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The apparent shift in predominance of commercial crab species fromblue king crab (Paralithodes platypus) to red
king crab (Paralithodes camtschaticus) around the Pribilof Islands, Alaska, USA, may be driven by ecosystem-level
processes such as competitive displacement or predation during early life stages. Specifically, intra-guild preda-
tion among species during the early benthic phase might be a source of mortality limiting blue king crab popu-
lation recovery. In a laboratory experiment, we evaluated how varying ratios of prey species (year-0 blue and
red king crabs) and habitat type (shell and cobble) affect prey preference of year-1 red king crabs. Year-0 red
king crabs were preferentially consumed over blue king crabs in shell habitat, but not cobble, likely because
the smaller interstitial spaces in shell reduced predator foraging efficiency and predator–prey encounter rates.
Blue king crabs had high levels of crypsis regardless of habitat type or predator presence/absence, while red
king crabswere less cryptic overall compared to blue king crabs, but crypsis increasedwhenpredatorswere pres-
ent. Preference for red king crabs in shell may reflect divergent adaptations between species for minimizing pre-
dation. Blue king crab's light,mottled coloration and relatively smooth,flat carapace iswell adapted for visual and
physical crypsis in shell habitat, while themonochromatic, dark coloration and pronounced spination of red king
crabs may make them more conspicuous. Our results show that habitat can mediate intra-guild predation be-
tween Paralithodes species and suggest that shell material may provide blue king crabs a competitive advantage
over red king crabs. The extent of shell habitat may be an important factor regulating blue king crab distribution
or the recovery of depleted populations around the Pribilof Islands.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The Pribilof Islands, Alaska, USA is one of the few areas worldwide
where the spatial distributions of red (Paralithodes camtschaticus) and
blue (Paralithodes platypus) king crabs overlap, and where both species
have historically been harvested. Blue king crab was the predominant
king crab species around the Pribilof Islands; however, the population
declined in the mid-1980s and abundances are at historically low levels
(Daly et al., in press). Shortly after the decline, the red king crab popula-
tion increased and abundances have been higher relative to blue king
crabs in recent years (Daly et al., in press; Gish, 2010). A commercial har-
vest targeting blue king crabs began in 1973, but red king crabswere sub-
sequently caught as bycatch as abundances increased (NPFMC, 2011a).
Landings of blue king crabs peaked in 1980, but the population decline
led to a fishery closure in 1988, while an increase in red king crab abun-
dance allowed for a directed red king crab fishery in 1993. In 1995, a fish-
ery for both species was opened, but has been closed from 1999 to
present because of low blue king crab abundance, uncertain estimates
of red king crab abundance, and concerns about blue king crab bycatch
1 907 481 1701.
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associated with a fishery directed at red king crabs (NPFMC, 2011a). De-
spite the fishery closure, blue king crab abundance has not recovered to
levels observed prior to the decline in the mid-1980s (NPFMC, 2011b).

Competition and intra-guild predation between red and blue king
crabs have been suggested as possible mechanisms limiting the recov-
ery of the Pribilof blue king crab stock (Long et al., in preparation;
NPFMC, 2011a). Ecological similarities between the species could cause
competition for resources (i.e., food, habitat) resulting in displacement,
yet evidence suggests other factors are involved. Both species are omni-
vores (Feniuk, 1945; Jewett and Feder, 1982; McLaughlin and Hebard,
1959); thus, it seems likely that either species could adjust for competi-
tion by consuming alternate food sources, if available. Field surveys
indicate that differential habitat associations exist: juvenile red king
crabs prefer cobble, but have also been observed in hydroids, polychaete
tubes, bryozoans, and shell hash (Dew, 1991; Loher andArmstrong, 2000;
McMurray et al., 1984), while juvenile blue king crabs have a strong pref-
erence for shell hash (Armstrong et al., 1985; Palacios et al., 1985), which
implies that habitat partitioning could allow coexistence around the
Pribilof Islands. Yet the generally disjunct spatial distributions of red
and blue king crabs in the North Pacific (Somerton, 1985) suggest that
processes beyond habitat partitioning are likely at play. In the relatively
scarce areas where both species spatially overlap, such as the Pribilof
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Fig. 1. Year-0 red (Paralithodes camtschaticus, top) and blue (Paralithodes platypus,
bottom) king crabs. Morphological differences between species occur in the early benthic
phase, including the larger size, more pronounced spines, and monochromatic coloration
of red king crabs. Photos by W. C. Long and S. B. Van Sant.
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Islands, differential predation in the early benthic phase is likely to cause
a bottleneck and may result in varying population abundances between
species. Recently-settled individuals are consumed by a variety of preda-
tor species (Daly et al., 2013), which could have population-level effects.
In the laboratory, red and blue king crabs are highly cannibalistic within
cohorts (Daly et al., 2012b; Stoner et al., 2010b), between cohorts (Daly
and Long, in review; Long et al., 2012a; Stevens and Swiney, 2005), and
between species (Long et al., in preparation; this study). Field studies sug-
gest that such interactions may be important in the wild (Chuchukalo
et al., 2011); however, whether red king crabs preferentially consume
blue king crabs is unknown.

Red and blue king crabs have complex life cycles, including four
pelagic larval stages, a semi-benthic post-larval stage, and benthic juve-
nile and adult stages. Early benthic phase juveniles (approximately age
0–2 years) of both species have a strong affinity for habitats with com-
plex physical structures (Loher and Armstrong, 2000; Stevens and
Swiney, 2005; Tapella et al., 2009) to avoid predation (Long et al.,
2012a; Pirtle et al., 2012; Stoner, 2009) or provide important foraging
opportunities (Pirtle and Stoner, 2010). Although red and blue king
crabs have similar life histories, morphological differences exist in the
early benthic phase. Both species are similar in size during the first sev-
eral juvenile instar stages (Daly personal observation); however, juvenile
red king crabs grow faster at elevated temperatures (Stoner et al., 2010a,
2013), resulting in a size divergence with subsequent molts. Red king
crabs have pronounced spines andmonochromatic red/orange coloration
compared to blue king crabs of the same age, which have a light, mottled
coloration and a relatively smooth,flat carapace (Fig. 1). Suchmorpholog-
ical variances suggest differing strategies forminimizingpredation,which
may lead to advantages in certain habitats. For example, spatial refuge
may be the primary anti-predator mechanism for blue king crabs, as
their smooth carapace presumably does little to deter fish predators
once detected, but is an effective camouflage in shell habitat.

We examined intra-guild predation of early benthic phase red and
blue king crabs to help understand possible large-scale effects on popu-
lation abundance. Specifically, we conducted laboratory trials using
year-1 red king crab predators and varying ratios of year-0 red and blue
king crabs as prey, and compared predation rates, crypsis, and feeding ef-
ficiency in two habitats. We hypothesized that (1) year-1 red king crabs
would preferentially consume year-0 blue king crabs, and that predator
preference would vary with habitat type; (2) predation rates would
varywithhabitat type; and (3) prey crypsis (i.e., use of physical structure)
would vary between species and between habitat types.

2. Methods

2.1. Experimental animals

Red and blue king crabs were cultured at the Alutiiq Pride Shellfish
Hatchery in collaboration with the Alaska King Crab Research Rehabili-
tation and Biology (AKCRRAB) program using established rearing tech-
niques (Swingle et al., 2013). Ovigerous female blue king crabs were
captured with baited commercial pots near Saint Matthew Island, Alas-
ka, USA, in November 2011, while ovigerous female red king crabswere
capturedwith baited commercial pots in Bristol Bay, Alaska, in fall 2010
and 2011. Larvae were cultured in cylindrical tanks until the first juve-
nile instar stages, at which point they were transferred to separate
2400 L nursery tanks with flow-through ambient seawater. Clumps
of gillnet were added to tanks to provide structure andminimize canni-
balism (Daly et al., 2009). Year-0 crabswere fed a combination of frozen
Artemia (Brine Shrimp Direct, Ogden, Utah, USA), frozen blood-
worms (Brine Shrimp Direct, Ogden, Utah, USA), frozen Cyclop-eeze1

(Argent Laboratories, Redmond, Washington, USA), Cyclop-eeze flakes,
and a gel diet of “Gelly Belly” enhanced with Cyclop-eeze powder
1 Reference to tradenames or commercialfirms doesnot imply endorsement by theNa-
tional Marine Fisheries Service, NOAA.
(Florida Aqua Farms, Inc., Dade City, Florida, USA) and walleye pollock
(Theragra chalcogramma) bone powder (U. S. Department of Agricul-
ture, Agricultural Research Service, Kodiak, Alaska, USA) twice a week.
Year-1 crabs were held in individual enclosures to eliminate cannibal-
ism and fed the same as above with the addition of frozen fish and
squid. Food was provided to excess. Experiments were conducted
from December 2012 to January 2013, approximately 18 months post-
settlement for predator (year-1) crabs and approximately 6 months
post-settlement for prey (year-0) crabs. Year-0 prey red king crabs
were (average ± SD) 6.7 ± 1.7 mm carapace width (CW) including
spines, while year-0 prey blue king crabs were 3.0 ± 0.4 mm CW.
Year-1 predator red king crabs were 18.4 ± 2.1 mm carapace length
(CL). Year-0 red and blue king crabs were reared under identical condi-
tions, suggesting the size divergence between species is reflective of the
natural differences in growth rates (Armstrong et al., 1987; Somerton
and Macintosh, 1985; Stoner et al., 2013; M. Westphal, pers. comm.).

2.2. Experimental apparatus

Predation trials were conducted in plastic containers 31 × 20 ×
24 cm (L × W × H), which were held within a larger tank 170 ×
90 × 30 cm (L × W × H) on a daily light cycle of approximately 10 h
light and 14 h dark. Each container had flow-through seawater
(~0.5 L min−1) maintained at 5.5 ± 0.1 °C, which is representative of
nearshore bottom waters near the Pribilof Islands in summer months
(Sullivan et al., 2008). Seawater entered the containers near the surface
and exited through two holes (7.6 cm diameter) cut in opposite sides
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which were covered with 1 mm mesh. The bottom of each container
was covered with 1 cm of sand collected from a local beach and sieved
through a 1 mm mesh screen. Containers contained equal amounts
of either shell or cobble on top of the sand as substrate. Shells were a
mix of clam valves, 65.1 ± 14.1 mm (average ± SD) shell length
(range: 42–102 mm, n = 30), collected from a local beach. Cobble
was variable in shape with a 88.8 ± 19.4 mmmaximum diameter and
32.5 ± 11.1 mm minimum diameter (n = 30). The density of prey
was a constant 10 prey tank−1, and we varied the ratio of blue to red
king crabs. The ratios of blue:red king crabs tank−1 (replication at
each substrate and crab combination in parentheses) were 1:9 (cobble:
4, shell: 4), 3:7 (cobble: 5, shell: 7), 5:5 (cobble: 9, shell: 13), 7:3
(cobble: 9, shell: 5), 9:1 (cobble: 5, shell: 10). Some treatments had
zero predation, which could be included for predation rate analyses
(number eaten), but could not be included in proportional mortality
analyses (prey preference) (Table 1).

2.3. Experimental protocol

Preliminary trials were run to ensure that predator crabs weremoti-
vated to forage on year-0 red and blue king crabs in the experimental
system and to estimate time required to achieve predation on multiple
prey crabs. Hunger levels of predator crabs were standardized by de-
priving crabs of food for 48 hprior to trials to insure that crabswere uni-
formly motivated to feed (Stevens and Swiney, 2005). On the morning
(0730 h) of a predation trial, prey crabswere transferred to experimen-
tal containers and allowed to acclimate to new surroundings for 15 min
so that crabs could locate preferred microhabitats. Predator crabs were
then added and allowed to forage for 48 h. At the end of each trial, the
number of prey crabs visible on the substrate was noted. The predator
crabs were then removed and the substrate was thoroughly searched
for prey crabs to determine survival rates. Three replicate trials at each
habitat/prey ratio were conducted without crab predators to control
for intra-cohort cannibalism and sampling error.

2.4. Analyses

2.4.1. Prey preference models
Preference was modeled as in Murdoch (1969):

DM ¼ cAM

1−AM þ cAM

where c is a proportionality constant indicating predator preference,DM

is the proportion of the focal prey (in this case, blue king crabs) in the
diet, and AM is the proportion of the focal prey available. If c N 1, then
the predator prefers the focal prey (blue king crabs), and if c b 1, the
predator prefers the alternative prey (red king crabs). Prey switching
was modeled by making c a linear function of AM. We originally fit the
number of blue king crabs eaten to a series of 4 models: (1) No prefer-
ence (c = 1); (2) Simple preference; (3) Prey switching; (4) Preference
differs between the habitat types. Post hocwenoticed that therewas ev-
idence for switching in shell, but not in cobble, so we included another
Table 1
The number of replicates where zero predation occurred at each habitat (cobble, shell)
and prey ratio of blue (Paralithodes platypus) to red (Paralithodes camtschaticus) king
crabs (1:9, 3:7, 5:5, 7:3, 9:1). Numbers in parentheses indicate the total number of
replicates for each treatment. The number of replicates included in the models is
indicated for each habitat and prey ratio.

Ratio of blue to red king crabs

1:9 3:7 5:5 7:3 9:1

Cobble Zero predation 0 (4) 1 (5) 0 (9) 0 (9) 0 (5)
Included in models 4 4 9 9 5

Shell Zero predation 0 (4) 2 (7) 1 (13) 0 (5) 4 (10)
Included in models 4 5 12 5 6
model: (5) No preference in cobble, preference in shell. We assumed a
binomial distribution and selected the best model using the AICc of
each model; models that differed in AICc by b2 were considered to ex-
plain the data equally well (Burnham and Anderson, 2002).

2.4.2. Crypsis and number eaten
A crab crypsis index was calculated for each species by dividing

the number of prey crabs not visible at the end of the experiment (i.e.,
cryptic individuals) by the total number of live prey crabs. The assump-
tion that crabs not visible were located within the substrate and were
displaying a cryptic behavior was confirmed at the end of each trial.
Differences in crypsis index were determined among habitat, species,
and prey ratio treatments with a series of ANOVAs and Tukey's post-
hoc comparisons. For each prey species, a two-way ANOVA was used
to determine effects of prey ratio and predator crab presence/absence
using Systat (V13.00.05). Significance was determined with α = 0.05.
Prey ratio did not affect crypsis index in either cobble or shell habitat
for blue (ANOVA, cobble: F = 1.201, p = 0.327; shell: F = 2.380,
p = 0.068) and red (ANOVA, cobble: F = 1.129, p = 0.359; shell:
F = 0.373, p = 0.826) king crab. As such, prey ratio data were pooled
for all other crypsis index analyses. Crypsis of red and blue king crab
was analyzed with a fully crossed 2-way ANOVA with habitat type and
crab predator presence/absence as factors.

The number of red and blue king crab prey eatenwasfit to a series of
models inwhich1) thenumber eatenwas constant or equal to thenum-
ber available, whichever was less; 2) the number eaten was constant
and differed between the habitats; 3) the proportion eaten was con-
stant; 4) the proportion eaten was constant and differed between the
habitats. We assumed a binomial distribution and selected the best
model for both red and blue king crab using the AICc of each model;
models that differed in AICc by b2 were considered to explain the data
equally well (Burnham and Anderson, 2002).

3. Results

3.1. Prey preference

In control trials, overall recovery was 90% for blue king crabs and
94% for red king crabs, indicating that some cannibalism among the
year-0 cohort occurred for both species. However, survival in control
trials did not differ between red and blue king crabs in all habitat and
prey ratio treatments (Table 2), indicating intra-cohort cannibalism
was spread throughout the experiment and did not impact our results.
At the end of the trials, therewere nomissing or physically damaged (e.g.,
limb loss) year-1 predator crabs, indicating any agonistic interactions by
year-0 prey crabs did not have negative effects on year-1 predator
crabs. The no preference model (model 1) and the preference in shell
model (model 5) were equally well supported by the data (Table 3).
The simple preference model (model 2) increased the AICc by about 2
and even though it possessed onemore parameter than the nopreference
model, it did not represent a significant increase in fit andwas, therefore,
Table 2
Three-way ANOVA for survival in control trials. Factors were prey species (blue king crab,
Paralithodes platypus and red king crab, Paralithodes camtschaticus), habitat (cobble and
shell), and prey ratio (blue:red: 1:9, 3:7, 5:5, 7:3, 9:1). Datawere arcsine square root trans-
formed.

Source of Variation df SS MS F p

Prey species 1 0.0320 0.0320 0.392 0.535
Habitat 1 0.0753 0.0753 0.923 0.342
Prey ratio 4 0.3470 0.0868 1.064 0.387
Prey species × habitat 1 0.0000 0.0000 0.000 0.994
Prey species × prey ratio 4 0.4100 0.1030 1.258 0.302
Habitat × prey ratio 4 0.5750 0.1440 1.762 0.156
Prey species × habitat × prey ratio 4 0.3930 0.0982 1.205 0.324
Residual 40 3.2620 0.0815
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excluded from consideration (Burnham and Anderson, 2002). Forty per-
cent of the trials in the high blue king crab prey ratio (9:1) in shell had
zero predation (compared to 11% of the trials overall), which could not
be included in the models (Table 1). As such, the data may be biased
and overestimate blue king crab predation at the high blue king crab
ratio in shell and this bias would weaken support for the preference
model in shell (i.e., the actual predation in shell at the 9:1 prey ratio is
lower than what model 5 predicts, strengthening the support for a pref-
erence for red king crab prey). Because of this, and becausemodel averag-
ing would lead one to infer preference of red king crab in shell (Burnham
and Anderson, 2002), we present the model in which red king crabs pre-
ferred red king crab in shell habitat (model 5), and did not have any pref-
erence in cobble (model 1, Fig. 2).

3.2. Crypsis and number eaten

Blue king crab crypsis was generally high in both habitats, with or
without predators (average ± SE) (overall: 0.91 ± 0.02) (Fig. 3A) and
did not varywith the presence/absence of predators, habitat, or their in-
teraction (Table 4). For red king crabs, crypsiswas higher in shell than in
cobble, and higher in the presence of a predator, and there was no
habitat × predator interaction (Table 4, Fig. 3B). Red king crab crypsis
increased by 89% in cobble and 29% in shell when exposed to crab pred-
ators (Fig. 3B).

For blue king crabs, the best fit model for the number of crabs eaten
was a constant proportion that differed between the habitats (model 4,
Table 5). The number eaten increased linearly with number available
and a greater proportion was eaten in cobble than in shell (Fig. 4A). For
red king crabs, the best fit model was a constant proportion that did not
vary between the habitats (model 7, Table 5), such that the number
eaten increased with the number available (Fig. 4B). The model in
which the proportion eaten differed among the habitats (model 8) in-
creased the AICc by almost 2 and even though it possessed one more pa-
rameter than the best model, it did not represent a significant increase in
fit and was, therefore, rejected (Burnham and Anderson, 2002).

4. Discussion

Red king crab predators showed a preference for year-0 red king
crab in shell, but not in cobble. Blue king crab prey demonstrated a
higher degree of cryptic behavior that did not vary with habitat or pred-
ator presence, while red king crab demonstrated a more adaptive be-
havioral response to predators by increasing crypsis. The change in
predator preference in shell combined with overall lower predation
rates on blue king crab in shell suggest that habitat can mediate preda-
tion between red and blue king crabs.

Differences in predation rates between red and blue king crabs in
shell and cobble may reflect divergent adaptations for minimizing pre-
dation. Although juvenile red king crabs appear to prefer cobble to shell
hash (Loher and Armstrong, 2000), crabs are also observed in hydroids,
polychaete tubes, and bryozoans within different regions in Alaska
(Dew, 1991; Loher and Armstrong, 2000; McMurray et al., 1984), sug-
gesting a relatively broad microhabitat niche breadth, while habitat
Table 3
AICc for prey-preference models for blue (Paralithodes platypus) and red (Paralithodes
camtschaticus) king crabs. Model indicates the model fit (see text for details). When H is
included parenthetically, it indicates that preference differed between the habitats. Prefer-
ence shell indicates preference in shell habitat and no preference in cobble. K indicates the
number of parameters in each model.

Model no. Model K AICc ΔAICc Likelihood AICc weights

1 No preference 0 116.81 0.00 1.00 0.34
2 Preference 1 118.48 1.67 0.43 0.15
3 Switching 2 120.15 3.34 0.19 0.06
4 Preference(H) 2 118.89 2.08 0.35 0.12
5 Preference shell 1 116.95 0.14 0.93 0.32
associations (Armstrong et al., 1985, 1987; Palacios et al., 1985) and
the morphology of juvenile blue king crabs support a specialization for
shell habitat. Their light, mottled coloration is an extremely effective vi-
sual camouflage in shell habitat, but less so in other microhabitats (e.g.,
cobble, hydroids, bryozoans). Additionally, the relatively smooth, flat
carapace is especially effective for physical crypsis in shell habitat be-
cause it conforms closely to the physical architecture of stacked shell
C
ry
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Fig. 3. Average (±SE) crypsis index of (A) blue (Paralithodes platypus) and (B) red
(Paralithodes camtschaticus) king crabs with and without predators in cobble and shell
habitat. Different letters indicate statistical significance (Tukey's HSD, p ≤ 0.05). Letters
above the dotted lines correspond to themain effect of habitat (cobble, shell), while letters
above individual bars represent themain effect of predator presence (no predator, preda-
tor) (see Table 4).



Table 4
Two-way ANOVAs for crypsis of year-0 blue (Paralithodes platypus) and red (Paralithodes
camtschaticus) king crabs in two habitats (cobble, shell) with and without predators. Bold
indicates statistical significance (α ≤ 0.05).

Source of variation df SS MS F p

Blue king crab Habitat 1 0.0005 0.0005 0.020 0.888
Predator 1 0.0001 0.0001 0.002 0.964
Habitat × predator 1 0.0265 0.0265 1.093 0.298
Residual 91 2.2090 0.0243

Red king crab Habitat 1 0.4970 0.4970 4.586 0.035
Predator 1 1.2920 1.2920 11.932 b0.001
Habitat × predator 1 0.1200 0.1200 1.112 0.294
Residual 90 9.7450 0.1080
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debris, which consists of relatively flat crevicematrices. Although a pre-
sumably less effective defense against some predators (e.g., fishes), the
reduced spination may indicate spatial refuge is the most critical anti-
predator mechanism for early benthic phase blue king crabs. Converse-
ly, the combination of monochromatic, dark coloration and pronounced
spination of juvenile red king crabs may make them more conspicuous
and less able to fit into the interstitial spaces in shell habitat compared
to blue king crabs, but is likely effective for minimizing predation in a
range of other substrates (e.g., cobble, hydroids, polychaete tubes, bryo-
zoans), suggesting that red king crabs are more habitat generalists.

Blue king crabsweremore cryptic than red king crabs in both habitat
types and red king crabs weremore cryptic in shell than cobble, indicat-
ing crypsis cannot explain preferential consumption of red king crabs in
shell but not cobble. Such a prey preference could further reduce preda-
tion on blue king crabs through increasing the apparent mutualism in-
herent in this two-prey system (Long et al., 2012b), and further
reduce intra-cohort predation between both species by decreasing the
year-0 red king crab density (Long et al., in preparation). Year-0 blue
king crab survival is lower in the presence of year-0 red king crabs re-
gardless of habitat (Long et al., in preparation) implying blue king
crabs are subdominant, so even a slight predator preference for red
king crabs as prey may be enough to give blue king crabs a competitive
advantage in shell.

We observed varying levels of behavioral response to predators be-
tween prey species. While blue king crabs generally had high crypsis in
both habitats regardless of predator presence, red king crab crypsis was
lower overall; however, red king crabs responded strongly to the pres-
ence of a predator by increasing crypsis whereas blue king crabs did
not. Similar observations have been noted in other studies. For example,
early benthic phase red king crabs in experimental tanks respond to
conspecific and fish predators by increasing affinity for or moving to
complex structures (Daly et al., 2012a; Stevens and Swiney, 2005;
Stoner et al., 2010b). Perhaps the generally high levels of crypsis ob-
served in blue king crabs are a behavioral adaptation to balance the re-
duced spination, which presumably provides little predator defense.
Table 5
AICc for predation models for blue (Paralithodes platypus) and red (Paralithodes
camtschaticus) king crabs. Model indicates the model fit (see text for details). When H is
included parenthetically, it indicates that number or proportion eaten differed between
the habitats. K indicates the number of parameters in each model.

Model no. Model K AICc ΔAICc Likelihood AICc weights

Blue king crab
1 Number 1 279.31 76.97 0.00 0.00
2 Number(H) 2 274.29 71.96 0.00 0.00
3 Proportion 1 208.10 5.76 0.06 0.05
4 Proportion(H) 2 202.33 0.00 1.00 0.95

Red king crab
5 Number 1 307.12 120.76 0.00 0.00
6 Number(H) 2 269.39 83.03 0.00 0.00
7 Proportion 1 186.36 0.00 1.00 0.70
8 Proportion(H) 2 188.03 1.67 0.43 0.30
Mechanical limitations affect predation of some crab species. Snow
crabs (Chionoecetes opilio) have relative upper and lower prey size
thresholds for vulnerability to cannibalism, which are influenced by
predator size, chela gape, and the ability to perceive small prey (Dutil
et al., 1997; Lovrich and Sainte-Marie, 1997). For red king crabs, the rel-
ative lower prey size threshold may be influenced by habitat complex-
ity (Long and Whitefleet-Smith, 2013; Stevens and Swiney, 2005).
However, the predator–prey size differential and the relative size similar-
ity between prey species in our experiment suggests there were likely no
restrictions in the ability of predators to handle victims and any differ-
ences in predator handling efficiency between prey species was likely
minimal. If size-selective predation occurred because of mechanical limi-
tations (i.e., chela gape), we would expect preferential consumption of
blue king crabs, which was not the case.

Preference for red king crabs may be a function of predator han-
dling time and predator–prey encounter rates. For blue crabs (Callinectes
sapidus), smaller juveniles aremore difficult to find (i.e., predators have a
lower encounter rate), but easier to subdue and consume (i.e., have a low
handling time),while larger conspecifics are less difficult tofindbutmore
difficult to subdue and consume (Long et al., 2012b). Assuming juvenile
red and blue king crabs have similar nutritional quality, greater numbers
of the smaller blue king crabs would be required to achieve similar nutri-
tional intake. In natural systems, increased foraging activity may in-
crease vulnerability to predators if individuals flee crevice refugia to
obtain food. Juvenile red and blue king crabs have increased refuge re-
sponse when mortally threatened (Daly et al., 2012a; Long et al., in
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preparation), which may reduce nutritional intake if prey items are
limited within the refuge habitat and imply a tradeoff between forag-
ing and predation risk (Pirtle and Stoner, 2010). Consuming fewer but
larger individuals would allow predator crabs to retreat to crevice ref-
uges while consuming their prey, whichmay be a foraging strategy to re-
duce vulnerability to predation. However, causes for our observed lack of
prey preference in cobble remains unclear. If size-selective predationwas
the primary cause,wewould expect similar observations in both habitats.

One possible explanation could be that red king crab predation rates
are a simple function of encounter rate (i.e., they do not reject a poten-
tial prey once detected) and that cobble is a less effective refuge for blue
king crab than shell. The contrast of the lighter carapace coloration on
the darker cobble may cause blue king crabs to be more conspicuous
to predators. In addition, the interstitial spaces in cobble were larger
than those in shell, allowing more effective foraging by predator crabs
(Bartholomew et al., 2000) and making it a less effective refuge for blue
king crabs (Long et al., 2013) but not for the larger red king crabs. This
explanation is supported by our observed increase in predation rates
(number eaten) in cobble for blue king crab but not for red king crab.

Evidence suggests age-0 blue king crabs may be more vulnerable
to intra-guild predation compared to red king crabs (Long et al., in
preparation); however, we demonstrate that some microhabitats medi-
ate predation vulnerability and may provide some degree of competitive
advantage to blue king crabs. The apparent specialization juvenile blue
king crabs have for shell habitat implies that the availability of such ben-
thic material may dampen intra-guild competition through selective
predation on red king crabs. Large populations of bivalves are required
to create the thick shell hash cover seen around the Pribilof Islands,
which is relatively uncommon in the eastern Bering Sea (Armstrong
et al., 1985). Given the dependence of early benthic phase red and blue
king crabs on nearshore habitat, this particular benthic material may
be an important factor regulating blue king crab distribution or the re-
covery of depleted populations. In addition to shell hash, nearshore wa-
ters around the Pribilof Islands contain a complex mosaic of sediment
types (i.e., cobble, gravel, sand) (Armstrong et al., 1985); however, the
current extent of these habitats is unknown. Very little habitat work
has been done in nearshore waters around the Pribilof Islands since
the 1980s (but see Armstrong et al., 1985, 1987; Palacios et al., 1985).
Future research should assess the current status of habitat composition
and associated benthic species assemblages around the Pribilof Islands
to better understand ecosystem-level processes and identify possible
population bottlenecks.
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