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Abstract
Closure of the red king crab (Paralithodes camtschaticus) fishery since 1983 in 
the Kodiak management area of Alaska has failed to yield sufficient natural 
population recovery to support its reopening. In response to calls for action, 
the Alaska King Crab Research and Rehabilitation Program was formed to 
investigate the feasibility of mass culturing Alaskan king crab species for 
the purpose of population rehabilitation. Following P. camtschaticus larvae 
through their four larval and single glaucothoe stages, this study addresses 
the effect of Artemia sp. enrichment with DC DHA SELCO™ as well as Isochrysis 
galbana algae on larval growth, health, and survival. Larvae were reared in 
a 190 L conical bottom tanks at a density of 15/L and fed San Francisco Bay 
strain Artemia sp. at densities from 2-4.5/mL, increasing with larval stage. 
I. galbana was fed at a density of 50,000 cells/mL twice daily. Health and 
growth assessments were conducted mid-way through each larval stage and 
survival was assessed by counting all live crabs at stocking and the glaucothoe 
stage. Molting activity, tank temperature, and salinity were also monitored. 
A significant effect of effect of Artemia sp. enrichment on survival to the 
glaucothoe stage (P < 0.001) was observed, but differences in survival with 
respect to the addition of I. galbana were not. Health assessments elucidated 
a number of notable observations regarding lipid content, gut fullness, and 
presence of filamentous bacteria. It is suggested that further study examine 
the effects of strain and enrichment strategy of Artemia sp. on larval rearing.

Introduction
Diet is a major component in larval rearing for planktotrophic crab species. 
A cost-effective food with high survival for red king crab is essential for 
aquaculture (Kovatcheva et al., 2006). In May 2006, a partnership between the 
University of Alaska Fairbanks, Alaska Sea Grant, the Alutiiq Pride Shellfish 
Hatchery, the National Marine Fisheries Service Kodiak Fisheries Science 
Center, the United Fishermen’s Marketing Association and the Central Bering 
Sea Fisherman’s Association founded the Alaska King Crab Research and 
Rehabilitation Program (AKCRRAB). This multi-year initiative will investigate 
the potential of king crab population rehabilitation in Alaska through sound 
scientific research in aquaculture, genetic marking and coded wire tagging to 
determine proper hatchery methods and techniques for monitoring released 
crabs. If enhancement proves feasible, AKCRRAB research may lead to cost 
effective population rehabilitation methods for Alaskan king crab species and a 
better management practice for their fisheries, and regardless of achievement 
on this front, will advance knowledge in large scale culture of Alaskan king 
crab species. Culture of Paralithodes spp. to the C1 stage has been extensively 
investigated on a small scale in Japan (Nakashani & Naryu, 1981), Russia 
(Kovatcheva et al., 2006), and Alaska (Stevens et al., 2008; Stevens, 2006), this 
study builds off of many of their established methods as well as prior larval 
rearing studies conducted as a part of AKCRRAB.

Female P. camtschaticus reproduce annually, extruding a clutch of 100,000 
to 200,000, embryos that develop for 11 months. Larval crabs, called zoeae, 
hatch over a period of 2-3 weeks between January and May, the precise timing 
of hatch depending on environmental and physiological factors (Stevens, 
2006a; b; Stevens, Swiney, 2007). Larvae are planktotrophic for 40+ days as 
they molt from prezoeae through four zoeal stages (designated ZI-ZIV); the 
length of each stage is inversely correlated with temperature (Stevens 2006b). 
Following ZIV, larvae molt into a non-feeding glaucothoe (G) stage (Stevens 
et al., 2008), when they migrate to the benthos and actively seek structurally 
complex habitat. Feeding resumes in the first juvenile stage (C1). Paralithodes 
camtschaticus juveniles reach sexual maturity at approximately 5-6 years of 
age and males recruit to the fishery at approximately 7-9 years of age.

Methods
Ovigerous females were collected from from the Bering Sea (ADFG Fish 
Resource Permit No. CF-07-096). Crabs were shipped from the nearest port 
in coolers with wet burlap sacks and ice packs to the University of Alaska 
Fairbanks Seward Marine Center in Seward, Alaska. At the start of larval 
release, females were transported in coolers to the Alutiiq Pride Shellfish 
Hatchery in Seward, Alaska. Larvae were cultured in 190 L opaque conical 
bottom tanks (Chem-Tainer Industries, West Babylon, NY) at the Alutiiq Pride 
Shellfish Hatchery’s Mariculture Technical Center. Sea water entered each tank 
through a submerged PVC pipe and exited through a 20 cm diameter banjo 
filter fitted with 500 µm Nitex™ screen to prevent larvae from exiting the tanks. 
Banjo filters are designed to minimize the forcing effect of outgoing water in 
a tank environment by increasing the surface area for water exchange, thus 
reducing the chance of larvae being damaged by being pressed against a small 
screen with water passing through at high speed. flow rate was set to 2 L 
min-1 for 20 hours per day with a 150um Nitex screen on banjo filters. For the 
remaining 4 hrs per day, banjo filters with 500µm Nitex™ screen were installed 
and flow increased to 4 L min-1 to ensure all uneaten Artemia sp. were removed 
prior to the next feeding.

Isochrysis galbana start cultures were obtained from the Center for Culture 
of Marine Phytoplankton at Bigelow Laboratory for Ocean Sciences (West 
Boothbay Harbor, ME). Algae was cultured in an L1 nutrient medium at 20º 
C using seawater filtered to 1µm. Larvae were fed Artemia sp. of the San 
Francisco Bay strain (Brine Shrimp Direct, Ogden, UT). Feeding rate studies 
conducted by Kittaka et al. in 2002 indicate that when presented with Artemia 
sp. nauplii, larvae will feed consistently throughout a 24 hour period if the 
prey density is maintained above 1.6/mL. To maximize contact time with algae 
which are too small to retain with a small pore filter, two pulses of I. galbana 
at densities of 50,000 cells mL-1 were fed to tanks during the low flow hours 
permitting an estimated contact time at a concentration ≥ 25,000 cells mL-1 for 
8 hours per day.

Survival assessments were made at the initial stocking (ZI) by counting 
individual live larvae and placing them into each tank. At the glaucothoe 
stage, survival was assessed again by counting all live crabs per tank. Survival 
was analyzed using a multifactorial ANOVA using the factors of stage and 
treatment. A health assessment protocol was developed for this component 
to provide a relative index of gut fullness and lipid content for larval king crabs 
of any stage and size,these variables were assessed on a relative scale of 0-3, 
with 0 indicating no observed presence of gut/lipid content and 3 at maximum 
coloration/fullness. Assessments were made on live larvae using a compound 
microscope. Significance of health assessment measures were determined 
by stage and treatment using a multifactorial ANOVA and a Wilks test using 
weighted means. These larvae were subsequently processed for growth 
assessment measures. Dry weight of individual larvae was used as an indicator 
of growth at each zoeal stage. Four days following the completion of molting 
activity, ten crabs were collected from each tank by scooping water out of tanks 
with a 3L beaker and draining its contents through a 500 µm screen cushioned 
by seawater. Crabs were then rinsed in fresh water to remove salts, wrapped 
loosely in a Kim-wipe to remove excess moisture, frozen, and placed overnight 
in a freeze-dryer (Freezone, Labconco, Kansas City, Missouri). Individual larvae 
were then weighed (CAHN 25 electrobalance scale, Thermo Scientific, Waltham, 
MA) to obtain dry weight data. Molting activity was monitored daily in all tanks 
by temporarily removing air stones and observing the presence of molts, which 
generally float to the surface of the tank. Molting was ranked on a scale of 0-3, 
with 0 representing no molting, 1-2 representing low and medium levels of 
molting activity, and 3 representing the perceived conclusion of molting activity 
for a given stage. Temperature was recorded in each tank at 12-hour intervals by 
HOBO™ Pro v2 water temperature loggers (Onset, Bourne, MA) and salinity was 
recorded daily in all tanks using a YSI 85 meter (YSI Inc., Yellow Springs, OH).

Four replicate tanks of each treatment were utilized in each study. To account 
for experimental start date as a variable, four tanks (one tank of each diet/
handling treatment combination) were stocked on each of four sequential days, 
and to account for variation in viability of larvae from different broodstock, a 
mix of at least 6 females’ larvae were used in each tank. Whenever possible, 
females in the middle of their hatch cycle were used, to minimize any 
potential effects in larval viability as a function of hatching time. To ensure 
random mixing of environmental conditions (such as proximity to the window 
and door), tank location in the laboratory was randomly assigned. Ambient 
temperature flow-through seawater sourced from the Seward Marine Center’s 
deep water intake was used in all studies.

Results
A significant effect of effect of Artemia sp. enrichment on survival to the G 
stage (P < 0.001) was observed, but differences in survival with respect to the 
addition of I. galbana were not (Figure 1).

 Figure 1: Survival of P. camtschaticus larvae. Error bars denote ± SD.

With respect to lipid content, significant effects of stage (df=3/624, F=47.400, 
P=0.00000), algae treatment (df=1/624, F=19.594, P=0.00001), and Artemia 
sp. treatment (df=1/624, F=627.151. P=0.00000), as well as interactive effect of 
stage and Artemia sp. (df=3/624, F=62.715, P=0.00000) were observed (Figure 2).

  Figure 2: Lipid content of P. camtschaticus throughout zoeal development. 
Error bars denote ± SE.

Differences in gut fullness were significant for stage (df=6/624, F=35.095, 
P=0.0000), algae treatment (df=2/624, F=54.142, P=0.0000), and Artemia sp. 
treatment (df=2/624, F=371.350, P=0.0000) were observed. Interactive effects 
of stage and Artemia sp. treatment (df=6/624, F=33.416, P=0.0000) and stage 
with Artemia sp. and algae treatment (df=6/624, F=3.033, P=0.0061) were 
observed for this parameter (Figure 3).

 Figure 3: Gut fullness of P. camtschaticus throughout zoeal development. Error 
bars denote ± SE.

For dry weights (Figure 4) significant effects of stage (df=3/593, F=106.214, 
P=0.0000), and Artemia sp. treatment (df=1/593, F=38.840, P=0.0000), as well 
as interactive effects of stage and Artemia sp. treatment (df=3/593, F=15.794, 
P=0.0000) and stage with algae treatment (df=3/593, F=2.817, P=0.0384) 
(Figure 0.13) were observed. In the ZIII and ZIV stages, differences in dry 
weight between diet treatments are more pronounced, with all treatments 
fed enriched Artemia sp. displaying a higher mean weight than those fed the 
unenriched variety. The effect of I. galbana as it pertains to larval growth is not 
clear, as differences between these treatments vary considerably by stage.

 Figure 4: Dry weights of P. camtschaticus ZI-ZIV larvae. Error bars denote ± SE.

Tank temperature was observed to fluctuate approximately one degree over 
monitored 12-hour intervals, and the total range of temperature variation over 
the course of the study was relatively low, from 4-6.5º C. With one exception, 
the duration of each larval stage was 10-15 days. A prolonged ZIV stage was 
observed for larvae fed unenriched Artemia sp., regardless of algae treatment, 
extending the length of time from hatch to G stage to 60 days, as compared to 
47 days for larvae fed enriched Artemia sp. (Table 1.5).

Discussion
Survival rates of red king crab larvae fed enriched Artemia sp. were among the 
highest observed to date in large-scale rearing studies conducted by AKCRRAB. 
While independent analyses by AKCRRAB have not been conducted, it has 
been demonstrated that enrichment with DC DHA SELCO™ increases levels 
of the EPA and DHA in Artemia sp. This supports the findings of biochemical 
analyses conducted by AKCRRAB in 2007/2008 which implicated low levels of 
EPA and DHA in diet as the cause for low survival of P. platypus larvae to later 
(ZII-ZIV) zoeal stages. It may be useful to assess nutritional profiles of DC DHA 
SELCO™ enriched Artemia sp. of various strains ranging in cost. It could be that 
the physically larger Great Salt Lake strain, which is much less expensive than 
the relatively small San Francisco Bay strain used in the present study, would 
incorporate the same if not more EPA and DHA in the enrichment process, 
thereby increasing survival while cutting costs.

Health assessments, while subjective, provided a useful index of feeding in 
real time which is of value in a hatchery rearing scenario. The fact that algae 
presence had a significant impact on gut fullness but not lipid content may 
indicate that although I. galbana was ingested by larvae, it may have not been 
fed at sufficient densities to be stored as lipid at identifiable levels. Growth 
assessments generally mirror and provide a quantitative complement to health 
data, however due to differences in data quality one should not be used as 
a proxy for the other. It is expected that this degree of temperature change 
is within the normal limits of P. camtschaticus larval tolerance (Shirley and 
Shirley, 1989). Salinity varied within two points during the course of this study, 
which is likely not a significant stressor for planktonic organisms.
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