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Abstract 

Bristol Bay, an estuary and pelagic environment off the southwest coast of Alaska, hosts 

several of the largest fisheries in the world with a variety of aquatic and terrestrial environments. 

Bristol Bay extends west to the Bering Sea and is bordered by the Alaskan coast to the north, 

east, and south. The bay spans 180 miles at its mouth and extends 250 miles inland. The many 

rivers flowing into Bristol Bay provide its sockeye salmon population a place to spawn and 

grow. These rivers include: the Ugashik, Naknek, Togiak, Cinder, Egegik, Igushik, Kvichak, 

Meshik, and Nashagak. Its rich cultural history and prosperous commercial industries make it a 

vital part of Alaska’s economy and society. This report provides background information and 

analyzes potential changes in various physical and chemical properties (turbidity, pH, and others) 

of water and how these changes affect our target species: sockeye salmon (Oncorhynchus nerka), 

Pacific herring (Clupea pallasii), and yellowfin sole (Limanda aspera). Through many different 

studies, the behavior of water property changes and their overall effect on the population of the 

before mentioned species can be predicted and correctly addressed through the management 

plan. The plan considers the effects of physical and chemical water property changes on the 

population and biomass in all life stages of every target species.  The management plan requires 

the cooperation between all associated agencies, including the Alaska Department of Fish and 

Game (ADF&G) and North Pacific Fishery Management Council (NPFMC), commercial and 

subsistence fishermen, and townspeople in conducting necessary studies to produce conclusive 

data that can be utilized in fishery management.  
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Introduction 

Bristol Bay is a populous, diverse area that contains a relatively healthy ecosystem and 

stabilized economic conditions. It is bordered by mountainous regions that develop into drainage 

plains, as well as the Aleutian Islands, the nutrient input of the area is high and ecologically 

productive. This increased state of ecological productivity significantly contributes to the 

excellent economic and subsistence properties of Bristol Bay, which were historically valued by 

Alaska Natives and quickly utilized by early settlers and fishermen. With its large river drainages 

like the Nushigak and Togiak, the amount of available habitat for salmon, and other oceanic 

species, is considerable. Bristol Bay is a system from which much opportunity has grown and if 

properly managed, will continue to grow (Figure 1). 

 

History 

The economic history of Bristol Bay dates back to the late 1700s, when Russian explorers 

first realized there was a lucrative trade in sea otter pelts (Antonson, Jo, et al, 2011). After the 

near-extinction of sea otters and the Alaska Purchase in 1867, the United States government 

slowly recognized the need to manage Alaska’s many resources to prevent species extinction. As 

a result of state management, the salmon canning industry skyrocketed until the mid-1900s. 

It wasn’t until 1889 that the United States government formally funded and organized the 

Alaskan government. And yet, starting in 1919, the Alaska salmon runs of Sockeye (O. nerka) 

salmon declined from 20 million to 16 million fish; this number dropped another 6 million in the 

next 20 years (Hilborn, 2006).  However, with the implementation of true regulatory legislation 

and laws limiting the number of seasonal fishing passes based on each projected run 

individually, has since, greatly improved the Bay’s condition.  
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Until the 1989 Exxon Valdez oil spill, Bristol Bay was recovering nicely. The oil spill 

cleanup cost the state and federal government billions of dollars, and the fishing-reliant economy 

took years to recover. Especially helpful to the area’s economic recovery, was the moratorium 

put into place immediately after the spill by President George H. W. Bush, and extended by 

President Clinton that excluded any relatively risky exploitations of the natural resources until 

2003.  

Presently, Bristol Bay is a prosperous source of employment and opportunity. With 

proper management, the salmon runs have rebounded up to 39 million as of 2010 

(http://www.worldwildlife.org/who/media/press/2008/WWFPresitem8960.html).  Other fisheries 

have started to emerge as significant, if not as prominent, divisions of the economy, including the 

yellowfin sole and the Pacific herring, which are recovering from severe initial overexploitation 

and under evaluation, respectively (Wilson and Evans, 2009). The ecological side of Bristol 

Bay’s history closely mirrors the economy’s variations throughout the years, and with good 

reason. Worldwide, it is found that all economies depend on the local ecosystems, but this is 

especially true in Bristol Bay where money is made almost exclusively by fishing. 

 

Sockeye Salmon  

The sockeye salmon (Oncorhynchus nerka) live in temperate areas and have a lifespan of 

three to seven years. Sockeye salmon present in the ocean have silver, white, and green-blue 

colors. They are the third most abundant Pacific salmon and the most sought after for their 

bright-orange meat (http://www.adfg.alaska.gov/index.cfm?adfg=sockeyesalmon.main). They 

can reach a maximum length of 78.74 centimeters and a maximum weight of 6.8 kilograms. The 

sockeye salmons’ diet consists of small fish, zooplankton, and small crustaceans such as krill. 
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Out of these prey species, sockeye mainly rely on the seasonal zooplankton population. Sockeye 

salmon are anadromous salmon that spawn in estuaries, fresh water lakes, and streams, residing 

in freshwater usually between one to four years and in the ocean for one to three years. All but 

their head and fins turn red during spawning. Their spawning occurs around June and July in 

freshwater drainages that lead into two or more lakes. Sockeye salmon in Bristol Bay spawn in 

the Kvichak, Egegik, Naknek, Wood, Ugashik, Igushik, Alagnak, Nushagak, and Togiak 

Rivers. During spawning, female sockeye can lay between 2,000 to 5,000 eggs in redds, which 

are salmon nests. All adult sockeye salmon die within a few weeks after spawning. The eggs, 

which are laid in redds, hatch during the winter. The juvenile, as fries feed on zooplankton and 

small crustaceans for one to three years in fresh water. If they did not hatch near a lake, they may 

migrate directly to the ocean as an alevin 

(http://animals.nationalgeographic.com/animals/fish/sockeye-salmon/). 

Sockeye salmon eggs have a high sensitivity to changes in their environment. Egg 

incubation varies between 50 to 140 days depending on the temperature, which has to be 

between about 4.4 to 13.3 degrees Celsius for successful hatching. A higher temperature allows 

for a shorter incubation period, which allows for a longer feeding period. The longer feeding 

period causes a larger development of sockeye salmon. During the fry stage, the optimal 

temperature is about 15 degrees Celsius. An adult sockeye salmon’s optimal growth temperature 

is also 15 degrees Celsius, but they can tolerate temperatures of up to 24 degrees Celsius. 

Increased sediment load in the rivers can hinder spawning salmon. Turbidity levels of 4,000 

mg/L can actually prevent the sockeye salmon from migrating upstream (Pauley, G.B., R. 

Risher, and G.L. Thomas, 1989). 
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The value of any fishery and the market it creates is a vital aspect of our management 

plan. Understanding economic fluctuations serves to address how to make the fishery stable. The 

sockeye fisheries in Bristol Bay are the largest producing sockeye salmon fisheries in the world; 

producing 33.3 million fish caught per year. Economically, the sockeye salmon fishery has been 

one of the largest industries in the world since the early 1900s. Although the fishery has been 

well managed throughout its history, economic problems are linked to poor timing of limiting 

catch. Between 1975 and 2000, the price of sockeye salmon has dropped from a price of $1.50 

per pound to $0.40 per pound (Hilborn, 2006). The price has been in steady decline due to 

oversupply of sockeye salmon, a short fishing season, transportation costs, hindrance of 

delivering to processing plants, change in tides, and the recent development of modern 

technologies incorporated into fishing vessels. Catch limits of drift net vessels were fulfilled 

around the 1990s. Catch limits were created to avoid overfishing that occurs due to advanced 

fishing technology developed in the past 20 years. The restrictions caused the annual catch to 

decrease to about 11 million from the 1979 to 2002 average of 24 million per year (Figure 2). 

Average economic profit range in 1982 to 1996 was $13,000 to $47,000 for each drift net 

vessel. In the years between 1997 and 2003 (excluding 1999), average economic profit for each 

drift net vessel was reaching negative values. To further exemplify the fact that the sockeye 

salmon fishery’s economic value is plummeting, the value of vessels are lower compared to their 

value in last 40 years (Link, 2003). The value of annual ex-vessels of sockeye salmon was 

yielding between $100 million to $260 million. After the limitations created in the 1990s, the 

values reached prices less than $50 million (Figure 3). 
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Pacific Herring 

Pacific herring (Clupea pallasii) are a neritic species that travel in large schools 

throughout the coastal waters of the Pacific Ocean. They are an important factor in the flow of 

energy. Being one of the most abundant prey species, they provide a trophic pathway from 

primary producers to the top of the marine food chain (Otis, 2006). Salmon, marine mammals 

and seabirds prey upon pacific herring. Herring feed seasonally on phytoplankton and 

zooplankton. Their diet consists mainly of decapods and mollusk larvae in their juvenile stages. 

An adult’s diet is consisted of copepods, amphipods, fish larvae, crustaceans, and mollusks. 

Pacific Herring are laterally compressed fish. The majority of their body is silver with the 

dorsal surface shading to dark blue or olive color. Their scales are large and extremely easy to 

detach. They have a deeply forked caudal fin, which aids in swift motion and rapid turns, and 

lack an adipose fin. Their large eyes help distinguish them from silver fish of similar body size. 

(http://www.adfg.alaska.gov/index.cfm?adfg=herring.main). These fish thrive in temperate 

climates with temperatures between 5 and 14 degrees Celsius and with a general salinity range of 

3 to 33 PSU (http://hmsc.oregonstate.edu/projects/msap/PS/masterlist/fish/pacificherring.html). 

They are found at depths up to 1,300 feet. 

Herring spawn in August after reaching sexual maturity at two to four years of age. 

Spawning usually takes place in shallow near-shore environments, such as estuaries 

(http://www.nmfs.noaa.gov/pr/species/fish/pacificherring.htm), around vegetation such as 

eelgrass and algae to which the female herring attach their unfertilized eggs 

(http://hmsc.oregonstate.edu/projects/msap/PS/masterlist/fish/pacificherring.html). Fertilization 

occurs externally as the male herring swim by the eggs releasing their sperm. The larvae hatch 

from their eggs ten days to two weeks subsequent to fertilization and drift and swim in ocean 

currents. 
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Pacific herring can live up to 19 years. They may grow to 18 inches and weigh up to 550 

grams (http://www.psmfc.org/habitat/edu_herring_fact.html). However, a 9-inch specimen is 

considered large. The overall length to age ratio for pacific herring is 45.7 cm for every 19 years, 

in Alaska (http://hmsc.oregonstate.edu/projects/msap/PS/masterlist/fish/pacificherring.html). The 

biomass of Pacific herring for the Togiak District for 2011 was estimated to be 140,860 short 

tons by the Alaska Department of Fish and Game. With a 20% exploitation rate, the total 

allowable harvest is 28,172 short tons. Of this population, young herring (ages four to six years) 

are anticipated to comprise 38.2%, while the remainder of the population will be comprised of 

herring ages 7 to 8 (32.8%), ages 9 to 11 (20.2%) and ages 12 and over (8.8%). The forecasted 

individual average weight of herring in the harvest biomass was 340 grams (Buck, West, and 

Baker, 2010). 

The herring fishery in Bristol Bay is primarily a sac roe fishery. Female pacific herring 

are harvested for their egg filled skeins for use in seafood and bait. Most of the catch is shipped 

to Asian countries where it is used in sushi. Male Pacific herring are processed and used in fish 

protein meal and as baitfish. In 2009, the sac roe harvest was about 40,500 short tons. As a 

result, $17.1 million were paid to fishermen for their catches. In 2011, 24,805 tons of the 28,172 

tons (biomass) designated for harvest was left to the sac roe fisheries in Bristol Bay and 

Southeast, Alaska. Of the entire sac roe fishery, 70% (2011: 17,364 ton) is harvested with purse 

seines and the remaining 30% (2011: 7,442 tons) are caught using gillnets (Campbell and 

Regnart, 2011). 

 

 

 



Jonah Jeffries – Lucas Hyce – Reno Hyce – Alonzo Gage – Myriam Zepeda Zuloaga 

 9 

Yellowfin Sole  

The yellowfin sole (Limanda aspera), a relatively slow growing and long-lived flatfish, is 

distributed from the Eastern Bering Sea to the Southern Chukchi Sea, south along the Asian 

coast to South Korea and the Sea of Japan, and off British Columbia and Barkly Sound, Canada 

(Figure 4). A yellowfin sole can live up to approximately 35 years, reach a length of 49 cm, and 

weigh 725.75 grams. The yellowfin sole have both eyes on one side, the coloring of which is 

olive to brown with molting, while the underside is pale. Their fins are of a yellowish color, 

hence the name. In the spring, yellowfin sole move in high concentrations across the Bering Sea 

shelf in shallower waters, and congregate in large spawning schools in the coastal waters of 

Bristol Bay towards Nunivak Island at depths of less than 30 meters. Spawning takes place 

during June and July. Females can reproduce when they are 10 to 11 years old, are fecund, and 

produce one to three million eggs. Then, to avoid cold bottom water and ice cover, they migrate 

to deeper water in late autumn. Adults live on soft, sandy or muddy bottoms down to 700 meters. 

They feed on plankton and algae as early juveniles and late juveniles eat bivalves, polychaetes, 

amphipods, mollusks, euphausids, shrimps, brittle stars, sculpins and miscellaneous crustaceans 

(http://www.nmfs.noaa.gov/fishwatch/species/yellowfin_sole.htm). The main competitors for 

energy and habitat are the rock sole, Alaska plaice, crabs, and starfish. Predators of the yellowfin 

sole are Pacific halibut, Pacific cod, plain sculpin, and the walleye pollock.  

Bristol Bay holds the largest population of the yellowfin sole in a single area, and Alaska 

is responsible for the majority of the worldwide catch. The yellowfin sole is now one of the most 

abundant flatfish in the Bering Sea, and is above its target population level; however, this was 

not always the case. Large-scale fishing of the yellowfin sole began in 1954, primarily for 

subsistence and commercial fishing. From 1959 to 1962 foreign fisheries, such as the Russian 



Jonah Jeffries – Lucas Hyce – Reno Hyce – Alonzo Gage – Myriam Zepeda Zuloaga 

 10 

Fishery, overexploited the yellowfin sole. This caused a decrease in yellowfin sole abundance, 

causing the catches of yellowfin sole to fall from an average of 400,000 tons per year to 117,800 

tons during the 8-year span from 1963 to 1971.  In 1972 to 1977 the foreign fisheries, the main 

cause for the overexploitation of the yellowfin sole, withdrew, resulting in the annual catch of 

the yellowfin sole to decrease from past years.  The populations improved by the early 1980s, 

and had a peak of over 227,000 tons in 1985. After the fishery became exclusively domestic in 

1990, the largest catch of the yellowfin sole was in 1985 with 181,389 tons, then drops to an 

average of 78,000 tons from 1998 to 2005 

(http://www.nmfs.noaa.gov/fishwatch/species/yellowfin_sole.htm). The catch rose to 149,000 

tons in 2008 after the North Pacific Fishery Management Council adopted Amendment 80 in 

June 2006. According to National Oceanic and Atmospheric Administration the purpose of this 

amendment was to augment the preservation and utilization of fishery resources by broadening 

the groundfish retention standard (GRS) to the non-American Fisheries Act (non-AFA) trawl 

catcher/processor vessels. In the distribution of the fisheries’ resources amongst the Bering Sea 

and the Aleutian Islands (BSAI), the harvest patterns of the past and the needs of the harvest in 

the future are taken into consideration. Another goal is to reduce potential GRS compliance 

costs, motivate fishing practices under lower discard rates, and enhance the opportunity to 

increase the value of harvested species by authorizing the distribution of groundfish species to 

harvesting cooperatives and establishing a limited access privilege program (LAPP) for non-

AFA trawl catcher/processors. For fisheries not managed under a LAPP, the last goal is to limit 

the ability of non-AFA trawl catcher/processors to expand their harvesting capacity 

(http://www.fakr.noaa.gov/sustainablefisheries/amds/80/default.htm). Bycatch for the yellowfin 

sole is relatively low because of the well-designed management plan by North Pacific Fishery 
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Management Council. For the last three years the total allowable catch has been between 

210,000 and 219,000 from 2009 to 2011 (NPFMC, 2009). A substantial segment of the U.S. 

fishing industry is the domestic groundfish fishery off Alaska. In 2009, accounting for 43% of 

the weight and 16% of the ex-vessel value of the total U.S. domestic landings, there was a total 

catch of 1.52 million metric tons, 1.43 million retained catch, and an ex-vessel value of $640 

million. After primary processing, the value of the 2009 groundfish catch was $1.7 billion 

(F.O.B. Alaska) (Hiatt et al, 2009). 

 

Climate Change 

Climate in the Bristol Bay area has warm and cold periods, the Pacific Decadal 

Oscillations (PDO), very similar to how the South Pacific has variability in its temperature due to 

the El Nino Southern Oscillation (ENSO). The ENSO has mechanisms and effects on the climate 

that are very similar to how the PDO operates (but the ENSO will be described more here 

because research of the PDO has been minimal). The ENSO is a periodic change of temperature 

on the west and east sides of the Pacific Ocean. The usual cold waters that occur along the west 

coast off South America are due to the upwelling of cold water to the surface. The main driving 

mechanisms for this upwelling are the Trade Winds. The Walker Circulation, which is the wind 

circulation that cycle between Indonesia and South America due to pressure differences, pushes 

warm surface water west. This is what allows the cold water from below to upwell to the surface. 

Every three to seven years, these atmospheric pressure differences move, causing a reversal in 

wind direction. So the wind that would usually push the warm surface water off the coast of 

South America instead pushes more warm surface water onto the coast. This causes a warm 

period called El Niño. The opposite, a cold period is called la Niña. The Pacific Decadal 
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Oscillation is a smaller scale version of ENSO that occurs in the North Pacific Ocean, where the 

low-pressure zone is located at the Aleutian Low (Segar, 2007). The PDO warm and cold periods 

oscillate in intervals of 20 to 30 years and occur mainly due to current shifts. Current shifts are 

caused by variations in winds, precipitation, water temperature, and atmospheric temperature. 

The temperature of the waters around Alaska is switched with those of Oregon, Washington, and 

California in warm and cold phases caused by the PDO. During the warm phases, salmon 

production in Alaska increases. Production decreases in the waters around Oregon, Washington, 

and California and vice versa during the cold phases (Mantua, 2003). 

 

Effects of Acidification 

A decreased pH could pose many problems for Bristol Bay’s fishes, especially the 

Salmonids, i.e. sockeye salmon. Decreased pH, or acidification, can be caused by the arrival of 

an acidic pollutant and/or acid rain. These can be produced by acid rock drainage most 

commonly caused by mining valuable minerals that are bound with iron sulfide, which forms 

sulfuric acid when in contact with water, and air pollutants that are carried down by precipitating 

water, which is called acid rain. Acidification of tributaries and estuaries causes several stresses 

on the fisheries of Bristol Bay. 

The levels of pH less than four are considered circumstances lethal to fish (Kazumasa et 

al., 1992). The majority of fish die because of the loss of sodium and chloride as cells in the gills 

take in bicarbonate (HCO3
-) when balancing the increase of hydrogen (H+) ions flowing into the 

fish’s body. Sub-lethal levels also affect fish in several ways: instinctive movement out of an 

area, affected reproduction in fish, and slowed and/or altered development (Kitasota, 2011).  

When exposed to lower, sub-lethal levels, juvenile fish show an increase in plasma cortisol, a 
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hormone produced by the adrenal cortex. These juvenile fish display an instinctive avoidance 

behavior to these environments, which could possibly cause the disappearance of a species from 

an area. In addition to the avoidance behavior, mature fish exposed to sulfuric acid water with 

pH levels from 4.5-5.0 showed restricted development and increases in mutations in embryos of 

their progeny, even when eggs are cultured in neutral waters (Zamzow, 2011). 

 

Effects of Increased Turbidity 

Increased turbidity can greatly affect the fisheries of Bristol Bay. Increased turbidity can 

be a result of commercial development, heavy annual rainfall, mining, and agriculture. A greater 

amount of suspended solids cause negative physiological, behavioral, and environmental effects 

for Sockeye salmon, pacific herring, and yellow-finned sole fish. 

Physiological effects of an increase in turbidity include: gill trauma, osmoregulation 

difficulty, blood chemistry changes, and reproduction and growth hindrances. Sockeye salmon 

are more susceptible to turbidity changes than other salmon because they spend a relatively long 

time in freshwater tributaries and rivers. Juveniles are most sensitive due to their smaller gills. 

As solid particles (silt, sand, and broken clay) pass in and out of the gills, they gradually damage 

gill tissue. This causes inflammation, making respiration difficult. Increased turbidity causes 

stress on the fish. Stress in fish can be indicated by an increase in several components of the 

blood: increase in blood sugar, plasma cortisol, and plasma glucose. Strain can cause: 

suppressing of the immune system (making fish more susceptible to disease), decrease in growth, 

and reduced reproductive success. According to a laboratory study made by the Center of 

Streamside Studies at the University of Washington, adult salmon presented an increase in 

plasma glucose of 39% when exposed to 500 mg/l of silt like sediments. An increase of 25% in 
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blood sugar can cause fish to grow slower than expected. Lastly, increase in turbidity decreases 

the dissolved oxygen (O2), which causes developmental problems in fish eggs. Lack in 

intragravel-dissolved oxygen can bring about slowed development or mortality in salmon eggs. 

When salmon fry are delayed in hatching they are often unable to compete for environmental 

resources, thus lowering the population of adults to spawn. 

Large amounts of suspended solids also hinder the incubation and spawning of Pacific 

herring in Bristol Bay’s estuary environment (Bash and Berman and Bolton, 2001). According to 

the College of Oceanography at Oregon State University, herring larvae are not pressured by 

low, naturally occurring amounts of suspended solids. However, at greater suspended solid levels 

of 500 mg/l to 1000mg/l, herring larvae can distinguish plankton, their food source, more easily. 

The herring larvae exposed to these levels of turbidity grow much faster and tend to eat smaller 

planktonic organisms, which are processed more efficiently. Thus, larval Pacific herring feed at a 

greater rate when under moderate suspended solids including silt and soil particle (Boehlert and 

Morgan, 2011). 

 

Management Plan 

A management plan will be implemented in which the relationships between water 

properties, and population of the target species in all of their ichthyoplanktonic, adult, and 

spawning stages can be used to predict and secure the total sustainable yield of the fisheries. The 

management will require a ten-year program of study on the association between a change in a 

water property, such as increased turbidity, and its direct effect on the population of all stages of 

development from fertilization through sexual maturity. Genetic data retrieval can determine the 

population of sockeye salmon by sampling the salmon’s auxiliary process, a small fin like tissue 
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on the ventral surface of the salmon, and the use of counting towers at major spawning streams. 

These studies will be conducted in Bristol Bay and its surrounding waters, as well as in a 

controlled laboratory setting. After conclusive data has been retrieved and analyzed over the ten-

year period, Alaska Department of Fish and Game (ADF&G) Division of Commercial Fisheries 

and the North Pacific Fishery Management Council (NPFMC) will put into operation this 

cooperative management plan based on ongoing yearly studies that should indicate effects of 

natural occurrences and variations, large scale development, and environmental changes.   

In the years one through nine, ADF&G and NPFMC physical oceanographers and 

chemists will cooperate with local students and residents to perform studies on salmon streams, 

estuaries, and other spawning grounds. The project employees will test water factors most likely 

to affect Bristol Bay’s fisheries, including but not limited to: turbidity, temperature, pH, nitrates, 

nitrites, dissolved oxygen (O2), and carbon dioxide levels. Additionally, state and/or federal 

marine and fishery biologists will study the total population of returning, hatched, larval, and 

adult stages. This can be achieved by the use of current DNA tagging procedures, catch counts 

by ADF&G count towers, and biomass estimation. Also, studies on the average occupancy of 

each species at least two miles from shore in adult and juvenile fish will be calculated to 

determine if marine fish and growing salmon will also be affected by water property changes. 

Moreover, laboratory testing on egg, fry, and juvenile salmon as well as larval and adult stages 

of yellowfin sole and Pacific herring will be done to determine accurate effects, if any, by the 

factors above.  

In year ten of the plan and following years, ADF&G and NPFMC will compile all data 

retrieved from the nine-year study. When doing so, laboratory information and field studies will 

show a correlation between fish population and biomass decrease in years after a specific factor’s 
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drastic change. For example, in previous studies, salmon eggs have shown a high mortality rate 

when subject to a surge in high levels of suspended solids. Therefore, the expected number of 

salmon returning in x years will be lower than previous numbers. Then, numbers of returning 

salmon restore to stable levels the next year if water properties return to normal. This example 

would also be effective for spawning Pacific herring and yellowfin sole close to shore. Finally, 

once the data and status of the waters has been accurately amassed, ADF&G and NPFMC will 

use the results and current methods in future years to more precisely determine the maximum 

sustainable yield in the fisheries of Bristol Bay where future development and climate change 

may make current practices more inaccurate or ineffective. Ongoing studies of the water 

conditions will be made during spawning seasons of all fishery species during implementation to 

ensure future data continuity and accuracy. 

For our management plan, each team will be comprised of one physical oceanographer, 

one chemical oceanographer, two marine biologists, and a group of locals. The local residents 

will include students from high school classes that will use sampling as part of their science 

curriculum, and fishermen who can sample while in the work place. A team will be placed at the 

Cinder, Egegik, Igushik, Kvichak, Meshik, Nushagak, Naknek, Togiak, and Ugashik River along 

with teams sent to the Togiak, Nushagak, Naknek-Kvichak, Egegik, Ugashik, and Bering Sea 

regions (Figure 1). These teams will gather population and biomass measurements on a semi-

monthly basis, and water samples on a semi-weekly basis. The water samples will be sent to a 

laboratory in the University of Alaska Fairbanks School of Fisheries and Ocean Sciences for data 

collection of water properties. Paid employment begins depending on the initial spawning date of 

all target species in a district. Employees will be paid on an eight-hour day. Employees’ wages 

will be determined before implementation and based on the economic status in the United States. 
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ADF&G and NPFMC will jointly purchase testing materials. As regulations are determined, 

ADF&G and NPFMC will require the compliance of fishermen and developers. A budget will 

have to be determined at a later date when materials and employee rates are identified. 

 

Conclusion 

The management of the sustainability of Bristol Bay’s fisheries is vital for the strength of 

Alaska’s economy and the preservation of the targeted species. Along with present day methods, 

ecosystem based management using water property effect techniques can better manage the 

fisheries overall health in future years. With the onset of climate change and high development in 

Bristol Bay and around the world, fishery management may be required to alter its current route. 
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Figures	  

	   	  

Figure	  1.	   Shows Bristol Bay and the surrounding rivers, lakes, coast line, and fishing 
districts. Source:(http://www.bbsalmon.com/FinalReport.pdf)	  

	  
Figure	  2.	   Shows the combined data of millions caught and price per pound from 1961-2001 
for the sockeye salmon industry. Source(http://www.bbsalmon.com/FinalReport.pdf) 
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Figure	  3.	   Shows millions of dollars earned by sockeye salmon fishery in years 1960 
through 2000. Source:(http://www.bbsalmon.com/FinalReport.pdf) 
 

 
Figure	  4.	   Shows the overall distribution and areas of commercial fishing for yellowfin sole. 
Source:(Bakkala, 1981)	  


