using identical
methodology (Skilbrei et al., 2013)%* produced comparable results, suggesting
methodological robustness.

58.The recent Gargan et al. (2025) study addresses aspects of the original debate.
Using the updated Irish dataset to date (43 paired releases, 545,893 fish, 2001-
2019), they employed both meta-analytical and generalised linear mixed model
approaches. Unlike previous studies, Gargan et al. (2025) incorporated quantitative
estimates of sea lice infestation pressure, derived from Marine Institute monitoring
data and salmon farm stock density estimates. They explicitly modelled the
relationship between effect size and infestation pressure through meta-regression,
addressing the heterogeneity concerns raised in the earlier Jackson-KrkoSek
debate. They investigated incomplete protection in treated groups, accounting for
drug resistance and incomplete medication uptake.

59. Analysis by Larsen et al (2024)%® demonstrated a negative association of sea lice
from salmon farms on recreational fishing catches of Atlantic salmon in Norway.
Their modelling estimated below-average catches when the total sea-louse load
exceeds the limit of 0.1 average adult female sea louse per farmed salmon and that
the risk of below-average catches increases by approximately 47% when salmon
farms exceed 0.1 louse per farmed salmon (estimated risk ratio of 1.47, 95% CI
[1.10, 1.96]). The meta-analysis revealed arisk ratio of 1.22 (95% ClI: 1.09-1.37),
representing 18% fewer untreated fish returning. The meta-regression
demonstrated that this effect varied significantly with infestation pressure, ranging
from minimal impact during low-pressure periods to risk ratios >1.9 during high-
pressure events.

31 Jackson D., Cotter, D., Newell, J., McEvoy, S., O'Donohoe, P., Kane, F., McDermott, T., Kelly, S., Drumm,
A. (2014). Response to M Krkosek, CW Revie, B Finstad and CD Todd's comment on Jackson et al. ‘Iimpact
of Lepeophtheirus salmonis infestations on migrating Atlantic salmon, Salmo salar L., smolts at eight
locations in Ireland with an analysis of lice-induced marine mortality’. Journal of Fish Diseases, 37(4),
419.

32 Skilbrei, O. T., Finstad, B., Urdal, K., Bakke, G., Kroglund, F., Strand, R. (2013). Impact of early salmon
louse, Lepeophtheirus salmonis, infestation and differences in survival and marine growth of sea-
ranched Atlantic salmon, Salmo salar L., smolts 1997-2009. Journal of fish diseases, 36(3), 249-260.

33 Larsen, M. L., Vormedal, |., Vollset, K. W. (2024). Negative association of sea lice from fish farms on
recreational fishing catches of Atlantic salmon. Journal of Applied Ecology, 61(8), 1772-17883.
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The GLMM analysis revealed a significant treatment x infestation pressure
interaction, indicating that both treated and untreated groups experienced reduced
survival under high sea lice pressure, but with differential magnitude. This finding
suggests that RCT approaches may underestimate total sea lice impacts due to
incomplete treatment protection.

Interpretation and Implications

61.

62.

63

64.

The debate about interpreting sea lice impacts on return rates of release
treated fish highlighted that the heterogeneity in KrkoSek's analysis
emphasises the importance of exploring sources of between-study variation
rather than simply computing pooled estimates.

There is a distinction between absolute and relative effect measures remaining
an important part of the debate relating to sea lice influence on wild salmonids.
Both paired and unpaired analytical approaches have merit, but the choice
should alignh with research questions and data structure. Questions relating to
absolute impact on salmonid survival, and relative effects on salmon survival
from parasitic sea lice.

.The Irish study demonstrates that there is a high level of marine mortality in

wild salmon and that sea lice adds a small component to overall marine
mortality, however when considering the influence of sea lice on return rates
there is significantly greater return rate of fish treated against sea lice
parasitism.

As a descriptive example (figure Annex B1). Consider a population of 100
salmon smolt emerging from ariver. Jackson (2013) indicates that marine
mortality is approximately 94%, with less than 1% attributed to sea lice, so in
this example 95% die at sea, one of which is due to sea lice infestation. This
results in five salmon undertaking return migration. As a result, sea lice would
have caused 1/100 fish to suffer mortality from the total outcomes of the
exemplar population. However, had that smolt not been exposed to sea lice in
the coastal environment, six fish would have returned. In this example, one of
the potential six fish which could have returned, suffers mortality as a result of
being susceptible to sea lice parasitism. This is the equivalent of sea lice
reducing the returning number of salmon from six fish to five fish whichis a
reduction of some 17% (1 fish/ 6 fish), which is a realistic representation in this
example of the scale of sea lice induced mortality given the findings of the RTC
studies (e.g. Gargan et al. 2025).

33



CSA Marine Sea Lice Regulatory Framework
Scientific Review: Annexes

Figure B1. a figurative representation of the outcomes of 100 salmon smolts. 94
experience marine mortality (grey), one salmon experiences mortality attributed to sea
lice (black), and five salmon return (white).

65. These global studies demonstrate the impact of sea lice on individuals and
populations of salmon and trout, and although there is variability in survivability
observed in RTC studies, the general conclusion is that sea lice are able to
decrease the survivability of individuals within populations, and that sea lice
influences can lead to long term population reductions.
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Annex B2.4 Sea Trout Impacts

66. Although there is limited direct evidence of sea lice impact on trout populations,
recent work by Vollsett et al (2025)%* in Norway of PIT tagged Salmo trutta found a
significant negative correlation between sea lice per gram of fish weight and the
survival probability. Increasing sea lice load from 0 to 1 louse per gram fish reduced
the survival probability by approximately 73% in 2020 and 58% in 2021.

Confounding Factors in RCT Studies

67.Itis prudent to recognise that these RCT described above use generalist parasitic
medicinal treatments such as emamectin benzoate. These medicines have
anthelmetic properties®® * and efficacy against monogenean parasites®’. As an
example, Kent et al (2020)* reported 100% prevalence of Anisakis simplex in wild
Atlantic salmon from Scotland, with the same 100% prevalence in Norway (Mo et al
2021)%*°. Whilst farmed Atlantic salmon are absent of Anasakis* ' due to the use of
pellet feed. This indicates that the source of infection in wild salmon is highly
unlikely to be of salmon farm derived. Atlantic salmon are reported to have an
inflammatory response to infection by A. simplex and effects the organ functions of
salmon“2. This led the Atlantic Salmon Trust report by Whelen & Mo (2022)*3 to
hypothesise that “...... salmon with numerous Anisakis larvae in the musculature

34Vollset, K. W., Skér, B., Lennox, R. J., Serra-Llinares, R. M., & Lehmann, G. B. (2025). Salmon Louse
Infestation Impairs the Long-Term Survival of Sea-Run Brown Trout. Ecology and Evolution, 15(8), e71006.
% Béland K., Séguin, G., Lair, S., (2020) Emamectin benzoate is a safe and effective anthelmintic against
coelomic nematode Philometra rubra in striped bass Morone saxatilis. Diseases of Aquatic Organisms.
19,142:47-53.

% Kent, M.L., Watral, V., Gaulke, C.A., Sharpton, T.J. (2019) Further evaluation of the efficacy of
emamectin benzoate for treating Pseudocapillaria tomentosa (Dujardin 1843) in zebrafish Danio rerio
(Hamilton 1822). Journal of Fish Diseases. 42(10):1351-1357.

% Baia, R. R. J., Alves, C. M. G., Malheiros, D. F., Santos, G. G., Tavares-Dias, M. (2024). In vitro efficacy of
emamectin benzoate and glyphosate against monogenean parasites from Colossoma

macropomum. Arquivo Brasileiro de Medicina Veterinaria e Zootecnia, 76(2), 226-234.

% Kent, A. J., Pert, C. C., Briers, R. A., Diele, K., & Rueckert, S. (2020). Increasing intensities of Anisakis
simplex third-stage larvae (L3) in Atlantic salmon of coastal waters of Scotland. Parasites &

vectors, 13(1), 62.

%Mo, T.A,, Fossoy, F., Poppe, T.T. (2021). Increasing intensities of Anisakis simplex (Rudolphi, 1809 det.
Krabbe, 1878) larvae with weight and sea age in returning adult Atlantic salmon, Salmo salar L., of
coastal waters of Norway. Journal of Fish Diseases 44(8): 1075-1089.

4Wootten, R. W., Yoon, G. H., Bron, J. E. (2010). A Survey of Anisakid Nematodes in Scottish Farmed
Salmon-FSAS Project S14008. F. r. 3rd, Institute of Aquaculture, University of Stirling, UK, 1-8.

4 pardo Gonzalez, M.A., Cavazza, G., Gustinelli, A., Caffara, M., Fioravanti, M. (2016) Absence of anisakis
nematodes in smoked farmed Atlantic salmon (Salmo salar) products on sale in European countries. Ital
Journal of Food Safety. 18, 9(4):8615.

42 Buchmann, K., Mehrdana, F. (2016). Effects of anisakid nematodes Anisakis simplex (sl),
Pseudoterranova decipiens (sl) and Contracaecum osculatum (sl) on fish and consumer health. Food and
Waterborne Parasitology. 4, 13-22.

“3Whelan, K. and Mo, T.A. (Eds) (2022) Pink Salmon and Red Skin Disease Emerging Threats for Atlantic
Salmon. Atlantic Salmon Trust, Blue Book Series, no. 40. Published by: AST, Battleby, Perth, Scotland.
58pp
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has a reduced swimming capacity and thus is an easy prey to a predator, e.g. a
whale.”

Assessments of parasitism of cod has demonstrated that the body condition of
infected individuals was lower than that of those free of parasites and declined with
the intensity of infection; the condition of most infected fish was up to 20% lower
than that of uninfected individuals *4.

These salmon RCT assume that the reduction in return rate is attributed to sea lice
infestation being impeded through prophylactic treatments, however it has not been
ascertained what component of the increased survivability because of anti-parasitic
medicinal treatment providing protection against sea lice or other highly prevalent
parasites which are known to effect survivability.

However, the protective period of emamectin benzoate is of the order of up to 60
days (Aldrin et al 2023)*%, creating a situation whereby the acquisition of
endoparasites is most likely to occur after such time. Although it cannot be
discounted, the protective attributes of anti-parasite medicines occur a relatively
short time after use, whilst salmon are in the coastal zone exposed to elevated
levels of sea lice. As such it is likely that parasites excluded in this early period are
predominantly sea lice and that this enhanced survivability from treatment is
through protection against sea lice as opposed to other parasites.

Need for Comparative East-West Studies

71.

RCT are typically conducted in areas with salmon aquaculture. There are no
simultaneous RCT of east and west coast Scottish wild Atlantic salmon
populations. If an RCT was conducted in an area completely free of salmon
aquaculture (e.g. east coast Scotland), it might be the case that there would be
no significant difference in the survival between treated and untreated groups.
RCT determine the baseline survival in the absence of infestation of sea lice
through medicinal treatments. RCTs in areas with salmon aquaculture
facilities measure the combined effect of salmon farm-derived sea lice
population (all sea lice are of wild origin, as salmon farms are free of sea lice
when stocked), and direct-wild origin sea lice. The untreated group can be
infested by both sources. An RCT simultaneously undertaken in a salmon
aquaculture and salmon aquaculture-absent area enables an assessment of
baseline for all other causes of mortality including parasitism from direct wild-
origin hosts. It could also enable quantification of any potential survival benefit
obtained as a result of being treated with veterinary medicines. This would
enable quantification of the impact of salmon farm-derived sea lice exposure.

4 Horbowy, J., Podolska, M., Nadolna-Attyn, K. (2016). Increasing occurrence of anisakid nematodes in
the liver of cod (Gadus morhua) from the Baltic Sea: does infection affect the condition and mortality of
fish?. Fisheries research, 179, 98-103.

4 Aldrin, M., Huseby, R. B., Stige, L. C., Helgesen, K. O. (2023). Estimated effectiveness of treatments
against salmon lice in marine salmonid farming. Aquaculture. 575, 739749.
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72.This may lead to greater understanding of the attributable contribution of
salmon aquaculture to marine mortality of wild salmon.

73. A pilot study (Morris et al 2018)* conducted trials of tagged anti-parasite treated
and untreated fish from the Lochy river system on the west coast and Conan river on
the east coast. The study resulted in low recapture of returning fish. In 2016, no
returning tagged fish were recorded on the west coast Lochy sites, whereas 23
returning tagged salmon grilse were recorded on the East coast Conon site. In 2017,
2 tagged fish were detected on the Lochy sites and 29 on the Conon site (4 Multisea
winter fish, 25 grilse). On the east coast, there were no significant differences
between the treated and control groups, regarding return rates or the condition of
the adult fish.

46 Morris D.J., Raynard R.S., Armstrong J.D., Collins C. (2018) SARFSP010-Piloting a network for
determining spatial and temporal variation in marine survival of Atlantic salmon and effects of anti-sea
lice agents. A study commissioned by the Scottish Aquaculture research forum (SARF). ISBN: 978-1-
907266-79-9
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Annex B2.5 Environmental Management Plan Data

74. As aresult of the concerns over the potential environmental impacts of the industry,
particularly regarding interactions between farmed and wild salmon, Environmental
Management Plans (EMPs) for salmon farming in Scotland emerged. EMPs were
interim regulatory tools introduced by the Scottish Governmentin 2019 as
conditions for new marine aquaculture planning applications where there is
potential for wild/farmed salmon interaction in order to monitor salmon farming
impacts on wild fish populations.*” Originally designed as temporary measures,
EMPs are being phased out in favour of SEPA's Sea Lice Risk Assessment
Framework. EMPs were designed to provide the feedback mechanism between
salmon farmers and local District Salmon Fishery Boards to generate management
responses when elevated sea lice numbers were detected.

75.The SEPA SLRF consultation response“® provides a description of the transition from
EMPs to the SLRF. SEPA state:

“The environmental monitoring element of EMPs will be delivered through the new
regulatory framework’s WSPZ monitoring programmes and the new nationally overseen
sea trout monitoring programme. As with EMP monitoring, these programmes will be
collaborative programmes funded by operators and designed to support adaptive
management. However, they will be led by us, and their targeting and design will be
driven by the needs of the regulatory framework.

During 2024, SEPA will commence work with local authorities to review EMPs for
existing salmon farms. The review will consider:

* The information already generated by the EMP.
* The monitoring approaches used.

¢ Further monitoring information required to support implementation of the new
regulatory framework.

Once areview has been completed and its outcome agreed with the local authority, we
will work with the local authority and the operator concerned to incorporate any
continued, or revised, monitoring required into the framework’s monitoring
programmes.”

76. A documented description of the process of moving from EMPs to SLRF would
aid understanding of how, if any, EMP monitoring and wild catch data supported
the development of SLRF - and if it did not, an explanation of why.

47Scottish Government. (2022). Good Food Nation programme of measures: interim update 2022.
Available at: Good Food Nation - programme of measures: interim update 2022 [Accessed 2 October
2025]

48 Scottish Environmental Protection Agency (2023) SEPA's response to consultation feedback. Available
at: Managing interactions between sea lice from finfish farms and wild salmonids, SEPA response to
consultation feedback [Accessed 3 October 2025]
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Annex B3. Comparative Analysis: Norwegian Traffic Light System

Issues Addressed in This Section:

o Disproportionate response to available evidence

o Comparison with Norwegian traffic light system limitations

o Expensive and problematic sentinel pen validation methods

° Analysis of proportionality compared to other environmental impacts.

77.The Norwegian Traffic Light System (TLS) provides empirical evidence for
evaluating the necessity and expediency of salmon farm regulatory frameworks
for the protection of wild salmonids, including Scotland's sea lice regulatory
framework. Examining the Norwegian Traffic Light System's operational history
since 2017 provides some insight into the effectiveness of area-based
regulatory approaches to sea lice risk from salmon aquaculture production and
the impact on wild Atlantic salmon. It is noted that although there are shared
characteristics of regulating aquaculture activities in the aim of supporting wild
salmonid conservation, the underlying process of the TLS differ from the SLRF,
so direct assessments between mechanisms and outcomes are not directly
comparable.

78.The TLS divides Norway's coast into 13 production areas with capacity adjustments
based on estimated wild salmon mortality from salmon farm-derived sea lice
(Ministry of Trade, Industry and Fisheries, 2015)*°. The Norwegian TLS quantifies and
regulate salmon lice impacts through modelling and observational data. However,
recent evaluations raise questions about both the scientific validity and economic
efficiency of such approaches.

Scientific Foundation Concerns

79. An Evaluation committee (EvalComm) undertook an independent assessment of the
TLS in 2021 (Eliasen et al., 2021)%° and reported weaknesses in the TLS's scientific
foundations. Central to these concerns are mortality thresholds that lack empirical
validation: "The EvalComm is of the view that a solid empirical basis for the
thresholds has not been provided to date and that such is required to underwrite
key assessments arising from the TLS."

49 Ministry of Trade, Industry and Fisheries. (2015). Forutsigbar og miljgmessig baerekraftig vekst i norsk
lakse- og grret grretoppdrett Available at: Forutsigbar og miljgmessig baerekraftig vekst i norsk lakse- og
grret grretoppdrett [Accessed 2 October 2025]

%0 Eliasen, K., Jackson, D., Koed, A., Revie, C., Swanson, H. A., Turnbull, J., Vanhatalo, J., Visser, A. (2021).
An evaluation of the scientific basis of the traffic light system for Norwegian salmonid aquaculture.
Research Council of Norway. ISBN 978-82-12-03918-6 (pdf)
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Van Nes et al. (2025)*" demonstrated systematic overestimation across multiple
system components. Mortality thresholds, derived primarily from laboratory studies
using inappropriate fish sizes and species, may overestimate effects by some 50%.
The TLS also assumed smolt migration timing and duration inconsistent with
acoustic telemetry data, with actual migration occurring approximately two weeks
earlier (median date 9 May versus 23 May assumed) and lasting 6.9-14 days rather
than the assumed 28 days.

The SLRF does not replicate these TLS shortcomings: the SLRF thresholds
resulting from laboratory assessments are over double that of the original TLS,
and the migratory period is informed by tracking work.

Within the TLS, sentinel cage monitoring is applied, however the review by Van Nes
et al. (2025) report that Norwegian Sentinel cages used fish 4-5 times heavier than
wild smolts without size correction, whilst data collection occurs in areas with
optimal sea lice survival conditions rather than representative spatial sampling. Sea
trout data also served as proxies for salmon despite differing life-history. This
results in compounding model inaccuracy as they depend on calibration against
these potentially flawed observational datasets.

The SLRF must account for these biological realities in any assessment and
future adaptive implementation of using sentinel caged fish.

Further criticism of the traffic light system exists in that the TLS overestimates sea
lice larvae production by assuming 100% reproductive activity among adult female
sea lice whereas actual reproductive proportion of the population is 10-33% and the
TLS fails to incorporate salinity-dependent mortality of lice larvae (Van Nes et al.,
2025).

Not all female sea lice contribute to sea lice production. It currently appears
that the sea lice budget per salmon farm is calculated as the product of
Number of Fish, Sea Lice per Fish and New Sea Lice Per Day and is uncorrected
to reflect that not all lice on fish will be reproductively contributing to the
production of new sea lice per day. Reasons should be published describing
why it is appropriate in SLRF to assume that all adult female sea lice counted
are, or will become, ovigerous.

5'van Nes, S., Imsland, A. K. D., Jones, S. R. (2025). Salmon lice biology, environmental factors, and smolt
behaviour with implications for the Norwegian salmon farming management system: A critical
review. Reviews in Aquaculture, 17(1), e12953.
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Structuraland Economic Issues

86.

87.

88.

89.

90.

91.

Jensen et al. (2024)%2 provides a theoretical context by analysing the TLS as a
nonpoint pollution problem. In that individual salmon farm contributions to
environmental impact cannot be directly observed or are expensive to monitor.

The salmon lice problem exhibits nonpoint characteristics: wild smolts migrate past
multiple salmon farm sites making individual contributions unidentifiable. Sea lice
population dynamics depend on numerous environmental factors beyond salmon
farm operations; and empirical studies demonstrate "very weak causal relation
between salmon lice at the salmon farm site level and the infection of wild salmon
stocks" (Jensen et al., 2024). The authors propose that the sea lice problem exhibits
classic nonpoint characteristics in that wild salmon smolts migrate past multiple
salmon farm sites with each making individual contributions unidentifiable to the
overall impact. Furthermore, sea lice population dynamics depend on
environmental factors (e.g. salinity, temperature) beyond salmon farm operation
control, and they assert that empirical studies demonstrate "very weak causal
relation between salmon lice at the salmon farm site level and the infection of wild
salmon stocks" (Jensen et al., 2024).

Jensen et al (2025) argue that the TLS represents an application of mechanisms for
regulating aggregated pollution but suffers from deficiencies in that salmon farm
production areas contain between 2-133 salmon farm sites, whilst experimental
evidence demonstrates such mechanisms only function effectively with fewer than
eight participants. Consequently, individual operators perceive minimal influence
over aggregated outcomes, reducing the system to economically inefficient lump-
sum transfers rather than effective incentive mechanisms.

This is an example of an alternative regulatory mechanism for protecting wild
salmonids from sea lice emanating from salmon farms. To provide
reassurance, the SLRF documented technical guide (Recommendation 1) could
include a section on alternative regulatory mechanisms, concluding with the
decision that the SLRF regulatory tool was the preferred mechanism for
Scotland.

The TLS exhibits "collective punishment" characteristics whereby all producers face
consequences based on aggregated performance regardless of individual actions, a
principle inconsistent with established legal frameworks and perceived as
inherently unfair (Jensen et al., 2024).

The SLRF appears not to suffer from this paradoxin that individual salmon farm
budget and non-deterioration conditions are applied on individual sites.

52 Jensen, F., Tveteras, R., & Nielsen, R. (2024). The traffic light system. Is it a solution to a nonpoint
pollution problem?. Aquaculture Economics & Management, 28(2), 177-207.
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92.The TLS relies on what Jensen et al. (2024) characterise as a "highly uncertain
measure of the aggregated salmon lice-induced mortality," with assessments
varying substantially depending on methodology applied. This measurement of
uncertainty, combined with weak causal relationships between regulated activities
and environmental outcomes, undermines the theoretical foundation necessary for
effective nonpoint pollution regulation.

Absence of Demonstrable Environmental Benefits

93.The TLS provides an absence of measurable environmental benefits. Larsen and
Vormedal (2021)* found "no or weak statistical correlations between the share of
severely infested wild salmon smolts and measures for the prevalence of salmon
lice at the farm site level." Environmental factors (e.g. temperature, salinity) and fish
size consistently outperform farm-derived infection pressure as predictors of wild
salmon lice levels.

94.The Norwegian experience reveals a contradictory position: stricter sea lice
regulation has successfully reduced salmon farm lice levels without
corresponding improvements in wild salmon populations, whilst causing
"extensive" welfare impacts on farmed salmon (Jensen et al., 2024). This
pattern suggests that current regulatory approaches in Norway may target sea
lice epidemiology rather than genuine causal factors affecting wild salmon
survival.

95.The SLRF documentation appears not to currently detail proposals for the
evaluation of mortality of wild salmon, although monitoring is referred to. If one
purpose of the framework is to support the survival of wild Atlantic salmon and
sea trout, then an evaluation process should be described.

Alternative Regulatory Approaches

96. Jensen et al (2024) suggests market based regulatory alternatives for Norway, which
may also be alternatives for Scotland. Converting the nonpoint pollution problem
to point pollution through enhanced monitoring technologies to enable instruments
such as Pigouvian taxes or tradeable permits. Input regulation targeting specific risk
factors (delousing measures, preventive technologies) could achieve environmental
objectives more efficiently than complex outcome-based systems.

5 Larsen, M. L., & Vormedal, I. (2021). The environmental effectiveness of sea lice regulation: compliance
and consequences for farmed and wild salmon. Aquaculture, 532, 736000.
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Implications for Scotland

97.

98.

99.

The Norwegian evidence raises questions about the efficacy of complex sea
lice risk assessment frameworks. If the causal relationships between salmon
aquaculture operations and wild fish impacts remain empirically
undemonstrated since 2017 despite intensive study, the scientific foundation
for their TLS becomes questionable.

The overestimation of risks identified in the TLS suggests that similar
frameworks may generate disproportionate regulatory responses to uncertain
environmental problems. SLRF does take heed of some of the shortcomings of
TLS, nevertheless when implementing similar frameworks for Scotland, policy
evaluators require robust empirical demonstration of causal relationships
between proposed regulatory targets and environmental impacts.

The evaluation by Jensen et al (2024) identifies TLS's economic inefficiencies
and may provide cautionary lessons about regulatory design for Scotland.
Complex, model-dependent systems generate high transaction costs for the
sector whilst failing to apply market incentives effectively. The Norwegian
experience suggests that perhaps simpler, more targeted approaches focusing
on demonstrable risk factors (e.g. sea lice levels per salmon farm) may achieve
environmental outcomes at lower economic cost. The SLRF in essence does
implement this approach but still determines which individual salmon farms
are subject to sea lice limits using a complex risk assessment process with
potentially high transactional costs associated with farm development or
modification.

100. The absence of demonstrable environmental benefits in Norway alongside

101.

substantial economic impacts raises proportionality concerns relevant to any
similar regulatory framework for Scotland. Regulatory authorities must
carefully balance precautionary protection against the economic and social
costs of potentially ineffective interventions towards a target aim of supporting
the survival of wild salmonids

These findings suggest that area-based regulatory systems relying on
complex modelling and uncertain causal relationships may be neither
necessary nor expedient responses to salmon lice concerns. Alternative
approaches emphasising direct monitoring, market-based incentives, and
adaptive management frameworks based on demonstrated outcomes may
achieve lower sea lice release with an economic balance. The SLRF has built on
the Norwegian experience and focused on direct site monitoring and aims to
have a site level adaptive process, this is welcomed.
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102. Insummary, if one purpose of the framework is to support the survival of
wild Atlantic salmon and sea trout, then an evaluation process desighed to
demonstrate the effect of implementing the SLRF on wild Atlantic salmon and
sea trout should be described and implemented.
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Annex B4. Fish Health and Welfare Implications

Issues Addressed in This Section:

o Conflict between environmental controls and fish health requirements
o Forced treatment regardless of fish size or health status

o Veterinary ethics compromised by arbitrary thresholds

o Medicine restrictions based on questionable environmental standards
o Impact on fish welfare through over-treatment

103. The management of sea lice infestations in Atlantic salmon aquaculture
represents a welfare challenge facing industry. Sea lice are naturally occurring
ectoparasitic copepods that have co-evolved with their salmonid hosts (Torrissen et
al., 2013)**. However, the intensive nature of salmon farming creates high host
density which in turn creates increased transmission rates, necessitating active
management interventions (Pike & Wadsworth, 1999)%.

Regulatory Framework and Counting Requirements

104. Regulatory frameworks employ count-based threshold systems which have
been a long-standing practice as detailed in the industry’s Code of Good Practice °¢
which stipulates:

- Anaverage of 0.5 adult female L. salmonis per fish during the period 1% February
to 30th June inclusive.

- Anaverage of 1.0 adult female L. salmonis per fish during the period 1st July to
31stJanuary inclusive.

105. The Scottish Government’s Fish Health Inspectorate have reporting
requirements including different response levels of 2 and 6 sea lice per fish®’.

5 Torrissen, O., Jones, S., Asche, F., Guttormsen, A., Skilbrei, O. T., Nilsen, F., Horsberg, T. E., Jackson, D.
(2013). Salmon lice - impact on wild salmonids and salmon aquaculture. Journal of Fish Diseases, 36(3),
171-194.

% Pike, A. W., Wadsworth, S. L. (1999). Sealice on salmonids: their biology and control. Advances in
parasitology, 44, 233-337.

%6 Code of Good Practice for Scottish Finfish Aquaculture. Available at: Aquaculture, Code of Good
Practice [Accessed 2 October 2025]

57 Scottish Government (2019). The Regulation of Sea Lice in Scotland. Topic sheet 71 v4 Available at: The
Regulation of Sea Lice in Scotland. Topic sheet 71 v4 (via internet archiving)
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106. These management regimes aim to balance industry productivity with
protection of wild salmonid populations, recognising that salmon lice derived
from salmon farms have the potential to interact with wild stocks of salmonids.
Norway's traffic light system and the SLRF approach, where salmon farm sea
lice capacity is regulated based on estimated sea lice-induced mortality of wild
salmonids, also requires counting and treatment responses.

Welfare Costs of Count Management Systems

107. The SLRF is not prescriptive in how sea lice are managed on salmon farms, and
there are wide range management options available to salmon farmers. However,
the sector raised implication concerns for farmed salmon under such rigid count
management systems pose a risk to salmon health and welfare. Sea lice have been
shown to reduce fish growth and appetite and cause substantial costs to salmon
farmers worldwide, with economic losses of £65 million in Scotland as a result of
sea lice management, representing approximately 9% of total production value
(Boerlage et al., 2024)%¢. Although there are non-treatment preventative
measures available to salmon farmers such as fallowing, on-site growing
periods, and barriers, the following focuses on the concern raised with relation
to treatments and animal health and welfare. The treatments currently
employed to maintain counts below regulatory thresholds may themselves
impose significant welfare costs. These welfare costs are weighed against the
benefit of treatment by trained professionals and veterinarians.

108. The counting of sea lice involves manual handling and inspection of farmed
salmon. The process of counting to ensure statistical robustness was explored by
Heuch et al (2011) which led to the Code of Good Practice and the Fish Health
inspectorate to require a minimum of five fish per cage and twenty-five per salmon
farm. However, for increased lower numbers of permitted sea lice, additional
sampling of stocked fish may be required, Mes et al (2024), which in turn requires
more handling. The RSPCA identifies handling as a welfare issue for farmed salmon
and handling must only occur when necessary. Handling of salmon has been
attributed to between 13.6% - 16.6% of mortality on salmon farms between 2018-
2020, greater than the on-farm mortality attributed to sea lice over the same period
ranged from 7.5% - 13.4%. Not only does handling cause direct mortality, the
starvation of fish in advance of in feed treatment has a subsequent diminishing
effect of growth rates of salmon (Wolde et al 2022) . As an economic pest control
measure, increased infeed treatment may not be a cost-effective measure given the
starvation effects on farmed salmon (Boerlage et al 2024).

%8 Boerlage, A. S., Shrestha, S., Leinonen, |., Jansen, M. D., Revie, C. W., Reeves, A., Toma, L. (2024). Sea
lice management measures for farmed Atlantic salmon (Salmo salar) in Scotland: Costs and
effectiveness. Aquaculture, 580, 740274.

46



CSA Marine Sea Lice Regulatory Framework
Scientific Review: Annexes

109. Allsea lice treatments require fish handling, crowding, and transfer
procedures that represent significant acute stressors, all of which the RSPCA
identify as welfare concerns. The netting and pumping processes expose fish to
elevated densities, leading to scale loss, fin damage, and elevated post-
treatment mortality. Frequent repetitive handling is likely to chronically stress
and compromise the animal's physiological and immune status towards a
higher risk of secondary infections.

Treatment Efficacy and Resistance

110. Aldrin et al (2023)*° report that infeed treatments with emamectin benzoate are
estimated to kill around 35% of the sea lice, whilst bath treatments with hydrogen
peroxide kill around 74% and pyrethroids 50% of the sea lice, however when
comparing against similar earlier analysis of sea lice treatments, there has been
declining efficacy for hydrogen peroxide, pyrethroids and azamethiphos and
necessitates more frequent treatments to maintain count thresholds.

111. Under a targeted treatment threshold regime there may be an increase in
treatment frequency and potentially augmenting the loss of efficacy. As loss of
efficacy develops, salmon farms may resort to using methods in their
integrated pest management arsenal such as: higher concentrations of existing
treatments with potential for increased toxicity risks, more frequent treatment
cycles that compound stress effects, consider novel treatment combinations
with unknown welfare impacts and multiple sequential treatments that prolong
recovery periods.

Specific Treatment Welfare Impacts

Emamectin Benzoate

112. Emamectin benzoate (EMB), administered in-feed over seven consecutive days,
accumulates in salmon tissues and can affect fish physiology beyond its
antiparasitic effects. Different doses of EMB or repeated treatment did not affect
feeding behaviour in salmon, however neurotoxicity was observed following
multiple treatments (Whyte et al., 2019)%°. Feed withdrawal protocols, typically
lasting 24-48 hours pre-treatment, ensure drug efficacy but create additional
welfare concerns. Prolonged fasting can trigger aggressive behaviours, compromise
immune responses, and delay recovery from treatment stress, particularly
problematic during growth periods or in smaller fish.

% Aldrin, M., Huseby, R. B., Stige, L. C., Helgesen, K. O. (2023). Estimated effectiveness of treatments
against salmon lice in marine salmonid farming. Aquaculture, 575, 739749.

8 Whyte, S. K., Poley, J. D., Mueller, A., Van Iderstine, C., Fitzpatrick, K. E., Purcell, S. L.,Koop, B.F.,
Johnson, S.C., Wadsworth, S., Fast, M. D. (2019). Avermectin treatment for Lepeophtheirus salmonis:
Impacts on host (Salmo salar) and parasite immunophysiology. Aquaculture, 501, 488-501.
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Hydrogen Peroxide

113. Hydrogen peroxide treatments are an alternate method which is not without
challenges. Other intervention strategies, such as thermal treatments, also present
potential risk factors, which are evaluated in relation to the health and welfare
benefits afforded by treatments delivered by trained professionals and
veterinarians. Hydrogen peroxide toxicity increases with dose, exposure duration,
and temperature, and can cause an acute stress response, oxidative stress, gill
damage, respiratory acidosis and altered gas and ion exchange (Wood et al.,
2021)%'. Salmon exposed to hydrogen peroxide treatments show time-dependent
effects on physiological stress (glucose, lactate, and cortisol) and antioxidant
enzyme expression in liver and gills (Vera & Miguard, 2016)%2. Use of hydrogen
peroxide treatments has been reported as having increased mortality by 21% on
salmon farms (Overton et al 2019)3,

Non-Medicinal Treatments

114. The shift towards non-medicinal treatments, driven partly by loss of efficacy
concerns and environmental interactions, has introduced new welfare challenges.
Thermal treatments had the greatest level of increased monthly mortality compared
to the month before treatment, with 31% of treatments increasing registered
mortality rates, followed by mechanical (25%) treatments (Overton et al., 2019).
These known increased welfare risks to farm salmon would be incurred to meet
sea lice count budgets to potentially benefit wild salmonid survival.

115. Otherintervention strategies, such as thermal treatments, also present potential
risk factors exposing fish to water temperatures of 28 — 34°C for up to 30 seconds
have shown a significant increase in mortality as a function of temperature after
treatment (14°C: 6.5%, 27°C: 5.3%, 30°C: 12.4% and 33°C: 18.9% mortality) (Bui et
al., 2022)%,. Critically, the group of fish that were not subjected to any treatments
had no mortality throughout the experimental period. Eye damage was more
prevalent in warm water treated groups, thermal treatments have led to injuries
including gill haemorrhage, scale and skin loss, haemorrhage and vacuolation of
thymic tissue, degeneration of nasal epithelium and brain haemorrhage. Research
indicates that temperatures used during thermal de-lousing (28 — 34°C) are most

5" Wood, A. T., Taylor, R. S., Quezada-Rodriguez, P. R., & Wynne, J. W. (2021). Hydrogen peroxide treatment
of Atlantic salmon temporarily decreases oxygen consumption but has negligible effects on hypoxia
tolerance and aerobic performance. Aquaculture, 540, 736676.

2 \era, L.M., Migaud, H. (2016) Hydrogen peroxide treatment in Atlantic salmon induces stress and
detoxification response in a daily manner. Chronobiology International. 33(5):530-42.

8 Qverton, K., Dempster, T., Oppedal, F., Kristiansen, T. S., Gismervik, K., Stien, L. H. (2019). Salmon lice
treatments and salmon mortality in Norwegian aquaculture: a review. Reviews in Aquaculture, 11(4),
1398-1417.

84 Bui, S., Madaro, A., Nilsson, J., Fjelldal, P. G., Iversen, M. H., Brinchman, M. F., Venas, B., Schragder,
M.B., Stien, L. H. (2022). Warm water treatment increased mortality risk in salmon. Veterinary and Animal
Science, 17, 100265.
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likely painful to the fish, with pain thresholds identified between 26°C and 28°C,
below the temperatures used in thermal delousing treatments (Nilsson et al.,
2019)%5.

116. Treatment stress results in production impacts that indicate compromised
growth. Treatment groups lost up to 4.6% of their body weight over approximately 50
days including two treatment applications compared to slight growth of control fish
that did not undergo any procedures (Bui et al., 2022)%. This growth suppression
reflects the metabolic costs of repeated stress responses and reduced appetite.
Alternatively, the industry response has included earlier harvesting to avoid
repeated treatments, with early harvests being a response by salmon farmers to
increased risks of sea lice treatments, choosing to slaughter the fish rather than
performing another delousing (Barrett et al., 2022)%’.

117. The deployment of cleaner fish, particularly wrasse species, has emerged as a
promising biological control strategy that exploits natural predator-prey
relationships to reduce sea lice burden on farmed salmon (Torrissen et al., 2013).
Wrasse demonstrate selective feeding behaviour that targets sea lice, providing
continuous control pressure that complements periodic medicinal treatments
whilst reducing overall therapeutic requirements.

118. Selective breeding programmes offer an alternative long-term potential for
developing salmon strains with enhanced resistance to sea lice infestation, with
heritability estimates of 0.3 confirming the genetic basis for individual variation in
susceptibility (Gharbi et al., 2015)%. Population genetic modelling suggests that 10
generations of selective breeding could substantially reduce medicinal treatment
requirements and potentially eliminate the need for therapeutic intervention under
optimal management conditions.

% Nilsson, J., Moltumyr, L., Madaro, A., Kristiansen, T. S., Gasnes, S. K., Mejdell, Gismervik K., Stien, L. H.
(2019). Sudden exposure to warm water causes instant behavioural responses indicative of nociception
or pain in Atlantic salmon. Veterinary and Animal Science, 8, 100076.

% Bui, S., Dalvin, S., Vagseth, T., Oppedal, F., Fossay, F., Brandsegg, H., Jacobsen, A., 4 Nordi, G., Fordyce,
M. J., Michelsen, H. K., Finstad, B., Skern-Mauritzen, R. (2021). Finding the needle in the haystack:
Comparison of methods for salmon louse enumeration in plankton samples. Aquaculture Research,
52(8), 3591-3604.

5 Barrett, L., Oldham, T., Kristiansen, T. S., Oppedal, F., Stien, L. H. (2022). Declining size-at-harvest in
Norwegian salmon aquaculture: Lice, disease, and the role of stunboats. Aquaculture, 559, 738440.

% Gharbi, K., Matthews, L., Bron, J., Roberts, R., Tinch, A., Stear, M. (2015). The control of sea lice in
Atlantic salmon by selective breeding. Journal of the Royal Society Interface, 12(110), 20150574.
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Broader Environmental Implications

119. The use of cleaner fish (wrasse and lumpsuckers) has wider ecological
implications as currently some 21 tonnes of cleaner fish are cultured annually
(Munro, 2023)% whilst almost 80 tonnes of wrasse are harvested per year (Scottish
Government, 2024)"° for use in salmon farming. Productivity and susceptibility
assessments has demonstrated that ballan wrasse (Labrus bergylta) and cuckoo
wrasse (Labrus mixtus) have the potential to be vulnerable to overexploitation by the
wrasse fishery (Pritchard et al 2025)’" as well as two bycatch species viviparous
eelpout (Zoarces viviparus) and spurdog (Squalus acanthias). However, work by
Phillis et al (2022)”? determined that when considering the impacts of farmed
lumpfish, farmed wrasse, and fished wrasse to calculate the environmental footprint
of these Norwegian biological sea lice treatments, per ton of salmon produced, they
found that wrasse fishing generates considerably lower impacts than farmed
lumpfish and farmed wrasse.

120. Whilst not directly affecting farmed salmon welfare, repeated medicinal
treatments contribute to pharmaceutical accumulation in marine sediments that
may alter the environment around salmon farms. Negative effects of the sea lice
therapeutant emamectin benzoate at low concentrations on benthic communities
around salmon farms have been documented (Bloodworth et al., 2019)”%. These
risks are managed through SEPAs regulation for environmental compliance in this
matter.

121. Afurther potential unintended consequence is that medicinal sea lice
treatments are seen as unfavourable by the public (Zhou et al. 2024) 7*. Targeting
site sea lice limits through additional medicinal management could
inadvertently lead to diminished perception of the industry from the public.

% Munro L. (2023) Scottish Fish Farm Production Survey 2023. Available at : Scottish Fish Farm
Production Survey 2023 [Accessed 18 September 2025]

70 Scottish Government (2024) Wild Wrasse Fishery —2021/22 Report Available at: Wild Wrasse Fishery —
2021/22 Report [Accessed 18 September 2025]

7' Pritchard, C. J., Salama, N.K.G, Berrill, I., Martin, S. A., Marshall, C. T. (2025). Investigating the relative
vulnerability of a temperate coastal fish community to a live wrasse pot fishery. Fisheries Research, 284,
107327.

72 Philis, G., Ziegler, F., Jansen, M. D., Gansel, L. C., Hornborg, S., Aas, G. H., Stene, A. (2022). Quantifying
environmental impacts of cleaner fish used as sea lice treatments in salmon aquaculture with life cycle
assessment. Journal of Industrial Ecology, 26(6), 1992-2005.

73 Bloodworth, J. W., Baptie, M. C., Preedy, K. F., & Best, J. (2019). Negative effects of the sea lice
therapeutant emamectin benzoate at low concentrations on benthic communities around Scottish fish
farms. Science of the Total Environment, 669, 91-102.

74Zhou, X., Bearth, A., Siegrist, M. (2024). Sea lice management in marine-based salmon farming: Public
perceptions and acceptance in England and Scotland. Aquaculture, 593, 741267.
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The Fish Welfare Paradox

122. Sea lice count limits have the potential to support wild fish populations.
However, they may inadvertently compromise farmed salmon welfare through
treatment-induced stress, accelerated resistance development, and
suboptimal intervention timing. Furthermore, there are the possibilities for
increased environmental degradation as well as increased dependency on
cleaner fish.

123. Management regimes will require an acceptable compromise between
industry functioning and impacts on ecosystems, but this compromise must
also encompass the welfare of farmed salmon. The evidence reviewed suggests
that current count-driven systems, whilst serving legitimate regulatory
functions, require welfare-sensitive modifications, such as reducing biomass,
to avoid undermining fish health.

124. Management approaches should integrate count monitoring with direct
welfare assessment, employ adaptive thresholds that account for fish
physiological and health status, and prioritise prevention strategies that reduce
treatment dependence. There must be an acknowledgement that regulatory
compliance and welfare optimisation may not always alignh, necessitating
management flexibility that serves both ecological protection and animal
welfare objectives.
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Annex B5. SLRF Methodology Assessment

Issues Addressed in This Section:

e Standstill conditions based on flawed methodology

e Compound conservatism in risk assessment parameters

e Use of unvalidated conceptual model of lice attachment

e Reliance on Scottish Shelf Model with aggregated wind data
e Black box nature of decision-making process

e Lack of transparency in how data feeds into framework

e Site-specific risk assessment inadequacies

e Penalisation of operators with good track records

125. The claim that "standstill conditions are based on flawed and irrelevant
methodology" represents a challenge to SEPA's regulatory framework for
managing sea lice interactions between salmon farms and wild salmonids. This
discussion examines the evidence base supporting and potentially undermining
this methodology through critical analysis of the available documentation.
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Annex B5.1 Methodological Foundations

Evidence Supporting the Methodological Approach

126. The standstill methodology is based on scientifically justified principles:

127. The exposure threshold of 0.7 sea lice per m” days exposure threshold is
demonstrated through convergent validation. Norwegian research observed
infestation pressure provided empirical validation of a similar order (Bui et al 2024),
while Scottish modelling (Murray & Moriarty’®) and experimentation (lves et al 2024)
using infection rates, sea lice development, and post-smolt growth parameters
suggested similar values. This convergence across different methodological
approaches strengthens confidence in the threshold's validity. Nevertheless,
sensitivity of SLRF outcomes to variation in exposure threshold has not been
explored.

128. The underpinning modelling framework incorporates hydrodynamic models,
particle tracking, and virtual salmon post-smolt migration which has been
considered extensively by Scottish and international expert groups. The
translation from validated models provides a foundation for applying the
thresholds to the framework Salmon tracking data from the West Coast
Tracking Project adds empirical grounding to the virtual post-smolt swim-speed
component.

129. The methodology avoids regulatory overreach by applying standstill
conditions only to salmon farms categorised as medium to high risk (61 of 164
salmon farms, 37% in SEPAs December 2023 response documentation),
exempting lower-risk operations entirely. This proportionate approach aligns
with established principles of environmental regulation.

130. The no-deterioration principle has established precedent in environmental
regulation. SEPA's approach mirrors practices where new regulatory coverage is
introduced to existing operations - initially requiring maintenance of current
performance before considering active improvement measures. This staged
approach provides regulatory certainty whilst building the evidence base for
adaptative future action.

131. SEPAis publicly committed to methodological transparency through sharing
of model files, having undertaken extensive stakeholder consultation, and
commitment to adaptive management as part of the framework. The
acknowledgment of uncertainties and plans for iterative improvement suggest
that there is scope for amendments to be brought forward to the process.

7S Murray, A. G., Moriarty, M. (2021). A simple modelling tool for assessing interaction with host and local
infestation of sea lice from salmonid farms on wild salmonids based on processes operating at multiple
scales in space and time. Ecological Modelling, 443, 109459.
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However, as it stands, the documenting of the SLRF is hot comprehensive nor
collated in an easily available manner.

Methodological Concerns

132. Several aspects of the modelling approach present concerns:

133. By their nature, models require simplification and approximation. The
screening models employ simplifications that may introduce uncertainties.
Each of the parameters described in Figure 2 will have a statistical range
associated with the point parameter estimate. These include, for example,
constant post-smolt swimming speeds (12.5 cm per second), average
meteorological conditions, and uniform sea lice mortality rates (17% per day).
Real-world variability in these parameters could substantially affect model
predictions.

134. For example, the application of a single threshold (0.7 sea lice per m? days)
across variable environmental conditions and potentially different salmon
populations may be overly simplistic. The SEPA publications provide limited
discussion of threshold uncertainty bounds or environmental context
dependencies.

135. There is the potential for methodological translation errors in the conversion
from FVCOM to MIKE 3 modelling systems, whilst maintaining similar results,
this represents a departure from the original calibration and validation. SEPA
acknowledges this limitation but provides insufficient detail on validation of the
translated models against observational data.

136. According to consultation responses, the historical data reveal substantial
gaps in sea lice counting, with "a large proportion of farms [...]missed providing
counts in at least 1 week" during critical periods. Basing regulatory limits on
incomplete datasets may compromise both the accuracy of baseline
assessments and the validity of derived limits. There was also the concern
raised relating to whether a minimum of three years data are representative. In
reality SLRF uses a minimum of four years (not three as expressed), but this still
discounts the possibility of on-site long-term variability in observations.

137. The use of estimated rather than actual fish numbers (calculated from
maximum permitted biomass rather than reported stocking) introduces
additional uncertainty into both risk assessment and limit-setting processes.
Although it would be impractical to provide continual real-time actual numbers
of onsite fish. There is limited validation of fish numbers from biomass across
all the Wild Salmon Protection Zones and therefore spatial transfer of model
parameters and thresholds developed in specific locations will incur additional
uncertainty.
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138. The methodologies focus on a representation of the exposure being used in
the assessment without considering the status of wild salmon populations,
resilience, or cumulative stress factors. For example, a resilient population
with no major threats from predation may be more tolerant to exposure. This
approach may lead to either over- or under-protection depending on
population-specific vulnerabilities. This represents another uncertainty.

139. There is areliance on sentinel cage studies for model validation and
although it is suitable for indicative corroboration, it provides limited temporal
and spatial coverage in comparison to the vast number of migratory routes
migratory salmon could take. The proposed validation approach may not
capture the full range of environmental conditions affecting salmon farm
derived sea lice - wild salmon interactions.

140. However, the broad SLRF principles (notwithstanding the discussed
methodological limitations, monitoring approaches,
documentation/communication, the undefined commitments to adaptive
management processes for assessment and monitoring refinement) are
suitable for use in the relative risk assessment based on the adopted modelling
processes.

Assessment Summary

141. The methodological concerns above list some of the limitations of complex
environmental modelling: reliance on simplified point assumptions, incomplete
validation across variable conditions, and data quality constraints. These
limitations are neither unique to this framework nor necessarily limiting to its
application, but they do point to the need for a more formal uncertainty analysis
and continued framework refinement.

142. The characterisation of standstill conditions as "flawed and irrelevant”
appears overstated based on the available evidence. Whilst the methodology
contains uncertainties and limitations typical of complex environmental
modelling practices, it has strong scientific foundations. The approach is more
appropriately characterised as "precautionary but uncertain" rather than
fundamentally flawed.

143. However, scientific concerns exist regarding model description, lack of a
single reference guide/manual containing the documentation of assumptions
and limitations of its simplifications, influence of data quality, and validation
and scope of refined models (as they are developed). These limitations suggest
the need for continued monitoring, validation, and refinement rather than
wholesale rejection of the approach.
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144. The most constructive critique would focus on specific technical
improvements - enhanced validation studies, uncertainty quantification,
population-specific thresholds, and expanded monitoring programmes - rather
than fundamental methodological rejection. Such targeted improvements
could further strengthen the scientific basis whilst maintaining the regulatory
framework's core structure and objectives.

145. Ultimately, the standstill methodology represents a reasonable application
of available science to a complex regulatory challenge, though it would benefit
from continued development and validation as more data become available.

146. Onsite variability needs to be accounted for, if the principle of no
deterioration from historical observations is the underlying factor in
determining the permitted sea lice budget on salmon farms.

Annex B5.2 Site-Specific Risk Assessment

147. Building on the methodological foundations discussed above, this
consideration focuses specifically on whether standstill conditions adequately
capture site-specific environmental risks and wild salmon impacts, examining
aspects not previously covered.

Geographic Heterogeneity Issues

148. There is the potential for geographic heterogeneity issues, such as
bathymetric and oceanographic variation. The SEPA documentation presents
differences in how the framework handles varying coastal environments. For
instance, SEPA acknowledges that "sea lice from farms in some locations
disperse out of the WSPZ before reaching the infective stage". It transpires that
the standstill methodology does differentiate limits based on these dispersion
characteristics, but available documentation is unclear on precisely how.

149. For some WSPZs on the west coast, the resolution of the hydrodynamic
models is limited. This technical limitation makes it difficult to determine site-
specific risk characterisation, as coarse model resolution cannot capture fine-
scale oceanographic features that may substantially influence sea lice
transport and retention.

150. Unlike the general threshold discussions covered previously, the site-
specific criticism highlights that standstill conditions apply uniform
performance-based limits regardless of the specific local wild salmon
populations potentially being exposed. SEPA’s documents describe situations
where "more than one river catchment's population of wild salmon emigrate
through some WSPZs". Whilst there is nho specified mechanism for adjusting
limits based on different populations migrating through a single WSPZ, the
regulator has powers to review and vary permit conditions and farm operators
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can apply for permit variation. The evaluation process of such application is
unclear. If SLRF is to be adaptive then locally if historic limits are shown beyond
reasonable doubt to be causal in an ongoing wild population decline (noting
that the time scale of decline may not match the time scale of limit evaluation)
then SLRF should have a way to mitigate that.

Migration Timing and Cumulative Effects

151. There may also be migration mismatches. The applied week 12 -22 control
period (approximately 16th March to 30th May) may not align with actual
migration timing for salmon from different river systems. Observations of
salmon migration timing in Scotland (Malcolm et al 2015)”¢ indicate timings of
mid-April to mid-May (not accounting for coastal residency). Earlier or later
migration windows may be inadequately protected by standstill conditions
calibrated to average timing patterns.

Environmental Context and Historical Performance

152. SLRF overall show no evidence of incorporating local habitat quality factors
that might influence salmon vulnerability to sea lice impacts. For example,
areas with degraded freshwater habitat might support salmon populations with
reduced resilience, warranting more stringent sea lice management, but the
performance-based approach cannot capture this variation. Whilst the control
period is standardised, local environmental conditions (e.g. temperature,
salinity gradients, predator/prey abundance) that influence both sea lice
development and salmon vulnerability vary substantially across sites and
seasons. It is noted that a future phase of SLRF implementation may rectify this.

153. Standstill limits are derived from an analysis of a salmon farm’s
performances in managing sea lice in previous years. A salmon farm with
historically relatively poor sea lice management in a high-capacity environment
might receive lower limits than a salmon farm with good historical performance
in a vulnerable area. Even though this is a simple consequence of SLRF logic, it
is still perceived by some to be unfair.

154. The four-year approach for setting standstill limits may perpetuate site-
inappropriate management levels as the limits are set based on historical
performance. As environmental conditions (or wild salmon population status)
changes, the historical performance may not reflect current actual site-specific
risks, and in that sense the historic management of lice to historic levels could
be labelled as site-inappropriate.

76 Malcolm, I.A., Millar, C.P., Millidine, K.J. (2015). Spatio-temporal variability in Scottish smolt emigration
times and sizes. Scottish Marine and Freshwater Science Vol 6 No 2. Edinburgh: Scottish Government,

15pp.
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Trade-offs and Conclusions

155. Site-specific risk reflection might require more responsive limit-setting
mechanisms that could adjust, for example, real-time environmental
monitoring (e.g. temperature, salinity, currents), wild salmon population
monitoring indicators, neighbouring salmon farm operational status and sea
lice loads.

156. However, attempting to have site specific adaptability creates
administrative complexity in that site-specific limit setting would require more
complex administrative systems and potentially site-specific expertise that
may exceed current regulatory capacity. It might also create unreasonable
reporting burdens on producers; comprehensive site-specific risk reflection
would demand extensive local environmental and biological monitoring that
may be cost-prohibitive across all salmon farm sites.

157. There are also practical concerns in having more granular approaches. The
current understanding of site-specific sea lice-salmon interactions may be
insufficient to support highly differentiated regulatory approaches without
substantial additional research investment. There is also the potential issue
that wild salmon population responses to management changes may occur
over timescales that exceed regulatory decision and response cycles,
complicating site-specific adaptive management.

158. The criticism that standstill conditions do not reflect actual site-specific
risks contains significant validity beyond the general methodological concerns
discussed above. A performance-based approach to limit-setting, combined
with standardised implementation across diverse environments, creates a
disconnect between regulatory requirements and site-specific environmental
realities.

159. However, the criticism also highlights the trade-off between scientific
precision and administrative feasibility. Perfect site-specific risk reflection may
be neither technically achievable nor regulatorily practical given current
scientific understanding and regulator capacity. The gradual approach SEPA is
implementing of increasing refined modelling incorporating site-specific
elements which prioritises high-risk locations for detailed site-specific
assessment whilst maintaining standardised approaches for lower-risk sites,
accounts for this trade-off issue.

160. The criticism ultimately points to a limitation of the current approach rather

than a fatal flaw, suggesting that the adaptive nature of the framework rather
than replacement of the regulatory framework, is appropriate.
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Annex B5.3 Data Quality and Statistical Issues

161. The historical sea lice count data forming the basis for standstill limits
suffers from data quality issues. The SEPA consultation documents indicate
that "a large proportion of farms, excluding those that were fallow, missed
providing counts in at least 1 week with many not providing counts for 2 or more
weeks" during critical management periods. This results in incomplete datasets
upon which regulatory limits are then based. The quality problems extend
beyond missing data points. Salmon farms report the top two reasons for non-
reporting as "withdrawal period prior to harvesting" and "veterinary advice" -
suggesting that data gaps may be biased toward periods of either high sea lice
loads (requiring treatment) or compromised fish health. This creates a dataset
that may have a systematic low bias.

162. The SEPA response to consultation indicates that sea lice limits will be set
for existing salmon farms from statistical analysis of their performance over the
recent past. However, there is no published detail of what this statistical
approach entails.

163. SEPA have advised that sea lice limits will be set for existing salmon farms
from statistical analysis of their performance over the recent past. Three
scenarios are applied depending on data availability.

164. SEPA's standstill limits are derived using the 95th percentile of historical
weekly total adult female sea lice numbers during the control period (weeks 12-
22). For salmon farms with sufficient data (=6 weeks in each of 4 Spring periods
between 2018-2023), limits are calculated by identifying the 95th percentile of
total sea lice, determining what sea lice-per-fish rate would produce this total
at maximum stocking, adding 0.2 to this rate (capped at 2.0 sea lice per fish),
then multiplying by maximum fish numbers to establish the 4-week rolling
mean limit. A single-week limit is set at 4 times this value.

165. Salmon farms with insufficient data but 24 years operation use benchmark
comparisons from similar salmon farms in the same area. Salmon farms
operating <4 years use area-wide averages of calculated limits, adjusted for
their peak fish numbers. Operators have been consulted on benchmark
selection in both scenarios.

166. This percentile-based approach addresses any potential statistical
concerns about frequent non-compliance. Salmon farms would historically
have exceeded the 95th percentile in approximately 5% of weeks, meaning the
limits permit operation within normal historical performance ranges rather than
requiring performance substantially more stringent than historical norms.
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167. Itis unknown whether the reliance on the period between 2018-2023
captures longer-term environmental variability affecting both on-farm sea lice
populations and wild salmon vulnerability. If this period exhibited atypical
conditions (e.g. temperature patterns, treatment efficacy, reporting practices),
derived limits may not reflect appropriate long-term thresholds. However,
practically this is not possible to determine as mandatory weekly reporting is a
relatively recent introduction”’.

168. The requirement for only 6 weeks of data per year (approximately 55%
coverage of the 11-week control period) means limits may be based on
incomplete seasonal representation. Combined with the historical data quality
issues noted above where "a large proportion of farms missed providing counts
in at least 1 week with many not providing counts for 2 or more weeks", this
creates uncertainty about whether the 95th percentile accurately represents
typical high-sea lice conditions or is artificially influenced by systematic data

gaps.

169. The 0.2 upwards adjustment may compensate for potential under-
representation of low-count weeks but provides no mechanism for addressing
other sources of baseline uncertainty, such as year-to-year environmental
variation, changes in treatment protocols, or shifts in wild salmon migration
timing that might alter the relevance of historical performance to current
conditions.

170. Missing data can introduce biases, as discussed in previous sections.
Systematic gaps in historical data collection may skew historical performance
although the additional concession of 0.2 sea lice may allow for this. Missing
counts during high sea lice periods would artificially lower calculated averages,
creating even more stringent and unrealistic limits. However, this reflects
operational reporting, delaying implementation of salmon farm site limits until
a complete perfect time series is established is impractical as demonstrated
through the historical reporting and would result in a limit never being
determined.

7 The Fish Farming Businesses (Reporting) (Scotland) Order 2020 Available at: The Fish Farming
Businesses (Reporting) (Scotland) Order 2020 [Accessed 3 October 2025]
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Environmental Influences on Historical Data

171. Thereis also the need to consider environmental influences on on-farm
historic sea lice populations. Modelling studies have demonstrated that sea
lice populations are more sensitive to environmental parameters (such as
Temperature and Salinity) than biological parameters (Rittenhouse et al 201678).
This is demonstrated by recent work in Canada which showed that in the
absence of salmon farms, sea lice prevalence on wild salmon is at elevated
level compared to when salmon farms were located within the system (Jones et
al 2025). It may be the case that historic sea lice counts were reported during
environmental periods conducive or restrictive to on-farm sea lice population
growth and thus applying limits on these anomalous periods may be
inappropriate. However, the continued reporting of sea lice counts will enable
the development of a continued series of counts, but this will inherently be
biased by the new regime (although the historic data is similarly biased by the
previous sea lice counting regime). The adaptive nature of the framework
should account for emerging count status as the time series develops.

78 Rittenhouse, M. A., Revie, C. W., & Hurford, A. (2016). A model for sea lice (Lepeophtheirus salmonis)
dynamics in a seasonally changing environment. Epidemics, 16, 8-16.
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Annex B5.4 Track Record Penalisation

172. The framework states that standstill limits "will be derived from an analysis of
their farms” performances in managing sea lice in previous years" and "will be
based on available data for at least 4 years."

The Performance Paradox

173. This approach creates an environment in which the limits placed on
different salmon farms with differing track records potentially confer benefit to
weaker historically performing salmon farms over stronger performing ones. As
an example, consider a pair of hypothetical salmon farms, with different
historical performance, both consented to stock 1000 tonnes. During the
historical reporting period they both stocked 100,000 fish (corresponding to
~400 tonnes). Salmon farm A, which consistently maintained 0.1-0.2 adult
female sea lice per fish over four years could face a standstill limit around 0.15,
whilst salmon farm B with variable performance ranging from 0.3-0.9 sea lice
per fish, for example, 0.6 sea lice per fish. In this hypothetical example, Farm A
would have a farm limit of 15,000 sea lice and Farm B 60,000 sea lice. The better
performer faces four times tighter regulatory constraints despite
demonstrating historically better environmental stewardship. The historically
poorer performer (Farm B) may now be able to increase their total number of
fish more easily than the better performer (within their biomass limit), by
adopting practices already pioneered by the better performer. Should Farm B
adopt some of the practices of Farm A and be able to reduce their sea lice per
fish count to 0.4, they would be able to raise their onsite number of fish to
150,000 and remain well within both their consented biomass and their farm
sea lice limit yet still have greater sea lice per fish, and greater input of sea lice
from the farm. Wild salmonids are no better protected as the number of sea lice
entering the environment remains the same, yet the poorer historically
performing farm is able to increase its production by 50%. Early adopters, such
as Farm A, feel unrewarded and now disadvantaged. This may not be the
regulators’ concern, but it is a potentially perverse outcome

174. It may be the case that some “better performing” salmon farms are located
in more optimal environmental surroundings. Equally, it could be the case that
some operators invested in improved sea lice management systems, staff
training, or operational protocols during the historical reference period, and
will now face regulatory disadvantages compared to operators who made
minimal investments in environmental performance.
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175. The SEPA documents demonstrate substantial variation in sea lice
management performance across the sector. The observation that "close to
60% of reported weekly averages were less than or equal to 0.2 adult female sea
lice per fish" in 2021-2022 indicates significant performance differentiation that
would translate into widely varying standstill limits. The Loch Fyne and Loch
Linnhe examples show how the same salmon farms can contribute differently
to environmental risk depending on their sea lice management performance,
yet the framework would fix these historical differences rather than rewarding
continued improvement.

Contradictions and Perverse Incentives

176. The standstill element of SLRF adheres to no deterioration principles. Each
salmon farm must maintain its current performance level regardless of how
that performance compares to others. From this perspective, the framework
prevents environmental degradation rather than promoting improvement.
Whilst this does satisfy the aim of “no deterioration” the Scottish
Government’s Biodiversity Strategy which states: “By 2045, Scotland will have
restored and regenerated biodiversity across our land, freshwater and seas” 7°.
The relative risk assessment matrix suggests that farm-specific limits reflect
local environmental capacity rather than pure salmon population performance
outcomes. Salmon farms in high-risk locations appropriately face tighter
controls regardless of their historical performance quality. The full
implementation of SLRF (not just standstill limits) needs to be implemented as
soon as possible.

177. The Performance-based limits provide operators with clear expectations
based on their demonstrated capabilities rather than subjective assessments
of what constitutes "good" performance. This approach ensures that historical
good performers cannot deteriorate whilst poor performers cannot worsen,
potentially representing a regulatory floor rather than ceiling approach.

178. The standstill framework acknowledges that "a very small number of farms
contribute a large proportion of exposure" in high-risk areas. Environmental
protection logic suggests tighter controls on salmon farms that historically
contributed most to environmental risk, not on salmon farms that
demonstrated proficient sea lice management. Until the full SLRF approach is
implemented there may remain some instances to a reversing of this logic.

79 Scottish Government (2024) Scottish Biodiversity Strategy to 2045. Available at: Scottish Biodiversity
Strategy to 2045 [Accessed 3 October 2025]
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Annex B6. Monitoring and Adaptive Management Gaps

Issues Addressed in This Section:
e No framework for monitoring success of SLRF
e Expensive and problematic sentinel pen validation methods
e Lack of real-time data integration
e No assessment of framework effectiveness
e Missing adaptive framework for incorporating new evidence

179. A weakness of the SLRF is the absence of clearly defined mechanisms for
evaluating its success and adapting to new evidence. While the framework
establishes regulatory limits and monitoring requirements, it provides
insufficient detail on how effectiveness will be measured and how the
framework will evolve based on observed outcomes.

Annex B6.1 Sentinel Cage Validation Issues

180. Sentinel cage studies represent a key validation tool for the SLRF modelling
framework, but their implementation raises several concerns. The Norwegian
experience demonstrates that sentinel cages used fish 4-5 times heavier than
wild smolts without size correction, whilst data collection occurred in areas
with optimal sea lice survival conditions rather than representative spatial
sampling (Van Nes et al., 2025). These methodological limitations must be
considered if sentinel cage data are used to validate refined modelling.

181. The SEPA documents indicate that refined model validation through sentinel
cage studies will be prioritised for only 8 WSPZs initially, meaning standstill
conditions for the majority of sites will remain based on screening models
(who’s sensitivities have not been fully explored). This limited initial spatial
coverage undermines confidence in the site-specific appropriateness of
regulatory limits across the rest of the framework.

182. Sentinel cage deploymentis expensive and logistically challenging, limiting
the temporal and spatial resolution of validation data. The vast number of
potential migratory routes salmon could take means that even comprehensive
sentinel cage networks cannot capture the full range of environmental
conditions affecting farm-derived sea lice - wild salmon interactions. However,
itis currently the only suitable method to establish motile stage sea lice
resulting from environmental exposure, and the limitations of such approaches
require acknowledging in any validation programme.
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Annex B6.2 Success Measurement Framework

183. The framework's stated objective is to support the survival of wild Atlantic
salmon and sea trout, yet it lacks defined metrics for evaluating whether this
objective is being achieved. The Norwegian TLS experience is instructive: eight
years of operation reduced salmon farm sea lice levels but without
corresponding improvements in wild salmon populations, revealing that
reducing salmon farm sea lice counts does not necessarily translate to wild
salmon benefits over that time frame.

184. The SLRF appears not to currently incorporate detailed proposals for the
evaluation of survival of wild salmon, although monitoring is referred to. The
SLRF framework requires a process for measuring its success or otherwise. The
purpose of the framework is to support the survival of wild Atlantic salmon and
sea trout; therefore, an evaluation process is required.

185. SEPA has indicated that they have determined the types of monitoring and
modelling programmes to assess adverse impacts and framework
effectiveness, set a 5-6 year timescale for using results, and adopted a
generalised random tessellation stratified survey (GRTS) design for juvenile
salmon and trout monitoring. The recommendation is to publish these details,
including metrics, statistical approaches, and governance arrangements.

186. Without published success metrics, the framework cannot determine
whether:
- Wild salmonid survival is not deteriorating, or indeed improving in WSPZs
- Site-specific limits are having the intended protective effect
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Annex B6.3 Adaptive Management Mechanisms

187. The framework includes provisions for annual risk reassessment but
provides no mechanism for mid-season adjustment based on emerging
evidence or changing environmental conditions. Real-time data on wild salmon
stress indicators, unusual environmental circumstances (jellyfish blooms, algal
blooms, temperature anomalies), or neighbouring salmon farm operational
changes cannot be incorporated into regulatory decisions under the current
standstill approach.

188. Some in the industry expressed the concern that there is no clear pathway
for salmon farms to demonstrate improved performance and "get off standstill"
conditions. This is an issue of regulatory approach that should be carefully
explored by dialogue between industry and regulator.

189. A documented description of the process of moving from EMPs to SLRF
would aid understanding of how, if any, EMP monitoring and wild catch data
supported the development of SLRF. The transition from Environmental
Management Plans to the SLRF represents a potential opportunity to evaluate
what monitoring approaches proved most informative and which metrics best
correlated with wild salmon outcomes.
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Annex C: Process Description and SLRF implementation

189. This Annex provides a detailed description of SLRF screening model and relative
risk matrix, including newly created diagrams. The lack of a single coherent
document of this nature made this a necessary undertaking to inform accurate
reporting.

190. Seallice screening model characteristics are relatively simple, conservative,
limited to site-specific calibration and validation, relatively resource efficient and
quick to run. The purpose of the screening models is to increase efficiency of
assessment process by avoiding use of resources on more detailed assessments
where screening can show they are unnecessary and enable relative risk-targeted
further assessment where appropriate.

191. Refined model characteristics apply similar general principles as the screening
model but with additional sophisticated representation of transmission processes
and at higher spatial resolution, particularly with vertical resolution of the
hydrodynamic model. These refined models are to be calibrated and evaluated
against relevant environmental data. Refined modelling results in an increase in
resource to develop and generally take longer to run. The purpose of refined models
are to improve accuracy of predicted environmental capacity in WSPZs (Wild
Salmon Protection Zones) and ensure confidence in setting sea lice limit conditions
in permits for salmon farm developments that will ensure sea lice exposure is not
exceeded (or further exceeded).

Annex C1.1 Overview of the screening model

192. SLRF uses observations and predictive numerical models to solve two aspects of
the classic “encounter problem”: that is, how many sea lice a wild salmon post-
smolt (hereafter post-smolt) encounters on its journey from river to ocean, and from
where do those sea lice which they do encounter originate. This problem is trivial to
state and complex to solve.

193. SLRF simulates water movement in which both sea lice and post-smolts live
using a predictive hydrodynamic model, which uses the same physics principles as
a weather forecasting model. In SLRF screening model, every salmon farm is treated
as a point source of sea lice, with their numbers based on salmon farm authorised
biomass limit, and a standardised number of adult female sea lice per fish (of 0.4).
The routes taken by migrating smolts is simulated in SLRF by moving virtual smolts
through the simulated moving water that contains sea lice released from point-
source salmon farms. By varying the smolt route many times an uncertainty
estimate is made of how much the precise route matters to the number of sea lice
encountered. SLRF only attempts to solve the encounter problem at the critical
period where the vast majority of post-smolt migration from rivers to sea occurs
during April-May. These elements of SLRF are shown in the top boxes of the flow
diagram in Figure C1.
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194. SLRF keeps track of the exposure that each virtual post-smolt experiences from
predicted infective-stage sea lice concentrations in a WSPZ. If the total number of
encounters is less than some threshold deemed acceptable for wild post-smolt
health, this is expressed as a remaining environmental capacity for post-smolts to
encounter more sea lice whilst swimming through that WSPZ without detriment.
This value forms the x-axis of the “relative risk matrix” in Figure C1.

195. SLRF also keeps track of how much each salmon farm contributes to the total
number of encounters (in addition to the total number of encounters). This forms the
y-axis of the relative risk matrix.

196. Inthis way every single salmon farm occupies a single box in the relative risk
matrix: x-axis determined by all salmon farms in the WSPZ, y-axis determined by the
salmon farm in question. The x-axis (remaining environmental capacity) is divided
into three categories (little-or-none, intermediate, large). The y-axis (contribution by
salmon farm) is divided into four categories (negligible, small, moderate,
substantial). The matrix is then partitioned diagonally into four relative risk
categories (1=low/green, 2=medium/yellow, 3=considerable/amber, 4=high/red).

Sea Lice Relative Risk Assessment Matrix Flow Diagram

Environmental Capacity
Assessment in WSPZs
VS exposure threshold Matrix

Particle Tracking Models
Sea lice dispersion

(input to VS model)
| Combines both assessments

« Farm locations
« Fish licenced biomass
« Sea lice numbers

Input Data Collection Hydrodynamic and
Risk A

Virtual Salmon Individual Farm »
Post-smolt Model Contribution Assessment
Migration exposure simulation to sea lice exposure v
Relative Risk Assessment Matrix Relative Risk Categories
Farm contribution . 1-Low
to sea lice exposure Large Intermediate Little or None E
2 — Medium
\ . 3 — Considerable
3.\ Considerable 4 High .
4 —High
Key points:
Little/no capacity = higher risk
Priority WSPZs Moderate | 3 Considerable Matrix combines capacity and
Initial screening contribution assessments
identified 8 WSPZs Higher risk = greater regulatory
where infestation focus needed

pressure may be Small 1
highest, requiring
further assessment

Negligible |

Remaining Environmental Capacity in WSPZ

New Farms Existing Farms

« Risk-based permit conditions « Standstill conditions,

» Numeric lice limits historical performance limits

« Refined modelling if needed + Monitoring requirements

« Farms with limit conditions * Potential reduction if needed
sample more fish (weeks 12-22) + Farms with limit conditions

sample more fish (weeks 12-22)

Figure C2. Flow chart of the SLRF process —based on an interpretation of published
information on data processing undertaken by the regulator in establishing the farm-
based relative risk assessment matrices.
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197. The four relative risk categories are then translated into differing actions on
existing and new developments.

198. All salmon farms with a relative risk category 1 or “low/green relative risk” are not
subject to sea lice limit conditions. They will be subject to sea lice monitoring and
reporting conditions allowing SEPA to track sea lice numbers on the salmon farms
and intervene if those numbers rise to levels likely to result in the sea lice exposure
threshold being exceeded. Salmon farms in relative risk categories 2, 3 and 4 have
interventions applied by the regulator, explained in detail below.

199. Applications for new or expanded salmon farms are run in the screening model.
If screening concludes that the proposed salmon farm development would be in
relative risk category 2, sea lice limits are based on the limits proposed by the
developer in their application. If screening concludes that the proposed salmon
farm development would be in relative risk category 3 or 4, an appropriate further
modelling assessment is required to (a) improve the accuracy of the predicted
remaining environmental capacity for sea lice in the WSPZ concerned; and (b)
identify a sea lice limit that SEPA are confident will prevent the sea lice exposure
threshold from being exceeded (or further exceeded).

200. The “screening model” assesses exposure of wild salmon post-smolts to
predicted infective sea lice concentrations in WSPZs. The contributions to infective
sea lice concentrations in WSPZs of salmon farms that are located outside of
WSPZs, as well as those located within WSPZs, are included®®. SEPA has created the
geographical boundaries of WSPZs using a set of four rules. There are 120 distinct
WSPZs drawn up by SEPA. For sea trout which was intended to be implemented in
March 2025%" on the west coast, western isles and the Northern Isles (where there
are no designated salmon rivers), protection, the WSPZs cover confined areas of
sea. Within sea loch systems, the consultation proposal was that they will extend up
to 20 km from the relevant river mouths. For rivers flowing out into open sea areas,
they will extend outward from the river mouth for 5 km. More details on sea trout
have been put forward by SEPA after the research period for these annexes.

201. Underthe SLRF, SEPA will normally undertake refined modelling required for
higher-relative risk proposals. Refined models are validated against environmental
data to ensure confidence in outputs. SEPA is currently developing and testing
refined models (East of Skye WSPZ), including sensitivity analysis for oceanographic
and meteorological variability and particle tracking assumptions. Following testing,
SEPA will publish the refined modelling methodology and seek stakeholder review
before progressing models for other sea areas. Developers may propose their own

80 Scottish Environmental Protection Agency (2025) Wild Salmonid Protection Zones Available online Map
| Scotland's environment web Accessed: 18 September 2025
8|t is unclear from available public documentation whether this was implemented as of March 2025.
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refined model; in such cases, SEPA reviews the method statement during the pre-
application process to confirm acceptability

Annex C1.2 Modelling tools detailed description

202. Three modelling tools are used within the screening model: a hydrodynamic
model, a particle tracking (dispersal) model, and a particle encounter model. The
underlying physical principles of each of these models are well-established and are
not contested per se. The models do however require some parameters values to be
chosen, and they require data to specify initial values for some of the predicted
outputs, the choice of values and their likely range were raised in discussion with
CSA Marine as requiring description and justification.

Hydrodynamic model

203. The hydrodynamic model simulates time-evolving physical characteristics of the
marine environment: temperature, salinity and currents. It translates the existing
Marine Scotland (now Marine Directorate) Scottish Shelf Sub Area models from
FVCOM to MIKE 3 modelling systems and provides 3D representation of water
currents, temperature, and salinity evolving over time.

204. The Hydrodynamic model applies a 3D 10-layer sigma coordinate scheme with

uniform layer spacing. Model features and setup include:

e Low order, fast algorithm solutions for the shallow water momentum equations
and temperature and salinity equations.

e Density as a function of temperature and salinity.

e Horizontal Eddy Viscosity: Smagorinsky formulation with Constant of 0.28

e Vertical Eddy Viscosity: Log-law formulation

e Horizontal Dispersion for Temperature and Salinity: Scaled eddy viscosity
formulation with a constant of 1.

e Vertical Dispersion for Temperature and Salinity: Scaled eddy viscosity
formulation with a constant of 0.01.

205. The hydrodynamic data requirements document by SEPA in the May 2023
consultation is described to consist of2:

e Tidal Boundaries: Firth of Clyde (FOC) - 2019 tides, re-predicted from 1993
“average” tides used in the sub area climatology forcing. SEPA intend to re-run
with 1993 average tides for final screening. Wider Loch Linnhe System (WLLS)
and East Coast of Lewis and Harris (ECLH) — 1993 "average” tides.

e Meteorological Forcing: climatology forcing for wind speed and direction. For
heating, SEPA have used a mixture of climatology factors and a simple analytical
heating model.

82t is unclear from available documentation whether this was modified or implemented as described
into the final SLRF as of December 2024
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e Freshwater Forcing: climatology forcing for many large and small rivers derived
from the Centre for Ecology and Hydrology (CEH) Grid 2 Grid model.

206. SEPA have separate model domains which cover three areas: Firth of Clyde (20
salmon farms), Wider Loch Linnhe System (42 salmon farms), East Coast of Lewis
and Harris extending to the Northwest of the mainland (102 salmon farms). The
models are spun up to similar initial conditions for 19" March start date. The models
are run from 19" March until 1%t June using a 30-second timestep, with T, S, U and V
recorded at every grid node at 15-minute intervals for subsequent sea lice particle
tracking.

Particle Tracking Model

207. SEPA have applied the MIKE Agent Based Modelling Lab package to simulate
dispersion of sea lice from existing and proposed salmon farms, tracking individual
particles representing sea lice through their lifecycle to predict concentrations of
infective-stage sea lice.

208. Keyassumptions include:
e Particles released into hydrodynamic flow fields every 5 minutes from 1m
below surface.
e Sealice become infective after 4 days and remain so until 17 days old.
e Mortality rate of 17% per day.
e Horizontal dispersion coefficient (eddy diffusivity) of 0.1 m?/s.
e Vertical dispersion coefficient (eddy diffusivity) of 0.001 m?/s.

209. Todrive the particle tracking model release locations are chosen using positions
from Scotland's Aquaculture website (SAW). The input data (not held SAW) provides
number of fish, adult female sea lice per fish, and new sea lice production rate and
collectively defines the sea lice input from each salmon farm. The model uses
environmental data from the Hydrodynamic model outputs (velocity, temperature,
salinity).

210. Particles are released every 5 minutes from each site at 1m below surface, and
movement is advected by 3D velocity components with dispersion following a
Random Walk with the specified coefficients. There is buoyancy providing a small
upward velocity (0.0014 m/s) which keeps particles within the top 10 m. The
particles are tracked as they age to determine their infectivity. The particles
information is tracked at 15-minute intervals allowing concentration calculations
enabling the Conversion of sea lice/m? over top 2m using scaling factors.

Virtual post-smolt sea lice encounter model

211. Thevirtual Salmon Post-smolt Model (VPSM) simulates potential exposure of
migrating post-smolts as they pass virtually through zones of the model designated
as WSPZs during April and May. Virtual post-smolts follow representative routes
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through WSPZs at a constant rate of 12.5 cm per second (equivalent to 1 body length
per second fora 12.5 cm post-smolt).

212. Multiple, different representative paths through WSPZs are simulated by
releasing salmon particles at hourly intervals during April-May, each taking a
different route. Enabling an exposure calculation of the cumulative exposure in sea
lice per m” days for each virtual fish. The exposure value is determined as the 95
percentile exposure value derived from ordered results (this the highest 5% of
calculated exposures are discarded). SEPA’s 2023 documentation® indicates that
the VPSM has been run for 164 salmon farms on the west coast and western isles.

213. To determine the salmon particle migration, representative speeds are (or
will be) based on tracking studies. For swim paths, at screening a range of
representative paths are used, including the longest straightline path through
the WSPZ. Additional information required on swimming speed (body length per
second) is held constant (12.5 cm per second). The sea lice concentration fields
are established from the previous particle tracking model outputs.

214. The analysis identifies individual salmon farm contributions to total exposure of
the salmon particles.

215. The relative risk to the salmon particle is considered based on the 0.7 sea lice
per m? days exposure threshold to 95" percentile. For initial screening, the average
number of adult female sea lice per fish is standardised to 0.4.

Input data needed to run the VPSM

216. Three pieces of data are required to run the VPSM model:
Salmon farm location — held by SEPA and published on Scotland’s aquaculture
website/satellite imagery.

Fish numbers - derived from maximum permitted biomass using the formula 1.75 x
which appears to be a multiplier within the range suggested by Moriarty et al (2023)8
and is used to account for overstocking for fish that are harvested early or die during
production. Maximum permitted biomass in kg / 5 kg average harvest weight. No
documented description is provided as to why 1.75 is applied, note however itis
consistent with Moriarty et al (2023) and their reasoning given above.

83 SEPA (2023) Managing interactions between sea lice from finfish farms and wild salmonids

SEPA response to consultation feedback. [Available online: Managing interactions between sea lice from
finfish farms and wild salmonids, SEPA response to consultation feedback Accessed 28 October 2025]

8 Moriarty, M., Ives, S. C., Murphy, J. M., & Murray, A. G. (2023). Modelling parasite impacts of aquaculture
on wild fish: The case of the salmon louse (Lepeophtheirus salmonis) on out-migrating wild Atlantic
salmon (Salmo salar) smolt. Preventive Veterinary Medicine, 214, 105888.
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Sea lice counts - For initial screening standardised 0.4 sea lice per fish applied

For all salmon farms, regardless of relative risk category, weekly sea lice counts, and
fish numbers reporting are required between weeks 12 to 22 which approximately
corresponds with 16th March - 30th May each year adhering to SEPA specified
counting protocols. These data will be used to run screening assessments each
year. To the best of our knowledge, the use of actual sea lice count data has not
been implemented in the screening model, though there is a stated intention to do
so in the future.
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Annex C1.3 Relative risk categories and relative risk matrix
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Figure C3: Interpretation of the detailed components of the screening process for
determining a relative risk matrix.

217. The predictive models described above generate data for two assessments that
are subsequently combined in the relative risk matrix. The relative risk matrix has
two axes. The x-axis is “environmental capacity available within the WSPZ”, the y-
axis is “contribution made by each farm” to the exposure of salmon to infective-
stage sea lice. Both x- and y-axes values are derived from the screening model. The
X-axis (capacity available) is divided into three categories (little-or-none,
intermediate, large). The y-axis (contribution by farm) is divided into four categories
(negligible, small, moderate, substantial). The matrix is then partitioned diagonally
to create four relative risk categories (low, medium, considerable, high) — see Figures
D1 and D2. The four relative risk categories translate into differing actions on existing
and new/expanding salmon farms, before dealing with those a few words on the x-
and y-axes.

Environmental Capacity Assessment
218. This assessment determines how much additional sea lice exposure a WSPZ can
accommodate before exceeding the sea lice exposure threshold of 0.7 infective-
stage sea lice per m* days. The capacity assessment considers:
e Current sea lice exposure levels from existing salmon farms.
e Variance from the exposure threshold (95" percentile of virtual post-smolt
exposures).
e Cumulative effects of all salmon farms contributing to the WSPZ.

219. WSPZs are categorised as having little or none, intermediate, or large remaining
capacity based on how close current exposure levels are to the threshold.

Individual Salmon Farm Contribution Assessment

220. This assessment quantifies each salmon farm's contribution to the total sea lice
exposure within WSPZs. Salmon farms are categorised based on their average
contribution over April and May, these are:
e Substantial: 20.04 infective-stage sea lice per m? days
e Moderate: Between 0.02 and 0.04 infective-stage sea lice per m”> days
e Small: Negligible: contribution below 0.02 infective-stage sea lice per m? days

221. Asalmon farm's contribution depends most significantly on its location relative
to salmon migration routes and how local currents disperse sea lice from the
salmon farm during their planktonic transmission stage.

222. Figure C2 expands on Figure C1, with greater detail on the inputs to the screening
model and reports the actual number of salmon farms assigned to each relative risk
category as of December 2024. Figure C3 lists the numerical values of the technical
parameters used in the screening model, based on scientific literature. Their
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individual accuracy and the combinatory effects of their accuracy on the outcomes
of the screening process are relevant to the recommendation of this report.

223. Much of this explanation has been extracted from the text of SEPA’s
documentation®®, and from discussions with SEPA. The reason to revisit in such
detail here is also relevant to this report’s recommendation R1.

Table C1: Published parameters for use in determining aspects of the screening
model processes as part of the relative risk assessment process. Parameters
described in SEPA (2023)’

Technical Parameter Value Notes

=1 body
Post-smolt speed 12.5cm/s length/second
Exposure threshold 0.7 lice m~? days 95th percentile

After 4 days to attachment:
Mortality at 17 days
Temperature dependent
(10°C applied)

Lice development

Salmon: Weeks 12-22
Protection period
Sea trout: Weeks 12-44

17% daily mortality post- Applied to particle

Lice mortality hatching mass

30 new seallice per

Lice production female/day

Mortality: 17% per day
(applied to particle mass)

Sealice biology (post- Infective window: age> 4
hatching) days and < 17 days

Upward swimming speed
velocity: 0.0014 m/s

These are not
exposure thresholds

Negligible: <10% but categories of
Relative contribution Small: 10 - <20% relative contribution
categories Moderate: 20 - <30% to exposure as
Substantial: 230% percentage of the
sea lice exposure
threshold

8 Scottish Environmental Protection Agency (2023) Managing interactions between sea lice from finfish
farms and wild salmonids: Proposed new regulatory framework. [Available online: Managing interactions
between sea lice from finfish farms and wild salmonids: Proposed new regulatory framework Accessed:
18 September 2025]
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Annex C1.4 Relative risk categorised interventions

224. Here we explain the interventions applied to salmon farms according to which of
the four relative risk categories they are assigned, and whether they are an existing
salmon farm or an application or a new site or expansion of an existing site.

Some general considerations

e Weekly sea lice counts, and fish numbers reporting are required between Weeks
12 - 44 following SEPA specified counting protocols.

e Definition of “Standstill/ no deterioration conditions”: These are seasonal sea
lice limits imposed during the spring migration period (weeks 12 -22), when wild
salmon are reportedly most vulnerable to exposure during their migration as
small post-smolts. The limits are based on historic sea lice data and are
intended to prevent sea lice levels from increasing beyond those historic levels
during this critical migration period.

e All existing salmon farms other than those categorised in relative risk category 1
are to be subject to sea lice (standstill) limit conditions. Only those in relative
risk category 1 are screened out from the default position of limit conditions.

e For new or expansion applications, data from the preapplication process is used
to run the screening model to assign appropriate categories. All new and
expanding salmon farms, must provide for pre applications, proposed location
coordinates of the salmon farm, maximum number of fish by production year,
planned sea lice management levels, production cycle timings and fallowing
details, sea lice control measures and coordination agreements. During pre-
application screening, community engagement is required.

Category 1: Existing low-relative risk salmon farm

225. Green boxes in the relative risk matrix of Figure 1, As of December 2023 applies
to 63% of salmon farms (103 out of 164).

226. No numeric sea lice limits are set. Permit authorises the operation of a marine
salmon farm proposed in the original salmon farm application. Salmon farms are
subject to randomised inspections with periodic annual compliance checks.

Category 1: New or expanding low-relative risk salmon farm

227. ldentified low relative risk (category 1 salmon farms) have no additional numeric
sea lice limits imposed, and salmon farms are authorised to operate a marine fish
farm. The weekly monitoring is required to provide fish numbers and average sea lice
per fish.

228. Thefirst function of a screening assessment is to identify proposals that SEPA
can conclude (triage), without further assessment, are not likely to have a significant
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adverse impact on the water environment (e.g. unlikely to breach, or further breach,
of the sea lice exposure threshold).

229. If SEPA cannot conclude this is the case using a screening assessment, further
assessment will be required using refined models. In cases where SEPA conclude
that a development proposal is not likely to have a significant adverse impact (either
based on a screening assessment or a further assessment), SEPA use the output of
that modelling to assign the proposed salmon farms to the appropriate relative risk
category.

Category 2: Existing medium-relative risk

230. Yellow boxes in the relative risk matrix of Figure 1, As of December 2023 applies
to 13.5% of salmon farms (23 out of 164).

231. Anupper limit on the total number of sea lice is imposed. At first
implementation, the value is equal to the reported number of sea lice, averaged over
a fixed 3-year reporting periods (weeks 12 -22 of 2018, 2019, 2021,2022, 2023). The
logic is to maintain typical performance for that salmon farm. Cat 2 salmon farms
are a secondary focus for inspections (randomised subsets in areas/company) and
early season discussions between regulator and salmon farmers.

232. The sealice limit conditions would only be varied if:

(a) the operator applies to vary them and the variation is granted; or(b) SEPA vary the
limits after determining based on environmental monitoring evidence and refined
modelling assessments that wild salmon are being adversely impacted by sea lice in a
wild salmon protection zone and action to reduce sea lice on salmon farms in relative
risk categories 3 and 4 would not be sufficient to address the impact.

Category 2: New or expanding medium-relative risk salmon farm

233. Medium relative risk (category 2) salmon farms have sea lice conditions based
on applicants proposed performance with a maximum limit of the product of
number of fish on site and 2 adult female sea lice per fish. This is assessed as a 28-
day rolling average between weeks 12 -22. There is a maximum daily limit of four
times the rolling average. The weekly counting and reporting conditions apply.

Category 3: Existing considerable-relative risk salmon farm

234. Amber boxes in the relative risk matrix of Figure 1, as of December 2023 applies
to 11.5% of salmon farms (19 out of 164).

235. Seallice limits are derived in the same way for existing category 2, 3and 4

salmon farms. Cat 3 salmon farms are the secondary focus for targeted inspections
(after category 4) and early season discussions with salmon farmers before March
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period. Enhanced monitoring may be required to ensure accurate sea lice count
estimates.

Category 3: New or expanding considerable-relative risk salmon farm

236. If screening concludes that the proposed salmon farm development would be in
relative risk category 3 or 4, an appropriate further modelling assessment is
undertaken to (a) improve the accuracy of the predicted remaining environmental
capacity for sea lice in the WSPZ concerned; and (b) identify a sea lice limit that we
are confident will prevent the sea lice exposure threshold from being exceeded (or
further exceeded). SEPA performance standard for sea lice surveillance®® sets out
the normal counting requirements for salmon farms with sea lice limit conditions.

These require greater numbers of farmed salmon to be sampled during the
compliance period for sea lice limits (weeks 12 to 22). This applies to all salmon
farms with sea lice limit conditions irrespective of relative risk category.

Category 4: Existing high-relative risk salmon farm

237. Red boxes in the relative risk matrix of Figure 1, as of December 2023 applies to
11.5% salmon farms (19 out of 164).

238. SEPA performance standard for sea lice surveillance sets out the normal
counting requirements for salmon farms with sea lice limit conditions. These require
greater numbers of farmed salmon to be sampled during the compliance period for
sea lice limits (weeks 12 to 22). This applies to all salmon farms with sea lice limit
conditions irrespective of relative risk category.

Category 4: New or expanding high-relative risk salmon farm

239. SEPA performance standard for sea lice surveillance sets out the normal
counting requirements for salmon farms with sea lice limit conditions. These require
greater numbers of farmed salmon to be sampled during the compliance period for
sea lice limits (weeks 12 to 22). This applies to all salmon farms with sea lice limit
conditions irrespective of relative risk category.

240. Applications for new or expanded salmon farms are run in the screening model.
If screening categorises the proposed salmon farm development in relative risk
categories 3 or 4, SEPA will require that the proposal is modelled in more detail with
a suitable model.

8 SEPA (2024) Measurement Assurance and Certification Scotland Performance Standard | Finfish
Aquaculture Sea lice surveillance [Available online: Measurement Assurance and Certification Scotland,
Performance Standard | Finfish Aquaculture, Sea lice surveillance Accessed 30 October 2025]
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241. SEPAwill normally build and run the model needed, with any additional
environmental data required to test and evaluate the model collected by the
applicant.
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Annex D: an example of fragmentation and ambiguity in the Sea
Lice Regulatory Framework documentation

242. The set of documents released through the consultation process for managing
sea lice interactions provides an example of the challenge in regulatory
transparency: the absence of a single, definitive reference source, resulting in
potential ambiguity in a clear understanding of the SLRF.

243. To highlight one example of determining the final and definitive final value used,
a single parameter description of the sea lice exposure threshold is given here, the
value of which varies between consultation documents, referenced reports and
papers, and the regulator’s website. Although this example is not a unique case in
finding information in a dispersed set of documentation. Obtaining a definitive
description of parameters and principles applied in the SLRF should be easily
obtainable, described and a detailed rationale for its set value described.

244. When considering reference to the exposure threshold, within the December
2021 consultation®” document there are the following inclusions:

P21

“We are proposing to apply an exposure threshold of 0.7 infective-stage sea lice-days
m? integrated over the upper 2m of the sea for this purpose (e.g. exposure for one day to
a concentration of 0.7 infective-stage sea lice per m?; or exposure to 0.3 infective-stage
sea lice per m? on the first day of migration and to 0.4 infective-stage sea lice per m?on
the second day).”

“Our proposed exposure threshold is derived from scientific studies in Norway in which
sea lice numbers found on salmon post-smolts held in sentinel cages were compared
with the corresponding environmental concentrations of infective-stage sea lice. The
sea lice concentrations were estimated from sea lice dispersion modelling. The
proposed threshold of 0.7 sea lice-days m? is the exposure level up to which sea lice
infection levels found on sentinel caged fish are indicative of sea areas where
infestation pressure on wild salmon post-smolts is low.”

8 SEPA (2021) Proposals for a risk-based, spatial framework for managing interaction between sea lice
from marine finfish farm developments and wild Atlantic salmon in Scotland. [Available at: Proposals for
arisk-based, spatial framework for managing interaction between sea lice from marine finfish farm
developments and wild Atlantic salmon in Scotland Accessed 05 November 2025]
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P22

“First principles, biological models have been developed by scientists in Scotland
incorporating realistic estimates of sea lice swimming velocities and attachment
success as well as salmon post-smolt swimming speeds. The findings of these models
are consistent with a sea lice exposure of around 0.7 sea lice-days m? being capable of
producing infestation levels of close to 0.1 mobile sea lice per gram of a wild salmon
post-smolt”

245. When considering reference to the exposure threshold, within the May 2023
consultation document® there are the following inclusions:
P24

“ For example, 1 day exposed to a concentration of 0.75 lice per m? or 2 days exposed to
a concentration of 0.375 lice per m? would be produce exposures at the exposure
threshold, which is 0.75 sea lice per m? days.”

“Based on the review, we are satisfied that the proposed threshold of 0.75 infective-
stage sea lice per m? days is suitable for assessing whether a significant impact on
salmon post-smolts is likely.”

P27

“This capacity can be represented in terms of how far the 95th percentile of exposures is
from the exposure threshold (0.75 infective-stage sea lice per m? days).”

P42

“Apply a sea lice exposure threshold of 0.75 lice per m? days.”

P103

“The proposed sea lice exposure threshold (0.75 infective-stage sea lice per m? days) is
based on the findings of two different research approaches; one led by Norwegian
scientists and the other led by Scottish scientists. “

P104

8 SEPA (2023) Managing interactions between sea lice from finfish farms and wild salmonids
Proposed new regulatory framework. [Available at: Managing interactions between sea lice from finfish
farms and wild salmonids, Proposed new regulatory framework Accessed 05 November 2025]
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“The latest Scottish and Norwegian research suggest that the threshold is less than 0.8
infective-stage sea lice per m?. When we consulted in 2021, we proposed a sea lice
exposure threshold of 0.7 lice per m? days. In this consultation, we are proposing to
express the exposure threshold to 2 decimal places as 0.75 infective-stage sea lice per
m? days. The evidence from all studies suggests that exposures higher than this are
likely to result in significant impact.

The proposed threshold will be exceeded at any value greater than 0.75. However, it
would not be exceeded at values within 50 hundredths of 0.7 infective-stage sea lice per
m? days.”

P106

“The results for Spring 2021 indicate that up to around 20 % of the virtual post-smolts
accumulated exposures greater than the sea lice exposure threshold (0.75 lice per m?
days)”

246. Two years later in the December 2023 Response®® to the consultation reference
to the exposure parameter value is included:

P26
“...Fisheries Management Scotland:

We do not have the capacity to fully assess the screening models in detail, but we
understand the basis behind them and support their use until such time as refined
modelling is available for all WSPZs on a consistent, agreed basis”. “We seek
clarification from SEPA that the proposed threshold of 0.75 infective-stage sea lice per
m? days is suitably protective of wild fish”.

P27

“For assessing risk, the 95th percentile of modelled exposures of the relevant
population of virtual salmon post-smolts will be rounded to one decimal place and
compared with the infective stage sea lice exposure threshold of 0.7 infective-stage sea
lice per m? days.”

247. Thereis no reference to the exposure threshold value in the December 2023
Implications assessment®, nor in the September 2024 Performance Standard

8 SEPA (2023) Managing interactions between sea lice from finfish farms and wild salmonids

SEPA response to consultation feedback [Available at Managing interactions between sea lice from
finfish farms and wild salmonids, SEPA response to consultation feedback Accessed 05 November 2025]
% SEPA (2023) Managing interactions between sea lice from finfish farms and wild salmonids.

SEPA response to consultation feedback: Implications assessment [Available at: Managing interactions
between sea lice from finfish farms and wild salmonids, SEPA response to consultation feedback:
Implications assessment Accessed 05 November 2025]
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relating to Sea lice surveillance®’, 2025 SLRF Overview®? , and 2025 Position
statement®®

248. This 0.75 or 0.7 sea lice per m” day illustrates the challenge of determining the
documented processes applied to the SLRF.

249. The first consultation references 0.7 (as well as 0.3 and 0.4 for different temporal
exposures), whilst the second consultation document acknowledges the 2021
documented value and proposes to define the threshold based on scientific
modelling as 0.75. This figure represents the empirical foundation, it appears
backed up with scientific reference, that this is the determined stipulated threshold.

250. Giventhat FMS also refer to the threshold as 0.75 in their consultation response
which SEPA include in their response document, this ambiguity is picked up by other
readers.

251. The SEPAresponse documentin 2023 re-introduces the figure of 0.7, stating that
the modelled exposure will be "rounded to one decimal place and compared with
the infective stage sea lice exposure threshold of 0.7..." There is no discussion or
reference to 0.7 elsewhere in the 2023 consultation (other than reference to
modification compared to the 2021 consultation).

252. A confusing situation is created by embedding an act of rounding, which changes
the regulatory threshold, within a sentence in a response document (and then an
absence of a statement in the more recent publications). The new, final,
administrative threshold should be declared in a dedicated, prominent section of a
description of the SLRF. A regulated industry or concerned stakeholder must sift
through multiple documents to deduce that the scientific basis for components of
the SLRF, in this case that the threshold is 0.75, but the regulatory comparison is
made against 0.7.

Other Changes Indicating Fragmentation

253. There are two other instances where information evolves across different
documents, reinforcing the need for consolidation:

254. The consultation process involved detailed discussions on which specific
models (Screening vs. Refined) would be required for new or expanding salmon

91 SEPA (2024) Measurement Assurance and Certification Scotland. Performance Standard. Finfish
Aquaculture. Sea lice surveillance [Available at Measurement Assurance and Certification Scotland,
Performance Standard | Finfish Aquaculture, Sea lice surveillance Accessed 05 November 2025]

92 SEPA (2025) Sea lice regulatory framework overview [Available at overview Accessed 05 November
2025]

93 SEPA (2025) SEPA Position Statement. Sea lice regulatory conditions [Available at: SEPA Position
Statement. Sea lice regulatory conditions Accessed 05 November 2025]
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farms. The criteria and triggers for moving from the simpler screening model to a
more complex, costly refined model evolved between the early proposals and the
final response.

255. The status and relative risk characterisation of Wild Salmon Protection Zones
(WSPZs) were subject to refinement. While the framework is inherently adaptive, the
process of documenting the final, ratified boundaries and risk classifications often
requires cross-referencing maps and tables across several PDFs to establish the
current operating criteria. This deficiency has been amended with a publication in
September 2025 (after this review was commissioned and commenced).

256. Acore weakness in the documentation process is the reliance on a collection of
documents such as "consultation proposals,” "responses," and "implications
assessments." Without a final, consolidated Regulatory Rulebook or Technical
Guidance Document that supersedes all previous drafts and explicitly states the
final methodology, assessment and implementation requirements, stakeholders
can be left trying to assemble the currently operative framework from a complex
regulatory development history.

257. Whilst the consultation process demonstrates a commitment to transparency, a
consolidated final document outlining the processes of the SLRF is essential for
effective regulation and its communication.
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