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BIOLOGY AND FISHERY OF SOUTHEASTERN BERING SEA
RED KING CRAB (PARALITHODES CAMTSCHATICA, TILESIUS)

Francis M. Fukuhara

1. IDENTIFICATION

1.1 Taxonomy

The red king crab, Paralithodes camtschatica (Tilesius) is one of 5

species of the genus, three of which inhabit the subarctic North Pacific Ocean

and Bering Sea. The taxonomy of the species are as follows:

Kingdom Animalia
Subkingdom Metazoa
Phylum Arthropoda
Class Crustacea
Subclass Malacostraca
Series Eumalacostraca
Superorder Eucarida

Order Decapoda

Suborder Reptantia
Section Anomura

Family Lithodidae
Genus Paralithodes
Species P. camtschatica (Tilesius)
P. platypus (Brandt)
P. brevipes (Brandt)
P. rathbuni (Benedict)*
P. californiensis (Benedict)*
Genus Lithodes
Family Paguridae (Hermit crabs)

* Taken infrequently in deep water off California



The Lithodids are not true crab such as the Tanner and Dungeness crab but
are related to the hermits crabs (Fam. Paguridae). They have lost their habit
of 1iving in abandoned snail shells and have taken on the traits of true
crabs. Their ancestry is revealed by the asymmetry of the abdomen and first
walking legs, the degenerated fifth walking legs, and several other minor
structural traits (Marukawa, 1933; Borradaile and Potts, 1961. also see
Fig 1). Unlike true crabs which have legs which are jointed in a manner such
that they are oriented forward, the legs of king crab are jointed so that the

legs are extended backward.

1.2 Morphology

The red king crab has an exoskeleton with a coalesced head and thorax
(cephalothorax), abdominal flap, one pair of chelipeds (legs with claws or
pincers), three pairs of walking legs and an array of antennae and mouth parts
(mandibles, maxillae and maxillipeds). Metamorphosis through five larval
stages and growth from the first instar form through adulthood is achieved by
molting.

The external morphology of adult king crab has been described in detail
by Marukawa (1933). The morphological characteristics of red king crab, P.

camtschatica are shown in column 2 of Table 1. Characteristics of P. platypus

and P. brevipes are presented for comparison. The red king crab is readily
identifiable by the shape and color and number of spines on the posterior and
postero-lateral margins and cardiac and branchial regions of the carapace

(Fig. 2).



Figure 1. DNorsal and ventral views of adult male and female P. camtschatica.




Table 1.--Morphological characters of P. camtschatica, P. platypus and P. brevipes.

P. camtschatica

Species
P. platypus

P. brevipes

Color of body

Number of spines on carapace

Posterior margin
Postero-lateral margin
Antero-lateral margin
Anterior margin
Branchial region
Cardiac region

Gastric region

Spines on rostrum
Central spines

1st dorsal spine
2nd dorsal spine
3rd dorsal spine

Eye

Antenna

Legs

Digit
Dorsal spine
Ventral spine

Internal spines

Dorsal surface of carapace
and legs dark brown,
ventral 1ight yellow.

8 (4 on each side)
10 (5 on each side)
8 (4 on each side)
4

18 (9 on each side)
6
9

Long, slightly curved for
dorsal, terminal portion
pointed.

Well developed.

One pair, much smaller
than 1lst dorsal spine

One pair, rarely 3 spines

Slightly protruded, diameter
about equal to that of eye-

stalk

Exopodite transformed to
a small spine

3rd leg long, length of
meropodite 70-80% of width
of carapace

1

1 situated in slightly
more frontal position

than that of dorsal spine
In general wanting, rarely
retained as trace

Resembles P.
camtschatica, but bluish

purple on dorsal surface.

14 (7 on each side)
12 (6 on each side)
8 (4 on each side)
4

12 (6 on each side)
4
9

Short, stout, and not
curved.

Wanting

One pair, close to
each other

3 spines arranged in
straight line

Resembles that of P.
camtschatica

Exopodite transformed to
2 branched spines with a
very small lateral spine

Longer than that of P.
camtschatica, length of
meropodite of 3rd leg
85-90% of width of
carapace

1

1 situated in more
frontal portion than
that of dorsal spine
5, situated on ventral
side

Dorsal red, when dried
appears blue

12 (6 on each side)
12 (6 on each side)
8 (4 on each side)
6

14 (7 on each side)
4
11

Short, terminal portion
slightly rounded.

Rudimentary, very small
One pair, larger than
1st dorsal spine

3 spines, not arranged
in straight line

Not protruded; diameter
is shorter than that of
eye-stalk

Exopodite large with
complicated spines

Shorter than that of 2
other species, chelipeds
long and developed
remarkably

1

1 situated in same
position compared with
that of dorsal spine
7, sharp, needle-1ike
form

Source: Marukawa (1933).



P. camtschatica

P. platypus

P. brevipes
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Figure 2. Arrangement of carapace spines on Paralithodes camtschatica,
P. platypus and P. brevipes.




Red king crab have four zoea stages (Fig. 3) and one megalops stage. The

external morphology of these larval stages for three species of Paralithodes

was described by Marukawa (1933) and supplemented and corrected for red king
crab larvae by Sato and Tanaka (1949). External morphology of zoea larvae is
shown in Table 2.

Marukawa (1933) and Sato and Tanaka (1949) also described the external
morphology of the megalops and first adult form of red king crab. These

stages are depicted in Fig. 4.

1.3 Internal Morphology

The internal organs and the vascular, nervous, digestive systems of red
king crab have been described by Marukawa (1933). Histological studies of the
male reproductive system and sperm were also presented by the same author.
Based upon microscopic examination of the ductus deferens, Wallace et al.
(1949) reported on indications of changes in this structure with the onset of
sexual maturity. The nature of these changes or supporting evidence for them

were not presented.

1.4 Morphometrics

Data on the size of various body parts such as the claws, certain leg
segments and other body parts relative to carapace size has been recorded from
mature red king crab from Asian waters by Marukawa (1933). Similar
information for southeastern Bering Sea red king crab has been given by

Wallace (1949).



Stage | Stage 11

Stage IV

Stage I1

4

Figure 3. The four zoeal stages of red king crab.
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Table 2Q--Comparison of zoea larvae of Paralithodes.

Parts, compared

P. camtschatica

P. platypus

P. brevipes

Rostral spine

Dorso-lateral spines and
dorso-posterial round of
carapace

Number of spines of telson

Antenna

Chromatophores

(Ist stage)
Total length

Width of carapace
Length of carapace
Length of rostral spine

Length of dorso-lateral spines

Length of abdomen

Width of 5th abdominal segment

Width of terminal portion
of telson

Length of exopodite of antenna

Source: Marukawa (1933).

Elongates, beyond the end
of antenna

Dorso-lateral spines long
and stout, dorsal round of
dorso-posterial carapace
concaved

7 pairs, through all stages

Slightly elongated, terminal
end of exopodite provided
with setae

Consisted of red and green,
distributed in all stages

4.56 m.m.
1.12
1.45
1.08
0.45
2.14
0.23

0.51
0.83

Shorter than that of

P. camtschatica, its

length about equal
to that of antenna

Dorso-lateral spines
shorter than that of

P. camtschatica, dorsal
round of dorso-posterial
carapace runs nearly
straight

8 pairs in Ist stage

Slightly shorter than
than of P. camtschatica,
about the posterior half
of inner side of exopo-
dite provided with setae

Not observed

.98 m.m.
.16
.66
.99
.32
.32
.29

.65
.79

ONOO — —

(=

Much shorter than that
of others, its length
about equal to that of
antenna

Dorso-lateral spines
very short, dorsal

round of dorso-posterial
carapace convexed

6 pairs in st stage,
after 2nd stage 7 pairs

Distinctly shorter than
that of the others, its
feature resembled to that

of P. platypus

Resembled P. camtschatica,
but blue chromatophores
distributed on antenna

.31 m.m.
.25
.49
.61
12
.24
w27

ONOQ — — =

0.50
0.53
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Although, conventionally, the size of king crab is given in carapace
length, some discussions allude to carapace width. Carapace length is lorger
than carapace width until red king crab attain a width of 20 mm. At 20-25 mm,
carapace width is about equal to carapace length and thereafter, width remains
longer than length (Marukawa, 1933). The length-width relationship of
immature red king crab of eastern Bering Sea is given by Weber (1967) as:
Carapace Width = -1.449 + 1.080 X Carapace Length (Fig. 5). Data on length-
width relationships for red king crab of mean carapace lengths 60.4-196.9 mm
from southeastern Bering Sea were given by Wallace (1949). The slope of the
relationship for males was approximately rectilinear (k = 1;10), whereas for
females up to 87 mm, k was equal to 1.13. The stope for females larger than
87 mm was slightly deflected (k = 0.96).

The carapace length-body weight relationship of immature eastern Bering
Sea king crabs is shown in Fig. 6. The relationship of carapace length to
body weight for larger male and female crab (greater than 40 mm) from the

Pacific Ocean and Bering Sea is given in Fig. 7.

2. GEOGRAPHIC DISTRIBUTION, HABITAT AND STOCKS

2.1 Geographic Distribution

The red king crab is broadly distributed in the subarctic North Pacific
Ocean and contiguous seas on the continental shelf and slope of Asia and North
America (Fig. 8). Off the Asian coast, the species occurs northward of
Tsushima Strait, through the Sea of Japan to Penzhinskiy Gulf in the northern

Okhotsk Sea. In Pacific Asian waters, red king crab occur from Cape
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Olyutorksi southward to at least Cape Erimo (Vinogradov, 1946). Nakazawa
(1912) reported small commercial catches in northern Honshu, Japan.

In the eastern North Pacific (Ocean and Rering Sea the northern 1imit of
distribution is Norton Sound. The species occurs in the southeastern Bering
Sea (Bristol Bay), along the Aleutian Islands and in the Gulf of Alaska from
Unimak Pass eastward and southward to Vancouver Island, British Columbia
(North Pacific Fisheries Management Council, King Crab, Draft Fishery
Management Plan-1981, hereafter referred to as NPFMC, KC, DFMP-1981).

In Asia, the principal stocks of red king crab occur off West Kamchatka,
West Sakhalin, and in the Nemuro and Wakkanai districts of Hokkaido. There is
no evidence to indicate that there is intermingling of crabs between these
populations. From tagging experiments, Sato (1958) concluded that crabs breed
along the entire western Kamchatkan shelf and migrate from south to north. On
the the basis of areal variations in sex and size composition and the
temporal-spatial distribution of the larval stages of king crab, Vinogradov
(1969) concluded that 5 groups constituted the West Kamchatkan red king crab
population of which the northernmost group provides the reproduction for
virtually the entire West Kamchatkan population.

In North America, red king crab are most abundant in the Bering Sea and
Gulf of Alaska. Major fisheries for red king crab are in Prince William
Sound, Cook Inlet, Kodiak Island, south Alaskan Peninsula, Aleutian Islands,
Norton Sound and southeastern Bering Sea (Fig. 9). There is no direct
evidence (such as from tagging) that crab of one stock internmingle with
those of another stock (Hayes and Montgomery, 1963; Powell and Reynolds, 1965;
Simpson and Shippen, 1968). Due to passive drifting and the rather protracted

early 1ife history of king crab, larvae hatched in one locality may settle on
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the bottom as megalops or first instars a considerable distance away (Hebard,
1959: Haynes, 1974; Armstrong et al., 1983) and may even contribute to the

productivity of another population (Vinogradov, 1969).

2.2 Habitat

2.2.1. Larvae

Zoea are positively phototactic for about 5 days after hatching
(Marukawa, 1933). The first zoea stage occupies the upper and middle layers
of the water column. Zoeal stages II through IV occupy the middle or lower
layers. Zoea occur in water depths of 9-40 fathoms in water temperatures of
0.8° to 4.0°C. Marukawa hypothesized that the zoea must be most numerous in
vortices or gyres since the perpetuation of the population must depend upon
the ultimate settling of the first instar in environments suitable for
survival.

Megalops larvae ‘inhabit the bottom and walk on the 2nd to 4th walking
legs and catch prey with their chela. They can, however, swim short distances
by moving the pleopods and are frequently attached to sponges, bryozoa and
fragments of seaweed. The depth and temperatures of their environment are the

same as that for zoea (Marukawa, 1933).

2.2.2 Juveniles

Megalopae and juvenile crab smaller than 30 mm in carapace width inhabit

depths of 10-30 fathoms. Relatively little information is available on the
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distribution and habitat of these early 1ife history groups. Apparently,
juvenile king crab less that 2 years old (less than 35 mm carapace length) are
mainly solitary, living under rocks and debris (NPFMC DF,-1981). Small crab
(carapace length less than or equal to 10 mm) were found in great numbers
among sea weed and ascidians (sea squirts) taken in king crab tangle nets off
Hokkaido (Nakazawa, 1912). After a thorough search, very young juvenile crabs
were found in the region from Ptich'ii Island (57°10'N) to the central area of
Penzinskiy Bay. The greatest numbers were taken at depths of 5 to 15 m among
stones or boulders (Vinogradov, 1969). Megalopae and juvenile king crab in
eastern Bering Sea were also reported to be associated with marine algae,
hydroids and sponges (FAJ, 1963a).

According to Weber (1967), juvenile crab inhabit the eulittoral zone
until they attain carapace lengths of 40-50 mm. Thereafter, they migrate
toward deeper waters but do not occur in quantity on the fishing grounds until
after they have grown to sizes of 70-80 mm carapace length. Beginning in
their second and third years, crab in the Kodiak area have been observed to
congregate in large, tightly packed groups called pods. These pods contain as
many as 6000 crab with up to 50 crabs stacked on top of each other (Powell and
Nickerson, 1965; Powell, 1974). Weber (1967) also reported that most
immatures are gregarious and found in pods although no evidence of such
aggregating behavior was presented for Bering Sea red king crab. Weber's
search (1967) for immature king crab in the eastern Bering Sea eulittoral
zone was not particularly successful. A total of 85 juvenile crab were taken
of which 77 were captured in one beam trawl haul. By contrast, a single beach

seine haul in Akutan Bay took over 200 immature crab.
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2.2.3 Adults

Unlike megalopae and juveniles which on the basis of available evidence
appear to inhabit rocky or coarse substrate, adult king crab are known to
occur on sand and mud bottoms (Nakazawa, 1912; Marukawa, 1933; Vinogradov,
1946; Wallace et al., 1949; Vinogradov, 1969).

King crab tend to be aggregated by size or life history group or sex
(Marukawa, 1933; Vinogradov, 1946:; Wallace, et al., 1949; Weber and Miyahara,
1962). Adult crab are not uniformly distributed in area or time but tend to
be more concentrated at certain times and places. Very pronounced
aggregations of both sexes occur during the spring spawning season. After the
mating season, the sexes form separate aggregations throughout the remainder
of the year.

In the southeastern Bering Sea where uniform beaches and substrate extend
for relatively great distances, crabs tend to be concentrated in particular
places (Wallace et al., 1949; Korolev, 1964; Rodin, 1970). Aside from mating,
an important determinant of aggregation is the availability of food and
perhaps as pointed out by Chebanov (1965), the availability of prey which
satisfies some specific, transitory physiological requirement such as the

replacement of calcium after molting.

3. LIFE HISTORY

3.1 Embryological Development

After mating in April and May, the eggs are retained on the pleopods

under the abdominal flap of the mother crabs for almost a year (Marukawa,
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1933; Wallace et al., 1949). The eggs hatch during the inshore spawning
migration which begins in late February or March, peaks in April and is
completed in May. The time of hatching for southeastern Bering Sea king crab
can vary by as much as a month (Weber, 1967; Armstrong, 1983) and may occur
from early April to June. Mature females are without eggs for only a brief
period. Females molt, mate and ovulate usually within a 1-2 day interval.
Studies indicate that a female crab must mate within one week after molting
for successful ovulation and fertilization (FAJ, 1963a).

The embryology of king crab has been described in detail by Kajita and
Nakagawa (1932) and Marukawa (1933). The following summarization of embryonic

development was obtained from Marukawa (1933).

Approx. time after Stage of Development
Fertilization

1- 4 days Internal Cleavage
5- 20 days External or superficial
cleavage
20- 25 days Gastrula
35- 38 days Rudimentary embryo
50- 75 days Nauplius embryo
100-110 days Prozoea
150 + days Postzoea

Seven months after hatching (December) Marukawa noted that the heart was
well developed and pulsating at 168-170 times per minute and the embryo was
hard to distinguish from the zoea larva which would hatch from the eqgs four

months hence in April.
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3.2 Larval Stages

King crab metamorphose through four zoea stages and one megalops stage.
Weber (1967) reports that upon hatching, the prezoeal larvae molt, usually
within minutes, into the zoeal form. Although Marukawa (1933) illustrates a
newly hatched zoea and a 24 hour old zoea (see Fig. 3) neither Marukawa or any
other authors indicate that a molt occurs between these two forms.

From the results of rearing experiments, Marukawa (1933) determined that
5 molts were required to develop from the Zoea I stage, through the Zoea II
through Zoea IV and megalops stage to the first adult form. The first molting
(Zoea I to Zoea II) occurred 21 days after hatching and the interval between
molts for the second through last zoeal stages and from Zoea IV to megalops
was 14-16 days. The time required for megalops to metamorphose to the first
adult form was also estimated to be about two weeks.

Subsequent experiments and observations have shown that the molting
schedule is dependent upon certain environmental variables (Table 3). From the
results of temperature controlled rearing experiments, Kurata (1960 & 1961)
concluded that first stage zoeal larvae can be reared at temperatures of
2°-15°C with the highest survival within the range of 5°-10°C. Within this
range of optimum temperatu;e, larval growth rate increased with higher
temperature. The length of time between hatching and molting was estimated to
be in excess of 20 days at 2°C, 12 days at 5°C, 7 days at 10°C and about 5
days at 15°C. Kurata calculated that about 465 day-degrees (days X C°) were
required to develop from hatching through megalops stage, 291 day degrees of

which were required to complete the four zoeal stages.
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Table 3.--Days required to finish the molting process.

[Average temperature of the water in parentheses]

Marukawa's Shimizu's Sato and
experiment experiment Tanaka
Stage (1933) (1936) (1941)
First zoea 21 days 24 days 7 days
(3.8°-6.1°C.) (270968 (9.0°C.)
Second zoea 14 days 12 days 10 days
(6.8°Cs) (5.0°Cs) (8.9°C.)
Third zoea 15 days 14 days 9 days
(7 53°=7.5°C.) (6.9°C.) (9.2%¢.)
Fourth zoea 14 days 14 days 9 days
(7.8°c.) {5.5°C.) (11.3°c.)
Glaucothoel’ 20 days == 12 days
(14.9°C.)
Total to thel/
glaucothoe~ 64 days 64 days 35 days
Total to the youngest
adult form 84 days -- 47 days

1/ Glaucothoe = megalops
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Salinity less than about 21.7/1000 is detrimental to survival of zoea.
The growth rate of zoea is not affected by salinities within the range of

21.7-39.7/1000 (Kurata, 1960).

3.3 Juveniles

The first instar or adult form is about 2 mm in carapace length. Growth
rate and size at maturity appears to vary somewhat with area (Marukawa, 1933;
Powell, 1960). On the evidence of the percentage of ovigerous crabs, Wallace
(1949) concluded that female crab in eastern Bering Sea were mature at 86 to
102 mm carapace length. Males were considered to become mature at minimum
lengths of 85 to 90 mm. Weber (1967) estimated that both male and female king
crab in southeastern Bering Sea matured at about 95 mm. This size is
equivalent to five years in age for males and five and a half years for

females.

3.4 Adults

Crabs larger than 95 mm constitute the adult population. The sexes are
generally segregated except for spawning. After attaining sexual maturity,
growth increment per molt remains about the same for males but is drastically
reduced in females (Weber, 1967). Sexual dimorphism is also evident in
allometric growth which occurs in certain body parts (e.g., size of chela)

with the onset maturity (Marukawa, 1933; Wallace et al., 1949).
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4. SPAWNING AREAS AND SEASONS

Knowledge relating to the area and season of red king crab spawning in
eastern Bering Sea has been obtained from such evidence as the reproductive
state of the female or the stage of egg development, the timing and
distribution of first stage zoea larvae and the capture of crabs in copulatory

embrace.

4.1 Reproduction

Marukawa (1933), Wallace et al. (1949) and Powell & Nickerson (1965) as
well as others have described the mating process in king crab. Essential

aspects of the reproductive process are as follows:

1. The spring or spawning migration begins in February and March, peaks in
April and is completed in May. During this migration, eggs which have
been carried for about 11 months hatch into first stage zoea larvae.

2. Upon reaching the spawning grounds the female crab form large
aggregations. Through some communication mechanisms, the sexes are
attracted to each other. Although experimental evidence is lacking for

Paralithodes, the attraction is apparently based on a mating pheromone

(Rebach and Dunham, 1983).
3. Males select females for their behavior and relative size. In nature,

males almost always select females of equal or smaller size (NPFMC, KC,

DFMP-1981).
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4. Male grasps female by the meropodite of the chelipeds while the female
molts.

5. After assisting the female to molt, the male regrasps the female, inverts
her beneath his body and spreads spermatophore bands over her gonopores.
Only then does the female extrude eggs which are fertilized and attached
to the pleopods where they remain protected by the abdominal flap to
develop for about 11 months.

6. Male red king crab are polygamous and are capable of fertilizing as many

as 7 females (Marukawa, 1933; Wallace, 1949; Powell et al., 1972).

Successful mating requires that fertilization occur within 7 days of
molting in the Bering Sea (Weber, 1965; FAJ, 1963a) and 5 days in the Gulf of
Alaska according to Powell et al. (1974). Fertilization usually takes place
within two hours of molting. In shipboard experiments during the 1961 fishing
season scientists of the Fishery Agency of Japan (1963b) observed that when
females were placed with males prior to or within 24 hours after molting,
mating and ovulation proceeded normally. When females were placed with males
2 to 7 days after molting, mating occurred immediately, however, ovulation was
incomplete and unfertilized eggs were dispersed in the water. In all cases
where females were separated from males after molting, no ovulation occurred.

There is evidence that it is the old shelled males and not those which
have recently molted which participate in mating. Also, small adult males do
not participate in mating until 2 years after attaining sexual maturity

(NPFMC, KC, DFMP, 1981).



26

4.2 Spawning Areas

Spawning of Bristol Bay red king crab occurs off the Alaskan Peninsula

from near Amak Island and the Black Hill to Port Moller area (Fig. 10).

4.3 Spawning Season

Figure 11 from Weber (1967) shows the percentage occurrence of the stages
of egg development with time as observed by several authors during the spring
and summer in eastern Bering Sea. The trends in occurrence of females with
empty egg cases and new eggs indicates that spawning probably occurred in the
first and second deciles of June in 1960 and 1961 and perhaps in the third
decile of June and first 10 days of July in 1962. Although the period of
spawning may vary according to temperature or other environmental conditions,
from these data it appears that it can occur between the beginning of June and

the middle of July.

4.4 Fecundity

Fecundity of king crab as estimated by various authors is shown in

Table 4.
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Table 4. The fecundity of king crab.

Source Carapace width No. of eggs Area
Nakazawa (1912) 127-169 mm 62,550-345,900 Hokkaido
Marukawa (1933) 115-168 mm 69,598-270,204 4
Wallace et al. (1949) 128-145 mm 148,349-446,639 Canoe Bay
Rodin (1970) 94-171 mm 55,408-444,651 Bristol Bay

Nakazwa (1912) and Wallace (1949) held the view that the number of eggs
carried by female king crab varies considerably not only between crabs of
different size but among females of the same size. Rodin's (1970) studies on
the fecundity of eastern Bering Sea king crab, however, indicate comparatively
little variation in egg numbers within size groups and a direct relationship
between fecundity and size of females (Fig. 12).

In all of these studies the number of crabs examined was very small,
therefore, neither the accuracy nor the precision of the estimated fecundity
can be evaluated. It is clear, however, that potential egg production in
female king crab is very high and each year, all fertilized females
characteristically produce a very large number of eggs with larger females
tending to have larger egg clutches.

The high fecundity of king crab implies that the species is typically
subjected to extremely high natural mortality. Inasmuch as the eggs are
protected for almost a year to hatching and natural mortality of older
juveniles and adults has been estimated to be relatively low (see later
section), most of these very large mortalities occur between hatching and the

early juvenile stages. Limited experimental evidence indicates that
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vulnerability is greatest at the first zoeal stage and diminishes through

successive larval stages (Marukawa, 1933; Kurata, 1960).

5. FOOD AND PREDATORS OF RED KING CRAB

5.1 Food of Larval and Postlarval Crab

The stomach contents of larval and postlarval king crab reported by
various authors is given in Table 5.

Marukawa (1933) and Shimizu (1936) considered diatoms to be the important
part of the diet of larval king crab. Kurata (1960) in feeding experiments
had zero survival of stage 1 zoea larvae fed exclusively on diatoms. Best

survival was achieved with Artemia nauplii and Trochophores of Chone teres, a

polychaete (Kurata, 1959) which indicates that a diet of animal origin must be

the principal diet of larval king crab (Kurata, 1960).

5.2 Food of Adult King Crab

Stomach contents of adult king crab as reported by several authors is
given in Table 6.

The food of king crab appears to be similar throughout its range.
Polychaetes, molluscs, crustaceans and echinoderms have been observed to be
the food items of principal importance.

King crab in the eastern Bering Sea must compete for food with a number
of other bottom dwelling creatures. These include the Tanner crab

(Chionoecetes bairdi and C. opilio), Pacific cod (Gadus morhua macrocephalus),
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Table 5.--Stomach contents of king crab larvae and post larvae.

Author

Area

Contents

Marukawa (1933)

Shimizu (1936)

Sato and Tanaka (1949)

Kurata (1959, 1960)

Tsalkin (1969)

Feder, et. al. (1980)

Hokkaido, W. Kamchatka

Hokkaido

Experimental

Experimental

W. Kamchatka

Cook Inlet

Zoea feed on pelagic diatoms,
glaucothoe on bryozoa. Juveniles
feed on Navicula, Synedra,
Coscinodiscus, Nitzchia,
Chaetocerus, Thalassiosira,
Biddulphia, Eragilaria, Ceratium,

Nereis, Zostera, Detritus

Larvae on diatoms

Zoea fed on Polydora sp.,
Zoea cannibalize other zoea

Zoea fed trochophores of Polydora,
nauplii of Artemia salina and
diatoms

Hydroids preferred by postlarval
king crab

Detritus, diatoms, Bryozoa,
Harpacticoid copepods, ostracods




Table 6.--Food of adult king crab.

Author

Area

Contents

Marukawa (1933)

Nakazawa (1912)

Takeuchi (1959)

Feniuk (1945)

Mikulich (1954) and
Kulichkova (1955)

McLaughlin and Hebard
(1961)

Neiman (1963)

Chebanov (1965)

Cunningham (1969)

Tarverdizva (1976)

Feder and Jewett (1980)

Feder et. al. (1980)

Feder & Jewett (1981a)

Hokkaido; W. Kamchatka

W. Kamchatka

W. Kamchatka

W. Bering Sea

E. Bering Sea

E. Bering Sea

S.E. Bering Sea

Bering Sea

E. Bering Sea

S. E. Bering Sea

Cook Inlet, Kamishak Bay,
Kachemak Bay

lzhut Bay, Afognak Island

Kilinda Bay, Kodiak

Kodiak and shallow. bays
of Kodiak

Cucumaria japonica, Cardium californiens, Astarte bérealis, Chrysodomus sp.
Spisula sp., Yoldia sp., Schizothaerus sp., Venus.sp,, Chlamys sp.,
Fusirius sp., Tellina sp.,, Pecten yesscensis, Strohgylocentrus sp.,

Cynthia superba, Bryozoa, Zostera, Diatom

Clams (Mactra sacchalinensis and Pecten yessoensis), Echinoderm (sea
urchins), Sea cucumber (Cucumaria japonica), isopods

Clams - Nucula, Acila Yoldia, Musculus, Liocyma Macoma; Snails - Margarites,
Pupinaria, Euspira, Tectonatica; Crab - hermit crab and other crab;
Amphipods, Barnacles, Echinoidea, Ophiuroidea, Hydraojdea, Polychaste worms
and fish

Molluscs, crustaceans and polychaetes

Clams - Yoldia, Serripes, Siliqua, Tellina; Snails - Polinices, Margarites;
Crusdacea - amphipods, Cumacea; Echinodermata ~ Strongylocentrotus,
Asterias, Ophiuroidea; sea squirts - Pelonia, Boltenja

Molluscs, Asteroids, Ophiuroids, Echinoids, Shrimp, Polychaetes,
Crustacea

Ophiura sarsi

Ophiura sarsl, Yoldia, spirorbis, polychaetes, |sopods, young Chiongecetes.
opilia, brown algae, unidentlfiable, brown, gelatinous mass

Brittlestar (Ophiura sarsi), basketstar (Gorgonocephalus), Sea urchin
(strongylocentrds sp.), Sand dollar (Echinarachinius parma) most important
by weight. Clams - Nuculana radiata. Clinocardium californlense,

Chlamys sp. Snails - Solariella sp. and Buccinidae; crabs - Hyas
coarctatus alutacens, Erimacrus isenbeckii, Pagurus sp.; sandfleas -
amphipods °

Polychaetes, Sand dollars (Echinarachnia parma); gastopods - Trochidas
and Nactidae; Clams - Yoldia, Nuculana, Nucula, Cyclocardia

Cockle (Clinocardium ciliatum), Snail (Solariella sp.), Clam (Nucula
fossa), Brittlestar (Amphiuridae), Polychaete worm (Cistenides, sp.)
and Snow Crab (Chionocecetes spp.)

Barnacles, Clams (Spisula polynyma)

Fish (probably capetlin)

Clams

Cockles, crustaceans and fish, Clams (Protothaca staminea and Macoma spp.)
Cockles (Clinocardium spp.), Acorn barnacles (Balanus crenatus)

£e
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yellowfin sole (Limanda aspera), Alaska plaice (Pleuronectes

quadrituberculatus), rock sole (Lepidopsetta bilineata), flathead sole

(Hippoglossoides elassodon) and rex sole (Glyptocephalus zachirus) (Feder and

Jewett, 1981b; Takeuchi, 1959). Most of the fish species are swifter and much
more mobile than the king crab. The abundance of these fish species can,
therefore, have considerable impact on the growth of the eastern Bering Sea

king crab stock.

5.3 Predation on King Crab

Table 7 includes a list of animals which have been reported by several
authors to be predators on king crab.

An estimate of the magnitude of predation on larval red king crab has
only recently become available (Haflinger and McRoy, 1983). They estimated
that 18 billion king crab megalops larvae were consumed in a one month period
by yellowfin sole. The authors considered the estimate to be conservative
even as a measure of the predation by yellowfin sole alone.

According to Bakkala and Wespestad (1984), the biomass of yellowfin sole
in the eastern Bering Sea which was about a million tons in 1975 doubled to
about 2 million tons in 1979-1981. In 1982, biomass apparently increased to
over 3 million tons and to almost 4 million tons in 1983. Cohort analyses
indicate that the eastern Bering Sea yellowfin sole population exceeded 20
billtion fish in 1981, The female spawning population of eastern Bering Sea
king crab declined rather steadily after 1979 from about 122 million crab to
less than 10 million crab in 1983. Although yellowfin sole and king crab

compete to some extent for similar food, there are no obvious explanations for
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Author Area

Predators

Gray (1964)

Powell & Nickerson (1965) Kodiak

Feder and Jewett (198la) Kodiak

Bering
Shimada and June (1982) Bering
June (1984) Bering

Haflinger and McRoy (1983) Bering

Pruter (1983)

Sea
Sea
Sea

Sea

Halibut (Hippoglossus stenolepis) prey on large,
recently molted crab.

Korean Horsehair crab (Erimacrus isenbeckii)
observed to prey on juvenile king crab.

Sculpin (Hemilepidotus hemilepidotus) predators
on postlarval crab 10 mm in Tength.
Sea otters predators on adult king crab.

Pacific cod.
Pacific cod.

Yellowfin sole predation on larval and juvenile
king crab. Conservatively estimated that 18
billion king crab larvae are consumed by
yellowfin in eastern Bering Sea in a 1 month
period. i

In areas where king crab are abundant, they
composed 2 to 78% of the total weight of stomach
contents of Pacific cod in 1981,
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the inverse relationship in the abundance of the two groups a seen in

Fig. 13. Yellowfin sole cannot possibly prey upon sexually mature red.king
crab. As mentioned in the previous paragraph, however, zoea and megalops of
king crab have been shown to be an important component of the stomach contents
of yellowfin sole on the northern Aleutian shelf during the spring and summer
seasons. The quantity of larvae can be expected to be directly related to the
abundance of fertilized female king crab. It is reasonable to assume then,
that the decrease in fertilized female king crab was accompanied by a
corresponding decrease in the abundance of crab larvae. The biomass of
yellowfin sole has increased substantially in spite of this expected decrease
in larval crab abundance. Although larval king were observed by Haflinger and
McRoy to constitute an important part of the diet of yellowfin sole at
specific times and places, they are obviously a very minor component of the
total food intake of eastern Bering Sea yellowfin sole. Although the
predation of 18 billion crab larvae seems very substantial, when one considers
that the eastern Bering Sea yellowfin sole stock exceeds 20 billion, the
consumption rate on the average is slightly more than one king crab larvae per
fish.

Even if they constitute only a very minor component of their diet, the
predation of 18 billion crab larvae may have some impact on the productivity
of the king crab stock. To evaluate whether this potentially large mortality
has affected the productivity of the eastern Bering Sea king crab stock, the
relationship of the number of king crabs recruited to age 5 and the biomass of
yellowfin sole was examined (Fig. 14). Although the predation by yellowfin
sole may have been one of many forces of mortality which may have contributed

to the suppression of recruitment, there is no obvious evidence of a negative
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trend in the recruitment of crab which might be attributable to the increasing
biomass of yellowfin sole. The foregoing discussions have assumed an
increasing trend in the biomass of the eastern Bering Sea yellowfin sole
population as indicated by the NMFS trawl surveys. An increase of this
magnitude in the biomass of yellowfin sole in a single year could not have
occurred through recruitment, survival and growth of the exploitable stock.
Bakkala and Wespestad (1983 & 1984) attribute some of the increase in biomass
to an increase in the area surveyed and to the better bottom tending qualities
of the trawl gear used in the 1982 survey (and thereafter).

Other flatfish (e.g., rock sole and flathead sole, which may have a

combined biomass of about a million mt) sculpins (Myoxocephalus spp.) and

elasmobranchs (Rajidae) which are resident to the area and transient species
such as several species of Pacific salmon migrating through the northern
Aleutian shelf waters may also prey upon larval and juvenile king crab. The

food habits of the Walleye pollock (Theragra chalcogramma) are not very well

known. It is conceivable that pollock also consume pelagic larvae of red king
crab. If crab larvae constitute even a minor part of their diet, because of
the substantial biomass of pollock (more than 6 million mt in 1983) the total
consumption of larvae may be substantial.

Pacific halibut (Hippoglossus stenolepis) and Pacific cod (Gadus morhua

macrocephalus) are the only fish species which have been reported to consume

adult king crab. The deep water flounders such as the Greenland turbot

(Reinhardtius hippoglossoides) and arrowtooth flounder (Atheresthes evermanni

and A. stomias) and also the skates (Rajidae) appear to have the capability to

prey upon adult crab.
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June (pers. com.) examined the red king crab content in the stomachs of
Pacific cod collected in eastern Bering Sea trawl surveys between May 5 and
July 20, 1981. The remains of red king crab were in 10% of the total cod
stomachs examined and 14% of the stomachs of cod 410-780 mm in length. The
stomachs contained whole crabs as well as legs only. All of the crab in the
stomachs of cod had new shells which were soft and flexible, indicating they
were recently molted crabs. Determination of the sex of crabs was difficult
due to partial digestion and the softshelled condition of the crabs. All
crabs for which sex could be determined were females, which seems reasonable,
considering the area and period of sampling. For the same reasons,
measurements could be obtained from only 7 of the 34 whole crabs extracted
from cod stomachs. These crabs were from 53.4 to 160.3 mm in carapace
width., It was estimated that 58% of the crabs consumed were less than 100 mm
carapace width, therefore, almost half the crab consumed were sexually mature
females.

The biomass of Pacific cod in the area inhabited by king crab was
estimated by the trawl survey to be about 240 thousand t. Assuming a minimum
consumption of red king crab of 0.051% of cod body weight per day, Pacific cod
were estimated to have eaten about 123 mt or about 110,000 king crab, daily.
Using the maximum estimated ration of 0.551% of body weight per day, 1,300 mt
or 1,163,500 king crab would be consumed each day. Applying these minimum and
maximum daily consumption rates to the 30 days or so during which females
might be expected to be in softshelled condition, the potential mortality to
female crab from cod predation during the spawning and postspawning period may
range from 3.3 million to 34.9 million crabs (June, pers. com.).

Evidence supporting June's observations concerning cod predation upon

female king crab is shown in Fig. 15. The biomass of Pacific cod of eastern
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Bering Sea as estimated by the NMFS trawl surveys increased from about 300,000
tons in 1978 to almost 800,000 tons in 1979 and over 1 million tons in 1983
(Bakkala and Low, 1984). Although the increasing catch per unit effort (CPUE)
from the Japanese longline fishery indicates some increase in the abundance of
cod (2X from 1979 to 1981), the indication of increase was considerably less
than the 4 to 5 fold increase in CPUE from 1976 to 1983 in the trawl surveys
(Bakkala & Wespestad, 1984). The rapid increases in biomass indicated from
the trawl surveys cannot reasonably be attributed to biological, population
growth and is more likely a reflection of the underestimation of the eastern
Bering Sea Pacific cod resource in years prior to 1982 when less efficient
trawls were utilized.

Although the rate of increase remains a question, there is. no doubt that
the biomass of Pacific cod has increased in recent years. As the biomass of
Pacific cod increased, there was a corresponding decrease in the number of
fertilized female king crab from over 120 million in 1979 to less than 10
million in 1983 (Fig. 15).

From the evidence at hand, predation by Pacific cod can reasonably
account for a substantial portion of the observed decline in the adult female
king crab of eastern Bering Sea. In combination perhaps with mortalities
which might occur in discarding female crabs in the king crab fishery,
predation by Pacific cod appears to be the most reasonable explanation for the
decline of the female spawning stock. One can only speculate on the mortality
from cod predation (and other fish predators) which might accrue to other
components of the eastern Bering Sea stock during their respective molting

periods.
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The sea otter (Enhydra lutris) is the only mammal which has been reported

to consume adult king crab. Although there is no substantiating evidence, the

harbor seal (Phoca vitulina) and the deeper diving ice seals (ringed seal,

Phoca hispida; ribbon seal, P. fasciata; and bearded seal, Erignathus

barbatus) may also include adult king crab in their diets.

6. GROWTH, AGE AND NATURAL MORTALITY

6.1 Growth

King crab grow by shedding their exoskeleton in a process called
molting. The growth rate of crabs then is determined by the frequency of

molting and the amount of growth added with each molt.

6.1.1 Molting Process

The molting process in king crab has been described by Marukawa (1933),
Weber (1967), Sakuda (1958) and others. One or two weeks prior to molting,
coloration of the shell changes and spaces between the abdominal plates begin
to widen slightly. About three days before molting the crab becomes very
inactive and ceases to feed (Marukawa, 1933) and the abdomen begins to
swell. Within a day of molting (12-18 hours according to Weber, 1967 and 1-6
hours before according to Takeuchi, 1960; Powell, 1960 and JFA, 1963) the
abdomen swells very rapidly, rupturing the abdominal covering and subsequent
sloughing off of the abdominal plates. Simultaneously, pressure is exerted

under the carapace leading to breaks in the sides and posterior margins of the
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old shell. The muscles become flabby and shrink sufficiently to be withdrawn
past the strictures of the leg joints. A colorless mucusiike substance is
deposited between the old and newly developing shells. Ultimately, the crab
backs out through an opening between the hind margin of the carapace and the
upper abdominal plates. In molting, all structures of ectodermal origin are
discarded. These include not only the carapace and integument of the legs but
also the mouth parts, esophagus, stomach, chitinous plates around the stomach,
the hindgut, tendons and certain gill tissues (Marukawa, 1933).

The observed time required for molting ranges from 4 minutes (Sakuda,
1958) to 40 minutes (Takeuchi, 1960). Marukawa (1933), the Japan Fishery
Agency (1963) and Weber (1967) generally agree that the actual molting
requires ten minutes or less. Mihara (1932) estimated that adult females
require 13 minutes to molt and that adult crabs in general required 13-15
minutes. He estimated that juvenile crab required about 9 minutes.

Although the actual process of molting is relatively brief, there is a
period of three or four days after molting when the crab remains relatively
inactive and not feeding and an additional week or so (about ten days after
molting) before the new carapace is as hard as the old (Marukawa, 1933).

Crabs are particularly vulnerable to mortality during molting. Results of
larval rearing experiments show that large mortalities of Zoea I larvae (which
was sometimes 100% in experiments) occur with the onset of molting. Marukawa
(1933) observed that such mortalities occurred at about the time of the
transition from yolk absorption to the feeding stage. Sato and Tanaka (1949)
and Kurata (1960) observed large mortality to Zoea I larvae at the time of
molting indicating that some extraordinary stress may be associated with

ecdysis, at least, in the first zoeal stage. Similar physiological stress,
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although perhaps to a lesser degree, may also contribute to debilitation and
mortality in later moltings as well. 1In all postlarval size groups,
premolting lethargy and the temporary loss of the hard, spiny, protective
exoskeleton for as l<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>