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Bad habits are hard to break, and stocking 
is no different. For the sake of wild salmon, 

it’s time to come clean. 
http://viewer.zmags.com/publication/3b02c02d#/3b02c02d/26 

 
Nothing polarizes the salmon community like stocking. We agree that we need to protect and restore freshwater 
habitat. We accept that harvest levels must be adjusted to accommodate fluctuations in survival rates. It is past 
time for all of us—anglers, NGOs, scientists, managers and policy makers—to collectively confront our 
pathological addiction to stocking. It’s time to kick the habit.  

We’ve been stocking Atlantic salmon since the time of Darwin. In the beginning, we stocked simply because 
we could.  We figured out how to breed and rear salmon, and so we stocked in hope of catching more adults 
from our favourite rivers.  Once our new technology was refined and scalable, we built industrial-scale 
hatcheries and used stocking to mitigate the damage caused by habitat destruction and over harvest.  Today we 
stock with mixed intentions. Sometimes we stock to help wild populations that have fewer adults than they 
used to, or fewer than we think they should. Mostly we stock to have more fish to catch. 

Over the decades, our motivation for manipulating wild salmon populations has shifted from curiosity, to 
mitigation, to conservation, but our method for doing so has remained the same. We stock.   

It wasn’t until a century after Darwin’s death that salmon biologists rigorously applied ecological and 
evolutionary thinking to the question of stocking. In 1977, Reginald Reisenbichler and Jack McIntyre published 
their landmark paper on Deschutes River steelhead. In a simple but elegant experiment, they found that wild 
juveniles survived better in streams, while hatchery juveniles survived better in concrete ponds. Just as the 
beaks of Darwin’s finches evolve to match the seeds they eat, wild and hatchery fish evolve and adapt to the 
habitats they live in. 

This finding led the authors to warn that stocking would harm wild populations because hatchery fish are 
maladapted to rivers, and, if they survived to breed, would produce fewer adults than wild-born fish in the next 
generation. They also suggested that using wild fish for broodstock would avoid maladaptive domestication, 
and thus reduce the damage stocking inflicts on wild populations. 

Like burning coal in the face of climate change, we kept stocking. To our credit, however, we also started 
collecting more data. By the time I started my PhD in 1997, there was enough evidence to suggest 
Reisenbichler and McIntyre were right: stocking reduces the productivity of wild populations. The verdict was 
certainly in for knowledgeable fisheries biologists like Ray Hilborn of the University of Washington, who in 
1992 succinctly articulated the scientific consensus: “Hatchery programs that attempt to add additional fish to 
existing healthy wild stocks are ill advised and highly dangerous.” Of course, what Hilborn meant by “healthy 
wild stocks” is viable wild populations not facing imminent extirpation. 
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Still, bad habits are hard to break, so we started dabbling in what we hoped would be evolutionary clean coal—
wild broodstock schemes. Surely exposing fish to only a single generation of domestication selection would 
solve the problem? They’d be almost wild, pretty much as fit, and produce nearly as many adults as wild-born 
fish. Surely we could keep stocking without harming wild populations? Answering these questions was 
difficult because we needed to know how many adults an individual fish spawning in the wild produced in the 
next generation. 

New genetic techniques and powerful computers provided the solution. If enough fish were genotyped over 
multiple generations we could conduct parentage analyses for entire populations through time. We could then 
confidently determine the number of adults parented by individual wild-born and hatchery-born spawners. 
 
Such research is time consuming, expensive, and only reasonable for small populations whose adults can be 
completely sampled through time, for example a little stream with a fish trap at its mouth. We now have data 
from a growing handful of such parentage studies on Pacific and Atlantic salmon. While research continues, the 
results to date reveal that Reisenbichler and McIntyre’s hopeful suggestion that wild broodstock schemes could 
avoid the damage caused by stocking was just that, hopeful. 
 
It turns out that evolution happens quickly when you expose wild animals to a dramatically different 
environment. 
The juveniles produced by wild broodstock schemes aren’t wild at all. Domestication happens in a single 
generation, and stocked fish that survive to spawn in the wild have much lower fitness than wild-born fish. 
 
2014, leading researcher Mark Christie of Oregon State University worked with colleagues to summarize what 
we’d 
learned about the fitness of adult salmon from wild broodstock schemes. On average, they produce slightly 
over half as many adults as wild-born fish. The results of these detailed studies match the conclusion of a large 
comparative study that quantified the effects of stocking on the productivity of nearly 100 Pacific salmon 
populations. Wild broodstock schemes are just as damaging to wild population productivity as traditional 
hatchery schemes. 
 
Undeterred, our response to recent population declines caused by low marine survival rates remains the same. 
We stock, but with a life history twist. Juvenile stocking schemes aim to reduce freshwater mortality by 
spawning adults in captivity, then protecting their eggs and offspring for days to years before releasing them 
back to the wild. We are now having a go at the other half of the salmon life history. Smolt to Adult 
Supplementation (SAS) schemes reduce marine mortality by collecting smolts, rearing them to adulthood in 
captivity, then releasing them back into rivers to spawn.  
 
The idea is superficially appealing. We can prevent the known damage caused by captive breeding and juvenile 
rearing by replacing the mysterious black box of the North Atlantic with an aquaculture tank. Ignorance is 
bliss. If we hoped wild broodstock schemes would be evolutionary clean coal, we’re hoping SAS schemes will 
be stocking’s natural gas. Scientists will happily spend decades and millions of dollars studying SAS, but 
salmon ecology, stocking science to date, and the basic principles of evolutionary ecology offer a quick, cheap 
and obvious answer. We will damage wild populations. 
 
Salmon are born to die. A female with 5000 eggs will be lucky to produce 100 smolts, a few of which might be 
lucky enough to survive to spawn as adults. That is how natural selection works. It rids populations of fish and 
genes that are poorly suited to the freshwater and marine conditions of the year, decade, century and 
millennium. It is hard to watch when southern populations teeter on the brink, adult runs decline and our 
fishing suffers, but this is how nature works. 
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Juvenile stocking damages wild populations because fish that should die in rivers survive, become 
domesticated, and are returned to the wild maladapted. SAS will damage wild populations for the same reason. 
Fish that should die at sea will survive, become domesticated, and be released in the wild to spawn. How 
exactly the damage occurs, and which type of stocking is worse, might be interesting scientific questions, but 
their answers are not needed to rationally manage wild Atlantic salmon. 
 
Some salmon will figure out their changing ocean environment—where to go, what to eat, how to survive. It’s 
those clever wild fish, not the first generation aquaculture fish produced by SAS, that we want spawning and 
growing wild populations.  
 
Whether we replace a river with a hatchery pond or the North Atlantic with an aquaculture tank does not 
change nature’s reality. It is rare that we will help a wild population by stocking it with fish bred, hatched or 
reared in captivity. Only for tiny populations that face imminent extirpation, with no hope of receiving wild 
strays from other populations, might any demographic benefit from stocking balance the unavoidable damage. 
 
Of course, most Atlantic salmon stocking is inflicted upon healthy wild populations. We usually stock because 
we want to catch 4000 instead of 1000 adults, not because a population crashes from 300 to 30. It is egregious 
mismanagement to purposely domesticate viable wild populations, regardless of what we have done to their 
habitat. As for our ability to stock disappearing wild populations back to health, we are waiting for a 
compelling success story. 
 
So here we are, over two centuries since figuring out how to combine eggs and milt to fertilize and hatch eggs. 
We are managing wild Atlantic salmon using a technology rooted in curiosity, and industrialized for 
aquaculture and supporting harvest fisheries. It is a technology for farming fish, not for managing wild fish 
populations. 
 
Polarized. Stuck. Stocking. 
 
Twenty-five years ago, Gary Meffe famously diagnosed hatcheries and stocking as manifestations of our 
“techno-arrogance.” Today, we need a long list of hyphenated insults to describe our behavior. We are 
personally, professionally, financially, scientifically and politically invested in doing something that harms 
wild Atlantic salmon.  
 
And no one is making us do it. The strength of the scientific consensus on stocking matches that for human-
caused climate change. But unlike the fossil fuel industry, there is no cabal of anti-salmon special interests 
lobbying governments to stock wild populations into decline. We are doing it ourselves out of dumb, stubborn, 
tragic habit. 
 
If we value wild salmon, and are serious about evidence-based management, we must maximize the amount 
and naturalness of freshwater habitat, and control all types of harvest flexibly and rationally. These are good 
habits that we’ve dabbled with for decades, and the resources currently wasted on stocking can help us get well 
and truly hooked. And who knows, in a couple of hundred years we might not be able to quit. 
 
Kyle Young is a dual U.S./Canadian citizen who received his BSc from Brown University and his PhD from 
the University of British Columbia. He has worked on salmon for 20 years in North America and Europe, and 
is currently a Research Associate at the University of Zürich. 
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Genetic Variation in Wild and Hatchery Brown Trout 

Schenekar, Tamara and Steven Weiss. 2017. Selection and genetic drift in captive versus wild 
populations: an assessment of neutral and adaptive (MHC-linked) genetic variation in wild and hatchery 
brown trout (Salmo trutta) populations. DOI 10.1007/s10592-017-0949-3 

Abstract:  Captive bred individuals are often released into natural environments to supplement resident populations. 
Captive bred salmonid fishes often exhibit lower survival rates than their wild brethren and stocking measures may have a 
negative influence on the overall fitness of natural populations. Stocked fish often stem from a different evolutionary 
lineage than the resident population and thus may be maladapted for life in the wild, but this phenomenon has also been 
linked to genetic changes that occur in captivity. In addition to overall loss of genetic diversity via captive breeding, 
adaptation to captivity has become a major concern. Altered selection pressure in captivity may favour alleles at adaptive 
loci like the Major Histocompatibility Complex (MHC) that are maladaptive in natural environments.  

We investigated neutral and MHC-linked genetic variation in three autochthonous [native] and three hatchery populations 
of Austrian brown trout (Salmo trutta). We confirm a positive selection pressure acting on the MHC II β locus, whereby 
the signal for positive selection was stronger in hatchery versus wild populations. Additionally, diversity at the MHC II β 
locus was higher, and more uniform among hatchery samples compared to wild populations, despite equal levels of 
diversity at neutral loci. We postulate that this stems from a combination of stronger genetic drift and a weakening of 
positive selection at this locus in wild populations that already have well adapted alleles for their specific environments. 

Our results support that stocking measures in autochthonous [native] populations should be avoided, especially with 
nonnative fish. If stocking measures are inevitable in natural habitats, ideally, locally established brood-stocks with local 
genetic material should be used. Adaptation to captivity should be minimized, e.g. by the continuous supplementation of 
new “natural” genetic material in order to keep the genetic composition of the captive population as close to its source 
population as possible. Nonetheless, genetic or epigenetic changes can begin in the first generation of captivity (Christie et 
al. 2016) and thus it appears to be extremely difficult or impossible to use hatchery operations in any capacity without 
risking deleterious effects to the wild population. 
 
Christie et al 2016: 
 
“…we measured differential gene expression in the offspring of wild and first-generation hatchery steelhead trout 
(Oncorhynchus mykiss) reared in a common environment. Remarkably, we find that there were 723 genes differentially 
expressed between the two groups of offspring. 
 
“Previous work in this system [Hood River, Oregon] revealed that first-generation hatchery fish averaged 85% of the 
lifetime reproductive success of wild fish when spawning in the wild, but nearly twice the lifetime reproductive success of 
wild fish when spawned in captivity. First-generation hatchery fish had wild-origin parents and only spent their first year 
in the hatchery before being released into the wild. A series of crosses involving two first-generation hatchery fish (HxH), 
two wild fish (WxW) or one hatchery and one wild fish (HxW and WxH reciprocal crosses) were performed at the 
Parkdale hatchery 
 
“We find that there are hundreds of genes that are differentially expressed (DE) between the offspring of wild fish (WxW) 
and of the offspring of hatchery fish (HxH) reared in a common environment. By using reciprocal crosses, we further 
show that these differences in gene expression cannot be explained as maternal effects, sampling noise, or false discovery. 
Thus, our data suggest that the very first stages of domestication are characterized by massive, heritable changes to gene 
expression. That the DE genes were dominated by pathways in wound repair, immunity and metabolism adds to growing 
evidence that adaptation to crowded conditions is an important early stage of domestication. 
 
“The large extent of divergence that occurs at the gene-expression level, but not at the genomic level, suggests that 
selection and not genetic drift is responsible for the large differences in expression detected between the offspring of wild 
and first-generation hatchery fish. 
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“Taken together, these results suggest that rearing density may play an important role in facilitating genetic adaptation to 
captivity, and that adjusting to large numbers of conspecifics may be an important first step towards domestication. 
 
O. mykiss are one of the few fish species considered to have been fully domesticated. Phenotypic responses to selection 
routinely occur in this species with less than ten generations of captive breeding. However, this is the first study to 
demonstrate that the earliest stages of domestication are characterized by large changes in heritable patterns of gene 
expression. As subsequent generations of domestication accrue, we speculate that the regulatory changes to expression 
become codified with gradual and more targeted shifts in allele frequencies (for example, selective sweeps). We 
hypothesize that adaptation to crowded conditions may drive much of this early domestication. Regardless of the 
mechanism, it is remarkable that a single generation of domestication can translate into heritable differences in expression 
at hundreds of genes. 
 

 

Evidence of Coho Salmon Completing Life Cycle in Freshwater Lakes 

Eric A. Parkinson, Chris J. Perrin, Daniel Ramos-Espinoza, and Eric B. Taylor. 2016. Evidence for Freshwater 
Residualism in Coho Salmon, Oncorhynchus kisutch, From a Watershed on the North Coast of British 
Columbia. The Ottawa Field-Naturalists’ Club. 
 

Abstract 

The Coho Salmon, Oncorhynchus kisutch, is one of seven species of Pacific salmon and trout native to northeastern 
Pacific Ocean watersheds. The species is typically anadromous; adults reproduce in fresh water where juveniles reside for 
1–2 years before seaward migration after which the majority of growth occurs in the ocean before maturation at 2–4 years 
old when adults return to fresh water to spawn. Here, we report maturation of Coho Salmon in two freshwater lakes on the 
north coast of British Columbia apparently without their being to sea. A total of 15 mature fish (11 males and four 
females) were collected in two lakes across two years. The mature fish were all at least 29 cm in total length and ranged in 
age from three to five years old. The occurrence of Coho Salmon that have matured in fresh water without first going to 
sea is exceedingly rare in their natural range, especially for females. Such mature Coho Salmon may represent residual and 
distinct breeding populations from those in adjacent streams. Alternatively, they may result from the ephemeral restriction 
in the opportunity to migrate seaward owing to low water levels in the spring when Coho Salmon typically migrate to sea 
after 1–2 years in fresh water. Regardless of their origin, the ability to mature in fresh water without seaward migration 
may represent important adaptive life history plasticity in response to variable environments. 
 
Even though there have been a few reports of coho salmon not migrating to the ocean (e.g., Foerster and Ricker 1953; 
Rousenfell 1958) and Asia (Berg 1948; Schmidt 1950). This discovery is remarkable because “no self-sustaining 
freshwater-resident populations in the native range of Coho Salmon are known” 
 
In British Columbia there are more than 1,300 coho salmon populations in 300 streams (McPhail 2007; Quinn 2011) so it 
is very unusual to find coho with access to the ocean to form a resident population in lakes. This finding expands 
understanding of coho biological diversity. 
 
The reproductive flexibility represented by these resident lake coho salmon may contribute to coho survival in 
environmental conditions that are both unpredictable and constantly fluctuating.   

Salmon mate selection and ovarian fluid 
Lehnert, Sarah J., Ian A.E. ButtS, Erin W. Flannery, Kia M. Peters, Daniel D. Heath, Trevor E. Pitcher. 2017. 
Effects of ovarian fluid and genetic differences on sperm performance and fertilization success of alternative 
reproductive tactics in Chinook salmon. Journal of Evolutionary Biology.  

Abstract 
In many species, sperm velocity affects variation in the outcome of male competitive fertilization success. In fishes, 
ovarian fluid (OF) released with the eggs can increase male sperm velocity and potentially facilitate cryptic female 
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choice for males of specific phenotypes and/or genotypes. Therefore, to investigate the role of OF on fertilization 
success, we measured sperm velocity and conducted in vitro competitive fertilizations with paired Chinook salmon 
(Oncorhynchus tshawytscha) males representing two alternative reproductive tactics, jacks (small sneaker males) and 
hooknoses (large guarding males), in the presence of river water alone and OF mixed with river water. To determine the 
role of genetic differences on fertilization success, we genotyped fish at neutral (microsatellites) and functional [major 
histocompatibility complex (MHC) II ß1] markers. We found that when sperm were competed in river water, jacks sired 
significantly more offspring than hooknoses, however, in OF there was no difference in paternity between the tactics. 
Sperm velocity was significantly correlated with paternity success in river water but not in ovarian fluid. Paternity success 
in OF, but not in river water alone, was correlated with genetic relatedness between male and female, where males that 
were less related to the female attained greater paternity. We found no relationship between MHC II ß1 divergence 
between mates and paternity success in water or OF. Our results indicate that OF can influence the outcome of sperm 
competition in Chinook salmon, where OF provides both male tactics with fertilization opportunities, which may in part 
explain what maintains both tactics in nature. 

 

Norwegian Atlantic Salmon Management using Conservation Limits 

“According	to	Norwegian	legislation,	the	goal	of	the	management	is	primarily	to	conserve	the	
populations,	with	maximizing	fisheries	yield	as	the	secondary	goal.”	

 

Barlaup, Bjørn, Harald Gjøsæter, Ola H. Diserud. 2013. Reference point based management of Norwegian Atlantic 
salmon populations. Environmental Conservation 40 (4): 356–366. DOI: 10.1017/S0376892913000416 

“Salmon has been actively managed for decades, however typically in the absence of quantitative information on 
harvestable surplus (Hindar et al. 2011). Recently, the accumulated knowledge on the biology of this species (summarized 
in Verspoor et al. 2007; Aas et al.2011) has been used to develop reference points for fisheries management. 
 
“Salmon is a genetically structured species, with thousands (> 2000, exact numbers not known) of genetically distinct 
populations spawning in watercourses along the Atlantic coasts (Verspoor et al. 2007). While there may be more than one 
population within some of the larger watercourses (Vähä et al. 2008) and some neighbouring populations may comprise a 
meta-population (Hindar et al. 2004), salmon has for more than a century been managed on the river or watercourse level, 
assuming that each river holds a unique population. 
 
“Salmon	has	been	in	a	long-term	decline,	both	in	terms	of	the	number	of	populations	and	in	terms	of	reduced	
productivity	both	in	freshwater	and	the	marine	environment	(Hindar	et	al.	2011;	Windsor	et	al.	2012;	ICES	2012b).	A	
number	of	anthropogenic	factors	are	responsible	for	the	decline,	such	as	loss	of	connectivity	due	to	construction	of	
dams,	hydropower	facilities,	habitat	alternations	or	destruction,	pollution,	overexploitation	and	the	more	recent	effects	
of	salmon	farming	(such	as	genetic	introgression	and	increased	parasite	loads),	introduced	parasites	and	climate	change.	
	
“This	general	declining	trend	calls	for	management	systems	that	ensure	sustainable	fisheries,	and	in	1998,	the	North	
Atlantic	Salmon	Conservation	Organization	(NASCO),	established	by	an	intergovernmental	convention,	agreed	upon	
a	precautionary	approach	to	salmon	fisheries	management	aimed	at	maintaining	all	populations	above	their	
conservation	
limit	(NASCO	1998).	
	
“Several	countries	have	recently	or	are	currently	implementing	such	population	specific	conservation	limits	in	their	
salmon	fisheries	management,	and	the	conservation	limit	refers	to	the	level	of	biomass	of	females	below	which	
recruitment	starts	to	decline	significantly	(Crozier	et	al.	2003;	Ó	Maoiléidigh	et	al.	2004;	Chaput	2006;	reviewed	in	Hindar	
et	al.	2011).	From	these	limits	management	targets	have	been	developed,	which	are	the	desired	spawning	stock	level	to	
obtain	the	management	objectives.	Such	targets	also	incorporate	natural	variability	and	measurement	errors	(Hindar	et	
al.	2011).	
	
“The	use	of	conservation	limits	as	biological	reference	points	for	salmon	populations	is	founded	on	the	theoretical	and	
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empirical	evidence	for	negative	density	dependent	growth	and	survival	of	juveniles	during	the	freshwater	phase	(Einum	
&	Nislow	2011;	Hindar	et	al.	2011),	yielding	dome-shaped	or	asymptotic	stock	recruitment	relationships	(Elson	1957,	
1975;	Jonsson	et	al.	1998).		
	
“Such	curves	provide	estimates	or	approximations	to	the	population	level	carrying	capacities	and	the	conservation	limit	
is	the	biomass	of	females	or	number	of	eggs	necessary	to	attain	the	carrying	capacity.	During	the	marine	phase,	density	
independent	factors	appear	to	dominate	without	any	population	regulation	(Jonsson	et	al.	1998).	
	
“Under	the	assumption	that	each	river	system	holds	one	population,	there	are	481	salmon	populations,	of	which	54	
populations	are	lost	or	in	critical	condition.	There	are	regular	fisheries	in	240	river	systems	(mainly	rod-fisheries),	as	well	
as	marine	fisheries	using	bag-nets	and	bend-nets	along	the	coast	and	in	the	fjords.	In	2011,	a	total	of	696	metric	tonnes	
of	salmon	was	caught	in	Norway,	394	t	in	the	river	fisheries	and	302	t	in	the	marine	fisheries.		
	
“Management	according	to	conservation	limits	and	management	targets	was	implemented	in	Norway	during	2008,	and	
is	currently	the	basis	for	salmon	fisheries	management	in	populations	representing	>98%	of	the	total	catch.	According	to	
Norwegian	legislation,	the	goal	of	the	management	is	primarily	to	conserve	the	populations,	with	maximizing	fisheries	
yield	as	the	secondary	goal.	
	
“Until	recently,	fisheries	regulation	was	primarily	based	on	assessment	of	population	status	by	the	management	bodies.	
In	
2009,	the	Directorate	for	Nature	Management	appointed	12	scientists	as	members	of	the	Norwegian	Scientific	Advisory	
Committee	for	Atlantic	Salmon	Management	(hereafter	termed	the	Salmon	Committee).	One	of	the	obligations	of	this	
independent	committee	is	to	provide	scientific	advice	to	management	on	fisheries	regulation,	based	on	assessment	of	
attainment	of	conservation	limits	and	management	targets.	There	are	no	managers	in	the	committee	and	only	biological	
factors	are	considered.	
	
“In	the	current	management	scheme	there	is	thus	a	clear	separation	between	management	and	science.	
	
“By	combining	the	reported	catch	with	estimates	of	exploitation	rates	the	spawning	population	can	be	estimated.	
Nominal	catches	were	used,	whereas	the	relative	small	but	growing	practice	of	catch	and	release	fishing	in	the	rivers	was	
accounted	for	by	reducing	the	exploitation	rates	according	to	the	reported	level	of	catch	and	release	in	each	river.	
	
“The	proportion	of	females	in	each	of	the	three	size	groups	in	the	statistics	and	their	average	weights	were	used	to	
estimate	female	spawning	biomass.	
	
“Estimates	of	spawning	female	biomass	
The	biomass	of	spawning	females	in	each	river	system	was	estimated	as:	[(total	weight	nominal	catch	in	river)	÷	
(exploitation	rate)	–	(total	weight	nominal	catch	in	river)]	× (proportion	females).	Since	both	the	proportion	of	females	
and	the	exploitation	rate	varies	among	weight	groups,	this	was	done	separately	for	each	of	three	weight	groups	and	the	
biomasses	were	then	summed.	
	
(More	information	is	provided	in	the	published	paper	on	determining	conservation	limits)	
	
“Finally,	to	ensure	that	the	estimates	of	spawning	biomass	were	based	on	wild	salmon,	escaped	farmed	salmon	were	
removed	from	the	reported	catch.	Spawning	of	farmed	salmon	in	the	wild	is	considered	amajor	threat	to	the	genetic	
integrity	and	productivity	of	the	wild	populations	(Fleming	et	al.	2000;	McGinnity	et	al.	2003;	Glover	et	al.	2012),	and	
Norwegian	management	aims	at	minimizing	interbreeding	of	wild	and	farmed	salmon.	During	recent	years,	farmed	
salmon	has	constituted,	on	average,	4–9%	of	the	river	catch	(in	terms	of	number	of	fish).	For	many	rivers,	there	are	
annual	estimates	of	the	proportion	of	farmed	salmon	based	on	analyses	of	scale	samples.	
	
“In	2008,	the	Directorate	for	Nature	Management	defined	the	management	targets	for	each	population	as	attainment	of	
the	conservation	limit	in	three	out	of	four	years.	The	Salmon	Committee	operationalized	this	target	by	defining	a	
threshold	at	75%	average	probability	of	attaining	the	conservation	limit	over	four	years.	Deviation	from	the	conservation	
limit	may	however	be	small	or	large,	and	per	cent	attainment	was	also	used	as	criterion	for	the	advice.	Each	population	
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was	given	one	of	five	standardized	recommendations	for	exploitation,	ranging	from	increased	exploitation	to	
substantially	reduced	exploitation.	The	thresholds	were	set	by	expert	opinion	from	the	committee	and	under	the	
precautionary	approach	adopted	for	salmon	management	by	Norwegian	authorities,	assuming	that	small	deviations	
from	the	conservation	limits	have	small	effects	on	recruitment,	but	effects	may	escalate	at	larger	deviations.	The	five	
recommendations	and	their	criteria	were:	
	
(1) This population can probably be more heavily exploited given that marine survival remains at current 
levels. Average probability for attainment of conservation limits during the last four years >75%, and average 
attainment (non-truncated) during the same period >140%. 
 
(2) The management target is attained for this population and no additional restrictions on exploitation are 
necessary. Average probability for attainment of conservation limits during the last four years _75%. 
 
(3) The management target may not have been attained for this population and exploitation should be reduced 
moderately to ensure attainment of the conservation limit. Average probability for attainment of conservation 
limits during the last four years is between 40 and 74%, and average attainment during the same period >75%. 
 
(4) The management target is likely not attained for this population and exploitation should be significantly 
reduced to ensure attainment of the conservation limit. Average probability for attainment of conservation 
limits during the last four years is between 20 and 39%, and average attainment during the same period >60%. 
 
(5) The management target is not attained for this population and exploitation should be reduced substantially 
to ensure attainment of the conservation limit. Average probability for attainment of conservation limits during 
the last four years <20%. 
 
“The recommendations are hierarchically structured so that if one of the two criteria (where there are two 
criteria) was not met, a more restrictive recommendation was applied. While the catch advice was given on a 
river basis, the catch recommendations address all fishing on the population, in the river, the fjord or along the 
coast. A separate system, not described here, has been developed for aggregated advice for the mixed 
population fishery in the fjords and along the coast. 
 
“The	recommendations	were	based	on	historical	evaluation	of	attainment	of	conservation	limits	(over	the	last	four	
years)	
and	were	thus	given	under	the	assumption	that	survival	conditions	at	sea	remain	the	same.	This	is	not	likely	to	be	true,	
as	survival	at	sea	varies	substantially	among	years,	
	
Discussion:	
	
“The	success	of	conservation	limits	for	management	of	salmon	should	be	evaluated	against	the	main	goals	of	
management.	Two	Acts,	the	Salmon	and	Inland	Fisheries	Act	(1993,	revised	in	2009)	that	refers	to	the	Nature	Diversity	
Act	(2009),	form	the	basis	for	salmonmanagement	inNorway	(see	URL	www.lovdata.no).	They	outline	two	goals;	(1)	to	
protect	the	diversity	of	the	populations	and	their	natural	habitat	through	conservation	and	sustainable	use,	and	(2)	
within	this	framework	to	develop	the	populations	for	increased	yield	to	the	benefit	of	stakeholders,	leisure	fishers	and	
society.	
	
“The	main	reason	for	implementing	management	according	to	conservation	limits	was	to	ensure	average	maximum	
recruitment	in	all	Norwegian	salmon	populations.	Although	large	restrictions	on	the	salmon	fishery	were	introduced		
shortly	before	management	measures	imposed	by	the	implementation	of	conservation	limits,	the	effects	of	the	new	
regime	have	been	significant.	The	number	of	populations	that	attained	their	conservation	limits	increased	substantially	
and,	overall,	the	populations	evaluated	in	2011	were	at	95%	of	their	conservation	limits,	compared	to	91%	in	2008	and	
85%	in	2005.		
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“This	improvement	occurred	in	spite	of	poor	survival	at	sea	and	thus	the	total	number	of	returning	adults	to	Norway	
remaining	at	historically	low	levels,	and	changes	could	mainly	be	attributed	to	reduced	exploitation	rates.	Reductions	in	
exploitation	rates	were	detected	both	in	the	models	and	in	independent	time	series	of	estimates	of	exploitation	in	river	
fisheries.	
	
“According	to	theory	and	empirical	evidence	(see	Jonsson	et	al.	1998;	Einum	&	Nislow	2011;	Hindar	et	al.	2011)	
improvements	in	attainment	of	conservation	limits	will	increase	the	total	number	of	salmon	smolts	that	migrate	to	sea	
from	Norwegian	rivers.	As	there	appears	to	be	no	density	dependent	regulation	at	sea	(Jonsson	et	al.	1998)	such	an	
increase	will	in	turn	cause	an	increase	in	the	number	of	returning	adults,	all	else	being	equal.	
	
“However,	since	survival	at	sea	varies	substantially,	yielding	five-	to	six-fold	variations	in	sea	survival	(Jonsson	et	al.	1998;	
Friedland	et	al.	2000),	and	the	expected	increase	in	smolt	numbers	is	probably	less	than	double,	increasing	numbers	of	
returning	adults	may	be	difficult	to	detect	in	short-term	catch	statistics.	There	is	also	a	lag	between	increased	spawning	
and	increased	smolt	numbers	because	the	juveniles	typically	stay	in	the	river	for	two	to	five	years	before	migrating	out	
to	sea.	
	
“However,	since	the	management	options	in	the	marine	system	are	often	few	or	absent	(Windsor	et	al.	2012),	ensuring	
maximum	smolt	production	through	fisheries	regulation	is	important.	
	
“In	the	long	run,	keeping	all	salmon	populations	at	their	maximum	reproductive	capacity	is	expected	to	increase	the	
number	of	returning	adults.	More	important,	because	many	Norwegian	salmon	populations	are	small,	with	effective	
populations	size	(Ne)	close	to	or	even	below	the	50–500	guidelines	for	long-term	viability	and	conservation	of	genetic	
variation	(Franklin	1980;	Frankel	&	Soulé	1981),	retaining	all	salmon	populations	at	their	maximum	reproductive	capacity	
is	important	for	conservation	of	populations.	
	
“In	a	recent	summary	on	genetics,	conservation	and	management	of	Atlantic	salmon	(Verspoor	et	al.	2007)	one	of	the	
important	recommendations	for	management	was	to	‘Maintain	salmon	populations	at	their	largest	possible	size	in	order	
to	retain	genetic	variation	and	adaptive	potential,	especially	in	the	case	of	small	populations	inhabiting	extreme,	
marginal	habitats’	(García	deLeániz	et	al.	2007).	In	addition,	there	are	indications	(Glover	et	al.	2012)	that	large	spawning	
populations	may	protect	the	wild	populations	from	genetic	introgression	and	ecological	effects	of	escaped	farmed	
salmon	(Fleming	et	al.	2000;	McGinnity	et	al.	2003;	Glover	et	al.	2012).	
	
“Because	management	according	to	conservation	limits	has	caused	several	new	restrictions	for	the	fisheries,	it	may	be	
regarded	as	a	failure	in	attaining	the	secondary	target	of	salmon	management	to	increase	fisheries	yield.	Indeed,	the	
total	catch	of	salmon	was	reduced	from	848	t	during	2005–2008	to	644	t	for	the	period	2009–2011,	largely	due	to	the	
effects	of	the	restrictions	on	the	fishery.	
	
“However,	this	adjustment	in	harvest	rates	to	match	declining	salmon	returns	is	expected	to	provide	higher	yield	if,	or	
when	survival	conditions	at	sea	improve,	thus	increasing	the	long-term	sustainable	yield.	As	judged	from	historical	
estimates	of	pre-fishery	abundance	and	exploitation	rates,	it	is	likely	that	many	populations	have	been	overexploited	and	
remained	well	below	their	maximum	reproductive	potential	during	decades	of	the	19th	century.	The	problem	of	
overexploitation	appears	to	move	towards	a	solution	in	the	current	management	scheme.	
	
“Management	according	to	conservation	limits	also	had	other	positive	effects.	First	it	has	boosted	stakeholder	
involvement	in	the	form	of	local	data	acquisition,	as	local	or	regional	managers	in	an	increasing	number	of	rivers	have	
funded	and	implemented	local	estimates	of	spawning	population	size	and/or	exploitation	rates.	Second,	the	quality	of	
the	river	fisheries	statistics	has	improved.	In	the	current	procedures	for	providing	advice,	underreporting	of	catch	
inevitably	causes	more	restrictive	recommendations	that,	in	turn,	may	induce	further	restrictions	or	even	the	closure	of	
the	fishery.	Obviously,	improvements	in	the	catch	statistics	are	vital	for	knowledge-based	management.	
	
CONCLUSIONS	
	
We	conclude	that	implementation	of	management	according	to	conservation	limits	and	management	targets	has	proved	
a	
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success	in	meeting	the	main	management	goal	of	protecting	the	Norwegian	salmon	populations,	by	ensuring	that	an	
increasing	number	of	the	populations	are	at	their	maximum	reproductive	capacity.	This	conclusion	is	true	only	if	the	
conservation	limits	are	sufficiently	high,	which	remains	to	be	tested.	However,	as	the	total	spawning	biomass	in	
Norwegian	salmon	populations	have	increased	despite	adult	returns	remaining	at	low	levels,	the	populations	have	likely	
profited.	In	terms	of	increasing	fisheries	yield	for	the	benefit	of	stakeholders,	leisure	fishers	and	society,	positive	effects	
of	the	new	management	scheme	are	expected,	but	remain	to	be	shown.	
	
“Are	there	any	downsides	to	management	driven	by	conservation	limits?	While	not	explored	in	the	present	study,	we	
have	observed	that	the	new	management	scheme	has	fueled	public	debate	between	marine	and	river	fisheries	interests.	
Inevitably,	reductions	in	the	marine	fishery	increase	the	number	of	salmon	entering	the	rivers,	both	in	populations	that	
were	far	from	their	conservation	limits	(and	the	reason	for	implemented	restrictions	on	the	marine	fishery)	and	those	
that	were	already	at	or	close	to	their	limits.	Some	rivers	fisheries	have	thus	benefited	from	the	restrictions	and	have	
reported	high	catches,	despite	strict	regulations.	Continued	low	adult	returns	due	to	poor	survival	conditions	at	sea	may	
escalate	this	debate,	whereas	improved	recruitment	combined	with	better	conditions	may	in	the	longer	run	reduce	
conflicts.	
	
“Reference	point	based	management	of	salmon	exemplifies	management	within	the	intersection	of	fisheries	
management	and	conservation	biology,	borrowing	principles	from	both	sides.	The	reference	point	based	management	of	
international	marine	fisheries	has	been	adapted	and	implemented	for	salmon,	albeit	only	partly	(for	high	sea	fisheries;	
ICES	2012b),	through	international	bodies	such	as	ICES	and	its	framework	for	fisheries	advice	(ICES	2012a).		
	
“Separation	between	scientific	advice	and	active	management	has	also	been	established.	However,	current	exploitation	
of	salmon	occurs	primarily	in	national	waters,	the	economic	value	is	far	less	than	for	many	marine	fisheries	and	
stakeholders	are	to	a	lesser	degree	professionals.	Moreover,	the	species	is	strongly	structured	into	a	high	number	of	
populations,	many	of	them	small,	and	principles	from	conservation	biology	(such	as	minimum	viable	population	size	and	
protection	of	genetic	variability	and	adaptive	potential)	are	important	for	management	(Verspoor	et	al.	2007).	As	a	
consequence,	management	is	less	institutionalized,	and	national	or	local	rather	than	international,	with	a	stronger	focus	
on	conservation	than	on	exploitation.	Salmon	in	Norway	are	managed	by	the	Ministry	of	the	Environment,	whereas	
marine	fishes	are	managed	by	the	Ministry	of	Fisheries	and	Coastal	Affairs,	illustrating	the	difference	in	focus.” 

 

What would climate change mean for Atlantic salmon? 
Neville Crabbe 

The Daily Cleaner – Commentary 
May 20, 2017 

 
Late last month in Copenhagen, Denmark about two dozen scientists from countries within the range of Atlantic salmon 
met to consider what climate change would mean for the species. 
 
This small group of Atlantic salmon experts is part of the much larger International Council for the Exploration of the 
Seas, a network of 5,000 scientists from 20 member countries who provide unbiased advice on fisheries. 
 
National governments on both sides of the Atlantic Ocean, including Canada, requested this look at the effects of climate 
change on salmon. The results should raise concern for some populations. 
 
Here’s what global warming could look like for salmon in rivers and oceans according to the advice offered by scientists: 
 
Since trout and salmon diverged from a common ancestor at least 500,000 years ago, temperature averages on earth have 
swung more than 10-degrees“from peak to trough,” and the fish were able to adapt and evolve. However, the pace of 
manmade climate change may be too fast. 
 
If river levels rise because of increased rain, more habitat would be available for juvenile salmon. But any benefit could be 
offset by changes to water temperature. 
 
It’s accepted that the timing of salmon migration has“ evolved such that smolts enter the sea in synchrony with optimal 
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biotic and abiotic conditions.” In other words, Atlantic salmon leaving their home river for the first time need to have their 
body in tune with the environment. 
 
Changes in water temperature could mean smolts will attempt their first migration at a younger age, causing “increased 
levels of early juvenile mortality.” 
 
Under climate change Atlantic salmon will face freshwater competitors from the south. Since smallmouth bass were 
introduced to Eastern North America in the late 1800s they have steadily moved northward. Bass consume and compete 
with Atlantic salmon and could benefit by warmer temperatures expanding their range. 
Out in the ocean, climate change is predicted to shift temperature, salinity, pH, and oxygen levels, affecting Atlantic 
salmon and the species they eat and hide from. If smaller, younger, smolts are leaving the rivers they will be more 
susceptible to sharks, seals, and striped bass. 
 
Warmer oceans will also“ increase the rate of development and maturation in the salmon louse,” a natural parasite that has 
become concentrated around salmon aquaculture pens. 
 
Perhaps the most intriguing conclusion is that new freshwater and marine habitats“ may become available…in the 
northern areas where Atlantic salmon are presently not found.” 
 
The negative is that the southern Atlantic salmon rivers, where many populations are already on life support, will be 
squeezed by warmer temperatures, making life harder for the cold loving fish. 
 
At the end of their advice to governments, the salmon experts that met in Copenhagen acknowledge that their predictions 
“do not take into account the ability of the species to genetically adapt to the changing environmental conditions.” 
 
The scientists conclude adaptation could buy time for the salmon, but evolution would have to occur eventually. 
 
Information like this shouldn’t lead us to write off Atlantic salmon populations that are on the brink. Instead we should 
take every reasonable step to help. Maine is a great example. 
 
The state has most of the remaining Atlantic salmon in America. Angling there was officially ended in 1999 when salmon 
were added to the Endangered Species Act, save for a short opening of the Penobscot River in 2007. 
 
Being an endangered species meant salmon recovery became an obligation for the U.S. federal government. Atlantic 
Salmon Federation staff concluded only about five per cent of salmon habitat in the state was accessible to migratory fish. 
The rest was blocked by poorly designed dams and culverts. 
 
Since then, the federation and its partners have opened-up thousands of miles of habitat through the removal of old dams 
and refitting of others. The goal is to give Atlantic salmon on the front line of climate change a chance to adapt to a man-
made crisis by removing past man-made mistakes. 
 
NEVILLE CRABBE is the director of communications for the Atlantic Salmon Federation. 

 

Chinook Red and White Morphs and Egg Predation 

Sarah J. Lehner, Robert H. Devlin, Trevor E. Pitcher, Christina A.D. Semeniuk, Daniel D. Heath. 2017. 
Redder isn’t always better: cost of carotenoids in Chinook salmon eggs. Behavior Ecology. 

http://beheco.oxfordjournals.org/content/early/2017/01/04/beheco.arw182.abstract 
 

Chinook salmon come in two forms, those with white flesh and red flesh and this also includes the color of eggs 
that in the white form includes eggs of white color.  This study indicates that this polymorphism is maintained 
by predators on eggs that prefer red eggs over white eggs.    
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Abstract 

Carotenoids provide animals with many fitness benefits through increased mating success, immune function, gamete 
quality, and antioxidant capacity. Despite these benefits, carotenoids are not utilized equally by all animals, implying 
trade-offs associated with the pigments; although, few studies have quantified fitness costs of carotenoid pigmentation. 
Salmon are known for their conspicuous red coloration; however, amongst Chinook salmon (Oncorhynchus tshawytscha), 
a natural genetic color polymorphism exists (red and white morphs) which results in carotenoid-based color differences in 
eggs and other tissues. Although the fitness benefit of egg carotenoid content on egg incubation survival has been 
demonstrated, carotenoid pigmentation also results in highly visible eggs vulnerable to predation. Therefore, although 
white Chinook salmon eggs experience costs in terms of viability, a potential benefit in terms of reduced predation could 
help explain the maintenance of the polymorphism. Here, using red and white eggs from wild Chinook salmon, we show 
that increased carotenoid content of salmon eggs leads to greater predation risk. We found that 2 populations of wild-type 
rainbow trout (O. mykiss; an ecologically relevant predator) showed a significant bias for red eggs over white eggs under 
choice experiments, where red eggs were consumed first twice as often and significantly faster than white eggs. Our study 
suggests that trade-offs between red and white Chinook salmon during the egg stage provide an evolutionary mechanism 
promoting the maintenance of the unique Chinook salmon color polymorphism in nature, while also, for the first time, 
demonstrating a direct fitness cost of carotenoids in salmon. 

 

Columbia River Spring Chinook Migration and Energy Depletion 

Bowerman, T. E., A. Pinson-Dumm, C. A. Peery, C. C. Caudill. 2017. Reproductive energy expenditure and 
changes in body morphology for a population of Chinook salmon Oncorhynchus tshawytscha with a long 
distance migration. Journal of Fish Biology. Wiley 
 
http://onlinelibrary.wiley.com/doi/10.1111/jfb.13274/full 
 
Author to whom correspondence should be addressed. Tel.: +1 541 915 3910; 
email: tracybowerman@gmail.com 
 

Abstract 

Energetic demands of a long freshwater migration, extended holding period, gamete development and 
spawning were evaluated for a population of stream-type Chinook salmon Oncorhynchus tshawytscha. Female 
and male somatic mass decreased by 24 and 21%, respectively, during migration and by an additional 18 and 
12% during holding. Between freshwater entry and death after spawning, females allocated 14% of initial 
somatic energy towards gonad development and 78% for metabolism (46, 25 and 7% during migration, holding 
and spawning, respectively). Males used only 2% of initial somatic energy for gonad development and 80% on 
metabolic costs, as well as an increase in snout length (41, 28 and 11% during migration, holding and 
spawning, respectively). Individually marked O. tshawytscha took between 27 and 53 days to migrate 920 km. 
Those with slower travel times through the dammed section of the migration corridor arrived at spawning 
grounds with less muscle energy than faster migrants. Although energy depletion did not appear to be the 
proximate cause of death in most pre-spawn mortalities, average final post-spawning somatic energy densities 
were low at 3·6 kJ g−1 in females and 4·1 kJ g−1 in males, consistent with the concept of a minimum energy 
threshold required to sustain life in semelparous salmonids. 

Spring chinook traveled 572.24 miles in 27 to 53 days.  These fish swam between 10 and 21 miles per day. 
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How fast can a salmon swim upstream to Idaho waters? 

Spokesman Review, May 8, 2015 

By Rich Landers 

Bonneville Dam is 146 miles upstream from the ocean.  It takes 5.4 to 14.6 days to reach Bonneville dam depending on 
flow, temperature, and turbidity of the river.  

How long it takes for salmon to travel from Bonneville Dam to Idaho? 

Joe DuPont, Idaho Fish and Game regional fisheries manager in Lewiston looked at data and came up with answers to that 
often-asked question from curious anglers. 

On average, an adult spring chinook takes about 18 days to swim 253 river miles from Bonneville Dam to Lower Granite 
dam, including passage over a total of four Columbia River dams and four more on the Snake River.  (14 miles per day) 

After crossing Lower Granite Dam, the salmon need another day or two up the Snake to reach Idaho, for a total of about 
19-20 days in average flows, DuPont said.  

This year, with lower than normal flows, spring chinook are making it faster to Idaho --about 13 days.  

Considering the fish counts at dams, "the majority of the chinook salmon destined for the Clearwater Region will all be in 
Idaho in two weeks," he said Tuesday. 

Salmon River anglers wonder how long it takes their share of the Snake River salmon run to travel farther upstream, from 
Lower Granite Dam to Riggins.  

This journey varies more widely depending upon flows and water clarity, DuPont said.  

"When flows are high and dirty it can cause chinook to stop migrating.  In fact there is evidence that the Slide Rapid in the 
lower Salmon River can greatly delay migrations in higher flows." 

However, on a year like this, when river flows are low, the fish will get there fast, he said: 

• 5-13 days to run 90 miles from the Idaho state line to Rice Creek Bridge. 

• 7-20 days to run 135 miles from the Idaho state line to Little Salmon River. 

"I suspect on a year like this it will be closer to the lower end of the range," DuPont said. 

Faster travel times tend to translate into slower fishing, he said. 

"With these lower flows, fish are moving faster and more up the middle of the river making fishing more difficult," he 
said.  
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"Fish are already showing up at Kooskia Hatchery, and PIT tagged fish are passing the array in the lower South Fork 
Clearwater River.”   

http://www.spokesman.com/blogs/outdoors/2015/may/08/how-fast-can-salmon-swim-upstream-idaho-waters/ 

 

 

 


