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For the salmon 
 
 
 
 
 
 
 
 
 
 

How are you, salmon? 

Few fish, but glimmers of hope 

Sparse data, blurred lens 
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Summary 
• The wild Pacific salmon populations of the Broughton Archipelago, northeast 

Vancouver Island, and mainland inlets act as symbol and embodiment of the 
connection between people and place. Salmon are integral to the livelihood of 
local Indigenous titleholders and coastal communities.  
 

• Despite their importance, salmon populations in this area are often overlooked in 
status assessments, in part due to a lack of available data. This is a problem that 
is only getting worse with time.  
 

• We assessed the biological status of 94 populations at the scale of individual 
rivers for five species of Pacific salmon: pink, chum, coho, Chinook, and 
sockeye.  
 

• Populations were assessed by two indicators: (1) spawner abundance, and (2) 
resilience (i.e., a population’s capacity to rebound from low abundance).  
 

• Spawner abundance of populations in this region was generally low relative to 
the past, but many populations showed potential capacity to rebound.  
 

• Monitoring coverage in the region has declined, consistent with the decline in 
salmon counting across the coast. If monitoring coverage continues to decline, 
this will undermine the reliability of status assessments in the future.  
 

• This assessment is at a finer spatial scale than information available from other 
resources such as the Pacific Salmon Explorer. The fine-scale approach 
complements on-the-ground assessments by Indigenous titleholders and local 
communities with a detailed and nuanced portrait of how salmon are doing, 
according to the data available.  
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Motivation & Background 

As salmon researchers and field scientists, we are often asked, ‘how are the salmon 
doing?’. This is a simple question – there are either enough or too few salmon – but it is 
deceptively difficult to answer. It is complicated because of the biology of salmon, which 
drives highly variable patterns in abundance from one year to the next. One year of low 
returns to a river could be part of a normal biological cycle or it could be the first sign of 
a serious decline driven by external stressors. How do we differentiate between such 
disparate explanations? One approach is to draw on long term data and analytical tools 
to parse natural fluctuation from long-term trends in the status of salmon populations. In 
the following pages, we describe our attempt to stand back and take a bird’s eye view, 
river by river, of how salmon are doing in this corner of the coast.  

This report assesses the status of wild Pacific salmon populations in the Broughton 
Archipelago, northeast Vancouver Island, and south coast mainland inlets of British 
Columbia (BC). This region is within the territories of the Kwakwaka’wakw, including 
those of the Musgamagw Dzawada’enuxw First Nations, in whose territory Salmon 
Coast Field Station is located. Today, the region is also recognized as Fisheries 
Management Area 12 (hereafter referred to as Area 12), a geographic ‘unit’ used by the 
Canadian Department of Fisheries and Oceans (DFO) to manage fisheries (Figure 1). In 
the recent past, the rivers in Area 12 hosted abundant pink and chum populations, as 
well as less abundant coho, Chinook, sockeye, and steelhead populations. Despite local 
recognition of regional declines in salmon abundance, there are no in-depth data 
analyses to provide supporting scientific evidence. Recent assessments of biological 
status for the region are data deficient for coho, Chinook, and sockeye (PSF 2020a).  

 
Figure 1. Map of the Broughton Archipelago, northeast Vancouver Island region, and mainland inlets 
(DFO Area 12).  
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Corresponding assessments of pink and chum salmon are informative at a broad scale 
but do not pick up on declines in specific river systems, which are highly relevant to 
local people and ecosystems.  

A note on language: Throughout this report, we attempt to use language that will be 
accessible to an engaged reader. We do, however, recognise that certain terminology 
may be unfamiliar to some readers, and that we use some terms in a decidedly 
technical manner. A glossary of terms can be found at the end of this report.  
 

The lives of Pacific salmon 

Salmon are anadromous, meaning that they spend stages of their life cycle in 
freshwater and other stages in saltwater. Pacific salmon (Oncorhynchus spp.) life cycles 
begin as eggs in freshwater after adult salmon spawn in gravel beds in rivers, in 
streams, or along lake shores (Groot and Margolis, 1991). Young salmon hatch, emerge 
from the gravel, and then spend a variable amount of time in freshwater before 
commencing their outward migration to the ocean. While some species remain near the 
coast after reaching the ocean, others migrate to the open ocean and remain there for 
anywhere between one and seven years (Groot and Margolis, 1991). Upon nearing 
sexual maturation, salmon return to their natal streams, where they spawn and die, 
completing their life cycle. Among – and even within – species, there is a large amount 
of variation around this general life cycle. Pink salmon have a fixed two-year life cycle, 
meaning that odd- and even-year classes of pink salmon in a given river are 
reproductively isolated from one another (Beacham et al. 2012). (In both data 
compilation and analysis, we treated even- and odd-year classes as separate 
populations; e.g., even-year pink and odd-year pink in the Ahta river are two distinct 
populations.) On the other hand, chum salmon, for example, can spend anywhere from 
two to five years at sea, depending on a range of genetic and environmental factors, 
meaning that a single generation of returning spawners is spread over multiple years. 

 

A primer on the phenomenon of density-dependence  

One feature of salmon populations that makes simple assessments challenging is that 
they have “density-dependent” survival. Across salmon populations, abundant spawning 
adults (“spawners”) tend to have fewer offspring surviving to maturity (“recruits”) per-
capita than would less-abundant spawners in the same river (Ricker 1954). As the 
number of spawners – density – within a river becomes higher, a spawning population 
tends to see diminishing returns, per spawner, in the resulting number of future 
spawners. By such mechanisms, a moderate number of spawning adults can in fact 
balance the number of eggs laid with offspring success to produce the most recruits in 
the following generation. This density-dependent survival is thought to be due to 
processes such as competition among adult salmon for spawning habitat or among 
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juveniles for space to rear in a river or stream, and can drive large fluctuations in the 
year-to-year abundance of salmon populations even in the absence of external 
stressors. This makes it difficult to tease apart long-term trends in survival, that may be 
related to extrinsic stressors, from intrinsic population dynamics (Figure 2).  

Density-dependent survival has been studied in detail over the years and forms the 
basis of fisheries management. When the density of spawning salmon in a river is 
moderate, the resulting offspring – in theory – will return in the greatest numbers, 
enabling the largest fishing catches. By fishing just enough of those returning adults to 
again allow a healthy, moderate spawning population, large numbers of future recruits 
are possible. Of course, the natural world isn’t quite so simple and this picture can 
quickly become complicated: damage to spawning habitat, impacts on migrating 
juveniles, poor ocean conditions, missed fishing targets, and river flows that are too high 
or too low can all throw the relationship out of balance. In recent years, allowable 
salmon catches have declined coast-wide due to poor returns, but the reasons remain 
contentious. 

The work we report here is an attempt to shed light on the patterns and trends exhibited 
by salmon populations spawning in individual watersheds, while accounting for density-
dependent survival. While we do not directly tackle the causes of those patterns, they 
do help to illustrate which populations are healthy and which are at risk of extirpation.  

 

 

 
Figure 2. Raw spawner abundance data (A) and intrinsic productivity (a metric for “resilience”; B) 
estimated for even-year pink salmon in Embley river. Density dependence in salmon populations can 
naturally drive large fluctuations in abundance. Despite the variability in abundance, there appears to be a 
consistent downward trend in productivity over time, indicative of a falling resilience of the population.  
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Methods 

To assess salmon populations1, we assembled and analysed available data for five 
Pacific salmon species: pink, chum, coho, Chinook, and sockeye in Area 12 (Figure 1). 
These data are publicly available from DFO but can be difficult to interpret without 
additional steps. In the following sections, we outline our assessment framework and 
the necessary data compilation and analyses to inform the status assessments. We 
then go on to discuss the state of spawner abundance monitoring in Area 12, present 
the status assessment results, and finally offer several key conclusions and suggestions 
for the use of this report. 

 

The ‘stoplight’ approach at a glance  

To classify the status of each population, we used a “stop-light” approach, similar to the 
framework outlined in the Wild Salmon Policy (DFO, 2005), which assesses populations 
as green (healthy and resilient), amber (some concern), red (at risk of extirpation), or 
data deficient (Figure 3). We assessed individual populations against two classes of 
indicators – abundance (the number of spawners) and resilience (the capacity of a 
population to rebound from low numbers). Assigning status categories requires a set of 
benchmarks for each indicator, and we describe our classification criteria in the 
following sections. 

 
Figure 3. Definition of biological status zones (DFO, 2005). Populations were assessed by comparing 
metrics under two indicators (abundance and resilience) against different sets of benchmarks (a-c). Lower 
benchmarks delineate the level of each metric below which extirpation (i.e., local extinction) is likely under 
current conditions. Upper benchmarks delineate the level of each metric that is unlikely to lead to 
extirpation under current conditions.  

 
1 For this report, we consider a population to be a group of salmon of a given species that breed together at the same 
time and place (typically the salmon of a particular river or stream).  

Lower benchmark Upper benchmark

Red Amber Green

Spawner abundance or resilience

a) 25th percentile of historical spawner abundance

b) Number of spawners that leads to maximum 
sustainable yield (SMSY) in one generation

a) 75th percentile of historical spawner abundance

b) Number of spawners that maximizes fisheries 
returns over the long-term (SMSY )

(1) Abundance 
spawner abundance 

averaged over the most 
recent generation

(2) Resilience 
the most recent estimate 

of intrinsic productivity*

Indicators & metrics

Low High

c) The level of intrinsic productivity that leads to 
population increase in the absence of density 
dependence (i.e., recruits/spawner > 1) 

c) The level of intrinsic productivity that leads to 
population decline in the absence of density 
dependence (i.e., recruits/spawner < 1)
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Our river-level approach to assessment diverges from most other status assessments of 
Pacific salmon in Canada, which focus on “Conservation Units” (CUs) that are often 
aggregates across many rivers (e.g., COSEWIC 2016, Connors et al. 2018, DFO 2018). 
While CUs may be the appropriate scale to inform broad management decisions or 
conservation goals, individual rivers are the scale at which local people frequently 
interact with salmon. Below we give an overview of the methods we use, and we 
provide the mathematical and statistical details behind our assessments in an 
accompanying Appendix. 

 

Indicator 1 – Abundance  

For the abundance indicator, we used the current spawner abundance as a metric. The 
current spawner abundance was calculated as the geometric average abundance over 
the most recent generation, where generation length is 1 year for pink, 4 years for coho 
and chum, and 5 years for sockeye and Chinook (PSF 2020b). When possible, we 
assessed this metric against two sets of benchmarks: percentile benchmarks and 
benchmarks derived from the density-dependent relationship between the number of 
spawners and the number of recruits they produce (the “spawner-recruit” relationship, 
discussed below; Figure 4). This metric and the associated benchmarks were proposed 
as part of the Wild Salmon Policy’s implementation (Holt et al. 2009) and have been 
widely taken up in recent status assessments of Pacific salmon populations (PSF 
2020b, Connors et al. 2013, 2018, 2019, DFO 2018a, Grant et al. 2019). The first set of 
benchmarks, percentile benchmarks, were generated using spawner abundance data 
only. The lower (S25) and upper (S75) benchmarks correspond, respectively, to the 25th 
and 75th percentiles of historical spawner abundance from 1953 through 2017. Note that 
this upper benchmark differs from some other status assessments, which use the 50th 
percentile to delineate between amber and green status zones (e.g., PSF 2020b), and 
is thus a slightly more precautionary benchmark.  

On their own, counts of spawners in a river provide a useful measure of current 
abundance, but changes in spawner abundance that are of conservation concern can 
be obscured by changes in fisheries catch or density-dependent survival. “Spawner-
recruit” analysis is commonly used in fisheries management to help get around such 
issues and interpret a population’s change in size from one generation to the next (Box 
1).  

For populations with sufficient data, we also evaluated spawner abundance against a 
second set of benchmarks, derived from spawner-recruit analysis. These benchmarks 
are frequently used in a fisheries context and rely on the concept of maximum 
sustainable yield (MSY; Box 1). The upper benchmark (SMSY) corresponds to a 
spawning population that is abundant enough to produce, on average, catches that 
correspond to MSY. The lower benchmark (SGEN1) corresponds to a spawning 
population which could yield catches at MSY within one generation. We note that these 
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benchmarks are theoretical, and somewhat esoteric, but relate directly to concepts used 
by fisheries managers. Our use of these benchmarks should not be taken as 
endorsement of a particular approach to management. 

 

Indicator 2 – Resilience 

To understand the biological potential of the population to increase from a small 
population size under current conditions – its “resilience” – and how that potential has 
changed over time, we used the spawner-recruit analysis to estimate an associated 
metric: the number of recruits-per-spawner at low spawner abundance, when each 
spawner tends to be the most successful (see A primer on the phenomenon of density-
dependence). We term this metric the “intrinsic productivity” of a population (hereafter 
referred to as productivity). Productivity reflects the capacity of any given population to 
rebound from low abundance. Less than one recruit per spawner, and the population 
will shrink; more than one, and it will grow. Productivity also relates to the size of the 

Box 1. Spawner-recruit analysis 
In a given year, adult salmon come back from the ocean and spawn in rivers – we call these fish 
spawners. A number of their offspring will survive to return from the ocean before interception by 
fisheries – we call these recruits. Given a time series of spawner-recruit data, we can use statistical 
analysis to investigate the relationship between the two and unravel patterns in population 
fluctuations. This has two advantages.  

First, considering how populations would change in the absence of fishing mortality allows us to 
better understand the inherent properties of that population (e.g., how would it behave if we stopped 
fishing altogether?). Second, it allows us to account for the effect of density dependence on survival 
which may drive large fluctuations in spawner abundance. 

To estimate recruits for a given generation of spawners (“brood year”), we require spawner data and 
catch data from commercial fisheries. For all species except pink salmon (which have a fixed two-
year lifecycle), we also require some estimate of the ages of returning salmon to know which brood 
year to assign them to. Ideally, the end result is a time series for each population consisting of an 
annual number of spawners and the corresponding recruits they generated.  

We analyse the relationship between spawners and recruits using a Ricker spawner-recruit model 
(Ricker 1954) and use this information alongside the concept of ‘maximum sustainable yield’ (MSY) 
to inform one set of benchmarks for our abundance metric. Fisheries managers use spawner-recruit 
analysis to estimate MSY – the number of fish that can be caught each year without unduly affecting 
the population. In this case, we use it to delineate status benchmarks. 

The spawner-recruit relationship also forms the foundation for our assessment of resilience because 
it allows us to estimate productivity and how it changes over time. 
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population, once rebounded; all else being equal, higher productivity leads to larger 
spawning populations.  

Productivity is informative because, for example, a population may exhibit low spawner 
abundance but high productivity, suggesting a high capacity to rebound under current 
conditions in the absence of fishing. Recent advances in the statistical methods used for 
spawner-recruit analyses allow us to investigate changes over time in productivity. 

We assessed each population’s resilience by evaluating its most recent estimate of 
productivity, and the uncertainty in that estimate, against fixed benchmarks (Figure 4). 
We considered a population to be in the ‘green’ status zone if the lower confidence 
bound on our productivity estimate (as determined by our analysis of the data) was 
above one, suggesting that we can be confident each spawner more than replaces itself 
in the next generation, when the spawner count is low. The population was assessed as 
‘amber’ if the lower confidence bound of productivity was less than one but the mean 
estimate was still above one, suggesting some uncertainty as to whether productivity 
was above replacement. If the mean productivity estimate was below one, we assessed 
the population as ‘red’. We intentionally define status categories precautionarily such 
that uncertainty in whether productivity is greater than replacement is sufficient for an 
‘amber’ assessment. We also note that even definitively resilient ‘green’ populations 
might not be considered healthy by everyone, if productivity – and therefore expected 
long-term population size – is lower than previous levels.  

As well as providing information on current status, our resilience indicator also provides 
a framework to understand the potential impact of introduced or changing stressors. If 
the most recent productivity estimate for a population is 3 recruits-per-spawner, we 
might consider the population to have high resilience: at low spawner abundance, we 
would expect each spawner to produce three surviving offspring in the absence of 
fishing. Fishing pressure, however, could still place such a population in peril if those 
three offspring were harvested, but the population would have the capacity to rebound, 
if allowed to. We also qualitatively classified the temporal trend in resilience as 
“Increasing”, “Stable/Variable”, or “Decreasing”. Considering the trend in resilience over 
time gives context for how the population arrived at its current state. An estimate that is 
preceded by a consistent decline in resilience tells a different story than one preceded 
by a stable or increasing trend. 
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Figure 4. Conceptual overview of the process for assessing a given salmon population by two classes of 
indicators: (1) abundance and (2) resilience. 
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Data compilation 

We restricted our analysis to spawner data from the publicly accessible Government of 
Canada New Salmon Escapement Data Set (NuSEDS), with catch and age-at-return 
data provided directly from regional DFO contacts. Catch and age-at-return data are 
required to generate the recruitment estimates necessary for a spawner-recruitment 
analysis (see Appendix for the details of calculating recruitment). Typically, the data 
available at the time of compilation spanned from the early 1950s through to 2017. 
These data do not necessarily represent all monitoring efforts in Area 12, but we 
focused on them for consistency and availability. We compiled river-level spawner 
abundance estimates for pink, chum, coho, Chinook, and sockeye salmon in Area 12. 
‘Spawner abundance estimates’ refer to numbers of adult spawning salmon returning to 
rivers, counted by foot (i.e., from in the stream or on the bank) or by other methods 
including but not limited to aerial surveys via helicopter, acoustic imaging fences, and 
fish counting wheels. Area 12 has supported multiple populations of steelhead salmon 
(e.g., Ward 2000, Pellett 2006) but associated information is extremely patchy, and we 
did not include steelhead in our analyses.  

 

 
 

Figure 5. Visual depiction of data compilation, filtering, and assessment process. Numbers below vertical 
bars represent the number of populations (i.e., species-river combinations) for the given step in the 
assessment process. Populations with “no recent data” were those assessed as “data deficient”, whereas 
the 174 species-river combinations that were not assessed (top) had insufficient data to calculate 
benchmarks (see Data compilation). 
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We generated benchmarks and assessments for populations which met our data 
inclusion criteria. For the abundance indicator, we generated percentile benchmarks for 
populations with a minimum of 15 years of spawner data (Figure 5). For sockeye and 
Chinook, we also required that a river had at least one annual abundance estimate 
greater than 100 spawners, to exclude rivers that may host occasional spawners 
straying from nearby rivers, but do not have a self-sustaining spawning population. We 
included populations in the spawner-recruitment analysis (and generated associated 
abundance benchmarks) if they had spawner-recruit pairs for 50% or more of the 
available brood years. Total available years varied by species but, at most, spanned 
1954-2016. For even and odd pink salmon populations (analysed separately, due to the 
fixed two-year pink salmon cycle), we considered ‘total’ years to be total even or total 
odd years, respectively. For populations included in the spawner-recruit analysis, we 
assessed status using both the spawner abundance and resilience metrics.  

At the time of analysis, we did not have comprehensive catch or age data for sockeye 
and Chinook populations and are aware that other data (e.g., exploitation data for 
chum) are being updated for improved accuracy (P. Van Will, personal communication, 
2018). Overall, we had spawner abundance data for all five species, but were only able 
to generate recruitment estimates and perform spawner-recruit analyses for pink, chum, 
and coho populations. For Chinook and sockeye populations, we based assessments 
solely on spawner abundance data and percentile benchmarks. In total, we assessed 
94 populations by the abundance metric and percentile benchmarks and were able to 
perform spawner recruit analysis for 44 populations (Figure 5). We assessed 
populations with sufficient data to generate benchmarks as “data deficient” if there was 
no estimate of spawner abundance within the last 10 years of our abundance data set 
(2007-2017).  

Findings & Interpretation 

Our analysis of wild salmon populations in Area 12 found most populations in the red or 
amber status zones for abundance and amber or green status zones for resilience 
(Figure 7). This suggests that although spawner abundances are low, some populations 
show evidence of capacity to rebound in the absence of external stressors. Each 
species exhibited different patterns in abundance and resilience, which we discuss in 
detail below. It is pivotal to interpret these results within the context of the data on which 
they are based, which span a relatively narrow timeframe (1954-2017) and which have 
dramatically declined in population coverage over the past two decades. To provide this 
context, we discuss the state of the data before delving into species-specific results and 
discussion. 
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The state of the data 

Reliable assessments of salmon population status hinge on reliable and current data. 
Our assessments must be interpreted in the context of shifting baselines, variable data 
collection methods, and a decline in monitoring coverage across time and space. 
Although commercial fisheries have operated in Area 12 for over a hundred years, 
consistent salmon spawner-abundance records from DFO begin only in the early 1950s. 
Accepting patterns in such recent records – even their early portions – as a reflection of 
a “normal” baseline state risks inappropriate conclusions, ignorant of the system’s state 
before modern record keeping (Pauly 1995). This risk increases for status assessments 
that re-calculate benchmarks to include the most recent data each time populations are 
assessed (Holt et al. 2018). In that case, population declines mean that an ever-
increasing proportion of the time series will be at low abundance, and benchmarks 
calculated over the complete time series will decrease over time. This can result in 
overly optimistic status assessments if the threshold for ‘green’ or ‘amber’ shifts 
downwards with each successive assessment.  

Assessment of trends in abundance and resilience are further undermined by declining 
coverage of spawner-abundance monitoring (Figure 6), a pattern observed across BC 
(English 2016, Price et al. 2017). In Area 12, decreasing resources have led to the 
prioritisation of systems with more abundant salmon runs (Van Will et al. 2009). This 
drive to monitor the greatest possible proportion of spawners while surveying fewer 
rivers provides a biased picture of salmon population health (Price et al. 2008). When 
monitoring stops for rivers with low abundance, we lose insight into whether they have 

 
Figure 6. Declines in monitoring coverage hindered our ability to assess the status of populations in Area 
12 for all species. In 2017, the most recent year for which data were available, only 11 out of the 80 
systems (i.e., rivers or streams) in Area 12 had DFO (i.e., NuSEDS) spawner estimates for at least one 
species.  
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continued to decline or whether they have capacity to improve. Somewhat counter to 
this trend, large systems in Area 12 previously monitored by helicopter had not been 
counted since 2014 at the time of our analysis. This includes all rivers in Wakeman 
Sound, Kingcome Inlet, and Knight Inlet. Even by our broad definition of “recent 
abundance” (2007-2017), populations in these systems will soon become data deficient 
by our criteria without renewed enumeration efforts. Encouragingly, thanks to efforts by 
local stock-assessment personnel, 2019 saw the re-instatement by DFO of helicopter 
enumeration surveys for systems in Wakeman Sound, Kingcome Inlet, and Knight Inlet. 

The variable quality of existing data for Area 12 is an obstacle to accurately assessing 
population status. Changing methods for estimating spawner abundance without 
calibration, standardization, or adequate documentation introduce the possibility that 
artifacts of changing methods are misinterpreted as trends in abundance or resilience. 
Enumeration approaches for a river may be designed around one dominant species, 
such that other species are counted incidentally and likely under-estimated. Further, for 
populations with gaps in monitoring (e.g., Nimpkish River chum), status assessment is 
impeded by the lack of distinction between years for which a system was not counted 
and years for which data exist but have not been integrated into NuSEDS yet.  

 

 
 
Figure 7. Summary of the status outcomes across species and indicators. See Indicator 1 – Abundance 
and Indicator 2 – Resilience for assessment criteria. The number of populations in each category (green, 
amber, red, or data deficient) is given inside the respective bar. Data deficient populations had sufficient 
data to generate benchmarks but lacked recent data to assess current status. All sockeye and Chinook 
populations lacked sufficient data to generate spawner-recruitment benchmarks. 
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Access to the available data continues to improve. The spawner-abundance datasets 
we drew on are publicly available online from the Canadian government, but apart from 
high-profile cases such as Fraser sockeye, their current format poses challenges to 
informed public discourse. In addition, fisheries catch and age-at-return datasets are 
only accessible via helpful regional DFO staff. It is encouraging that DFO’s recent Wild 
Salmon Policy implementation plan sets a 2022 priority to “consolidate and improve 
documentation … and improve data sharing through [the] open data portal” (DFO 
2018b). Also, in addition to our own localised efforts, much public-oriented data-
compilation and assessment work at a conservation-unit scale has been taken up by the 
Pacific Salmon Foundation and their Pacific Salmon Explorer (PSE) initiative. Our 
assessments and those of the PSE still rely on access to public data maintained by the 
Canadian government, and it remains important that access be improved and 
broadened. 

In our river-level analysis of biological status, we were able to assess some populations 
that were not assessed or deemed “data deficient” in recent CU-level assessments 
because, in some cases, there are specific rivers with relatively intact time series but 
information at the broader scale is too patchy to allow for assessment. This was 
particularly true for coho salmon, for which we were able to assign status to 26 
populations under the percentile benchmarks (Figure 7 and Table 4) despite all coho 
salmon CUs in the area being classified as “data deficient” in the PSE (Figure 7). 
However, we note that the reverse can also occur: specific rivers may not have 
sufficient data to meet our criteria even though an assessment was performed at the 
CU-level. It is partly because of this that we believe the two scales of assessment are 
complementary and we offer further comparisons between them in the following 
sections. 

 
Pink salmon status outcomes 

Even- and odd-year pink populations in Area 12 varied considerably in their status (both 
abundance and resilience; Tables 1-2). The data available allowed us to generate 
abundance estimates and benchmarks for 53 of the 136 pink populations with at least 
one non-zero abundance record in NuSEDS, and resilience estimates and benchmarks 
for 34 of those 53 populations. The status of abundance for pink populations, evaluated 
against percentile benchmarks was fairly evenly spread across the red, amber, and 
green zones (Figure 7). In contrast, resilience for the majority of the assessed 
populations fell in the green or amber status zones.  

The variable status outcomes among river populations provides a more detailed view of 
local salmon populations than recent CU-level assessments provided in the Pacific 
Salmon Explorer (PSE 2020). Pink salmon CUs tend to be relatively large, making it 
easy to gloss over significant declines in particular rivers. For example, our entire study 
region is encompassed by a single even-year pink CU (Southern Fjords even-year 
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pink), currently classified as amber (PSF 2020a). However, for the 14 even-year pink 
populations that had sufficient data to be assessed under the spawner-recruit 
benchmarks, we found only one was assessed as amber while seven were assessed as 
red (Figure 7 and Table 1). 

 
Table 1. Status assessment table for even-year pink salmon populations. 

 
1. Populations that lacked sufficient historical data to estimate benchmarks were “not assessed”, whereas populations that had 
sufficient historical data to estimate benchmarks but lacked recent data (2007-2017) were assessed as “data deficient”.  
2. The Klinaklini River was not assessed despite sufficient historical data due to a change in monitoring approach. 
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Table 2. Status assessment table for odd-year pink populations.  

 
1. Populations that lacked sufficient historical data to estimate benchmarks were “not assessed”, whereas populations that had 
sufficient historical data to estimate benchmarks but lacked recent data (2007-2017) were assessed as “data deficient”.  
2. The Klinaklini River was not assessed despite sufficient historical data due to a change in monitoring approach. 

 
Many pink-salmon populations in Area 12 exhibit three notable patterns. First, there is 
evidence in some systems of increasing odd-year abundance in recent years, 
concurrent with findings that odd-year dominance is increasing in the southern coast of 
British Columbia. Contrary to Fraser watershed pink systems, Area 12 pink systems are 
generally thought to be even-year dominant (Zyblut 1972). The observed shift in odd vs. 
even dominance in Area 12 may be due to climate-related differences in survival – odd-
year pink populations appear to do better in warm conditions (Irvine et al. 2014). 
Monitoring future patterns in the relative abundance of even- and odd-year pink 
populations will inform whether this is shifting. Second, many pink populations in Area 
12 have relatively constant productivity/resilience over time. This pattern reflects coast-
wide findings (Malick and Cox 2016), and indicates fairly consistent resilience of 
populations over the past 50+ years, even if the absolute abundance of spawners 
fluctuates from one year to the next. Third, in 2014, most rivers, including the Ahta 
(Figure 8), received extremely high numbers of spawners (in many cases, the highest 
abundance since the beginning of the time series). It is possible that the 
unprecedentedly high number of spawners in 2014 is responsible for the generally low 
return in 2016, via density-dependent survival in rivers. Future years will inform whether 
recent low abundance is a persistent trend or part of the natural variability in population 
dynamics. The combination of variable abundance and relatively consistent resilience in 
pink populations resulted in seemingly contradictory status assessments in some cases. 

The Ahta river odd- and even- pink populations provide an example of such a case – 
both assessed as red by the abundance indicator and green by the resilience indicator 
(Tables 1 & 2). Pink spawner abundance in the Ahta in 2015 and 2016 (the most recent 
odd/even generations for which we had data) was extremely low, but the overall trend in 
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resilience is not a clearly declining one (Figure 8). While unintuitive at first, the 
combination of the two indicators (abundance and resilience) portrays the state of Ahta 
pink fairly well: low current abundance but high resilience. If abundance consistently 
declines over the coming years, we might expect that to be reflected in a downward shift 
in resilience of the population(s). 

 
Figure 8. Average spawner abundance (panels A and C) and productivity (panels B and D, in units of 
recruits-per-spawner) for Ahta even- and odd-year pink populations. Dashed lines on panels A and C 
denote lower and upper spawner-recruit benchmarks of SGEN1 and SMSY, respectively. The dashed line in 
panel D denotes the point at which the recruits per spawner at low spawner abundance falls below 
replacement levels, indicating low productivity and resilience. Coloured points (A and C) and bars (B and 
D) represent status under the associated benchmarks. 

 
Chum salmon status outcomes 

Among pink, chum, and coho – the species assessed by both abundance and resilience 
indicators – chum exhibited the most consistently poor patterns in status of both 
abundance and resilience (Table 3). We generated spawner abundance estimates and 
benchmarks for 38 of the 64 populations with at least one non-zero abundance record in 
NuSEDS, and generated spawner-recruit benchmarks for 12 of those 38 populations. 
Because of the variable age-at-return for chum, one missing year in the spawner 
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abundance time series affects multiple years of recruitment estimates so we could not 
conduct spawner-recruit analyses for many populations.  
 
 
Table 3. Status assessment table for chum salmon populations. 

 
1. Populations that lacked sufficient historical data to estimate benchmarks were “not assessed”, whereas populations that had 
sufficient historical data to estimate benchmarks but lacked recent data (2007-2017) were assessed as “data deficient”.  
2. The Klinaklini River was not assessed despite sufficient historical data due to a change in monitoring approach. 
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The observed declines in Area 12 chum populations match those seen across BC and 
Washington (Malick and Cox 2016), as well as a recent status assessment of chum 
populations in the Nass region of the Central Coast (Connors et al. 2019). Our 
assessments are also congruent with a geographically overlapping CU-level 
assessment of chum abundance which classified two of the three overlapping CUs as 
red (Loughborough and Northeast Vancouver Island chum; PSF 2020a). However, as 
with pink salmon, our river-level analysis highlights the variability in status among 
populations within a single CU. Although populations such as the Ahnuhati and Viner 
show positive trends in both spawner abundance and resilience in recent years and 
others appear to exhibit some signs of recovery (e.g., Wakeman), many populations 
such as the Mackenzie and Nimpkish, appear to have collapsed (although in this case 
NuSEDS does not distinguish a lack of data from a lack of salmon). In the case of 
Nimpkish chum, the absence of recent abundance estimates is because there were too 
few fish to count (P. Van Will, personal communication, 2019), which highlights the risk 
of overly optimistic assessments going forward if enumeration of rivers with very few 
fish ceases and gaps in time series replace true zeroes. Further, data-driven CU-level 
assessments often infill missing spawner abundances based on historical contributions 
to the overall CU-level spawner abundance, and thus run the risk of averaging over 
these lost populations without realizing the error in assumptions (Peacock et al. 2020). 

The spawner-recruit analysis for the Viner Sound chum population is an example of the 
nuanced story sometimes revealed when considering populations at a river-level. This 
population has historically been substantial, and it is showing signs of recent recovery 
after a declining trend in resilience (and associated decline in abundance) in the 1980s 
and 1990s.  

 
Figure 9. Spawner abundance (panel A) and productivity (panel B, in units of recruits-per-spawner) for 
the Viner Sound chum salmon. The gray points and line in panel A are raw data while the coloured points 
are the running generational average. The dashed lines in panel A denote lower and upper spawner-
recruit benchmarks. The dashed line in panel B denotes the point at which the productivity of a population 
falls below replacement levels (low resilience). Coloured points (A) and bars (B) show the status for the 
given generation. 
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Viner Sound was subject to several periods of intense logging (Ebell and Cuthbert 2004, 
Ebell 2006). In the 1990s and early 2000s, the population experienced a sharp, 
sustained decline, with annual spawner abundance estimates dropping below 100 
spawners (Figure 9A), and declining resilience, dipping below replacement in the mid-
90s (Figure 9B). A large chum salmon die-off was observed in the Viner estuary in 
~1989 by the DFO stream enumerator (A. Morton, personal communication, 2019). 
Multiple factors may have driven the decline in Viner chum, given a history we know to 
have included multiple overlapping stressors. The Scott Cove hatchery operated by the 
Mainland Enhancement of Salmonid Species Society (MESSS) produced chum from 
1984 through 2007 (S. Rogers, personal communication, 2019) which may have 
contributed to their apparent recovery. 
 
Coho salmon status outcomes 

Area 12 coho populations were more data-limited than those of pink and chum salmon, 
with sufficient spawner-recruitment data for just 11 of the 46 populations to be assessed 
for both status of abundance and resilience. We also note that accurate estimates of 
coho abundance are challenging to produce, relative to those for pink and chum. This is 
because the period of spawning for coho extends beyond the enumeration window, they 
are especially cryptic, and they do not spend time in the downstream portion of the river 
(P. Van Will, personal communication, 2019). The assessments for coho rely on data 
generally agreed to be poorer quality and should be interpreted accordingly. For those 
assessed for both abundance and resilience, the status of resilience was consistently 
more optimistic than that of abundance. We generated abundance estimates and 
percentile benchmarks for 46 of the 73 populations with at least one non-zero 
abundance record in NuSEDS, and generated spawner-recruit benchmarks and 
productivity estimates for 11 populations (Table 4). 
 



Status of Pacific Salmon in Area 12 | Findings & Interpretation 24 

Table 4. Status assessment table for coho salmon populations.  

 
1. Populations that lacked sufficient historical data to estimate benchmarks were “not assessed”, whereas populations that had 
sufficient historical data to estimate benchmarks but lacked recent data (2007-2017) were assessed as “data deficient”.  
2. The Klinaklini River was not assessed despite sufficient historical data due to a change in monitoring approach. 

 
Multiple factors influence patterns of abundance and resilience for Area 12 coho 
populations. Over-fishing likely contributed to broadly observed declines in spawner 
abundance of coho populations in Area 12, as it has in other regions of BC (COSEWIC 
2016). The time span for which we had fisheries exploitation rates (allowing for 
spawner-recruit analyses) was relatively narrow (1975-2014), but captured a marked 
decline in commercial fishing in Area 12 during the late 1990s, from exploitation rates at 
times over 80% during the 1980s and early 1990s to almost zero since 2000. 
Additionally, changes in the marine environment, such as the Pacific Decadal 
Oscillation (PDO), which drives warm and cold ‘phases’ in the ocean, may in-part 
explain trends in coho productivity/resilience (Malick et al. 2015). The early-marine 

Adam River
Ahnuhati River

Ahta River
Ahta Valley Creek

Allardyce Creek
Boughey Creek

Bughouse Creek
Call Creek

Charles Creek
Cluxewe River
Embley Creek
Franklin River
Fulmore River
Gilford Creek

Glendale Creek
Hauskin Creek

Hoeya Sound Creek
Hyde Creek

Kakweiken River
Keogh River

Kingcome River
Klinaklini River2

Kokish River
Kwalate Creek

Lull Creek
Mackenzie River

Mills Creek
Nahwitti River
Nimmo Creek

Nimpkish River
Protection Point Creek

Quatse River
Richmond Bay Creek

Scott Cove Creek
Shoal Harbour Creek

Shushartie River
Sim River

Songhees Creek
Stranby River

Thiemer Creek
Tsitika River

Tsulquate River
Tuna River

Viner Sound Creek
Wahkana Bay Creek

Wakeman River

Abundance
(percentile)

Abundance
(spawner−recruit) Resilience Resilience

trend
Stable/Variable
Stable/Variable
Stable/Variable

Increasing

Decreasing
Stable/Variable

Decreasing

DD

Decreasing

Stable/Variable

Stable/Variable

Status
legend

green

amber

red

data deficient1

not assessed1



Status of Pacific Salmon in Area 12 | Findings & Interpretation 25 

survival of coho smolts may be particularly sensitive to variation in the ocean 
environment (Beamish et al. 2010). In Area 12, multiple coho populations, including 
those in the Viner, Wakeman, Kingcome, and Kakweiken systems, experienced some 
level of decline in spawner abundance since the 1950s. Productivity/resilience (which 
accounts for the effects of commercial fisheries) also declined for many populations in 
the 1980s and 1990s, but it has rebounded for some populations in recent years, 
suggesting some level of resilience despite low current abundance. 

The Wakeman coho population is an example of a population which experienced clear 
declines in spawner abundance since the 1950s but, considered in the absence of 
fishing, shows potential capacity to rebound. Although spawner abundance remains low 
relative to abundance in the 1950s and 1960s, resilience has been increasing since the 
mid-2000s (Figure 10). The recent increasing trend in resilience was shared by several 
coho populations, including those in the Ahta, Cluxewe, and the Keogh. By contrast, the 
results for other populations, including those in Kingcome, Kakweiken, and Viner, show 
a still-declining trend in resilience. 

 
Figure 10. Spawner abundance (panel A) and productivity (panel B, in units of recruits-per-spawner) for 
Wakeman River coho salmon. The gray points and line in panel A are raw data while the coloured points 
are the running generational average. The dashed lines in panel A denote lower and upper spawner-
recruit benchmarks. The dashed line in panel B denotes the point at which the productivity of a population 
falls below replacement levels (low resilience). Coloured points (A) and bars (B) show the status for the 
given generation. 
 
Chinook salmon status outcomes 

We were able to assess the status of Chinook populations by abundance but lacked 
sufficient data to generate the productivity estimates necessary to assess resilience. 
The abundance assessment reflects the generally poor status of Chinook populations in 
southern BC (Table 5, Riddell et al. 2013).  
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Table 5. Status assessment table for Chinook salmon populations.  

 
1. Populations that lacked sufficient historical data to estimate benchmarks were “not assessed”, whereas populations that had 
sufficient historical data to estimate benchmarks but lacked recent data (2007-2017) were assessed as “data deficient”.  
2. The Klinaklini River was not assessed despite sufficient historical data due to a change in enumeration method in the late 1990s. 
 

Most Chinook populations in Area 12 show evidence of pronounced declines in the 
1970s and 80s, with variable recovery. Records for Chinook populations in the 
Kingcome, Nimpkish, and Wakeman systems show marked declines in abundance with 
no evidence of subsequent increasing trends (e.g., Figure 11). Some Chinook 
populations (e.g., the Klinaklini) appear to have increased in abundance during the 
1990s (Figure 12). At least in the case of the Klinaklini, this apparent increase in 
abundance is likely attributable to a shift in enumeration methods from an in-river fish 
counting wheel to enumeration via helicopter fly-overs. The shift to overhead flights 
revealed that the previous method substantially under-estimated abundance (P. Van 
Will, personal communication, 2019). These issues of calibration between shifting 
enumeration methods, for Chinook and likely other species, mean that populations with 
apparently complete time series may not have been assessed. 

 
Figure 11. Spawner abundance for the Kingcome River Chinook population. The gray points and line are 
raw data while the coloured points are the running generational average. The dashed lines denote lower 
and upper percentile benchmarks. Coloured points represent status for the given generation. 
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Figure 12. Spawner abundance for Klinaklini River Chinook population. The gray points and line are raw 
data while the black, open points are the running generational average. The increase in abundance in the 
late 1990s may be an artifact of a change in enumeration methods rather than a true increase in fish 
abundance, which is why we did not assess this population (Table 5). 
 

Sockeye salmon status outcomes 

Of the 11 sockeye populations that we could assess by percentile benchmarks, most fall 
within the ‘amber’ or ‘red’ status zones (Table 6). Data limitations prevented us from 
generating the productivity estimates necessary to assess resilience. In general, 
abundance data for sockeye populations was quite sparse, with the exceptions of the 
Nimpkish and Quatse populations. 

 
Table 6. Status assessment table for sockeye salmon populations in Area 12.  

 
1. Populations that lacked sufficient historical data to estimate benchmarks were “not assessed”, whereas populations that had 
sufficient historical data to estimate benchmarks but lacked recent data (2007-2017) were assessed as “data deficient”.  
2. The Klinaklini River was not assessed despite sufficient historical data due to a change in enumeration method in the late 1990s. 
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Figure 13. Running average spawner abundance for the Nimpkish River sockeye population. The gray 
line represents raw data while the coloured points represent the running generational average. The 
dashed lines denote lower and upper percentile benchmarks. Coloured points represent status for the 
given generation. 

The Nimpkish watershed is one of the largest producers of sockeye in the region, 
outside of the Fraser River, but the Nimpkish sockeye population experienced declines 
in the 1970s (Figure 13), likely due in part to pressure from mixed-stock sockeye 
fisheries (Labelle 2009). Present-day harvest of Nimpkish sockeye is minimal and 
primarily occurs in or near the river (a “terminal” fishery; P. Van Will, personal 
communication). The Gwa’ni hatchery has produced sockeye for the Nimpkish system 
since the mid-1980s and was taken over by the ‘Namgis First Nation in 1997. Note that 
Nimpkish spawner-abundance records most likely under-represent the historical 
abundance of sockeye (Weinstein 1991). Given this under-representation, percentile 
benchmarks may not reflect the actual historical capacity of the population (a scenario 
which is probably not limited to Nimpkish sockeye). Quatse sockeye also experienced 
declines in abundance during the late 1970s and early 1980s but have been 
consistently increasing in abundance since 2005. The positive trend in abundance may 
be influenced by the support of a hatchery, established in 1983.  

 

The value of multiple metrics  

We recognize that no one indicator can truly capture the health of a salmon population. 
Where possible, we assessed populations using two classes of indicators: abundance 
and resilience. Together, the associated metrics provide a snapshot of a population’s 
size and its capacity to rebound if reduced to low numbers. 

The metric of spawner abundance assessed against percentile benchmarks requires 
the least data and is relatively intuitive to interpret (i.e., how many fish are there, 
considering how many there used to be?). Calculating time-varying productivity as a 
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metric of resilience requires more data and additional interpretation. In turn, resilience 
provides additional insight into the prospective capacity of a population to rebound from 
low numbers. The resilience indicator appears less sensitive to year-on-year variation 
than abundance, appearing to remain relatively constant unless there was a persistent 
change in resilience. In tandem, the two indicators are useful to identify populations with 
potential for recovery (e.g., low abundance but high resilience, suggesting high capacity 
to rebound) as well as populations for future concern (e.g., good or moderate 
abundance but low resilience, suggesting low capacity to rebound). Our approach 
demonstrates how multiple classes of indicators can add depth to our understanding of 
population status.  

 

Factors influencing salmon abundance and resilience  

The factors influencing abundance and resilience of wild salmon occur on local and 
broad geographic scales and their relative influence has likely varied through time. 
Local-scale factors such as logging (e.g., Holtby 1988), open-net salmon aquaculture 
(e.g., Krkošek et al. 2011), and fisheries (e.g., Hard et al. 2008) influence salmon during 
their early outmigration and during return to their spawning grounds. Coast-wide factors 
such as shifts in ocean conditions influence salmon during their later outmigration and 
during the bulk of their life in the ocean (Mantua et al. 1997, Mantua 2015). Human-
induced climate change has impacts at many life stages, both in the freshwater and 
ocean habitats (Hinch and Martins 2011). Our analysis does not disentangle the relative 
effects of such factors (beyond using spawner-recruit models to consider resilience in 
the absence of fishing impact) but provides information on patterns in abundance and 
resilience of Area 12 wild salmon that may inform decisions on how to approach local- 
or broad-scale factors based on the existing evidence. 

Studies across large geographic areas suggest that climatic patterns such as the Pacific 
Decadal Oscillation (PDO) and North Pacific Gyre Oscillation (NPGO) play a substantial 
role in the underlying-productivity of marine environments, which drives the population 
productivity/resilience of Pacific salmon (Mantua et al. 1997, Kilduff et al. 2015, Malick 
et al. 2015). Human-induced climate change and associated increases to sea surface 
temperature will continue to interact with regular oscillations, like the PDO. Despite an 
emerging consensus on the substantial effect of changing ocean conditions on Pacific 
salmon productivity, the underlying mechanisms remain poorly understood (Welch et al. 
2020).  

At a local scale, the recent history of the Area 12 environment includes periods of 
overfishing, intensive logging, and the introduction of open-net Atlantic salmon farms 
throughout the region. Logging potentially affects the freshwater habitat for spawning 
and juvenile salmon and has been documented to change river temperatures, 
sedimentation, woody debris, etc. (e.g., Holtby 1988, Ebell and Cuthbert 2004). 
Although logging practices in Area 12 are considered to have improved in recent 
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decades, there is no research on their present effects, and it is difficult to know what 
legacy effects river systems experience. Open-net Atlantic salmon farms were 
introduced to BC in the 1980s and there is ongoing research on their ecological effects, 
including effects on the early-marine outmigration of juvenile salmon. In the Broughton 
Archipelago, salmon farms have been shown to amplify sea-louse levels on wild 
juvenile salmon (Krkošek et al. 2005), and such elevated levels are associated with 
decreased productivity/resilience in pink and coho salmon populations (Krkošek et al. 
2011). In addition to sea lice, recent work demonstrates implications for the 
transmission of bacterial and viral pathogens (Di Cicco et al. 2018). 

 

 

 

 

 
The mouth of the Viner River. Photo: April Bencze 
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Conclusions 

Our results indicate that most wild Pacific salmon populations in Area 12 exhibit low or 
moderate abundance relative to the past. Our assessment of resilience found many 
populations with potential capacity to rebound (amber or green productivity) but 
highlighted a few populations at greater risk of extirpation (red productivity). The results 
also highlight important data gaps including a consistent decline in spawner 
enumeration effort, with abundance estimates in 2017 for just 14% of the Area-12 
systems in DFO’s database. 

This report represents the most up-to-date and comprehensive assessment of the 
status of Pacific salmon populations at the river level in DFO Area 12, and we put 
forward three potential uses for this information:  

1. To serve as a public resource for the status of wild salmon populations in Area 
12.  

2. To inform future decisions and resource-allocation towards monitoring coverage 
in Area 12.  

3. To highlight potential salmon populations for further investigation, stewardship, 
and restoration. 
 

We encourage continued communication and collaboration amongst titleholders, 
stakeholders, and scientists to facilitate sharing of knowledge in the context of 
monitoring, research, and decision-making. The spawner-recruit estimates and 
associated code from these analyses are available online at 
www.salmoncoast.org/research, and details concerning our analyses are available in an 
appendix for this report. It is our hope that these data and results will be useful to others 
and that these analyses will be updated and improved in coming years.  
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Glossary  

Benchmark – A reference point or cut-off against which some characteristic of a population (e.g., 
productivity/resilience, spawner abundance), used as a metric, can be compared in order to 
assess the status of the population. 

Brood year – The year in which a cohort of salmon were born. For instance, chum salmon that return in 
2017 as 4-year-olds were from the 2013 brood year.  

Catch – The number of adult salmon that are caught in fisheries before spawning. At minimum, catch 
estimates account for commercial fisheries and sometimes catch from First Nations and 
recreational fisheries are also included, data permitting. 

DFO – The Department of Fisheries and Oceans, now known as Fisheries and Oceans Canada. The 
federal government body responsible for Canadian fisheries management and the Canadian 
Coast Guard.  

Escapement – The number of mature salmon that avoid (or escape) fisheries and return to fresh water to 
spawn.  

Exploitation rate – The proportion of a population caught in a fishery (i.e., the proportion that did not 
make it back to spawn because they were caught).  

Indicator (class of) – A class of biological status. Alternative classes of indicators include abundance, 
change in abundance over time, fishing mortality, trends in productivity, etc. Each class of 
indicator has associated metrics and benchmarks. 

Indicator stream – Streams considered to provide reliable estimates of abundance and be 
representative of returns to other streams nearby. Generally monitored more consistently and/or 
thoroughly than other streams. 

Maximum Sustainable Yield (MSY) – The theoretical largest yield (catch) that a population can sustain 
over a long period of time without declining. Widely criticised as a target for fisheries 
management, but conceptually useful. 

Metric – A quantifiable measure. 

Model (mathematical) – A description of the relationship between factors that interact within a system of 
interest. A model may or may not incorporate the mechanisms underlying any relationship 
described. For example, a spawner-recruitment model describes the relationship between the 
number of spawners and the expected number of spawning adult offspring they naturally 
produce (recruits). This relationship is governed by parameters, or particular biological 
characteristics, such as productivity and density dependence, the effects of which can be 
represented mathematically in the model. 

Population (salmon) – A group of salmon of a given species that breed together at the same time and 
place. Usually, the salmon of a particular river or watershed (e.g., Ahta river coho). 

Productivity – The number of recruits produced per spawning adult for a given population. In this report, 
we focus on productivity at low densities (where density-dependent processes have the least 
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effect) as a measure of a population’s capacity to rebound from low abundance. A productivity 
value below one indicates that a population is below replacement level (producing less than one 
recruit per spawner).  

Recruitment – The process through which juvenile individuals survive and become part of a given 
spawning population. Recruitment takes into account the biological productivity and strength of 
density dependence within a population and is modelled here using the Ricker model. 

Returns –The pre-fishery abundance of adult salmon returning in a given year, that would become 
recruits if not fished. The number of returns is calculated by summing estimates of catch and 
spawner abundance. 

SGEN1 – Spawner abundance level sufficient for a population to reach SMSY within one generation.  

SMSY – Spawner abundance level that produces maximum sustainable yield. 

Spawning channel – Channels built and maintained next to salmon rivers that artificially increase the 
available spawning habitat (decreasing the effect of density dependence). 
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