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Introduction 

A major challenge facing salmon fisheries management is how to evaluate and compare the status of 
stocks. This is an essential first step in almost all rational management decisions and therefore needs 
to be done effectively and consistently. Stock evaluation is usually based on Biological Reference 
Points (BRPs). This talk is about the development and application of BRPs, specifically the 
Conservation Limit (CL), to salmon fisheries in England and Wales. It will give a brief history, which 
accounts for the system that we have today, outlines its benefits, discusses some challenging areas 
for improvement and concludes with some suggestion for NASCO’s role in advancing this topic. 

History 

The stimulus for developing salmonid BRPs in England and Wales came from the decline of sea trout 
(Salmon trutta) and Atlantic salmon (Salmo salar) fisheries at the end of the 1980s. This coincided 
with the marked marine regime change in the north Atlantic compounded, in the Western British 
Isles, by impacts of marine salmon farming.  Faced with important and often contentious decisions it 
was clear that a more structured, objective and evidence-based approach to assessment and 
decision making was needed.  

It rapidly became apparent that sea trout presented more complexities than salmon, such as partial 
migration, greater life history flexibility and poorer reliability of assessment data. Salmon took over 
the focus of policy attention, because those stocks had more political importance than sea trout as a 
result of greater economic value and the effective lobbying of stakeholders. This also coincided with 
the ICES development of Minimum Biologically Acceptable Levels (MBAL) for salmon stocks to aid 
the management of the distant water fisheries and the emerging drivers from the North Atlantic 
Salmon Conservation Organisation (NASCO) for the application of the Precautionary Approach to 
salmon management (NASCO, 1998). From this came the Environment Agency Salmon Strategy in 
1997 which set four objectives within the context of the existing fisheries legislation and set the 
imperative for BRPs.  

1. Manage individual stocks and environment to optimise recruitment 
2. Maintain diversity and fitness of stocks  
3. Exploit surplus to optimise economic yield 
4. Beneficiaries meet costs and polluters pay 

The first objective, referring to individual stocks and optimising recruitment, needed to have BRPs 
set for individual rivers and a government Ministerial Direction in 1998 made the setting of 
“Spawning Targets” obligatory for principal salmon rivers in England and Wales. 

Deriving Conservation Limits and assessment 

A system was developed that derived Conservation Limits (CL) through a two-part life cycle with a 
Ricker stock-recruitment (S/R) model for the freshwater phase (eggs to smolts) and a density-
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independent model for the marine phase (smolts to spawners or eggs) incorporating life history 
traits of marine survival sex ratio, growth and fecundity (Wyatt and Barnard, 1997a). Combining the 
two gave the same parameters as for a single egg to egg S/R, but the partition was retained as a 
convenient way to display and explore the processes operating through these very different life 
cycle phases and to present options for alternative BRPs. The CL defined as the Maximum 
Sustainable Yield (MSY) can be unambiguously derived from the model and followed emerging ICES 
and NASCO terminology and practice 

The MSY CL is an arbitrary choice for the BRP; but its mathematical clarity, its common usage and its 
conformity with the NASCO (2009) Guidelines have let it survive. Many other BRPs are available, 
although not discussed here, apart from one obvious and commonly suggested alternative of 
maximum smolt production, i.e. freshwater production, output, as defined by the peak for the 
freshwater Ricker curve, or some function of the asymptote in other S/R models.  This has merit 
because it forces attention on to the quality and quantity of the freshwater habitat, improvement of 
which is one of the few management options at times of marine climate change.   

Defining a CL was comparatively easy; but deriving one for each of 64 principal salmon rivers in E&W 
was much harder in the absence of S/R models for any of them.  Our colleague the late Dr Robin 
Wyatt found a way around this based on the one good S/R relationship for British Isles at that time, 
that for the River Bush, Northern Ireland (Wyatt and Barnard 1997b). His method partitioned the S/R 
of the Bush into constituent parts defined by habitat types with a simple habitat model of stream 
order and altitude; then used those relationships to reassemble the whole river S/R for each 
recipient river based on their habitat, calibrated for juvenile abundance taken from the national 
electrofishing database.  This allowed the derivation of CLs for each of the 64 principal salmon rivers 
in England and Wales which are used to evaluate stocks annually.   
 
Annual egg depositions are estimated from reported rod catch numbers and size distributions, 
incorporating assumptions for exploitation rate, in-river survival, sex ratios and fecundity 
(Environment Agency, 2003). An element of precaution is introduced through an arbitrary 
management objective (MO) defined as the achievement of at least that stock level which would 
exceed the CL on average in 4 years out of five, or 80% of the time. Thus, on the assumption of no 
systematic trend, the distribution of the last 10 years’ egg deposition allows the calculation of its 
20%ile point (the CL) and the 50%ile gives the corresponding Management Target (MT), which is the 
average stock size if the CL for a river is just achieved. The MT is simply related to the CL by MT = CL 
+ 0.842 SD, where SD is the standard deviation of the last ten years’ annual egg deposition. 
Recognising that trends are a reality in salmon stock dynamics and an inherent component of 
assessment forecasting, a complementary test was introduced in 2004 that projects attainment in 5 
years’ time using a Bayesian estimate of the last 10-year linear trend of the annual 20%ile 
abundance with Bayesian credible intervals. In turn this permits stock status to be presented 
probabilistically within one of four categories for the current reporting year and for five years ahead. 
 

1. >95% chance of achieving the MO: “Not at Risk” 
2. 50-95% chance of achieving the MO: “Probably Not at Risk” 
3. 5-50% chance of achieving the MO: “Probably at Risk” 
4. <5% chance of achieving the MO: “At risk” 

This is the basis of current salmon stock reporting to ICES and NASCO for individual rivers 
(Environment Agency, 2003; Cefas/EA/NRW 2018). 

Benefits  

Benefits derive from two main themes of (1) improved practical assessment and advice, and (2) 
objectivity, clarity and communications. 
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 The 1997 objective to optimise recruitment was a major advance in the definition and objectivity 
of the regulator’s aims, despite some lingering ambiguity in what ‘optimise’ meant. By 
introducing a specific definition linked to quantification of population dynamics the assessment 
process became objective and repeatable.  

 The Management Decision Structure, used by the Environment Agency and Natural Resources 
Wales for making choices about regulations, aligns with NASCO guidelines and is based on 
assessment of stock status relative to the two BRPs, the CL and the MT.  

 The clearly specified BRP procedure and routinely reported outputs (e.g. Cefas/EA/NRW, 2018) 
give a common language for managers, fishermen, developers, politicians and scientists; although 
it has complexity for non-specialists and some inconsistencies that sometimes makes it difficult to 
explain. Nevertheless, assessment against CLs is now broadly accepted and common parlance 
even in the angling press. 

 Quantified BRP assessment offers objective evidence and advice on measures requiring 
regulatory change, policy revision and operational practice, or to improve monitoring. Over the 
last twenty years assessment of stock status against CLs has swung decisions that might 
otherwise have been avoided or gone the other way. Among many examples are: Net Limitation 
Orders, the regulators’ means to control net exploitation, now rely on CLs  as evidence to 
government Inspectors; the National Spring Salmon Byelaws (1998 and 2008) in part were 
justified because stocks were failing to meet their CLs; the pressure to reduce the Irish drift net 
fisheries referred to rivers that were not achieving their CLs within Special Areas of Conservation 
in Southern England under EU legislation; and recent reviews of major water abstraction licenses 
in South Wales took attainment of CLs into account. 

 The analytical framework and algorithms show clearly where its sensitivities lie and what the 
priorities for improvement and related research are. 

Challenges and some solutions 

Many of these undoubted benefits also bring challenges, arising variously from weaknesses in 
communication and development of the scheme and the data (stochasticity of the system, gaps in 
process understanding and measurement errors).    

Communications and inclusivity. The benefit of a single language is only fully realised if everyone 
understands it.  There has been continuing difficulty in conveying simply the mechanisms of the CL 
derivation and assessment, the implications of the outputs, and particularly the need for critical, 
cautious interpretation, knowing the uncertainties and risks.  There was misunderstanding of the 
aims with a mistaken perception that the CL BRP was intended to maximise harvest in the home 
water net fisheries (at the expense of rod fisheries) at a time when there were the beginnings of 
moves to reduce or eliminate harvest.  Importantly, the scheme was never intended to promote 
killing up to the “Spawning Target” (a term that was dropped early on). It was always strictly a lower 
limit reference point for conservation purposes and stock protection; but that has been a difficult 
point to convey.   Sometimes even the notion of “uncertainties” is taken as code for “failure” of the 
scheme amongst the sceptics. The science needs to be scrupulous and clear if it is to be accepted 
and for credibility to be maintained.  Some of the science, statistics and modelling are complicated, 
not readily accessible to non-specialists and there is only so much that can be done to help that; but 
it is nevertheless the scientists’ role to take on that communication task. Improving trust, dialogue 
and genuine inclusivity is essential in the next stages of BRP development and application.  

Development of BRPs, monitoring and assessment. The quality of the monitoring programmes, the 
statistical modelling and testing procedures has not developed as was initially envisaged and 
recommended in the 1990s, such that undoubted weaknesses remain. These shortfalls have given 
ammunition to the sceptics. The documentation of the original procedures repeatedly states that 
they were provisional, to be refined and developed as soon as possible and points to how this might 
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be done. Resource limitations have partly constrained this, but what was a ground-breaking step has 
become outdated and leapfrogged by developments in other countries. The England and Wales draft 
Implementation Plan for 2019 undertakes to resolve this.  A short list of priority topics includes: 

 CL definition and setting: as population traits (age at first maturation, survival, growth rates) shift, 
so will the CLs and adjustment needs to be made for this. For example, declining marine survival 
reduces the CL. Complementary BRPs such as freshwater output have a place in a more 
comprehensive suite of BRPs, which should also include estimation of uncertainty to strengthen 
the probabilistic assessment.  

 CL accuracy. Between 2008 and 2017 29% of the individual river/year assessments in England and 
Wales were at least 100% of the MT and 10% exceeded it by a factor of 2.  The validity of these 
needs to be challenged because they seem unlikely at a time when the return rates of salmon are 
roughly half what they were 30 -40 years ago. The errors, if they are so, could be due to incorrect 
CLs, or egg deposition estimates, or both and the causes cannot be specified without digging into 
the analyses. However, potential sources of error lie in the CL transfer mechanism which relies on 
very simple, and still to be validated, models of habitat quality (carrying capacity) and wetted 
stream width. While other issues are probably involved, the CL transfer model is highly likely to 
be a contributory factor in erroneous CLs and thus assessments.     

 The major constraint on the transfer method is the lack of a National Channel Habitat Inventory, 
offering GIS-based quantification of channel types and salmonid carrying capacities for all rivers 
in England and Wales. The benefits of such a tool are clear from its usage in other countries in 
Europe, Scandinavia and in North America.  Beneficial applications arise also for other aspects of 
aquatic ecosystem management and operational practice. Its absence may be due to the still 
prevailing “pisci-centric” view that the aim of fisheries assessment is to monitor fish. That is only 
partly true: the most important task for any biologist facing a fisheries assessment question is to 
first evaluate the habitat that supports the fish, because habitat is the template for all fish 
production. This requires a shift in attitude, but the case is overwhelming. For example, 
terrestrial conservation or farming developments always start with questions such as how much 
land is there,  what is its quality, how much stock can it hold, or what should be done to improve 
it? The same questions should apply to the aquatic environment as characterised by its hydro-
morphology, connectivity, biodiversity and productivity.  This recommendation is not new, yet 
remains unfulfilled. It is a readily tractable matter, a major omission in England and Wales and 
probably the single most important improvement that could be made. 

 Poor assessment accuracy: assessment based on rod fisheries is vulnerable to sampling effort and 
efficiency changes over time. Exploitation rate on individual rivers needs to be routinely modelled 
with factors such as effort and river flow. Catch recording needs to be updated and could include 
selective log book sampling. 

 Reductionist approach to fish management. Three aspects occur. First, a misused BRP approach 
can lead to box ticking of simple metrics, oblivious to their caveats and the need for more 
penetrating, objective appraisal of the methods and the outputs. Second, it ignores population 
structuring within rivers (possibly less of an issue in the smaller rivers), and between rivers. 
Multiple river groupings may be relevant in order to manage and protect the source-sink 
dynamics of meta-populations that may display beneficial portfolio properties. Third, it diverts 
attention and resources from other aspects of assessment such as habitat and juveniles that can 
be as equally informative as adult-based assessment.   

 It is symptomatic of utilitarianism. The criteria for judging the merits of salmon conservation have 
always been utilitarian; for many years simply as catch size or fisheries value, then in terms of 
ecosystem function:  provisioning and cultural services through the notion of Ecosystem Services 
(Millennium Assessment, 2005) which was a major improvement, although still anthropocentric. 
There may be a further step. The idea that salmon and other fish have intrinsic worth in their own 
right has (re-)emerged in recent years, and while such notions may be contentious and difficult to 
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convey. This is important to explore because environmental ethics are increasingly part of the 
conservation debate for the wider public.  

  
Suggestions for NASCO’s role  

 NASCO plays an important and unique role as the guardian of consensus on best practice and 
through the SAG and WGNAS as an instigator of ground breaking research. Its role in scrutinising 
and constructively challenging countries’ assessments and management through Implementation 
Plans and Annual Progress Reports is important because no other independent international 
body does it; so this process needs to be rigorous and penetrating.   

 The derivation and usage of BRPs has evolved differently across countries and this may constrain 
the ability to present common stock assessments.  NASCO could further promote and coordinate 
common practice. A precursor to this would be a systematic comparison and cross-validation of 
Management Objectives and supporting CLs. Priorities include: more uniform and comprehensive 
river habitat inventories, consideration of complementary freshwater-based BRPs, common 
approaches to incorporating probability into CL transfer between rivers, a methodology for sea-
age component BRPs and improved quantification of marine survival. Incorporating these into a 
robust life cycle model, such as being developed by WGNAS, could form the core for national BRP 
harmonisation, as far this is appropriate and feasible.  

 In addition to technical aspects, a challenge for NASCO lies in expanding and promoting wider 
governmental and public awareness of salmon status as part of our wider global environmental 
state in freshwater and at sea, complemented by genuine inclusivity in the assessment process. 
In addition to conventional value systems, NASCO could usefully promote the notion of the 
intrinsic worth of salmon in nature. This recognises the role of environmental ethics which is 
increasingly part of the conservation debate and thus fully in keeping with the aims of The 
International Year of the Salmon and this Symposium. 
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