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The Effects of Climate Change on Sockeye Salmon in Prince William Sound and the 
Copper River 

Abstract 

Sockeye salmon is a critical component of Alaska ocean ecosystems. Sockeye salmon 

provide a food supply to multiple predators and are very important in the maintenance of river 

banks and small streams with the fertilization of marine derived nutrients. With an increase of 

ocean temperature, sockeye salmon are at increased risk of life threatening conditions, many of 

which include food web changes and loss of habitat. Sockeye salmon are also an important 

resource in our current economy, salmon fishing provides numerous jobs in many areas such as 

fishing, processing, and management. Many local native communities rely on sockeye salmon as 

a subsistence food source; salmon also play a critical role in their native heritage. With increased 

threats from a warming Pacific, a multispecies management plan is a suggested solution towards 

possibly helping reduce the effects of global climate change. Although an Ecosystem Based 

Management approach provides some foreseen benefits to the sockeye salmon ecology, a good 

amount of research towards finding an effective management plan is still necessary. To conduct 

the correct research to find an effective management plan, we will have to use current 

management priorities, Ecosystem Based Management success stories as examples, and some 

creativity. Ultimately, in the face of a warming Pacific it will be incredibly difficult to maintain 

sockeye population levels that support both healthy ecosystems and a healthy economy.  
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Introduction  

 Sockeye salmon (Oncorhynchus nerka) is one of the eight species of anadromous pacific 

salmon, five of which are most common to us Alaskans. A sockeye salmon lifespan is 3-7 years 

and they usually spend the first couple years in freshwater lakes and rivers. Sockeye are an 

important prey item for a number of species and also play the role of predator to animals.  

Sockeye Salmon are one of the smaller species of pacific salmon, but are also the third 

most abundant, they are commonly called ‘reds’ or ‘blueback’ salmon as well as sockeye. When 

entering or living in the ocean, sockeye have iridescent silver flanks, a white belly, and a metallic 

colored green-blue dorsal side; could have very fine black specks, but do not have large spots. 

Sockeye salmon are prized for their bright orange, fatty flesh. They get their common name 

“reds” by their red and green coloring when they return to spawn. 

The Sockeye lifecycle is like most pacific salmon, eggs overwinter in freshwater redds, 

giving the embryos time to develop until they hatch to the alevin stage; the alevins usually 

emerge during the springtime and have a yolk sack attached to their bellies, they will stay near 

the redd for a few months until the yolk from the sack is gone then they enter the next stage. 

Stage three is the fry, sockeye fry will usually migrate to a lake and stay there for 1-2 years, 

depending on the ecosystem that it provides and the nutrients that the fry can get. Having 

boulders, logs, shade, these things help keep the fry safe from predators during this time. 

Juveniles have dark oval parr markings that extend below the lateral lines. The fry then go 

through a chemical and physical change and enter the smolt stage where sockeye prepare to enter 

the saltwater. Sockeye spend some time as juvenile salmon in the ocean before maturing into full 

adults. They feed and grow for 1-3 years as they mature. The final stage is the spawning stage. 

The mature salmon return to where they were born to spawn. When they enter the freshwater 
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environment they stop feeding and live off of the energy that they have stored as fat. Sockeye 

undergo large physiological changes when they return to spawn, as seen by breeding males that 

form a large, dorsal hump, and hooked jaws called kypes. 

Sockeye salmon eat zooplankton, small crustaceans, insects, and occasionally small fish 

and squid. Broadly, sockeye predators are marine mammals, bears, birds, and humans. They play 

a large and important role in the food web and in the ecosystems they inhabit. Since sockeye 

spend a large portion of their lives in the ocean, when they return to spawn they are bringing fat 

stores made of marine derived nutrients. After spawning events sockeye carcasses are spread, by 

water or predators, throughout the freshwater riparian zones and surrounding ecosystems. The 

marine derived nutrients in the carcasses act as a critical fertilizer to a lot of the lush vegetation 

in these areas.  

 Prince William Sound and the Copper River (Figure 1) are rich ecosystems and provide 

abundant fisheries for sockeye salmon. These areas, where commercial fishermen harvest most 

of their salmon and subsistence fishing is an important way of life, are threatened by a changing 

climate.  

 

 

 

 

 

 

 

 
Fig 1. Prince William Sound salmon fishing districts. (ADF&G) 
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Cultural and Economic Importance 

Fishing has been a useful and necessary tool all over the world since the beginning of 

man. (Kruschtwitz, 2015) In most recent years it has become a source of income, and for many 

their main income source in Alaska. However, now climate change is taking its toll on fishing 

and the ecosystems of the world, both on land and in the water. People of all different ages, 

races, and backgrounds are experiencing this firsthand, both with the effects it has on income and 

economy, but also, the effects it has on their culture. 

 Culture, which includes all manifestations of human intellectual achievement 

encompasses fishing; Alaskan culture is inextricably connected with fish and fishing as salmon 

fishing is one of the oldest subsistence means in Alaska. (Native Village of Eyak, 2016) Lately, 

Native Alaskans have found themselves short of the salmon they use for subsistence and to 

supply their elders. One representative at the Native Village of Eyak said, “Our culture is greatly 

impacted by fishing, we have been living on fish for generations. Our elders need the salmon to 

feed on, it is their traditional food, without it, some have fallen into depression. Not being able to 

connect to the wilderness anymore through subsistence is hard for them.”  

 Eyak Alaskan Natives are not the only native communities impacted by salmon 

production, as another representative from the Native Village of Eyak says, “I used to live in the 

Yup’ik district and salmon is of great importance up there too. If the Elders in the Yup’ik 

villages did not have fish [salmon] to eat, they would starve. They cannot live on just whales and 

other game, and they will not eat food from the markets, they need salmon. Kids up there are 

much more into their culture than our [native Eyak] kids are. They have grown up eating this 

food, sure they eat supermarket food, but their main ingestion is food we catch.” 
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 Not only will Alaska Native communities suffer from a warming Pacific Ocean, but all 

Alaskan people will. When stopped on the street in Cordova, thirty-six out of forty people said 

that salmon fishing affects their lives one way or another. Of those thirty-six, twenty-nine of 

them said that salmon fishing affects them culturally. When further questioned, these random 

sample subjects said that fishing affects their extended family throughout the world in one way 

or another. 

A large portion of Alaska’s population, and the majority of Cordova’s population, depend 

on fishing as their main source of income to support their families. As an example of the reliance 

on fishing income, fishermen from all over Alaska are looking for some reprieve from the 2016 

fishing season. A local gillnetter fisherman said in an interview, “[The amount of money I make 

fishing] is half my income.” With an estimated total season worth of $58,571,000 for all five 

species of salmon, caught in Prince William Sound, this year is the worst since 1978; the sockeye 

season landings were $23,103,000 this year (Table 1).  

 

 

 

 

 

 

 

 

 

Table 1. Alaska Commercial Salmon Harvest and Exvessel Values for Prince William Sound (ADF&G).  
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The number of sockeye salmon caught in Prince William Sound this year is substantially 

less than last year catching about 1,937,000 pounds this year, was not even close to 2015s, 

3,120,000 pounds or 2014s, 3,307,000 pounds. In fact, this year is the lowest amount of 

poundage caught within the last six years (Figure 2) (Alaska Department of Fish and Game, 

2016). 

 

 

 

 

 

 

 

Fig 2.  Catch value of all salmon species (in millions of fish) from 1878-2015. From Alaska Department of 
Fish and Game. 

 

“Commercial harvesting and processing, along with rapidly growing tourism-based 

guided sport fishing for salmon, provides the state with its largest private sector employment.” 

(Heard, 2013) Another local fisherman stated, “The amount of money I make fishing, is all my 

income. I’ve had to take out three loans, one for my boat, one for my house, and one for my car.” 

He continued, “I’m so far in debt right now.” Many fishing families are in similar situations, 

even some double-income homes are facing these same problems as noted by a third fisherman, 

“I am from a double-income housing, my wife works too, and we have had to take out loans on 

our house and boat. We have had to cut back on our kid’s activities and budget very carefully.” 
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Threats presented to sockeye salmon by climate change 

A warming Pacific will beget many winners and losers in the ecosystem. It can be 

difficult to predict which species may benefit and which may be hobbled by changes in 

temperature, but whatever the result, the effects must be noted. These organisms may either help 

or hinder the future of the sockeye salmon that share their environment. 

The diet of sockeye consists largely of different varieties of zooplankton, which, in turn, 

feed on phytoplankton. A change in timing of phytoplankton blooms due to climate change may 

occur faster than zooplankton would be able to adapt their phenology, leaving less food available 

at the times zooplankton are prepared to feed (Sommer & Lengfellner, 2008). This could lead to 

starvation of zooplankton populations, greatly reducing the food available for sockeye. 

Moreover, zooplankton in warmer waters tend to be smaller than cold water populations 

(McLaren, 1964). This would mean sockeye would require more zooplankton to survive, a 

difficult endeavor if the zooplankton themselves are starving. 

Predators of sockeye will likely be negatively affected by warming of the Pacific Ocean. 

Seals and sea lions will be particularly hobbled by reduction in sea ice to haul out on. Gulls, 

many of whom eat juvenile salmon, may have to dive deeper to obtain food sources that flee to 

deep waters to avoid the heat. This can already be seen as one of the theories on the recent murre 

die-off (Doherty, 2016). All marine species will face an increase in metabolism as the water 

warms. However, a reduction in predators may not make up for the loss of a major food source. 

Key competitors to sockeye include Pink salmon, Pacific herring, and baleen whales. The 

reduction of populations of these organisms could leave a void that sockeye may be able to fill, 

whereas a boom in these populations could outcompete them. Pink salmon, being largely 

omnivorous, will likely benefit from new food sources, or, at the very least, will be able to fall 

back on species less affected by climate change. As Pinks have shorter lifespans than other 
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salmon species, they are able to adapt more rapidly to environmental changes. Pacific herring, 

also a competitor to sockeye salmon, appear to be strongly affected by changes in climate. 

Changes in the movement of copepods and population dynamics of plankton can force a regime 

shift in herring. An increase in temperature also opens the doors to certain predators of herring, 

such as Pacific hake, which prefer warmer waters (Beamish, 2008). Baleen whales may find their 

feeding grounds disturbed by changes in temperature, leaving less food available, and many 

arctic species (along with species that migrate to the arctic for feeding purposes) may be affected 

by a loss of sea ice due to climate change (Elliott and Simmonds, 2007). While Pacific herring 

and plankton-feeding whales may be negatively affected, the loss of food sources and increase in 

competition from pink salmon cannot be made up for by a reduction in the numbers of other 

competitors. 

The effect on sockeye themselves depends largely on the stock from which they come. 

However, all salmon species will be presented with new environmental and physiological 

dangers. A reduction of water from snowmelt, as it would not provide the cold water input it 

usually does, will allow a quicker warming of both fresh and saltwater. The death of riparian 

vegetation from increased wildfires, a consequence of global climate change, could leave 

riverbanks open to erosion, leading to wider, quicker-to-warm streams. Overhanging vegetation 

and tree roots also provide shelter and shade for salmon in freshwater rearing habitats. These 

reductions in habitat may negatively affect salmon’s ability to spawn and rear successfully. 

Moreover, as a reduction in snowpack will allow more freshwater input during the winter, the 

water flow may increase to a point that it disturbs salmon redds, possibly damaging eggs or 

harming juvenile salmon (Rand, 2009). This increase in output flow would also impede salmons’ 

ability to swim upstream. 
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The thermal limitations of sockeye have pushed certain stocks, such as the Fraser River 

sockeye in British Columbia, to their threshold (Beamish et al, 2016). Physiological dangers 

include heat mortality in alevin. Recently hatched salmon are particularly susceptible to 

environmental changes. An increase in metabolism due to warming may cause alevin to use up 

their yolk-sacs before they are prepared to begin foraging for food. This increased metabolism 

can also affect salmon returning to breed. The fat stored for their journey upriver may no longer 

be maintainable throughout their migration. Warmer water temperatures can also increase the 

susceptibility of salmon to certain diseases in both the ocean and freshwater, as many pathogens 

prefer warmer temperatures. An increase in temperature may also decrease swimming efficiency, 

as the oxygen cost increases with temperature (Figure 3), lengthening the time it takes to swim to 

spawning grounds (Lee, 2003). Moreover, the timing of migrations depends largely on the flow 

of streams, which is determined partially by temperature and snowmelt. Higher temperatures 

may force salmon to begin their upriver journeys earlier in the year. There is also the possibility 

these salmon will extend their range to more northerly habitats, as some stocks of Atlantic 

salmon have (Moffitt, 2016).  
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Fig. 3. Oxygen consumption as a function of temperature. From “The effect of temperature on swimming 
performance and oxygen consumption in adult sockeye (Oncorhynchus nerka) and coho (O. kisutch) salmon 
stocks.” by C. G. Lee. 

 
Current Management  

We currently manage sockeye by using a species based approach. Our management 

priorities are set in the following order: escapement, subsistence fisheries, commercial fishery 

personal use fishery and then sport fishery. Escapement is the number of fish allowed to escape 

the fishing grounds and reach their spawning grounds. Escapement should remain the top 

management goal in ecosystem based management because maintaining natural balance in the 

ecosystem trumps the availability of salmon for commercial use. However, as salmon are major 

food and economic resources in the region, it is important to also maintain a balance between the 

amount of fish available to the ecosystem and the amount of fish available to the subsistence and 

commercial fisheries.  

The current escapement goals for sockeye salmon and allocated harvest levels for each 

user group are set by the Board of Fisheries. The Board of Fisheries have seven members who 

are appointed by the governor. Although, the ADF&G manages the salmon runs while in-season, 

this is to meet escapement goals and hatchery needs. The in-season tools that currently used in 

managing sockeye salmon in the Copper River region are: abundance, sonar counts in the 

Copper River, aerial survey estimates, and Otolith samples to assess the contributions of 

hatchery fish to commercial catches. Abundance is generally used in the early season of sockeye 

Salmon, this management is important because it provides us with the ability to establish the 

status of the species in early season to determine whether this species needs more or less 

conservation and the amount of fish that can be removed from the ecosystem. (noaa.gov, 2016) 

Lower river sonar is yet again another early season tool used by our current management 

program, this tool is used for measuring the amount of fish that passes through the mouth of the 
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river. This is useful for abundance estimates to open or close the fishery. Aerial survey estimate 

counts, that start in mid-June, are compared to weekly expected counts. These counts are 

compared and if the survey counts are low, fishing time can be reduced to increase escapement. 

And finally Otoliths are a very important tool to determine the fish's origin. Otoliths can 

determine a hatchery versus wild fish, the age, stock ID, weight, and sex. Monitoring otoliths in-

season allow for specific area closures to reduce stock pressures or increase escapement. Using 

otoliths also gives an advantage for end of season results to compare to past season’s hatchery 

attributes to the area population (Moffitt, 2016). 

Possible Solutions, Ecosystem Based Management, and Necessary Research 

Sockeye salmon may not be able to adapt as swiftly as the situation demands. We also are 

unable to reverse climate change, meaning we will not be able to fix the problem so much as 

mitigate its effects. To ameliorate these problems, we cannot look at it on a species-based level 

only. Preservation of salmon populations will require a whole-ecosystem approach. Ecosystem-

based management has repeatedly proved effective and reduces the likelihood of unexpected 

results from changing the population of a target species to accommodate another (Pikitch et al, 

2004). 

Certain methods of ecosystem-based management may be helpful in mitigating the 

effects of climate change on sockeye salmon. For instance, to make up for a reduction in habitat 

from the destruction of tree roots or erosion of river banks, artificial systems, such as riprap walls 

or groins, along with artificial roots, can be put in place. A reduction of Pink salmon hatchery 

release could help ameliorate any spike in Pink population that may come from their more rapid 

adaptation to climate change, as currently massive amounts of pink salmon are released into 

Prince William Sound. To prevent destruction of southern stocks, an increase in escapement 
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goals can offset increased mortality from stocks reaching their thermal limits. Once research 

uncovers which stocks are most tolerant of higher temperatures, hatcheries could increase the 

release of such stocks; interbreeding between these resilient stocks and less tolerant ones can 

increase overall tolerance among salmon populations. 

We must set out goals for management for it to be effective. To do so, we must first 

assess the current impact on salmon. This can be done through quantitative measures such as the 

weight and length of salmon of different stocks or qualitative measures such as general health. 

All of this, of course, must be put in context of the environment in which these salmon live. 

Pollutants and diseases may affect salmon in similar manners to temperature. Only streams of 

comparable health should be compared in relation to temperature. 

To create a workable plan, further research must be done on the effect of climate change 

on salmon. Though studies have begun, the future of salmon in a warming Pacific is still highly 

uncertain. The impact of climate change on the species salmon are intrinsically connected with, 

such as plankton, must also be studied to further understand how it may affect salmon 

populations. Moreover, we must research the effects a change in salmon population may have on 

other species, so that we are conscious of all possible results of management efforts of salmon. 

Ecosystem based management comes against many difficult obstacles. Some of these 

problems are actually pretty simple solutions, but others are rather more complicated. An 

example of a current problem in our management program is the economy. Sometimes economy 

has a tendency to overtake the ecosystem of fish, in order for people to maintain jobs, and a 

steady flowing pace, escapement goals need to be reasonable. Closing the sockeye fishery would 

have devastating consequences for local residents and the economy. Many ecosystem based 

management tool developers lack the constant long-term funding in order to create high-quality 
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EBM tools they need, which therefore creates an unreliability for future needs in EBM. Most 

tools are developed at academies and are provided at no cost, rather than software professionals. 

This provides the ‘double edged sword’ factor, these tools generally require more maintenance 

and time, rather than the software professional's which are much more reliable but costly. The 

reason why this is a double edged sword is because it makes it so EBM researchers and workers 

are unable to acquire resilient research tools without a negative on each side of the straw.  

In order to understand what type of research that is needed to create a successful 

management plan, we need to think up of possible negative scenarios. For example; during 1993, 

13 international research teams conducted ocean experiments demonstrating that phytoplankton 

blooms can be stimulated with an increase of iron addition, known as iron fertilization. This 

research was used to increase the phytoplankton populations in the ocean, now although this may 

seem like it would benefit the ecosystem by increasing the amount of marine organisms, it 

actually showed a lot of negative effects. Their hypothesis was that if they increased 

phytoplankton populations, this would create more food in the ocean for marine 

organisms.(Powell, 2008) But, what was figured out was that by increasing a food source, 

predator population also increased. It also had unexpected ecosystem effects such as increasing 

jellyfish and algae abundance. This imbalance in the ecosystem creates winners and losers from 

human influence, we need to avoid a situation like this with any kind of EBM we attempt to 

implement. 

The ultimate goal of a salmon population level must be consistent with the maximums of 

economic and ecosystem values. These changes must increase the sustainability of salmon 

fisheries. A management plan cannot encourage salmon numbers to rise above carrying capacity 

for risk of a collapse in population. It also must not encourage population growth to a point that 
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they outcompete other organisms. In terms of ecosystem service, the nutrients returned to the 

ecosystem after the post-spawning die-off must be enough to stimulate growth without pushing 

plants to grow to such extents that they may cause suffocation of an environment. The key to a 

good management plan must be to keep an ecosystem in balance with conditions it faced before 

climate change, not to over-correct and further damage a population. 

 

Conclusion 

 Sockeye salmon are at risk of physiological dangers due to climate change. Through 

Ecosystem Based Management we can ameliorate these effects, though we cannot reverse them. 

More intensive research and management is needed to understand possible threats and results of 

climate change as well as solutions. The future of sockeye salmon is largely determined by the 

actions we take now. Ultimately, in the face of a warming Pacific it will be incredibly difficult to 

maintain sockeye population levels that support both healthy ecosystems and a healthy economy. 
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