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Abstract: It is imperative for the area of Kachemak Bay to have a diversified economy as opposed to 

being heavily dependent on a single resource or resources that are negatively impacted by a changing 

climate. Oysters are a great species for this diversification because they are hardy and not heavily 

impacted by the factors changing in the climate, such as ocean temperature, acidification, and 

desalination. The current aquaculture farming community within the area has already a level of success 

and are ready for expansion. They have been successful in in changing their farming techniques to adjust 

for the changes in temperature and salinity and have also been able create a locally sustainable source of 

the oyster larvae for production. Although there is already a solid structure in place, there is room for 

research to be done as the impacts of global warming are explored. Even though this is not a native 

species, this is an ideal resource to invest in for our future.  
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Background: Oysters 
The pacific oyster (Crassostrea gigas) is a mollusk native to Pacific Asia (Quayle 1969a). 

These oysters are filter feeders and can filter up to 50 gallons of water a day, and are a great 

indicator species for the surrounding waters because they depurate. Oysters will feed on the 

surrounding dinoflagellate that can become toxic upon human consumption, and the toxins can 

stay in the oysters system for one week. They grow to between 8-15 cm long (Galtsoff 1964; 

Quayle 1969a). They live in estuarine intertidal zones. Oysters live in waters that have a salinity 

of 15-35 parts per thousand (ppt), but have been found in water with a maximum of 38 ppt salinity 

(Quayle 1969a) Factors for a suitable oyster habitat include tidal level and protection from wave 

action (Quayle 1969a). Environmental pressures, like long periods of air exposure, dinoflagellate 

blooms, and extreme temperatures may cause death in stressed oysters. During favorable 

conditions, around 90% of fertilized eggs grow to the shelled veliger stage within two days. The 

pelagic larvae are planktotrophic, eating phytoplankton and growing over 2-3 weeks (Kennedy 

and Breisch 1981). Larvae growth depends on water temperature and predators (Kennedy and 

Breisch 1981). Optimal water temperature for larval development is 20 degrees Celsius. Once 

oysters become .30mm, they end their free swimming existence and attach to their chosen 

environment as spat (Pacific Oyster 1988)  Their shells grow according to their environment. If 

they grow on solid objects, the lower valve follows the contour of the said object. Growth on soft 

mud or in tight clusters result in a long and narrow shape, and take on extensive fluting when 

grown on a rough surface, like gravel.  Their textures vary, usually having sharp folds colored off 

white with patterns of purple and brown (Galtsoff 1964; Quayle 1969a). Pacific oysters live up to 

40 years, but are typically harvested for meat at 18-36 months. They feed on planktonic organisms 

(Kachemak Bay Research Reserve). They grow in 4-24 C° waters, with an accelerated growth rate 

in warmer waters, and will begin to reproduce in 19.5 C° waters (Quayle 1969a; Loosanoff 1965). 
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Oyster death will occur when exposed due to lower tides and the air temperatures are -4 C° or 

below. They can adapt to environmental changes by changing their metabolic activities and 

transmitting dangerous signals to the nervous system. The main predators to oysters are dungeness 

crabs (Metacarcinus magister), sea stars, the Japanese oyster drill (Ocenebra inornata), and 

flatworms (Pseudostylochus osterophagus) (Quayle, 1969a). 

Background: Climate of Kachemak Bay 
Kachemak Bay is located in South-Central Alaska on the Kenai Peninsula, and is about 

222,000 acres (Rosier 1993). Glacier movement began creating the structure of the bay 10,000 

years ago (Rosier 1993). The Homer spit bisects Kachemak Bay into two basins, hereby referred 

to as the eastern inner basin, and the westerly outer basin, reference figure 1.
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Figure 1: Map of Aquatic Shellfish Farms in Kachemak Bay (ADFG) 

With the spit as a barrier, the currents affect the two basins differently. The inner basin is 

freshwater fed from 11 glacier fed streams (Rosier 1993). The freshwater coming into the bay on 

the northern edge is low in salinity. Glacier runoff in the summer creates a layer of less dense 

fresh water over the salt water that changes depth with various tides. As a result there is a change 

in current and the nutrient rich water from the Gulf of Alaska that enters the southern edge of 

Kachemak Bay. The nutrients in the form of phytoplankton, that are necessary for farming 

oysters, come from the deep ocean waters entering the bay through the westerly basin and 

circulating with the freshwater. Oyster farms are located on the southern side of the bay where 

these currents provide the necessary food and protected near shore habitat for oysters to thrive, 

specifically in Bear Cove, Halibut Cove, Jakolof Bay, Little Jakolof Bay, Peterson Bay. 

Kachemak Bay is the most productive marine ecosystem in Cook Inlet. Total primary 

productivity (including that of phytoplankton) appears to be three times higher than elsewhere in 

Lower Cook Inlet (Rosier 1993). 

Kachemak Bay has a water temperatures of -11 to 5 degrees Celsius in the winter. The 

summer water temperatures range from 5-15 degrees Celsius. However, over the last two 

summers the water temperature has been rising steadily, see figures 2 and 3 below.  



6	
	

 

Figure 2: Kachemak Bay Temperatures for Summer 2015 (Kachemak Bay Research Reserve) 

 

Figure 3: Kachemak Bay Temperatures for Summer 2016 (Kachemak Bay Research Reserve) 

These figures are significant because they illustrate two major points: Kachemack Bay sees 

similar temperatures through the past two summers, and for the first time in recent history, 

Kachemak Bay has seen an increase in water temperatures, above 12 degrees Celsius. According 
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to Kachemak Bay Research Reserve, this increase in temperature has not been seen since the 

1980s and has created many more questions than answers on how this change in climate will 

affect the region.  

        Global warming is creating ocean acidification. Kachemak Bay is particularly vulnerable 

due to the unique circulation patterns of the currents and the flow of glacier water. The Gulf of 

Alaska is at elevated risk because it is where cold, deep waters that are rich in nutrients, but also 

low in pH, are upwelled at the coast. The cold temperatures also result in greater acidification 

than do warmer waters (Holdereid 2012). This cold water absorbs more carbon dioxide than 

warm water. The effect of this absorption is measured in the corrosiveness of the water. The 

ocean is already 30 percent  more acidic than it was before the start of the industrial age, and 

changes in water chemistry will have a global impact (Holdereid 2012). Corrosive water directly 

impacts the oyster larvae and has resulted in loss of seed spat and increased mortality in the 

oyster hatcheries of the north pacific. It will also weaken the shells of oysters and damage the 

small plankton that are the primary diet of oysters.  

Kachemak Bay oyster farms report an average of thirty percent die-off of oyster crop 

annually (I&O, 2014). It is not clear what conditions contribute to this mortality. The warming 

seasonal temperatures occurring in the winter months, particularly January and February, are 

suspected to be a contributing factor. Food sources are also becoming more variable as a result of 

warmer water and air temperatures. Typically during the late fall and early spring the large 

blooms of Pseudonitzschia would provide a reliable food source for the growing oysters. This 

however is no longer a predictable occurrence. The change in the abundance and species of 

phytoplankton may have an impact on mortality rates. Currently there is no consistent data to 

support the impact of ocean acidification or climate related changes on oyster mortality. It is 
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/hard to determine how this would influence over-winter survival but farmers are optimistic that 

the warmer water temperatures and increased freshwater source on the surface of the water will 

improve oyster production. 

 
Historic and Economic Presence of Oysters in Kachemak Bay and Alaska 
  
 On June 9, 1988 the Aquatic Farm Act became a law in the State of Alaska (Pring-Hann 

2016 ; Politano 2015). This law allowed farming of shellfish in Alaska. It was intended to 

manage the responsible growth of the aquatic industry and contribute to Alaska’s economy. The 

law gave governance of the industry to the Alaska Department of Fish and Game. Their role was 

to permit and regulate aquatic farming while at the same time protecting the state’s fish and 

game resources. The Department of Natural Resources was granted authorization to permit and 

regulate the lease of state tidelands and submerged water for aquatic farming. In addition to these 

agencies, the Department of Environmental Conservation had authority to oversea food safety of 

shellfish for human consumption. Finally, since oysters are not indigenous to the state water, a 

statute by the Board of Fisheries allowed for the import of Pacific oyster spat or seed stock to be 

imported into the state. The Alaska Department of Fish and Game established policies regarding 

this stock to prevent the introduction and spread of disease in Alaska. Since the establishment of 

these laws and regulations twenty-eight years ago, oyster farming in Kachemak Bay has grown 

to produce 38% of the aquatic farm sales in the state in 2015 (Pring-Hann; Politano 2016). See 

the below table (Table 1) for the historic values of aquatic farming in the state of Alaska.  
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Table 1: Statewide Aquatic Farm Oyster Production (ADFG) 

 As of 2014, there were fourteen aquatic farms in Kachemak Bay whose primary product 

is Pacific Oysters.Presently, all of the oyster farms in Kachemak Bay are family operated 

businesses (ADFG 2015). Contributing to the success of the oyster farming in bay was the 

organization of the Kachemak Bay Shellfish Growers Co-Op and the Kachemak Shellfish 

Mariculture Association. These cooperative efforts built a processing facility on the Homer Spit 

to sort, process and market their oyster product. The cooperative is owned by fourteen family 

farmers in the Kachemak Bay,  

Oyster farming is emerging as a new and economically valuable fishery in Alaska. The 

organization of small-scale farms into cooperatives, such as those established in Kachemak Bay, 

support a new, sustainable economy for people in the region.  

Multi-species Management Plan 

Climate change, particularly the warmer temperatures and ocean acidification will have a 

direct impact on the volatile seasonal fisheries and the economic status of the communities 

around Kachemak Bay that are dependent on the ocean for a livelihood. It will be necessary to 
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create new, adaptable, and commercially profitable resources that will reinforce the economics of 

these coastal communities. One resource that will be able to withstand the changing climate yet 

still provide an profitable economic yield is the commercial and co-op farming of Pacific Oysters 

in Kachemak Bay.  

         This developing enterprise has been successful despite the variables that make Alaskan 

oyster farming a challenge. The inability to have a local source for the seed spat and the decline 

of sources for out of state seed spat has been a factor in expansion.This issue is being resolved as 

research and experimentation with locally grown oyster spat. The harvest rate of oysters in cold 

water limits production because it takes on the average three times longer to grow a marketable 

oyster than in warmer waters, but due to warming ocean temperatures the summer growing 

season has become longer and more profitable. There was an increase in the number of days 

worked from 2014 to 2015 of 34 days due to the increase in temperatures (Rykaczewski 2016). 

Variables in growing continue and there is a constant demand for improvements in the 

technologies of oyster farming. A benefit to warming ocean water is that oysters will grow more 

rapidly allowing the time between harvests to be considerably less. This longer growing season 

in Alaska will create an increase in plankton populations during certain times of the year and 

maintain a constant and reliable source of food for developing oysters.  

        A variable that is has been a concern to Alaskan oyster farmers is the inability for oysters 

to propagate in the colder water. Suppliers have experienced mortality of the stock as a result of 

more corrosive waters in the Pacific Northwest and they are having difficulty meeting the 

demand of stock for farmers. The Kachemak Shellfish Mariculture Association has started a 

project in 2012 in Homer to hold and produce sea larvae and oyster spat. This program has 

successfully been a source of local spat for oyster farmers in Kachemak Bay, increasing 
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production by 130% (Rykaczewski 2016). The warming Kachemak Bay waters have allowed for 

the production of spat seed in a hatchery environment. The close proximity of a hatchery has 

reduced transportation costs and allowed for more opportunities for oyster farming expansion in 

the bay. 

        The impact of salinity on oyster growing in Kachemak Bay is currently not considered to 

be an environmental stressor (I&O, 2014). In most locations around the bay where farming 

would be manageable, the freshwater lens at the ocean’s surface is shallow and the columns of 

oysters are located at a deeper level. However, an increase of freshwater runoff into the bay 

would force farmers to adapt their growing strategies to counteract changing salinity levels. This 

is most successfully implemented by the “lantern strategy”. This farming technique allows the 

oysters to be raised or lowered in the water column depending the current freshwaters lens. 

        Oysters are however, one of the shellfish species that is more apt to adapt to the increase 

of dinoflagellates in warmer ocean waters. Their presence improves water quality (Patricio, 

2002-OSB report). In comparison to other shellfish species, oysters process and excise or cleanse 

themselves of toxins efficiently, on average of 7 days(KBRR 2016) Their constant filter of water 

is considered important to the ecosystem of Kachemak Bay. They absorb excess substances in 

the water that are a detriment to other species.  

        Any development of oyster farming in Kachemak Bay needs to be coordinated earlier 

mentioned agencies, ADFG, DEC, and DNR. It is an intensive permit process and unless it is 

simplified through cooperative management it will prohibit growth of this commercial 

expansion. At the present time it is a difficult process to meet the requirements of the various 

regulatory agencies.We propose that these three agencies collaborate more closely together and 

produce a single application process. The creation of a new local commission committed to 
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streamlining the current application process and the management of oyster farming in Kachemak 

Bay will allow for increased growth within this fishery. This process will make it easier, not only 

for an increase in the establishment of new farms, but also, for the expansion of current oyster 

farms.  

        The past two decades, successful oyster farming has increased in Kachemak Bay. The 

profitability of farming is a result of an increased awareness by consumers that oysters are a 

healthy food source and marketing of Alaskan oysters has been successful. Marketing has 

emphasized that the meat in Alaskan oysters is proportionately larger than those grown in the 

contiguous United States. The image of clean, cold pristine Alaskan waters has been a selling 

point as far away as New York City (Rykaczewski 2016). Their reputation is increasing and the 

profit has increased as well, with an increase total profit of $537,184 from 1992 to 2015 (ADFG 

2016). Markets that are familiar with the smaller Pacific oyster will benefit from an increase in 

the availability of the product.  

 One other aspect to increase Oyster mariculture in Kachemak Bay is increase the 

marketing of oysters locally. Alaska Ocean Observing System has developed a real-time 

Harmful Algal Bloom (HAB) based on the current temperatures of 9 different sites in Kachemak 

Bay. They have found correlation between an increase in temperature and occurrences of 

harmful algal blooms. This website should be more common public knowledge to allow for 

locals to know when it is safe to consume the oysters. Another way to increase the market would 

be the sales of oysters to be easier for local restaurants and organizations like Alaskan Grown or 

Buy Alaska to share this local resource with the rest of the state. Currently, approximately 38% 

of oysters from the state of Alaska are farmed in Kachemak Bay and 75-80% of these are bought 
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by Alaskans (Rykaczewski 2016). We believe there are larger markets in other countries that 

could benefit from our increased oyster production.  

        The infrastructure needed for the development of a larger scale oyster farming in 

Kachemak Bay includes the management of all of these factors. The increase in production will 

allow for expanding markets around the world. The potential to build a sustainable industry that 

contributes to the local and state economy depends on the efficient management, funding and 

continued research on the changing habitat that affects oyster production in Kachemak Bay.   

What research needs to be done? 

We have some knowledge about what conditions oysters need to reproduce and when 

they can stay healthy without reproductive conditions, but there is room for more research that 

needs to be done in Kachemak Bay in order to determine whether or not they will be an invasive 

species in our area if they become reproductive. How will oyster reproduction  affect the food 

chains within Kachemak Bay? If the water temperature reaches its optimal breeding point, and 

the salinity stays at a healthy level, oysters will begin to reproduce. The problem with this is that 

oyster reproduction happens on a massive scale, with billions of eggs being released, so if it 

occurs, it could become out of control very quickly.  

One positive unknown is if the oyster farms could be sanctuaries for other species. The 

current oyster farmers have made observations of species living on the oyster nets, possibly for 

food or protection, but it is unknown if a few animals are attracted to the oyster farms, they will 

be safe to an entire ecosystem. A possible solution would be testing how each organism in the 

kachemak bay would react to oysters in a controlled environment. 

Steve Rykaczewski of Kachemak Shellfish Mariculture Association (KSMA) states that 

“Oyster farmers lack information related to changing ocean conditions and oyster survival, such 
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as phytoplankton bloom timing, ocean acidification, and pathogens and other oyster-related 

disease.” If KSMA would be able to work with the current scientists in Kachemak Bay to take 

data at their farms, many of these issues may begin to see correlations and observations.  

The Sea Grant Marine Advisory Program (MAP) is the supportive agency whose mission 

is to provide support for the rapidly expanding shellfish farming industry in Alaska. They were 

developed to coordinate research projects, train and and manage the collection of samples that 

local oyster farmers collect for monitoring purposes. NOAA Sea Grant Research Center then 

processes the data and disperses information to local farmers and agencies. Improved 

coordination and networking is important as this fishery develops. 

The largest issue seen in Kachemak Bay are toxic algae and phytoplankton. It is has been 

recorded that all three species, Dinophysis, Paralytic shellfish Poisoning, and Amnesic Shellfish 

Poisoning, are directly correlated to ocean temperature in terms of population. With this 

knowledge, and understanding that these diseases are currently subsided in kachemak bay, we 

can assume that as temperature rises in the kachemak bay, so will the populous of these diseases, 

which will have a substantial impact on oyster population and sanitation. 

Conclusions 
We believe there is a large potential for an increase in mariculture of oysters in 

Kachemak Bay because our unique habitat area, the change in climate, and a developing market. 

We believe Kachemak Bay should increase its oyster farming because it has an economy that is 

almost entirely dependent on a few key marine based resources that will be negatively affected 

by global warming trends. Oysters are a hardy species that can be a profitable way to diversify 

our economy and increase our coastal resiliency. Oysters will also increase the health of our 

ecosystem by improving the overall water quality.  
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