
Management	  of	  Copper	  River	  King	  Salmon-‐(CRSD)	  	  	  	  	  1	  
	  

 

 

 

 

 

Management of  Copper River King Salmon. 

An Ecosystem Based Approach 

Kenny Lake School 

 

 

 

 

 

 

 

Author Note 

This paper was prepared for the 2012 Alaska Tsunami Bowl by the Kenny Lake Ocean 

Science Team. 



Management	  of	  Copper	  River	  King	  Salmon-‐(CRSD)	  	  	  	  	  2	  
	  

Management of  Copper River King Salmon (Oncorhynchus tshawytscha) -An Ecosystem 
Based Approach 
Authors: 
Wesley Voley   
Emmie Van Wyhe  
Dirck Rosenkrans   
Kaitlynn Dishaw   
Sammy Farmer 
Adrienne Hall               
	  
Contents	  

	  	  	  	  	  

Abstract ....................................................................................................................................................3	  

Abiotic	  Factors ..........................................................................................................................................6	  

Social/Economic	  Importance..................................................................................................................10	  

By-‐Catch..................................................................................................................................................12	  

Invasive	  Species: .....................................................................................................................................15	  

Management	  Plans	  Pertaining	  to	  Each	  Issue..........................................................................................17	  

Invasive	  Species ......................................................................................................................................19	  

Accurate	  Counting	  of	  King	  Salmon .........................................................................................................21	  

Conclusion ..............................................................................................................................................22	  

Works	  Cited ............................................................................................................................................23	  

	  

 



Management	  of	  Copper	  River	  King	  Salmon-‐(CRSD)	  	  	  	  	  3	  
	  

 

Abstract	   

This paper is an ecosystem based approach to managing the anadromous fish species king 

salmon (Onchorynchus tschawtcsha) a population indigenous to our target fishery the Copper 

River, its tributaries, the Gulf of Alaska, as well as numerous other waterways in Alaska. King 

salmon are on the decline in recent years. Many stakeholders (commercial fisherman, 

subsistence, sport fisherman) have expressed concern this sudden drop in species numbers, but 

there has not been a clear understanding of the factors that may be contributing to this decline. 

 Our paper will attempt to examine some of the factors and influences that are damaging this 

valuable resource. These factors (biotic and abiotic) include biological and chemical cycles, 

geographical concerns, climate, and anthropogenic influences. The general outline includes a 

basic description of the Gulf of Alaska ecosystem using the principles of general ecosystems as a 

framework, an explanation of the biological characteristics of the species and its social and 

economic importance. The paper will also address and subsequently propose solutions to the 

three following management issues: by-catch, invasive species, and climatic influences.    

Ecosystems 

The Gulf of Alaska ecosystem or biome (a series of interrelated ecosystems) is an incredibly 

complex system sustaining a plethora of biological, chemical, geological, and biological 

phenomena. It spans a significant portion of the Pacific Ocean, extending from the Aleutian 

Islands to Southeast Alaska and embraces a multitude of inlets, bays, and estuaries that includes 

Cook Inlet and Prince William Sound. The GOA contains a large quantity of geological 

formations including several seamounts and the Aleutian trench. In addition, it is connected to 

several streams and rivers including the Copper River that are periodically inhabited by many 
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anadromous species including the king salmon (Onchorhychus tshawytscha) and red salmon 

(Onchorhynchus nerka). Because of the king salmon’s high value in both human society and the 

vast Gulf of Alaska ecosystem, it is a resource that demands extensive management to ensure the 

perpetuation of its abundance and sustainability. To resolve the current declination of this species 

one needs to first fully understand its position and niche in the ecosystem in addition to the vast 

forces that surround it, including anthropogenic, biological, chemical, and physical. (Mundy) To 

familiarize ourselves with these concepts we first need to ask ourselves: what is an ecosystem? 

Biotic	  Factors 

An ecosystem, by definition, is a geographical area sustaining several population groups, and/or 

habitats of coexisting biological organisms that are influenced by biotic, chemical, and physical 

factors. Ecosystems vary in size and their boundaries are usually determined on the basis of 

geography. A multitude of ecosystems with similar biotic and abiotic patterns may comprise a 

biome, or a type of physical environment classified on the basis of vegetation and affected by 

forces such as precipitation, temperature, sunlight, wind, climate, etc. (For instance the Gulf of 

Alaska ecosystem is situated in a transition zone between temperate and subarctic biomes.) 

Species of organisms within an ecosystem are interrelated on the basis of feeding or exchanging 

energy initially obtained from the sun via photosynthesis of other avenues that include 

geochemical processes also referred to as chemosynthesis. This relationship can be best 

visualized using a food web. (Neighborhoods) The position of a particular organism on a food 

web is known as its trophic level. Placement in a certain level depends on the methods used to 

obtain energy and can be understood to be one of two main types: producers and consumers. 

Primary producers are organisms capable of synthesizing their own energy (either through 

photosynthesis and chemosynthesis) and consumers (heterotrophs) which obtain energy through 
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the consumption of other organisms and comprise multiple levels. Trophic levels numerically 

progress from primary producers to sometimes tertiary or quaterny consumers. Types of 

heterotrophs include herbivores, carnivores, omnivores, detritivores, and decomposers, while 

types of direct species relationships include predation, competition, and symbiosis. In addition 

the biomass of a species in one trophic level typically cannot exceed Neighborhoods 0% that of 

its prey. (Mundy)  

In the Gulf of Alaska, seagulls, marine mammals and fishes occupy the “top” of the food 

web. The diet of seagulls includes a variety and abundance of small schooling fishes, 

macroplankton, smelts, juvenile herring, Pollock, salmon, etc. (Mundy) In a marine environment, 

where salmon spend a significant portion of their life cycle, primary producers such as 

phytoplankton and algae determine the status of the so coined primary productivity, or the 

abundance of organic matter particular to a given region or area. It is a very dynamic 

property, and the terms “strongly coupled” and “weakly coupled” denote the degree of the 

forcing or changing of productivity, which influences available food and aggregation habitats. 

(Mundy) The chief biological sources of food in the Gulf of Alaska include phytoplankton, 

macroalgae, and eelgrass; infauna, deep epibenthos, and herbivorous zooplankton. (Mundy) The 

two dominant theories regarding the nature of trophic relationships are “top-down control,” in 

which the higher trophic levels determine the abundance of the lower ones, and “bottom-up 

control" in which primary producers and first level consumers are the dominant influence. 

(Mundy) Ecosystems, being complex and balanced, typically include several examples of each in 

varying degrees and combinations. (Mundy) Factors such as water temperature, prey distribution, 

and presence of contaminants influence “allocation” of energy applied towards the chasing and 

capturing of prey, homeostasis, growth, and reproduction. (Mundy) The population abundance of 
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a particular species depends on prey, mortality (removals), and habitat, or, from a different 

perspective, reproduction, growth, and death. Decrease of its population in a certain community 

is typically caused by habitat loss, growth, reproduction, and/or immigration decrease (or 

increased emigration and mortality). (Mundy) Dramatic changes in the populations and locations 

of species in a particular ecosystem can be attributed to anthropogenic factors, such as 

atmospheric and water pollution (caused by increased or persistent industrialization), tourism, 

transportation, and infrastructure. Human activity also entails actions such as water withdrawals, 

sewage discharge, development of coastal communities, and subsistence practices (perhaps the 

one most relevant to this topic). (Mundy) On a general biological scale anthropogenic activity 

affects habitat and trophic linkage. On a more specific and anatomical scale, anthropogenically 

released contaminants decrease energy utilization efficiency, interfere with molecular (energy 

allocation regulating) receptors, causing damage to organisms’ immune systems and thereby 

contributing to increased species mortality. Although the current human activity and its direct 

impact in Alaska is relatively small, localized effects are to be kept under concern and 

consideration, for certain populated locations are active in harvesting and experience occasional 

spills such as the devastating Neighborhoods’ 1989 Exxon-Valdez oil spill. In addition, a 

considerable percentage (60%) of Alaska’s human population is situated near the Exxon Valdez 

spill site (or in southcentral Alaska, the area of this paper’s focus). (Mundy) 

Abiotic	  Factors 

Most ecosystem models tend to entirely relate biotic factors and neglect the true immensity of 

the environment’s complexity owing to the intricate dynamics of its various abiotic variables that 

include geography, chemistry, climate, and hydrodynamics. These influences are present in 

many degrees, progressions, combination, and periods-or cycles of duration. (Mundy) 
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Perhaps the two abiotic elements that are the most vital for the sustenance of life are the 

sun and water. Because a given ecosystem’s stored energy and order ultimately (and rapidly) 

dissipates over time, it is constantly being resupplied by the energy contained in solar radiation. 

Water, on the other hand, continuously transports and converts itself both chemically and 

physically in what has been christened the “Hydrologic” or water cycle. The important organic 

elements: carbon, nitrogen, and phosphorous also cycle continuously. For example, in the carbon 

cycle or carbon pump atmospheric carbon which plants convert via photosynthesis into 

carbohydrates and animals respire and use to produce calcium carbonate is continually cycle 

from one realm to. The chemical conversion and cycling of Nitrogen and phosphorous is also 

biologically fundamental. (The concept of the ecosystem.) 

The fundamental principle of biological productivity is influenced directly by the level or 

intensity of sunlight received, which in turn for a particular location depends on the following 

factors: cloud cover, shading, supply of necessary nutrients to carry out photosynthesis (which 

are transported by anadromous species), variation in temperature, density, and pressure owing to 

excess energy existing in the form of heat, ocean dynamics, upwelling, downwelling, density, 

wind, tidal mixing, and water stratification. In general, primary production is influenced by 

cyclic or seasonal processes at multiple degrees and time intervals. (Mundy) 

The Gulf of Alaska ecosystem supports and is influenced by a variety of abiotic factors 

relating to chemistry, climate, geography, hydrodynamics, and other principles. It includes the 

following types of general habitats:  Alaska coastal current, intertidal, offshore (midshore and 

deeper) waters, and watersheds. The Alaska coastal current, which flows east to west from 

British Columbia to the Aleutian Islands, flows distributes subarctic plankton into the Cook Inlet 

and Prince William Sound and creates eddies which concentrate plankton, fish, numerous other 
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species. Seabirds forage and aggregate (feed and reproduce) in its vicinity on small islands. It 

also supports multiple species of shallow and deep water feeders in addition to fish eating marine 

mammals including seals (which occupy a broad range of habitats), sea lions, sea otters (which, 

being sedentary, travel only short distances for food and eat invertebrates), killer whales (feed on 

other marine mammals). It serves as a habitat for juvenile to adult fish including Pacific herring, 

walleye Pollock, salmon, cod, shrimp, crab, and halibut. In addition, this current is capable of 

spreading the contents of spills across vast distances as shown in the Neighborhoods Exxon 

Valdez oil spill. (Mundy) Among the most productive life in the intertidal zone, which generally 

extends to a depth of the concept of the ecosystem meters, are vegetation, invertebrates-which 

feed fishes, marine birds, and mammals; in addition it provides a nursery for juvenile pink and 

chum salmon. It is highly vulnerable to human activities such as pollution and spills. (Mundy) 

Physical forces in the midshelf and deepwater vicinities include currents (such as the 

Alaska current and Alaska stream), upwelling, downwelling, precipitation, and runoff. The width 

of the shelf embracing the southern coast of Alaska decreases as it proceeds east. Watersheds, 

such as the system comprising the Copper River and its tributaries, are influenced by climate and 

human activities including subsistence based harvesting and pollution. 

Biology	  of	  King	  Salmon 

The king salmon (Oncorhynchus tshawytscha), the largest of all the salmon, range in weight 

from 40 to 120 pounds. An anadromous species, it inhabits both freshwater and saltwater 

environments during its life cycle. (Chinook salmon) The king salmon range covers most of the 

northwest as well as parts of Siberia. The average king salmon life duration prior to spawning 

ranges from four to six years, two to four years which are spent in the ocean. The spawning 

phase may last three months to two years in the river. Although female king salmon are capable 
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of producing eggs in quantities ranging from 2,000 to 17,000, typically only 15% survive past 

gestation and hatch as alevin, a process which lasts approximately 12 weeks. (Cyber Salmon) 

King salmon undergo the five following stages during their lifecycle; alevin, fry, smolt, ocean 

adult, and spawning. Fish in the alevin stage have a yolk sack that provides them with all 

necessary energy to reach the fry stage. During the fry stage they increase in size and situate in 

pools along the river's shore where they begin to eat small invertebrates. The next stage involves 

transition from the original freshwater to a marine environment, during which they move 

between freshwater and saltwater near the mouth of a river as their bodies undergo certain 

acclimation based changes to adapt to salt water. Once the process is complete they move to the 

ocean, either remaining close to the shore like the majority of fish or traveling on extensive 

journeys across the Gulf of Alaska After three to seven years the fish return to their original 

stream or river to spawn. At the destination of this journey, the female “digs” a small depression 

(redd) in the gravel where it lays her eggs, which are then fertilized by a male. The process 

repeats continuously. (Cyber Salmon) 

The salmon's diet differs depending on its stage. For example, at its earliest stage an 

alevin not need to eat anything and simply relies on its yolk sack. As the salmon progressively 

grows it begins to consume small land insects and crustaceans. It soon is able to prey on other 

small fish, more insects, and crustaceans as a smolt. Once it reaches the ocean it begins eating 

other species of fish in addition to amphipods, mollusks, crab larvae and squid. King salmon 

have many predators that include fish, such as whiting and mackerel, as well as birds that eat 

juvenile Chinook salmon. Marine mammals, such as orcas and sea lions, and salmon sharks eat 

adults too. King salmon’s main competitors are other species of fish including salmon that spawn 



Management	  of	  Copper	  River	  King	  Salmon-‐(CRSD)	  	  	  	  	  10	  
	  

and breed in the same stream as the kings. The small fish compete for the same food source 

when the fish are young and in their developing stages. 

King salmon as well as other anadromous species provide various nutrients to the rivers 

and streams when they die; these include such important components as phosphorus and 

nitrogen. These nutrients in turn help their offspring grow. Their carcasses also provide an 

important food source to many land animals such as eagles, seagulls and bears. 

Social/Economic	  Importance 

The king salmon is Alaska’s state fish and is used by sport, commercial, and subsistence 

fishermen and recreational users alike, with all stakeholders competing for a limited supply. 

King salmon are harvested in many ways including fish wheel, gillnet, seine, or with a fishing 

pole and can be smoked, dried, baked, grilled, and canned. (See Figure 1) The Copper River and 

its many surrounding tributaries, such as the Gulkana and Tonsina, are popular for recreational 

activities such as camping and hiking, river rafting, boating, hunting, and of course, fishing. In 

2008 the Alaskan fishing industry brought in $1.7 billion which is 4.3 times the gross revenue of 

fishing industries in Massachusetts which is the state with the second highest revenues for 

fishing. (Brachmann) Commercial fishermen prefer king salmon over all other species for the 

high quality flesh and large size. Alaska commercial salmon fisheries are one of the most 

important industries in the state.  From 2000–2004, the average harvest of salmon sold by 

commercial fishermen in Alaska was almost 157 million fish (about 742 million pounds). The 

average annual value of the 2000–2004 harvest was in about of $230 million. (See Figure 2) 

("Cold Country Salmon") 

Biologists are conducting extensive research on management of the king salmon to make 

sure that this resource stays viable for all concerned. In 2011, the amount of king salmon a 
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person could catch was restricted. In an article in the Anchorage Daily News, there was a 

restriction on how many mature king salmon could be caught in the Copper River drainage. 

Normally it was four fish but on June 25, 2011 it was reduced to only two per sport fishermen. In 

addition, you were not allowed to use bait or treble hooks in the waters and after June 24, no 

more than one king salmon of the two-fish limit could be caught in an individual tributary or 

main stem of the Copper River. The Copper River King Salmon Fishery Management Plan did 

this to achieve a sustainable escapement goal of 24,000 or more fish in the Upper Copper River. 

The number of king salmon that were caught by the Copper River District Commercial Gillnet 

Fishery was drastically lower than previous years and the number of king salmon counted at the 

Gulkana fish tower was only 180 fish. This number had only occurred one other time in the last 

nine years. (Upper Copper king limit reduced) 

Close to half the population of people living within the Copper River Watershed live in 

Cordova on the westernmost part of the Copper River Delta. According to inforain.org, 50% of 

the jobs in Cordova are directly related to the fishing industry and 25% of jobs are indirectly 

dependent on the industry. In the upper Copper River basin, Glennallen is a hub for many of the 

fisherman traveling to Chitina for fish. There are gas stations, restaurants, hotels, gift shops, and 

grocery stores that people frequent on their way to either participate in subsistence or sport 

fishing. There are also many king salmon charter businesses that run on tributaries of the Copper 

River. Although the people working in Glennallen aren’t going fishing themselves, they are 

indirectly serving customers who buy their products. (Economies of Communities in Copper 

River) 

Subsistence fishing has been a part of Alaska history since Native Americans inhabited 

the untouched land. Salmon were, and still are a major food source for Alaskan Natives and as of 
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late non-native residents have also begun to rely on this resource as well. King salmon are one of 

the most important subsistence salmon for people living in the interior such as Gakona, Chitina, 

Tazlina, Paxon, and Fairbanks. When problems arise, such as a drastic decline in the number of 

king salmon in the Yukon River, it can cause huge problems for people who rely on salmon to 

feed themselves and their families. (Mowry)  Over 56,000 Chinook salmon were harvested 

among the 40 rural communities along the Yukon River in 1997. (Cold Country Salmon) 

Fisheries management gives top priority to subsistence fishing before sport and 

commercial. The number of king salmon harvested per year varies every year. It has become a 

huge issue for Alaskans and an interesting topic for biologists to study due to the decline in the 

number of king salmon in recent years. 

It is apparent that the decrease in the number of king salmon in the last few years has 

caused concern among biologists and all other stakeholders alike. The species that our state has 

been dependent on for so long may undergo irreversible decline. A new management plan could 

help alleviate the need for more drastic measures in the future and the loss of this important 

resource.  

By-Catch 

By catch is the incidental catching of non-target species in fishing gear. Fish can be caught 

unintentionally through a hook and line or in nets. These fish are usually traveling along with the 

target fish and are swept up. Many have attributed the decrease in king salmon runs to the 

increasing number of kings caught as by-catch in the Gulf of Alaska. There are several solutions 

to this that include putting a cap on the number of kings allowed to be caught as by catch, 

providing incentives to fishermen to reduce their number of by catch, and developing new 

technologies to keep kings out of nets. Many boat's solution to this is to throw the fish back into 
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the water or keep the fish to process them themselves. Fish that are thrown back have a high 

mortality rate and are taken out of the ecosystem and are wasted. Because the fish caught cannot 

reproduce, this issue damages fish populations and the fisheries that target king salmon. One of 

the studied and highly debated areas concerning by-catch is the Bering Sea and the Gulf of 

Alaska Pollock fisheries. 

King salmon are caught every year in Pollock fisherman’s nets. Over 51,000 kings are 

caught as by-catch in the Bering Sea; this is the highest recorded number of kings as by catch. 

These numbers were based on the estimates of observers on the boats, which are only required to 

carry them 30% of the time. These observers are assigned by the North Pacific Fishery 

Management Council (NPFMC) to see exactly what fishermen are catching and to record 

numbers. The king fisheries have been hurt during the last few years, some of which is attributed 

in part to the growing number of fish caught as by-catch. The NPFMC has now put a cap on the 

number of king salmon the Pollock industry can catch as by-catch to 25,000. Once this cap is 

reached the Pollock fishery would be shut down for the rest of the year.   

Climate	  Variations 

Natural cycles such as ENSO, PDO, and climate change have been possible contributing factors 

to the decrease in king salmon in the last few years. ENSO, another term for El Nino or Southern 

Oscillation, is an abnormal warming of ocean surface water in the eastern tropical Pacific that 

occurs every 2-7 years. ENSO is a reversing pattern of air pressure between the eastern and 

western Pacific. When the air pressure is high in the eastern tropical pacific, it is low in the 

western tropical pacific and vice-versa. South American fisherman gave this ocean warming 

pattern the name El Nino, which is the Spanish definition of “The Christ Child” because it occurs 

around Christmas time. (NOAA) It is still unclear how El Nino forms but scientists believe it has 
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contributed to significant floods and droughts such as the Mississippi flood of 1993 and droughts 

that occurred in Australia, Africa, and South America. Not all episodes of El Nino are the same, 

which makes it near impossible for scientists to predict the intensity of the weather pattern. 

Salmon spend part of their lives in the ocean and part in fresh water so they are affected 

by conditions in both ecosystems. Scientists have linked ENSO to physical and biological 

changes in our oceans that affect fish. Changes in oceanographic features that were observed 

during an El Nino event include changes in sea-surface temperature, changes in the vertical 

structure of the ocean, and changes in thermal structure especially in coastal regions, and 

changes in coastal and upwelling currents. These events have direct impacts on the abundance of 

fish and species composition. Fish that remain in an affected area are much smaller in size and 

experience reduced reproduction and survival. Commercial fishermen have found Southern 

Oscillation as a huge downfall because many times fish migrate to different regions when an 

event occurs. One example is the movement of market squid that moved north to cooler waters, 

away from fisheries in California. (Netting) 

Pacific Decadal Oscillation is a long-lived pattern, similar to El Nino, of Pacific climate 

variability. The PDO is a large temporal scale (decadal oscillating) phenomenon, cycling every 

50-70 years, and also corresponds to millennial scale changes in climate owing to global 

warming. (Khanna) Although the Southern Oscillation and Pacific Decadal Oscillation are 

similar, they have very different behaviors. 

In addition to this are transient/periodic and long term changes in climate, which dictate 

the status of primary productivity; some species have adapted to seasonal changes and dramatic 

long term changes could therefore change abundance, proportion, and location patterns in several 

species; groups of interrelated ones presumably correlating. 
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Invasive	  Species	  

An invasive species is any group of organisms that when introduced into new ecosystems pose a 

potential harm (both economically and environmentally). The most problematic concern is that 

invasive species compete with native species for the same core resources, a scenario that can 

ultimately wreak considerable damage upon both the habitat and/or ecosystem in a short period 

of time. (Ecological Society of America) Northern Pike have recently begun to make headway 

within some of the waters of Southeast Alaska, particularly the Cook Inlet region. They may 

unfortunately soon spread to the Copper River (and GOA where king salmon indigenous to the 

Copper River and its tributaries spend a large portion of their lives), an association that may not 

end well for the salmonids. (Alaska Department of Fish and Game. Management Plan for 

Invasive Northern Pike in Alaska) 

The proliferation of a foreign invasive species in a localized area especially that of 

aquatic species, is frequently caused by the occasional illegal introduction of these organisms. 

Upon invading an ecosystem, they can consume certain native species and occupy their energy 

sources. (Ecological Society of America) Invasive species, including the Northern pike, have 

posed massive health hazards, ecosystem degradation, and economic consequences that are 

almost immeasurable. For instance, the annual cost of the damage resulting from invasive 

species in the United States amounts to approximately $120-137 billion, $4.2 billion of which 

accounts for aquatic nuisance species alone. (Ecological Society of America) In addition 35-46% 

of threatened and endangered species in the United States at least in part owe their predicaments 

to such species. (Ecological Society of America)  
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The zebra mussel outbreak in Lake Erie is one example of the dire effects an invasive 

species can proliferate upon an ecosystem. The occurrence started when ships visiting from 

Europe released water from their ballast tanks apparently containing larvae of the organism. The 

species quickly expanded throughout the great lakes area into major rivers, severely impacting 

native mussel species and congesting pipes. (Aquatic Invaders)  

Northern pike, a piscavorous fish, which despite being native to a large fraction of 

Alaska, is foreign to the state’s southcentral and southeast portions. It is capable of spreading and 

multiplying considerably and has threatened the ecology in this region by consuming large 

quantities of smolt and juvenile salmonids. They favor stagnant water and slow moving streams 

suspended with vegetation and are particularly abundant and densely concentrated in the Susitna 

River drainage and in addition have been reported to exist in large quantities throughout the 

Cook Inlet area. (Alaska Department of Fish and Game Management Plan for Invasive Northern 

Pike in Alaska) 

They have posed a massive threat to multiple streams and lakes inhabited by salmonid 

populations, some of which are supplied by hatcheries. The problem originally began when a 

pilot transported pike illegally from the Minto flats adjacent to the Yukon River to Bulchitna 

Lake. Upon eventually flooding the lake released the gradually compounded and condensed 

populations of pike, which expanded into the general region which they now inhabit. A similar 

action was committed during the 1970’s or 1980’s. (Alaska Department of Fish and Game 

Management Plan for Invasive Northern Pike in Alaska)  

Perhaps the motive for this tendency is the highly regarded subsistence value of pike. 

(Alaska Department of Fish and Game Management Plan for Invasive Northern Pike in Alaska) 

The introduction of pike may prove enticing, as such species frequently pose positive 
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consequences or benefits in addition to negative ones. However, regulations officially and 

explicitly hold that transporting species without a legitimate permit is illegal. (Alaska 

Department of Fish and Game. Management Plan for Invasive Northern Pike in Alaska)  

Often such regulations fall short in helping to avoid the situations that can develop when 

invasive species are introduced. Specifically, an intruding species, pike being no exception, can 

inflict ecological damage to the extent of shifting trophic proportions, reducing diversity or 

variability or increasing homogeneity, or even eliminating entire populations of species within a 

biological community. (Alaska Department of Fish and Game Management Plan for Invasive 

Northern Pike in Alaska) Although only a few minor cases of individual pike have been reported 

in the Copper River watershed, the recent infestation of the species in the general Gulf of Alaska 

area is an issue that demands immediate and extensive awareness and attention. (Alaska 

Department of Fish and Game Management Plan for Invasive Northern Pike in Alaska) It is an 

important priority in managing populations of king salmon and other salmonids is to prevent 

infestation of pike into the watershed and we suggest a heavy emphasis be placed on 

management of this issue. 

Management	  Plans	  Pertaining	  to	  Each	  Issue 

In response to these current issues, concerns, and conditions we must better research, 

understanding, and technology in devotion to managing or compensating for sudden deviations 

in the king salmon population to ensure the continuation and abundance of this invaluable 

subsistence resource. In this section, we subsequently propose general methods that may 

conceivably help local community members and scientists contend with or potentially resolve the 

previously stated issues so that productive subsistence can continue. 
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By-catch 

Over the years king salmon as a non-target by-catch species has had little management with few 

results. The current management plan to reduce the by-catch of king salmon in Pollock nets is 

the voluntary rolling hot spot system. This is a system designed to keep Pollock fishermen from 

fishing in areas with high concentrations of king salmon. Boats voluntarily form co-ops to keep 

and report their numbers to a system which then calculates where the by-catch is highest. This 

system then designates areas where the Pollock boats are prohibited from fishing in. (Gisclair) 

These areas can change weekly according to the data that the systems gather and can last from a 

week to the whole fishing season. The problem with this system is the regions of by-catch can 

vary in location and intensity which makes it hard to designate sections that should be 

sanctioned. (Gisclair) 

Various other attempts have been made by the North Pacific Fisheries Management 

Council to limit the by-catch of kings since they were first managed. The first attempt to limit the 

by-catch was before the 1990’s where a cap on all participating nations at 55,250. (Gisclair) 

Once a nation reached its cap it was forced to shut down for the rest of the season. Gradually the 

limit was reduced. This brought in a new management plan during the early 90’s where if a boat 

caught a certain by-catch limit it was forced to shut down for a period of time. This system was 

never implemented though due to observer data concerns. A vessel incentive program was then 

put into action. This was a program that would fine boats if they reached a certain by-catch limit. 

 This program however failed after a short while due to the same concerns as the previous plan. 

(Gisclair) 

In managing king salmon there are a few factors that must be considered in the process of 

figuring out a management plan. These factors include prioritizing conservation over all others, 
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managing to reduce affects on the species surrounding the target species, managing to provide 

the greatest benefit of all parties, managing to treat all shareholders equally, as well as managing 

to increase yield of target species. (Gisclair) 

The first step to managing by-catch more effectively is to increase either the number of 

observers on boats or to count king salmon by-catch in a more efficient way and bring reliable 

numbers back to the regulators. This combined with new programs could effectively eliminate 

the threat of by-catch to the king salmon species. Some new methods for reducing the by-catch 

of king salmon could be to create incentives for boats to keep their numbers low or punishments 

for high numbers. If fishermen do not reach their limits they could be rewarded with subsidies or 

a roll over system where fishermen get to keep their by-catch for the next season. If fishermen 

were to improve their techniques it could also help bring numbers down. The continuation of the 

voluntary hot spots program could benefit management of king salmon fisheries if combined 

with other by-catch reduction programs. If this program could be updated to predict the 

migration patterns of kings it could vastly improve the effectiveness of the program. Other by-

catch reduction programs could be aimed at reducing the mortality rate of caught king salmon so 

they could be returned to the ocean. All the above methods could be instituted in the Gulf of 

Alaska and Bering Sea Pollock fisheries. It is not too early to begin implementing any sort of 

plan. 

Invasive	  Species	  

In response to the proliferation of invasive species, particularly the northern pike, in king salmon 

habitat, and in the context of general existing methods for contending with them, we concur that 

prevention is the first priority. Preventive chemical and technological means could be used to 

curb or eradicate existing infestations. However these three options do not appear to offer any 
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real lasting positive impact. If employed, they may result in more damage to the ecosystem 

without impacting the problem of eradication of invasives. 

Biological methods include introducing species predatory to, in competition with, or 

disease inducing/pathogenic to the invasive species to help reduce their populations by natural 

means. Although this is conceivably quick and efficient its ecological effects and results are 

quite unpredictable. For instance, non-target species could also be affected and consequently 

king salmon may in fact decline in numbers due to an unforeseeable result such as increase in 

competition or damage to habitat. A community could also reduce a pike population by applying 

chemicals lethal to the particular invasive species. However, this is only a local solution and 

would be limited in nature and hence the potential for contamination from the lethal substances 

is not likely acceptable and could contaminate the surrounding water and result in more harm 

than potential benefit.  

A community could also incorporate technology, or employ artificial mechanisms (i.e. 

structures) that confine, block, or redirect members of invasive species, however many recently 

proposed systems are particularly costly, and demanding of labor. Eradication and prevention 

methods under this category include, the construction of barriers across the mouth of tributaries, 

deploying encircling nets to trap confined populations of the species, and using explosive 

devices. As applied towards the Copper River, these types of methods would be superfluously 

costly if used only for precautionary matters. In addition one would have to ensure that the 

structures don’t interfere with salmon migrations, an obstacle that could be overcome with a little 

elaborate ingenuity. Perhaps the most promising course of action is educating members of a 

community to increase public awareness, which ensures community consciousness and enables 

full collective and integrated cooperation of its residents as well as organizations and 
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committees. Ultimately the most effective and surefire strategy is by preventing unaffected 

sources of water from becoming invaded, as opposed to contending with the problem after it has 

begun to proliferate. 

Accurate	  Counting	  of	  King	  Salmon 

To properly manage the king salmon species for subsistence and other scientific purposes it is 

important to ensure and maintain the accurate counting of salmon escapement or return. In the 

case of sudden deviation in a species’ population, accurate counting of its escapement becomes 

critical and enables more finite regulation of its subsistence distribution and in effect helps to 

ensure maximum sustainability of that species. Various counting methods are traditionally used 

by the Alaska Department of Fish & Game, including tagging, tallying of salmon (practiced in 

the Gulkana River), and sonar. Fish escapement enumeration in the Copper River is performed 

by the Miles Lake Sonar System, which uses a Bendix single beam sonar scanning mechanism. 

(Krueger) It includes scanning transducers, which emit and receive the sonar, and a concrete 

substrate to enhance clarity and accuracy of enumerations. It works under the assumption that the 

intensity, strength, or energy of the sonar echo is indicative of the number of fish passing through 

the vicinity. (Krueger) Although it is adequately accurate in determining the total number of 

salmon present the mechanism isn’t necessarily capable of identifying them on the basis of 

individual species. Since different species of salmon have different niches or ecosystem roles and 

positions, and since ecosystem based management of a species is dictated by the biological and 

abiotic factors influencing them, better management practices will require more accurate 

calibration of this system to attain this specific objective. Identifying a species of salmon using 

sonar may prove difficult and expensive, since it would require measurement of their size, 

spacial features (shape), and color. In addition potential turbulence and interference could distort 
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such a rendering beyond sufficient recognition. But such technological requirements have 

already been attained. An improved sonar mechanism, specifically the dual-frequency 

identification sonar (DIDSON) system has been recently introduced as an alternative method for 

counting salmon, particularly sockeye salmon. (Aparte) It reduces to a small portable device that 

projects high frequency sonar generated images of salmon detailed enough to identify species of 

individual salmon and impervious to turbulence and other types of interference. (Aparte) In 

essence adopting the DIDSON mechanism or one of similar advantage could improve the 

effectiveness of management considerably. 

Conclusion	  

To conclude, we believe that the recent decline of king salmon populations in the Copper River 

basin is a pressing issue and a serious concern for its residents and scientists alike because of the 

species’ tremendous subsistence and economic value. We constructed this paper to identity the 

issues and factors that are possibly causing this decline which can be divided into two basic 

categories, those being natural phenomenon such as climate change and invasive species and 

anthropogenic causes that include by-catch. All of these problems require further research to 

determine whether their influence can be abated. It is possible that there are additional factors 

that have not been mentioned and due diligence must be taken to ensure that this valuable 

resource is protected. It is our belief that this management plan is a good first step in the right 

direction.  
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