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ABSTRACT 
The Alaska King Crab Research Rehabilitation and Biology (AKCRRAB) program was formed 
in 2006 with the goal of investigating the feasibility of hatchery rearing of Alaskan king crab 
species for the purpose of population rehabilitation. Large-scale larval culture has been 
conducted at the Alutiiq Pride Shellfish Hatchery from 2007 to 2010 using red king crab 
(Paralithodes camtschaticus) and blue king crab (Paralithodes platypus). Culture of red king 
crab has been increasingly successful. Experiments in 2007 yielded survival to the first juvenile 
stage of less than 1%, however improvements in rearing techniques and hatchery infrastructure 
yielded survival to glaucothoe of over 50% in 2009 and 2010 producing over 100,000 first stage 
juveniles in both years. Hatchery production technology of blue king crab is behind that of red 
king crabs due primarily to the fact that broodstock acquisition is more logistically and 
financially difficult. Additionally, blue king crab larvae have experienced high rates of mortality, 
particularly in 2009 and 2010. Theories for the high mortality include elevated sensitivity to 
temperature fluctuations and bacterial infections. We are optimistic that we will improve survival 
in the 2011 rearing experiments. Experiments in 2008 yielded blue king crab survival of 47% to 
the glaucothoe stage, thus high survival rates are attainable on a hatchery scale. With further 
refinement of rearing techniques, our goal is to achieve similar survival rates as achieved for red 
king crabs (50% survival to glaucothoe, 20% survival to first juvenile instar). Proposed 
experiments in 2011 will manipulate temperature and continue to refine rearing protocols that 
yielded highest larval, glaucothoe, and juvenile survival in 2008. Each year improvements in 
culture technology are made with the understanding that fine tuning larval and juvenile 
husbandry techniques are an ongoing process. This research will give further insight into the 
feasibility of mass culture of king crab in terms of methodology, crab survival, and costs 
incurred which are critical to assess the feasibility of rehabilitation. 
 
 
INTRODUCTION 
Hatchery rearing has the potential to be an effective tool for rehabilitation of depleted stocks and 
for fishery management and is currently in progress for crab and lobster species in the US and 
worldwide (Secor 2002, Stevens 2006c). However, before implementation, research is needed to 
assess the feasibility, effectiveness, and possible consequences of a rehabilitation program 
(Leber 1999, 2002). The Alaska King Crab Research and Rehabilitation and Biology 
(AKCRRAB) Program was created in 2006 as a partnership between the University of Alaska 
Fairbanks, Alaska Sea Grant, the Alutiiq Pride Shellfish Hatchery (APSH), NOAA Fisheries, and 
several community-based groups to begin the necessary research to assess the feasibility of 



rehabilitation for king crabs in Alaska. Commercial harvest of Alaskan king crab was for 
decades active and lucrative. However, many stocks declined drastically over 20 years ago and 
have not rebounded, even in the absence of fishing. We propose to study the early life history of 
red king crab to develop methods and determine feasibility of hatchery rearing. This study plan 
addresses methods for culture of larvae and juveniles in the Alutiiq Pride Shellfish Hatchery in 
Seward, Alaska. 
 
The life histories of red king crab (Paralithodes camtschaticus) and blue king crab (Paralithodes 
platypus) are similar (Stevens et al., 2008), with differences that may be the result of the 
different habitats of the two species. Female red king crab reproduce annually and hold their 
fertilized eggs for 11 months, releasing them as zoeae over a period of 2-3 weeks between 
January and March, depending on environmental and physiological factors (Stevens and Swiney, 
2007). In contrast, large-sized female blue king crab reproduce biannually and hold their 
fertilized eggs for approximately 14 months (Somerton and Macintosh, 1985: Jensen and 
Armstrong, 1989), releasing larvae over a period of 3-7 weeks between January and May 
(Stevens, 2006a, 2006b). Both species release planktotrophic larvae that molt through their four 
zoeal stages (Z1-Z4) lasting approximately 40 days, followed by a non-feeding glaucothoe (G) 
stage that lasts 30-40 days.  Survival of red king crab larvae from Z1 to glaucothoe in the wild 
was estimated from plankton samples and ranged from 0.7% to 3% over four years (Shirley and 
Shirley, 1989a). The glaucothoe stage seeks structurally complex habitat and metamorphoses 
into a first-instar juvenile crab (C1) (Stevens and Kittaka, 1998; Stevens, 2003). Both species 
have a relatively long juvenile period and mature at approximately 5-7 years of age and recruit to 
the fishery at 7-9 years of age (Jensen and Armstrong, 1989; Stevens, 1990; Zhou et al., 1998; 
Loher at al., 2001; Stevens et al., 2008).  
 
Laboratory culture of Paralithodes sp. to the C1 stage has been extensively investigated in Japan 
(Kurata, 1960; reviewed by Stevens, 2006d), Russia (Kovatcheva et al., 2006), and Alaska 
(Shirley and Shirley, 1989b; Persselin, 2006a; Stevens et al., 2008; Daly et al., 2009). Red king 
crab larvae are especially vulnerable to stress, and relatively high mortality has been observed 
throughout larval development, especially during molting (Stevens, 2006d; Kovatcheva et al., 
2006).  Although methods for large-scale rearing of king crab were developed several decades 
ago in Japan (Nakashani and Naryu, 1981), hatchery production was highly variable from year to 
year, and from 1982 to 1996, production of Hanasaki king crab (P. brevipes) ranged from 0 to 
800,000 C1 per year, with an average survival of about 42% (Stevens 2006d).  Survival to the C1 
stage for red and blue king crab in small-scale culture experiments in Kodiak has also been 
highly variable (Persselin, 2006a, 2006b; Stevens et al., 2008).  In an experiment that examined 
the effect of diet, temperature, and larval density, blue king crab larval survival to C1 varied 
from 27% to 91% dependent on treatment (Stevens et al., 2008).   
 
Several other species of crab are cultured at the hatchery scale.  Successful techniques for rearing 
larval crabs at the hatchery scale were developed 30 years ago for swimming crab (Portunus 
trituberculatus) in Japan, more recently for Chinese mitten crab (Eriocheir sinensis) in China 
(Zhang et al. 1998, Li et al. 2001), and blue crab (Callinectes sapidus) in Chesapeake Bay (Secor 
et al. 2002, Zmora et al. 2005). During four culturing cycles from February through September 
2002, the hatchery in Chesapeake Bay produced 40,000 juvenile blue crabs, of which 25,000 
were released in the wild (Zmora et al. 2005). Researchers working on blue crab have developed 



tagging techniques (Davis et al. 2004a), investigated fitness of hatchery-raised individuals (Davis 
et al. 2004b), and developed techniques for morphological conditioning to improve juvenile 
fitness (Davis et al. 2005a). Estimated survival to maturity of hatchery-raised blue crab released 
into the wild was 5 to 20% during initial investigations, indicating that rehabilitation may be 
possible for this species (Davis et al. 2005b).   
 
2007 - 2010 RESULTS 
Large-scale culturing techniques have been developed at the Alutiiq Pride Shellfish Hatchery for 
red king crab. Survival rates from Z1 to the glaucothoe stage have increased from 1% in 2007 to 
over 50% in 2009 and 2010 producing over 100,000 first stage juveniles in both years. This 
increase in survival and production is primarily due to improvements in rearing techniques and 
hatchery infrastructure. With the exception of 2008 experiments, large-scale culture of blue king 
crab has been less successful. In addition to fact that many blue king crab fisheries are currently 
closed to fishing, their remote location makes broodstock logistically difficult to obtain. 
Additionally, blue king crab larvae have experienced high rates of mortality, particularly in 2009 
and 2010. Theories for the high mortality include increased sensitivity to ambient temperatures at 
the hatchery and bacterial infections such as Vibriosis. Generally, filamentous bacteria is 
problematic but can be controlled by increasing rearing temperature and molting frequency to 
prevent shell infestation. However, Vibriosis infects the larvae internally and is much more 
problematic once introduced to a tank.  
 
Successful blue king crab hatchery-scale culture was conducted in 2008; however the number of 
larvae available for experiments was limited because only three broodstock released ~50,000 
larvae each. Experiments investigated effects of water temperature on survival and intermolt 
duration. Larvae were reared ambient (~6.5°C) and warmed seawater (~10°C).  Survival was 
similar between water temperature treatments and had an overall survival of 47% to the 
glaucothoe stage; however intermolt duration was shorter in tanks with warmer water. Larvae 
reared in ambient water took 35 days to reach glaucothoe, while larvae reared in warmer water 
took 25.5 days. Approximately 7,000 first stage juveniles were produced with this experiment 
and were later used in juvenile rearing experiments. The ability to achieve 47% survival to 
glaucothoe suggests high survival rates are attainable on a hatchery scale. We are optimistic that 
we will improve survival in the 2011 rearing experiments.  
 
OBJECTIVES AND METHODS:  
Experiments in 2011 will continue to refine rearing protocols for blue king crab in an attempt to 
duplicate success seen with red king crab hatchery production. Experiments will investigate 
effects temperature on larval survival. Additionally, effects of diet and stocking density on 
juvenile survival will be explored. 
 
Objectives include the following: 

• Determine effects of temperature on larval survival 
• Determine effects of diet and stocking density on juvenile survival 
 

 



BROODSTOCK ACQUISITION AND HATCHING 
We will collect 20 ovigerous female blue king crabs from St Matthews Island during the 
ADF&G summer crab survey (pending permits). Crabs will be shipped to the Alutiiq Pride 
Shellfish Hatchery in Seward. 
 
 
 
EXPERIMENT 1: LARVAL REARING: Effects of temperature 
 
We propose refining rearing temperature to reduce bacterial infections and increase survival. 
Previous hatchery-scale experiments conducted in 2008 suggest that blue king crab larvae can be 
reared at elevated temperatures (10°C), which reduces larval duration. However, overall survival 
has been low in recent years and may be due to bacteria such as Vibriosis or suboptimal 
temperature. 
 
Hypothesis 
H10: There will be no difference in survival or intermolt duration of larvae when reared at 7°C 

and 10°C. 
H1a: Survival and intermolt duration differs at different temperatures. 
 
Experimental design 
Larvae will be collected from at least three females and mixed randomly. Larvae will be stocked 
at densities of 25 larvae L-1. Reduced stocking densities will be used in an attempt to increase 
survival and reduce potential bacterial infections. Larvae will be fed Artemia enriched with DC 
DHA Selco with four replicates each. Larvae will be placed in circular, conical bottomed, 
polyethylene 1200 L tanks at the Alutiiq Pride Shellfish Hatchery’s Mariculture Technical 
Center. Water will be maintained at either 7°C or 10°C. Incoming water filtration will include 
particle filtration to 5 µm, a carbon filter, and an ultraviolet light sterilizer. Water flow will be 
maintained so that water is exchanged within each tank on a daily basis. Seawater will enter the 
tanks near the surface and exit through a banjo filter near the surface fitted with 105 µm screens 
to retain larvae and food in the tanks. Each morning, the 105 µm screens will be replaced with 
500µm screens to allow Artemia from the previous day to flush out of the tanks. When the tanks 
are flushed of Artemia, the 105 um screens will be replaced and all larvae will be fed enriched 
Artemia nauplii grown for 24 hrs and enriched for an additional 24 hrs. Artemia will be fed at a 
density of 2 ml-1. This density falls into suggested feeding ranges based on daily feeding rates of 
P. camtschaticus in laboratory conditions (Epelbaum and Kovatcheva 2005). Feeding will be 
terminated when all zoeae in the tank molt to the glaucothoe stage.  
 
 
EXPERIMENT 2: JUVENILE REARING: Effects of diet and stocking density 
 
Effects of diet and density will be investigated using blue king crab juveniles. Previous studies 
with red king crab juveniles suggest that diet and density influences hatchery survival and 
growth. For example, astaxanthin supplements have been demonstrated to increase survival and 
growth and impact shell pigmentation of juvenile red king crabs (Daly et al., in prep). 
Alternatively, calcium supplements do not impact juvenile red king crabs when fed a hatchery 



diet alone (Daly et al., in prep). However, similar effects of diet supplementation have not been 
demonstrated for blue king crabs. Blue king crabs fed a mixed hatchery diet had similar survival 
and growth when fed a single feed type alone (Daly et al., unpublished data). Increasing stocking 
density results in decreased survival of juvenile red king crabs (Daly et al., 2009), however 
effects of density have not been explored for juvenile blue king crabs at a hatchery scale.  
 
Hypotheses 
H10: There will be no difference in survival or growth of juveniles when fed different diets. 
H1a: Survival and growth differs when fed different diets. 
 
H20: There will be no difference in survival or growth of juveniles when reared at different 

stocking densities. 
H2a: Survival and growth differs with stocking density. 
 
Recently-settled (C1) crabs from the larval experiment will be collected, mixed randomly and 
placed in containers (silos) at four different densities (1000, 2000, 3000, 4000 crabs m-2). Diets 
will consist of a control diet (Cyclop-eeze®, Otohime, frozen enriched Artemia, Zeigler shrimp 
nursery feed, krill powder). The control diet will also be supplemented with astaxanthin, 
naturally found in Haematococcus pluvialis microalgae and has been shown to have nutritional 
benefits for various hatchery-cultured crustaceans including king crabs (Daly et al., in prep). 
Each treatment will consist of 4 replicates. All silos will contain substrate consisting of equal 
volumes of Fukui artificial seaweed and commercial gillnet. Crabs can move freely among 
different substrates within a silo. Crabs will be maintained at ambient temperatures. 
 
 
The duration of the experiment will be 8 weeks to determine overall survival, growth, and 
coloration of early juveniles for practical enhancement purposes. Survival and growth of 
juveniles will be assessed by counting, weighing and measuring (CW) the crabs at the end of the 
experiment. Difference in survival of juveniles between treatments will be determined by 
ANOVA after 8 weeks.  
 
 

 
 
 
QUARANTINE PROCEDURES 
For each of the previously described hatchery experiments, quarantine precautions will include 
disinfection of transport containers with 100 ppm iodophore or 200 ppm bleach, control of 
aerosolization from the broodstock holding containers either by placement in a separate room or 



placing lids over the tanks, controlled access to the tanks either by separate room or visqueen 
barrier, use of disinfectant footbath in the controlled access corridor, use of separate utensils for 
the king crabs, and disinfection of the effluent with ozone and/or chlorine. 
 
ADDITIONAL PROJECTS 
Mass culture of king crab larvae provides the opportunity to investigate other features of early 
life history with hatchery-produced larvae and juveniles. Larvae and juveniles for additional 
studies will be provided by the larval culture described here. Additional projects may include 
genetic analyses, behavioral experiments to determine fitness of hatchery-reared individuals, and 
studies of molting, growth and habitat selection.  These projects will require that hatchery-
produced individuals be sent to research labs of collaborators to include Ginny Eckert (UAF 
Juneau), Al Stoner (NOAA Newport), Pam Jensen (NOAA Seattle), David Tallmon (UAS 
Juneau), and Sherry Tamone (UAS Juneau). Transport permits will be requested as needed for 
these projects. 
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