
 

Salmon Restoration Efforts at the Karluk Estuary (Kodiak, AK), and a 

Comparative Look at the Schelde Estuary (Belgium) 

 

Kodiak High School 2013 Tsunami Bowl Team 

Authors:  

Hannah L. Christian, John L. Roy, Chellene Medina, Deborah P. Bitanga, McKenzie Barnett 

Coach: Switgard Duesterloh 

Kodiak College, P.O. Box 2787 Kodiak, AK 99615, (907) 654-9037, switgard@gci.net 



 
   
 

  2 

Salmon Restoration Efforts at the Karluk Estuary (Kodiak, AK), and a 

Comparative Look at the Schelde Estuary (Belgium)  

 
Abstract 
 
For many years the Karluk has dominated salmon fishery in Kodiak. Recently, the sockeye 
salmon returns were low because of a lack of zooplankton in the lake and estuary. The glacially 
formed estuary has been ever changing with regards to its geography, geology and human 
population. The Gulf Ecosystem Monitoring Project proved that nutrients from salmon carcasses 
were needed for the development of juvenile salmon in the lake. Based on these findings, the 
Kodiak Regional Aquaculture Association proposed to artificially fertilize. However, little 
information is available about the lagoon. Therefore we reached out to Karluk locals and 
designed a study plan. In comparison to the Karluk, the Schelde estuary located on the border of 
the Netherlands and Belgium, is bigger, more populated and more polluted, which has caused 
salmon populations to be almost gone from the area. We propose to help increase sockeye 
salmon populations in the Karluk through the installation of several plankton hatcheries. A rough 
draft of the proposed hatchery design is included. 
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1. History of Commercial and Subsistence Fishing, Karluk 
 

1 a. Karluk Salmon Population 

Prior to 1920, cannery operations dominated the Karluk fishery. By 1920 the commercial 

harvesting caused the salmon population to decline. The escapement reached its lowest point 

during 1955 and remained low until 1987 when the abundance started to increase again. The 

escapement averaged 1,500,000 between 1987 and 2007 until it had another drop in 2008.  

Recently, with escapement numbers as low as 450,000 a solution is needed in order to increase 

the salmon population once again.  

  

Fig 1: Historical Karluk Sockeye Escapement and Commercial Harvest, 1882-2011 
(Sources: 1882-1936, Barnaby 1944: for 1937-1959, USFWS weir reports & agents’ reports, 
ADFG, Kodiak; for 1960-1980, ADFG, Commercial Fisheries Division Area Annual Reports, 
Kodiak; for 1981-2011 harvest, Foster 2010 and Foster 2012; for 2011 escapement, Jackson 
2011.) 
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1b. Early Use by Native Americans 

The Karluk has historically been used not only by commercial fishermen, but traditionally by the 

Karluk’s Alutiiq Native Alaskan tribe for over 7000 years. The Karluk contains 36 

archaeological sites within the area. 

 

1c. Saltery 1786 (Russian era) 

The Russians founded a trading post with a salmon saltery in 1786. This set the stage for much 

more industrialization to come. 

 

1d. Cannery  

In 1878 the Karluk Packing Company built the first cannery on the Karluk spit. Just four years 

(1882) after the Trading post was founded, there were five operational canneries on the Karluk 

system. The addition of these co-operations brought in many people from abroad and in 1890, 

merely 10% of the village population was Native Alaskan. 

 

1e.  Hatchery Programs 

In 1896 the Alaska Packers Association opened a hatchery, because officials were concerned 

about the declining number of salmon due to overfishing. Salmon numbers continued to decline 

over the years, and finally the hatchery was closed in 1917 and the cannery was moved to Larsen 

Bay. After the cannery was moved to Larsen Bay, many families moved also to keep work. 

Although fishing remained a large industry in Karluk, the methods of catching changed to using 

purse-seine nets and motorized boats manned by a four-person crew. 
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2. Karluk Background 

2a. Land Ownership and Village Location 

 

The greater Karluk region is part of the Kodiak National Wildlife Refuge. Most of the land 

surrounding the Karluk Lagoon and along the river shores is privately owned by Koniag Inc. and 

the Karluk Tribal Council (Figure 2). 

 

Prior to 1978 the Karluk village was located on both sides of the Karluk River. In January of 

1978, following a severe storm, which almost destroyed the village, the elders made the decision 

to relocate the village to its current location upstream on the south side of the lagoon (Fig. 3).  

 

 

Fig. 2: Map of Karluk Area Land Ownership (ADF&G, 2012) 
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Fig. 3: Location of the Karluk village in 1995. Photograph by Patrick Saltonstall  
(http://www.mnh.si.edu/lookingbothways/data/images/sites/p10-1.jpg) 
 

2b. Geography, Geology, Estuary 

Karluk is located on the west coast of Kodiak Island and is 88 air miles southwest of Kodiak and 

301 miles southwest of Anchorage. The Karluk drainage consists of the lake, a 24-mile long 

river, and the lagoon (Fig. 4). A sandy spit separates the lagoon from the Shelikof Strait. The 

river flows in a northwest direction through a glacially formed valley. Karluk was formed as a 

costal plain estuary covered by ice during several glacial periods with a refugium adjacent to part 

of the lake. During the 2-day winter storm, which almost destroyed the village of Karluk in 

January 1978, the river changed its course and reshaped the lagoon. 



 
   
 

  9 

 

 

Fig. 4: Map of the Karluk drainage including the lake, river, lagoon and village location. Insert 
photo shows the location of canneries in 1907. 
(Map altered from http://karlukrivercabins.com/wp-content/uploads/2010/11/cabins_map.jpg, 
Photo: http://sanctuaries.noaa.gov/maritime/historical_ecology/slide_images/IMG_7457.jpg) 

 

2c. Animal use of the area 

In Kodiak there are 117 salmon-bearing streams, 16 lakes, riparian wetlands, grasslands, shrub 

lands, spruce forest, tundra, and alpine meadows. Collectively these habitats sustain 3,000 bears, 

account for up to 30 million salmon caught by the Kodiak-based fishing fleet, support more than 

400 breeding pairs of bald eagles, and provide essential migration and breeding habitat for 

another 250 species of fish, birds and mammals (US Fish and Wildlife service, 2012). Besides 
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the brown bear; five other native land mammals on Kodiak include red fox, river otter, short-tail 

weasel, little brown bat, and tundra vole. Some introduced mammals include the Sitka black-

tailed deer, beaver, snowshoe hare, and the mountain goat. Also, whales, porpoises, seals, sea 

otters, and sea lions inhabit the bays of Kodiak (Kodiak National Wildlife Refuge, 2012). 

 

3. Possible Causes of Declining Salmon Numbers 

3a. Gulf Ecosystem Monitoring Project 

There are many possible causes for the salmon population to suddenly start declining. One cause 

is human interference through overfishing. Overfishing has lead to a decline in lake productivity. 

The Gulf Ecosystem Monitoring (GEM) project, conducted by the Alaska Department of Fish 

and Game in cooperation with the University of Alaska Fairbanks monitored the effects of 

marine- derived nutrients (ADF&G, 2012). Numbers of sockeye salmon began to decrease 

between 1880 and 1960, and up to today; the Karluk system remains about 10% populated. Adult 

salmon return to the Karluk to spawn and die and their carcasses provide nutrients for the 

phytoplankton and zooplankton integrated into the food web. The GEM study showed that the 

production of nutrients was limited. In conclusion, both the zooplankton and the smolt need the 

high level of nutrients that is strongly dependent on salmon carcasses. 

 

3b. Lake Fertilization 

The Kodiak Regional Aquaculture Association (KRAA) did research and discovered that for 

three consecutive years depressed escapement have depleted nutrient levels from salmon 

carcasses, which reduced the base of the food web. In 2011 the KRAA proposed to fertilize the 
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lake, which would duplicate the fertilizing effect of salmon carcasses and have the same 

nutrients released to stimulate plankton growth (KRAA, 2011).  

In 1986, Karluk lake was fertilized once before for the same reasons, and the Kodiak National 

Wildlife Refuge disagreed with the proposal due to their belief in natural conservation, and said 

that fertilization could produce unwanted side effects to the salmon population (Foster, 1986). 

Today, the same or similar concerns apply. 

 

4. Local Knowledge 

No research is published on the Karluk Lagoon. To find out more information, we reached out to 

the Karluk village school students through a series of questions. These general local knowledge 

questions included geographic, bathymetric, biological, and local use information (Appendix).  

 

5. Comparison with Schelde Estuary 

We chose the Schelde estuary as a comparison because it can be used as an example for how 

much time and effort it takes to restore salmon in an area where they have been eradicated. 

While the Schelde is bigger and has a dense human population, few salmon return there to 

spawn. In contrast, the Karluk has a very small human population and large returns of sockeye 

salmon. 

 

5.a Schelde background 

The Schelde estuary is of high economic importance to Belgium. In Roman times, it was an 

important source for shipments to get out to Britannia. Nowadays, it is used as Antwerp harbor’s 

navigational channel for ships. In order to maintain the structure of the shipping channel the 
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Schelde must constantly be dredged. Continuous dredging, however, has a great effect on its 

tidal movements, which causes current velocities and tidal amplitude to increase; therefore 

expanding the risk of flooding in areas along the Western Schelde (Scheldt, 2012).  

The Western Schelde is also ecologically important to Belgium. It has a multi-channel system 

with multiple tidal flats down the middle and along its edges that feature several benthic 

organisms. The areas with higher elevation on the other hand have various forestry and farmland 

present. The Schelde flows west into the Netherlands towards the North Sea. Numerous other 

rivers also occupy areas in Belgium such as the Meuse, Rhine, Seine, and Yser rivers. 

In close proximity to the Western Schelde is the largest brackish tidal marsh in Europe; the 

eminent Verdonken land of Saeftinge (13.5 mi2). It is so valuable that it is profoundly guarded 

and protected in order to conserve it. 
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Fig.5: Location of the Schelde in Belgium and the Netherlands (Van Ael, 2012). 

 

5b.  Comparison of fish species in Schelde and Karluk estuaries 

The following table represents commonly found fish species from fyke net catches in the Schelde 

at Antwerp (Herrier et al., 2005). The Karluk species list originates from the answers of Karluk 

locals regarding common fish in the lagoon (Appendix).  

 

SCHELDE      KARLUK 

Carp bream Abramis brama               Red Salmon  Oncorhynchus nerka 

European eel Anguilla anguilla              Pink Salmon  Oncorhynchus gorbuscha  

Three-spined stickleback Gasterosteus aculeatus Silver Salmon  Oncorhyn kisutch 

European smelt Osmerus eperlanus   King Salmon  Oncorhynchus tshawytscha 

European perch Perca fluviatilis   Flounder  Paralichthys dentatus  

European flounder Platichthys flesus   Steel head  Oncorhynchus mykiss 

Common roach Rutilus rutilus   Dolly Varden   Salvelinus malma 

Atlantic salmon Salmo salar    Mountain Trout (?) 

Brown trout Salmo trutta 

 

5c. Population  

The country of Belgium with 11, 780 mi2 (30,510 km2) has roughly 12 million people. On 

average there are ~1,000 people per square mile in Belgium. Whereas Kodiak is about 3,600 mi2  

and has 12,000 people. There are about 0.3 people per square mile on Kodiak Island. 
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5d. Fisheries 

Fisheries in the Schelde and adjacent North Sea target herring, cod, haddock, plaice, sole, 

whiting and mackerel, but accurate annual catch data is not available (Anon. 2010). From 1987 

to 2007, the average amount of Karluk sockeye salmon alone caught by commercial fishermen 

was 621,000, equivalent to about 5 million dollar in ex-vessel value. 

 

5e. Salmon 

Salmon spend most of their life feeding and growing in salt water, and return to spawn in native 

fresh water when they are adult (Atlantic salmon, 2012). However, salmon don’t need salt water 

to survive. Pacific salmon species die after spawning while Atlantic salmon can recondition and 

return to sea and repeat the spawning cycle. 

 

The primary reason for the decline of Atlantic salmon is due to habitat change and overfishing. 

In Europe, in the 1950’s, salmon were caught commercially with drift nets. This made catching 

fish easier. As a result of the increased fishing pressure, the number of catches in 1979-1990 fell 

from 4 million to 700,000. Around the 1990’s, the death rates of Atlantic salmon had more than 

doubled. In the western Atlantic, less than 100,000 of the important multiple sea-winter salmon 

were returning. 

 

At around 2008, the North Atlantic Salmon Conservation Organization formed a group called 

SALSEA in order to research the mortality rates of the salmon at sea. Slow progress has been 

made in order to restore salmon to their native habitat. Habitat restoration and protection are 
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essential factors in achieving this, but organizations had difficulty due to excessive salmon 

harvesting and competition. Other methods are taking place. In New England, for example, 

obsolete dams are being knocked down and replaced with fish ladders. This technique has 

proven effective on Pacific Salmon. 

 

Pollution from overpopulation caused the inability for salmon to spawn in fertile spawning 

grounds. Though we do not expect the future population of Karluk village to increase very much, 

it is important to maintain clean, healthy water for the salmon. It is necessary to have a constant 

resource of salmon produced in sparsely populated areas in order to provide food for the people 

in densely populated areas. 

 

6. Restoration Project: Research Plan  

6a. Information on Fish and Game Karluk escapement plan 
 

We contacted Alaska Department of Fish and Game management biologist James Jackson for 

information on the Karluk. The system has two runs of sockeye, the early run in June and the late 

run in the end of August to early September. The late run has been more successful and is twice 

as productive. Escapement goals are calculated by a density-dependent relationship, which is 

describing that if you have too much escapement, the fish will be too small when they leave the 

lake and are more likely to be preyed upon. If there is too little of an escapement there will not 

be enough fish to sustain the run. We found that over escapement in the Karluk in previous years 

caused lack of nutrition in the lake. Recently, the nutrients have increased to acceptable levels 

and the Department of Fish and Game is working towards getting as much fish into the lake as 

possible. They target around 400,000-450,000 fish between the two runs of sockeye.  
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6b. Research plan to study the lagoon 
 
In order to find out what is happening with sockeye salmon in the Karluk lagoon, we developed 

research topics and methods.  The following list outlines steps to research basic information 

about the lagoon and how salmon use the area. 

 Bathymetry: Start out with hydro acoustics once a week in a 3 month period to get the 

depth information and where the fish are 

 Take Salinity, DO, temperature measurements at 1 meter descending increments along 

transects of the lagoon 

 Take samples of water chemistry and test for nutrients and pollutants using the same sites 

of where we take salinity, DO, and temperature 

 Assuming there are no obstructions in the lake, place the AUV into the lagoon to get a 

complete set of data* 

 Find the speed of the water moving in the deep areas 

 Find the amount of plankton in the deep areas 

 Sample plants and animals in the riparian zone 

 Map out sheltered areas for juvenile salmon to hide 

 Design predator study including fish and bird predation 

 

*The Alaska Department of Fish and Game in Kodiak owns an Autonomous Underwater Vehicle 

(AUV) nicknamed “Athena”. Depth, temperature, dissolved oxygen, pH, chlorophyll, turbidity, 

and conductivity data are collected throughout the study. The AUV has been used to study the 

Karluk, Frazer, and Akalura lakes. 

 



 
   
 

  17 

 
6c. Improvement plan for salmon run size at Karluk 

We discussed how to improve salmon run size. Possible methods include lake fertilization (as 

proposed by KRAA), egg planting (discussed for use at the Buskin system in Kodiak), fish 

ranching/hatchery (used for example at the Little Waterfall and Spiridon lakes in Kodiak), and 

decreasing commercial harvest to increase escapement.  

 

In addition, we discussed the possibility of zooplankton farming to boost food for juvenile 

salmon. The design takes phytoplankton from the lake and rapidly increases production by taking 

air and pumping it into tubing in which the phytoplankton circulate. In this way phytoplankton is 

exposed to sunlight, an increased supply of carbon dioxide, and a nutrient solution to support 

growth. While ¼ of the phytoplankton recirculates through this system, ¾ are transferred to 

another tank in which Diaptomus copepods and Daphnia, the preferred sockeye food species, are 

cultured.  

 

We propose these feeding stations to be about 5*5 feet in size including the tubing (Fig.6). We 

decided that multiple small feeding stations reduce susceptibility of the feeding salmon juveniles 

to predation. We would install 5 floating feeding stations on the lake in places where juvenile 

salmon are known to be present. The stations will be near the shore but far enough out of range 

of bears. Two feeding stations would be located in the river in locations with slow current. Three 

feeding stations would be installed in the lagoon, in places identified by the hydroacoustic survey 

(Fig. 6). 
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Fig. 6: Diagram of feeding station, showing phytoplankton tubes and zooplankton tank leading to 

the lake 
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By utilizing carbon dioxide from the air and ultimately turning it into a resource to support 

salmon returns, this system resolves two global issues; supporting high quality food production 

and contributing to slow down global warming. 
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