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Effects of Climate Change on Chinook Salmon as a Resource to the Cook Inlet 

Abstract 

The Chinook salmon (Oncorhynchus tshawytscha)  is an important resource, both 

economically and socially to the state of Alaska. Because the Chinook salmon lives in different 

habitats at different stages of life, it is at an increased risk of vulnerability due to climate change. 

Climate change affects Chinook salmon in various ways including decreasing the quality of their 

habitat, making them more vulnerable to deadly protozoan pathogens, and disrupting important 

developmental processes, such as smoltification.  A possible solution to mitigate the effects of 

climate change on Chinook salmon is the assisted evolution or facilitated adaptation of this 

species to help Chinook salmon adapt to their changing environment. By locating heat-tolerant 

salmon individuals, and employing a process of assisted evolution, the fish can be bred and their 

genes passed on in order to help the salmon population adapt to warming ocean waters. After 

breeding the heat-tolerant salmon, they will be PIT tagged and released into the wild and 

monitored for the purpose of ensuring that the salmon are returning in better health and with 

higher population numbers. Higher populations of healthier salmon will indicate that they are 

able to adapt better to their changing climate and able to survive and reproduce.  
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Introduction 

Few resources are as important to Alaskans as the five species of Pacific salmon. Not 

only are salmon essential to the Alaskan way of life, but more than 50 species of animals also 

prey on spawning salmon annually (Shanley & Albert, 2014).  Of the five species of Pacific 

salmon, the Chinook salmon (Oncorhynchus tshawytscha ), also known as the king salmon, is one 

of the most important marine resources to Alaska (Lyman et al, 2002).  

Chinook salmon are a crucial Alaska resource that are affected by climate change. 

Warmer water temperatures will obstruct important developmental processes in Chinook salmon 

such as smoltification, the development of predator avoidance behavior, and reduced growth 

rates (Crozier, Zabel & Hamlet, 2007).  Loss of Chinook salmon as an Alaskan resource due to 

both the direct and indirect effects of climate change would affect Alaska in various ways 

including loss of income due to loss of healthy salmon and by affecting Alaska’s ecosystems that 

rely on Chinook salmon. Assisted evolution or facilitated adaptation is one possible solution to 

sustaining the numbers of this principal Alaska resource.  

Chinook Salmon Life Cycle 

The Chinook salmon (Oncorhynchus tshawytscha ), also known as king, tyee, spring, or 

black mouth, are the largest of the Pacific salmon and is Alaska's State fish (Lyman et al, 2002). 

On average, as adults they weigh between twenty and forty pounds, but they can weigh as much 

as one hundred and thirty pounds. The average length of this species is between thirty to fifty 

inches in length, but Chinook salmon can reach up to sixty inches (Lyman et al, 2002). 

Morphologically, Chinook salmon can be identified using several different indicators, such as 
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irregular black spots on the back, the dorsal fin, and both lobes of the tail. This species also has a 

distinctive black gum line, giving them the nickname “black mouth”(Lyman et al, 2002). 

The life cycle of the Chinook salmon has little to no variance from that of other salmon. 

The adult female salmon constructs redds in the gravel in which she lays between three and 

fourteen thousand eggs (Lyman et al, 2002).  The male Chinook salmon, compete for dominance 

and breeding rights, and fertilize as many of these redds as possible. Once fertilized the eggs 

develop slowly, and in winter or early spring the salmon break through the thin shell of the egg. 

In this stage of life, the salmon are called alevin, and have a yolk sack on their abdomen (Lyman 

et al, 2002). This yolk sack is their source of food until they grow large enough to emerge from 

the redd.  

The now fully emerged salmon are called fry, and move from the gravel bottom, to slow 

moving water near naturally vegetated banks (Lyman et al, 2002). After one to two years as fry, 

the salmon reach a developmental stage known as smolt. During this time in their life the 

Chinook salmon move to the surface currents and begin moving towards the estuaries at the 

mouth of the rivers (Lyman et al, 2002). While in the estuaries the salmon undergo internal 

changes that allow them to live in the ocean's salt water. At this point they are adult salmon and 

ready for life in the ocean (Lyman et al, 2002). 

Chinook salmon spend most of their lives in the ocean, anywhere between two and seven 

years (Lyman et al, 2002). After this period, they begin their journey back into the stream they 

were hatched in, generally beginning in May. The navigation methods are unknown, but theories 

such as using their sense of smell have been widely accepted (Lyman et al, 2002). Interestingly, 
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not all salmon return to the exact same stream or river they came from, this aids in biodiversity 

and helps to improve the health of the species as a whole (Lyman et al, 2002). 

Ecological, Economic, and Cultural Importance of the Chinook Salmon 

Chinook salmon are a vital component in the food web at sea, in coastal areas, and in 

inland watersheds (Lyman et al, 2002). All Chinook salmon die after spawning, and the survival 

of future salmon populations as well as the long-term health of the watershed depend on the 

carcass as a source of food and nutrients (Lyman et al, 2002).  

In the ocean, salmon accumulate more than 99% of the carbon (C), nitrogen (N), and 

phosphorous (P), found in their tissue. When salmon return to freshwater ecosystems, they 

transport these nutrients in their bodies (Hildebrand, Farley, Schwartz, Robbins, 2004). Through 

decomposition and the feces and urine of consumers of salmon, phosphorus, nitrogen, and 

carbon are brought into the environment. The introduction of these nutrients into the 

environment is significant because many of the northern freshwater and terrestrial ecosystems 

where salmon spawn are limited in these nutrients and this nutrient input by salmon increases 

productivity of the environment (Hildebrand, Farley, Schwartz, & Robbins, 2004). Nutrients 

delivered by salmon play a significant role in terrestrial vegetation. Bilby, B.R. Fransen, & P.A. 

Bisson (1996) found that up to 17.5% of the nitrogen in riparian vegetation along an anadromous 

stream was found to be marine in origin (p.164-173). 

 The Chinook salmon is the largest species of salmon in Alaska which is one reason they 

are a popular target for anglers. . Sportsfishing creates jobs such as fishing guides, lodge staff, air 

transport, and specialty processors (Lyman et al, 2002). Angling brings the economy of Alaska 
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millions of dollars. Over $540 million is generated by sport fishermen targeting salmon and trout 

(Lyman et al, 2002) It is estimated that each Chinook salmon taken in Alaska is worth $900 in 

revenue to the local economy (Lyman et al, 2002). 

In addition to the sport fishing industry,  Chinook salmon are a vitally important 

commercial fishery in Alaska. In 2015, the preliminary value for Chinook salmon harvested by 

commercial fisherman was around 500,000 fish, which is a slightly lower than the numbers from 

2014. In 2015 the total value of commercially harvested Chinook salmon was around $24 million 

(See Figure 1)(ADF&G, 2016).  

Figure 1: Alaska Commercial Chinook Salmon Catches and Value 1878-2015 (ADF&G, 2016) 

It’s hard to approximate the true value of Chinook salmon to Alaskan residents. Each 

year thousands of Alaskans participate in subsistence fishing. Subsistence fishing is an important 

element of Alaska's social and cultural heritage as well as the economy (Fall et al, 2009). In 

Alaska, subsistence fishing is prioritized over other uses by both state and federal laws. These 

laws are in place to recognize the importance of subsistence use in Alaska and to allow these 

uses to continue (Lyman et al, 2002).. The Alaska Department of Fish and Game’s Division of 
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Subsistence estimates that in rural Alaska subsistence salmon contributes 100 pounds to the diet 

of every person each year. Along the state’s western coast and interior rivers, the average harvest 

exceeds 300 pounds per person per year (Lyman et al, 2002). Chinook salmon make up 16% of 

the total subsistence harvest with the historical average from 1994-2006 being 164,805 fish per 

year (Fall et al, 2009). According to Lyman et al. (2009), replacing subsistence caught salmon in 

Alaska with store bought products would cost roughly ten million dollars annually, but “the 

traditions, self-reliance, spiritual connection, and family ties reinforced by fishing together 

cannot be measured in dollars”. 

Description of Study Area:  Chinook Salmon in the Cook Inlet 

The Cook Inlet is approximately 217 miles long and 10 miles wide and  contains three 

climate zones (EPA Region 10, 2013). The maritime zone is located around the coast and islands 

of the Cook Inlet and receives around 60 inches of precipitation annually. Temperatures usually 

range from -7⁰C to 10⁰C . The continental zone is located further inland from the coast and 

tends to get less annual rainfall, about 15 inches . Typically, this zone is a little colder than the 

maritime zone and temperatures average anywhere from -34⁰C to 16⁰C. The third zone, the 

transitional zone, is between the continental and maritime zones, with climate trends following 

both surrounding zone patterns. The continental and upper transitional zone has a salinity of 

around 10 parts per thousand. the maritime and lower transitional zones have a salinity of around 

32 parts per thousand, due to the proximity to the ocean (EPA Region 10, 2013). 

Primary production in the Cook Inlet begins with two categories of algae: microalgae and 

attached macroalgae (EPA Region 10,2013). Macroalgae, especially kelp, help support sizable 
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invertebrate communities (EPA Region 10, 2013). Microalgae, like dinoflagellates, are used as a 

food source for many marine creatures, such as copepods, ciliates and fish (EPA Region 10, 

2013). Many marine mammals, such as whales, porpoises, seals, and sea lions can be found in 

the Cook Inlet (EPA Region 10, 2013). Harbor porpoises are very common in the upper Cook 

Inlet, while Dall Porpoises, and Harbor Seals are more commonly found in the lower Cook Inlet 

(EPA Region10, 2013). Also, well over 100 species of birds, including bald eagles and peregrine 

falcons, which eat salmon and other small fish, can be found in the Cook Inlet (EPA Region 10, 

2013). There are at least 52 different species of documented fish in the Cook Inlet.  These 

species include several species of trout, white sturgeon, Pacific herring, groundfish, and Walleye 

pollock, and multiple species of salmon, including the Chinook (EPA Region 10, 2013). 

Chinook salmon generally have high return and spawning numbers in the 

Matanuska-Susitna river basins of the Cook Inlet (Mat-Su Basin Habitat Partnership, 2013). 

Average returns of all salmon species are between 100,000-200,000 individuals annually.  Also, 

the Susitna river hosts the fourth largest run of Chinook salmon in the state of Alaska (Mat-Su 

Basin Habitat Partnership, 2013). Chinook salmon reach the Susitna river, on average, around 

the middle of May and an average of 17,713 salmon were caught in the Cook Inlet annually from 

1956-2003 (EPA Region 10, 2013). In recent years, salmon population numbers in the Cook 

Inlet have not been up to par. In 2012, out of the 17 Chinook salmon escapement goals, only 4 

met their goal. (Mat-Su Basin Habitat Partnership, 2013).  
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Chinook Salmon and Climate Change 

According to Daly and Brodeur (2015), climate change can be defined as the “average 

environmental conditions that are increasing or decreasing for an extended period of time, 

superimposed upon normal ocean variability”. Climate change is having a variety of effects on 

the state of Alaska, including delayed freeze-up and earlier breakup of ice, storm surge, coastal 

erosion, and the thawing of permafrost (Brubaker, Berner, Chavan, & Warren, 2011). Climate 

change is also having a negative impact on the ocean. Ocean waters are increasing in temperature 

as a result of climate change (Longo & Clark, 2016). Warming ocean temperatures will have 

many negative effects on ecosystems and the environment as a whole. Warmer ocean 

temperatures hold less oxygen, creating a hypoxic environment, and are related to problems such 

as ocean acidification and coral bleaching (Longo & Clark, 2016).  

Chinook salmon are at an increased risk for vulnerability due to climate change because 

they live in different habitats at different stages of their life cycle (Jorgensen, McClure, Sheer, & 

Munn, 2013, p. 1202). Changes in water temperature can dramatically influence the quality of 

the habitat for the salmon (Jorgensen, McClure, Sheer, & Munn, 2013, p. 1202). With warming 

water temperatures, young Chinook salmon will be in poorer condition, be less productive, and 

have lower return numbers as adults, according to Daly and  Brodeur (2015). For ectotherms like 

salmon, temperature is the “abiotic master factor” (Daly & Brodeur, 2015).  

The Chinook salmon has a very narrow range of tolerance during their developmental 

period  (Hoffbeck, 2016). During the incubation stage, the temperature of water cannot exceed 

17.5-20ºC or drop below 2ºC. Should the temperature vary beyond this range, the embryo 
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survival rate will decrease substantially due to the lethal external conditions (Carter, 2005). 

Similar results can be seen in the smolt and juvenile stages (see Table 1 below).  

 

Table 1: Lethal Temperature Threshold (Carter, 2005) 

 Along with the adverse effects on salmonid growth, studies have shown that with rising 

temperatures Ichthyophthirius multifiliis  (ich) and Flavobacterium columnare  (columnaris) have 

a higher likelihood of appearing in Chinook populations (McCovey, 2009). Ich and columnaris, 

deadly protozoan pathogens, are accountable for the innumerable deaths of Chinook salmon in 

the Klamath River in 2002. McCovey (2009) determined that several factors lead to the epizootic 

outbreaks of ich and columnaris.   However, elevated temperatures were suggested to be a 

significant driving force in the outbreaks. 

In addition to warming ocean waters, increases in atmospheric carbon dioxide (CO2) will 

lead to another major problem, ocean acidification (Haigh et al., 2015). Approximately 30% of 

all the carbon dioxide in the environment gets dissolved into the ocean (Haigh et al., 2015). 

When the carbon dioxide combines with water (H2O), the increase in the number of hydrogen 

ions (H+) causes the pH of the ocean to drop (Haigh et al., 2015).  This drop in pH will affect the 

chemistry in the ocean, mainly affecting organisms that use compounds such as calcium 

carbonate (CaCO3) to build their shells and other biological purposes (Haigh et al., 2015). Ocean 

acidification will affect organisms such as pteropods, therefore indirectly affecting the growth, 
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development and population of salmon through food web interactions and because pteropods are 

one of the main food sources for juvenile salmon (Haigh et al., 2015). 

Proposed Action Plan 

Since climate change will primarily affect smolt and juvenile survival rates, our action 

plan will target the developmental period during and after the embryonic stage. Our plan was 

inspired by “Building Coral Reef Resilience Through Assisted Evolution” (van Oppen, Oliver, 

Putnam, & Gates, 2015). In this study, two plans are proposed in response to the coral reef 

conservation efforts. The first plan involves selective breeding. In this process, selected 

individuals are tagged and kept under constant observation; Interspecific hybrids are raised in 

laboratories and then stimulated with predicted future environmental conditions. The second 

proposition is facilitative adaptation in laboratories, which utilizes environmental stress tests to 

receive a faster adaptive response. Our plan is modeled after both of these proposed conservation 

efforts.  

Our proposed plan, is a multi-step conservation effort to ameliorate the effects of climate 

change on Cook Inlet Chinook salmon.  First, we will locate thermal tolerant populations of 

Chinook salmon. Next, we will move a number of these individuals to hatcheries so that 

selective breeding and environmental stress tests may be performed. Finally, the heat-tolerant 

Chinook salmon will be tagged, released, and monitored to test the efficacy of the plan. 

Locating individual populations of salmon that have a higher thermal tolerance is the first 

step in our plan.  This could prove problematic, but Everett and Seeb (2014) were able to locate a 

population of Chinook salmon in Lower Crab Creek Washington which is able to survive 
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temperatures that are typically lethal to the species. The population itself has managed to adapt 

under the harsh conditions and thrive in their new environment (Everett & Seeb, 2014). A 

starting place for locating individuals with thermal tolerance would be finding regions that have 

reported drastic thermal increases in recent years but still have a sizeable population of returning 

spawning adults. 

Once the populations of heat tolerant salmon have been identified, eggs and milt will be 

collected from spawning adults. The fertilized eggs will be transferred to available aquaculture 

facilities and reared. One suggested location would be the Eklutna Hatchery on the Knik River. 

During the alevin stage, temperatures must be kept within the range of 8-9ºC with an oxygen 

saturation of around 6 mg/L to guarantee high survival rates (Carter, 2005). Once the salmon 

have reached the alevin stage, temperatures should be maintained at around 2ºC, mimicking 

typical environmental conditions (Lyman et al. 2002). To imitate potential outside conditions, 

rapid currents and irregular temperature fluctuations will be added to the holding ponds during 

the fry stage. When the salmon have entered the fry stage, they will be subjected to the thermal 

stress test to assist in the adaptive process. 

To perform the stress tests, our action plan would utilize a method of identifying heat 

tolerant individuals similar to Everett and Seeb (2014). The salmon in this study underwent “the 

temperature challenge”, which separated the temperature-sensitive and the temperature-tolerant 

individuals through a series of rising-temperature trials. In our plan, 100 salmon will be removed 

from the tanks and transferred into the testing area. The pool setting for the stress test must have 

flowing waters and temperature monitors active at all times. We will begin with the normal 
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thermal range and raise the temperatures by increments of 1°C per day; taking into consideration 

that the salmon need time to adapt to the new conditions. When the temperature has reached a 

level of lethality for the salmon at approximately 20ºC, we will remove the individuals that have 

expired, and maintain observation on the survivors. The remaining individuals will be bred with 

each other once they have reached the age of maturity. This process will be repeated with the 

successive generations in order to breed a population which is significantly tolerant to effects of 

climate change.  Once the a population of Chinook salmon has undergone significant scientific 

study, they will be Passive Integrated Transponder (PIT) tagged and released (see “Testing the 

Efficacy of Action Plan” below). 

An important part of our plan will be to restrict the harvest of our adapted salmon 

population.  We will propose a five year moratorium on Chinook sport fishing for our hatchery 

stream starting two years after we release our salmon. Once the efficacy of the plan has been 

established, we will reconsider any future restrictions on Chinook fishing limits to include 

commercial, sports fishing, and subsistence harvests.  

Testing the Efficacy of Action Plan 

Since salmon spend 2-7 years in the ocean it will take a relatively long time to determine 

whether or not our proposed plan will be effective. Over this time frame, the fisheries and 

streams associated with the release of the heat-tolerant salmon would need to be monitored for 

the return of salmon. In addition to monitoring the number of salmon that are returning, several 
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ecological factors must also be monitored, including the health and biodiversity of the ecosystem 

that the salmon were introduced to. 

After breeding heat-tolerant salmon, the fish will then be released into the wild after 

being tagged. Our plan incorporates the use of PIT tagging.  PIT tags are a form of electronic 

microchips that can be injected into the body cavities of salmon (Gibbons & Andrews, 2004). 

Using this method of marking, tagged salmon can be located through close-range readers with 

their individual tag numbers. Because PITs are internal markers, the tags will not fade overtime 

and should have no significant impact on the health of the salmon (Gibbons & Andrews, 2004). 

During Chinook migration, the readers will be able to pick up on the number of salmon returned 

to our region. 

Monitoring the health of the ecosystem will include monitoring the level of biodiversity 

in the area. Observing the health of the ecosystem is important to ensure that the introduction of 

heat-tolerant Chinook salmon, in order to increase salmon populations, was not at the expense of 

the rest of the ecosystem. Testing biodiversity on all levels is an important factor in maintaining 

a healthy ecosystem as well as enhancing the ecosystem's resiliency and productivity (Lapointe 

et al., 2013). Biodiversity can be measured by species richness and species evenness and can be 

calculated using Shannon’s index (H)  (Friedland & Relyea, 2012). To calculate Shannon’s 

index, the equation uses the total number of species in an ecosystem (n) and  how many 

individuals of each species are present (pi) (Friedland & Relyea, 2012). Shannon’s index is 

expressed as: 
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Where H is Shannon’s index, n is the total number of species in a given ecosystem, and pi is how 

many individuals of each species is present. The higher the value of H, the higher the 

biodiversity in an ecosystem (Friedland & Relyea, 2012).  

A key part of our plan will include annual biodiversity surveys of the Cook Inlet in order 

to gather data to calculate a biodiversity metric using Shannon’s index. In this manner, the 

biodiversity of the Cook Inlet can be quantified, indicating the overall health of the ecosystem 

with respect to the introduction of the heat-adapted Chinook salmon.  

Conclusions 

Chinook salmon have a complex life cycle, and are very susceptible to the adverse effects 

of climate change as juveniles. Chinook salmon are a major economic resources in  the 

commercial, and sport fishing industries.  The importance of Chinook salmon to the people of 

Alaska for subsistence and cultural reasons is immeasurable. Our study site, the Cook Inlet is 

home to a sizeable and important population of Chinook salmon.  Our action plan aims increase 

the survivability of the Chinook salmon through assisted evolution. This plan will ensure that 

this resource will not be depleted, despite the adverse effects of climate change. 
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