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ABSTRACT

An estimate of growth of the immature king crab of the south-
eastern Bering Sea is presented. From a combination of the pro-
gression of modes in successive length-frequency distributions and
observations on molting, an attempt is made to identify age groups
and determine age-size relationships. The growth curve derived
is similar for the sexes through the first four years of life. There-
after, female crabs grow more slowly than males and complete
the immature phase in slightly less than six years. Male crabs
attain sexual maturity in five years.
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INTRODUCTION

On the western coast of North America the common
name * king crab *’ refers to anomuran crustaceans of
the genus Paralithodes. Of the five known species of
Paralithodes only three, P. platypus Brandt, P. brevipes
Milne-Edwards and Lucas, and P. camtschatica (Tile-
sius), are of commercial importance!. The commer-
cial species are benthonic animals inhabiting the con-
tinental shelves of the North Pacific Ocean and ad-
jacent seas. Their distribution extends from the
shores of eastern Korea northward to the Bering Strait
and then south along the North American coast as far
as British Columbia (Vinogradov, 1947). P. platypus
is widely dispersed, but is most often encountered in
the more northern regions. P. brevipes, the smallest
species, is generally confined to localized areas in
Asian waters. The third species, P. camtschatica, is
most abundant south of 58° North latitude, and is the
principal contributor to the king crab fisheries in both
Asia and North America. This report is restricted
to biological observations on P. camtschatica.

Exploitation of king crabs began in northern Japan
and southeastern Siberia shortly before the turn of the
century. The initial king crab industry was a shore-
based operation, but around 1920 factoryships were
developed which led to eventual expansion of this
fishery into North American waters. The Japanese
began to use factoryships in the southeastern Bering
Sea in 1930, but this operation was discontinued in
1939. The king crab stock remained untouched until
1947 when the United States established a king crab
fishery in the southeastern Bering Sea. The United
States exploited these stocks alone until 1953 when the
Japanese resumed a factoryship operation. Re-estab-
lishment of the Japanese fishery caused concern that
the combined catch of the Japanese and United States
operations might exceed the level of maximum sus-
tained vyield of the stock. Thus, in 1954 the United
States undertook a joint study with Japan to deter-
mine the need for conservation measures for the king
crab stock of the southeastern Bering Sea. As a part

1 The other two species, P. rathbuni (Benedict) and P. californien-
sis (Benedict), have been collected infrequently in deep water off
the coast of California.
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Ficure 1. Molting immature king crab. The crab is withdrawing itself from the old shell, part of which is

seen in the lower center.

of this general program to assess the need for con-
servation measures, the U.S. Fish and Wildlife Service
initiated a study in 1958 to investigate the growth of
immature king crabs.

The objectives of this report are to describe molting
of immature king crabs of the southeastern Bering
Sea, the changes in length and weight which accom-
pany molting, and the resultant rate of growth.
Figure 1 is a photograph of a molting immature king
crab; it is included in order that the reader may gain
some feeling and insight of this unusual manner of
growth.

PREVIOUS GROWTH STUDIES

Published estimates of growth of immature king
crabs indicate variation in growth not only between
geographic areas but also within the same general
locality. Examples of this variability are shown in
Figure 2. The curves represent growth for both male
and female crabs, and include only immature animals.

The growth curves derived from reports by Wang
(1937), Nakazawa (1912), Kurata (1961b), and
Marukawa (1933) are for Asiatic crabs; those pre-
sented by Powell (1960 a) and Bright ez al. (1960) are
for Gulf of Alaska king crabs. Although it is recog-
nized that growth rates undoubtedly vary as a result
of environmental and racial differences, the dissim-
ilarities in the growth curves appear to be greater than
can be ascribed entirely to these sources.

Marukawa’s (1933) growth curve was derived from
modes observed in width-frequency data; each mode
was considered an age group. Mackay and Wey-
mouth (1935), Kurata (1961 b), and Sato (1958)
point out that several of the modes considered by
Marukawa as age groups are probably instars. If
these modes were deleted, Marukawa’s growth curve
would agree well with that of Kurata presented in
Figure 2. Bright et al. (1960) formulated a growth
curve for immature king crabs of Cook Inlet based
on growth per molt and frequency of molt of crabs
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Ficure 2. Growth curves for immature king crabs.
Curves derived from Wang “ W ” (1937), Nakazawa
“N?” (1912), Kurata “K” (1961b), and Marukawa
“M” (1933) are for Hokkaido king crabs. Those by
Powell “ P ” (1960a) and Bright et al. ““ B (1960) are
for Gulf of Alaska crabs. Results by Marukawa, Wang
and Nakazawa were originally expressed in terms of
carapace width, but are shown here by carapace length.
The conversion from width to length was made on the
basis of data presented in Tables 4 and 5.

retained in live boxes. Some question always exists
concerning the effect confinement may have on the
frequency of molting and growth per molt. Unfor-
tunately, Bright et al. did not present data by which
this effect may be evaluated. Powell’s (1960 a) age-
length curve for immature king crabs of the Kodiak
area was derived from modes in successive length-
frequency distributions and growth per molt as ob-
served from tagged crabs. As mentioned by Powell
this estimate of growth is tentative because various
portions of the growth curve were based on limited
data. Wang (1937) estimated growth of immature
king crabs from width-frequency distributions taken
in 1925 and 1926 off the Kitami coast of Hokkaido.
These data showed modes at carapace widths of 45
and 85 mm which Wang interpreted as age groups
representing the first and second years of life. There
was a semblance of a third mode at 115 mm but Wang
did not consider it as an age group; he chose instead
the next larger mode at 135 mm as the average size
of crabs three years after hatching. Nakazawa (1912)
estimated growth of Hokkaido crabs by combining
data from his studies of king crab with published in-
formation on the frequency of molt and growth rate
of Homarus americanus and Cancer pagurus. 'The growth
curve for Hokkaido crabs by Kurata (1961 b) is based
on growth per molt, and frequency of molt in relation
to environmental temperature. As expressed by
Kurata the amount of growth per molt was obtained
from confined crabs, and other data utilized are frag-
mentary; thus the growth curve is only an approxima-
tion. Other investigators have studied size-frequency

distributions (Kajita and Nakagawa, 1932) and growth
per molt (Takeuchi, 1962; Sato, 1958) of immature
king crabs, but the data in their reports are not suf-
ficient to permit construction of growth curves.

MATERIALS AND METHODS

SELECTION OF SAMPLING AREA

The small size and frequent molting of immature
king crabs preclude use of current methods of tagging,
and there exists no known or suggested means of de-
termining age by body structures. Thus, the only
practical means of assessing growth, aside from ob-
servation of confined individuals, is to examine the
progression of modes in size-frequency distributions
obtained from successive samples taken in the natural
environment.

The difficulty of obtaining representative samples of
immature king crabs throughout their entire size
range proved to be a major obstacle in determining
growth by modal progression. Representative sam-
pling of immature crabs is complicated primarily by
their distribution. The larval crabs settle and tend
to remain in the eulittoral zone until the carapace
length reaches 40 to 50 mm. At this size the imma-
ture crabs begin to emigrate from shallow water to the
sublittoral fishing grounds. As their size increases,
their range of vertical movement also increases, but
they are not found in quantity on the fishing grounds
until they attain a length of 70 to 80 mm. Reports
by Nakazawa (1912) and Takeuchi (1960), as well as
surveys by the U.S. Fish and Wildlife Service, suggest
that although immature crabs shorter than 60 mm are
present in deeper water where fishing is conducted
their distribution is not uniform either in quantity or
size range. Also, the king crab is a gregarious animal,
especially in early life, and solitary individuals are
rarely encountered. Most immature crabs are found
in groups called pods which may be composed of
several hundred to several thousand individuals of
similar size (Bright et al., 1960; Durham, 1958; Pow-
ell, 1960 b). The shape of a pod resembles a hay-
stack. Periodically, individuals of a pod disperse for
feeding and later reassemble, often in the original
location. This clustered distribution makes blind
sampling with nets or trawls difficult, since most at-
tempts will miss the crabs completely.

In May 1957, the U.S. Fish and Wildlife Service
devoted 10 days to sampling the eulittoral zone along
the north shore of the Alaska Peninsula. Only 85
immature king crabs were taken during this survey—
77 of them in one beam trawl haul. In this same year
a single beach seine haul in Akutan Bay in the Fox
Islands took over 200 immature crabs. Another seine
haul in shallow water near Unalaska Island in the
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Aleutian chain provided an additional 30 immature
crabs. Because of the difficulty of obtaining sufficient
samples from a vessel, or maintaining a shore station
on the coast adjacent to the Bristol Bay fishery, it ap-
peared that if adequate samples of immature crabs
were to be collected it would be advantageous to un-
dertake sampling from a shore-based station on one
of the populated Aleutian Islands. It was recognized
that crabs from the Aleutian Islands might be of a
different population and subject to an environment
somewhat dissimilar to that of the Bristol Bay region;
still the facilities available on a populated Aleutian
Island would allow periodic sampling of immature
crabs throughout the year. From successive samples
collected, especially samples of smaller immature crabs
(2 mm to 60 mm carapace length) which inhabit the
culittoral zone, a basic estimate of growth of imma-
ture crabs could be made. As information was ac-
cumulated from annual sampling of larger immature
crabs (60 mm carapace length and greater) taken on
the Bristol Bay commercial fishing grounds, it was to
be interpreted in terms of this basic growth estimate.
Therefore, in 1958 the U.S. Fish and Wildlife Service
initiated a program to assess the growth of immature
king crabs inhabiting the shallow waters of Iliuliuk
Bay near Unalaska, Alaska.

The Bristol Bay region is geographically defined as
the area north of the Alaska Peninsula and east of
Unimak Pass. The king crab fishery of this area is
located in the southern half of Bristol Bay. Asusedin
this report, ““ Unalaska ** includes only Iliuliuk Bay
and vicinity; however, these observations are prob-
ably applicable to any area on the north side of the
Fox Island group. Also, ‘‘ southeastern Bering Sea *
includes only the continental shelf bordering the north-
east coast of the Fox Islands and the southern half of
Bristol Bay.

SAMPLING PROCEDURES

In the summers of 1955 through 1961 the U.S.
Fish and Wildlife Service conducted an offshore survey
of king crabs inhabiting the Bristol Bay fishing region.
Samples were collected by otter trawls fished at pre-
designated stations 20 miles apart. At each station
all crabs caught were measured, shell condition and
sex were noted, and males were tagged and released.
Sampling in the Bristol Bay region was described by
Weber and Miyahara (1962). The remainder of this
subsection pertains to sampling at Unalaska, but
methods of measurement and designations of molting
stages discussed are equally applicable to samples of
immature crabs from the Bristol Bay fishing region.

Sampling of immature king crabs at Unalaska was
carried out during four intervals from April 1958
through May 1959. Areas in which samples were
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Ficure 3. Area of king crab study at Unalaska. Shading
indicates regions surveyed for presence of immature
king crabs during each sampling period. Numbers indi-
cate locations where the majority of immature crabs
were collected.

collected are shown in Figure 3. Dates of sampling
were as follows: (1) first period from April 22 to June
6, 1958; (2) second period from September 17 to Octo-
ber 1, 1958; (3) third period from February 11 to
February 24, 1959; (4) fourth period from May 24
to June 2, 1959.

The most successful method of obtaining immature
king crabs at Unalaska was by SCUBA diving. Other
methods of capture, such as 2}-inch (stretched mesh)
tangle nets, shrimp pots, ring nets, and stomach sam-
ples of predators, yielded less than one percent of the
crabs collected. During each sampling period spot
checks were made at depths down to 30 feet through-
out the areas indicated in Figure 3. In areas where
immature crabs were found, repeated collections were
made at intervals of several days, and adjacent local-
ities were carefully surveyed.

Upon capture, king crabs were placed in holding
cages until the end of the sampling period to prevent
repeated captures and to observe molting. In an
attempt to maintain natural conditions the cages were
suspended beneath the Unalaska pier (sampling area
2 in Fig. 3)—an area found to be continuously in-
habited by immature king crabs. The cages were
raised daily to feed the crabs and to measure those
which had molted. A supply of mussels, barnacles,
and fresh fish was maintained in the holding cages.
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Sex was recorded for each king crab at time of
collection (females are distinguished by the asym-
metrical distribution of abdominal plates and presence
of abdominal pleopods).

MEAsSUREMENTS TAKEN

Linear measurements used in this study are length
and width of the carapace measured to the nearest
millimeter with vernier calipers. Carapace length
(Fig. 4) is defined as the distance of a slanted line ex-

>

Ficure 4. Outline of king crab carapace showing di-
mensions measured. A=length; B=width.

tending from the posterior median edge of the cara-
pace to the extreme concavity of the right eye orbit;
carapace width is taken as the greatest width of the
carapace between marginal spines. Carapace length
was recorded for each crab collected. Carapace width
was recorded for all crabs collected in the first week
of sampling of the first and third periods. (For im-
mature crabs sampled in the Bristol Bay fishing region
carapace width was recorded in 1957 and 1961.)
Weight was measured to the nearest gram. Prior
to weighing, crabs were drained for 10 minutes to
remove excess water. Crabs weighing less than | g
were grouped by millimeter length class, weighed as
a unit, and the average individual weight calculated.

SueELL CoONDITION AND MOLTING STAGES

Because king crabs grow by a series of steplike in-
crements, a crab of one size group may suddenly ad-
vance into a larger size group. Thus, the presence
of two closely adjacent modes in a length-frequency

distribution raises the question of whether they repre-
sent two unrelated groups or only a single group in
the process of molting. The distinction between molt-
ing and non-molting crabs may be made on the basis
of differences exhibited at each stage in the molting
cycle.

Methods of identifying various phases of the molt-
ing cycle have been developed for some brachyuran
crabs (Hiatt, 1948; Drach, 1939; Passano, 1960).
These methods are based on sclerotization rates (shell
hardening), physiological differences, and changes in
the newly developing integument. Because we are
concerned primarily with differences between groups
which are and are not actively molting, an easily dis-
cernible criterion such as sclerosis is applicable. In
the first sampling period king crabs were classified by
carapace hardness. This character is a subjective
measurement based on the degree of carapace flexi-
bility, and is determined by application of slight
manual pressure on the sides of the carapace. From
observations on progressive carapace hardening of
newly molted immature crabs it was found that this
classification (i.e., either rigid or flexible) could be
used to distinguish individuals which had molted
within approximately two days prior to collection.

Color changes also have been observed prior to
molting. Bright et al. (1960), Powell (1960 c), and
Sakuda (1958) have observed a darkening of non-
calcified joint areas prior to molting in both immature
and adult female king crabs. These differences are
evidently associated with the molting process and
have also been observed in premolting brachyuran
crabs (Guyselman, 1953; Drach, 1939). During the
initial sampling period at Unalaska, conspicuous dif-
ferences in coloration of the exoskeleton were noted,
and in subsequent sampling periods coloration com-
bined with shell hardness provided a means of classi-
fying crabs into molting stages suitable for this study.

The molting stages used as the basis of classification
in this report are as follows:

Stage 1. Postmolt: A period immediately follow-
ing molting; weight stabilizes and linear
increase terminates. Carapace is bright
red and integument is flexible for one to
two days after molting.

Intermolt: State of stable linear dimensions,
initiated when the integument becomes
rigid. During this, the lengthiest, stage of
the molting cycle carapace coloration
changes from a bright red to a dull red-
brown. White ventral surfaces of the exo-
skeleton become progressively scratched and
yellow as the intermolt stage progresses.
Premolt: A period of preparation for molt-

Stage 2.

Stage 3.
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ing. The non-calcified joints of the ap-
pendages become dark red and the exo-
skeleton usually takes on a dark brown ap-
pearance. Terminal phases of this stage
include abdominal swelling and sloughing
of abdominal plates immediately prior to
molting.

Molt: Actual casting of the exoskeleton
accompanied by initial linear expansion
and weight increase?.

Stage 4.

OBSERVATIONS ON MOLTING

Throughout the year of study at Unalaska, molting
of 317 king crabs was observed. The basic data are
given in Appendix Table I. Twelve crabs had molted
shortly before collection (their cast shells were found
adjacent to them). The remaining obcervations were
taken from crabs which molted in confinement.

The limited facilities at Unalaska prevented separa-
tion of confined king crabs into small groups. Thus,
between daily checks, often 10 or more crabs of similar
size molted in the same holding cage. To determine
the individual growth increment in this situation it
was necessary to identify each cast carapace correctly
with the respective postmolt crab. Tagging or mark-
ing was undesirable since the effect on growth is not
known. Therefore, individual differences were in-
vestigated to find means of identifying the cast shell
with its former owner.

Urita (1931) studied the number and arrangement
of spines on the carapace of Karafuto (southern Sakha-
lin) king crabs with the objective of identifying king
crab stocks. He did not find a significant variation be-
tween stocks by this method, but he did find a fairly
uniform arrangement of major spines and a great
variation in arrangement of minor spines. The
Unalaska study indicated that variation in spine ar-
rangement may be used to identify individual im-
mature crabs. From our observations it appears that
the arrangement of minor spines, although it becomes
less obvious in larger crabs, is an individual character-
istic persisting throughout life. In all comparisons
made, no two spine arrangements were identical.
Through identification by spines, the growth increment
per molt was determined for each individual by match-
ing the cast carapace with the newly molted crab.
Measurements made on the exuviae were identical

2 Although no study was made of the changes in the integu-
ment, Stage | above is generally comparable to Stages A and B
described by Drach (1939) and Hiatt (1948) for brachyuran
crabs, and Stages 2 and 3 are similar to their C and D stages.
For intermolt stages of brachyurans as cited by Passano (1960),
Stage 1 above corresponds to Stages A and B, and Stages 2, 3,
and 4 are Stages C, D, and E, respectively.

with measurements made on crabs prior to molting.

GROWTH DESCRIPTION AND ANALYSIS

The following sections are a description and analysis
of information derived from observations of immature
king crabs in the Bristol Bay fishing region and at
Unalaska. The first section treats the development
and growth of the embryonic and larval crab. The
most comprehensive data on egg and larval develop-
ment are from Japanese investigations conducted in
Bristol Bay. Duration of larval development at
Unalaska is based primarily on Japanese findings.
The second and third sections discuss allometric
changes in the carapace with size, and growth per
molt in terms of linear expansion and increase in
weight. These data provide background for the
analysis of advancement of modes since the observed
progression of modal lengths in successive length-
frequency distributions reflects changes which take
place at molting. The fourth section concerns growth
of immature crabs through the first three years of life.
Data for this phase are from studies at Unalaska in
1958 and 1959. The fifth section presents the results
of annual sampling of immature crabs by the U.S.
Fish and Wildlife Service in Bristol Bay from 1957
through 1961. From these observations the growth
of immature crabs from an age of four years through
maturity was estimated. In the final section data on
the growth of immature crabs obtained from Unalaska
and Bristol Bay are combined to give a growth curve
for immature crabs of the southeastern Bering Sea.

DEVELOPMENT AND GROWTH OF EMBRYONIC AND
LarvarL Kine CraBs

Embryo Development and Time of Hatching

Mature male and female king crabs undertake a
characteristic annual migration pattern which ap-
pears to be similar throughout their distribution (Vino-
gradov, 1945; Bright et al., 1960; Marukawa, 1933).
Migration is in two principal stages: inshore to shal-
low water during the spring; offshore to deeper water
at the start of summer. Inshore movement has been
termed spawning migration. It generally starts in
February and March, reaches a peak in April, and is
completed by May. Developing eggs, which the
female has been carrying for almost a year, hatch
during spawning migration. The female then molts,
mates, and ovulates usually within a 1-2 day interval.
Studies by the Fisheries Agency of Japan (1963 a) in-
dicate that a female crab must mate within one week
after molting if ovulation and fertilization are to be
successful.

Egg development has been studied and described
in detail by Kajita and Nakagawa (1932) and Maru-
kawa (1933). Briefly, the fertilized egg undergoes
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superficial cleavage and attains the gastrula stage 20
to 25 days after fertilization. Within 60 days the
embryo enters the nauplius stage. Five months after
fertilization, pre-zoeal characteristics appear. This
form is retained until shortly after hatching.

Time of hatching is important since it represents the
base point from which age is calculated. Vinogradov
(1941) found that hatching of king crab eggs takes
place in March off the west coast of Kamchatka and
in April in the Bay of Peter the Great. In the Nemuro
region, Marukawa (1933) observed hatching from
the middle of March to the beginning of May, with
a peak around April 20. Nakazawa (1912) men-
tioned that crabs inhabiting waters adjacent to the
Nemuro region hatch mainly in April, and by May 10
over 70 percent of the females carry empty egg cases.

Time of hatching in Bristol Bay may be estimated
from data by Takeuchi (1962) for 1960. The Fish-
eries Agency of Japan (1963 a) and Niwa (1962) have
made estimates for 1961 and 1962, respectively.
These estimates are based on the timing of reproduc-
tive activities determined from observed changes in
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Ficure 5. Percent occurrence, by 10-day intervals, of
female king crabs bearing eyed eggs (I), empty egg
cases (II), or new eggs (III) in 1960 (data from Take-
uchi, 1962), 1961 (data from Fisheries Agency of Japan,
1963a), and 1962 (data from Niwa, 1962).

the condition of eggs carried by the female. Occur-
rence of females bearing eyed eggs, residual egg mem-
branes, and new eggs in 1960, 1961, and 1962 are
shown in Figure 5. Time of hatching extends from
mid-April to mid-June; 50 percent hatching falls in
mid-May. These data are consistent with similar
observations by the Fisheries Agency of Japan (1956)
in 1954. In 1955 and 1963 (Fisheries Agency of
Japan, 1956 and 1963 b), 50 percent of the eggs
hatched two to three weeks earlier.

Time of hatching of king crabs in the vicinity of

Unalaska was estimated from observations of the
abundance of cast adult female shells, type of eggs
carried by adult females, and time of mating activity
as observed by Unalaska residents. The combined
observations indicate that the peak of hatching in the
Unalaska area probably occurs around mid-April.
This date is several weeks earlier than in the Bristol
Bay region, but the difference is not surprising if water
temperature influences reproductive behavior. Sato
(1958), who compiled all available data on the time
of king crab spawning in Asian waters, noted a delay
of one month in the spawning of northern Kuril Is-
land crabs over crabs from the more southerly Nemuro
area. As mentioned by Sato, the differences in
spawning times are probably caused by differences in
inshore water temperatures, which in turn might cause
the period of reproductive activity to vary from one
area to another and, within the same geographical
area, from year to year. As will be shown in the
following section, water temperatures at Unalaska are
several degrees warmer than in Bristol Bay.

Larval Growth

Upon hatching the pre-zoeal larvae molt, usually
within minutes, into the zoeal form. The basic zoeal
structure is maintained for three consecutive molts,
and on completion of the fifth molt the king crab
changes into the glaucothoe larvae. The adult form
isreached after thesixth molt. Morphological changes
from molt to molt during larval life were described in
detail by Marukawa (1933), Kajita and Nakagawa
(1932), Sato and Tanaka (1949 a), and Sato (1958).
Studies by Kurata (1959, 1960 a, 1960 b) and Sato
and Tanaka (1949 b) considered the effect of tempera-
ture, salinity, and food supplies on growth and dura-
tion of each larval stage.

The vertical distribution of king crab larvae de-
pends upon their developmental stage. First-stage
zoeae are generally in the middle and upper water
layers and as they pass through successive stages they
sink to lower layers to become bottom dwellers as
glaucothoe larvae. There is evidence of some diurnal
vertical movement (Takeuchi, 1960), but this move-
ment does not obscure the general downward shift
as zoeae undergo successive molts.

Kurata’s (1959, 1960 a, 1960 b) studies on larval
and post-larval development of the king crab indicate
that when adequate food is available the most im-
portant factor influencing growth is temperature.
Data from Kurata (1960 a, 1961 a) show that a de-
crease of temperature from 10°C to 5°C doubles the
length of larval life. Thus, to approximate the time
at which the first adult form appears it is necessary to
consider the temperature of the water which the larvae
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inhabit. The temperature of inshore waters of the
southeastern Bering Sea during the winter is character-
istically uniform from surface to bottom (U.S. Navy
Hydrographic Office, 1958). In early spring a minor
thermocline is usually present in the upper 10 meters.
This thermocline descends rapidly, and by the end
of July the surface and bottom temperatures are again
nearly identical but are considerably warmer than
in the winter. Isothermal conditions usually prevail
throughout August and September (Dodimead et al.,
1963).

Since all zoeal stages, except perhaps the first when
the water is essentially isothermal, are intimately as-
sociated with the middle and lower water layers, an
average of bottom water temperatures should provide
a reasonable indication of the temperature environ-
ment of king crab larvae. According to studies of
current flow by Hebard (1959) and observations by
Takeuchi (1962), bottom temperatures off Black Hill
and Port Moller should be most representative of tem-
peratures encountered by king crab larvae of the

TasLe 1. Average bottom water temperatures by month off
Black Hill and Port Moller, Alaska, for 1955 through 1961.
Data from observations by the U.S. Fish and Wildlife Service
at depths of 15 to 25 fms.

Average bottom

Month temperature (°C) Range (°C)
May 2.1 —0.3 to 3.7
June 3.9 1.2 to 5.1
July 6.0 3.1 to 9.6
August 7.3 3.9 to 10.7

Bristol Bay region. The average inshore water tem-
peratures at the bottom for this area of the southeastern
Bering Sea for 1955 through 1961 are given in Table 1.
The year-to-year variation in water temperature within
this area is striking. Temperatures below 0°C were
recorded in the spring of 1956 and 1959. 1In contrast,
high bottom water temperatures of 10°C and 11°C,
as recorded in August of 1938 (Favorite and Peder-
sen, 1959), 1939, and 1940 (Dodimead et al., 1963),
were uncommon during these seven years of study.
Aside from limited work by Shimizu (1936), ex-
periments on the relation between growth of king
crab larvae and water temperature have been con-
ducted only at temperatures above 4°C. Kurata
(1960 b, 1961 a) has demonstrated, however, a general-
ly linear relationship between temperature and time
required for development which may be expressed in
degree days (degree days=cumulative average daily
temperatures expressed in degrees centigrade). Deve-
lopment from hatching to the young adult form
requires approximately 460 degree days (Kurata,
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1961 b). On the basis of information from Kurata’s
estimate, a pre-zoea hatched in the Bristol Bay region
in early May would attain the young adult form by
mid-August.

In his 1960 study of diurnal migration of king crab
zoeae in the southeastern Bering Sea, Takeuchi (1962)
investigated the time of greatest abundance of each
zoeal stage. In mid-May most zoeae collected were in
the first stage, but a few second-stage individuals were
also present. Second-stage zoeae are abundant from
the end of May to mid-June. Although catches de-
creased to insignificant numbers by mid-]June, it ap-
peared that the majority of the second-stage zoeae
were transforming into third-stage zoeae. Compar-
ing his data with those of Marukawa (1933), Takeuchi
concluded that it would take nearly one more month
for the zoeae to reach the peak of the fourth stage, and
an additional two weeks before a majority attained
the glaucothoe stage in late July. According to Maru-
kawa (1933) the majority of glaucothoe would meta-
morphose into the adult form two weeks later, or by
the middle of August. This view is in agreement with
the above estimate of duration of the larval stage as
calculated in degree days.

Attempts to sample king crab zoeae at Unalaska
were unsuccessful. Several glaucothoe larvae were
collected in mid-June of 1958, but they did not appear
to be numerous. The best available means of deter-
mining when the first adult form would probably ap-
pear in Unalaska waters would be by applying Kura-
ta’s (1961 b) estimate of degree days to the water
temperature at Unalaska. The average monthly

TaBLE 2. Average water temperature at Unalaska for 1946
through 1951 (from U.S. Coast and Geodetic Survey, 1952;
original data were in °F).

Temperature
Month °C)
April 4.1
May 5.2
June 7.0
July 9.1
August 9.8

water temperatures at Unalaska for April through
August are listed in Table 2. The average bottom
temperature recorded at 6 fms for April and May
1958 was 0.3°C above the average shown in Table 2.
Since the peak of hatching occurs in mid-April at
Unalaska, the first adult form should appear 460
degree days later, or in early July. This estimate is
in agreement with Marukawa’s (1933) observations
of larval development in Nemuro waters. Time of
hatching and water temperatures recorded by Maru-
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kawa are almost identical with those at Unalaska.

The water temperatures presented for Unalaska and
Bristol Bay are not directly comparable. Bottom tem-
peratures for Bristol Bay were taken at 15 to 25 fms,
whereas observations at Unalaska were at depths not
exceeding 10 fms. Limited hydrographic observa-
tions by personnel of the U.S. Fish and Wildlife
Service in Bristol Bay indicate that at a comparable
depth the difference of temperature between the two
areas does not exceed 2°-3°C. Thus, the above
estimates of mid-August for the Bristol Bay region and
early July for Unalaska only generally approximate
the time at which the first adult forms of king crab
appear. Larvae hatched at the same time and in-
habiting similar depths in both areas probably meta-
morphose into the adult form within a few weeks of
cach other.

S1ze RaANGE oF IMMATURE KiNnGg CraABs

The immature phase in the king crab extends from
the time the larval crab metamorphoses into the adult
form until sexual maturity. From rearing experi-
ments, Kurata (1959, 1961 a), Sato and Tanaka
(1949 a), and Bright ¢t al. (1960) found the smallest
adult form to have a carapace length of approximately
2mm. It is interesting to note, however, that the
size at sexual maturity varies from region to region.
On the basis of the presence or absence of eggs carried
by the females, Marukawa (1933) remarked that the
average size of females at sexual maturity in the

TaABLE 3.

1956
Carapace No With Percent No
length (mm) eggs €ggs with eggs eggs
70 & less 3 0 0 21
75 5 0 0 45
80 11 2 15.4 86
85 7 2 22.2 76
90 22 7 24.1 46
95 12 5 29.4 36
100 7 33 82.5 20
105 3 39 92.9 8
110 0 18 100.0 2
115 0 43 100.0 3
120 0 30 100.0 2
125 1 10 90.9 0
130 0 14 100.0 0
135 0 23 100.0 0
140 0 12 100.0 0
145 & over 0 23 100.0 0

vicinity of Nemuro (northeast coast of Hokkaido) is
10-20 mm greater than off the coast of Kamchatka.
Wallace et al. (1949) indicated that the size at which
Bering Sea female crabs become oviferous ranges
from 86 mm to 102 mm (carapace length), whereas
in the Gulf of Alaska maturity is reached at lengths
of 93-122 mm. Powell and Nickerson’s (1965) ob-
servations on maturity of female crabs in the vicinity
of Kodiak Island, Alaska, concur with the findings
reported by Wallace et al. (1949) for female crabs of
the Gulf of Alaska.

The percentage oviferous, by carapace length, of
female crabs collected by the U.S. Fish and Wildlife
Service in the southeastern Bering Sea from 1956
through 1958 is shown in Figure 6, which was plotted
from data given in Table 3. These data agree with
the results of Wallace ef al. (1949) for female crabs
from the southeastern Bering Sea in 1941. It should
be noted that validity of figures on percentage ovifer-
ous depends on representative sampling for both ma-
ture and immature female crabs. The consequence
of a disproportionally greater number of mature
females, which is characteristic of these data as a result
of sampling, tends to shift the oviferous ogives in Figure
6 slightly to the left. From the observed frequency of
egg-carrying females it appears that the majority of
female crabs in the southeastern Bering Sea mature at
a carapace length between 90 mm and 100 mm.

Another method of detecting maturity is through

Percentage of female king crabs oviferous, by carapace length, in southeastern Bering Sea, 1956-58.

Total 71 261 345

changes in proportion of various body parts. It was
Sampling year
1957 1958
With Percent No With Percent
eggs with eggs eggs eggs with eggs
0 0 75 0 0
1 2.2 28 2 6.7
0 0 86 7 7.5
2 2.6 189 69 26.7
26 36.1 225 196 46.6
58 61.7 82 258 75.9
156 88.6 19 351 94.9
175 95.6 4 550 99.3
153 98.7 3 726 99.6
184 98.4 3 617 99.5
249 99.2 1 505 99.8
233 100.0 0 345 100.0
150 100.0 1 298 99.7
85 100.0 1 199 99.5
60 100.0 0 128 100.0
119 100.0 0 238 100.0
1,651 717 4,489
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merus length, chela length and chela height) is a

100
[ secondary sexual characteristic of female king crabs.
The size at which allometric changes take place in
sof females corresponds in general to the size at which
they become oviferous. A comparison of the relative
L growth of carapace length and carapace width for
] sor king crabs from the southeastern Bering Sea is pre-
3 50percent sented in Figure 7. A break in the length-width line
§ aof for female crabs occurs at a length of 95 mm to 105
&
TasLe 4. Carapace length-width relationship in male and female
20 king crabs collected in Bristol Bay in 1957 and 1961.
Male Female
%Yo 80 30 06 Tio 20 Average
Carapace length in millimeters width  Average Average Average
Carapace by 1  width by width by width by
Ficure 6. Percentage oviferous by carapace length of length mm 3 mm 1 mm 3 mm
female king crabs collected in the southeastern Bering (mm)  group  group N group group N
Sea in 1941, 1956, 1957, and 1958. The 1941 data are 56-58 60.4 10 60.7 11
from Wallace et al. (1949). 59-61 63.9 33 63.3 19
62-64 66.8 65 66.5 62
isor 65-67 70.7 50 69.8 58
68-70 74.0 57 73.3 57
waok 71-73 77.8 44 76.6 39
74-76 81.1 38 80.0 42
130k 77-79 84.7 22 84.2 35
80-82 88.5 26 87.1 79
o matoniry , 83-85 92.3 29 90.7 139
£ 1201 — 86-88 95.5 33 93.8 42
£ e 89-91 98.3 43 97.0 46
E nof ' 92-94 102.2 44 100.3 47
£ ,,f; 95-97 105.7 43 103.2 38
$ 0ot ‘,;;,;” 98-100 109.4 44 106.4 40
: '.,:,' . ) 101-103 112.8 46 109.5 43
by 4 Female 104-106 116.9 50 112.0 43
2 9ol moturity
o 107-109 120.4 51 115.3 38
3 110 122.9 171 117.5 34
8ol 111 124.6] 124.2 132 118.2] 118.5 29
112 125.5 144 120.2 31
70k 113 126.9} 152 120.4] 40
114 127.9 128.1 199 122.3 121.4 37
115 129.2 203 121.5 29
sor 116 139.7 189 123.2 26
A . , . ) L 17 131 .6] 131.8 