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Implementing Artificial Reefs to enhance Red King Crab subsistence resources in Captains 

Bay, an Unalaskan Estuary 

 

ABSTRACT 

 Red King Crab (RKC) are one of the most important commercial fisheries resources in 

Alaska. In recent years, RKC numbers have decreased which has a large impact on the Alaskan 

economy as well as subsistence users. We propose to use artificial reefs to enhance the RKC 

survival for subsistence users in Unalaska Bay. By increasing the RKC subsistence take, we may 

be able to offset the increasing cost of living as seen in local grocery stores. This project may 

have the potential to be used on a commercial scale. 
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1. Introduction 

1.1.  The Importance of RKC 

 Crab species are important fisheries resources in commercial fisheries of the Bering Sea/ 

Aleutian Islands (BSAI) area.  Along with the Gulf of Alaska, the BSAI produce approximately 

one-third or more of the total U.S. crab catches on average (Hamazaki and Howard, 2012).  

Historically, Red King Crab (Paralithodes camtschaticus) has been Alaska’s top shellfish fishery 

with approximately 2 billion pounds harvested since 1959 at a value of $1.6 billion dollars 

(Hamazaki Howard, 2012).  In recent years, P. camtschaticus was valued at approximately five 

dollars per pound, netting 70 to 90 million dollars (M. Good pers. com.). 

 Paralithodes camtschaticus, henceforth referenced as RKC, play an important role in the 

lives of remote Alaskan communities as a resource for subsistence fisheries.  The subsistence 

RKC fishery is designed to provide harvest opportunities for Alaska residents and their families.  

Many families rely on subsistence resources like RKC to offset the increased costs at grocery 

stores that arise from logistical challenges of living in remote areas. 

 In addition to their fisheries significance, RKC play an important role in near-shore 

ecosystems.  Depending on the stage of their lifecycle, RKC are vulnerable to predation while 

acting as predators on other organisms including smaller con-specifics.  A decrease in the 

number of RKC would decrease food available to the Bering Sea ecosystem while potentially 

alleviating predation pressure to organisms that RKC like to eat. 
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1.2.History of the Fisheries 

Commercial Fishery  

RKC fisheries began to expand in the 1960s and peaked in the 1980s with a total catch of 

129.95 million pounds (Hoopes et al., 1972; Jackson, 1974; Phinney, 1975).  From then on, the 

catch declined dramatically and has remained low for the past 30 years.  In the last 15 years, The 

Bristol Bay RKC stock has shown promise, but other stocks have remained low in other areas 

around Alaska. The reason for the drop in RKC population is unknown.  Some research suggests 

that fish predation or possibly even warmer ocean conditions might be responsible for poor 

recruitment of future generations. (Woodby et al., 2005). 

Recently, the commercial catch quota for the 2012/2013 season for RKC was reduced by 

one half from 14.84 million pounds in 2011/2012 to 7.83 million pounds (Siddeck and Zheng, 

2012). One of the reasons for this decrease in quota is thought to be the result of years of 

overfishing from commercial and subsistence fisheries. 

 The U.S. federal government and the State of Alaska jointly manage the BSAI crab stocks.  

The goal of fisheries managers is to maintain a certain biomass of crabs to ensure that there will 

be enough to produce more crabs for the future.  RKC are managed by allowing a certain amount 

of crab to be harvested, while maintaining a certain amount of biomass to reproduce future 

generations of crab.  Consequently, if the quota is exceeded and RKC are being overfished, the 

population may decrease with the potential of crashing, never to recover. 

Management strategies include sex and size limitations.  The harvest for RKC is restricted 

to males with a carapace of 6.5 inches or more.  The reason for the shell width limitation is to 

allow the crabs the chance to mate before being caught.  In the commercial fishery, RKC are 
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harvested in crab pots that must meet certain specifications to allow juveniles to escape and will 

prevent “ghost fishing” if a pot is lost. 

 

Subsistence fishery  

The history of the subsistence fishery for RKC has been variable from year to year with 

recent decreases in catch.  In Unalaska, between 1988 and 1994, an average of 15 permits were 

returned per year with an annual harvest of 135 king crabs reported (M. Good pers. com.).  Due 

to continued decreases in the number of RKC captured in subsistence fisheries, the 1999 daily 

subsistence catch limit of RKC was reduced from six crab per person per household per day to 

one.  Currently within the BSAI area, people may harvest RKC from June 1st up until January 

31st each year. 

The ADF&G has been collecting subsistence log sheet information for the past 12 years.  

Each year approximately 219 permits were issued with an estimated 69% return rate (M. Good 

pers. com.). The harvest for the returned permits ranges from 0 to 150 king crabs per permit, 

totaling an annual harvest of 847 king crabs (M. Good pers. com).  ADF&G estimated that 1,235 

RKC were harvest based upon unreturned permits.  In the last six years, though the number of 

permits issued has remained relatively constant, the number of RKC harvest has decreased 

significantly (Figure 1). 

 

1.3. Life History of RKC 

Molting Stages/Growth 
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RKC have a complex lifecycle that scientists still do not fully understand. During spawning 

season, females molt their shells to mate; males will protect them and fertilize them while their 

shells harden.  Females carry about 45,000 to 500,000 eggs at a time.  When the embryos are 

released, they are often swept away by currents and begin the planktonic portion of their 

lifecycle.  

 Immediately after hatching, they are considered prezoeae for one hour, after which they 

enter the zoeal stages, of which there are four.  Each stage lasts around 10 days and each one is 

characterized by different morphology and physiology until the larva closely resembles a full-

grown crab.  Larvae are planktonic for two to five months.  After the zoeal stages, crab change to 

the fifth larval stage called the glaucothoe.  RKC move from the pelagic to the benthic zone in 

approximately 84 days at a temperature of 8ºC.  At this stage, RKC are approximately 1.5 mm in 

length and about 1.3 mg (Jewett and Onuf, 1988).  While growing, they must molt their shells 

frequently. This is because their shells are composed of calcium, which doesn’t allow for very 

much growth as it does not expand.   

After five or six molt cycles (approximately 2 to 3 months) the crab larvae begin to take on 

the appearance of a full grown crab.  The shells of males generally last longer than females, often 

as long as two or three years.  When the crabs are in their juvenile stage, most will remain from 

shallow water to depths of 150 feet.  At 4 years of age, they move even deeper, where they 

accumulate into pods of several thousand.  During spawning seasons, they move back to 

shallower water for about a year while the eggs gestate, until they hatch in the spring.  After 

spawning, most adults move to deeper waters with sandy floors. RKC can grow to 24 pounds and 

live as long as 30 years.  The largest male RKC ever captured had a leg span that was nearly 5 

feet across (Jewett and Onuf, 1988).   
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Predator and Prey 

RKC play an important part in near shore ecosystems.  As plankton, RKC are eaten by 

jellyfish, fish and other predators that live in the upper water column.  Once they settle, RKC 

juveniles are eaten primarily by fish, though other crab will eat them as well.  At this young 

stage, RKC are notoriously cannibalistic. (B. Daly pers. com.).  The most common predators of 

adult RKC are the Pacific halibut, northern rock sole, Pacific cod, and octopus (Daly et al., 

2012).   

RKC also preys on a multitude of things as they change into different stages of their life 

cycle.  In their larval stages, they primarily consume other species of plankton. When in their 

juvenile stage, they prey on diatoms, protozoa, hydroids, crab, and other benthic organisms.  

RKC in their adult stage consume worms, clams, mussels, snails, brittle stars, sea stars, sea 

urchins, sand dollars, barnacles, fish, and algae. 

(http://www.afsc.noaa.gov/Education/factsheets/10_rkc_fs.pdf).  In all life stages, RKC are 

notorious for being highly cannibalistic. 

 

Habitat 

Habitat selection for different stages of RKC life history plays an important role in both 

survival and future success.  The selection of a complex substratum is crucial for life stages 

succeeding glaucothoe.  As plankton and newly settled benthic juveniles, RKC are more 

susceptible to predation; therefore the more complex the environment, the less likely they are to 
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be eaten.  One anti-predation strategy that RKC has developed is the formation of pods. These 

pods are formed during the day and disperse at night so that the individuals can feed.  These pods 

are thought to protect juvenile RKC similar to the strategy of schooling fish.  When the juveniles 

mature to an age where they are less likely to be preyed upon, they migrate to deeper waters 

ranging from the intertidal zone to approximately 100 fathoms 

(http://www.afsc.noaa.gov/Education/factsheets/10_rkc_fs.pdf. 11/10/2012). 

RKC’s spatial range extends from northern Japan and spans along the Aleutian Chain to 

British Columbia, focusing in the Bering Sea and Bristol Bay (Figure 2). They have been 

reported as north as Barrow and the Chukchi Sea (MacGinitie, 1955) and as far south as the 

Queen Charlotte Islands (Kuzmin et al., 1996).  

 

Tolerance of Salinity 

Juvenile RKC are able to tolerate lower saline waters than adult crabs (Thomas and Rice, 

1992).  Juveniles tend to live in the lower intertidal zone during the fall-winter-spring because of 

the lack of predation. This is incredibly important, as RKC is most endangered by predation 

when in the juvenile stage. Adult RKC are osmoconformers and are unable to withstand wide 

variations of salinity (Shirley et al., 1986). RKC can withstand changes of salinity between 28ppt 

to 35ppt (Rodin, 1985).   

In a recent study of RKC in Russia, researchers found that RKC may have a larger 

tolerance for decreased salinity than previously reported.  In several experiments with RKC 

found in the Barents Sea, newly introduced crabs were able to survive at increase ranges of 

temperature and salinity suggesting that RKC may be more adaptable the previously suggested 
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(Ilyushchenko and Zenzerov, 2012).  In Barents Sea RKC, experimental crab were able to retain 

their vital functions with salinities as low as 8ppt (Ilyushchenko and Zenzerov, 2012). 

 

Movement 

The migration of RKC is associated with life-history events and may occur due to 

environmental conditions and food resources. All crabs shift their depth and habitat use 

following a seasonal pattern.  In the late spring, RKC gradually move to deep water after mating. 

They stay there until November, and then migrate to shallow-water areas where they stay until 

late February or early March.  Between ate March and late May, they move to intermediate 

depths and then eventually shallow water to molt and mate. 

 

2. Problem Statement 

 When RKC are very small (in the zoeal, megalopal, and early benthic stages of its life), 

they are extremely vulnerable to their natural predators, especially each other.  Because of this 

and other factors such as climate change, the RKC population has declined to a point where there 

are major economic and natural consequences if it falls further.  On a very local level, 

subsistence in RKC in Unalaska has also decreased which has had a significant impact on local 

community members.  Our team has formulated the idea that if we were to place artificial reefs 

in one of the estuarine areas around Unalaska, it might help enhance the local production of RKC 

for local subsistence users. If artificial reefs end up increasing production of RKC, there is a 
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huge potential to use our project design in other areas or potentially in commercial RKC fishery 

areas. 

 

3. Background 

The concept of artificial reefs originated from the ancient Greeks and Romans, who used 

them to increase biodiversity, fish stocks, and the civilizations’ economies.  They are used for 

many of the same purposes today, but the methods by which they are made have changed 

considerably.  Artificial reefs, henceforth referenced as ARs, are made from a variety of 

substances.  Some ARs are made of natural substances such as rocks and shells.  ARs can also be 

created using man-made substances like cement or man-made structures like subway cars, cars, 

and boats.  Bases for reefs are usually dropped in sandy or flat areas, where there is no natural 

cover or are no hiding places for the resident species.  They can also be used to replace old reefs, 

which have eroded over time and whose bases may have broken up. Many species favor reefs to 

other substrates because they provide habitat complexity and therefore excellent hiding places 

from predation. A study in the Cod Grounds Commonwealth Marine Reserve showed that there 

were an average of about 16 different fish species per 50m2, and an average of 272.4kg of fish 

biomass per 500m2 around local reefs (www.reeflifesurvey.com).  There are very strict rules in 

regard to ARs, including what they can be made of (pH and toxicity levels must be within a 

certain range), where they are placed, how they are placed, and many other criteria.  For 

instance, an AR recently placed in Whittier, Alaska was made of concrete specially designed 

with a lower pH than normal concrete. When ARs meet the safety standards, they provide 

excellent habitat diversity and complex substrate for juvenile crab to take shelter within.  
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4. Study Area 

The Aleutian Islands are characterized by high precipitation, fog, winds and storms. 

Unalaska Island is approximately 800 miles southwest from Anchorage and is accessible by 

boats and planes. The shoreline is composed of rocky cliffs with variable cobble and sand 

beaches. Many small rivers and creeks flow into Unalaska Bay and strong winds and tidal 

currents keeps the large embayment mixed with the marine waters of the Bering Sea. Unalaska 

Bay is home to many species of finfish, shellfish, marine mammals, sea birds, waterfowl, and 

other wildlife. The rocky intertidal zone is encrusted with sessile invertebrates and many other 

species are common and near shore waters including crab, halibut, herring and cod. Captains 

Bay, the site for our experiment, is a small estuary in Unalaska Bay fed by the Shaishnikof River 

(Figure 3).  This river provides fresh water input with seasonal maximums in spring and summer 

months.  Captains Bay is shallow riparian area bordered by rocky coasts along the two sides.  In 

the summer, the water column stratifies with fresh water overlying saltwater, but in the winter 

months, storms mix the area frequently.  The area is home to many fish and invertebrate species 

and is a favorite spot for local mammal hunters.  Captains Bay is also one of the areas local 

subsistence users prospect for RKC and Tanner crab.  RKC have been captured as close as 200 m 

from the mouth of the Shaishnikof River (R. Deffendall pers. com.). 

 

5. Project Proposal  

For our project, we propose to implement a series of Artificial Reefs (ARs) into Captains 

Bay to enhance RKC population for subsistence use. To determine the efficacy of creating a 
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series of ARs in Captains Bay, we will be performing a Before, After, Control, Implementation 

(BACI) study as described by (Osenberg et. al., 2002).  

W will randomly select 18 different areas of the estuary: six in an area of low salinity, six 

in medium salinity, and six in average ocean salinity (Figure 4).  Each area will be 10 ft by 10 ft 

and will marked with corner flags and buoys.  Each area will be initially evaluated for RKC and 

then monitored monthly by divers.  Temperature and salinity will be evaluated monthly using a 

CTD and early stage RKC will be sampled using passive benthic collectors as suggested by 

(Pardo et. al., 2012) and visual transects by SCUBA divers. After a full calendar year, three test 

reefs and three control areas will be randomly designated within each salinity level.  The ARs 

will be made of crushed mussels (> 1 cm in diameter) and cement mini-structures.  The cement 

mini-structures will be formed from leftover cement of private and city projects.  The control 

areas will be left untouched.  After two years of collecting data from both experimental sites 

(those with ARs) and control sites (those without ARs), we will compare the capture of RKC 

using a Student’s t-test both within each area and between salinities.  

 

6.  Ecosystem Considerations 

 To determine the impact of introducing ARs and potentially enhancing the number of 

RKC to our areas, we would also monitor fish, invertebrate, bird and marine mammal species in 

the area.  Because invertebrates will likely be preyed upon by RKC, we will have divers perform 

systematic surveys to determine diversity and abundance within each salinity level.  As fish like 

Pacific cod and Pacific halibut are known predators on RKC, during monthly monitoring 

operations we will haphazardly fish using a hook and line to determine diversity of fish species, 
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and diet in stomach contents.  Birds and marine mammals will be counted visually in Captians 

Bay during each monthly survey. 

 

7.  Conclusion and Future Direction 

Importance of Estuaries 

Thousands of species of birds, mammals, fish and other wildlife depend on estuaries to 

reproduce, live, and feed from. Most commercially important species of fish depend on estuaries 

at some point during their development into maturity. Estuaries also provide great places for 

migratory birds to rest and eat during their long flights. Estuaries are relied on by many species, 

earning them their nickname of “nature’s nursery”. They provide brackish water that consists of 

a mixture of freshwater draining from the land and salty seawater. 

(http://oceanservice.noaa.gov/education/tutorial_estuaries/) Large predators of RKC do not 

venture into estuaries like Captains Bay, so should estuaries provide excellent habitats for 

juvenile RKC because predation is lower than in other marine environments.  

 

In another estuary 

In another estuarine environment at the other side of the world, juvenile RKC were 

successfully introduced into the Barents Sea in the 1960’s and 1970’s.  In the nearshore areas of 

the Barents Sea, RKC numbers were low so scientists placed artificial reefs in shallow waters of 

numerous inlets as to encourage RKC survival.  The artificial reefs consisted of hydroids, sea 

anemones, and juvenile Gray mussels.  The results of these efforts have shown that both juvenile 
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RKC were plentiful in areas of low salinity and ARs can be used to enhance survival of early 

stage RKC (Gabaev, 2007). 

 

Future Directions 

 In this paper, we describe a three year study that we hope will enhance subsistence RKC 

for local community members.  This cost for this project should be relatively limited as we are 

using natural resources and harmless recycled materials to create our ARs.  The end result of this 

project may mean that local people get more RKC and don’t have to go to local grocery stores as 

often.  Though this research will tell us about the effectiveness of ARs for enhancing early life 

stages for RKC, there are other research opportunities that could be looked at in the future.  We 

suggest researching how well benthic juveniles survive once they leave the protection of a reef-

structure for deeper waters.  We would be interested in a tagging study to better understand when 

and where RKC live in Captains Bay.  Information ADF&G does not collect from subsistence 

users is effort.  What if RKC harvested is decreased because people aren’t pulling as many pots?  

One final future research direction might be looking into allowing the harvest of smaller RKC so 

that the bigger females might have a better chance of surviving and passing on her genes. 
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Figure 1.  Annual subsistence catch of RKC in Unalaska Bay and number of permits issued   

 

M. Good Pers. Com. 



  18 

Figure 2.  King Crab habitats in Alaska 

 

http://www.alaskanfishingemployment.com/site-images/map-bering-sea3opt.jpg 



  19 

Figure 3.  Project location showing Captains Bay 

 

http://awcrsa.files.wordpress.com/2008/07/part-2-awcrsa_vol2_appc_062008.pdf 
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Figure 4. Placement of experimental and control sites within Captains Bay. 

 

Map courtesy of USGS 


