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Preface

The International King Crab Symposium, the fourth in he Lowel l
Wakefield Fisheries Symposium Series, was planned to bring together
scientists and managers working with the king crab  Lithodes and
Paralithodeej resource. Participation came from Argentina, Canada,
tttte, apan, New Zeala»d, the I iet dnin a d the II it d St t

The program was structured by a program planning corrnnit tee whose
members are:

Steven K. Davis

Fred Gaffney

Jerry McCrary

A. J. Paul

Robert S. Otto, Chairman

North Pacific Fishery
Management Council

A'laska Department of Fish
and Game

Alaska Depa rtrent of -ish
and Garne

lJniversity of Alaska,
Fairbanks

National Marine Fisheries
Service
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Welcome

Donald H. Rosenberg
University of Alaska, Fairbanks
Fairbanks, Alaska, USA

I am the director of the University of Alaska Sea Grant College Program.
On behalf of the University of Alaska and the State of Alaska, I want to
welcome you to the fourth in a series of conferences on coavvercially
impo~tant fisheries resources of Alaska,

This series of symposia is named after Lowell Wakefield, one of the
founders of the Alaska king crab industry. The series is designed to
assist the management agencies, the scientists, and the industry in the
exchange of information that is necessary to provide for sound manage-
ment and wise use of these fisheries resources. This symposium, the
International King Crab Symposium, is truly international. We have
scientists present from Chile, Argentina, Japan, Canada and Mew Zealand.
We are sorry that our colleagues from the Soviet Union have been unable
to !oin us. Hopefully, in the future, conditions will allow them to
more readily come and exchange information with us.

I see in reviewing the program that you have a very full few days. In
talking with the session chairmen, I understand that papers are being
added on, so you ' re going to be very busy and probably goi nc to have to
work into the evening.

I wish you well in your deliberations. I hope that this meeting is as
productive as the previous Lowell Wakefield symposia have been,

Once again, I want to welcome you and I hope that, as a result of this
meeting, you all leave with a little new knowledge, better ideas' and
can help out this very important consaercial fishery

With that, I would like to introduce Bob Otto, of the National Marine
Fisheries Service at Kodi ak, who is going to give a brief introduction.
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Peninsula into Bristol Bay and north to wash the shelf edge toward the
Pribi 1ofs. In terms of interactions of var i ous stocks, the general
drift may be worth consider ing for the simple reason that what happens
with larvae in the Kodiak arra, for example, may wel' influence what
happens to the west,

King crab storks in Alaska are managed by the federai qovernment and
the state of Alaska. Fisheries in the Bering Sea and the Aleutians are
managed by the federal government and the state. Management pnlfcy is
jointly formulated and coorcinated by the Alaska Board of Fisheries and
the North Pacific Fishery Management Council. Historically. both Japan
and the U,S.S.R. ha rvested king crabs off Alaska, but. the fishery has
been wholly domestic sfnce 1974.

Alaskan king crab fisheries, particularly those i n western Alaska, have
had a substantial impact on a world-wide basis  Fig. 2!. These fisher-
ies have been dominated by landings from Kodiak and the Bering Sea.
Precipitous decli nes in these areas co f ncided with declines in other
areas ot' Alaska and led to substantial dislocatfons in the fishing
industry, Catches i n western Alaska peaked at 85,900 tons fn 1980 and,
due to season closures in many areas, had declined to only S,300 tons
in 1984.

Put fn another perspective, Figure 3 shows the total value < f king crab
fisheries relative to a I I crab landinqs in the United States, This is
the value of king crabs landed in the United States from a11 Alaskan
waters, including the eastern Bering Sea and Kodiak, Again, we see a
very substantial impact. Because of inflation the peak in value occurs
somewhat earlier than that of landings. In 1983 IJ.S. dollars, the
maximum was 3230 million for all king crab fisheries in 1978, It has
gone down ever since, and at this point in time is about i25 million .

This is some background as to the reasons why we have been interested
fn putting together a group of experts to talk about what happens with
king crab. We feel that ft. would be very timely to have a document and
exchange of information to help us decide where to go from here,

With that, I would like to introduce Captain Oscar Dyson, who has a
long-term background in Alaskan fisheries. He came to Alaska with the
Army and worked for their engineering department during the 1984s,
began fishing in Cook Inlet as a gillnetter fn 1946, and then was owner
and operator of progressively larger vessels. He is now the captain ot
a 100-foot crabberjtrawler which operates out of Kodiak . He has t ished
for salmon, halfbut, shr imp and g roundfi sh. At one ti me ir another,
Oscar has landed about anything that anyone could in Alaska, but he has
a very long-term interest in king crabs. Without further ado, I' ll ask
Oscar to give us some background on his experiences with king crabbfng
over the past 30 years,

Conanents of Ca tain 0 son

After fishing for 30 years at sea, I feel I'm much better at fishing
than I am at talking about it and telling stories about ft.

We have to begin back in the 1950s when I really sta rted king crabbfng,
There was some fishing done prior to that, but we dfdn't hear much
about it. We have to give a lot of credit for developnmnt of the king
crab industry to Lowell Wakefield, for whom this symposium series was
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named. Lowel I had done considerable work in market ir>g, He bui 1 t a
trawler, the ~Dec Sea, arrI started researchin<] the areas and locating
where the king era% were nf < ormr>ercial quantity, I guess he located
most of the areas, because that's where we did most of nur fishinq over
the years.

Well, tO gO baCk ta the 1960S, we had a big job tO dO. We had to build
orir gear starting from scratch, and taking a lot from what the Japanese
had dor e. We liked the tanqle net gear, hut it was too much work to
put the tangle net gear down, When we would pu i; it up, we wouldn ' t
know what was in it. We would have everything from snails io dr>rks,
females ard small crab, big crab, and by the time we got that tangle
net picked out, we were lucky to have any fingers left, Wher you got
erie leg pulled out, and were working nn another, the cr'ab would get it
tangled again and then he would bite you. We qu'.t that and decided
trawling might he the easirst and best way. It was for awhile, biit we
soon found out it was not selective . We were damaging many �'uvenil es
and females as well as othe~ species of crab that we couldn't use, so
we decided that that wasn't the way to do it. 1'e switched to pots,
which finally proved to be the best gear of ail for fishing king crab.
But the pot had to be <resiqned and experiraented with. Finally, we went
fram rOur 8 potS like the JapaneSe uSed, to square potS, bacl tn «nund
six-foot pots, and finally settled on the pot which we' re usirig today.
It is seven feet square by three feet high, and it turred oit to be an
excellent and productive unit of gear.

The first ten years of king crab fishing between 1960 and 1960 was more
or less the development staqe, he never really made much money at it.
The prices were low, the markets really hadn't been developed. and the
processing sector was just starting to be developed,

Finally, in 1960, thi ngs seemed to break open wi th the advent of r'ada r,
which gave us a chance to locate the gea r and the areas; zno later the
advent of LORAN C, which a 1 1 owea you to pinpoint your gear within 60 to
100 feet, from hundreds of miles away. You put down a pot, get your
bearinas on it and you can returr to it night or day. One of the other
big advances in the fishery was, of course, lights. Prior to lights
being put an the boats, we just fished during the day because we
couldn't see to pick our pots at night, When the lights came along, we
would work 28 hours out of every day, if that was possible. lt changed
the fishery around; we put much more effort into it.

The next concern between the 1960s and the 1970s was regulations, due
to the build-up in the f'lect and the build-up in the processira sector.
'We put our heads together. all the people involved in Alaska and the
group from Seattle, and proceeded to discuss, and sometimes battle
over, what regulations were needed. Some of us were quite conserva-
tive. We thought the best approach woula be to lower the sustained
yield and to look to the future. Some wanted to catch ail the crab
tomorrow,

I think the state and the management people did a good ,job in loi.sting
the crab and determining the size, sex, seasons ard quantity that was
to be caught,

During the 1970s, king crab fisheries continued to develop. particularl-
yy in the Bering Sea . The Marine Design and Construct an Company
  NARCO! built a lot of the newer vessels up to 122 feet . Newer vessels



were equipped with improved blocks, line coiled s and pot launchers; and
it took much of the work out of crab fishing. Before that, we had to
coi'l by hand and when you coil 200 lines of 100 fathoms, you know
you' ve got some work on your hands.

Well, folks, I guess that's it and thank you for listening tn my story,

10



T<XONOMV
AND
Dl STRI B UTIOg





Fvgga. Int. Ksggs crab sytvfs.
Jan. l9$Ss atgcfgdgvaffe, xfg,

The disjunct distribution of blue king
crab, Paralithodes platypus, in

Alaska: some hypotheses

David A. Somerton
National Marine Fisheries Service
Seattle, Washinglon, USA

Blue king crab, Paral fthodes Iil~at gus, and red king crab, P.
at hatt ah ~tt I age tht, th dth' t ea ft

~td the 8 g gt alt te se th a t Alaska. g'thi th t debat
range, however, red king crab are nearly ubiquitous but bfue king crab
occur only in smal 'I isolated popul ations assocf ated wi th ef ther of f-
shore islands in the eastern Berfng Sea or enclosed bays and fjords
in the Gul f of A1aska  Ffg. I!. Although both species are f'ound on hard
and soft bottoms fn relatively shallow water, each is absent or rare in
areas inhabited by the other.

In this paper I examine the dis.ribution of blue king crab from a
biogeographic perspective startfnq from the premfse that the isolated
populations we see today are rel icts froag a former, hroader distri-
butionn. Such rel f ct popul ati ons are often attributed to large- seal e
scale environmental changes and the existence of refuges from these
changes  Brown and Gibson 1983!. The general rise in water temperature
that has, occured during the present inter-glacial period is undoubtedly
such an environmenta'I change and, in the following, wil I be considered
the primary factor shaping the distributfon of blue king crab. The
effect of this increase in temperature could have been either direct,
by imposing a physiological stress on blue king crab, or indirect, by
allowing or intensifying the interactfon with a warm water competitor
or predator. Therefore, blue king crab might occur in areas that are
now either refuges from warm water or refuges from other species. In
the following, I propose three mechanisms that, either singly or fn
concert, could have restricted the distribution of blue king crab to
these isolated refuges. These mechanisms are; reproductive fnterference,
competiti ve df spl acement and predatory excl usion.

13



As each of these mechanisms is examined, various biological attri-
attributes of blue king crab will be compared to those of its congenor,
red king crab. Such comparisons will provide clues as to why each
species occurs in areas uninhabited by the other and, hopefully, will
indicate the applicability of each mechanism.

Prel iminar Note

In several instances I will cite my personal obser vations as evidence
for a particular statement. These observations were obtained in Dlga
Bay, Akaska, where I spent approximately 35 hours underwater observing
both adult and juvenil e blue and red king crabs under natural conditions.
The study consisted of four diving trips made at three month intervals,
beginning in March, 1980. During each trip, individual dives were made
during the day and at night, in soft-bottom and in hart@bottom habitats.
Although the observations are qualitative, often subjective, and pos-
i bly not applicable in other areas, they are, to my knowledge, the only
information on some aspects of king crab biology that is available.

Figure 1. The locations of blue king crab popuiations in Alaska are
indicated with names and, in the eastern Bering Sea, with parallel
lines. The more wide- spread di stri buti on of red king crab is shown
with dark shading.
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The Mechanisms

Mechanism I: reproductive interference

If blue king crab were physiologically adapted to colder water than reef
king crab, then an increase in water temperature could have restricted
blue king crab to co1d water refuges and allowed red king crab to
expand into the vacated habi tat . In other words, the distribution of
each species could be determi ned solely by temperature tol erances and
habitat availability.

If this hypothesis were true, then blue and red king < rabs should now
be found in areas with different temperature regimes. The annual
fluctuation in botto~ temperature is shown in Fig. 2 tor two pai r s of
adjacent blue and red king crab populations in the eastern Rering Sea:
I ! Pri bi 1 of Island b1 ve king crab and Bristol Ray red king c rab  south-
ern region� ! and 2! St . lawrence Island b'1 ue king cra b and Norton Sound
red king crab  northern region!. In both the southern and northern
regions, the mean annual temperatures within the blue and red kinil crab
a reas are not significantly d it ferent  pai red t test: sovthern ar ea,
P=.54; northern region, P=.D6!, however red king crab areas are warmer
throughout much of the spring anil suimxer. In areas outside the eastern
Bering Sea, it is also likely that red king crab experience higher
summer temperatures than blue king crab because the bays and f,lords
i nhabited by blue king crah probably have suffi cient fr esh water i nput
to create stratified two- layer systems, and such stratification would
tend to restrict summer warming to depths shallower than those inhabited
by king c rab   In 01 ga Bay there is a distinct thermocl inc that gradually
increases in depth during the summer. Adult blue and red king crab were
never found shallower than this thermocline, but often immediately
below it; per. ob. !.

Temperature undoubtedly influences many aspects of the biology of red
and blue king crabs which limit their distribution, bur. its effect. on
the reproductive cycle coul d be the most important . Red king crab have
an annual ova ri an cycle and a 12 month embryoni c period whereas blue
king crab have a biennial ovarian cycle and a 14 month embryonic period
 Somerton and MacIntosh, in press!. Since the rates of ovarian and
embryonic development vary with temperat ure  Wear 1974 !, one i nte rpt e-
tation of the more protracted reproductive cycle of blue king crab is
that it represents an adaptation for reproducing in cold water. If
this is true, then the optimum temperature for reproduction cauld
differ between species, and each species should therefore be restricted
to areas having the appropriate temperatures.

Mechanism 2: competitive displacenmnt

An increase in temperature could have allowed a warm water competitor
to expand its range and displace blue king crab from Its preferred
habitat. This mechanism, however, would produce the disjunct distribu-
tion ot' blue king crab only if the fo11owing were true. First, the
compet i tor must, either di rect 1y  contest competition! or indirectly
 scramble competition!, be competitively domi na nt, that i s, it must be
capable of exc'luding blue king crab from its preferred habitat. Second,
blue king crab refuges must exist in which the competitor cannot live
successfully.

I5
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Figure Z. Annual temperature fluctuation for nearby blue and red king
crab populations in the eastern Bering Sea . The upper panel  r orthern
region! compares St. Lawrence Island blue king crab wit h Ror ton Sound
red king crab and the lower panel  southern region! compares p ~i bi 1 of
1 sl and blue king crab with Bristol Bay red king crab. ' n botl cases,
long-term �953- 1982! averagerl month'Iy terrperature data for 24x24
nautical mile squares was obtained from Ingraham �983i and averaged
over the geographic area of each population as defi ned in Otto r, 1981!.



Two lines of evidence suggest that red king crab is 4 potential compet-
itor of blue king crab. First, red and blue king crabs are similar not
only with respect to size and shape but also with respect t.o chela
morphology and foragi nq behavior . Both species have chel a sdapted for
cruShing mollusc and urchin shells, both feed on hard and soft bottOmS
 per. obs !, anri, when feeding on a soft bottom, both species excavate
large pits  per. obs. !. Second, blue and red king crab.' have adjacent,
but nonover lapping, distributions, and this is often i nte rp r eted as a n
Indication that two species are potential competitors  Hr owri and ". i bson
1983!.

If red king crah were competitively domi nant over blue king crab then
some mechanism must exclude it from areas inhabited by blue king crab,
The~e are two possible ways this exclusion could occu r. I i rst, com-
petitive dominance may be a function of temperature, that is, red king
crab may be dominant in warm water and blue king crab may be dominant
in cold water. Second, since blue king crab areas tend to be geograph-
icallyy and hydrographicall y isolated, a spec 1 es should exi st in these
a reas only if it could reproduce there, and red king crab may not be
able to reproduce sucessfully at the lower temperatures found within
blue king crab areas.

Mechanism 3: predatory exclusion

An inCreaSe in temperature Cauld haVe alSo allOwed a warmwater predator
of king crab to expand its range and exclude blue king crab from its
preferred habitat. Again, however, this mechanism wou!d produce the
disjunct distribution of blue king crab only if the following were
true. First, blue and red king crabs must, at some stage in their
lives, be differentially vulnerable to the predator so that hive king
crabs, but not red king crabs, are excluded from an art a. Second, blue
king crab refuges must exist In which the predator cannot live sucess-
fully.

Although adult red and blue king crabs are similar with respect to
size, shape and behavi or  per . obs . !, juveniles differ markedly, and
these differences reflect different mechanisms for prerlator avoidance.
Juvenile red king crab are bright red or orange, whi ch is conspicuous
at the shallow depths in which they occur  per. obs.!, whereas juvenile
blue king Crab are CryptiCally COIOred and vary frais blue- qrey tO white
depending on Substrate type. Juvenile red king crab form large aggrega-
tions  Fig. 3!, or pods, and are Iiurnally active whereas juvenile blue
king crab are solitary and nocturnal  per. obs.!. Juvenile red king
crab have relatively long spines compared to adults whereas juvenile
blue king cra b have spines which are proportionately the same 1enqth as
those of adults  Fig, 4!. Since all of these features can be interpreted
as mechani sms for avoiding predation, it is likely that each spec i es is
adapted to avoid its own unique suite of predators, Presumably, the
defenses of blue ki ng c rab are adapted for cold water predators and
those of red king crab are adapted for warm water predators. If this is
true, then blue king crab could have been increasingly exposed to a
wa rm water predator for whom its defenses, but nnt those cf red ki ng
crab, were ineffective.

If a predator could exclude blue kinq crab from its prr ferred habitat.
then some mechanism must exist to exclude not only the predator, but
also red king crab, from blue kinq crab areas. The simplist. consistent



explanation is that both the predator and red king crab either avoid
cold water, or are unable to reproduce in cold water.

Figure 3. Juvenile red king crab typically form aggregations or pods
like the one shown in the above photo taken by Guy C. Poweli near
Kodiak, Alaska.

Discussion

To provi de a sufficient explanation of the disjunct di st ri bution of
blue ki ng crab, a mechanism must answer two questi ons : 1! what excludes
blue king crab from areas, with otherwise suitable habitat., that lie
bo"~ceo the extant populations? and, Z! why are red ki ng crab absent
or rare within blue king crab areas? The three mechanisms proposed
here differ primarily in their answer to the first question. The fi rst
assures that the distribution on blue king crab is solely determined
by the distribution of refuges from warm water whereas the second and
third assume that temperature alone is insufficient and that the
distribution is largely determi ned by interaction with either a compet-
itor or a predator. Although each explanation is plausible and is
supported by many examples in the eco! ogical literature, each has its
own weaknesses.



The first mechanism assumes that the biennial reproductive cycle of
blue king crab is an adaptation for reproducing in cold water, and,
based on this, proposes that temperature limits the di stri bution of
blue king crab through its influence on reproduction. However, there
are two reasons why the biennial reproductive cycle may not represent
an adaptation to cold water. First, Chionoecetes opilio lives within
many of the same areas of the eastern Beririg Sea as blue king crab,
but, like its warm water congenor, C. bairdi, C. opilio has an annual
reproductive cycle  Somerton 1981!. Second, biennial reproduction in
other animals has been interpreted as a strategy for increasing the
energetic effic iency of reproduction  Bull and Shine 1979! rather than
an adaptation to cold water.

Figure 4 . Juvenile red king c rab   ri ght ! have spines on thei r exoskel-
ton whi ch are much longer than those of a similar sized blue king
crab  left!. Photo taken by J. Bowerman.
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The second mechanism assumes that red king crab is a BOmfnant fOOd
competftor of blue king crab. However, competing spe<.ies often fisplay
strong habf tat partitioning in a reas where they are syripa tri c, but,
within Olga Bay, there were no conspicuous differences in when, where
and how adult red and blue king crab foraged  per, oh;.!.

The third mechani sm assumes that red king crab and a wa rm water pcedator
have sympat rf c distributions and that blue king crab is excluded from
red king crab areas becau se its <fefenses are ineffective aqai « t this
predator. Howeve<, no predator appears to he associ at ed with one peci es
of ki ng crab but not the other . Furthe<more the differ en< es < n shap~,
color and behavior of juvenile red and blue king crabs could be viewed
as a mechani sm for habi tat partitioning rather than fnr predator avof*
ance. For example, the aggregating behavfor of juvenile <ed kinq crab
should al 1ow them to avoid predati on on Soft bottoms and therefore to
exploit these areas more effectively than blue kfnq crab. Although
1uveni I e habitat partitioning could explain the <fist ri hut fun of the two
species within the eastern Bering Sea  inshore areas <~f Bristol Ray and
Worton Sound are sandy whereas Pribilof Islands, St. Hathew Island, and
St. Lawrence Island are rocky !, it could not explain <he d strihutions
in the Gulf of Alaska.

'With respect to the secon<f question, all three mechani sms assu«e that
red king crabs either avof d cold water  seek wa rm water ! or are unable
to reproduce in cold water and therefore do not occu r wi th i n the colder
blue king cra b areas. However, red king crab do occu r in at least three
blue ki ng crab areas  Pri bi I of Is ., 01 ga Bay and Prince William Sound !
and, within these areas, nearly a11 adult females are toun<i with
e<abryos that appear to be devel opi ng normally  per . obs . !. To the
extent that I! these females were resi dent within the a reas and not
recent immigrants from nearby red king crab areas, and 2! the embryos
carried by these females would ha ve hatched at the appropriate ttme for
good larval survival, then these observations suggest that re<f ki ng
crab can reproduce withfn blue king crab areas. If red king crab are
fully capable of living and reproducing within blue king crab areas
then the onty consistent explanation for their absence from these areas
is that they are exc1uded by blue king crab.

Although the true mechanism that is responsfble for the dfs�unct dist ri-
bution of blue king crab in Alaska remains equivocal, many of the
questi ons coul d be answered with field sampling and experi mentat f on.
Monthly temperature data from both blue and red king c rab areas outside
of the Bering Sea would allow a better characterization of the tempera
ture preferences of each spec i es . In addition, mai ntai ni ng adult females
of both species at a varfety of temperatures would allow a better under-
standing of the effect of temperature on the timfng of egg extrusion
and embryo hatch, and would help determine the role of biennial spawning
in the reproductive st rategy of blue king crab.
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introduction

The red king crab, Paralfthodes camtschatica, has been -he si»glemost
i tii «, e t 1 .v trat rp~i th i t f N«th

America since the 1960's. Alnrost all of the corrrnerc i<xi harvef t comes
from Alaska. Both the Nationa'i Yarfne Fisheries Service  NMFS! arid the
A'aska Bepartrnerrt of Fish and Game  ADFIBj conduct sr «veys c f k ng crab
in Alaska to forecast the abundance of legal males, assess thr. repro-
ductive condition cf females and to study the popu.a'rrr dvnar res cf
the species over time.

The major focus of !his paoer is .o ccrnpare the connnercial ard survey
catches of red king crab sf nce 1969 in the fo~ ~ owinq five corti guo»s
management areas fn westerr Alaska: Brist.nr Bay, Outch Harbor, Alaska
Penfnsula ~ Kodial. and Conk inlet. These management areas are located
approximately between 54 -59 h latitude and 149'-171' W. lonqit»de and
comprise the major red kinq crab producing areas that. hav» been consis-
tently surveyed  Fiq. I!. «n overview of the historical red king crab
catch for the above f>vu <ireas from 1950-1984 is ofven.

The remafning king crab rianagerrent areas in Alaska ',Berinc Sen. Adak
and Southeastern Alaska! have been excluded from thi; pafer since they
have had either lesse« catches and/or fewer s»rveys, Hereaftr r n thfs
paper king crab refers only tr. red ki ng c rab .

Historical Catch Overview

The 1930's and 1940's art considered the exploratory ne"fod fur king
crab fishing in Alaska as both markets and gear tvpen were befng
developed. The developed phase ot the fishery dfd nnt begin untf< the
1950 ' s. The Bureair of Con merc i al F i slier fes  now NMFS ! managed the king
crab fishery prior to 1959 when Alaska gained statehood . ln 1949 the
Bureau increased the minimum legal size limit from 5I" to Gj" carapace
width on the males only fishery. That size limit has remained in
effect for all ffve management areas except for Kodiak and Cook Inlet
which i ncreased their mini mum size to 7" in 1963. There also we«e some
size 'limit changes in Bristnl Ray rangi ng from 5 tv t« 7" between 1966
and 1972  Otto 1981!,

The conxnerc f a I catch of k i ng crab during the 35 year devel oped phase of
the fishery   1950-1984 ! reveals two major peak periods   1963-196 7 and
1978-1980! fol'lowed by two major declines   1968-197 1 and 198?- 1984 ! for
the combined catches from the Brfstol Bay, Kodiak, Trot ch Harbor, Alaska
Peninsula and Cook Inlet management areas  Fig. ?!  AL'F8G 1985!, The
peak single season catches occurred in 1966 and again fn 1980, Each of
these single season peaks was followed by a marked declfne in catch
just two years later. The second ma ior peak and decline was more
dramatic than the first. The reasons for this latter decline v,ill be
explained later in this paper.

From 1950-1984 Bristol Bay was the greatest cormnerciai producer c t king
crab. The total catch during this period was over one bf~lion pounds,
almost equal to the combined catch of the other four manaqement areas
 Table I!. Japan and the II.S.S.R. were the major harvesters of the
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Bristol Bay king crab between 1953-1974 ~ contributing over half c' the
U.S. catch each year until 1971  Otto 1981!, Bristol Bay's total
catch was second only to Kodiak in the 1960's, but was dominant in the
1970's, peaking at nearly 130 million pounds in the 1980-PI season, a
single season record for any area in Alaska  Fig. I, Table 'I!.

TabIe 1,--Summary of total catch, number of seasons fished, averaF!e
catch and peak year and amount of catch of red kir g crab
from five management areas in western Alaska ]950-1984.

Number Amount of
Total Catch Seasons Avg. Catch Peak Catrh

~MS!!ioos 1b Fish d  Mi11i s 1b!  Mi 1io s 1b!

The king crab harvest from Kodiak has been a little more than half that
of Bristol Bay during the past 35 years and second overall  Table I!.
Dutch Harbor, Alaska Peninsula and Cook Inlet. ranked third, fourth and
fifth in total production during this time period  Tablt:!. Peak
single season catches occurred in all areas in the 1960 ' s, except for
Bristol Bay  Table 1!. Comparing the total king crab catches for each
respective area during the 1950' s, 1960 ' s, and 1970 ' s decades, the
1960's also represented the highest production period for each
management area except Bristol Bay  Fig. 2!.

King crab fishing began in Dutch Harbor in 196 1, later than the other
five management areas . The ear 1 iest consi stent king crab f sh i ng began
in the Alaska Peninsula management area with 6.9 million pounds being
taken in the 1947-1949 period  ADFIIG 1985!. Of the five management
areas, Cook Inlet has the least amount of ki ng crab habitat and overall
king crab production has been lowest in this area.

Methods and Materials

Standard NMFS trawl surveys began in in Bristol Bay in 1969, with ADFlLG
beginning it.s pot surveys ir 1972. The NMFS crab surveys were conduct-
ed in May-June each year. Trawls were the sampling gear used with at
least one tow taken in every 20 x 20 nautical square mile block of a
fixed grid system. King crab carapace length, to the nearest rro!, sex,
and exoskeleton age were recorded for crabs caught in each trawl.
 !uanti tative estimates of crab abundance were made using the area swept
technique by combining estimates from each block towed, Of the 15 year
NMFS survey time series since 1969, only the data from 1971 has been
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Bristol Bay
Kodiak
Dutch Harbor
Alaska Peninsula
Cook Inlet

1,164.7
666.1
251.1
175.1
DI 7

31
33
22
33
31

37.6 1980 129.9
20.0 1965 94,4
11.4 1966 35.9
5.3 1966 22,6
3.0 196? 8.6



excluded due to poor performance of the sampl inq qear. The area
surveyed is shown in Figure 1 and the data inc ludrs siia11   1f ! red
king crab catches from the Pribr"lof Islands.

Annual crab surveys by ADFEG began first in Kodiak in 1972, fel lowed by
Alaska Peninsula and Cook Inlet in 1974 and 0utch Harbor n 1975, The
extert of the areas historically surveyed is shown in Figure 1,
Surveys occurred between June to early September� . Cormrre rci a 1 size pots
measuring 7 ' x7 ' x30", weighing 650 pcunds, with tunnel eye open i ngs of
about 8" x 36" were used. Each pot was covered with rr7? '.arred ny'ion
thread with 3$" stretch mesh compared to the 10" stretch rheSh norma11y
used in the commercial fishery. The smaller mesh size enabled the
retenti on of smaller crab . Pots were bai ted only vrir'h i hopper frozen
herring contained in two one-quart perforated bait. jars. wo two-ouart
bait .iars were used in Cook Inlet. Pots were lifted daily with
averages generally ranging from 20 in Cook Inlet to 40 ir, Kodiak. Soak
times averaged 17-23 hours except when weather or break periods pro-
longed fishing times . Catches of crabs were standardized to a ?4 hour
soak time based on the relationship determined from the 1964-1969
Kodiak coirlrterciai king crab logbook data  Rothschild r;t al. 1970!.
Only raw survey data is presented for Cook Inlet since ir has rot been
standardized.

Pots were set wi thin stations generally rur ning in r west-east direc-
tionn, Stations were arranged in a systematic checkerboard pattern .
Bay stations usually consisted of three or four pots set 1,'3 mile
apart, av~raging 1 pot/1.0 nm'. Ocean stat',ons were genera 11y sampled
with 10 or 13 pots spaced 1/2 mile apart, averaging 1 pot/3.0 nmz. In
Cook In1et 4 or 5 pots were spaced 1/4 mile apart. They were fished in
either 2 nm' or 5 nm' qrid patterns in the Southern or Kamishak dis-
tricts respectively, averaging 1 pot/1.0 nm'.

The carapace lengths of king crab were measured with Yernier calipers
to the nearest rrmr, Legal male crab were tagged to esti mate rates of
fi shir g mortality, migration and growth. Subsampli ng of a particular
group  e.g. adult females, legal or sublegal males! often occurred when
catches exceeded 100 crabs/pot lift. On both the NMFS anc AOFSG
surveys other data was also recorded inc1uding: exoskeleton age and
estimated clutch size of king and Tanner crab; sex, carapace width and
species determination for Tanner crabs  Chionoecetes spp.!; species
the tifi ti , e tia a eight ~shat af t t 'fish
 e.g. walleye pollock, yellowfin sole, Pacific cod and halibut! and
data on miscellaneous invertebrates  e.g. octopus, sea ~tars, snails,
urchins, sand dollars'1 were also taken,

By law fishermen are required to report the number of legal crab
harvested, the area fished and the number of pot lifts made for each
landing on an AOFSG fish ticket. Crab processors are also required to
place the price per pound or total sale price on the fish ticket and Ir
this fashion the ex-vessel price can be determined for each landing.
The total harvest, number of pot lifts, catch per unit of effort  CPUE!
and average ex-vessel price in a particular season are determined from
these fish tickets.

The exploitation rate for any particular ki ng c rab season in Bristol
Say is simply t.he number of legals harvested divided by the preseason
population estimate of legals. The exploitation rates for the four
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areas surveyed by ADFIIG  Dutch Harbor, Alaska Peninsula, Kodiak and
Cook Inlet! are based on tag recoveries us i ng the Petersen mark-recap-
ture technique. In some a reas for some years the percent tao recovery
was adjusted h i gher or lower based or. further ana 'ysis   i .e . was major
catch coming from areas where tags were not released ard ad lustments
for estimated unreported tags!. Once the best estimate of exp'Ioitation
rate was made then it was divided into the number of Iegals harvested
to get a postseason back-calculated "preseason" estimate of t.he legal
male population.

Although the data presented is the best agency data available, the
reader is cautioned that thei e are unknowns and variables i nherent in
both trawl and pot surveys and conxxercial catch data that may affect
the accuracy of the king crab population data presented inrludina:
assumptions about catchability of crabs; estimated fishing power of
gear; sampling intensity needed relative to stock size and distribu-
tion; estimation of both fishing and natural mortality; and reliability
of commercial catch and catch per unit of effort data. Other factors
which may affect the accuracy of the survey projections include:
errors in estimati ng the si ze of the crab habi tat and extrapolation of
area swept catches into very large areas; variations in gear, stations
fished, survey timing and quality of bait used in pots; use of soak
time standardi zations that do not take i nto account changes i n crab
abundance or population levels of interactive species; a redefinition
of Kodiak male size classes sinre 1980; and inabi'Iity to recover a'll
tags captured by the commercial +ishery which may result ir underesti-
mation of the true exploitation rate.

The commercial catch of legals is believed to be fairly accurate, yet
coavnercial effort, CPUE ard ex-vessel price may not be entirely accur-
ate as catches may be misreported. Fishermen sometimes under-report
their eftort  pot lifts! as declining CPLIE is often used by managers to
close seasons, The true ex-vessel price can be in error since at times
the fish ticket price does not reflect the total compensation, Average
price for the total season's catch is not weighted so the i.otal ex-
vessel price for a season may be high or Iow.

Results and Discussion

Between 1969-1984 57 annual crab surveys were conducted in the five
management areas considered. Bristol Bay had the longest time series
with 15 surveys, followed by Kodiak with 13, Alaska Peninsula and Cook
Inlet both with 11 and Dutch Harbor having the least at 7  Table 2!.
Over 1.5 million king crab were caught on these surveys ot which 62%
were from Kodiak alone. The total survey period catch trom the other
areas ranged from 114,000-185,000  Table 2!. Kodiak averaged the
highest king crab catch per pot although effort in terms ot pot lifts
averaged three times greater than Dutch Harbor, Alaska Perinsula or
Cook Inlet. Nearly 61,000 legal king crab have been tagged by ADFAG
si nce 1972 . Kodi ak tag releases comprised 58% of the total releases
and Cook Inlet was second wi th 21%  Table 2 !.
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Table 2.--Surlnrary Of red king Crab Survey effart, Catch and tags
released for the five management adjacent a"eas io western
Alaska, 1969-1984,

No. Tags
Released
Legal
Males

Average
Potlifts!
Surve~

Management Years of No, Survey Total Crab
Area ~s F r rummme <Pllf

Bristol
Bay

15 147,3001969-70
1972-84

7 149,800 36 591 5,0671975-77
1979-81,
1984

Butch
I-larbor

1974-84Alaska
Peninsula

11 184 90CI 31 ',700546

Kodiak 1972-84 13 966,400 40 1,863 35,439

Cook Inlet 1974-84 11 114,300 32
~I, Q,7%

12,439
66o,~ z

409

'The total number of tows was not obtainable from NMFS dat« at he
time of this report so the average number of crabs <;aught per tow
or tows per survey could not be calculated.

**hlo red king crab were tagged by N'MFS during annual trawl surveys, but
some tagging has been done on special charters for growth and r«igra-
tion purposes.

The population or relative abundance estimates of king c rab by «re« by
survey year are depicted i n Figures 3-7. The length =requencies of the
king crab caught are also shown in these figures and they are grouped
into four categories: juverile females, adult females, sublegal males
and legal males. Catch per pot values presented are rounded to the
nearest whole numbers and total crabs caught on each survey are rounded
to the nearest 100 . King crab preseason population size, co<mr<er ci al
catch, effort, value and estimated exploitation rates are given for
each area surveyed in Tables 3-7. The initial year this data is shown
corresponds with the initial survey year in each area with the excep-
tion of Bristol Bay for re~sons previously mentioned. The following
discussion and conclusion sectior,s will explain these Figures and
tables more completely.
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The trackability of length frequency modes and cohorts for female and
male king crabs has been excellent from annual survey data  Figs, 3-7!.
Annual growth of Kodiak females is a clear example of the tr ackability
of a cohort for nine years, appearing first, as juveniles in 1976 and
1977, then as adults from 1978-1984  Fig. 6!. Similar long term track-
ing of the same cohorts can be seen in each of the other four areas
from 1975 onward  Figs. 3-7!. Crabs ar* caught at a smaller size on



the IIMFS Bristol Bay trawl surveys  Ffg, 3!, than on the ADF&G pot sur-
veys  Figs. 4-7!. Bristol Bay crabs less than 70 mm carapace length do
not track wel'I from year to year and are caughr only in a few stat fons
which may be due to juvenile schooling behavior, The catcl ability of
small crabs generally increases for their first three years of suscept.�
ibility ty to retenti on in pots on ADF&G surveys. This is bel feved due to
increasing availabi'lity and catchability of crabs 70-115 mm 'n carapace
length  Figs. 4-7!. Tracking legal male cohorts is more comp1ex
because of i ncreas i no sk i pmol ting and cormnerci a l harvesting .

The abundance trends of king crab in each management area car be
characterized similarly during the survey period covered even though
the abundance of crab recruited to the samplf ng gear varied consider-
ably between areas. A low abundance period ex i sted between 1969- 1972
as evidenced by the lower survey catches fn Brisol Bay and Kodiak
 Figs. 3 & 6! and by the lower harvests  Ffg. 2! during this period.
The suspected regionwide low mating populations available in 1970 and
1971 gave rise to two successive year classes in 197] and 1972 that
apparently had a higher than normal survival rate in all management
areas. The 1971 year class was the stronger of the two, These strong
year classes first became apparent on the 1975 and 1976 surveys. The
high abundance of the 1971 and 1972 year classes combined with a11
other year classes in 1977 to produce the highest survey abundance on
record for each manageraent area  Figs. 3-7!. Due to natural mortality,
coaxnercial harvesting and lower recruitment of small crab, the popula-
tions in each management area  except Bristol Bay! began to decline
from 1978 on, reaching historic lows fn 1983 and 1984. In Brfstol Bay,
recruitment of juvenile crab appears more regular than in the other
four survey areas,

The outlook for Bristol Bay crab populations is good as the third
highest juvenile abundance in survey history was encountered in 1984.
In contrast, survey abundance of juveniles has remained very low in all
other management areas for four consecutive years beginnino in 1981.
Due to the low abundance of juveniles in the Dutch Harbor, Alaska
Peninsula, Kodiak and Cook inlet management areas  Figs 4-7 1, 1989
the earlfest that a substantive increase in legal males cauld occur.

In addition to the excellent trackability of cohorts over time in each
survey area, there is generally good trend agreement between the survey
catch per unit of effort  CPUE! of 'legals and harvest CPUE of legals
 Figs. 4-7 & Tables 4-7!. This demonstrates the reliability of the
surveys as a management too'l. Genera'lly the conmfercial CPUE is higher
than that found on surveys since coamiercial fishermen target on a reas
of legal abundance and commonly baft thefr gear more heavily than is
dOne On ADF&G su rVeyS .

Preseason population estimates compared with the number of legals
harvested also displays a trend analagous to the corrniercial versus
survey legal CPUE. Preseason abundance estimates and subsequent
coavaercial harvests have synchronous ups and downs. The estimated
preseason number of legal crabs was always greater than the number
harvested  Tables 3-7, Figs. B-ID!.

Bristol Bay had the highest average population esti mate, number of
legals harvested, number of pots lifted, CPUE, value and exploitation
rate during the survey period considered, followed by Kodiak, Dutch
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Fiqure 3.--ienqth frequencies an6 population estimate' of female and
male red king crab from the Bristol Say management are I, Alaska. llata
from trawl surveys cnncfuctepl by Rational Marine Fisherz'es Service I969-
1904.
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, ab'le 3,--Legal male red king crab preseasor, population es iniates,
numbers of 1egals harvested by effort level, their value
and exploitation rate in the gristol 8ay management area,
Alaska 1969- 1984.

Fi shing
Year

tation
Rate

.189,916 1,749 98 18

1,682 97 17

0 1

5,249 ,322.0

2,405 119 20

3,994 ?05 205.360 12.0 .75

,000 201 23.'25 .46

7,654 ?12 36

8,745 205 43

IC,603 321 33

11,733 451 26

. 3715.u

.4119. '5

.3237.1

77,7 .31

14 ' 746 406 36 107.8

16,808 315 53 108.9

.32

20,845 567 37 II7.0 .57

5,308 542 10

541 142 4

.4750.4

.12

----------------SEASON CLOSEO----------------

794 113 ,263,108 II.4

TOTALS:

lrIEANS;

112,607 3,994 - 596 9

8,043 266 30 39, 8

291,408

19 427 .36
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1969-70

1970-71

1971-72

197?-73

1973-74

1974-75

1975-76

1976-77

1977-78

1978-79

1979-80

1980-81

1981-82

1982-83

1983-84

1984-85

e t oplla-ko.kg1s t r
tion Estimate No, liarvested Lifts 5 Value
L I C b 10a x IOa x IOa CPUE x 10'

10,869

?0,819

21.188

32,732

37,574

46,567

43,913

36,655

11,250

4,678

1,530



Mean Catch I'er Pot
FEMALES MAI.ES Total Crab

CPUE Number
Pot
LiftsJuveniles Adults Subleaals Lapels

1975
50 24 500 493

33,300 573'I 976

l-
0 2

1977 1
Cl
lu p

i978 4. 1
$0

56,400 602

NO SuftVE Y

1979 K 1

N0

1980 O 1

u. PO
1981 ur

1982

I P,zop 64016

12,900 633

12,100 702

- -NO SVRvEv
0

1983
SURVEY TOO LIMITED TO BE VSED-

1984 1 400 292

149000 4,135
21,400 591

60 100 140 160 60 100 140 180 TOTALS-
CARAPACE LENGTH Irnm! MEANS: 36

34

Figure 4,--Length frequencies and catch per pot of female and fliale red
king crab from the Dutch Harbor management area, Data col fected on
ADFAG pot surveys 1979-1984, data standardized.



Table 4.--Legal male red king crab preseason population estimate's,
number of legals harvested by effort level, their valve ard
exploitation r ates i n the Butch Harbor management area,
Alaska 1975- 1984.

es a 1 - X. i gggx n- esseee p
Fishing tion Estimate No. Harvested Lifts 5 Value tation
Year L l C b 10' x 10' x 10' CPUE x 10' Hate

7,952 6.7 .27

5,913 6.6 ,23

?,715 .?0

5,498 9.2 ,22

13,426

8,443

13.5 .19

19,4 .35

2,319 .3210.4

1,5

---NO SEASON-

� ------NO SEASON-

11,596 945 � 71.0

1,450 118 I? 8 9

46,266TOTALS.

6,609MEANS.' .25

35

1975-76

1976-77

1977-78

1978-79

1979-80

1980-81

1981-82

1982-83

1983-84

1984-85

2,147 87 25

1,360 83 16

'543 47 11

1,234 5? 24

2,551 121 21

2,955 26? 11

742 220 3

64 73 1
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Figure S.--Length frequencies and catch per pot of Female and ma le red
king crab from the Alaska Peninsula management area. Data collected on
AlIFSG pot surveys 1974-1984, data standardized,



Table 5.--Legal male red king crab preseason population estimates,
number of legal s harvested by effort level, 'heir value and
exploitation rates in the Alaska Peninsula management a ea,
Alaska 1974-1984.

reseason opu a-
tion Estimate No.Fishing

Year

1,498 644

816 ]67 .45

275 126

680 120

1,363 . 38

2,045 739 .36

2,272 .36821

1,360 516

271475 ,57

132

-----NO SEASON--------------137

TOTALS: ]1,053 4,124 319 � 27 1

MEANS: 1,005 458 35 13 3.0 .37

37

1974-75

1975-76

1976-77

1977-78

1978-79

1979-80

1980-81

1981-82

1982-83

]983-84

1984-85

No. '. ega s Pot Ex-vesse Exp oi-
Harvested Lifts S Value tation

x 10s x ]Oi CPUE x IO' Rate

45 14 2.0

35 11 1.1

18 7 G5

11 11 0,7

31 17 3,3

42 18 4.1

54 15 4,9

52 10 4.4

31 9 5.4

--------- -----NO SEASON---- .- - --- ----
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Figure 8.--tength frequencies and catch per pot of female and IIIale red
king crab from the Kodiak management area. llata collecterJ on A[IF2IG pot
surveys 1972-1984, data standardized.



Table 6. � Legal male red king crab preseason population estimates,
number of legals harvested by effort level, their value and
exp'loitation rates in the Kodiak management area, Alaska
1972-1984,

reseasor opu a-
tion Estimate No.Fishing

Year

2,030 71 29 8.5

78 24 6,57,108 1,848 .26

7,658

7,834

5,445 .40

4,676 .34

3,405 .43

4,948 40

7 >532

6,072 ,50

2,528

880

---------- -----NO SEASON- ---�1,061

TOTALS: 59,147

4,929

23>810 1,910

2,165 174

220.0

MEANS: 12 20.0 . 38

39

1972-73

1973-74

1974-75

1975-76

1976-77

1977-78

1978-79

1979-80

1980-81

1981-82

1982-83

1983-84

1984-85

No. Lega s ot ~x-vesseT~xp~oi-
Harvested Lifts S Yalue tation

x 10x x 10' CPUE x 10' Rate

2,910 1l0 26 .0.6

2,977 114 26 15.9

2,178 131 17 24.6

1,590 146 11 l8.1

1,464 177 8 !9.2

1,979 208 9 :3.9

2,787 202 14 21.5

3,036 389 8 48,5

1 011 284 4 !2 ?

---------------NO SEASO'N-----------
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55 29. 500

22 9,100 411

1982 13 3, 700

1983 2, 109 422

1984 3,900 422

1 14.300 4.503
13.118 408

Figure 7.--Length frequencies and catch per pot of female and male red
king Crab fram the KOdiak management area. Data cOllected on RDF&G pnt,
surveys 1974-1984, raw data not standardized for soak time differences.
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Tahle 7.--Legal male red king crab preseason populatior estimates,
number of leqals harvested by effort level, their value and
exploitation rates in the Cook Inlet management area,
Alaska 1974-1984. InfnrmatiOn is frOm the KamiShak an<i
Southern Districts only; the two major distrirts in the
Cook Inlet area,

et ate p a- rr~gt 7x-vessel Mx~ooa-
Fishing tion Estimate No, Harvested Lifts Ua 1 ue ta t i on
Year L I C b 10' x 10' x 10' CPUE x 10' Rate

520 78 7 2.2

2,753 340 2.0 . 12

436 33 13

163 37 4

1,159 3.3 . 38

714 .231.4

473 153 46 .32

535 196 34 6 .37

937 292 35 1.8 .31

658 213 35 6

112 27 4

27 10 3

2.6

274 2.7

92 2.5 .29

TOTALS: 335 - 20.82,4527,595

245 37 6 2.1I4EAHS: 844 .25

*Data is only for Kamishak District.
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Harbor, Alask~ Peninsula and Cook Inlet  Tables 3-7 i. 8'isto Bay's
average was at least double that c t any other «rea in ~ >eh category
except in number of pnt lif>s and exploitation rate.

The year of the highest leg«t mal» populatior rxtimat»s it< each
was. Bristol Bay 1978, Dutch Harbor 1979, Alaska Feninsula I<380 and
1975 for both Kcdiak and Cook Inlet. The- lowest estimated legal
pnpulaticrs occurrec ir. a'ii area from 1982-1984  Tablr 3-> h Figs,
8-10!. In each area the fisi,ing season which prnduceo the -ighest
number of harvested leo»is coincioed with the F<giir st number of pot
lifts. The highest harvest and erfort for Bristci Bay, ['utch iiarbor
and Alaska Penirisula occurred in 1980 while Kodi«k ard Cook Ini » 
peaked in 1981 and 1974 respectively  Tables 3-7 W Figs. P-ID!, As
ment i oned previou ly, the 1980 harvest i n Bristol Riy s»t a historic
single season record for any area in Ala,la, wi th ne«rly 1 30 v i 1 linn
pounds harvested, The pe<ik harvests ir all areas 'cxcep; Cook 1<ilet!
were due to tiie excellent recruitment of legal crabs, piogei>y of the
1970 and 1971 parent years. 'ust two to th ee years after these peak
harvests, four of the five management areas were completely cir sed in
1983 to any commercial harvestinq; with a small harvest coming <r om one
district in Cook In',et. Ironical iy, the peak harve;t r>f rhr 1980-81
season was foll»wed just thrrr seasons later by thi 1 >west. total
harvest in 30 years  Fiq. 71.

For all areas combined thi average ex-vessel price per priund F.-id for
kir,g crab was approximately 30 cents in 1972, ris<ng tn 53.00 in 1982
 AOF8<G 1985!. The highest total cx-vessel value f' or. e«ch are<i for a
single seascn in millions of dollars was: $117.C ir Bristol 8«y
�980!, $19.4 in Dutch Harbor  '9PC!, $5,4 in Alaska Peni <ula �982!,
$48.5 in Kodiak �981! ard $2.7 in Ccok Inlet �982!  ,ables 3-7', The
highest total ex-vessel price paid in Bristol Bay, Dutch ltart>or and
Kodiak coincided with peak harvest and effort levels nrcrirring during
their respective survey pe~iods.

By 1982 the legal crab populations of each area were decl inirq rapidly
compared to the levels of 1980 and 1981, .he historic rrigh prie»s paid
for king crab kept etfort levels disproportionately hiqh on rhe rrmai ~-
irg harvestahle stocks  Figs, 8-10!. Average expleitaticr rates on
legal males were: Bristol Bay 39',, Dutch Harbor 25$, Alaska Perinsula
37T, Kodiak 38$ and Cook Inlet 25$  Tables 3-7!. The ADFB ' management
goal throughout most of this period was to harvest rio more thar. 40'. of
the legal mates anrually. Sixty-Five percent of the arnuai exploita-
tion rates for ail management a reas ranged hetweer 7Fr; -40 with a
max imum range of 12 --75 amongst the time periods shown for « 1 1 a reas
 Tables 3-7!, In 1982 the 40 harvest goal was reduced in most areas
to 25' or I ess as mandated by the king cr ab ha rvest s ti at eqy reou l ation
� AAC 34.080! when legal populations are depressed and prerecruit
abundances are declining. The highest or next to the hi<hest exploi-
tation rates fnr each a rea all occurr'ed in the 1980's.
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leqal ma'le red king crab versus the commercial effort for each fis ~ing
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for points plotted above are From Figure .'l and 'iable 3.

43

Kl 30,000

25,000

0 LU 20 000

15,000

10,000

1969 '70 '72 '74 '76 '78 '80 '82 '84
YEAR



25,0

CI
z

20.000

0
X

15.000

O

zU 10,000

0

6,000

Ou 0

Z
os 10@00

300�

O Z

0 Z
200�

IQLUI-
u

o

I
100 z

8,000

0
1969 '70 '72 94 '76 '78 '80 '82 '84

YEAR

44

Ffqure 9.--Estimated preseason population and subsequent harvest of
leqal male red king crab versus the commercial effort For each iishinq
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19R4. Supporting data for points plotted above are from Fiqures 4 8 5
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Conclusions

The annual su rveys conduc ted hy either tdiFS or ADFLC sir  e 1969 in the
Uristol Bay, Dutch Harbor, Alaska peninsula, Krdiak and Crok Inlet
manageme!it areas have proved reliable in tracking and est'mating the
population status u red king crab over time. Resea rrl ers have been
successful in estimating <hc populatinr rf legal male from survey
results whi'Ie managers have general'lv been ab'le tc control la rvests
within the stated expl o' tation goals based on pm seasn i population
esl.imates. The king crab :ndustry was able to plan and a~d make
adjustments to thei choice of fishing grounds or proressinc needs as a
result of the annua 1 surveys . These surveys have a 1 an greatly ncr eas-
ed the knowledge of the king crabs' natural history inc udirg growth,
migration, recruitment, female reproductive ccnditir r ind natural
mortality.

The abunda nce of king crab ir the five areas surveyed is cor s i stent
with their harvest histo y over the last 35 years. Bristol Bay has
been the higheSt pruducer follOwed by KOdiak, Dutch Harbor, Alaska
Peninsula and Cook Inlet. Since red king crab live primarily on the
continental shelf the histo!ic abundance of king cr!b ir each manage-
ment area is closely related to the amount of shelf area and gocd habi-
tat available within each area. For example, 8tistnl Bay and Kodiak
have the largest continental shelves ard produce the nost king < rah.

The abundance of juvenile red king crab year classe~ fluctuated greatly
throughout the areas surveyed in western Alaska. The deg-ee of fluctu-
ation, in terms of the ratios between the 1 owest and I i ghest survey
abundance of juvenile crab in each survey area has been the least in
Bristol Bay, where the average historic abundance of crabs has heen the
highest. Phenomenal recrui tment of small crab occurred ir. all manage-
ment areas as a result of very successful hatching and/or survival of
the 1971 and 1972 year classes. These year classes were +he progeny of
the 1970 and 1971 parent year populations which were believed at low
levels. Combined with adjacent year classes the 1971 and 1972 year
classes were mainly respon..ible for the peak king r.rab abundances in
each a rea in 1977 . The strength of these same two year classes was
also responsible for the record harvests from 1979-1981. In period
of four years, the harvest of king crab declined from a peak in 1980 of
176.4 million pou~ds, to just 100,000 pound~ harvested in 1983 as four
management areas were closed to fishing for the first time ir history.
This c rash was the most severe in the 30-yea r history of connnercial
king crab fishi ng and was caused by consecutive poor recruitment of
legal s in each area . The environmental factors wh i ch combine to
regulate survival and recruitment of small king crab is poorly under-
stood.

Bristol Bay is the only at ea at present with a hope ot an increasing
connnercial harvest over the next four years. Kodiak, Dutch Harbor,
Alaska Peninsula and Cook Inlet areas have no hope i!f any substantive
connnercia! harvests until at least 1989. The red king crab populations
in each of these areas could remain severely depressed for quite a lone
time,

46



A great deal of credit is cue all the NYFS and ADF&C researchers and
mar,agers who were involved ir collecting the survey and fishing data
presented herein. Special thanks to Dr, Robert Otto .if hi<F5 whn
graciously provided the Bristol Bay survey data and hi ' ntn rprei, t i on
of it. I apprec-ate the guidance and edirinq by Rirhsro 0. Petr r.rn
and Jerry A. McCrary nf ADF&G on this paper, Thariks also to ADF&G's
Mary Ellen Harris who provided the length frequency plots ar ' Sharon J,
Theis who typed the manuscrip'.. Finally, thank Wade A. Watkins for
his assistance in preparing the f' qures.

References

Alaska Department of F'sh and Game. 1985. Westwaro region she1lfirh
report to the Alaska Board ot Fisheries, Kodiak, Alaska, 346 p.

Dtto, R, S, 1981. Eastern Bering Sea crab fi sherfes, p . 103. - 1066, In
D.W. Hood and J. A. Calde r [ed,] The eastern Bering Sea sl erf:
oceanography and resourr.es. U. Washinqton Press, Seattle. Wash.

Rothschild, B.J., G. Powell, '. Joseph, hl.J, Abramson, J.A. Buss ard P,
Eldr idge. 1970. A survey of the population dynamic s o= king crab
in Alaska with particular rrference to the Kodiak area, Alaska
Dep. Fish Game, Info. Lea f1. 147: 149 p,

47





proc. Int, sjna crab sy   p.
Jan. 1985, anchorage, Ak,

King crabs in British Columbia

G. S. Jamieson and N. A. Sloan
Departrr!crit Of Fisheries and Oceans
NallairTLo, British Columbia, Canada

Abstract

Two SpeCieS Of king Crab, the red iP araIithpdeS CamtSChatICa, 'and golden
 LithodeS ~ale i ai, h b ITy ~Pt d ti 1 h
C~OImibia in reCent yearS. LandingS have been reStr icted tO inletS and
fjords of the northern mainland coast, and have been divided between
deep-water, golden king crab and shai lower-water, red kir9 c ab, Tne
commercial fishery for golder  king crab was centered Iri Al ice and
Hastings Aims of the Portland Inlet system, and peaked a few years ago,
whereas red king crab were predominant'I y exploited in !9ds, wi tn
Landings from as far south as  'renville Channel.

Concern as to the impact of tailings disposed in deep water Iruin a
inol ybd imun mine in ALice Arm on local king c rab stocks resulted in a
number of recent studies of king crabs in northern British ucl u nb a .
A broad survey of king crab populations in mainland inlers scutn ot
Alaska to Gardner Canal has shown that red king crab predominate in a Il
inletS Other than the POrtland Inlet SySteii, an� that COnCentratipna
were few and scattered . OveraLL density appears low, altnougn >urvvy
design did not permit reliable abundance estimation at any spe.if «.
site . The largest observed population of go1den king crab is ieav ily
parasiti zed by the rhi zocephalan barnacle B riarosaccus callosus, witn
41K of the adult population in ierti 1 e . The biology and pop elation
characteristics of t hi s populai i on are brie f1 y discussed

ILveraLL fiShery proSpeCtS for wing Crab in malnL and inleCS and Id or IS
appear poor for more than a iew vessels. The main value a I thi
resource may be in biological research, The discrete nature oi the
pOpulatiOnS in Sheltered Wateri make them particularly amenabie tO
research and experimenta1 management.
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Introduction

Three species of king crab occur in British Columbian waters
p ~ i thdd . hts h ti a, t thodes a Fees i a, d i. es'. R itish
~to &la is the so th F a R i dist h ~ tio  F R, tr F th ii st
two species, conmonally <a!Ied red and golden king crab respective'ly.
L. Cpuesi iS a relatively small, deep-water species whicr has been
coll ected as far south as San Diego  r-iart, 1982 !. The biology of red
king crab and its impertanoe aS a fiShery in Alaska is we' ll doc>me uteri
 this Symposium! but in British Columbia, it is landed i quantities of
only a few tonnes annually, Fishermen either exploit it as an
occasional bycatch or in a small directed trap fishe y involving a few

COtdVE

Figure 1, The geographica location of the study area and the capture
locations of red and golden king crab in British Columbia.
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vessels in the ~inter or spring when other more traditional fisheries
are closed  Butler and Hart, 1962!. Beeper-water, golden king crab have
also been exploited to a minor extent in recent years ~ n the parti and
Inlet 5ystem of northern British Columbia, King crab 'andi ngs in
Rr itish Columbia have been included with Dungeness crab landings and no
statistical breakdown by species is avai'iable  Jamieson, 19851.

HOWeVer, thiS dOeS nut imply tha . king Crab, and in particu1ar gO'den
king cra'b, are not of i nterest i n British Columbia . T hey have recently

Figure 2. Capture lorations of red and gO'Iden king crab in the study
area in northern British Columbia, Lar ge and sma'll rxar kings refer to
locations of potential commercial interest and where species were
caught, but not in a'bundance, respectively.
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been the focus of an env]ronmental pol iut.ion controver sy a»d the
OCcurance of golden king crab in relatively defined and accessible
populations provides a unique opportunity tor research on thi s species.

Golden king crab are primarily found in t]a] areas, Al]ce a ic Hast ]ng
Arms, at the upper end of Jbservatory Inlet  Fig. 2!. Sho'tl y a]ter
thiS Species began to be cO]n»ercially exploited i» Igh]1, a iiol ybcenum
mine began operation in Al ice Arm. Approximately 12,]Z]r] t or tai ings
were dvnped daily th~ough an Oui:fall intO the deeper wateri of the fjord
between April, 1981 and October, 1982  Farrell and Nass]chuk, 1984!.
Over the next few years, c ab catch per unit effort declined and
COntrbverSy develOped aS to whether thi s waS due to r.he presence iir the
tailings, some other factor, or population depletion throu]]r tis]'ing
because of a small initial population si ze. A number ot studies
]le]d and Bav]]ann, 1984! were Subsequently funded by tne federal
Department of Fisheries and Oceans, and two relating specifica]ly ro
king crab are reported hrmr. An exploratory survey ur other nortliern
British Col v]]blah inlets ar]d fjords was conducted in lg82 ] o estab I i sh
if other commercially-ex pl@>table king crab populations existed, and a
detailed study of crab bio]ogy was initiated atter it was discovered by
the mining ccmpany in late 1982 that the golden king crab in Alit~ Arm
were heavily parasitized by the rhi zocephal an 8 r i arosar cus c a 1 losu s .

Mainland Inlet and FJord Survive

Hateri al s and inethods. Alaskan Side- entry King crab pots mea sur i -g 1. 8
xXXx~m cOvered with 1D cm StretCh mesh netting were used. Put,S
had two tunnels of 7. 5 cm st retch mesh lining, each with 88 . 0 x 1 3. D cm
openings and each pot was baited using tvx], 2 L, per forateo,lars, This
WaS the gear uSed by the CVmaeri.ial fi Sherman WhO had ex plr;]red gulden
king crab in British Col umbia .

Details of methods are given by Jamieson et al  Ig85' ,»ut to sum]]]arize,
a survey for king crab was undertaken from May 4 - Juiii Id, 1882, in
mainland inlets and fJords from Portland Canal south tu tlie 'stevari
Group  Fig. 2.! Traps were set individually, with traps wit i]n 3.7 km
� nautical miles! of each other arid at similar depths grouped ]n.o
sets. A total of 239 king crab pot Sets were made, Sets wer e ma]ie at
depths ranging from 9-521 m, with 44 sets at a depth > 137 m:75 ath! .
Exploratory shallow and deep water sets were niade for i.ed ani] golilen
king crab respectively, since depth preference between thi Specie.
differs  Sloan, 1985a!. Catches were described and docvxented, w t]i
car apace lengths  CL! of al 'I crabs caught ]]]easur ed to t»e near est
r]]ill ]meter. Bait was a combination of herrinr,, spry ng salmon car< asses,
and skate CarcaSSes. Soak timeS ranged trum 15.5 - 176.5 h, with a mean
and standard deviation of 74 and 40.25 h respectively. In tlii ab,ence
]if specific regulations, the fisherman had arbitrarily def»ed ki ig crab
With a CarapaCe Width  CW! >165 r]m], and tanner Crab  Ch]nueceteS bairdi!
with an estimated weight >0.7 kg, as "keepers." Site potential was
evaluated by the quantity of keepers fished, w]th keeper catches '. 7 kg
trap-> considered to indicate fishery potential. Trap yielii represents
the weight of keeper king crabs added to hali the ]ie]ghc ur Keeper
tanner crabs caught, since the price of tanner crabs was about »al r t.hat
of king crabs .

Commercial catch per unit effort   CPUE! information in Alice Arm was
prOvided by p. Wallin   perS . Curn]].! far the yearS 1988 � iIZ, ThiS data
i s com pared with the results obtained in our 1 983 - 84 research cruises



for golden king crabs with a CL >136 rrmr  = >165 ran CW i Jevmtt et ai,
1985! ! .

Results: Twenty-eight sets, located in 4 general areas  Alice Arm,
Wa'!es Island, Steairer Passage and Klewnuggit inlet!, had an average
catch > 7 kg trap->  Fig. 2!. Wales Isl and incl uded sets irom Wales
Harbour, Wales Passage, Pearse Canal and Winter Inlet, whire Steamer
PaSSage inCluded SetS fram KhutZeyiaafeen Inlet and Steamer PaSSage.
King crabs were fished in an additional 20 locations  Fiy. 2! but at an
average CPUT < 7 kg trap->  Jaixieson et al, 1985!.

Golden king crab were only fished in corrnrercial abundance in Alice Arm,
and in only 2 sets were tanner crabs alone abundant enough to indicate
cmrmercia! interest  Alice Arm and Wales Passage!. However, since king
crab traps, not tanner crah traps, were being used, this later
observation may indicate gear bias and so these results she aid De
treated with caution .

Male red king crab had a mean Ci of about 125 nm at both Wales lsiand
and Kl ewnuggit Inlet, and of abOut 138 rrmr at Steamer Passage . Using the
regression, CW = -2,5748 + 1.2312 C L, derived for Yakutat red king crab
in 1970 by 0. Buchanan   W. Colgate, pers . comm,!, thi s represents modal
CWs of 151 and 167 rrmr respectively. The 1 egal size of red king ~rab in
Alaska in Statistical Area A  Southeastern � Yakutat! is lrB rrmr Crf  =
147 mn CL! and with this minimrmr si ze limit, 8, 27, and I» of male red
king crab caught at Wales island, Steamer Passage and Klewnuygit inlet
respectively were exploitable . With a min imraii exploitable carapace
width of 165 mrr  * 136 rrm CL!, an arbitrary level used earlier iii the
abSence of regu1 atiOn, 20, 5 3 and 7» reSpeCt ively of male red kin,
caught would be exploitable .

Number of golden king crab fished in Portland Inlet �02! were toi few
with this survey to giv e an accurate description of relative prop»rtion
by si ze class for this spec ies .

Red ki ng crab were fished at depths ranging from 9 - lo7 m, with :he
largest catc h rate per set be i ng 98 kg trap-l, aver aged over 8 traps, in
Wales Harbour . The greatest c atch per pot was 205 kg, also at this
location, The maximum catch of golden king crab was 17 kg trap- I in
Alice Arm, and for tanner crab, 19 kg trap-I in Wales Passage .

Abaut 20% Of the red king Crab caught were fmnale and »f these, yb» had
recently moulted and had eggs, In contrast, 51» of mai e crabs haii not
moulted recently and had hard carapaces with epi zoans . In Alice Arm,
41% of the 86 female golden king crab caught were ovigerous but while
the presence of the rhi zocephalan parasite B riarosaccus callosus was
noted, the degree of population i nfesti on was not recorded . T!ii s
paraSi te CauSeS gonadal atrOphy   BOwer and S!Oan, 1985i. Also, depth
preference of ovigerous female L . ~ae vis~i ha gradually increases
following egg extrusion  Sloan, 19855b . Matted setae fmxales and
parasiti zed females are predominantly at depths > 200 m, indicating that
a ' percentage ov igerous' statistic is only meaningful if qua ii fied by
an appropriate depth range. The range of depth fisher!  x = 216 m. SO =
120 ra! in the Arm was too great in relation to the number of sets fished
�! to satisfactorily allow evaluation of this population pararreter.

Of the 1072 tanner crab fi shed, 99% were males, with an average Ci. of



102 rmi. Using the regreSsion CW = 3,35 + 1.2416 LL �'. Jasrsieson,
unpub.!, determined from 127 male tanner crab fi shed in 1984 frcm
mainl and inlets near Cape Caution, Briti sh Col vnbia, tni s corresponds to
a raean CW of 131 rrmi, Eight of the eleven fdmrales caught, ranging in
size frosn 69 � Bl nm Cl., were ovigerous. However, the selectivity of
the gear was low f' or tanner crab and so results should lde treated
accordingly.

~Kin Crab Bio~la

~Stud sit: fhe dhs t y I 1 t sytes is as f ol. I o,
interconnected fjords in the larger portland Inlet in ni;rtnerri British
Col cnrbia. Sill s partially i solate two Arms, Hastirsys and Al ice, at the
head of the inlet, which in turn i s parti a11y separated by a si 1 1 frcmi
the main part of Portland Inlet  Fig. 3!. Sill depths are 18 - 25,

Figure 3. Longitudina1 depth profile showing the position and depth of
sill s in the study site in northern British Columbia  modified rrom
Sloan 1984a! .

and 40 - 46 m for A1ice, Hastings and Observatory respectively. The
relatively 1 evel trough bottcnis of these fjords is characteri zed by soft
sediment, similar to other deep north-eastern Pacific fjords  Cimberg,
1982; Levings et al, 1983! .

Materials and methods: The gear used was the same as in the expl oratory
survey, and details of fishing methods are described in a ncnrber of
studies  Sloan 1984a, b, 1985a; Bower and Sloan, 1985!, In summary,
three cruises were undertaken to the Portl and Inlet system with the 8/V
J. B. Reed on the following dates: October 27 � hovenber 8, 1983;
February 23 - March 5, 1984; and July 20 - 30, 1984, A total of 390
single king crab pot sets were made at depths between 51-569 m, with
catches described and docrmiented. Bait was frozen herring and soak
times ranged from 6 - 97 h, with a mean of 34.8 h. The presence of B.
Cal 1 OSuS externae or the Sc.ars left after their r smsuval were noted .

During the July cruise, an atrem pt was made to collect wing crab larvae
at five stations in Alice Arm  Fig, 4!. 1'hree sanpling methods were
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utiltzed, 3 benthic sled and both oblique and hori zontal bongo net
tOWS. Salinity WaS felt tn he tOO 1OW  <5t! in Sur fade waterS  <1 m!
to war~ant extensi ve use of neuston nets; thre~ tows along the length of
Al ice Arm yielderi no crab ' arvae.

The epibenthic sled was constructed of steel reinforced plywood and
consisted oF three main parts: an outer 91.5 x 152.5 cm fram with
skldS, 3 30.5 x 61 cm sampling boX suspender! inSide tO which waS
attached a stanriard, 5OOu, 0.25 mz bongo net with a zippered codend, and
an iron grating to protect the mouth of the ner., A more detailed
description of the sampler and its performance may be obta'ned from
A. Phi 1 1 1 ps  o a c i f i c 11 1 o! o 9 t c a 1 Station, Ha na i mo, 8. C . U9R 5f 6 ! .

The Sled equipped with a i'!eneral OCeanlCS flawmeter, waS tOWed at abOut
1 m sec  r kt! for 10 min For a linear distance of about 0.5 krr.
Previous studies �. ttason, unpub. data! indicated essentially no water
flow through the Sampler On deSCent and Only minimal flow through on
recover v, araounting to less than 2'L in a tow of thts length in 200 m
water depth. Crab larvae collected were in gOod COndition, although
juvent!e Chionocetes hairdi had substantial leg loss. All specimens
were preserved ln 4C ~bu fererl formaldehyde solution for later
irienti fi cati on.

A'll bongo tows were made with a 0.25 mz bongo equipped with 350u Nl sex
netS Of mOdifted SCOR deSiqn and Center-mnunted General OCeaniCS flOW
meters. A 90 kg, cylindrical weight was suspended from the bongo yoke
and all sampling gear was black to minimize larval avoirlance anri
resulting catch btas. Tow procedure for oblique bongos was 3 vessel
Speed of 1 m sec ', gear deSCent at 3 Cable payOut rate of 60 m rln
and gear ascent at a cable recovery rate of 20 m min-'. Taws were made
to within 5 m of the sea floor at a11 stations. Specimens were
preser ved as riescribed above,

Single Oblique bongo and benthic sled tows were made at each Station
 Fig. 4!, and at station 3 in the center of Alice Arm, a horizontal
bongo tow was made in each of the following depth ranges: 10 � 100, 100
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Figure 4. Larval sampling transect locations in Alice Arm, !uly, 1984.
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� ZOO, ZOO - 300 and 300 - 400 m. Larval catch rates were converted to
catch per 300 m3 to permit comparison of results.

Results; ln all three research cruises to the Observatory Inlet system,
~w I c were timerl at four month intervals thrOughout I year, golden king
crab were the predominant king crab Species fiShed. Some rpd king crab
were found 1n the shallower areas of the system. Iishing and awatch
characteristics for the first two trips are presented in Table I. The
sex ratiO of golden k1ng crab in bath HastingS and Alice A ms was abo~t
1: 1, with approxi matley 41% � = 3045 !, irrespective of sex, panasiti zed
by 8, CallOSuS, ln ObServatory inlet, the OVerall dn.nSiIty nf g !iden
king crab and the proportion of the population parasitized ,'4X! was
low. Only one of the 184 red king crab caught wAS pdraSI!.iZed.

Table 1. Fishing effort, depth and catch of Paralithodes camtschatica
~ d tsthod s a cn p aa   th o et p a.it~dby cc»s
c st~os ~ s s ryords ths the po ti d t let sy t; octob i.
November ~ 1983 and February to 'March, 1984  modif1ed from Sloan, 1g84a!.

Flan!no  Ssarartmr]st ca rates dnenndter 1 st tcc

p tspnay o  L ae le] 5th lnn
and  t! paraalttsed yyd

h aetna/!sear F tsts lna ef tort 6], cat lobes

pots I lsned Msen so dc  ts! dad tn  m!F ]Ol' d pdt le Fein I e otal

Oat,-laid, 1985
Allen Ace
s Sat!nab Ano
 Xae~toav Inlet
port tend Inlet

57,6
Ap,x
'l4, 7
2 l,fi

216
255

555

444 �5 5!
1% �1.7!
62   1.6!
2   0.0!

588 �7, i 1017 �9,7!
1 19  � «! .'i'1 �8.4!
42   4.8! Is� l 2 9!
0 1 0P! 'c ~ 0!

44
51
It

Total 505 647 �8.9! 749    A,AI !San  APa,y!51,4

Fed.-�!n, 1984
A]lad Arrh
Is!st!nas

�sanna1

47,7
4

24.2

109 767 �2,4! 717 �5.as] 14 cd �5,]!
291 85 �4,6! 02 �0.71 It ' �2.4!
255 0   0,0! 0   0.0] r   0.0!

54
19

'151tata I 850 �2.5! 799  dn,'] �49

Cwand taste I 255 1497 �0,91 1548 �Li. I a 50d! �0,5!
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The tendenCy fer paraSitiZed CrabS tO COntinupuSly ]Ahab't deeper Water S
1S di sCuSSed by Sl oan �985 a, b!, and this phenomenon may largely
account for the increased average CPUT of golden ting crah at depthS
>250 m  Table ?!. The overall abundanCe Of rrab in the troilgh hpttom is
likely greater than that <Z50 m, s1nce the trough comprises the largest
heriZOntal area Of the fjnrd. ShallOW Water iS largely COnfined



to the ends of the Arms and represents a small proportion of the overal !
area. This probably explains why sha'liower-water, red king crab are in
relatively low abundance in the system. The average depth at which L,
ae uis ina was fished was 272 m whereas that for P. camtschatica was 114

Sloan 1985a! .

rah  2, Ay g. oahe  ri! o h 1 eight  h, hg! or 1, ~a
caught per trap in Alice and Hastings Arms; n = n anber of traps.
Average soak time = 34.8 h.

A. All crab sims

Hov., 1%3 July, 1%4Feb., 1%4

Depth m! n T!  g! n H W n N W

16.2 23.4 44 9.6 13.0 41 3.4 !.0
18.7 25.3 57 14.7 18.3 33 9. 3 12.4

0<50 23
250-5% 49

B. Crab >165 ma 07

H  ! n N W n N W

0-250 20 7.1 14.4 42 3.9 8.0 30 1,4 4.3
25&SO 49 6.7 13, 1 46 5. 3 LO. 2 26 4. 3 8. 0

C. All research fishing dates crxrbined

All sires >166 nm LW >181 ra! Al

n H M n N W

0-250 106 8.8 12. 4 90 4. 1 8. 3 10 1. 3 <. 1
250-5 N 139 14. 9 19. 4 128 5. 4 10. 7 36 l. 4 4. 2

Regardless of depth, CpUE dec.reased over the study per iod   fable 2!,
even though most of the crabs fi Shed were releaSed after their
morphmrretric characteri sties were measured. This decrease was most
evident in water <250 m depth, but since CPUE also decreased in deeper
water, no obvious explanation is available.

Tanner crabs occurred in >80% of the traps set, and halibut
 ~oi o losses ~steep e is! aycatch ~s 1 s ly g ao t 1 to g loe
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Jewett et al �985! reccmmended a minimun size lirait for golden king
crab in AliCe and HaStings Arms of 163 mm CL  = 181 mm CW!, baSed on
three moult increments  totalling 48.6 nm CL! beyond the average size of
male sexual maturity �14 ren CL! . A si ze l imit of 136 rmrr  = 165 iwa CM!
waS Sel f'-impOSed in earl ier cnrmnercial fi Shing  p. Mailin, gers comm.!,
Average CPUE at depths >250 m with these minim xa size i imit restrictions
were 4.2 and 10.7 kg trap-> respectively  Table 2!.



During the period 1980 � 82, coirmiercial catch per trap uf golden king
crab  CW >165 sm! in Alice Arm was reported  P. Wal lin, pers. romm! to
have declined from 29.9 to 6,4 kg trap->  Tabl e 3! . The population has
not been ccmmercia11y exploited since 1982, and using the same gear and
20 - 60 h soaks in 1984, the decrease in average CPUE appear s to have
stopped. The mine has nol. dumped tail ings since 1982 and so the cause
of the decline in CPUE may never be established.

Parasiti sm by B. cal losus affects somatic growth in addition ti gonadal
develoimrent. Ikrwever, only the size and weight of male, not feiiale,
crabs are reduced in crxirpari son to non-parasiti zed individual s  Sl oan,
1984a!. Parasitized crabs >163 mm CL were rare, indicating that with
this minimus si ze 1 imit  = 181 ms CW!, a commercial fi shery uti  izing
only this regulation would be based largely on unparasiri zed, male
crabs.

Table 3. Corrnrercial and research cruise CPUE for 1.. aequis~ina  CL>136;
CW>165 rrm! in Alice Arm from 1980 to 1983-84. *P. WaT1in, pers. coimrh.

A. Conmercial operation~, Al ice Anrr

No. traps No. crab per trap Wt. cr'ab per trap  kg!Year

29.9
20.3
6.4

1%0
1981
1982

192
287
135

11. 0
7,5
2.4

B. Research cruises, Alice Afm �0-60 hr soak!

1983-84 157 10.75.6

B. sa11nsss ana L. ~ai 1 ~ a a n both asaas 1 sa st hn ti
%servatory Inlet system, with about the same proportion of the
population in each reproductive state throughout the year  SIoan 1985a,
b! . This is in contrast to the few red king crab co'1 1 ected, where
virtually all the fmnales caught had eyed eggs, in February and newly
extruded eggs in duly,
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king crab abundance in a trap. Halibut bycatch inc iden< e in Portland
Inlet, Observatory Inlet and the two Anus combined was 62, 35 and <5% of
the traps set respectively.



Golden king crab ranging in;i ze from 59 - 194 mn CL were caught,
WhereaS the Si ze range of red king crab WaS 74 - 170 inii CL. Only a feW
king crab smaller than 80 mn CL were fished, but their relative absence,
as with tanner crab, is felt to reflect the fishing charactersi ties of
the gear and perhaps the presence of larger individ uals within the
traps, rather t han a general low ab undance i n the i nl er s .

The relatinnShip between crab size, sex and reprOd uc tive State in
relation to depth preference is discussed in detail by Sloan �985a, b!.

Larval sampling of crab in Alice Arm was inconcl usive as whi le ir. was
known that golden king crabs eggs were hatching througnout the year, no
king crab larvae were collected. However, crab 1arvae and/or juveniles
of Chinoecetes bairdi and Caricer ma i ster were collected, which
i ducat t at li g * tyq » g r ape 1y ir o1 5 i. i tn
hori zontal bongo tows, megalopae of both later species were
predominant1y caught at depths <100 m. Never thless, oblique bongos and
the epibenthic sled aEso caught zoea and megalopae of both species, with
the abundance of settled megal opae for both species about the same at
depths 
50 in.

Table 4. Catch rates of crab larvae by species for the different gear
types and strategies utilized� .

A. 8ottcm sl ej, 051 ice bongo

Ciltcli  N/381 rni! +SO
IR%0 El I

14ean depth  m!

e. seams

C. bairdi saga!ops
C. ~mmster zoea U

mega!ops
PagNid mea

gl aicothae

273 + 37 8.3i 5.6
2.3+ 2.2

29.8+ 45.0
.3 + .6

1 + 0

5.3+ 4.9
0

5.7 + 9.8
0

7.7+ 8.6

4 bangO7
3 sled

33

C 0 0
1 bcngrSr

1 slizl

8. Itirizontal bongo  nnd-Al ice /rm!

Catch N at depth

Species -100 13!-10

C. bairdi 8iea
megal ops

C. maaister rm4ial os

1
19
2

59

C. bairdi megalolz
j iweii le

C. ~ister zoea U
nwgal os

Pagurid g I az:othae
N. ~llBd

100

0 8 2 0 2



Discussion

The ki ng crab reso urce in the mainland inlets of British Col Lmibi a iS
relatively small and patchy in distribution . Localized cvn< entrati ons
of crabs exists which may support periodic fishing by a few vessel s .
Hoover, although relatively minor frLXx an eX Pl oitation perspective, the
eXi StenCe Of t heSe relatively i SOl ated, di SCrete king Crab pOpul at i OnS
provides some unique opportvnites to study king crab population
dynmxics, and in particular, the relationship between Briar osaccus
cellos s d L thodes cr a.

Jevmtt et al �985! proposed a minimLmL legal si ze I imit ot IBI mm cw,
hut this should only apply to unparasitized crabs. Since parasitized
crabs cannot reproduce, are 4 source of infective parasite naupl ii and
utilize resources which might otherwise be avail able for vnparasiti zed
crabS, all Sizes Of beth sexeS of paraSiti zed crabs ShOvld be harvested
and the externae of the parasite immediately destroyed in a way to
prevent possible continued release of nauplii �1oan 1984a!. With an
exploitation strategy of harvesting al 1 parasiti zed crabs, and
unparasiti zed crabs with a CW > 181 mx, average CPUE was ye 6 kg trap I
in 1983-84. Live parasitized crabs should not be relocated, a.
rhi ZOCephalan paraSites have been Shown to readily estab! i sh themselves
in new areas if suitable host species are present  Boschma, 1922!.

The presence of similar, high levels of infection in botn Alice and
Hastings Arms presents an opportunity for experimental managmxent, wi tn
one inlet having both legal si ze  CW > 181 mm!, unparasi ti zed crabs and
all parasitized crabs fished, and the other having only legal si ze,
unparasiti zed crabs exploited. Parasitism levels in both Anxs could oe
monitored on an annual or biannual basis, and while the possibl iti ty
exists that exchange of 6. call usus nauplii between the tvxL Arms may be
of such magnitude that any fishery-induced perturbation of only part of
the systmn would be relatively inconsequential, the possibility ot'
b i ol og i c a 1 1 y sepa ra te sy st em s a 1 so rem ai n s . S 1 ban   1984a ! d i sc us sed t he
importance of deep, si lied fjords as a physical factor in the retention
of larvae of deep water species and the effect this may have i ~ the
isolation of such populations. However, there is no speci fic data to
suggest what the actual larval exchange rate may be between the two Arm s
of this systma. Both host and parasite populations have probably been
i sl bated in the Arms for centuries, based on the recent geological
history of the r eg i on and the present apparent pattern of population
distribution . It is not clear whether the present incidence of
parasiti sm represents an equilibrium between the t wo species in the
system or whether the relative abundance of parasitized crabs cycles in
some manner . Closely monitored experimental mangement m ight resolve
this uncertainty .

rh. lyl iehst y il..arri a enai s lag kyoto
Canadian waters as neither larvae nor newly-settled juveniles were
ollected. L. ~quis ina t ~ hae ~ arely h ollect d d e er i

sufficient number to indicate their pattern of distribution in either
the ver t i cal or hori zon tal planes .

The absence of golden king crab larvae may indicate that 1! whi le
larvae are being hatched continuously, it is at a relatively low rate,
and more extensive sampl ing is required to estab'lish their presence; or
2! sampling methodology, either by gear type, depth, time Of day or
location, was not optimal . Female king crab with eggs in the process of
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hatching were caught during the survey, so the presence of zuae
somewhere in Alice Aim was established.

The collection of Cancer ~ma i ster megal opae in niji berS comparable to
that of Chinoecetes bairdi in deep water in Alice Aim was unexper ted.
Ad it C. ~later w e a oht shaiio at at th head ot ttw A» h t
no adults were fished in deep iaater. Whether this was the result. of
gear selectivity, the presence of other crab species in the trap~ or the
absenc e of large Dungeness crab in deep water in unclear. lt is
pOSSi bl e that thiS repreSentS 1 arVal Wa Stage, i .e . larvae whi Ch haVe
settled in areas where they will not survive. If so, it s uygests that
C. ma i ster megal oPae are relatively unselective as to wher e tnev
sett e, since Alice Arm is quite small geographically with shallow water
alB eyS nearby.

Thanks are extended to Keith Robinson, the observer arid person
responsible for much data analysis on the 1982 survey, T. H. Butler for
his collaboration and advice in 1982 survey design, and P. Wa ilia ,
sk'Ipper of the chartered vessel, W. Carolsfeld kindly assisted in
further data analysis . We also thank S. M. C, Robinson and S. C . Jewett
for their assi stance in 1983-84 trap data collection and analysis, and
A, Phillips for collection and analysis of the crab larvae data .
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Distribution by depth of Lithodes
aequispina and Paralithodes

camtschatica confined in northern
British Columbia fjords

N. 4. Sloan

Department of Fisheries and Oceans
Nanaimo, British Columbia, Canada

Abstract

In deep, narrow fjords of northern British Columbia, life history
characteristics of two king crab Species, smnpled over 10 consecutive
months, are discussed in relation to depth. The normal1y contenent al
shelf-and slope-d»elling LithodeS ~ae ulnasina occurred deeper than the
I tert da1 to shelf-d e11nnq narutyttwes camtschatica. Rep eductive
stat of unpa asitited L. a~e u s~unauan pa as ti ~ oF the ran I de
 N 1558; 41.0% of sample!, by ttteMrizocephalan Briarosaccus cal iosus,
evoked differences in depth-related dtstribution~a~~eu spTna
deeonst ated o ti uo s, s so a1 ep duction. Jwe 11 r. ~ae s In
were most common at <100 m depth, females usually mate and extrude eggs
at <150 m, then incubate eggs at 150 to 250 m and post-spawned fmqqales
dominate the unparasitized crab population from 251 to 400 m. Adult
males are less migratory and tend to remain at 50 to 150 m. Parasitized
male and female L. ae uis ina are similar to post-spawned females and
were the largest component o the total crab population from 200 to 400
m. P, cmgtschatica was less parasitized by B. callosus  N=1; 0.6% of
sanpTej~oa ~ e, cautschattca deaonst ated a~aud seasana1
~ ep cductiue sy ch onnnzat o but there ~ e 'ns fficient dat t*
describe migration.

Introduction

The little known, deep-eater golden king crab, L ithodes ae uis ina,
occurs th ouphe t the nortls pacIfic f oh grItishntonuhia t ough the
Bering Sea to Japan  Hiramoto and Sato 1970; Otto et al. 1983; 51oan
1985a!. Recently a population of L. ae uis ina was discovered along
«1th red king crab, Paralithodes cmgtsc at ca, in northern British
c I bi fy d* by ~vaaio . cnn .].
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I report here on the depth-related distribution and reproduction of
L. ~ae uis ina in a inta connecting g o p of silted, n ~ o a d
steep-sided fjords within the Portland Inlet system, British Columbia.
Comparative data on a small sample of coexisting P. camtschatica are
also discussed.

Materials and Methods

On three occasions between October, 1983 and July, 1984; 435 pot sets
were made between 5 1 to 569 m  II=230 m! in five fjords at the extreme
north end of the British Columbia coast �5'N; 130aW!  see Sloan 1985a
for detailed desctiption!. Captured king crabs were sexed, measured for
carapace length and right cheliped height  males only! to the nearest mm
and examined for the presence of the rhi zoceph a! an parasite Briarosaccus
callpsus, or their remaining scars, on the body surface. Reproductive
state of unparas i ti zed female king crabs was classified as juvenile   no
eggs nor their remnants on pleopod setae!, new-egged  uniformly coloured
eggs attached to pleopods!, eyed-egged   attached eggs with dark,
embryonic eye spots! and matted set ae   post-spawned condition in wh ich
pleopods have Iong, entangled set ae sometimes bearing egg remnants!.
Unparasitized male L. ae uis ina with a carapace length <114 mm were
classified as juveniles ewett et al. 1985!. Shell class among
L. ~e ~ is ina as not d as eiths: 1 fo c ahs that had spotted
recently, i.e., clean, light-coloured exoskeleton showing little
abrasion; or 2 for other crabs having discoloured, abraded exoskeletons
with epizooites.

Results

In the two fjords  Alice Arm and Hastings Arm! in which both king crab
spec es e e capt ed, L. ~ae ~ is ina we e tahs aat een 51 and a02 ~
 x 272 m; N=3694! and P. camtschatica between 59 to 384 m  R=114 m;
N=184!, with only six crabs taken at 	50 m. Figure I illustrates the
depth-related distribution of juvenile, adult and parasitized
L. ~ae ~ is na f c 50 to agg ~ .

Depth N
 ml
5p-
Ipp 275
I PII sp 2utl
151200 138
2 PI
25P

251�
3pp 529
301-
35O»5

351
4op 1172

Fig. 1. Distribution of proportions of juvenile, adult male, adult
feasts and pa asitited Lithodes ~ae ui ~ i ~ Ill=3507! acco ding t depth
�0 tp 400 m! in the Portland Inlet system  from Sloan 1985a!. Scale
bar is 10% of the population.





FEMALE ~IH ~Az NADepth H
 m!
5pIpp 62
10115p 61
1512PO 54
201-
25O
25!3pp 149
3PI35p 268
3514Oo 364

Juvenile

Fig. 2. Distribution of proportions of juvenile, egg-bearing and matted
setae female  unparasitized!  N=1109! Lithodes ae uis ina according to
depth �0 to 400 m! in the Portland Inlet system from Sloan 1985a!.
Scale bar is 10% of the unparasitized female population.

e ai de . a+ong the npa asitited L. ~ae is a st aa ~ lt at c158
where the females probably moult before mating but it is not known
whether the males moult before or after mating  Sloan 1985a!. The
following aseasonal life history pattern is proposed for fjordic
L. aereauis i a: �! co centration of 1 ~ veniles in the shall ~ s  <108 m!;
T2! moulting, mating and egg extrusion slightly deeper, although still
relatively shallow; �! downward migration anong incubating females
whi ie adult males tend ta remain in shallower water; �! hatching and
larval release at depth; �! post-spawning recovery in deep water; �!
eventual upward migration by females to moulting and mating grounds in
shallower fjordic depths to begin a new cycle. Parasitized male and
female L. aereais na a e p ob bly ca t ated and ge e ally behave si lid
to post-spawned females by congregating in deep water  Sloan 1985b!.
This could be for long periods as the parasites may remain with their
hosts, permanently sterilizing them  8ower and Sloan 1985!.
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Among the five Lithodes spp. for which there are data  see Sloan 1985 a!,
northeast Pacific L, couesi fram seamounts  Somerton 1981! and fjordic
L. aeveauis 1 a  gloan ~985a are sported to h ve continuo s, aseasonal
reproduction. Otto et al.   1985! p oposed that L. ~ae its ina f rm
continental slope and canyon habitats in the BerTng Sea and Aleutian
Islands have a protracted spawning period from at least February to
April and a variable length  to 2 years! reproductive cycle with a
differing seasonality according to area. Northwest Pacific populations
of L. ~ae uis ina appa ently de onst te seasonal spa ning in warm onths
 Hiramoto and Sato 1970; Rodin 1970!. Hirmnoto �985! has reviewed his
data and suggested "asynchronous spawning" with an "indistinct" seasonal
cycle; citing "prarninent periods" of mating, incubation and hatching.
Preliminary observations indicated spawning aggregations according to
season and depth, followed by segregation of incubating females from
males. My data do show a progressive increase in the proportion of
spawned-out females from cold to warm months, but whether this is an
appreciable level of synchrony requires further study. It is now
evident that the ep od ctive biology of L. ~aeu is i ~ a va les



according to locality and thus the question of seasonal versus aseasonal
reproductive characteristics must be assessed on a site-specific basis.

Female P. cmntschatica in the fjords demonstrated a seasona'lly-
SynChrOniZed reprOduCtiOn well knOwn fOr the SpeCieS elSewhere  HayeS
1983!, There is, however, insufficient data to desciibe any seasonal
migration in fjordic P. czzxtschatica. The presence of eyed-egg females
i ~ ea ly ma h suggests a st~sap 1-may spam ng as desc a 4 fo
Alaskan P. camtschatica  Hayes 1983!.

I thank S, C. Jewett for field assistance and advice, S, N. C, Robinson
aided with data analysis, and T. Koeneman kindly reviewed the
manuscript. G. S. Jamieson provided support throughout this work and
the Water Ouality Unit Of Field ServiceS BranCh, VanCOuver iS al SO
acknowledged.
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Following the discovery of king crabs in southern New Zealand waters
in 1960, identified by Yaldwyn and Dawson �970! as Lithodem murrayi
HenderSon, 1888, nOw known tO be a SOuthern Ci rcumpOTar specie~s, WO
other genera, Neolithodes and Paralomis, have been found with new
species recognfserreas . odtei fle s d raid y, i970 a d f. tea-
landica Dawson and YalTwynnT. In addition to extending the known
range of these three species within the New 2ealand region, other
records of king crabs have been made, notably a form indistinguishable,
at the present state of our knowledge, from the endemic Japanese Acan-
thplithuS hyStri x  de Haan, 1849!, and, only a tew dayS befOre t te
rnternatson~a y pos u, the recognition of the Jap ese tithodes
lon is lna Saks, 1971. The task ~ f p oper dent ficat f ttte e
ea an species has led us to re-examine all the known species of

Lithodes, Neoli thodes, and Paralomi s and, rather reluctantly, what was
~see to Seato y a p ttti Ile teal d sce e e panded itself
to a. world revision with new keys and redescripti ons for these three
genera.

Our work was not before time because since it began many new and excit-
ing discoveries of new species of king crabs or interesting extensions
of known ranges have been made, some of which are indicative of com-
mercial fishery potential in parts of the world where these crabs were
never suspected to exist. It 1s remarkable that whereas in the years
1758 to 1956, 56 speci es of Li thodidae had been described, since 1970
 when we began our study!, 22 new species have been added to tne family.
A new basis for theories of zoogeographic and evolutionary speculation
on the Lithodidae  perhaps based, as is now fashionable, on plate tec-
tonics! is now available, and it wi 1 1 be interesting to see how the
classic map given by Makarov �938! will be changed and whether the
alleged SignifiCanCe of LithpdeS aS a bipOlar element wi1! be modified.

The problems besetting the ki ng crab i ndustry of the Northern Hemi-
sphere, the crash of the Alaskan fishery, the tightening of the
traditional markets of Japan and the Soviet Union, and the interest in
deVelOping neW deeper water fiSherieS far SuCh SpeCies aS the Golden
ki g crab, tithodes aeguispina, ail i dic te the eed fo th p esent-
ati ~ f ~ e a~crag crab of th ld. f usi g attention.
particularly, on the potential offered by the Southern Hemisphere, its
species and stocks and possible entry into the world market.

Hence, we see a need to appreciate the extent of the king crab fauna
of the world, to be aware of what is not known of identity. distri-
bution and biology, to state again the questions that research should
attempt to answer for industry  as so succinctly put by Stevens in 1955
well before the Alaskan scene blossomed! ~ and, as a fi rst move, to be
able to identify the species of likely interest and record their
distribution and evaluate its significance. This is our pri mary con-
cern in our contribution to the International Symposium.

King crabs have been recogni sed and uti  ised coesaerci ally in Chile and
Argentina and, more recently, in Peru, for some years, South Africa
has made an initial attempt to exploit Li thodes, murrayi   see Mel vl 1 1 e-
Smith tgskl and geolithodes has also be~en no ed ~in st o ltl be com-
m cial eus tities; our h u 1 ala d species, geolithodes b adlai,
occurs in appreciable numbers off south-eastern AusSSra la and we save,
in New Zealand waters, at least three species of king crabs close in-
shore and in the deep south likely to be of coamiercial signirlcance.
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The French in the southern Indian Ocean, led by Dr Patrick Arnaud, have
already made notable assessments of the stocks of Lithodes murr ayi  see
Arnaud and Do-Chi 1977; Arnaud et al. 1976, and 'in press'!, ZTear1y,
the Southern Hemi sphere could hoT3 Vie key to the conti nuance of supply
of king crabs to the markets of the world hitherto dependent on the now
dwindling supply from the North Pacific.

Our taxonomic and distributional offering is only a preliminary attempt.
We have been handicapped, for example, by our lack of first-hand know-
ledge of the subfamily Hapalogastrinae, found only in the North Pacific,
about which we have written but never seen, We make an appeal, at this
stage, for the loan or gift of speci es for our Nationa! Coll ection .
It is appropriate to note here, also, that of the 79 species of Litho-
didae now known, most have not been illustrated sufficiently we	 for
easy taxonomic recognition, some never i 1 I ustrated at all, and for some
such as the best-known, the kamchatka, Alaskan, or Red king crab, Para-
lithodes camtschatica, apparently so well recognised coxanerci a!ly tTtat
~ aifeq ageeesc pt o of its o phologicat ua 1 tio h ~ s bee gi e

it is still possible for aberrant specimens to be described as new
species  see, for example, Navozov-Lavrov 1929: Paralithodes longi-
rostri s! and Mackay 1932: Parali thodes rostrofa!catusT.

The Lithodidae have been traditionally regarded as a Northern Hemi-
sphere family, evolving through the Hapalogastri nae, the sma! 1 subtidal
crabs well-known in Alaskan and Californian waters. Makarov �938!
postulated a theory of evolution and biogeography that has now become
well outmoded by more recent discoveries, and lithodids are now known
from nearly all regions of the world. Our annotated checklist of
speci es w! 1 1 serve as a summary of geographic and bathymetric distri-
butionn. It seems clear that as new parts of world seas are critically
explored and king crabs are recognised for what they are, further new
species and extensions of ranges of already known forms are to be
expected.

A Few Words of Caution

In uSing the key tO the speCieS Of LithpdeS SOme cauti On muSt be
obser ed lf only a si gle spe tm of an~un lithodid 1 liable.
Although some species apparently show little variation in morpho'logy
especially as adults, others may show a sufficiently great vari ation
in, for example, rostral characters, degree of fusion of abdominal
plates and spinulation of the carapace, to lead a user of our keys
along a false path. The philosophy that a total "feelw for a species,
so well postulated by Panti n �954!, also referred to by ornithologists
as "fizz", is a valid tool for the recognition of king crab species is
exceedingly difficult to work into the conventional taxonomic key, but
is, nevertheless, a realistic aid for those of us who have handled a
great variety of king crabs on a world-wide basi s.

Our key to the species of the type genus, Lithodes, is based on the
oboe etio th t 11 t o Lithodes ha e s ra epee g e the lifid
o trlfld 1 dorsal lew, .eeet a double spi e as the oo t ante 1
projection or a single spine set between two other spines may be sub-
equal or greater in length. However, variations on these patterns are
beau . The bifid rostr *f Llthades a~it a y, lly. b
found as a siagle spine altha ggge scca so y spine a e p t
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the usua'! characteristic form. The relative lengths of the rostral
spines of Lithodes ion is ina and L. turritus may vary and the pro-
ps ti ~ a1 tinctrnasses o t e shafts o~eac y 1 gi usoa1
impression.

Our colleague, Or Patrick Arnaud of Marseilles, who has handled several
thousand Lithodes ~murra i in his studies i n the southern .'ndi an Ocean,
has found tttaa pp b1 mmbe of d v duets ay ha ~ a y f the
following variations  using the nomenclature of our Figure 8, see also
Figure G! - R as a single spine wi th pre-A but lacking A or b, sing'  e
R with b but lacking A or pre-A; single R with A, pre-A with b; with
R spi~es of very unequal lengths; and "subtruncate and serrated in the
frontal area" with or without pre-A but with A and b  pers. comn. 30
Oct. 1982!.

Macpherson   1984! has recently described an alleged new species,
Li thodes unicorni s, from the Valdivi a Bank, SE Atlantic, characteri sed
~ya s nb~sea erior prodectro to 1ts ost m. b A d. h
thank for drawing our attention to this publication, convinced us, dur-
ingg a vi Sit on 2 February, that L . uniCOrni S iS a vari ant Of L. murrayi,
and we follow him in thi s for the purpose oT our key, Similarly~ere
is an apparent confusion about the alleged trifid rostrum of Lithodes
anamensis, and fu the cant an is needed u1th any 1'thodids a~ppear ng
riiT3 . Qe await the results of current correspondence with Ur E, del

Solar in elucidation of the apparently conflicting figures of this
Species which he has shown  del Solar 1974, 1981; cf. F axon 1895!.

A final word of caution is necessary in trying to distinguish, at the
level of detail given in our key, between Li thodes ion is ina and L.
t rtt s, ega ding the elative dev ~ 1 pmnt~ae o ~ a p ste io
csmiiac sp' ~ . th be of prominent do s 1 b a hi 1 spi es, a d
the relative lengths of posterior marginal spines. The exciting
identification of large numbers of L, 'iongispina in south-east Aust-
ralian waters, made by one of us during ~av.s To Sydney following the
International Symposium, indicates the need for a definition of clear
di stingui shing f eatures of king crabs 1 i ke1y to be of c onsnerc i al
interest. Me, therei'ore, urge users of our keys to go to the original
deSCriptiOnS Of any speCieS abOut WhiCh they fee1 Some uncertainty.
Our hope is that users of these illustrated keys will offer us their
constructive criticism so that a definitive edition, more comprehen-
sively illustrated and annotated, can be issued for wider circulation.
Accordingly, this preliminary version is offered as a working document
capable of considerable refinement and modification.

A resume of the systematic posi ti on of the Li thodidae is as follows;

Class CRUSTACEA
Subc'lass Malacostraca
Superorder Eucarida
Order Oecapoda
Suborder Reptantia
Section Anomura
Superfami'ly Paguridea
Family Lithodidae

King crabs  or stone crabs! forfgging the family Lithodidae are grouped
with the hermit crabs  Paguridae! in the superfamily Paguridea included
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wi th the squat-lobsters  Gal athei dea!, mole crabs  Hi ppi dea !, and the
burrowing mud shrirps  Thalassinidea! in the Anomura, a niajor div~sion
of the decapod Crustacea contrasting with the true crabs  Brachyura!
and the true shrimps  Macrura!. The "stone crab" or North American
1i terature is ~Meni e mercenari a, a true crab   Brachyur a : S anthidae!.

Consider i ng the various features whi ch serve to distinguish each of
these groups, li thodi d crabs can be readi!y recognised by the following
combinatien Of CharaCterS;

 a! unlike most decapods, there appears to be only four pairs of legs
 One pair Of Cheli pedS and three pai rS Of Walking legs!; haweVer,
a 5th pair of reduced, weakly chel ate 1 egs   4th walking legs! is
tucked into the gill chambers,

 b! the carapace is f1attened, crab-like and more or less triangu'lar;

 C! the abdOmen iS bent fOrward beneath the Carapaoe, nOt StrOngly
calcified, symmetrical in males, asyssnetrical in females, curvi ng
to the right;

 d ! additionally, the third pair of legs i s never che late and the
antennal flagell a are well developed .

The illustrations on which our keys are based have been taken from a
variety of published sources which wi 1 1 be detai 1 ed in our later
definitive versions. In particular, we acknowledge the fine work of
N. Kondakov, the artist of Makarov's 1938 monograph. Figures have also
been adapted from such pub'lications as Henderson's "Challenger" report
�888!, BOuVier'S analytiCal Summary �894!, Faxen'S "AlbatrOSS" repart
�895!, Sakai's works on Japanese crabs �971, 1976, 1980!, and Haig's
�974! work on Peruvian li thodids. Figure 45 in the generic key is of
Paralomis truncatis inosa specially drawn from the original photogr aph
OOTaaae a ya e ! by Mr N.R . Nebber, Nati Onal Muaeum Of New
Zealand, who also drew the figures of Lithodes nintokuae  figs 4, 6. 8,
of species key! for a forthcoming contrHe~on Tn~ac Tc Science.
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"~postsc I t'

A letter from Or Enrique del Solar of Lima, Peru, dated 15 May 1985,
rece1 ved after this manuscri pt was submitted, 1 nf orms us that the
coloured illustration of the side view of the rostrum of a juvenile
L thod me 's FaxOn given by h1m in 1974 is an incorrect repre-

y rt1st in that the most forwardly-projecting part of
the rostrum is shown as a single spine. He assures us that at every
stage of its growth  as illustrated in the figures on pages 7 and 9 of
his 1981 paper !, L. anamensis shows a b1fid rostrum. We thank Or del
Solar for h1s va u cormae~n s on this problem. !t seems, then, that
Faxon's �895 : Plate X, Figs 1, la, lb! apparently trifid rostrum  see
also Fig. 25 of our species key! may be of a dmaaged or otherwise aber-
rant specimen. However, Ha1g's �974; '153! specimen from Peru is
descr1bed as having a rostrum with a median and two lateral spines as
in the holotype of ~L. anamensis. We repeat, therefore, the caution
necessary in examining any spe~c aens of a Lithodes which appears to have
a trifid rost wm o ' ~ which thn mst foraarav-p eject' d pa t f the
rostrum seems to be a single spine. Consideration must therefore be
given to the sum of all the other features used in the identification
of the Lithodidae  carapace spinulation, abdominal plates, scaphocerite,
etc.! in trying to determine the identity of any specimen seemingly
aberrant in rostral features.
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hpjrendts 1: genera and lpecles of lithodidae

 Type speci es indicated 9'!
Genera arranged in alphabetiCal Order; SpeCi eS li Sted ChrOnal Ogi Cally� .

~ Family LITHODIDAE
Subfamily Lithodinae

l. ACAMTHOLITHUS Stimpson, 1858

*A. hystrix  de Haan, 1849!: Japan; shallow water and  ?!
Mew ~eaTarr; deep water [also regarded as in Paralomi s]

CRYPTOLITHODES Brandt, 1848

*C. typi cus Brandt, 1848: Aleutian Is to northern California;
s!jal~ow wa er

C. sitchensis Brandt, 1853: southern Alaska to southern Cali-
rorhna; ~ a low water !low i tertldal to at least 15 !
C. ex ansus Miers, 1879; northern Japan, Korea;
sSja ow water

3. GLYPTHOLITHODES Faxon, 1895

*G. cri stati es  Faxon, 1893!: Peru, Chile;
deep wa er

LITHODES Latreille, 1806
Linc!. Pseudoli thodes of Birshtein B Yinogradov, 1972!
*L, maia Linnaeus, 1758: Mewfoundland to Spitzbergen ?!, incl.
U.7.; shallow to deep water

L. antarcti cus Jacquinot, 1853: sbuthernmost S. America;
spa~mr a e lncl. p, cenkevitschl Bi shtein 5 vi og ado, 19!tj
L. ferox A. Milne Edwards, 1883: Nest Africa;
Veep waKer

L. trio icalis A. Milne Edwards, 1883: Nest Africa;
Veep waEer

L. murrayi Henderson, 1888: Southern Ocean, circumpolar  inc!.
Rew~e~a and and Chile!, shallow and deep water  ;inc1. P, ~ri-
formis Birshtein A Yinogradov, 1972 and L. uniaod is Macpherson,
T%RT

L. turritus Ortmann, 1892: Japan;
ree~pwa e

L. anamensis Faxon, 1893: Bga California, Panama to Peru;
Veep wa er

L. ae uis ina Benedict, 1895; Japan to British columbia
Veep wa er

Total: 16 genera, 78 species   largest is Para! omi s «1 th 30 species and
Li thodes with 12; also to be included :T~eo 'TK!jodes n.sp . Dawson and
paanpn nanesc ipt! .
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P. plautus  Brandt, 1850!: Japan Sea to Al aska;
sha ~ow w~aer

P. californiensis  Benedict, 1895!: southern California;
Ze ~na
P. multis ina  Benedict, 1895!; British Columbia;
deep wa er

P. rathbuni  Benedict, 1895!: southern California;
Te ~na e

PARALDMIS white, 1849
[incl, ~te toiitnodea Benedict, id95 and ~oriato oa Benedict, 1895]
P. granulosa  Jacquinot, 1852!: southern S. America incl. Falk-
TanfTs [HaTvinas]; shallow water [incl. P. verrucose  Dana,
1852!]

«P. aculeata Henderson, 1888: Crozet and P~ince Edward Islands;
teen~we ar

P, formosa Henderson, 1888: southwest Atlantic;
<fee~pwa er

P. aspera Faxon, 1893: Panama to Peru;
Teep~wa er
P. !on~ipes Faxon, 1893: Columbia to Peru, and off San Diego;
Keep ~wa er
P. nmltis~ina  Benedict, l895!: Japan to Gulf of California;
Keep wMaer
P. ~a i  llata  Benedict, 1895!: Baja California to Peru;
Keep w~aer
P. verrilli  Benedict, 1895!: Japan to Baja California;
ilee~pwa er

P. indica Alcock 8 Anderson, 1899: south-eastern Arabian Sea;
Zee~pwa er

P. investi atoris Alcock L Anderson, 1899: south-eastern Arabian
Sea; eep wa er

P. bouvieri Hansen, 1908: north-east Atlantic;
Kee~p~a e
P. s ectabilis Hansen, 1908: North Atlantic and circum-
! ntarc c; eep water

P. dofleini Balss, 1911: Japan;
ada~a» an deep water

P ~ Japonica Bal ss, 1911; Japan [Sagami Bay only];
shaTTow waTer

P. cubensis Chace, 1939: west Indies;
Tee~pea er

P. zealandica Dawson S Yaldv yn, 1971: south and central eastern
raw Teen an; deed water
P. 1on!Lidactyla Birshtein B Yinogradov, 1972: South Atlantic,
of~ruguey~epth unrecorded

P. s inosissima Birshtein A Ytnogradov, l972: South Georgia
Keep wa er
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P. inca Haig, 1974: Peru;
Keep water
P. medi acifica Takeda, 1974: western Central Pacific;
deep wa er

P. haigae Eldredge, 1976; Guam;
dee~pwa er

P. sea ranti Eldredge, 1976: Guam;
deep wa er

P. acifica Sakai, 1978: north-western Central Pacific;
deep wa er

P, cristata Takeda 6 Ohta, 1979: Japan;
Res~pea er  so ~Lo ho!ishodes fide pawsa a 1 1dwys!
P, ChilenSiS Andrade, 1980: Central Chile tO Peru;
radome 2 ~ c1. p. ~as e a of da1 solar, 1pyp, ip81; a d Hei g
1974!

p. hyss 1 sides sahai, 188 ~: Japan;
Keep water

deep water

P. roeleveldae Kensley, 1981. east coast
iles~pea e

P. africana Macpherson, 1982. south-east
!fee~pea er

P. shinkaimaruae Takeda 6 Hatanaka, 1984:
res~pea er

East China Sea;

South Africa;

Atlantic off Namibia;

south-west Atlantic;

PHYLLOLITHODES Brendt, 1848
[inc!. Petaloceras white, 1856]

«P. gapillosus Brendt, 1848; Aleutian Is to California;
intert aT and shallow water

10. RHINOLITHODES Brendt, 1848

I 1 . SCULPTOLI THODES Makarov, 1934

*S. ~der ugini Makarov, 1934: northern Sea of Japan;
saba!Tow w~aer

Subf ami ly Hapa'I og astrinae

ACANTHOLITHOOES Holmes, 1895

*A. his idus  Stimpson, 1860!: Alaska to southern California;
seal ow wa er

DERMATURUS Brandt, 1850

«D. mandtii Brendt, 1850: northern Sea of Japan to southern
ATasVaas allow ~ater
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R, bise ensi s Milne Edwards 6 Bouvier, 1900: eastern Atlantic,
Keep wa er

*R. wosnessenskii Brandt, 1848: AlaSka to California;
s!is! 'fosse



3. HAPALOGASTER Brandt, 1850

H. dentata  de Haan, 1850!: Sea of Japan;
scrattow nate

H. mertensii Brandt, 1850; Aleutian Is to washington;
stiallo» «ate

H. grebnitakii SChalfeev, 1852: nOrthern Sea Of Japan tO
northern i aTPornia; shallow water

H. CaViCauda StimpSOn, 1878: WaShingtOn and nOrthern Califernia
and T%xX>co 'one ecord!; snaiiow water Iintertidai to t least
15 m!

4. OEDIGHATHUS Benedict, 1895

*O.inermis  Stimpson, 1860!: Korea and Japan to California;
sKaTIow water  intertidal!  .i ncl. O. ~i 	1 Benedict, 1895:
Alaska]

PLACETROH Schal feev, 1892
[inst. ~te eo ws eenedict, teeej

*P. wosnessenskii Schalfeev, 1892: Aleutian  s to washington;
interri al~an &allow ~ater

P, forci atus  Benedict, 1895!: British Co'lumbia;
sSia ow wa er  ,sometimes regarded as synonymous wi th the previ ous
species]
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Append/x II: Synonyms and Names in the Lithodidae

A. Genera

Acantholi thodes Holmes, 1895 = Oermaturus Brandt, 1850
bons, 1855 = LopKopt odes Brendt, 1848

Vctimace us lihite. Itio . 141 IEIE = Cuppvollthodes 8 a dt. IJ e 2LI 1848

A-T'-t~eppes e dict, 1896 = Pl scat o !'c+alyee . IES"
e OkthOdes SenedEct, !895 =clara!omis White, 1849
eta eccl as hite, 1866 = PhyII&o ~st o es li dt, 18411

rrrs opus lenedict, i895 c~sreeeomis vte, 1849
~se e t odes pi sht I ~ I ~og o , 1972 = Lirhodes Lat. e lie, Is96

8. Species

Cancer s i nosus Ascani us, 1776 = Li thodes maia Li nnaeus, 1758
ryp o o es alta-fi ssura Sate, RK~~ C~s tchensi s Bg andi, 1853

E ghci'flioEes a~os le s. 1879 = t. trances Era di.. 11148
Aenor Enus setvmanus Wibbons, 1855 = LoppvoTi~oes mandtii Brendt, 1848
EcCI nocerus ~va sus ilhite, INo . i4] IEIE:-~~oo Iggoues dt

Erran t, TJune 29] 1848
~ua alogaster brandtii Sch If, 1892 = ~nd' athus i e is 1st pso,

~88U7
L~e e~p uS forcipatuS BenediCt, 1895 prObably = PlaCetrpn WOSneSSenSkii

Lithodes arctica Lamarck, 1818 = L, maia Linnaeus, 1758
~L1tho es goodei genedicf., 1895 = lleolithodes griaaldii inilne d ~ rds I

ouvier, 1894!
Li thpdeS SpinOSi SSinvuS Brandt, 1848 = Parals thOdeS canitschati ca

~es us, 1815!
Lithodes unicornis hlacpherson. 1984 probably = L. murr~ai Henderson,

llama
Naia vul gris Bose, 1802 = Lithodes maia Linnaeus, 1758
UeeTgna us gilli Benedict, ll	75 = 0 . lnermis  stimpson, !860!
FaraTRKOWeS~OngirOStri S Navozbv-LavrnvVE9 = Li thpdeS aequ i SIIina

Bene7>cM TH5
Paralithodes rostrofalcatus Nackay, 1932 = P, camtschatica 2Tilesius,

1 8151
Paralomis verrucose  Dana, 1852! = P. qranulosa  Jacquinot, 1852!
Essence aisse ~ us uhite, 1856 = physio alludes pupil lusus 8 andt,

IIPIE
Phyllolithodes bicornis Bate, 1866 = P. papillosus Brandt, 1848
psauiyopvcges caeev Vsch' 8' shte' 8 V og acaov, 1972 = L'thodes

~an a~orcus~econ' ot, i853
Pseudolithovnns yvs penis girshtein 4 Vinogradov, 1972 - Lithodes

~murr » en erson, 1888

Uernacu!ar Names

Aburagani Parali thodes platypus
Ahoy a-tarabaganvgaraligliales ~lacy us

Alaska  ~ I king crab I = Paralithodes cuatschatica

Ao-tarabagani - Paral i thodes gl atypus
Blue king crab =!saraaaoE!es pMa~yus
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'lational Marine Fisheries "t'aiiual of Crab 5amoling" �97" ! wh:re code
«1 enualS "SOft Shell," a. iS a new Shell, 1!3 iS an Ol ' Shell, an!i rl4
iS a Skip rclt  Very Olo Shell!. Ei!9 COnditiO, and clutch sizi Wire
noteo for nvioerous specfmens. Specirrens sacrificed fnr analysis were
dissected onboarc as t irie allowed or f'rozen fi;r later pr ocessi no .
5mall egg and ovary ;amples were fixed in 1'ouin's solution anri later
transferred to 70Ã ethano I. The reaiainino eggs, ovary, aiirf nudy ware
dried to constant weight in diyinr ovens at 50 C,

Egg samples weYe txainined ur der o dissect inn sci pi
deVelOpment. COripared tO tiie StageS i 1 luStrated far
camtschatica in Marukavii �933!. ovary samples were
Paraplast and sectioned cr, a mfcrotome !ising stardard
techniaues  preece 1965!. Sections were cut at 6 .im, ,=,nc!
WeigertS bematOxyliri and eOSin Y.

ann their
Para1ithodes
nmt edded in
riistoloqical
stained w'1th

Qva diameters were neasured usinr; an ocuf~r micrometer or a rompound
microscope at 1 ¹ macnification; only the largest ard roun<est nva
were measurerl and the averaoe diamet.er cafculated. The nonosomatic  GS!
index, expression ovary weight as a pe! cent aoe of ' he total body
weight, was calculated by di vi d ir 9 the dried ovary wei rht oy the total
dried body weight and multiplying by 100.

Results

May 1983

m liow agfaa
~ r eyed afafaa
a Sammla without afaga

x ~ ~ ~ lo ix 'l4 i' i ~
yonoaoinmtlo Index

Fig. 1. Surmiary of reproductfve information for female Paraffthodes

p!a~t us; May. 1983
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Of b4 female blue kfnrZ Crab were COlleCted rn he hay CruiSe;
35 specimens  includino 14 of 15 oviqerous females! were

for study. 0f the 15 ovfgerous specir',ens, 12 bad newly
eggS and Clean, new She11S  Shell 2!; the tnree remaining

arried efther eyed oi hatching eoqs and had fairly ol shells
!. A11 non-ovioerous adult fema'les were shell 3 or 4 and had
cases.



Fig. 2. Eqg from a new shell female blue king crab taken in Hay, 19H3,
showing initial invagination. INV-invaqination

Fig. 3. Egg from a new shell female blue king crab taken in May, 1983;

cephalic lobes beginning to appear. CL-cephalic lobes; INV-

invagination
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Fig. 4. Section of ovary from a female blue king crab taken in May of

1383 and carrying a newly extruded egg mass. Only irwiature and

degenerating ova and connective tissue remain, DO -degenerating

ova; IO-immature ova; Y-yolk

Fig. 5, Section of developing ovary from fernale blue king crab caught

in May of 1983 and carrying eyed eggs, IO-immature ova; Y-

yo'l k
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Fiq. 6. Eqg from a female blue king crab caught in Avqust of 1983,

showing embryo with prominent eyestalks anri antennae. ES-

eyestalk; ANT-antenna

Fig. 7. Egg from a female blue kinq crab taken in Auqust, 1983, Lame

embryo with well-developed telson. ES-eyestalk; T-toison; MXP-

maxi'iliped



Thc data froir the f'ay crabs is surrmarized in Fioure l. uvigeraus
females with newly extruded egns hari ver y thin, white ovaries, tfe 05
index for these anirials averageo 0.9'X  s.d.= O.ax!, vihi le those with
eyed rags had sr,all pink ovaries with G5 index values of 4.1:  s.d.=
1.67!. The rexiairiing cateacry with ola shells and erripty ega cases
averaged 3.7'X  s,d.= l.gX!, whi fe a sin«le specimen in nre-molt
candit,ian had a va1ue of 12.fyi,

Examination af eggs from new shell females revealed several stages af
early development, fror. !nvagination  Fiqure 2! to the appear ance of
twa cephalic lobes  i.iqure 3!. Eyed eqiis were fully <!eveloped and
some were in the process of hatching.

fiistalogical examination of the ovaries revealed that crabs vrith new
egqs had only irvrature and fragmented, degeneratin<, ova rer ai ~ inq
 Figure 4!, with a rreari riiameter of 246 uri  s.d.= 32 um!. Those
with eyed eggs had developing ova with some yofk  Figure 5!, and
were 300-450 um  X =388 s.d.= 72! in diameter. Ova of old shell crabs
with empty eog cases were generally hetween 300 ancf 500 um � =444
s.d.= 76!, also with yoli<, The sincla pre-molt specimen had larqa,
yolk-filled ova averaqincr over 800 um in diameter.

Aur,ust 1883

Only 30 adult fer ale blue kin« viere captured on the August cruise. 0f
these, afl five ovigeraus specimens and 17 nthers were dissecteri for
Study. Those kith eqgs had clean, fairly new shellS and were
catagarized as shell 2; the remainina specimens all harl old shells
 shell 3! ann carried erpty eng cases  Table 1!.

~ D<i

s <xi

Fig, 8. 5unimary of reproducti ve information for Auqust, 1983.

The GS index far the 5 ovigerous specimens averaged 2.7X  s.d.= 1.67%!
compared to 9.0X  s.d.= 2.77/! far the non-oviaerous females, Eg<
development varied fram embryos with well develooed cephalic lobes and
antennae  Figure 5! to large embryos with a fully developed tefson
 Figure 6!. Ova diameters in the nonovigerous August specimens variecf
from 600-800 ur.i  X =682 s.ri.= 55.6!, while those of the ovigerous
iema1es were 400-600 urr,  X f 487 s.d.= 79!  Figure 8!. Ovaries of
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Fiq. 9. Section from a developinq female blue kinq crab ovary showing
larqe, well-developed ova wit.h vol k and small, nan-vittelogenic
ova. TO- hnmature ova; Y-yolk

Fiq. 10, Example af a larqc, fully developed ovary fram a blue kino

crab. Auqust, 1983.
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Table 1. Egg condition and qonosomatic Indices for gribilof Is and

blue king CraI3

10 15 30 35 30
panoeognetic Indea

~ ne'w eppe
gi eyed epge

Fig. 11. Summary of reproduct ve inforinatiOn far feq ale .'ue k iig crab;
Apri I, 1984
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both types werc composed of 1«rge, developino ova wit i yo! r and
irrmrature, non-developlna ova  Figures 9, 10!.

april 1984

April sampling netted a total of 123 female crabs rar ging r oir ,',.-145
rrm.; 28 specimens were di ssectec . Of 1 10 ovi gerorrs « pec imr os, ! r had
new shells and newly extruiled egg masses and 53 were old shell ano
carried eyed eggs. Only one specimen had er.ntv icc cases.
Examination of the ovaries of speciinens carryinq eyed eqqs revealed two
separate groups, composed of specimens with sma	 ovaries and cthers
With large, well deVeluped OVarieS. SpeCirierrS «1th por!r'y CeVelOpeC
ovaries tended to be laror!r  X= 124.9 s.d.= 9.7 rrrr! with a mear
gonosomatic index of 3.5  s.d.= 0.9,'; ova diameters aver a«ied 466 urr
 s.d.=59!. The other cateqory, comprising only 0% of oviqerous ferrales
caught, had large ovaries �5 index 10.0 s.d,= 2,2; X :va diameter 766
um s,d.=40,9! and were in a premolt condition; these wer» genorally
smal!er specimens  x = 111,9 «..d.= 10,7 rrrrr!  Figure 11!,

Discussion

HiStO!ogiCal examinatic ~ of ovaries taken from female blue rrin<j c ab in
slay and August of 1983 and in Apr il, 1984 revealed two distinct staaes
of reproduct i ve growth for each sampling peri od . The or esence of two
radically different stages woiild be expected in a species with bierinia'1
reproduction because a 1 1 individuals wi 1 1 not reproduce in the same
year; conseouently, at ariy time one would find twc diff. rent
reproductive stages separated by one year . The differences ohser ved in
the histological examinations were correlated wi th shell condition, eog
condition, and the gonosomatir index to give the following scunari! ror
oogenesis.

Table 2. Timing of reproductive events over a two year er'i«id fnr
large female blue king crab in the Pribilof Islarid.,

Oogenesis

FemaleS taken iri hay With neW Shel!S «nd newly extruded egg ir«SSeS had
thin, wh ite ovar res wh ich comprised only 1% of their total bod y we i oht.
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Tlese ovaries consist»<<
ce 11s, immature ova and
rer,ain intact, possibly
underoone vitelloaenesih
were reabsorbed.

orinari1y of connectivi- Irssue, accessory
deaerierating cva. Irnmti.iir< ov««pl!aired ta
f<!r SubSequent. year,, wiii1< .IiaS< trtat »ad

bur. <'.id not r each fu ' s izc oeqenei «ted and

Ry August, the ovaries of ovioerous fr males Iiao r< fiched i',; of the
tata I weight an<i werr brawn or pink in color; »e < v! wert nearly
500 «n in diameter anti Cunta incr! yalk. 3I Apr i1 ui the <. I luis<rig year,
the egqs were eyed ana hatching but the ovary had incr»as»d v»~y little
in size over th» <inter, compasina only 3.6-4X if rne hod'y weiaht,
These animals were at the sane staqe ir, the reproductive r vcse as those
with eyed eags or e<frp ty egg c ases c«ugnt the prev nus " iy, ' s fal 1
and winter are reported to be periods of reducer' feedii<i a<.tivity in
Paralithodes camtschatic«  I »der and Jewett, 1980 i; il. s likely that
tttssaspsspe ~ f f df dt t ts I d d fg thi
for P. I!laths.

The old shell females with enpty egg cases taken iri August ri presented
the next staae of this cycl». The ova were 1arai �0' ur !,ind yolk-
fi11ed, and the ovary purpl<. in color and 10% or niore oi the total dry
weiaht. Aaain, gonadal growth remained relatively dormant through the
winter until the aninal riolted and extruded e<igs tne fa11awiiig spr i»a,
as the mean ova diameter of specimens about tn extriirle eqas was 766 <rm.

Er«bryonic deve1opirient

Hased on histo 1 ogica I evidence and shell con<lit inn, only r.ne of the
specimens collected in 1983 showed any sign of pos.,ibly reproducing two
years in a row. However, relatively few saia11, reproductiv»1y active
females were caught in 1983. In April of 1984 nearly a11 small females
bearing eyed eggs had large uvaries and were clearly ready t<t molt and
reprOduCe again. The mean CarapaCe 'Ienqth Of theSe SpeCimenS waS 111.9
mm compared to 124,9 mm for those with eyed eags and <>ndeveloped
ovaries. This Is consistent with the findings of Otto et a'. �979!
whO repOrted that 10 1- 1 10 mm crab reprOduced anrgua I I V and hienn i a I
reproduction started with 111-115 mm females.

It iS apparent that bienn I«1 r eprOduCtiOn in larqe female rilue king
crab is due to an inability to produce a fully developed ovary in one
year. Why they are unable ta da this is not clear, ,irge ovigerous
female red King crab  X=149 riim c.l.! from the same area in Apiil, 1984,
had large ovaries and <!ere in a pre-molt conditianl t,hus, reduced
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New, purple egg masses examined in I;ay 1983 were in vai ious staqes of
early development, from invagination to the appearance cf tw<> cephalic
lobes. uy August we11 deve.loped embr yos with eyestalks and antennae
were visible; the laraer ones had a well developed telsori. The rate of
development tnroughout the summer is approxinately the sam< «s that
descr i bed by hlar uk awa   1933! r or P . camtschatsca, thus, t.hii 19 month

ig pe ~ t*' p pp desist~i t ppf hi t
Pribilof Island r.lue king crab. Bather, ii appears that egg
development of blue king crab falIows the sane sc-hedulc. as that for
red: extrusion in the spring about 1 ate Apri 1 lo mid 'l«y; fgatch the
following spring in April, The timing of these events and the
relationship to ovarian development and shell conditior <iver « two year
peri od are summarized in I able 2 .



feeding activity due to cold water tetnperatures see!!s:!:;!! ikely
explanation.

It has been not,ed that many bienniallv reproducf!!! species have
additional energy expenditures, such as breeding migrations n! egg
troodino, which may make rregu 1 ar ur btunn ! a ! -t I.r udt at!or!
advantageous  Bull arid Shine lgyg!. Althouqh we foui<! nc evidence of
extensive miqrations in female blue !sing crabs, tt!is thnorv cannt t b!
fully discounted.

Ovarian growth of cgg bearing females throughtut ii!o sut!met was
somewhat 1ess than i' those without eggs, increaSinq ar ave~woe ot r.ay
of the total body weiuht compared to an increase ct 6",. for non-
ov i gerous spec imens . It is poss ib I! that the presence ot an can clutch
!nay physically ot behavioral'!y inhibit feeding aCtivity, res ~ ltinq in
reduced growth,

Support for this project was provided by tne Outer   untinental ', helf
Environmental Assessment Program !,'contract no, B3-ABC-00066!. we would
also 1ike to thank Janet Armstrong, Rae Baxter, Ross Black, Pau1
Dinnel, Raul Palacios, Virqinia Phalen, David Somerton, and the
officers and crew of the MlLLER FREEMAN.
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Observations on the reproductive
biology of golden king crab  Lithodes

aequispina! in the Bering Sea and
Aleutian Islands

Robert S, Otto atMI Peter A.
Cummiskey
National Marine Fisheries Service

Kodiak, Alaska, USA

Abstract

Detailed research on golden king crab bioloqy begar. in 1981 fn response
to the growing contribution of this species to western Alaskan king
crab landings, lkfuch of the data described were collected through
cooperation with f' he fishing industry. Avaflable information on the
size at maturity and the tim'nq of spawning are presented. Results
show that: 1! spawning occurs over a protracted per'od extanding at
least from February to August, 2! there fs an appgeciab e lag time
between hatching and extrusion of a subsequent c'Iutch of eggs, 3! there
are differences in reproductive biology of crab from closely adJacent
areas, and 4! the biotic potentia 1 of golden king crab is considerably
less than that of Paralithodes spp. Results are discussed ln the light
of their management consequences.

Introduction

The golden king crab   Lithodes ~ae uris ina ! is a large 1 i thod id crab
g . ~ ally fo d '. dapth~2gtl to fflfll 1 th o th 2 fi f
British Lolumbfa to Japan  8utler and Hart 1962, Suzukf and 3awanda
1978!. Prior to 1981, there were small localized fisherig's <or this
species in southeastern Alaska and fn Japan. Golden king crab were
also taken incidentally fn fisheries for red king crab  Paralithodes
camtschatica! and blue king crab  P. plat~us! that provided the
~mo ity of Ala k ki g t ah ia di ga. ~II tli tP d at' d 11
abundance of the latter two species, golden king crab flsherfes in
western Alaska developed rapidly  Table 1!. Over the past three
fishing seasons, golden king crab have provided 37.8 percent of
landings, as opposed to 3.6 percent for the years 1915 to 1984. Prior
to the advent of directed fisheries, there was little biological
research on golden king crab and none in the Bering Sea-Aleutian
Islands areas.
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Table 1. RepOrted CatcheS Ot VariauS king crabs from tne Easter r
Bering Sea and Aleutian Islands, 1975-1984  rreir ic i ons!'

Pishi S P. Ca tschatics P ~t ~ t u C. ~ups 1 ~ 1 t 1
Season Weight Weight S Wntght " iie1ght

1978-79 44,160

1979-80 57,302

7,992,! 3,801

952 2

0 0,6

4.7 10 O.C

1981-82 19,573

2,6471982-83

1983-84 a 1,062

7,198

TOTAL 294,954 85.2 38,701 11.2 12,513 3.6 346,168

~Adapted from Alaska Department of Fiah and Game   1984!; accuracy to
the nearest ton and 0. I percent; percentages may not tota 1 to 100 due
to rounding.
Seasons generally sta rt in the fa 1 1 and frequently conti nue i nto early
sprtng.

sFisheries for P. camtschati ca we re closed in Bristol Bay and Outch
Harbor during the lIF!T~4 season due to extremely low stock aounda nce .

4prelimi nary data.

In 1981, the National Marine Fisheries Service  NMFS! began research on
the biology of golden king crab in wester n Alaska . Most da ta were
collected during traw! surveys and by placinq bio!ogists aboard
COrmaerCial fiShing veSSels 1n widely Separated !oCalitieS  Fig. 1!.
Data consi sted of standa rd mor phometric measurements, observations of
embryo development, geographic distribution and relative abundance.
Ovaries and clutches of developing embryos  external eggs! were also
collected. Somerton and Otto  in press! presented the findings of
research conducted from 1981 to 1983. In the present report we provide
a preliminary analysis of data collected during 1984 from the Aleutian
Islands.
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1975-76 30,684 96.5 1,104 3.5 11 0.0

1976-77 33,620 91.8 2,999 8.2 1 0. 

1977-78 34,066 90.7 3,474 9.2 2! O.C

1980-81 69,187 93.1 5,076 6.8 27 O.C

74,0 6,269 23. 7 598 ? . 3

20.6 6,010 46. 7 4,201 32. 7

9.4 5,307 46.9 4,945 43, 7

1984-854 2,653 36.9 1,846 25.6 2,699 37.5

31,799

36,620

37,561

47,961

60,1?7

'4,?90

26 >440

12,858

! 1,314
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Fig. 1 Localities where golden king crab have been collected during
MMFS research, Vessels were: F/V Valiant  V!, R/V Mi"lier Freeman
 F!, F/V American Eagle  A!, F/V Mo~rning tar  H! and F/V Starlite
 S!, Results from the F/V Starlite  June 10 to July 10, 1984! are
reported here and other col! ections by Somerton and Otto  in
press!.

Materials and Methods

Catches were sorted by species and sex before individual crab were
measured   Fig, 2 ! . The presence of snai lfi sh   c clo teridae ! eggs in
branChial ChamberS and rhiZOcephalanS  BriarOSaCCuS CallOSSuS attaChed
t the remtra1 s face of the assama~mes a so ~aot . MaIas e a
tagged with vinyl tubing threaded between the carapace and oirst
abdominal somite  Gray 1965!. Females were categorized according to
the appearance of their pleopods or attached embryos: stage 1
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A commercial crab-fishing vessel �6 m! was chartered during June and
July  June IO to July 10! for the purpose of tagging golden king crab.
During the course of the taggi ng operati ons we were able to make
observations on the reproductive biology of golden king crab from
BOwarS Ridge, Petrel Bank and near Seguam ISland  Seguam PaSS!. Crabs
were captured in steel -framed king crab pots � . 1 x 2 . I x 0 . 9 m ! with
S.O cm  bar roeasure! tarred nylon mesh. Pots were fished at depths
ranging from 150 to 7OD m, Pots were set in Qstrinas" nf ten each with
spacing of about 0.3 km between pots. Depths were recorded at the
center of each string.



 immature, clean setae!, stage 2  new eggs, yeliow-orange with no
discernible eye pigmentation!, stage 3 !new-eyed eggs, embryos with
crescent-shaped eye pigmentation but no other discernib'le development!,
stage 4  more advanced embryrs ! and stage 5   egg remnar t. and fun i cali
attached to p'leopods!. >lasses of eggs were considered complete  " full
clutch" ! if all pleapods were covered and there was no evidence of
hatching. Full clutches were collected from selected stage I and s tage
4 females. Whole ovar es were collected from females in each stage.
special collection of ovaries was made fram females when hatching
larvae were observed. Selection nf samples was designed tn spread
collections of ovaries and clutches over the range of carapace lengths
enCOuntered fOr femaleS in eaCh Stage. Fu11 ClutCheS and nvarieS Were
preserved in 1 0 percen t formalin-sea water for 1 ater examination .

P f I

Fig. 2 Horphometric measurements  mm! taken during the sunmer of 1984
from golden king crab from Bowers Ridge, Petrel Bank and Seguam
Pass.

Laboratory examination of preserved samples consisted of measur ing egg
diameters �,01 nvn, average length and width!, weighing avaries �.I
mg! and estimating the number of eggs in each clutch. All measurements
were made with an ocular micrometer and binocular dissecting microscope
at 10 magnifications. Clutches were rinsed in xylene and air-dried to
separate individua 1 eggs, 0ried clutches were then hand picked to
remove portions of pleopods and setae . Individual dry embryo weights
were estimated as the average derived from two counted and weighed
samples of eggs from each clutch. We determined the number of eggs by
dividing the total clutch weight by the average egg weight for each
clutch.

Results and Discussion

Length-frequency data  Fig. 3! showed that the size of females was
similar between collections from Bowers Ridge and Seguam Pass, but that
males reached larger sizes at Seguam Pass, Females fram Petrel Bank
were of similar sizes to those af Bowers Ridge but too few males   15!
were collected from Petrel Bank to judge relative size. We did not
analyze size frequency data statistically because 1 >mi ted grounds were
covered in each area and depths that were fished differed considerably
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527 e'~, 1,411 Sv!.
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 see below!. S'Loan �985! has shown that male and femare king crab are
stratified by depth according to their life stage ann, hence, size.
The larger size of males in the Seguam Pass area is, however, consis-
tent with rep< r ts from numerous fishermen. The large modal groups of
females observed in all areas is probably related to diminished growth
associated with the onset of sexua I maturity and subsequent accumul a-
tion of several year-classes of females in a narrow size range . A
similar pattern of growth occurs in red king crab  Weber 196 7 ! .

Size at maturity was determined from the relationship between size and
the proportion of mature fema'ies  ovigerous or stage 5! and from
allometry i ~ the relationship of chela height to carapace length in
males. We considered the female size at maturity to be the '.ength at
which 50 percent were mature, while that of males was determined from
the intersection point of lines characterizing the +wo phases of growth
in the right cheliped. Analytical methods were those of Sonm rton
  1980! and Somerton ard MacIntosh   1983!. Results are compared with
those of Somerton and Otio  in press! in Table 2. Sizes at maturity
for feraales were lowest on Petrel Bank   102.2 mm! and highest at Seguam
Pass   110,7 ami!, while those from Bowers Ridge were intermediate �06.4
mm!. Males rqatured at a significantly  P = 0.05! larger sire �13,2
rmn! in Seguaei Pass than on Bowers Ridge   106 .4 mm! . In comparison to
previous collections, the Seguam Pass sample did not differ
significantly with respect to males but was significantly different
with respect to females, although the difference was small �.5 mm!,

Table 2. Carapace lengths  mm! at maturity for golden king crab
collected fr'om the Eastern Bering Sea  EBS! anc Aleutian
Islands  numbers in parens are standard deviations!.

Males Females
Area' 'eegt rr

Values for northern, central and southern EBS are from Somerton and
Otto  in press!, northern refers to collections north of 58'31'N and
southern to those south of 54' 15'iV. Most of the southern EBS 'ample
was from the vicinity of Seguam Pass .

In the absence of genetic studies or sufficient tag returns from which
tn determine migratery patternS, we Cannot aSCri be di fferenCeS in Size
or size at maturity to the existence of discrete populations. Somerton
and Otto  in press!, however, found that mean size and size at maturi ty
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Northern EBS

Central EBS

Southern EBS

Bowers Ridge

Petrel Bank

Seguam Pass

92.0 �.4! 205

107.0 �.6! 1866

130.0 �.0! 299

108,6 �.6! 515

15

120.8 �.9! 775

97.7 �,5! 324

9.99 �.2! 4783

110.7 �,8! 527

106.4 �.5! 1411

102.2 �.3! 787

LI3.2 �.3l 415



tended to decrease with increasing latitude, and that the disparity
between male and female size at maturity decreased with increasing
'latitude. In this respect, the 1984 data are similar to previ ous
collections with respect to males but not for females, because Petrel
Bank and Seguam Pass ar'e at almost the sarrm latitude   Fig, 1! . The
range of latitudeS in 1984 COlleCtiOnS, hOweVer, is only 2'27' �2'12'
to 54'39'! degrees.

If the max imum s i ze is a reflection of growth rate, then env i ronmenta 1
differences could account for the patterns observed if maturity i n
females tends to be size dependent while maturity in males tends toward
age dependence. Somerton and Otto suagested that this was so because
female fecundity and hence reproductive value is conditioned on size,
while the reproductive value of males is probably related to the
portion of the life span during which they are capable of mating. This
implies that growth rates are higher in southern areas and that females
mature later in northern areas, Differences in size and size at
maturity between Bowers Ridge and Seguam Pass occur over a narrow range
of latitude, suggesting that oceanographic processes, rather than
'latitudinal ChangeS in temperature, reSult in differential grOWth. The
Secuam Pass area is characterized by strong currents and turbulent
mixing of North Pacific and Bering Sea waters, while currents in the
Bowers Ridge and Petrel Bank areas are gentle, If high productivity is
associated wii;h turbulent conditions, then this could account for
differences ir. orowth rates between areas and consequently for observed
differences in size at maturity among males.

Ovarian egg diameters ranged from 0,38 to 2.32 r>m>  Table 3!. If
OVarian egg diameterS are plutted againSt ferrmle CarapaCe length,
without regard to the stage of embryo development, the range of diam-
eters observed clearly increases as the size of maturity is approached
and r emains constant thereafter   Fig. 4!. At smaller female lengths,
two distinct sizes of eggs were observed, and at larger female lengths
all sizes of eggs were observed. The maximum diameter o~ an ovarian
egg is nearly the same as that of an external egg and there is a clear
increase in ovarian egg sizes as external embryonic development pro-
gresses  Fig. 5, Table 3!. The mean size of an ovarian egg from a
female wi th hatching larvae is 1.70 mm   sd = 0. 14! as compared tr> 2 . 18
rrmr  sd 0.90! for an external egg. Converting average diameters to
approximate  spherica 1! volumes shows that an ovarian egg increased
frOm 2.57 CubiC mm at the end Of embryO develOpment to 5.42 cubic nrm at
extrusion. At the end of embryo development an ovarian egg is 47
percent the volume of an external egg and therefore it appears that the
time span between successive ovipositionS is about twice that of embryo
development. If embryo development takes about one year, as it does in
red or blue king crabs   Somerton and MacIntosh 1983! ar d in the sou-
thern ki ng crab  L. antarcticus, Vinuesa 1984!, then spawning in golden
king crab must occur every two years.

From the progression and range of egg sizes   Figs� . 4, 5! for females in
various reproductive states, we induce that females may be in virtually
any point of the reproductive cycle during mid-surrmmr. We have seen
grasping  mati ng! pairs in February and May in the Pri bi lof Canyon and
in July in the 2hemchug Canyon; fishermen in the Aleutians report them
in December. The spawning period is hence protracted, as concluded by
Otto and Somerton  in press!. The numbers of females in various
reproductive stages  Table 3!, however, showed no homogeneity  chi-
squared * 532.2, df = 6, P < 0.005!, suggesting that while spawning is
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Fig, 4 Scatter plot relating ovarian egg diameters  mm! to female
carapace length  mm! without regard to the presence or
developmental stage of external embryos. Data represent combined
collections for Bowers Ridge, Petrel Bank and Seguam Pass.
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asynchronous or protracted, there may actually be seasana! peaks for
various areas, or that females ir. a given reprcdvctive state congre-
gate. Data on depth distribution of females of various reproductive
states from British Columbian fjords  Slcan 1985! showed that irmrratvre
females and those carrying uneyed embryos tend to bc in shallower water
than those with mare advanced embryos or empty egg cases, Unfortunate-
ly, depths recorded in 1984 were for the centers af strings nf 10 pots
that were often set over a cfistance o, about twc r.autical miles and
bracketed a considerable range of depths, hence obscuring depth distri-
bution. tgevertheless, average recorded depth for the Seguam Pass
ccllections was 244.8 m  sd = 34.2! as compared tn 278.0 m �.6! for
Petrel Bank and 3 17 . 5 n:   82 r 5 ! for Bowers Ridge, 5 irice the Segvam Pass
collection was from the shallowest water and also contained the highest
percentage of immature females, re'lative depth distribution probably
accounts for some af the observed heterogeneity in collections of
females.

Fecundity was measured as rhe number o. eggs attached ta the pleopods
of females with full clutches. The relationship between the number of
eggs carried and carapace length was linear cn logarithmic axes.
Retransformed data  Fig, 6! show that the average number of uneyed
embryos carried by female golden king crab is considerably lower than

is in red or blue king crab. A golden king crab of 120 mm length
carries an average of II,330 uneyed embryos. According ta Haynes'
�968! data, a r ed king crab of 120 rrnt would carry ar, average of
151,260 embryOs, while Samerton and laacIntosh's �983! data show an
average of 150,440 embr'yos for a 120 mn blue king crab. Comparison of
the average number of uneyed and old-eyed embryos ',9,549! tar a 120 rrmr
golden crab indicates a difference of 1,781, or 15.7 percent. If this
is interpreted as average egg loss ~ the percentage is well within the
range reported by Matsuvra and Takeshita �3 tn 24 percent, this
volume! for red king crab.

External egg dfaareters averaged 22 mm far golden kina crab, as
compared to 1.0 mm for red king crab  Haynes 1968! and I.I rrm for blue
king crab  average of length and width, Somerton and Mac ntash 1983!.
Approximate  spherical! vclumes for golden king crab �.42 r.ubic rrnr!
are hence 10.0 times the volume of those for red king crab �.54 cubic
rrnr!. Since red king crab carry about 13 times as many eggs as golden
king crab, most of the difference in fecundity is dve tn egg size
rather than to the vo'iume of eqgs produced, The volume of golden king
crab eggs are, however, only about six times the vol urre af blue k i ng
crab eggs, while blue ki ng crabs produce 13 ti mes as many eggs. Slue
king crab are more fecund both because of the number and volvme of eggs
produced. Slue king crab spawn biennially, ~bile red king crab spawn
annually  Somerton and MacIntosh 1983!.

Our ega diameter data are similar to those reported for other species
of Li thodes, but differ slightly from those reported by Hi ramo to and
Sato pl�5!. The latter authors report an average egg length af 2.4 mm
and widths ranging from 1.9 to 2.3 mm  no mean given!. If we accept
2. 1 mm as the width, Hiramoto and Sato's diameter  ! +W/2.0! would be
2 .25 rrm, or only slightly larger than our valves . Other reported
diameters are 2.2 mm for L, antarcticus  Guzman and Campadonico ]972!,
2.3 for L, sooesf  Soaarton 19nnl and 2.3 sns fo L. ~o a i LA a d
and Do-Chi 197~7. Lithodes antarcticus is an annual spawner  Vinvesa
193dl hile peri dit~ity o spawning the oth spe i s a kno
The prevalence of females carrying empty egg cases in L. couesi,

132



IRSYEO EGGS

48888 ~

8
U 38888

28888 <
0 F

E
18888G 3

OLD-EYED EGGS

Lnu- - W 39 lr.1

E 8I 8888
8

I " I
148 18888 1813 128 188

CARAP4CE LENGIH

Fig. 6 Relationships between the number of external eggs and carapace
length  Ism! fer galden king Crab with full clutches Of new uneyed
eggs and old-eyed eggs. Regression equations are for transformed
data, plntS ShOW untransforraed data,

f33

H U 38888
I4

8 E R 0
28888

F

~l ~I
88 ISS I28 148 I 88 Iaa



however, suggeStS that their spawninq cycle may be similar -o that Of
L. ~eurus f a,

In compar',ng egg diameters and spawning cycles of Parali thodes and
Lithod ~ s, 5 thai. i g egg e cha a t. st *f L thotdes t t do
not necessarily indicate biennial spawning, and that smaVer egg
diameters in Parali thodes don' 92. equate to annua1 spawni g. More
research on the comparative reproductive biology of both genera is
necessary to elucidate the relationship between number and volume of
eggs produced and various ecological parameters. It appears that
shallow water king crabs  L. antarcticus, P. camtschatica and P.

tyg ! pa sy ch« . iy i' tie p i g h "I . 6 p : t g Bs
L, a~is isa a a L. coeesii ha p at ~ c: d spa iag pe 'ods.

Hypothetically, this pattern is probably related to a dependence of
larvae of shallow water forms on spring plankton blooms as a food
source. Considerable research on larval ecology, particular'y of deep
water forms, will be necessary to confirm this hypothesis.

From the standpoint of fishery management, it seems 'Iikely that the
ratio of mature ma 1 es to mature females is not as 6 nit i c il for L .
~ae is i 6 as it is for P. 6 tach tice. By co seq ea, i g 5 i*e
may be closer to size at maturity for I . ae uis ina than it is for P.
camtschatica. Current size limits are I mm carapace width for
~cut a .s a d ooid t kg c ah a d ias f. ~ d ti g h. 6 o th
data provided through tag returns will allow further consideration of
optimum legal size.
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Materi al s and Method s

Lithodes ae uis ina were collected in three fjords, Alice Arm, Hastings
Xrm ann 0 Serva ory Inlet, Of the POrtland Inlet System �5'M:130 W!
during October-November, 1983 and February-March, 1984. Sampling was
conducted with baited, Alaskan double-entrance king crab pots deployed
at depths from 51 to 569m.

Carapace length  CL! of both sexes and right chela  pr opodus! height of
maleS  illuStrated in Jewett et al. 1985! were meaSured tc the neareSt
1.0 xmi. MaleS having a right chela that appeared to be regenerating
were not measured. In addition, all crabs bearing the externae or scars
of the fhizocephalan ha n le pa aslte, 8 ia peace c ~ 11 s s eoschma,
easel ddfomthedt *t. If t~e.ae * hd

smaller right chelae as a result of parasitic castrat on Ly 8. callosus
 Sloan 1985b!.

Maturity of males was determined from the height of the r1ght. I Mela
relative to the length of the carapace using the Somerton and Hac Intosh
�983! technique which assumes that the growth of the chela changes with
r espect to the growth of the carapace at maturity. When crrel a and
CarapaCe meaSurementS are plOtted againSt eaCh other On 1Oq-1O9 axeS,
the data assune a pattern consisting of two straight lines, one
describing the relat1ve growth of juveniles, and the other describing
the relat1ve growth of adults. The size at sexual maturity 1s estimated
by determining the intersection point of the two lines .

To estimate the carapace length at the intersection point, a computer
teChnique  MATURE2! was used to iteratively fit two straight lines to
the morphometric data until the residual sum of square was minim1zed.

To estimate the vari ance of the est imated size at matur i ty we used a
computer technique known as bootstrapping  Diaconis and Efron 1983!. In
our application of th1s method, the data was repeatedly subsaopled, with
each subsamp le being randomly selected with replacement and equal in
size to the original data set. Size at maturity was estimated For each
of the 25 subsamp les using MATURE 2 . 8ecause the distribution funct i on
of the estimates appear ed to be skewed, they were loq tr ansformed before
estimating the standard dev1at1on  SD! and the upper and lower 95K'
confidence intervals  CI!. The estimates of SO and CI were then
transformed back to a linear scale.

It 1s assumed that female Lithodes aequis~ina, as with other crabs of
the fmnlly lith did e  Po ell t 1..1%73; .'orna to d II I t h 18833,
mate and extrude eggS Soon after eVery adult mOlt, TherefOre, femaleS
can be classified as mature or iamature based on the presence or absence
of 'eggs'  which are terhnical ly embryos because they are fertil ized
immediateIy upon extrusion! or empty egg cases on the pleopod setae.
Large  	00mm CL! juvenile females were exmoined internal ly, as well as
externally, for any evidence of Briarosaccus col losus parasitism, The
p ce tape of f« les that ma e mat e as cele lated f «h 3 size
interval. The size at which 50% of the females are mature  SHSO! was
then estimated by fitting a logistic equation to the percentage mature
by size, using the methods discussed in Somer ton �980!, and evaluating
the fitted equation to deterraine the size corresponding to 50% mature.
Variance of SMSO was est1mated using the technique described 1n Somerton
�980!,
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TO eStimate feCundity, pleOpodS with attaChed 'eggS' were removed fr<an
females and preserved in buffered 10% sea water formal in The presence
or absence of dark enbryonic eyes were noted for each egg mass, Eggs
were dried to a constant weight at 60' C, separated frcrr! the pleopods,
rubbed gently to free them from connective tissue and weighed to the
neareSt 0.001 g. TwO eStimateS Of feC~ndity were Obtained fOr eaCh Crab
by dividing the weight of the entire egg rsass by the might of a 200-egg
subsmrrple. Fecundity was then estimated as the mean of the two
estirsates.

Maximum lengths of 50 'eggs' obtained from a single female were measured
tO 0,01mm uSing an OCular micrnmeter. MeaSured eg gS were clOSe to
hatching  some embr yos in the egg mass had a'iready hatched!, and had
been stored in 33% isopropyl alcohol after formalin fixation.

Results

Size at sexual maturity

The 395 male L. ~ae uris rina used in the analysis ranged from 62 to 188mm
CL. The estimated size~ 95% confidence intervals! at maturity for
these males was 114.0 t 11.4mm CL  Figure 1A!.

The 780 female L. ~ae ui~sina used ranged fr rmr 59 to 174mm CL, The
estimated size Ts %X confTdence interval! at SM50 was 105.5 + 0.7!rrr! CL
 Figure 18!, The maximum size of a juvenile fernale was 129mm, and the
minimum size of an adult female was orbw
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Figure 1 A!. Male LithpdeS ae uiS ina right Chela heightS and CarapaCe
lengths. The x axis intersect on of the two-line model is the estimated
size of maturity �14.0 mm carapace length! which ts shown by the
vertical line. hlmsample size.

139

Figure 1 B!. A logistic curve fitting the percent of the data
classified as adult fema'le Lithodes ae ui s ina by si ze. The si ze of 50%

atp Ity I!OI.I m e me«e~engt I emp st atea, mm=ssmpl





si ze to British Col unbi a male crabs   estimated size at maturity of
Pribilof Island crabs fell within the 95% CI of British Columbia
crabs!. The trend of increasing size at maturity with decreasing
1 atitude apparent for L. ae uis ina in the eastern Bering Sea has also
been noted for Paralitliodes cam sc atica  Powe11 et al 19B3! and Tanner

ah, Chio oec.ttes a fa~tcmertn 198lh!, il ttom ate
temperatures are thought to be the major factor in the regional
differences in size at maturity. Perhaps the size at maturity of
northern British Columbia L. ae uis ina does not confopi ! to the
1atitude-rel ated trend seen in t e eastern Bering Sea because these
crabs come from an isolated population which may be adapted to str ictly
1ocal conditions in the deep basins of the sill ed fjords.

Although size at maturity of L. aequispina frN   western Pacific ~aters
is not known precisely, Hiramoto arid Zato �970! reported that 15% of
the females at 126 mm carapace width CW  m123,7 n   CL as calculated from
CW=6,815 + 0.96353 Cl,; K, Hiramoto pers. co  m.! and 60% of the females
at 136 mm CW  m134.0 mm CL! were mature. The sizes at which 15% and 60%
of the females were mature in the present study were much smaller,
approximately 97 and 10B mm CL, respectively. This suggests that
females from British columbia waters  approximately 55 27' N 1atitude!
 aature at a smaller size than do individuals from Japan  approximately
35 00'H latitude!.

Information on size at sexual maturity, as well as growth increment per
mOlt and mOlt frequenCy, iS neceSSary tO Set minimum Size limitS for a
crab fishery. A discussion of a proposed minimum legal size for a
C mtian L. ~e ulcc 92 ~ a fi lte y s p ese tml ~ Je ett et al. �9851.

Pec undi ty

The linearity of the fec d ty-site el tio ship f Llthodes ~is 1 a
is consistent filth same t. di s an litimdid c ahs  i.!la llthodes
ch tschatic ~ - Hayne 1968; L. aerr i~a 'fna - Hi e oto a d Satan

an a c ca Jaca 1 t � Gutman y .amoco onion 1972; L.  om isyfi a Sat ~ 1
� ~nocto a; L. ~ur a i He de son - A na d et Ilo-Chi Ttfif;~t
different from other studies which display curvilineap ity  P. pla~tus-
5asakawa 1975; L. couesi - Somerton 1981a!. The maxim m! number of
'eggs' carried Ey X. ~ae ui~sina was approximately 10 times less than the
maxim a   n m ber report~or P. cm  tschatica  Haynes 196B! and six times
lesS than the number reported For 7 . ~Talus  Sasakawa 1975!. The
lower fecund ity of L. ae uis i na is co~ns isterit wi th that reported
elsewhere for Lithodes spp, ewett et al. 19B5!. The 'egg' size of L.
ae u ~stoa 1 ttts st dy a sl lie to th astiaat f m
m lan ~egg' size reported for four other Lithodes spp.  Jewett et al.
19B5!. The 'egg' size for Lithodes spp. is approximately t~ice the si ze
fou d n Pa alithodes spp. ~apnea 968; Sas ta a 1975!.

Low fecundity and large eggs, as found among Lithodes spp, are
charactertstlc of many deep- e orpanlsms  S e to lpn  !. Some t
discussed the possible advantages to deep-sea crabs of producing few,
large larvae able to migrate to the surface, to capture a broader array
of food items, or to forgo feeding entirely. He also stated that it is
unclear if the larvae of L. couesi migrate to surface waters. The
behavior of recently hatched larvae of L. aeeLuisjzina, as observed in the
Suruey veSSel 'S darkened Sea water ha]ding tan c, waS 99ere benthic t!Taft
pl anktonic. The majority of the several thousand larvae cpawled about
the tank bottom, although, some actively swam in the water column, Me
do not know if this behavior is typical in nature,
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COmparative informatiOn On 'egcj' martality rateS iS nOt ava1lable for
other lithodid crabs. 'Egg' mortality among the majid crab,
Chionoecetes bairdi, is reported to increase w1th crab size from 7$
among crabs measuring BO-Bgres carapace width to 37% among crabs
measuring 109-llgmm  Hilsinger 1976!. This is 1n contrast to
L.~ae is i a n ' gg' t ! ty eppes s t a tn ~ as g
si ze.

We are most grateful to K. Hiramoto, R. Otto, T. Koeneman and G, Powel 1
for providing valuable 1nformation. S. M. Bower and S. M, C. Robinson
aided in the fieldwork aboard the R.V. G.B. Reed. G. S. lamieson
provided support and reviewed the manuscript. AMAX of Canada, Ltd.
funded the senior author, Partial funding was supplied by Water Duality
Unit, Field Services Branch, Department of Fisheries and Oceans.
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Larval biology of Alaskan red king crab

A. l. Paul
University of Alaska, Fairbanks
Seward, Alaska, USA

nBSTRACT

This rcvi ew cleaI s with thc larval biology nf paralithades casts< hot ica.
The ohjectivr of this report was tc, seek infosmatio. whi h may h.ive
bearing on in situ survival of the larvae, The literatur< review
revealed -. paucity of rape>rt s on C.he sub3 ect af in situ larva ' I ' alogy.
No papers conccrr.ing the measurement of in situ sure iva' cat< s .-f king
crab 'larvae were rncrn<i trrrd. Onr brief,laparr sr r~pc<r .d ich
correlated historical data  'o. the number of stormy days which <ccurred
during the lar<ral period and the subsequent catch u'I ed kiiig erat. i<inc
years Iater was located. No other reports revi<cwing phys~<,<I and
environmental factors which sf I<cat in situ larva I survival weru f curd.
Very limited data exist for s92 omach contents af larval rr d ki -g r rab
captured at sea; observations cr, tha in situ larval perird; ue <iraphi<
distribution cf larvae and <heir vertical distri'.iutir-.

habarai ory exper i<seri t s un: emperu tu re requi r orner is, devo lvpme» ra< e,
prey type, energy consumption, critical period, rrspira-it<i i ite and
cultur< ter hniques rxist . Nowever, in general, hear< cx~ er i mar:tx werr
conducted in conjunction with attempts to commei c <el I v ru'.'"irr p.
uamts<diatira and did rot. <itcempt to simulate natura'I .". ridi tea<.s.

On the basis of this Ii.c.era ure survey, it must bu concluoed t tu  there
is virtually no existing ir formac ion on the recruitment I r >< rss ur thr
factors which modify acear. survival for Alaskan king rrah larva~.

INTIc iOITITION

A malar problem facing f ish< ry scientists irterested n rational
management of fisheries is an inability tc predict recruitment
 Gullandr 19>3; Steel, 19;O! . This is espeCially . ru<. fOr alaSka>
crustaceans where there is very little fie/d work on env'ranmental
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conditions which affect the sur<cival ai pl»»ktonic i. rval 1 arm..

Jt is generally accepted amon» fishery biologis-s t hat .,irq<- »pawn!no
populations dc nat unsure subsequ< iit large vc,ir < i assi i,, <i»ct
conversely, small spawning:opu:atic ns oc! a ivn,<11! <: i vc i ise t.
exceptionally large yea! classes  t!Jart, 1926! .

There appears to be a stranq correlat i a<i 1-.< tweet ea-.»irface
tesiperature cycles and subsequent r! cruitment sue<:ess ear a<vera!
decapads including Panda lus kiarealis  f<ow. 19>'1!, Pang< u. '.uorarum
 Nettler and Chester, 198 ! and the Amer tean a»d Europ<iai. '.vbstc rs
 Dow, 1978!, Seto �958! ha» pointec cut. that. thv time requirec! fcii
larval king crab tv develap to t: he settlinq stage is f fc «..ed by
temperature and the amount of food, paul and Nunc   1981! shc<ied that
a one-degree rise in water teml erature marked!y incr uses the m ' iboli<.
energy requirements. Dunaen<J< s crab abundance has bi eci t< nt.it tv! ly
related tO upWelling eVents  B«tafarct arid Wickh-<m, ' «7~! . Bit. n<.
papers were located which idertify the major scurcc ot »i crt »J ity far
any decapod larvae.

The planktnnir larvae <if decapods are suk !i-!ted t <: i m! ! ai
environmental conditions is planktonic larvaJ f i fit,tice. kecent
studies  sea for example, Laskei, 1975! have shown th,it., 1 vr. the
first-feeding larvae vf a<<me species, the de»s.ty of. f iod ra<st bc.
higher than that usually tound at sea i n order to vbtai:i e < t rrcderate
larval fish growth ard survival, while other spec ic. arc we'. 1,<daptcd
to feeding at prey conc'ent rat iona normally enc! unteted �1<i .8<, 1974,
1978! Paul, 1983! . For an in-dep<h discussian of the impvi t.a»< . vf the
"critical period" to first-feeding planktonic larvae, see tsay �974!,
Several species af decapod larvae, includinq that > red kin« ccab,
have been shown to have a critical first-feeding Period  anqer anc'.
Dawizs, 1981; Paul and Pail, 1980!, Predatiati i s also,ir important
unstudied factor rsgulatinq recruitment success.

The objective of this repari is tc revi<iw the literature exist iciq prior
to this symposium which relates environmental factors to qrvwtn and
survival of the early st: aqes of red kino < rab, Parsi ithodes
camtschatica, which is cc<mmeraia! ly harverted in J« laskan waters.
Tnformation on the fallowi<ig sub-iects was sought: survt<a! rai «s aiid
sources of mortality; vert.i< al distribution; prey typ s; a» 1 pr<ilators.

PWS JLTS AND DLS!7!SS tON

No papezs reporting measurement.s nf in situ survival of c<.d 1: oq crab
larvae were encauntereo during the review.

One repazt which relates the number of stormy days <1»r<i.q the
planktonic periad and subsequent commerical catch af that year < lass in
the Nemuro area of Japan existJs �shimaru, 1936! . The ri:latior;hip of
the total number of stormy day. during March through July fvr t9 
-26
and the cat'.ch during !911-35 exhibited a negative cc<rrekat ian, r O.f2
 f'ig. 1!, No other report= relating oceanographic «.»iditic»is t. larval
survival were encvunt.ered.

Stormy canclitians during the larval period may affect survi"al rites in
several ways, Mixing from star'ms may negatively affect thi pr«duction
vf prey! disperse prey such that their concentration tali» bcl! w some
critical density; or impede feeding cif the crab larvae dutinq a
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Fig. '1 . Total numbers of st orny days from ha re 6 through su ly in
1902-1926, and the rate of catch for red king crab fr r 1911-193' in the
Bemuro area of Tapes  Ishxmaru, 1936! .
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critical period. first-feeding king cra! 1arvae;ar ni y i.xisr. a tt out
food at 2-6'C for thre< driys before <heir abiliry to capiurc rr< bile
prey decliric's  Pig. Pr Pdaiil,ind Pa»', 1980! . Ir. <ultrre, s<irvrval
rates decl iril if larvae rc starved for the  irs, 'w<, to ! cur <'.ays of
life  Kurata, 1959!, However, due tc !xck nf stuny, th~ x'e. t ro
which, or the mechanisms throigh which stormy cordi t Loiik;iiri, it ' ve!y
af feet king crab survival is:ii determir < il. 1 arvii I yi .ir- i 1 i <8 ti i rqth
of chionoecrtes oikilio, <innth<r eariy spring 1<uriiirinq rial, ri the
southeasterr: Bering 8< n,irc al so rivezsely related !. the i!cpth nr the
upper mixed layer during thc ca -ly hatch. n<! peric>r. i! r ze,

The vertica!. distribution P+ nci kino crab laruai ! 1 <1 < o y an is
Cursor'ily described. Take<chi �9 p0! r< ported that mire '<iii: crab
larvae were captured in thc ..<iutheastkin Bering Sea a«. light acface
hau! s t han du ring thi day. !Por < Stage I zc P. <e wc<re rcun<'. it the
surfac<' than were !!.age II zocae, with thie second .!-age fn nd <o he
most abundant at approximately 50 <Piete ra . Take uch i  ] % e > h i r 1 zed
that king crab zoeae float tc. thc.- sur< ace at night . irici make ..i i iii nal
vertical movements durinq the plankto»ii stages, A ' w MCCru 8<, spies
in the southeasterr. Bering Sin !Armstrong et al., !9 pI! de< ecr .rect that
most larvae were cauc;ht at 0-4<'! mop er depths  sample viz< � 6<re larvae
from six sta92 iona! . clearly, more study <lf the rerr ica! cli s< r .F»r ion
of the larvae is needed ! o:letermine the <»terse ti ny ~f l ..<»Olir iPhic
cond! tions and larval surviv ! .

Laboratory studies ori the sf=cere cf water temperatur<l ilr h . Le!i rh of
the planktonic perio<l and survival of red king irrnh exr t. x irata
�960! report cd a ranqo of 5-10'0 as suitable fcr .»I fur" f f ' rat
zoeae and seto �958! had survival of so<el Stages '1-Iy ar 'i.u-!!!.!'c.
makanishi  see report in thi ..'ympos i urn! r epor ts 8 'i ' i = -. good
temperature to cu It ure ki. ng crah larvae. I!uwcver, t he nil -t udie < were
done ur der' lab»rat<.ry ondi i cns with prey c:oncenr.ra+ oi92s manv
magnitudes higher than occ.ur in natu< e. paul ar ci 8-i ~s  983;
demonstrated that, for evecy degree rise in temperature, a 1   rxt zp oae
of Pandalus borealis is sub!act ed to an appr oximarely 20% r:ic re» 8< iii
metabolic energy reguiremenp-s. Thus, under food . mr 1 c<l ir»ttu
conditions, optimal temperature for survrv,il may bc Lo <.v <hail rh !. for
food-saturated culture ccpnditione. Temperature modifil eric!i of
development rai es would alee affect the tirae ac<'. 1 1 ace thn! '.; cvae
settle.

In the laboratory, kirg ~ran lark ae have been ru <r d wii h A i.emia
~nau lii, Chone teres  poly<heel!a! larvae and cotifers  Bcachionus
rl',l,l' l, i d ik k .I d k,, lpkl: . Pdl k
diatoms Skeletonema and Phaeodact~ium have been shown to h <i f . !r tie
use as food  r!akanishi and !cary», 1981< Kurata, !968! . S<>me di apod
larvae cari consume larger diatoms like Coscinodiscus, but the! ma, yprrly
provide a minor source of energy as in the case of Chilinoecetus b;irdi
 rncze and Paul, 19831. F<ir i!ther species like cancer n~i~ ister,
diatoms <nay be an important. ericrgy <icurce  see Incan and Paul, 198 3 for
a review! . In c.ulturc, the zoea1 and post larval stages r, c< ommonly
cannibalistic  Hakanishi eri<; karyu, !981! . Paul ct r., 1.979!
demonstrated that king cra! Stage I zoeac cc uld capt»r<,idu lt
P d l ~lk '- d ' .pp, ly: i: d
that described the stomach cc nterits of zoeae caught <. se- . !n cook
Inlet< Alaska, diatoms aiid the larvae oi barnacles and the crab
Telmessus were found in the stomachs <rf <bird and fourth zn< al s< ages
of king crab  Bright, 1969! . post larval benthic stages from I iwer
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COOk Irlet, %lacks, COneumc Sma! 1 cr'ust,iccans, evpe ial ly <>strauods and
harpactic'o id copepod s  Fede r et a l., 1990 ! . ! t <q>pea r«that ca r1 y
stages of rcd king crab are ] ike]y tc> cor.sume die«ms <ind r>,,rcear<s
including decapod larvae. M«waver, wr tfi the u i. <! !,it.,i buss, it.
cannot be determined whi ct. ot the crmpanen t s < 1 he pe > 9 i: !:>< >d web
are energet.ica!ly rmpartan< .

No papers identifying predatrrs or rates cf fredat!<>n <>n kir«i crab
larvae w< re found.

Scapi ratrOn value for zoeae Stages 11-IV camb i<«<l <>r a<a, '. <..'» c FOr
9'C  Nakanishi et al., lqo <! . Mean cxyqen cons mpti< n w< .'.>'...' <,1 per
individual per dav. Thr- en< rqF oxpcnditurc duc < r< spirat >or, i f
calculated using a conversion f rc tar of 4. 7' x '0- < o], <r! -- 01 '- 2
 Crisp, 1971! woulcl bc 0. 10 <a] . per day. Assumi<r> « .. '1 c. irvursrcn
efficiency, daily consumption would h«vc to excce<! 0.1' ca]. 1>er day.
Additional energy would be needed for growth, current!y, ro reports
exist which describe en< rqv acqu! ., tion by king crab lars«e fr«di ng on
natural plankton assemb1ages.

Only ore repart w«s located that. dealt wi�i sct plumer't areas «nd
habitat requirements of post larval red kinq rab. -'.<r>db rg «nd
Clausen �977! sampled the benthos in Kachemak Bay, < oak Inle<, Alaska.
post larval king crabs were not found on sandv < r muddy bottoms.
Rowever, they did occur a]ong thc rocky perimeter of the Pay :ri less
than 27 meters of water. 1<r g< ncral, thn c>reates< r irmh<r r>f < r«h< wi>re
associated wtth a heavy epiiaunal eever of f ilamentou» o<1 « g«e,
sponges and bryozoans  I'lustreila sp. and Dendrabeania spp.! ,. line>ysis
of the stomach contents af these crab showed t:hat. the a!qae, sponges
and bryozoans were not important food items, ra<,1<sr r hey 1 kv1y provide
habitat  Feder et al., '!990! . At the five stations where Sundherq and
Clausen �9 7! found post larval crab, denslt inc uf 1. '-1, '> < rab per
meter square were obs<c.ved. That study suggest.ed h«t tl<ere are
specific habitat requirements tar newly sett><.d king crab and the
existence oi these mirscc'y areas may be a factrr » mi< i >o recruitment
success,

Even rhaugh the red king crab has in the pas«.upper<ed !.he !sost
valuable crab fishery in the world, little effort has beer«>xp< nded on
ir< situ study of larval life history. Cuc'rently, it is n .<. possible to
determine if differences ir. interannual. survival rates < f k>rq crab
larvae even occur. Therefore, i t i s also impossible tc de~ermine if
variations i,n larval mortality rates are an important fa, tor in
determininq reo<uitment Suooesn. I.ikewiee, SOurceS a!' lar<al m,>rtality
are undescribed. A large scale, lang-term study inv< ivin> physr cul.,ind
bioloqical oceanographers is required to properly examine the
recruitment process.
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Oceanographic environment and
recruitment

Lewis S. Incze
University of Washington
Seattte, Washington, USA

Abstract

Pelagic larval stanes of marine benthic fauna typically comprise a
relatively minor component of pla r ktoni c cormnuni ties� . However, these
larvae occupy a fundamental position in the process of recruitment +or
the i r respecti ve species . Knowledge of factors affecti ng thei r sur vi-
val therefore is one of several impcrtant steps in the path to eventual
understandirq of recruitoenr. variability. The physical are biological
oceanographic environment of the southeastern Bering Sea is described
with respect tn processes ard events having plausible impa~ts nn iarval
king crabs and the success of the~r recruitment througl' early I en"I;ic
stages.

Bespite the prominerce of red king crabs as a fisheries resource, basic
studies of the i r larvae ha ve 1 aggeo considerably behind pre sent i nves-
tigative capabilities and recent progress made with numerous other
species. For example, little is known about the feeding reqriirements
or feeding and temperature physiology of the planktonic st,iges. Nor is
much known about planktonic or nektonic predators of these staqes.
Consequently' even the most basic information about the envi'unmeet
cannot be related to the potential well-being or harm that particular
conditior s might cause a larval year-class.

Va riationS in tranSpart during larval deVelqpment also may be impar-
tant, but many basic questions are unresolved. For instance, is there
a "preferred" depth for settlement, and what characteristics make
certain depths better? Are there substantial differences in the
availability of appropriate post-! a rval habi tat along the per insula
 food, spatial refuge, regional overlap with major predato r popula-
tions. etc.!? The transport regi me north of the Alaska Peninsula
varies substantially over small distances from the coast, su that
variability in the location of adult stocks at the time of larval
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hatching can be n><pected Co have significant influen<e on larval
transport, Factors modifying the adult springtime dist< itut ion, the
timing of larval hatchirg and the distribution and suitab 1 ity of
various habitats need to be known ir creater detail chan they are
presently. Variability in transport and its forcing also require
additional study.

The list of "unknowns" for king crab appeai s rnrmidable, bui, the
resources of the eastern Bering Sea are substantial and it is likely
that scientific and economic ir ferest in this region w>11 <.ontinue.
Several of the research needs can be addressed ir the laboratory and at
field sites more accessible than the Bering Sea,

154



eggy«. Ighv Sigga Cr~b Sywry.
gggb. 1985, Aggg.bgivaaes Iut,

Development and decrease in number
of eggs attached to pleopods of

laboratory-reared king crabs,
Paralithodes camtschatica  Tilesius!

Shuhei Matsuura
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and
Koji Takeshita
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Abstract

Observations of eggs laid by laboratory-reared fernale king crabs,
pa all thodes camtschatica ilil si si, e mad to oht I d ta ego
lloss, <I ~ g I ga s, h yo g owth s d histologi ~ I d el ~ I at,
from the time of oviposition to that of hatching. Egg loss during
i ncuba ti on was 13-24 percent in three multiparous females and 53
percent in a primiparous female. Fifty percent of total cumulative egg
1 oss occurred wi thi n the first third of the incubation period . Egg
loss continued throughout the incubation period but appeared to de-
crease near the middle of it. Consequently, it is necessa ry to count
the number of eggs just before hatching to obtain a reliable estimate
of the zoea produced. There were no changes in the average diameter of
the incubated eggs from egg laying to the formation of the early
nauplius, e99 age 3.5-4  profile area of embryo 5 percent!. Egg
diameter increased following that stage, with an accompar yi ng increase
in the percentage of profile area and histological development of the
embryo. Observations suggest that egg loss is rlosely related to
embryo growth and structural changes in the embryo. The relationship
between the number of eggs laid and the effective number of zoea
obtained in this laboratory study compared well wi th simi 1 ar da ta taken
from field samples.

Introduction

Egg toss during the incubation period occurs in a number of decapod
crustaceans  Chionoecetes ~o ilio, Brunel 1962 and 1963; Homarus ameri-
canus, Perkin~s 1971 . Egg loss in the king crab  Paralithodes camt-
schatica! has also been observed  Hatsuura et al. 1972, Matsuura and
Takeshita 1976!. Studies of egg loss are important because they allow
better quantification of the effective contribution of female crabs to
populations of larvae. In this report, we describe egg loss and its
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relationship to embryo development for female king crab, col '.ected from
the Olhotsk Sea near Kamchatka, and held in the laboratory tor three
years. During this study we were also able to closely observe molting,
mating and growth. One rf the male crab used ir. this study had sur-
vived for 13 years in avr aquarium.

Materials and Methods

Collections� . Crabs for the laboratory study were captu red with tangle
nets in the waters aff the west coast of Kamchatka on luly 1', lgrP.
Upon capture, the crabs were placed in a live box provided with running
sea water, ard remained there for six days while being transferred to
the part of Hakodate. Crabs were then wrapped in moistened, cooled
sphagnum moss and placed i i pa'lystyrene containers far ti.ansfer by air
ta the Fishery Research Laboratory of Kyushu University.

Laborator rovisionS and observations, Each female crab was held in a
separate aquarium, 45cm wide, 90cm ang and 40cm high! furnished with
automatic thermostatic control and continuously flowing tresh sea water
of about 5'C at a rate of approximately 150 liters per havr. Male
crabs were introduced ta the females just after molting. Mating
behavior and the pi oress af egg attachment tn the pleapads were ob-
served and recorded, The crabs were fed a sufficient supply ot mol-
lusks, crustaceans and fish every two nr three days. General mainte-
nance procedures were as described by Matsvura and Takeshita �976!.

To obtain developmental stage of embryos within the incubated eqqs, ROD
eggs were sampled every month from three different part,s of the egg
mass. Egg lengths and widths were measured and cubic dimensions were
ca'lcvlated. The geometric mean of length and width was considered as
the standard egg size.

External observations were made by using a projector and by comparison
with histological sections to clarify the stage of embryonic develop-
ment. The yolked area appeared opaque and the embryo appeared trarslu-
cent when eggs were observed with a projector. The percentage of the
egg occupied by the embryo was obta i ned by trac i ng the projected image
on paper and weighing the drawn parts. The percentage of the egg
occupied by the embryo in profile views had a close relationship ta the
developmental stage of the embryo when compared with mid-sagital
hiStological sections. Hence the profile area of the embryo by exter-
nal observation could be used as an easy method to determine the stage
of development.

Histological sections of the eggs were prepared by the paraffin method.
In the embedding process, terpineol was used in place af xylol to
prevent the yolk from hardeni no, Stage and morphological charac-
teristics of incubated eggs were based on the origina'l descriptions by
Marukawa �933!.

For each of the four ovigerous females, lost eggs were counted every
few days to estimate the egg loss per day; and the zvea 'larvae hatched
were counted every one or two days to estimate the number af zoea
larvae produced per day. Cumulative egg loss was obtained during the
incubation period from these data.

The end af the incubation period was chosen as the day when 50 percent
of the zoea hatched according the cumulative frequency, The incubation
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periods lasted from 28? to 374 days depending on crab and rearing year.
Incubation periods were divided inta ID eaual intervals io compare the
eggs fram different feme!es. Each interval was c<r~idered as a rela-
tive mea sure of tl.e age af the incubated eggs,

The total number of eggs laid was ca 1culated as the sur cf the eggs
lost, znea larvae produced and eggs sampled .

Results and Discussion

14 lt' t' d 1 , ieolting and mating records or the
ea 9 ca s own n Table 1. The fema!e crab wi tl: an

initial carapace length af 76.4mm used in observation numbe- ' was a
primi paraus female which malted ta 88.Iver.�, The male crab of 117,7rm in
carapace length was introduced to the primiparous female for matina
just after her molting. Female crabs in observations number 2 to 4
were multiparous females ard the praceCure of mat ra was the same as in
observation number I, Each female crab laid eggs twice and provided
two observations,

Histolo ical sta es and a e o~f e s, The development of incubated eqgs
was divided into four major stages by histological inspectio»: cleav-
age, aastrula - formation af embryonic rudinents, nauplius, a»d zoea
 Table 2!.

Th 1 e st E 0 3, The eggs cleaved in total up to the
9 9 ore superficial cleavage occurred. A

.lattened cytoplasm, containing nuclei, was observed and the whole
surface of the yc!k of the egg was covered with cytoplasm as the result
of superficial cleavage by the end of this stage.

The astru1a sta e: formation of the embr onic rudi
ormation o t e gastru a begins wit t. e increase

blastodermal cells on one side af the eaq.

Th 1' s t ~e: ~e age 3-5.5. In the early nauplius stage, egg
rya a~ccup es~percent of the egg area when observed in

a prOjected prOfile view and eye-stalkS become diStinCt. In the late
nauplius stage, 4-5.5, the embryo occupies 17-28 percent ot the area
and the cephalic lobes are well developed.

The zoea sta e e a e 5 5 I . In the early zaea s tage, egg age
y p percent of the area, compound-eye,

black pigment arC heart appear. 0urina the late zoea stage, egg age
6.5-10, profile areas are 40-60 percent at egg age 6.5-8; 6 percent. at
e99 aae 9; and 90 percent at egq age 10. All visible structures are
present at the erd af this stage.

mbr o. Figure I shows the relatinnship
eggs and mean egg diameters, Egg

the four observa tions but trends were
obtained from observation number ] are

etwee 9
sizes were not, identical for
similar, and only the results
platted on the graph.

From egg laying to the formation of the early nauplius, egg age '3,5-4,
there were no changes in the average diameter �.88! of incubated eggs.
But eggs increased in size following that stage. Up ta the early
nauplius stage the embryo did nat occupy more than 5 percent of the egg
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area when observed in a projected profile view. The embryo in the late
nauplius stage, egg age 4.5-5,5, occupied !7-28 percent of the profile
area with an accompanying increase in egg size to abour C.9avn in
diameter. Eqo size continued to increase unt!1 the late zoea stage,
egg age !0 at !.05mm diameter and 90 percent oi profile area, just
before hatching.
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AGE OF INCUBATED EGGS

Figure !. Changes between the age of the incubated eggs ar:d the mean
egg diameters of reared Paralithodes camtschatica. 0a ta obtair.ed
from observation number l.

Cumulative e loss. Figure 2 shows the relationship between curnula-
tive egg loss and relative age of incubated eggs  hatching periods were
different for individual crabs',. The incubation period was defined as
the time between egg laying and the hatching of 50 percent of the eggs.
Ego loss varied from !0,000 to 24,000. ! oss was greatest at the begin-
nifng of the incubation period. The high loss just after egg laying was
probably due to unsuccessful egg attachment to the pleopods. Fight
percent. of the total egg loss occu rred within the first day and 9-20
percent of the tc tal ego loss occurred within the first five days.
Fifty percent of the cumulative egg loss occurred wrthin the first
third of the i ncuba ti on period, and egg loss appeared to decrease near
the middle of the incubation periods egg age 4.5-5.

The structural rudiments of the embryo were developed hy +he early
nauplius stage, egg age 3.5-4, followed hy a noticeable change in the
structure and size of eggs beginr,ing at the middle nauplius stage, egg
age 4. At this point, cumulative egg loss surpassed 60 percent,
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Figure 2. Relationship between egg loss ard age of incUbated eggs of
reared Paralfthodes cantschatica. Points represent rteans of
fo t ~58 0
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p ~ iations a d tot i t ta e oi esig toss. Oe i tio r o age
egg loss also indicated a high loss during the fir st hal f of the
incubation period with two peaks, one at the beginning, egg age 0-5.5,
and one at about a third of the way through the incubation period, egg
aoe 3,5. Deviations in the second half of the incubation period up to
hatching, egg age 5-10, were negative  Figure 3!.

150.3
g

80

60

40

Z 20
0

0

� � 20

f -40
� 60

-BO 0 1 2 3 4 5 6 7 8 910
AGE OF INCUBATED EGGS

Figure 3. Deviation of egg loss by egg ages from average egg loss
during incubated life span of reared Paralithodes camtschatica.
histogram heights ep ese t mea s oi goo observations.

Total percentage of egg loss from time of fertilization to hatching was
13-24 percent in three o f the mu1 t i pa rous ferns 1 es. T he rema i ning
primiparous female had a high loss of 53 percent. A 36 percent egg
loss has been observed in the lobster, and egg loss during incubation
is a common phenomenon in decapods  Perkins 1971; Brunel 1962, 1963!.
Therefore, it is necessary to count the number of eggs just before
hatching to estimate the effective number of larvae produced.

In conclusion, the results in this study indicate that egg loss is
closely related to the age of the eggs, trends in egg growth and
structural changes in the embryo.

Number of e s and zoea larvae . Figure 4 shows the relationship
etween t e carapace wi t o t e pa~ant crab, the number of eggs it

laid and the number of zoea larvae it produced  solid ci rrles and open
circles, respectively!.
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We previously reported the reiationships between the carapace w dth and
the number of <nature eggs, the upper line �!, and zoea eggs, the lower
line �!, from observations in the field. These results show that the
percentage egg toss during the incubation period decreased as the
female incr< ased in size, One reason for this pheno<nenon might be that
primiparous females have small, rather flat, brood charta!i s in which
the margins oi abdominal segments and thoracic sternites do not fit
tightly On the other hand, multiparous females Eave a large brood
chamber with greater rorcavity or the inner surfaces of t.heir abdomens
and better fi tti ngs a t the margi rs . This change in shape may prevent
initial egg loss from the brood chamber just after r rtrus i on .

The number of effective mature eggs at 95«vn carapace width is equal to
the number of zoea eggs at 1O!mm, which was calculated from pubIished
data. From this relatiorship the number of effective mature eggs at
various sizes were obtained based on the assunpt i on that the annua',
increment of the real fecundity would be proportiona! to that of the
appare nt fecundity. The relationship between carapace width and the
numbe~ of erfective mature eggs  Figure 4! was expressed with the
middle line, Y=2.3X-170  Matsuura et al., 1972!.

1'he relationship between the number of eggs laid and the effective
number of zoea larvae obtained in this laboratory study compared well
with similar data taken tram field samples.
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Znt. King Crab Sywp.
ann. 198S, hnehorege, ak.

The effects of the environment on the
survival rate, growth and respiration of

eggs, larvae and post-larvae of king crab
 Para/ithodes camtschatica!

Takashi Nakanishi

Japan Sea Reg iona! F i sheri es
Research Laboratory
Niigata, Japan

The Kinq crab  Para 1 i thodes camtschatica!, Hanasaki r rab
 Para 1 i thodes b~revi es!, hor sehair crab  ~iC44s ~enbeckii ! and
snpw Crab  GhjOITOOCeteS os'LUPI! are the main Species O cold water
crabs for which the mass-cultivation of larvae and post-larvae are
being studied in Japan, The King crab was one of the most important
fisheries in Japan, and there are several studies on larval rearing.
Kaai�940! reared king crab larvae from the zoeal to post-larval
stage using in situ chambers and observed four zoeal staqes and one
glaucothoe. Sato and Tanaka �949! reared larvae in a laboratory.
Kurata �959 and 1961! reared the first zoeal stage to the ninth
post-larva I stage in a 1 aboratory, and his studies outlined a n ethod
for culturing early stages of king crab, Currently, the kurama prawn
 p~naeus japonicys! and the Japanese blue swimminq crab  Neptunus
pacificus! are both mass cultured in western Japan, Such large-scale
rearings demonstrate the possibi'lity of similar production of king
crab larvae. In 1970, experiments on crab aquacu1ture began in
Hokkaido, nor thern Japan   Nakan i shi 1 976, Omi 1 980, Nake nish 1 and
Naryu 1982!.

In Japan, studies on rearing of cold water crabs have been
conducted mainly since 1970. The st.udies on the rearinq of snow crab
larvae were reported by Kon �980! and Kobayashi�983!, horsehair crab
by Omi and Mizushima �972!, and Hanasaki crab by Nakanishi�981! and
Iwamoto ej; al.�982!, Such mass-cultivations are beinq conducted at
Marine Cultivation Centers under prefectural management and tbe Japan
Sea Farming Association, At present, the numbers of seedlings of king
crab and Hanasaki crab exceed 200,000 and there are about 1,000 snow
cr ab seedlings. In these studies, environment effects wer e examined,
and there are several potential environmental conditions which may
affect survival of rrab seedlings. However, there is not enough
information concerning enviromnent effects on the success of the
mass-cultivation of crab larvae and post-larvae. Thus. 1 studied on
the etfect of environment on qrowth, survival rate and oxygen
consumption in t,his project.
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Eig, 1 The relationship between the term  days ! and the wet weight
 mg! of eggs at 3 C and of larvae and post-larvae at 8"C  A!,
and the relationship between the term  days! and the oxyqen
consumption  f 1/hr. ind.! at. O'C  S!.

Life History

Wet weicLht - The change in size from the eqo staqe  the embryo! to the
younq crab stage is indicated by wet weight  Fiq.l-A!, Wet weiqht
increased exponentially with the time  days!. The time  days! during
one stage was about 30 days until C-2, but this term durinq one staqe
from C-3 was about 90 days, and the regression line was bent at C-3.
The king crab molts more frequently, but the qrowth rate is slower
than that of snow crab and horsehair crab. At 2-4, G and C-l, there
were large morphological and ecological changes, but the dry weiqht,
wet weight and carapace lenqth at 2-4, G and C-1 was nearly the same
 Nakanishi et al. 1974!, in other words, there was no growth during
these stages.

168

Egqs adhere to t.he abdominal pleopods of kinq crabs where they
are brooded for about 300 days unt.i 1 they hatch at 3'C. There are four
planktonic zoeal stages. After approximately 30 days at 13'C, zoeae
molt to glaucothoe that have the ability to swim, but whose morpholoqy
is crab-like in appearance. The glaucothoe stage molts to become a
young, bottom dwellinq crab that cannot swim. The egq staqe
abbreviated as E  for examp'Ie, the egq stage at 100 days atter the
spawning is shown as E-100!, the zoeal staqe as 2, the glaucothoe
stage as G and tne younq crab staqe as C.

When the mass-cultivation is conducted, the data of weight and
oxygen consumption is the basic data to calculate the metabolism and
the amount of food. Thus, I would like to report the wet weiqht and
oxygen consumption in this section.



O~x gen consumption � The oxygen consumption also increased
exponentially with the time and this regression 1 i nr was bent at C-3
 Fig. 1-8!. The oxygen consumption of E-300, Z-l, Z-Z, G, i.-! and C-2
was under the regression line.

One of the more important envi romental var iab! es affecting iiiarine
organisms especia11y those living in the cold sea is temperature,
Thus, the effect of water temperature on the survival, devel opment,
respiration and growth rate at eggs, larval and post- larval stage is
reported first, and the effect of hypoxia, liqht and numbers nf !arvae
and post-larvae on the oxygen consumption and the survival rate is
reported next.

Fffect of Temperature

Egg bearing females cultured at 3 and O'C � he effect of water
temperature on the survival and developmental rate at E was studied by
cultivating egg-bearing females at 3 and 8"C respectively in
fiberglass f1ow through � liter/min.! tanks with a sand filter.
Frozen squid . shrimp and sardines were supplied for food . The
experiment started with four crabs at 3'C and with three crabs at R C.

Egg clutch volumes at O'C decreased rapidly from F-40 and were
under lOX at E-70, while egg clutch volumes at 3'C deci. eased
gradually, and were 10-80% when the larvae hatched  Fiq. Z-A!.

The yolk volume at 8'C decreased rapidly from E-120, while the
yolk volume at 3'C decreased slowly from E-150  Fiq. 2-8!.

The egg bearinq females mated in the laboratory were cultured at
3'C, and the developmental staoe of their eggs  Fiq. 2 -C -d! regarded
as a standard egg developmen in order to compare with the
development stages of eggs between 8"C and 3"C. The developmental
stages of eggs at 3"C were the same as the standard. But those at O'C
were faster than the standard, and there were a lot of fluctuations of
the morphological development. The egg development of F-!70 at O'C
was the same as that of E-270 - E-300 at 3 C  Fiq. 2-C!.

Svrvivai rate at erestaqes � I» o de t h o the ff i. f ate
temperature on the development and survival rates of eggs, eggs
removed from the females' p'!eopods at E-23, E-57, E-166 and I.-258,
were cultured at -1.8, 3, 8, 13 and 18 C. Culturing was done in a
bacteri a free petri dish wi th 30ml sea water for five weeks  Fig� . 3 ! .
At E-23 and E-57, the survival rate at five weeks was 100K at -'l.R, 3
and O'C, 20-70% at 13'C, and 20-30% at 18"C. At E-166, the survival
rate at five weeks later was 1005 at -l,R, 3, 8 and 13'C, and 90'-'. at
18'C. At E-258, the survival rate decreased with the risinq of water
temperature. Fifty percent of the eggs died at 4 weeks later at. R"C,
3 weeks later at 13'C and 2 weeks later at 18 C.

E~ development � Comparisons oi egg development between oxoeririental
and standard groups are discussed in the same way as reported
previously for long term cultivation of eqq-bearing females   Fiq a! .

The growth rate increased with the rising of water temperature, but
at E-23, the growth rate at 13'C was higher than the qrowtn rate at 18
'C. The size of the embryos cultured at higher temperatures at   - 23,
E-57 and E-166 was smaller than the 1ength of the embryo that were
cultured at 3~C. There mi ght be no morphological change even if the
water temperature increased at E-258, and a lot of larvae hatched out
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Fig.? Egq clutch volumes,'egg clutch volumes at the start of the
experiment were lOP,',!  A! ~ ratio of voluInes of yoll;  by the
observation fresh saIaple!  8!, and the relationship between
the ego development at each exper imental cond! tloral and the
standard one  C-d!  C! at 3' and il'C.

with the rising of water temperature. But the survival rate of larvae
was not satisfactory.

I70

h~t ha ~ at � The ff t of et t p t th h t ht t at
of egqs was studied as follow. Eggs were retnoved from females'
pleopods at 4 and 18 days before the larvae would have hatched
normally at 3'C. These eqqs were cultured at -!.r3, 3, 8, 13 and 18'C
in bacteria free petri dishe~ with 30ml sea water for 6 days. and the
hatching rate of egos at each water temperature conditions was
observed daily� . In the experiment of eggs that would hatch in 18 days
before the hatching, there was no hatching at -1.8 and 3"C, but at
O'C, larvae hatched at 4-5 days. In the experi11ent of egcs tha: would
hatch in 4 days before the hatchino, at 8'C larvae hatcehd at 3 days
and at 1-2 days at 13 and 18"C. In order to get an equal growth rate,
the rising of temperature was an easy method. But tne survival rate of
post-larvae was low, therefore it was dangerous for eqqs to be
exposed to warmer temperatures jIfst before hatching,
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In air at eILqS Stage - The Survival rate of the eggs at F.-250 in the
a~i 1881: h 'dlty! aa conducted at -1, 3, 8 d 13' . ih y i ed
for over 10 days at -1 and 38C, but 50' died at 32 hours later at
8'C.

~E -bearing fernale cultured trom 8 tg g'$ - These data suggest that
the temperature from 3 to 8 C represents an optimum temperature for
the development until the zoea egg stage  about 20C days after the
spawning at 3'C!, and 3'C represents an optimum temperature fran the
zoea egq stage. So the eqg-bearing female was cultured at O'C till
E-120 and cultured at 6'C till the zoea eqg stage. And from this staqe
the water temperature was decreased gradually to 3"C, and the eggs
were cultured at 3 C until the larvae hatched, The egg clutch volume
was 80% when the larvae hatched and the survival rate of post-larvae
was 20-305  Fig. 5!. This rate was similar to survival rates of
post-larvae that were hatched from egg-bearing females cul tu~eti at
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3'C. This method of control linn the temperature spent less energy than
keepinq it at 3'C in summer, and hatchinq could be didvanced by 2
months. Therefore, the same tank could be used twice or three times to
culture larvae. The first mass-cultivation was conducted with the
egg-bearing fema'Ies that were cultured at 8 or 3'C. The second qroup
of larvae hatched from the eqq-bea rinq females that were cultured at 3
'C or caught in the t'ield.

Survival rate at larval and pos t-larval stage - The experiment to
determine the effect of water temperature on the s ur vi va 1 and qrowth
rate was conducted in po1yethelene tanks �7 x 30 x 20  depth! cm!
with 5 liters sea water at -1,8. 3, 8, 13 and 18'C. Four tanks were
used for each temperature; two tanks with 20 zoeae and the other two
tanks with 40 zoeae. When 50y, of the zoea develoued to the next
stage, the former staqe was regarded as terminated,

The survival rates at 2 and G at 8 and 13'C were higher that those
at 3 and 18"C. The qlaucothoe molted to C-1 at 8 and 13oC, but all
glaucothoe at 3 and 18 C died before moltinq to C- l. The survival
rate from 2-1 to C-1 was 25' at 8'C and 57 at 13'C. It took 40 days
from 7- 1 to 7.-2 at -1 .8 C, and all zoeae died before molting to 2-3
 Fig. 6-A!. The relationship between the time  days! of each staqe and
the wate~ temperature applied to the ormula logy=blogx+a  water
temperature is ."  'C! and the time is y  days!! with a high
correlation. The variable b was roughly equal to , therefore, these
regression formulas were regarded as "the total inteqraterl
temperature"  xy=c! which was approximately 350"C cavs at 7.
 Fig. 6-8!.
Carapace length at young crab stage � The relationship between the
water temperature and the qrowth rate of the younn king crab in some
reports  Kurata 1961; Omi 1976 and 1977  cited from Omi 1989! and
tlakanishi e3; ~ 1974! gave as the formula logy=a ibx  the carapace
length is y  mm! and the stage is x! with a high correlation  Fig. 7!.

I replaced these regression formulas with the highest value of b
  in other words, with the highest growth rate duri nq each stage!
 Table 1!. The environmenta 1 condition of these resu Its is shown from
the hiqhest letter b as follows: more than C-4 at 8-9'C > less than
C-5 at 8-9 C > more than C-4 at 3'C. 'The growth rate was higher for
higher water temperature and older crabs,

Movement and activity at yo~un crab stage - When seedlings would be
eeeeede ~ t tte Rt td. th y e Ootefi to tli o dft' f ~ 'd th d

of temperature which appeared between the rearing and the field,
Therefore, the effect of water temperature on the movement and
activity of younq crab was studied in the experimenta'I tank �80 x 40
x 40  depth! cm! that had six oartition walls inside the tank to make
a wide water tmeperature gradient, Warm sea water �6.5'C! and cold
sea water   3'C! was put into each corner of this tank  Fiq. H-A!, and
thus created a temperature gradient  Fig. 8-B!. Young crab at C-4 or
C-5 that wer e cultured at 3, 8 and 13'C were released into the tank at
3, 8 and 13'C. The movement of this crab was observed for 15 minutes
at intervals of 30 seconds. In each experimental condition, five
crabs were used.

The young crabs that were cultured at 3'C and released at 13'C
moved the longest distance at 15 minutes after their release  Table
2-A!. The crabs that were cultured at 3 C and released at 8'C inoved
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C.L
 mm!
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7
6

I 2 3 4 5 8 7 8 9 IO I

Stage

Fig.7 The relationship between the staqe and the carapace lenqth
 rntI! of young king crab. ~ -  W.T.8'c!. X - �mi,1977!,
O -  Omi,1976!. p -  Kurata,1961b!, 8 -  W.T.3'c!.

 Kurata,!961a!,

Table 1 The ra laL onship between the stage and the carapace I r.9th
Of eaCh experiment.  log CL!=a+b STAGE!] «--different .   p=0,05!

stage WT C ! 1 2 3 4 5 6 7 8 q 10No.

k 4 * * *
+ + + + 4
* * * * *
* * * * *

+
* +
* *
+

* 4 * * *
w % * * *
+ + + 4 +
* w * I l
+ * * w * *

3.0
9,0

13-17
* * w

* *
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1
2 Omi
3 Qmi
4 Iiakanishi
5 Omi
6
7 Kurata
8
9 Omi

10 Kurata

 !=C5!
,1977  >=C5!
,1976  C8-12.!
,1974  C1-3!
,1977  =<C4!

 =<04!
,196lb
,1979  C5-10!
,1976   < CB!
,1961a

8.0
9,2
9.2

11.4
9.2
8,0

0.1236
0.1054
0.0991
0.0950
0.0879
0.0782
0. 077I-'I
0,0733
0.0570
0.0523
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fig,8 The apparatus tO determine the effeCt Of temperature on the
movement of younq crab  A!, a-warm sea water �6.5'C! flow in.
b - cold sea water � C! flow in. T -- thermometer. And one
example of the water temperature in the experimental tank  9!.

Table 2-A The water temperature that younq kino crab were stopoed
at 15 minutes later,

Table 2-8 The mean and s,d. of the total movement  cml for I5
minutes of young king crab in the experimental tank.

W.T. rearing water
 young crab 3 C
put in! mean s,d.

29.3 13,00 5
30.2 24.03 5
3'I,7 16,48 4

3 oC
8 C

13 'C
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W.T. ' rearing water
 young crab

3.8 3.5
3 'C . 4.0 4.0

4..0.....
9.8 16.3

8 'C I 8,4 8.7
8 1
9,2 11.5

13 'C I 13.9 14.0
12.0

temperature before the experiment
8 'C 'l3 'C

3.9 3.6 3.0 3.0
4.0 3.1 .3.0 3.0
3 0.
7.6 4.8 9.0 9.0

15,3 7.5 8.4 5.0

14.5 16,5 12.9 7.1
15.0 16.5 7.9 15.5
16. 1

temperature before the experiment
8 C 13 'C

mean s,d. n mean s.d. n

l6 5 7 68 5 3 7 3 32
43.8 26.37 5 30.2 24.03
63,5 30.01 4 16,3 18.57 4
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Fio.g The effect of water tmeperature on the numbers of brine
shrimp nauplii eaten by larvae and post-'larvae. I right � the
above view of the three dimensional graph  left!, the dark
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Fig.10 The effect of water temperature on the oxygen corsumption
of eggs, larvae and post-larvae.

El 20 days after the spawning.
E2 - 100
E3 . 200
Ea 300

the middle distance, The difference between the distances that young
crab moved at 3 and O'C was large. Young crabs that were cultured at
13'0 and released at 3 C could not move as if paralyzed. Those that
were released at 8 or 1 3'C moved actively. They had no tendency to
move to the same water temperature where they had been cultured, but
they distributed throughout locations of various temperatures  Table Z-B~.

176



5 d F rr tip at la a1 d~t-I 1 t s � Th «I i t t
etermine t e e ect or water temperature on the number of brine

shrimp nauplii eaten was conducted at -1.8, 3, 8, 13 and lII"E from Z-l
to C-I  Fiq, 9!. Larvae were put into a petri dish with 100 brine
shrimp nauplii in 30ml of sea water, and the number eaten was counted
under a stereoscopic microscope at 24 hours later, The numbers eaten
at 2 gradually increased with the developmental staqe and risinq water
temperature, but its increase at 7-4 stopped at 8"C. The number eaten
decreased sharply at G and E-I, Perhaps bri ne shri mp are not a good
prey for post-larvae, since in other experiments with five kinds of
food at G, no food could be found in their stomachs. Perhaps G stage
does not feed.

Oxygen consumption � Oxygen consumption at E-20, E-100, I-200 and
E-300, Z, G and C- I was measured at 3, 8 and 1 3"C   Fig� . 1 0 ! . The
specimens were placed in syringes held in a temper. autr e controlled
water bath. Two water samples  about O.Zml each! were taken friim the
syringe at zero time and two more samples from 30 minutes to 4 hours
later depending on the temperature and the developmental staqe. Oxyqen
concentration was calculated from oxygen pressure measured by an
oxygen meter  Instrumentation Laboratory Co.!. In each test. five
syringes were containing 20-100 eggs or a single larva was used. From
E-20, E-100 and E-200 oxyqen consumption  Vo2! increased but Uo2 at
E-200 and E-300 was the same. The oxygen consumption at I:1'C was the
hiqhest, the lowest was at 1'C, and the intermediate at 8 C. The
oxygen consumption at Z-I was about ten times that at E. The oxyqen
consumption from 7-1 to C-1 at 3 C was alaiost the same. The oxygen
consumption at Z-3 at 8'C peaked and then decr eased from this st iqe.

Effect of Hypoxia on the Oxygen Consumption

The saixe methods as experiment on Vo2 were used to study the
effect of hypoxia on VoZ at 3, 8 and 13 C  Fig. 11!. Differ.ent levels
of oxygen saturation  Po2! were obtained by passinq Hitrogen qas
through sea water. The value for Po2 where Vo2 was maintained at the
similar rate to Po2 of 90-100% was the lowest at E-100 at 3. 8 and 13
"C . and the h i qhest at G at 3'C and at Z-l at 8 and I 5 , . The normal
rate of Vo2 at lower Po2 suggested that there miqht be a pnysioloqica I
adjustment for taking up oxygen . A homoeosta si s of oxygen consumption
at E was observed at oxyqen saturation hiqher than 50'.. and
homoeostasis of oxygen consumption at Z, G and C-I was observed at
oxygen saturation of 70-80% but the gradient at C-1 was above those
at Z and G. The effect of water temperature on the oxygen consumption
at the hypoxia condition had the same tendency e~cept at G at 3  '.

Effect of Salinit on the Survival Rate

The effect of water temperature and salinity on the survival rate
was studied. Eggs that would hatch in about 30 days, 7-1 and 2-2, Z-3
and Z-4, G and C-l were used i n this experiment   Fig. 1 2 ! . Ten eggs
or ten larvae were placed in a one liter beaker and the survival rate
after 24 and 48 hours observed. The experimental temperature were at
-1.8, 3, 8, 13 and 18'C and 11 salinity conditions ranginq from 0 to
675 . at intervals of 6.7y* There were Gxll experimer,ts with
paired observations, The area represent i nq the 100 . survival rate at
48 hours later in Fiq.12 was shown from the largest area as
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Fig.12 The effect of salinity and water temperature on the survival
rate of eggs, larvae and post-larvae.
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folio.s: at ?-l and 7,-2 >at 7-3 and 7-4 !at 8 =, at eqq  about
days before the hatch! at C-1. The tolerance to the chanqe ot water
temperature and salinity at 7 is the hiqhest, and it is the lowest at
C. The thermal tolerance in 33,'>".., Sea water  appr<tximately the
same salinity as natural sea water! was between -1.8" and 18'C. The
eqqs, larvae and post-larvae have a large short term the<mal tolerance.

Effect of Light on the Survival Rate

The effect of 'light intensity on the survival rate was conducted in
one liter beaker with I<3 zoeae at. 3 C. The range of li<iht intensity
was made by the distance of the artit'icial liqht From the beaker.
Light intensity was 15,000 10,000 5,000 and 2,0<30 lux at. 7-1 - Z-2
 Fig. 13-A! and 15,000 10,0<� and 5,000 lux at G  Fiq. 13-8! and C-1
 Fig. 13-C!, The survival rate decreased with the inrrease of light
intensity and this relationship was linear for liqht. intensity above
5,000 lux.

The effect of pe~iod of time of liqht and dark during one day on
the survival rate was conducted in one liter beaker with 1 0 zoeae at
8'C. The condi tion of the liqht-dark term was as follows . 24 hours
light, 16 hours liqht, and « hours dark, 8 hours liqht and 16 hours
dark and 24 hours dark  Fiq, 14!, The liqht intensity was 1,000 lux.
There was no effect of 'liqht-dark terms on the survival ra te . There
was no d ifterence of ti me  days! durinq each staqe .

Effect ot the iiumbers of Larvae and Post-Larvae on the Survival Rate

Rea 1 ~i ~ 11eted ae ate . The 1a Re the b f ia a i
tanks the more polluted the rearing sea water was. There atight be son<e
effeCt Of pOlluted Sea water On larval Survival. lherofore, the
effect of the polluted rearing sea water on the survival rate was
studied at 8'C in one liter beaker  Fiq, 15!. The range of po'.1uted
reari ng sea water was created by the transfer of larvae as foll ows .
Eleven beaker were prepared with one liter of sea water  these
beakers were numbered as 81, 82, 83 810 and Bll! and t.en zoeae
were cultured respect1 vely   these zoeae qroup were numbered as K i n
Bl, d in 82, I in 83; . 8 in 810 and A in Bll!. And the next day, K
was transfered to 82, J was transfered to 83, I was transfered to 84,

..- 8 was transfered to Bll. The sea water in 81 was replaced by
fresh sea water and A was transfered to 81. At this next day, K was
transfered to 83,''''' the 'ea water in BZ was replaced by a fresh one
and A was transfered to 82. These transfers were continued once a
day, and at ll days later, 11 ranqes of polluted sea water were made
 K was cultured in the polluted sea water and the total number of
rearing larvae was 100 zoeae, and A was cultured in the fresh sea
water! . Ther e was a lot of dust, molted carapace and leftover food in
the tank at 11 days later, but the P.H. and oxygen saturation was the
same as the fresh water. There was no effect of polluted rearing sea
water on the survival rate of larvae. Thus . I studied the effect of
more polluted sea water on the survival rate. The volume of sea water
in each beaker was 200ml and the term of the transfer of larvae was
once two days. In this experimental condition, the total number of
rearinq larvae was 1,000 in one liter beaker in the most polluted
condition, but in these conditions there were also no effect cf the
polluted rearinq sea water nn the survival rate.
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Fig.13 The effect of light intensity on the survival rate at zoeal
 A!, glaucothoe !!! and young crab  C! stage by 3'C,
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Fig.14 The effect of period of time of light and dark on the
survival rate of larvae  8'C!.
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Number of larvae and IJast-larvae - The effect of larval density was
studied at 2 in 1, 30and 500 liter tanks, and at C-l in one 1'ter tank.
At 2 in one lit,er beaker, the volume of sea water was 200, 400, 600,
800 and 1,000ml with 35 zoeae respectively and 200. 400 and 800ml with
150 zoeae respectively . There was little effect in relation to the
volume of water, but there was an effect of density i n relation of the
number of larvae in one beaker  Fiq. 16!, The optimum numbers of
larvae in ane vessel  the survival rate was above qq" fram 7- 1 to G !
was less than 10 zoeae in one liter beaker, 500 in 30 liter tank and
20.000 in 500 liter tank  Fiq. 17!. At C, there was nat a typical
effect of the number of young crab on the survival rate, and the
distribution pattern af yaunq crabs on the bottom of the t.ank durinq
the cultivation was at random. The optimum number of young crabs
might be under 10 in one liter beaker. These results suqgest that at
C there may be little e,feet of density on the survival rate at C, but
the main reason of death at C was cannibalism. And cannibalism was
also occured many times at 2 and G. Therefore, the protection aqa inst
cannibalism is one of the mos t important method to succeed the was s-
cultivation of king crab seedlinqs.

C~n~iIJIJ

These results sugqest that there is little negative effect of 8 C
warm sea water on eggs until the zaea eqq staqe  about 200 days after
the spawning at 3'C!. and O'C water increases qrowth rates of qgs
and reduces rearinq cost  Fiq . 1R!. But from the zaea egq staae, R C
affected the survival rate and 3'C was the optimum water temperal are,
The zoeae had a large thermal tolerance, but from the viewpoint af
growth and survival rate, 8"C was the optimum water temperature� .
Gl aucothoe had the same characteristics . The thermal tolerance at 8
was less than that of the larvae, and the qrowth rate s uqqested that
an optimum water temperature for the cultivation was R C. The thermal
tolerance of king crab is larger than that of hanasaki crab  iakanishi
1981!, and an optimum temperature i s lower than that af snow i rab ,'Kan
1980!. It seemed that this characteristics might be one reason for
the limit of the main distribution of ki ng crab ta more northern Japan
than that of snow crab.

The tolerance to hypoxi a and salinity, and the apt imuJt condition
of light intensity and number of larvae and post-larvae is shown at
Fig.lg, The optimum light intensity is fram 0 to 2,000 lux. But when
phytoplankton were put in the rearing tank for food, same 1iqht
intensity was necessary. Therefa~e the optimum light intensitv might
be 2,000 'Jux or mare.

The kinds of food thrauqhout this experiment are shown in Fiq.20.
These kinds of food were satisfactory to culture the larvae and
past-larvae, but the cultivation of ratifer needs the warn water
temperature  from ZO to 30'C!. The study of optimum food that can
culture in the cold sea is necessary. Since 198Z, the Japan Sea
Farminq Association at Akkeshi br~nch at Hakkaido has been canductinq
the mass-cultivation of ki nq crab seed li nqs, The total number at C- 1
was 228,400 in 1983 and the survival rate from 7.-l to C-l exceeded 80f
in 20 tons tank  Nagakura Q al 1983!. A method of mass-cultiva ion
of king crab seedlinqs exists, and the experiment of releasJnq of kicq
crab seedlinq into the field in preparation. However, there are a lot
of unstudied problems in the propagation of kino crab, such as
optimum place, time and manaqement ta re'lease and recapture the king
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Abstr act

In order to know the opt.imum envitonmental conditions for the
mass-cultivation of eqqs, larvae and past-larvae of King crab, the
effects of temperature, hypoxia, salinity, liqht intensity and number
of larvae on the survi va I rate, growth and respiration were studied.

The optimum temperature from the fertilization to the zoea egg
stage is 3-8 C, and from this stage to the hatching out is 3'C. The
optimum temperature for the mass-cultivation of larvae and post-larvae
is 8'C. The optimum condition of the oxygen saturation i s more than
BO'..', of the salinity is 26.8 - 40.2y,'-., of the light intensity is 2,000
lux or more and the number of larvae in 500 liter tank is 20,000 and
of post-larvae is 1,000 � 2,000.
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optimum water temperature for eggs, larval and post-larval

survival rate at 48 hours later is 100!.
survival rate at 30 days later at the egqs stage is
juvenile can molt to the next stage.
normal cultivation is possible,
optimum temperature for the mass-cultivation,
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A�

The optimum environment condition.
The oxygen saturation  %!. A-1 � 80% of the oxyoen con-
sumption of the normal rate. A-2 � 90%
The salinity  %!, B-1 � 50% survival at 24 hours later� .
B-2 � 100% survival at 48 hours later.
The light intensity  lux!, C-1 � 100% survival at 10 days
later. C-2 � the opttmum light intensity for the rearing.
The numbers of juvenile, D-l - the survival rate was upper
80%. D-2 - the optimum density of juvenile for the rearino.
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Fig.20 The kinds of food for the cultivation in this experiment,
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The optimum environment condition.
The Oxygen Saturatian  t!. A-I � 80K of t.he Oxygen con-
sumpt!on of the normal rate. A-2 - 90K
The salinity  I!. B-l - 50'.f survival at 24 hours later
B-2 � 100K survival at 48 hours later,
The light i ntens i ty  lux� ! . C- 1 - 1 00~ survival n I 1 0 days
late~, C-2 - the optimum 1 ight intensi ty for the rearing .
The numbers of juvenile. 0-1 � the survi va I rate was upper
B05. 0-2 � the optimum density of juvenile for the rearino.
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Ftg.20 The kinds of food for the cultivation in this experiment.
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Feeding rates, molting success, and
survival of juvenile red king crabs at

different temperatures

Stanley D. Rice, Christine Brodersen
and Patricia J. Arasrnith
National Marine Fisheries Service
Auke Bay, Alaska, USA

Abstract

luvenile �-4 cm carapace length! red king crabs, Paralithodes
camtschatica, were reared for 90 d at 1, 5, 10, 15, ann YPZ, to
~ate ne t ~ eir .is oi diife ent temper at ~ res on feeding ate
molting frequency and success, and survival, As the temperature
increased, food consumption increased linearly. Molting frequency was
highest at the middle temperatures. All crabs at 10'C molted at least
once,

The survival of crabs during the 90-d study was influenced by both
temperature and molting frequency. For non-molting crabs, the survival
was 1001; consequently, the extreme temperatures had relatively high
survivals because there were very few molting attempts, For molting
crabs, the survivals were highest at 5 and 10'C. The poorest survival
was at 15'C because there was a relatively high molting frequency, and
only 12' of the molting crabs survived.

For long-term rearing of juvenile king crabs, 10'C is best because it
allows the most successful molting and reasonable, overa 11 survival.
Temporary holding at 0-5'C may be useful because molting frequency is
reduced and survival is very hi gh. The lack of successful molting at
s10'C suggests that elevated temperatures in the shallow ~stars
normally inhabited by juvenile red king crabs in summer may contribute
to population decreases.

Introduction

There are Several hypOtheseS for the deCline Of the Valuable red king
crab, Parali thodes camtschatica > stocks in the southeastern Bering Sea>
s t tsecrat as is t ossmrto suppo t cause and erie t o i i s.
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Causes suspected of contributing to the decline of red king crab stocks
inClude diSeaSe, overfiShing, handling mortalitieS Of sublegal CrabS
during the commercial harvest, increases in other predator or
competitor stocks  i.e., cod, halibut, yellowfin sole!, and changes in
environmental temperatures . Evidence for any one cause over another is
lacking.

Changes in the environment are often suspected of affecting commercial
fishery stocks, but usually difficult to prove. Sometimes there are
correlations of stock changes with average temperature changes, but the
effects of temperature changes are too complex for the correlations to
be perfect from one year to the next. Temperature will have some
direct effects on the speci es, but general 1 y the i ndi rect effects on
food supply are more important to juvenile survival rates. Small
changes in juvenile survival rates in the environment are usually too
difficult to measure, even though the impact on coavnercial stocks may
be large in the following years. Changes in average temperatures have
affected other cormnercial fishery stocks, and probably have affected
the king crab stocks in the southeastern Bering Sea. However, the
effect of a shift in average temperature, in either surmner or winter,
is not known. Any changes in populations during immature life stages
would not become evident for several years in stock assessment surveys.
It is possible that general warming during the 1983 El Nina contributed
significant'ly to the decline in king crab stocks, either directly or
indirectly; however, the general stock decline that began in 1981
cannot be attributed to the El Nino of 1983,

There i s little i nformati on on the habitat requ i rements of Juvenile red
king crab and the effects of temperature on juvenile king crabs. In
the southeastern Bering Sea, the yearly stock assessment cruises by the
NatiOnal Marine FiSherieS SerViCe haVe nOt prOvided muCh infOrmatiun On
juvenile king crab. The surveys rely primarily on trawl sampling, and
the youngest king crabs in the samples are generally the 4-yr-olds . A
study of king crabs in Kachemak Bay indicated that pods of juveniles
Were fOund in Water between 9 and 13'C  Bright et al. 1960!. Another
field study located juvenile red ki ng crabs in the southeastern Bering
Sea, generally in the shallow areas and nearshore, and also measured
bottom temperatures in April, June, and September 1983  McMurray et al,
1984!. Juvenile king crabs were found in ~ater ranging from <I"C at
the end of winter to 	1"C at the end of surmner  McMurray et al, 1984!,
There are some laboratory studies of the effects of' temperatu re and
salinity on king crab larvae and megalops, but not on juveniles,

The objeCtive of this laboratory study was to determine the direct
effects of temperature on feeding rates, molting frequency and success,
and survival of juvenile red king crabs. Jluvenile crabs were reared
for 90 d at I, 5, 10, 15, and 20'C. Particular attention was paid to
molting success, which is a sensitive physiological process that shows
the effects of a stressful environment more clearly than do either
feeding or survival rates.

Methods

Two-year-old red king crabs �-4 cm carapace length! were collected
from a single pod in Auke Bay, A'laska, during April 1984. The crabs
were held in running seawater �-10'C! in the laboratory, until
temperature tests began. To identify individuals, we glued  Permabond
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910 cyanoacrylate adhesive! a numbered, plastic fry tags � mm ~ 6 aIn!
to each carapace. Tags were collected from the cast exoskeletons of
molted crabs and replaced when new carapaces had hardened.

A short-term temperature tolerance test was used to determvne the
maximum rearing temperature for the 90-d test. ~we!un crabs were held
in 10'C water that was increased 1"C/d unti 1 a 1 1 crabs hied, ln the
short-term test, the first crabs died at 23'C, and 50> died bv 25 C.
The maximum temperature se'.ected for the long-tern test was 20'C.

The long-term  90 d! rearing at different temperatures took p'ace ir,
five rectargu!ar, fiberglass tanks divided with screens ntc three
sections each. Each section �4 cm x 48 cm; 40 cm deep! held 8-9 crabs
in running seawater, for a total of 26 crabs per tank.

h'hen the study began, the wacer in a 1 1 tanks was !.O' C, Over a 7 -d
period, the tanks were gradually adjusted to 1, 5, 10, , and 20'C,
These temperatures were maintained to within ~ 1' C, by heater. and
chillers with thermostats.

All crabs were weighed  live wet weight! and measured  carapare tength,
from eye socket to center rear! at the beginning and the end of the
90-d exposure to assigned temperatures, All melts and deaths were
noted daily. Crabs were fed Pacific herrirg fillets. At the midpoint
of the test, feeding rates were determined for 15 consecutive days, by
weighing the fi 1 lets before feeding and 24 hr later when the uneaten
pOrtinnS were remOVed.

Results

Food consumpti on i ncreased linearly with increased temperature
 Table 1!. At 1 C, crabs ate a daily average of 0,09 9 of +~sh, and at
?0"C, 1.0 g. Although eating more, crabs at ?0 C were general!y more
lethargic than the mid-temperature crabs.

Table l. Average food consumption of juvenile red
king crabs at different temperatures.

Rearing

temperature
 'C!

Grams of herrin eaten

Per crab
per day

Per gran of
crab per day

Molting frequency was highest at the middle temperatures  Table ?!. At
10'C, all of the crabs attempted to molt at least once during the 90-d
study, and 15% molted twice. Ho crabs at other temperatures molted
more thar once. The fewest molting attempts were at the extreme
temperatures of 1 and 20 C.

. 'Rg

I
5

10
15
20

0.09
0,39
0.53
0.84
1.00

0.003
0.01]
0,012
0.026
0.032



Table 2. YiOlting frequency of juvenile red king crabS
at different temperatures.

Rearing
temperatures

  C!

Attempted
two moins

 '!

Attempted
one mo! t

 t!

0
l,i

15
 I
0

1
5

10
15
2D

6
46

100
62
19

Table 3. Percent survival of molted and non-molted
iuvenile red king crabs at different temperatUIes.

Survival of crabs Dvera 1 1Rearing

Non-molting
 %!

Holting
 X!

sul vl va
I'. !

temperature
 'C!

0
75
65
12
0

97
R8
65
46
81

1
5

10
15
20

100
100
100
100
100

During the 90-d study, overall survival of crabs was influenced by
both temperature and mOlting. The extreme temperatures, 1 and ?1!'C, had
high  97 and 81K! survivals  Table 3!, even though the crabs had no
success in molting. The high survivals resulted frori the rewest  8 and
lgt! molting attempts  Table 2!. The second highest survival was 88%
at 5"C  Table 3! because the crabs had a moderate �6'! amount of
molting attempts  Table 2! and the highest �5'! molting success.
Survival at 10 C was good �5K!, especially considering that all the
crabs at thi s temperature molted once and 15e molted twi ce . Survival
at 15 C was poor �6%! because a high percentage af crabs attempted
molt �5K! and survival of molting crabs was only 12k.

ife attempted to measure the effects of temperature on growth after
molting, but not enough crabs survived molting at temperatures of
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All non-molting crabs survived the 90-d test at all temperatures, but
the survival of molting crabs was affected by different temperatures
 Table 3!. The higheSt SurvivalS Of mOlted CrabS were 751 at 5"C and
65K at 1D'C. Survival of molted crabs was only 1?' at 15 C, and no
crabs survived molting at either 0 or 20 C. Temperature was directly
responsible for many of the unsuccessful molts at 1, 15, ard ?0 'C; the
dead crabs were not eaten . Cannibalism was responsible for many deaths
of crabs at 10 and 15'Cl they were eaten before completing the molt
extrication.



1, 15, and 20"C. Although growth of crabs was sliohtiy qreater at 10'C
than at 5 C, differences were not significant. Crabs �2-'34 imii long!
at 5 and 10'C grew an average of 15K, and their weights �5-29 g!
increased an average of 41"..

Discussion

Molting is always a vulnerable t ime in the life history cf crustaceans� .
kot only are crabs subjected to predation during the sn<t-shelledl stage
after molting, but they must also survive riolt extricatior. Smaller
juveniles are probably more vulnerable to problems associated with
molting success because their frequency of molting is greater than that
of larger juveniles and adults. 1n juvenile red k-ng crabs,
temperature affects the molting frequency and survival during mn',-inq,

The optimum temperature for 1 ong-term reari ng appeared to be 10'C,
which allowed the most successful molting, Survival at 5 0 was
slightly better than at 10'C, but molting frequency was less fhaii half
that of crabs at 10"C. Temporary holding of the crabs at 0-5"C may be
usefu'1 because molting frequency was reduced and survival was high.

Although survival at 20'C was high, crabs attempted few molts. ard none
survived molting. The crabs fed well, which suggests that crabs could
grow at this temperature. However, the conversion of i ood to tis«ue at
this temperatu re was probably poor, as indicated by tie relativel « few
molt attempts.

Fnvironmental temperatures can affect the survival of molting juveni'1e
c.rahs, and the general warming during the 1983 El kino may have
affected the survival of molting crabs in Bristol Bay. McMurray et al,
  1984! found juvenile red kino crab in areas of Bristol Bay where the
bottom temperatures were ill'C at. the end of surmer in 1983. 0ur study
indicates that the best survi va 1 of molting crabs i s at < 10 'C anti high
molting frequency with very poor survival occurs at 15'C. There is no
direct ev i dence that elevated tempera tures in 1983 caused massive
numbers of juvenile and subadult red king crabs to die during the
molting process, However, like other hypothesized causes nr red king
crab mortalities, elevated summer temperatures could have contr huted
directly tO greater than normal mortalitieS.
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Introduction

The eastern Bering Sea shelf is one of the greatest. producers of
commercial shellfish and fish of the world  Bakkala l981!, and include
SOme Of the riCheSt U.S. Crab Fisheries until reCent times  Ott ~ 1981;
Hayes 1983!.

In order to evaluate and predrct possible changes in the ecosystem
which may impact in these important fisheries, it is necessary to have
re'liable information on species composition, abundance and distribut.ion
tO aSSeSS the extent Of any alteratfOnS and tO help fn management
derisions.

PubliShed StudieS Of the benthiC COmmunitfeS of the Bering Sea caver
enormous areas and may be based on relatively few samples. Thus,
assumptions about the spatia'l homogenecity of the benthos must be made
which have not been tested in detail although complete coverage has
been given to Bristol Bay and the northern Bering Sea/Chukch 1 sea  hfc
Donald et al. 1981; ffac Intosh and Somerton 1981; Jewet and Feder
1981!. These studies have found large areas to be rather homogeneous
and characterized by a few dominant species. In contrast, the Pribilof
Islands constitutes an exception to most of the shelf because of a
varied nearshore substrate of gravel, rock and shellhash that
represents a unique habitat for juveniles of various species seeking
refuge from predators. The blue king crab  Paralithodes jJlat~us! fs
exezaplary of juvenile substrate dependence and warrants study because
of the increased importance of its fishery as that for red king rrab
declined, and because of the very insular distribution of blue king
crab about the Pribilof and other fslands.

This work is an attempt to characterize blue king habitat and
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accompanying fauna throiiqh the use of numerica1
technfques. Special consideration is qiven to
distribution and habitat preferences .

i lassification
adu!t-luverile

h!ethods

A substantial variety uf tish and invertebrate species was col� !ected
during cruises fn ffay and August, 1983. The species 1 st wa. reducer!
to its dominant species to taci'litate detection of eco1oqfcal
cormunitfes based on certain intrfnsic characteristics such as relative
abundance and co-occurrence in space and tiiie. Frequency-of-occurence
was the criterion used for this selection and all species or taxanomic
grOups present in 1ess than 3.b% of hauiS  See ArmstrOnq et al thiS
proceedings for descriptfon of near! were disreoarded as beino too
rare. To better focus the analyses, soxie groups were eliminated that
had not been identified consistently during both cruises. Hermit
crabs, for example, were excluded although they were among the TO
dominant qroups both as no./ha and kg/ha, but durinq the may ana August
cruises they were never i dentffi ed to a level lower than family
i~pa e tdaei a d de ce 1 a, a tai d c tse 1 ap 11 1'.is s gg ts
species-specffic distribui.ion. Future analyses of these data will
clarify the relationsihp of dffferent hermit crab species within
benthic comrriunities, Finally, some species were qrouped into higher
taxonorigic cateqories lfke genera or families to assui'P x coherent
ClasSffiCatiOn. From theSe prOCeSses, the SpeCies list was reduCed to
a maximuri of 57  Table 1!.

Numerical classification techniques  cluster a.nalyses! were used to
analyze biological associations and distribution patterns, The
computer facilities and prograris needed for these analyses were kindly
provided by the Northwest and A'!aska Ffsheries Center  NWAFC!. Software
consisted of four programs: "C'!uster/Start"; "Cluster"; dClusrer/hfapd
and " Cluster/Draw", The program "Cluster/Start" prepares the data
matrix to be used on program "Cluster", ba.sed on t,he haul file, the
catch file, and the list of species to be used in the analysis, The
data matrix consists of catch-per-unit-of-effort   CP iE! values for the
species considered at each sample station. CPUF was calcu1ated as
species densfties  no/ha! based on area swept bec iuse it was
considered a more reliable measure than weights which were not always
taken, and avoided underestimating the importance of some small
organisms in the coirniunities.

Data put through these programs was not transformed or standardized
because such processes are often used to reduce the ef'ect cf very
abundant catches at some sites and for our purpose outstanding catches
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The program "Cluster" performs the analysis itself, calculating the
sfmilarity  or dissimilarity! values and corxbirifna the intities
according to these values. This program is very flexible and allows
the user to execute several transforraations and standardizations of the
data matrix, along with a wide option of similarity coefficients and
clusterino strategies, It also allows a choice between "normal" or
"inverse" c1assifications, that fs, clustering by stations or by
species. The last two programs, "Cluster/Draw" and "Cluster/f'ap" gfve
graphic representations of the clusters produced, in the form of
dendograms and geographic maps showing the location of differeni sites
or species clusters.



1. List of fish and invertebrates used in the cluster analysis.Table

Class Anthozoa

Sea anemones

StelleroldeaClass

Class Ostcichtyes

Order Pleur onectiformes
FchinoideaClass

Atherestes stom1a
Hippoglossoides el«ssodon
Hippoglossus stenolepas
Lepidopsetta bilineata
Limar.da asperaHolothur1oideaClass

Cucumaria sp. Order Scorpaeniformes

Class Gastropoda

Fusitriton oregonensis
Natica spp.
Neptunea spp.
Nudibranchs

BivalviaClass

Chlamys sp.
Clinocardium spp.
Mytilidae  a!
Pododesmus macrochisma

Order Gadiformes

Theragra chalcogramma

Order PercaformesClass Cirripedia

Ralanus sp. Ammodytes hexapterus
Gathymaster siqnatus
Gathymasteridae
Stichaeidae

Class Malacostraca

Order l3ecapoda
Order Ophidiiforrnes

Argis spp.
Crangon dalli
Pandalus spp,
Spi rontocar1s spp,

2oarcidae

 +! over 90% of the mussels caught were Modiolus modiolus
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Aster1as amurensls
EvaSteri aS trOSChe 1 11
Gorgoncephalus caryi
Henric1a sp.
Leptaster i as polar is
cethasterias nanimensis
P teraSter teSSe latus

Echinarachnius parma
Strongylocentrotus droebach~ensis

Cancer oreqouensis
Chionoceres spp.
Oermaturus mandtii
Erimacrus isenbeckii
Hapalnqaster urebr itzkii
Hyas coarctatus
Hyas lyratus
OrenOnia. grari lis
Paralithodes camtsrhat1ca
Paralithodes platypus

Agonus acipenserinus
Rgonids
Aspidophoroides bartoni
Gymnocanthus spp.
Hemilepidotus jord«ni
Liparis spp.
Psycrolutes uaradoxus
Sarritor frenatus
Tr1qlops spp,



may have 1mportant ecoloeical imp1ications such as propitious hubitats.

As a first approach the 'inverse' clusterina technicue  bv species! was
used to 1ook for species assnciatiors and, i~ turn, errrloqical
communities. From the twn coefficients cf sirril arity avai'Iahie, the
Canberra-metric anrr the ipray-Crirtis, we chose the latter bin ausr nf its
wide use in iiarine ecnloty  ; it la 1969; Lav et a1. 1r371; Charrce anri
Deutsch 1980; Walters and "cp»ail 1982; Davis et al. 1983; and because
it is more sensitive tc nccasion il large values  r.r . c'LrE; .' iifford
and Stephenson 1975, p. 5> !.

Two clustering strateg1es rrere attempted: group average;ried 1 lexih1e
sorting, the Tatter with several different values apr lied for tie
coefficient. The group average strateoy fuses each ent.ty vith the
cluster formed to that point whici. a ives the 1owest av,.r aae
dissimilarity va1ue for eacl. entity. This strategy is considered
'space conserving' and has been used in mary ecological works
 Pritchard and Anderson 1971; Loya 1972; walters and Dcphai1
1982!,Flexible sorting is a trateuy developed by Lance and Williams
  1967! which allows different. clustering i ntensi t i es according to the
va'lue of the coefficient. with positive values it. aci as a space-
conservino strategy; if is 0 it causes a space-conservinrr effect
and nenative values yield a space-dilating clusterinc. I'.nwever, in the
NWAFC prooram, is constrained to negat1ve values limiting the
flexibi1ity to a  variable! space-dilatina strategy.ke chcse the
flexible sorting strategy with a va1ue of -D.5 since this rethod
produced better structured dendograms . With this coefficient, the
orogram acted as a moderate1y space-dilating strateqy; that is, the
chance that an individual e1ement  station or species! wi11 act as the
nucleus of a new group rather' than join a pie-existing one is
inCreaSed.

After each run of the programs, the resulting dendoqram was studied for
species compos i tion of the clusters at different di ssimi 1ari ty levels
and for consistency of these groupings. Each method seemed to yie1d
different results except for a few species which appeared tn be highly
aSSOCiated. ThiS prOCedur~ was deemed tOO subjeCtive and consequently
we examined a different approach. Workina with the 'normal'
classification   by st,ations! we repeated the process desciibed above
obtaininn more consistent dendoqrams. With station aroups defined we
then looked at the species caught at the stations that constituted each
major cluster. Data from Way and August was treated separately since
notable differences were observed in the catches of the twa cruises.
August data was further divided according to gear type   beam tr aw1, BT,
and rock dredge, RD, hau'1s! because nf the different fishinq
performance of each during comparative hauls. This was not considered
necessary for the Hay data as the number of rock dredge stations was
very low �5! and there was no overlapping use of both qears at the
same st:ation as was corrmron1y done in August.

Results

Dendograms were examined at different levels of dissimi1arity and the
level adopted in each case was the one believed to make eco1ogical
sense in terms of species assemblages and substrate type. For this
reason the Hay dendogram, as an examp'1e, was truncated at two different
levels of dissimilarity  Fiq. 1; see Clifford and Stephenson l975, p.
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134 for di scuss i on of the technioue! .
ln all three cases    .e . I"ay both quar, Auou st = I ard RD l three iia3or
clusters were defined that qrcuped stations wi fr 4 ir i lar I in lr t ical
characteristics  Fig,. 1, ? ard 3!, In these figures, 2 acr vertical
line at the zeio dissirgilarity value represents a single staticit ard
they are linked in larger groups as their simi I arity decreases   the
dissimilarity increases!,

A paramount question at issue is the abiotic attributes con mon I< the
stations within each c Iuster, particularly bottom types.

Stations grouped in cluster 185 are located arouna the two rlain
islands, most of them with in the 50 m i sobath   Fig� . 4 a! . The 1;ature
of substrate of these stations is predominantly rocky �4%, 'and
she 1lhash �3%!. The importance of these substrates in defining
cluster 185 is enhanced by the fact that 71 of the rock stations and
75% of the shellhash stations from the >'ay cruise were included in this
cluster. Also, 22% of the stations in the cluster have a aud-sand
substrate, but this represents only 9% of the total number of such
stations sampled in fiay  Table 2!. It is important at this point to
remember that the only attri bute used to form the clusters was the
species composition of the catch  in no,/ha! at each station, gather
than bottom type. The dominant species at these stations were sessile
Invertebrates like anemones and sea urchins  S tenno locentrotus
o oebacb92eesls!; seel, scallols i~cases u.T o ~em
~acres s a; e o. c ab s b Cec 1 c asttrgo 'a I anal
ajeie Teo gc baht: ce ~oases's.
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Figure 1. Dendogram showing the relationship between the stations of
the may 1983 cruise. Each vertica I Iine at the bottom of
ihe figure represents a different station.
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Oendogram of the beam trawl stations of the August 1983
CruiSe. Each vertical line at the bottom cf thn 4'igure
represents a different station.

tlendogram of the rock dredge stations of the August 1983
cruise. Each vertical line at the bottom of the figure
represents a different station.
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Location of the
stations A! Stations

in cluster 185; 8!
in cluster 183; C!

in cluster 188,

Cluster 183 included stat.ions with
an average depth of 50 m and
geographic distribution very
similar to cluster 185  Fig, 4 b!.
jiowever, there are certain
differences in substrates types
with a preponderance of mud-sand
stations �77'! and less rock �9X!
and sheilhash �4%!  Table 2! that
makes this cluster more similar to
cluster 188. In both abiotic and
biological characteristics, this
aroup of stations appears to be a
transition between the other
clusters 185 and 188. M1ost of the
dominant species in this cluster
were also found in cluster 185 or
188 with greater frequency or
abundance. The total biomass
values of cluster 183 are
noticeably low relative to those
of clusters 185 and 188.

Cluster 188 comprises deeper
offshore stations mostly in the
basin between the two islands
 Fig. 4 c!. The substrate type is
almost. exclusively mud-sand  Table
2! and the average depth is 71 m.
The dominant species included most
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Figure 5, Location of the August
beam trawl stations. A! Sta-
tions included in cluster 138;
8! Stations in cluster 135;
C! Stations in cluster 139.

of the fish, adult blue king crab,
tanner crab  Chionocetes ~s . and
Ko eah h ~ 2 ~ah E,a 2
isenbeckii! ana large gastropods
f th 0 ~ ~Nt a ~s

Beam trawl hauls acne in August
orouped in a pattern similar to
those in i;ay  Figs. 4 and 5!.
Cluster 138 inc luded rocky
substrate at 40K of the stations
which represented 92% of the total
beam trawls on this substrate,
The remainino stations were
equally divided betweeri shellhash
and mud-sand, but the shellhash
represented 82% of this kind of
substrate while sand only 19%
 Table 2!. l'lost of these stations
are nearshore around the islands
but some of the deep off shore
sandy stat.ions were included in
this cluster  Fig. 5 a!.
Biologically, these stations are
analogous to those of cluster 185
in iiay and domiriant species
include sea urchins, anemones,
scallops, juvenile blue king
crabs, decorator crabs, C,
~oe 2, Iea coc oh
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Figure 6. Location of the August
rock dredge stations. A! Sta-
tions included in cluster 192;
8! Stations in cluster 190;
C! Stations in cluster 193.

 Cucurnari a sp. ! and paridal i d
a~hi.p fable~I

Clusters 135 and 139 both iriclude
93% of stations on mud-sand
substrate  l able 2!. However,
stations iri cluster 135 are
grouped nearshore around St. Paul
at an averaqe depth of 44 m, while
cluster 139 is comprised of
offshore deeper stations in the
basin between the islands at an
average depth of 77m  Fins. 5 b
and c!. Dominant species lists
denote further dif'ferences between
these two groups: decorator
crabs, Asteri as amurensis, Korean
tai c a~be a ds 1 teckii!,
ock sole !Le ido sett~bi 1 atal

ahd 2 ~ fe 1 ha b t ~tl o loss s
~st 1 is! ee oe fee t
and aburidant at cluster 135, while
tamer crab, hethasterias
nanimensis, arrow toothflounder
~Athe sth tomias!, Jellowf
a~ate Li d ~~ea a d f lath d
sole n~dt o 1 ss id s a!assed !
prevailed at cluster 139,

Rock dredge stations from August



did nat farr> such well defined Clusters in termS of subStrat typ: as
found for the precedinq groups. Perhaps the main reason fo i.his is
the selective vse of this gear baseri an side scan scnar r»aces
available durinc the August cruise which allowed «s ,i choi< - of
f ishina gear according to the substrate type. Thus, the rock dr edg was
used a'imost exclusively on i>ard bottoms or s>na11 sand a>id shel ihash
areas surrounded by rocks which precluded the use of the bea>a t> awl.
The geographic. location is then very similar for ail I clusters and
reStriCted tO the near ShOre WaterS araund the iSland~ , Fiqs. F> a, b
and c!. Still, some contrasts of substrate and spe»ies assemh Ieges are
possible.

CluSter 192 iS carr>pOSed Of 23K iiud-sand statianS, 231 rock and 54%
shelihash  Tab1e 2! at an average depth of 54 m. Oomtrant species at
theSe Stations included panda1id Shrimp, ~H as Iyratus, tanne» crah and
blue king crab, sca'Ilops and Clinocardium ~s . anan starfish Ast> rias
mr>urensis.

Cluster 190 consists of 40% mud-sand, 44% rock and lb% shellhash
statians. 63M of the sand stations sampled wi th the rock dr>idae were
included in thiS cluster. Except tar the tanner crab and Korean hair
crab, all other species were nore frequent or abundant in the other two
clusters.

Cluster 193 did not include any crud ar sand s tations; 62K wer e r ocky
substrate and 38' shellhash, Biolagrcally, this cluster is analoqovs
to cluster 185  I"ay! and 138  August � beam trawl!. Oaminant species
were sea urchins, sea cucumber, mussels, P. macrochisma, I usitriton
~ce ill ar df a>raacles.

Discussion

The dorrinant species at the stations that constituted each cluster is
given on Tables 3, 4 and 5. It is clear from these tab1es that
frequency of occurrance alone or CPUE  in numbers or weiaht! by itself
is not enough to determine the dominance and spatial distribut>on Gf
the spec i es. In the Iday c luster s, the blue king crab is found most
frequent1y �7%! in cluSter 188 and the average CPUE > 145 ka/ha> iS
about 12 times larger than in c luster 185 >37% and ]2 i;9/ha
respectively! ~ but based on individual average weioht r.here is a >.lear
segregation by size, Althouah cluster 185 consists mast'!y of rock
dredge stations and cluster 188 is composed of beam traw1 stat.ions, we
do not consider the d ifference in the gear behavior and catch to be a
misleading factor in thiS CaSe. The rOck dredge pr Oved unSatisfactory
for catching adult king crabs, but we did not catch ther> with the beam
trawl when fishing on near share rocky and shellhash substrate,. A
similar segregation of blue king crab life history stages is seer> in
the August beam trawl data  Tables 3 and 4! and statiori locations far
clusters 138 and 139  Pig. 5 a and c!. Although the beam trawl did nat
sample juveniles as well as the rock dredqe, the mean weiqht per
individual is 569 and 314g in clusters 138 and 139 respectively. As
noted, a high percentage of stat:ions in cluster 138 were ne trsho>-e or
rock and shell, while those af cluster 139 were offshore aver mud-.,and.

The importance of these results is to highlight habitat requirements of
different life history stages of' P. Irlatq>vs and the importance of
reCrvitment tO Shal low areas ar'Ovnd their»iWOf Isiands. duvenile blue
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king crab  <30 mm carapace length! were found predominantly at
nearshore, rocky and shellhash stations, while rr,ale and feriale adults
had a high oCCurranCe OffShnre On deeper mud- sand subSt~ateS. ThiS
distribution pattern indicates a strong dependence of the Juveniles on
substrate that affords refuge from predators, and their survival xciy be
seriously compromised if they fail to settle on appropriate substrate.
She llhash is a key material for refuge and thus the survival is
ultimately 'linked to certain riolluScS that are also abundant rhithin the
species assemblage that characterize the blue king crab habitat. Irased
on May, 1983 data and resultant clusters 165 and 188, I'ytilidae
 Morfiolus modiolus!, ~Chlam s ~s , Pododesmus macroch Isma and Fusitriton

e e e sis e e ell de 1 ~ e t species its ~ie 1 e P. thi s
c uster IK. The empty shells of these mo'lluscs become refuge sSu rsstrate
for the crab and 1 s a riateri al that i s scarce offshore in cluster 188
where adults are the dominant life history stage of blue kino erat,

Support for this project was provided by the Outter Continertal Shelf
Environment Assesment Program  DCSEAP, contract no . 83-ABC-00066 ! and
the National Marine Fisheries Service  NMFS, computer time and
fi nanci a I support through grant nu. 85-ABC-00027 ! . Our sincere
appreciation to Lyman Thorsteinson for his encouraqement throuqhout
this program and George Lupine for assistance with logistics; Drs
Murray Hayes and Ralph Mintel of NFIFS for their computer support; Dr.
DaVid SOrnertOn far his he'Ipfu1 suggestiOnS; Tirri MCGinniS frarri
Williamson Ik Associates Inc. for his assistance in the side scan sonar
surveys and Greg Jensen and Rae Baxter for their taxonomic expertise.
We would also like to thank Ross Black, Paul Dinnel, Virgiria Phalen
and the officers and crew of the MILLER FREEMAN.
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<'thW- t t t *! V «>I . k ~,". i '>. ~l,t: "!, th«
f t mtt ..t '< t tl t>. t '.'3>«««
1981!. The rich red king crab tishery be<!an t<> le< line n I<><'., arxl
by the 1982-83 seasori th> <rate]i «f blue king crab at the 1 ribilof
IslanJs �.7 million lbs! ex<>ceded the catch of red kino < ra'n 'ram the
entire Bristol Bay area �.7 <><ill>an 1bs; A!>pI', 198]! . nut ay 1984
the National i«aarine Pisheries Service  l�FS! annus] qro >rv]fiS» survey
indicated tiiat stocks of ]ega, mal< blue king <ra. hi<1:><>a] inc I
perciaitously and were in]> !.6> mi]1ion male, ar<>uni the > <it>ilof
Islands compared to 3.1 million 1«gal male re<:. kini cr,>i> «hi<>ughcut
Bristol Bay  Otto et.al. 1'>84! .

>>Ithauqh included in the annual >V<PS qrnun<lfiSh survey, E>l ue king <-rai>
has been ] ittle st>xlied t, > ]ate throughout it- distribution fr<xi the
 >ul f af xa>a<lyr thrauqh th. sout!>eastern <>er inq Sea, <rust »ialoqical
investigations have focus«<] or> th«very intr>guin] >earx!uctive
biology of this species  e;., sasakawa 1975; samer tan and xvs<.intash
1985! . >>lmast no attention has been given ear]v I > Ee history, ecology
and population dynami<-s n. larvae and juveni les of this >cry:nsular
species. In admit>on t< the importance of such 1>as c 't>i >.oqical
information for fisheries management there is concern Lhst "xpande<l
oil and gas develaa>>ant throughout the southeastern Berirx; Sea could
pose a substantial threat ta the highly restricted oopulations <>f blue
king crab in the area of the Pribilof Islands  Curl and Sanen 1982;
Armstrong et al, ]984!; thus mitigation tor <snd management <if such
develal>r>ent must hC ]>aaed an gaOc] eCO]agical data far Tr nil . '.>uS.

The research program partially descriaed in this paper was un<iertaken
to study the early lite histary af p. plat«gus around the piibilat
Islands, the spatial and temporal relatianshio of soawwinT toms]es ta
their larvae and newly settled juvenile stiqes, and t > d.scrib«
location and habitat type of major aqqreqations af juveniles during
several periods of the year .

Methods and <'Iaterials

Sample area and timing.

Three cruises of about 2.5 weeks each were made to t>i<. I: ibiloi
Islands in May and August, 1983 and r>pri 1 1984 . Ourinq the first
cruise stations were syst<ar>atically arranged on ti'ansect 'ines
radiating from St. Paul and St. George ISlanr!S, Additianal ~tationS
were placed in areas of hiqh crab abundance as found durin I thc course
of the cruise  Fig. 1! . This array was designed t<> affor<1 i>ot.1«broad
scale coverage «ith stations up to 76 km offshore �8 nautical .>iles =
HM!, but. also detailed coverage in areas of certain substrate
composition. In reality t>awever, this < avexaqe was sti 1 I .somewhat
hit-and-rriss since stations ar",>itrarily selected <>n the basis of
nautical charts were largely s>.tuated on sand or mud substrates. Thus
relatively little effort during the first cruise was dire<:ted toward
cobble and rack substrate that was subsequently found, alon<i with
certain types of shell, to be of prime importance to juvenile stages
of blue king crab. On the second and third cruises qrid patterns of
StatianS Were uaed tO randomly SeleCt areaS that Were fit at S<irveyed
with sidescan sonar  SSS! ta map bottom type, ind then witt> that
information to direct samplin<3 effort on specific substrates  Pi]. 2! .
In general, the areas selected for intense field effort were nearshore
of each of. the two Pribilof Islands based on long term surveys
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Fig. 1. Pribilof Island survey area and an exarple of station Locatrons
h1ay 1983. Arrows irxhxwte additional stations on transect ]mes
up to 76 km �0 HN! fry each islan3 in various directions. On
each of three ccuises at least 125 ccmbinei benthic. trawl ard
rock dredge sanples were taken.

srla

s7bo'

Fig. 2. An ~le of a side scan sonar grid pattern used to survey
substrates in August 1983. Bali on grourrltruth.cng, major
substrates ~e mapped as slue in Figs. 4 and 6.
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conducted hy NMFS that indicated re!ative1y I imited arx1 insu!ar
distribution of adult st rqes af this species of crab  eg. Ot to et al,
1984! . We expected most eras ta be around St. Paul island somewhat ta
the east and northeast. Secause juvenile crab are rare!r cauqht
during the NMFS Survey, the majOrity of effort was visa directed
nearshare within the 60 m isohath of each island in areas assumed to
be largely composed af rr!bbia, rock, and she	 material.

Smrrplirxi gear and Methodaloqy.

Plankton. Zooplankton samples were ca! lected with ewir Aa cm diameter
bongo nets with 585 i mesh equipped with f'.aw meters sod fished
according to standard CALCOFI procedure  Armstrorx! et al. 1981; Incze
1983! . Larval samples were also taken with a lm Tucker trawl and a
modified Sameota neuston net for information on vertical distrioution,
Sampl.ing EOr kinq Crab larvae was limited to the May 1983 and April
1984 cruises,

Be th' ' 1 nd adults. Epibenthic sampling was done primarily
trawl or a lm biological rock dredge. Both

pieces of gear had to be substantially reinforced and modiFied for use
around the Pribilaf ISlandS due to very rOcky subStrate in certain
areas. The effective fishinq width of the beam trawl  a mrx!ification
of that described by Gundersan et al. 1985! was 2.3m, The net was
knotted mesh Of 15 mm lumen  unStretched; 28 mm Stretahedl With a cod-
end liner of 5.5 rNrt. The lrrt rock dredge had a net af about. 1.8 m
length and was a 6 rrrrr knatless mesh throughout, Each qear was used ta
target on different life history stages, the oean trawl far larqer
juveniles and adults, the rock dredge for smaIl juveniles,
particularly those located in areas where the beam trawl was
unsuitable. Trawls varierl from 5 to 18 minutes and usually covered a
distance of about 8.4 ta 8.7 km.

Sidescan sonar and substrate.

Because the primary oltjective of this program was ta study the
distribution and popular.ion dynamics of small juvenile kirtg crab, a
SSS was added far the second and third cruises ia order to identify
certain substrate types and map their distribution around the Pribi lof
Islands. A 588 kh SSS [Kl ine Assoc. Model 422S-88IE! was used in a
grid pattern depicted in Fiqure 2. Fach sonar trace cr vered a
distance of 1,8 km  I NM! and a width af aiiaut 1'58 fa 288m. Such
traces were used for two purposes: first, to map tfx general
distribution of various materials after groundtruthing and; secondly,
to direct satrpl in<] effort ta specific substrates found in the area . On
a single 1,8 km tract:, the beam trawl was often used in an area of
relatively flat sand, small cobble and shell, whereas the rack dredge
was used in areas of 1*rger cobble, thick shell cover, anti rocks,
Because of the very patchy and heteroqeneous nature of the nearshore
substrate, the rock dredge and beam trawl were frequently interchanged
to sanple large and small crab over short distances. patrerns of
bottom materials seen on the SSS traces were identified throuqh a
combination of Shipek and VanVeen benthic qrabs as we!I as by
material excavated with the roctk dredge. In general, very r1ifferent
substrate categories of sard-mud, gravel-cobble, shelf or large rock,
and shel lhash were reliably identified fram the SSS trace.
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Shell was the substrate of paramount importance to juvenile king crab
and 'thus throughout the cruise each station was characterized as to
presence or absence of shell, and whether it fell into one of two
categories: Shelltype I was described as relatively intact shell
often with an epiphytic covering of diatoms, bzyozoans and algae  Fig.
3! . Shelltype Ll on the other hand was pulverized to small, finely
polished fragments with no epiphytic layer.

Data analyses.

All crabs were counted, measured, sexed and the data entered according
to standard NUES survey protocol. Data collected on all species were
transferred to the MMFS Burroughs computer in Seattle and programs
used to calculate crab density at each station as well as population
estimates based on geographic and substrate strata mapped by computer
and used for' extrapolation of individual station densities to larger
areas. Length-frequency programs were used to describe size
composition and an assortment of statistical and clustering programs
were used to describe cotnnunity structure  palacios et al. this
proceeding!,

Fig. 3. Example of Shelltype I frcm east of St. Paul Island. Host
shell is intact and covered with epiphytic growth. Picfurcd
primarily are Serripes sp. and Spisula sp.
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Results

Water temperatures.

Bottom water temperatures differed between St. Pa»l and St. George
Island �1 km apart! and were colder at northerly St. PauL in,>oth 'by
1983 and April 1984. In Nay trxiiperatures ranged from > o to !,5>c on
the bOttom and ln tc 4>C at the Surface. Ry AO!L!st oF  983 bottOm
water temperatures were a!io»t 8cC around St. pau'!, but >n!y .5>C at
St. George whereas surface water was generally a!»ut 8.> C o>er the
entire area. The spring of 1984 was oarticu!ail r cold ,>nd >y mid-
april sea ice still extended tn the north shore of St. vaul Island
which prevented sampling most stations in that vicinity. Surface and
bottom water were almost always isothermal throiigho«t the stay region
and ranged from about 1.5 C near Sr. George to nearly -I''< around St.
Paul Islarxl,

Substrate.

!although a number of sediment analyses were performed Fnr standard
grain size parameters, the most »sefu! classificatio.! oF bottom
sediment for the purpose of describrng juvenile crab distribution was
based on broad categories of sand, cobble, graveJ, and rock  Pig. 4!
or shellhash which often overlaid several of these substrates in
various regions  Pig. 5! . The highest densities of juveni!e !;!ue king
crab as determined with the rock dredge were Fourxi ~st consistently
to the east and west of St. Paul Island in areas of cobbl' arx! gravel,
frequently covered with Shell I  Pigs. 4 and 5!; similar substrate
configurations were found to the east of St. c~rqe Island. In all
nearshore regions, bottom type was very heterogeneous, frequently
alternating between major substrate categories over a distance of a
hundred meters or less; for this reason SSS was a very useful tool to
direct samplinq effort on specific substrates. The shelf area between
the two main islands showed much less heterogeneity in the SS!-' records
and was verified to be a relatively uniform sark!y bot.tom based on a
large number Of grab and dredge sampleS, In tOtal, data from over 4 !i8
benthic trawls and dredges was used to form a composite of bottom type
throughout the pribilof Islards study area durinq the three cr >ises.

Shelltype I was the most important epibenthic substrate For juvenile
blue king crab and was composed primarily of four species of !>!valves
 ~s g i nd ' ~s i ~ll~ ' eh>~ s ' MM "i
mpdiuluS!, and large neptuniun gaStrOpcdS. sheila Of this typ.. were
qenerally intact or in large pieces and usually covered with pr'ofuse
epiphytic growth including feathery bryozoans, barnacles, anemones,
ascidians etc. Both the rock dredge and beam trawl used in areas east
of St. Paul and St. George Islands frequently caught several hundred
pcundS of pure shell ner haul, Or Shell SuCh as b>dodesmus s~, and
barnacles adhering to cobble  see Palacios et a! ., this proceeding for
a discussion of co!rmunity composition relative to substr ite type and
juvenile crab distribut.ion! .

Adult female distribution and abundance.

�ature female blue king Crab  Carapace lengtn >98 Lim! were most
abundant tO the SO»theaat Of St. paul Island in !Aay 1903 ns derermined
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Fig. 4. A ccrnposite map of major substrates around St. Paul Island
based on side scan sonar, trawl and grab samples. Such areas
around and between both is2.ards were digitized on canputer and
used as strata to group stations for estimation of population
abundance.

170 00170 20
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Fig. 5. Distribution of shellhash around St. Paul Island. Shelltype I
 darker shade! was material generally intact covered with
epiphytic growth and supported high densities of juvenile blue
king crab. Type II was pulverized, Iolished and had no
biological growth nor associated king crab.
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by bern» trawls  Fig, 6! . Females were qenerally within 25 ~ !14 t!N !
of St, Paul Island on a mixed sand/mud substrate with a high
preva lence of qastropod shells  see palaci os et al ., thi s
proceedinqs!. F>at>ale density ranged from zero at many statii>ns not
pictured in Figure 6  refer to Fig. 1 for the extent of trawl sampl ng
stations! to 58/ha in the area of greatest abundancr southeast of .>t.
Paul; no fernale crab were caught around St. George Isla<x3. ii, ised on
the standard units used by NHVS, this would equate tc aaout   >',8 >! ! to
17,8 !8 crabs/NM2; a very t>igh density compared to most yi ars  >f data
from the NMF8 qroundfish survey  eg,, see otto et a1. !984! . >>sing a

Fig. 6. Distribution and ab~  tr>./ha! of adult blue <inq - rab
in spring of 1983 and 1984. Refer tx> Frg. 1 for tm extent
of sampling to appreciate the rather restricted distribution
of females.
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N�PS program ta estimate population abundance, 6 . 2 mi 1 lian mature
ferxaies were calculated fai. an area of about Br848 km 12,688 t!t! !
extending fram about 25 !cn north of St. Paul Island down toward St.
George Island alone> the 88 m,sobath ta the west. Considering the
extent of our samplinq around the Pribilaf Islacx!s as well as that of
in the same year  Ottu et a!., 1983!, the preponderance of the mature
fcxzale population was situated r'elatively near St. Paul Island as
larval hatch occured. By August of 1983 mature females wer much mare
broadly distributed around the pribilof Is!ands, primarily in the
basin between St. paul and St. Cearge and their population estimate
was less than one-third of that calculated for Hay af the sane year.
In April of 1984 female crab were again abundant nearshare arx'. to the
eaSt Of St. Paul at denSitieS up tO 128/ba  Fiq, 6!.

Larval distribution and abundancr

In spring of both 1983 and 1984 blue king crab larvae were 3cxigec! ta
have hatched in mic! to late Apri I. During Nay 1983 larvae were
predominately stage I zaeae  qreater than 885! durinq the. first
portian of ssnpling beg inning say 18, and were a ccmposite af stage II
and stage III zoeae �5-688! during the latter part af that cruise
about May 25. I rom these data a develo xnent rate of abou 2.5 ta 3
weeks per zoeal stage at. prevailinq water temperatures was calculated.
During mid to late April 1984 all blue kinq crab larvae caught were
Stage I zoea and all were faund just South af the Ba isotherm midway
between St, George and St. Paul Islands  Pig. 7! . F@g hatt.hing wris
evidently occuring during the cruise since a large number af females
were caught in the vicinity with nearly empty egg cases or full
clutches of eyed eggs in the process of hatching.

In Hay 1983 larvae were found distributed primarily south and
southeast of St. Paul Island, frequently in waters of depths oetween
48 to 68 m  Pi<3. 7! . Larval densities averaged around 4,888/188m 2 of
sea surface in the vicinity of St. Paul Island with peak values
between 13,888-!8,888/188m2. virtually na larvae wer found near St.
George Island, nor were larvae qenerally found at distarx.es in excess
of 18 km to the north and west of St . Paul Island  Fiq . 7! . In Apri I
1984 larvae were only found midway between the two islands in waters
!BaC, although a large number of fettales bearing mature eggs were
caught east of St. Paul Island  Piq. 6! near Walrus Islarx! and are
asscxaed to have hatched larvae soon af ter the termination of the
cruise in late April and/ar possibly when water temperatures warmed
fram the -1"C average af that area.

Juvenile distribution and abundance,

Juvenile P. pla~t~us were considered those up ta a carapace length
 CL! of 38 nm based on consistent size frequency patterns throughout
the three cruises   see size frequency section! . Tn '4ay 1 98 3
relatively low densities of juvenile blue king crab wer caught
primarily east of both St. paul and St, George islands, but in general
most of the 138 stations sampled had zero to very low densities of
crab probably because the beam trawl was used much more than the rock
dredge. In marked contrast, large populations af juvenile crab were
found in August of 1983, likely far two primary reasons: first,
settlcxnent of large ncztibers af yaurxg-of-the-year  VOY! 3uveni es had
occured by this time and second, more extensive use was made of the
rock dredge as a sampling tool.
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Fig. 7. Distribution and ab~  no./100m ! oi. blue king crab2

larvae in spring 1983 arri 1984 at the Pribilcf Islarr'.s,
 Mte the �x scale ~e between years! .

Juvenile blue king crab were located in many areas around ;t, paul
Island primarily between the 4 ! and 68 m isobath  Fiq . 8! on
substrates that were composed of gravel, cobble and sheiltype I
material. Extensive populations also occured east o. St . George
Island despite the lack of females or larvae distribution in that area
 Fig . 8; refer to Figs. 1 and 2 for substrate distribution! . Striking
in the distribution pattern was the virtual absence of Juveniles over
the sand/mud shelf between the two islands and in any direct<on fran
the islands beyond the cobble/shel 1 substrate. In areas of dense
aggregation crab densities were exceedingly hiqh, often in excess of
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Fiq. 8. Distribution and abrrndance  no,/ha! of juvonib  r 38 mm i 1!
blue kirx! crab caught by nx:k dredge in August. 1983, Bofur
to Figs. 4 arrl 6 for a ~~e cf ~M ~~tial aswc~aUon wrth
certain substrates.

2,MH/ha  Fig . 8! . Btation dens!ties of 5,HHH to 17,HHH/ha  Frl, 8!
equate to densities of 1.7 to 5 4 million/�'4  N�FS survey units; 1
NN2 = about 343 hectares! . I>opulatron estimates of juvenile blue king
cra'o in August 1983 were derived for an area of 2829 km 2  83H Nm2!
between the 15 to 68 m isobaths around each island  a more restricted
area for' juvenile distribution and population estimates was consirlered
than used for adults! . In that region 282 million animals were
estimated based on rock dredge data, but in contrast the juvenile
population estimate derived from beam trawl data and axtrapolaterl to
the same area was only 4 million ar imals.

size frequency distribution.

A wide variety of size frequency analyses were performed on i!roupings
of crab according to geographic or sediment composition strata, as
we11 as according to cruise date and gear type  rock dredqe or beam
trawl! . A great majority of juvenile crab caught in Auqust 1983 were
judged to be YOY first inetar juvenilea with a mean FI Of 2.8 nm  Fig.
9! . Based on size freguency analyses of the Aur!ust clara, our
preliminary impression is that juvenile blue king crab .grow very
slowly and we selected as size ranges for aqe classes the ollowing:
H+ = 2,8-1H.H rtm, 1+ = 18.1-17,H xm, 2t = 17.1-24.H rm, 3t > 24.1 rrm
carapace length. �y April 1984 crab that were judged to lx~ H+
 approximately 8 months old sire a settlement date of Au]ust '983!
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Example size-frey.tenor plotS of blue kir5rJ Crab Caught on a
cctttbination of gravel, ccbble ard Shelltype T, tn Auqust
1983 note the strong spike of first instars �D5II! at
settle55ent. ~te also the suggestion of several age groups
under 30 tttn and virtual ~ of crab between 10 to 90 55t55
which was consistent on all three cruises,

Eig. 9.

222

Still had a Strcng Size nXIde bettteen 5 tr5 7 55N5 ar53 firat inatarS were
also fcutxt on that' cruise.  Size/age interpretation i s considered



preliminary and analyses are te>ng continued at this time! .
In general, two interesting features have energed to date frcm such
analyses;

1! The virtual absence of any size class nf < r;<b between
approximately 38 to J «m CL for any cruim' and gear type
considered  Pig. 9!, despite approximately 488 benthic
bean trawl and rock dredge samples taken over an extensive
area around and between the Pribilof Is'and ..

2! The apparent occurrence nf up to three aqe < lassos  or four?!
within a size range of 38 <<m CJ. would <ndi<-ate ~ rela  ively
slow growth rate c<xnpared to that of red king crab  �eber 1967!

DISCuSSIOn

The insular distribution of adult blue king crab shown by the annuaJ
NJ4VS groundfish survey was reinfor<M in the present inves=igation of
nearshore species ecology. �uch more so than adults, juvenile stages
of p. ~lat~fLx<s are restricted to nearshore areas around the prib<lof
Islands and the bulk of the population can be found within 18-15 km of
St. Paul and east of St. <urge. The high degree of association
between juvenile blue kinq crab and shel lhash was unexpect&, and yet
may provide an important explanation of the 1 imit of spec ies
distribution and range. The habitat needs of juveniles of several
species of ccsmercial decapods have been investigated, usually w>thin
the context of estuarine nursery areas. Stevens and !armstrong �984!
found that juveniles of Dungeness crab  C. megistet! were much more
abundant in eelgrass beds of coastal estuaries than on open <ntertidal
flats or in subtidal channels that did not provide scme form of
epibenthic cover. In a more recent study, armstrong and Gunderson
�9�5! found that YOY juvenile Dungeness crab were critically
dependent on shellhash, principally that of oyster a<x! ~a arenaria;
this the on1y other reported instance of a close associat>on between
juvenile crab and shellhash of which we are aware. .Juvenile penaeid
shrimp in estuaries along the Gulf states are most c<xsxon!y found in
eg< tM 4»*S~tp 'd fd I 't 1t

et al. �984! reported densities an order of magnitude greater in
vegetated areas within a Galveston salt marsh than fou<xl over open m<xi
and sand flats. In estuaries of North carolina  weinstein 1979! and
zn Chesapeake Bay  !leek and Thoman 1984! marshes and eelgrass  Zostera
marina! support much higher densities and bien<ass of juvenile stages
f bl < <C 11'J~ ~id ! M pe 'd ll < the

open unprotected areas

Relatively little work has been done on habitat re<tu<r<mmnts of
3uvenile stages of coastal co<a«ercial decapods with the exception of
several species of lobster. pottle and Finer �982! d<m<onstratcd a
distinct preference of juvenile N<x«arus m<<ericanus for gravel when
given that as a choice along with~sIt-clay. Juveniles were able to
excavate burrows in gravel which theyoccupy during daylight to avoid
predators. Howard �9�8! hypothesized that the size ccmposit<on of
lobster populations  Hcmarus r!angelus! along the English coast is
controLled by substrate size ard c<x«position as we11 as by nearbed
current speeds which, if too fast, aucx«ent juveniles' nee<3 for rocky
outcrop areas  Howard and Nunny 1983! .
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Only very 1 imite3 work nas been done serif ical ly on Cl<e 3>strit>ution
and habitat ro<!uirei>ents of young stages of juvenile olue i<xi re<3 kino
crab in the southeastern n< rinl S>ca and c>«if of »1 >ska. '-'i>ndoerg arx!
Clausen �979! <!ocumentcx! hiqiie>r inc!den<.e of 3«v«nil< i<-1 kin i crab
in rocky areas of 1owe<Coik Inlet than el sewherc v< nor. open
unprotecter! bottom. >ewett an<! Powe!1 �981! !es"i rue<! zeneral
nearshore ecology and breeding bio!noy of king crab arou<x! xo3iak
Islan<1 an<3 describe n six i lar oropens! ty nf smal 1 guveni es to occupy
rocky niches in tiirit >re< as well. In t% s< «theastexn nerini Sea
llcMurray «t al. �984! present<><>1 the res«i tn r>< >i: roa! '< ale,uxvey
of 3uven le <Iistribution ' xom 'iriimak I -1>n<! throu in Bxi«t I  <:9, an<1
reported a hi 7 hex in<-i dence n!. s<>a I l. j uven i les  � < n« ."i. ! on
substrates <>f grave! ox co!>b!e, usually in associat inn wite ni<!uiica!
material that. provi<lcs a three dimensinna! ha!>! tat. such
invertebrates as stalkeL<,<sr idians  t<oltr nia ovi fora!, ! rynr<a>ns >n<v!
colonial tube dwelling po! ychaete>s were frcxguent!! is; r intr>3 with
small king crab  oun] insh»ru of the 5 ! m isobat.i!,

In he present study small YOY and s<xnewhat <>!dei age «'earns of
juVenile p. Olatypua Wer«COnaiatently aSSO<i>atoc! 'With a grave! tc
cobble substrate, but mor on witIi v'irinus forms nf shel!hash aroun1
both St., corke and St. Paul Islands. It is assur<>od to<it su<'> s>hi<!. 1
material is the nrinci!il» form of reiuge affor Jew newly .>«tao<>xphose<1
and small sized juvenile crab that are otherwise px<x!ate3 by a rariety
of other invertebrates and fish. The strict assn<-tat!in wit!i shel 
may in part exnlain the limits of species distribur ion, naxt;-ularly
in contrast to that. of tne red kino crab. Sr,al 1 juven:1c x<x3 king
crab are fr+«metamorphosi- much more spherical than are !>1ue> .>nd have
an exceedingly soinose morphology that, assumably, helps tn d«crease
predation, Coupled with the physical attribute o spines to,3esuade
oredation is the well known behaviora'. nrocess of  x><id>nn that is also
viewed as an anti-predator c<x«ponent of early 1 if< 'i!story  "<>well arx3
Nickerson 19G5!, In marks<3 contrast, juveniles >f 1'. <>Iatvous are
c<x<>pressed dorsoventrally and have virtually n > a!>Pre~ i,<bi>~ spinose
pattern to the carapace at all. The low, rather fla' niatxices in
stacked shell, par ticu! arly of the several bivalves t nat 3c«>inate
shel!hash around the Px ibi lnf Is 1arxls, probao y ~ives as a very
effective habitat for mall juvenile stages of this clos<-ly related
 to P, camtschatica! but anotomically di ferent 9!»iie;.

In general, the excitingly thick cover of she>1lhash foun around
the Pribilof Islarx!s may be peculiar to si>ch insular lish<tats. [,arge
populations of bivalves that produce the she! lhash werc  ouM around
the islands, and current patterns in the vicinity may t>e such that
empty shell is retained in the area. Slsewhere in the snut.neastern
Bering Sea, particularly along the North Aleutian Shelf  x<r> iinimak
Island to Kvichak Bay and west to Cape Newenhe«, ~ hav=. never
observed, despite n<xrerous trawls and rock dredges, similar aq<3regations
of shel lhash as seen at the I'ribi laf s although large in faunal
populations of certain bivalves exist in the area  i~nona!d et a!,
198!!. The very restricted distribution of juvenile king crab around
the pribilof Islands and apparent dependence of this ear'.y life
history sta<ge on particular benthic material i<akes the: ver>ill life
history of this species somewhat precarious, Pemales are apparent!y
situated nearshore at th« time of egg hatch in the spr>ng and larvae
 based on our two cruises in <4ay l983 arx3 April 1984l are certainly
distributed in greatest density nearshore aroun<1 the .slands or at



least in the coen w>ter between then. However> aii =n L.>x exterx3ed
larval pericd of this species, which is estimated to ranq fram about
3.5 ta 4 months  ]]rmstrang et al., unpub ]shed <]ata!, as] the very
limited benthic habitat ta wnich they must settle an<] netanarphas< for
successful juvenile survival, it scene likely that this H>ecieu nay
experience year c]ass failures ri =ertnin vears.

Sizrmaries of. current patterns in the southeastern Herin] Sea, arx3
particularly in the vicinity af the  >ribi af Isiands, shaw a non<.ra]
northwest direction and slaw s~s a]ang the she]f ]>rear psst the
is! ands  Kinder and S>chumacher ]98l; Schumac]x.r,>rd r><vx]: 9!]3], On
the local scale of. the [>r ibi: of Islands there must, ]<>waver, be
current oatterns and eddies that horn]aL]y r. tain ]arise nearshore to
enhance settL>anent on the limited refuge substrate found in the area.
However, in <.ertain years it s~s quite prabab]e thaL anomo]aus
events may cause transport at Larvae we ] beyond the pribi]af ]s'lands
which results in settlement and metamorphosis <,f megalopae on
substrates where survivaL is exce«ing]y law. ]t. is striki<x< that
af ter several hundred benthic trawl s ard rock <]red yes over a
relatively wide area around each of the islands, no;aver i]es ]x tween
appraixmately HH-B'5 nrn carapace length were caught, a size man< that
probably encampasses several age classes.

Uncertainties of annual recruitmen success, the strict depen ]en<~ of
early Life history sta<Jes an nearshare habitat around the priailof
Islands, the unique rearaductive bio]agy of this species  biennial
spawning of females, Somertan and Macintosh 1985; Jensen et a]. this
proceeding! and the uncertainties concerning growth rate arr all
issues that should be consi ]ersd and studied ror bet ter nana<Jement of
the fishery. Of further interest to us i* the relationship between
juvenile king crab and their shel]. habitat. particularly populatian
dyne>nics of the molluscan species thrnnselves, their frequency af
recrui]znent and age at death, as weLL as age of shells before physica]
and biological pracesses reduce them ta sizes suitab]e as -xab
habitat. Iml]ortance of <Jastrop<x] shell to benthic ca<irnunities that
are comprised of hermit crabs, octopus and fish has Long been
recogni zed and the impact of reduction in shell supply and/or
CanfiguratiOn haS recently .»een reviewed by nn=Lean  L98']! . r'uture
crab research should inc] xie studies of the dynam]cs of mol ]uscan
populations that supply ref<ige for. juveniles of this canrnercial crab
species.
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Southern king crab, lithocfes antarctims,
of the IVlagemlan Region, ChiIe

Nt. Beatriz Hernandez
InstittIta de Fomento PesqLIero
PLInta Arenas, Chile

IIAITRODUCTIOII

I-ishing for Lithodidae in Chile is centered on harvestiro the southern
king crab  Lithodes antarcticus! mcentollam and, tn a lesser r xtent,
f 1ae k g C aaaafaicm92S gra kaaaf mCe te11OO". A f iitri d

is « ~e, t ~ e s ot much 1 farmtio ~, cesi. fo some
reports about its presence in the far southeastern regiori oi the
Pacific Ocean  Campodonico and Guzmhn, 1972!.

The exploitation of the southern king crab is one of the main economic
activities in the southern part of the cnuntry, after catt'Ie raising
and mining. Fishing for this resource is limited to the Hagellan
Regio~, between 49' and 56 Iatitude south, with an area of 132,GGG
sq. km. Human population density is one inhabitant per sq. km and the
region is isolated from the rest of the country by 400km of mountains,
g Iaciers and channels, in such a way that the region can br reached
from Chilean territory only by sea or air.

The distribution of Li thodes antarcti cus in the Pacific Ocean extends
frOm the latitude 3!! aF ~!~ra IV~ia dOWn tO the far end Of SOuth
America, although sometimes it has been seen near Talcahuano �6m41'S!
 Fig. 1!. Its bathimetric distribution goes from shallow waters to
depthS reaChing 600m, and iS a lWayS aSSOCiated with low tempera tures.

u sto 1 ~gu

The exploitation of the southern king crab began in 1928. In 1934,
without any previous studies, some fishing regulations were imple-
mented. Thus, the minimum legal size was set at 120mm carapace
length; the harvesting of females with external eggs was prohibited;
and a closed season for its fishing was fixed between February 1st and
June 30th of each year. Of all these regulations, only the minimum
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legal size is still ir effect. The regulation reqaraing fpmzles was
not strictly adhered to sirce they carry eqgs most of the year, This
resulted in the proh1hition cf harvesting cr transporting iemales ir
the Magel 'lan reaien in 1973. The reaulation now ca 1 is 'cr female
crabs er. be retur nea to the sea ir the samr. place they were captured,
Later, this regulai.inn was set es a standard fnr the wholr i.ountry.
Finally, since 1982 the harvesting of the southern Ling eral ham been
allowed throughout the year, This was institutea only vn the ardi-
tion that the fishirg industrv test. the feasibility of opcrarrtrn in
the months previously prohibitea. A regulatory changr t< proter:t the
rmting period wi'll probably be implemented in 19EF, A closr 8 season
will bc set between December 92st arrl Januarv 15th.

The fi rst b 1 olog ical s tudy af the southern king eral. resource; was
made 35 years after the industry began. Scrne n the conclusrons
chta-ined at that time are stil; valid, such as the reproavctive
migrations anrl the maltirg time. Campodonica �981! presents a reviev.
cf the 1nvestigations done on southerrt king crab through 19?9,

A fisheries biology prolect was begun in 1979 and is still aciive. As
a result of the 1 nvestiircttians, some changes in resource regulations
were implemented. That is why the use of tangle nets has been pro-
hibited since 1980, allowing r,nly the use of pots, This ha been
difficult tc enforce becausr of the I'rd ted means availab'e, rive to
the vast extent of the fishing areas. It is believed that a relative-
ly high number of targle nets still operate illegally,

In Gctober 1981, thc porvenir area was closea for a period of four
years . This area had been fished since tl'.e industry began, and was
considered overexploited due to diminishing relative abundance irdices
and average sizes of males and eemales. In this area, the harvestino
of females was a corstant violation.

There are st i I I Several aepecr s of the fiSherieS tha r have no+ been
studied' i.e. physiochemical, oceanographic and ecological relation-
ships; determiration of sonar population parameter< a stock eva'lva tion
in terms of real abundance, etc.

Life His~tor

Marking experi ments in the Magellan Strait area have shown thai the
southern king crab does not raake any signifirant horizontal movements
 Geaghan, 1973!, but does make vertrCa1 migratiOns correlated with the
reproductive cycle  Stuardo and Solis, 1963!. Around the first part
af spring, the Li thodes antarcti cus migrate to sl'allow waters and
att., tt, tp.cemee a e p t V J a yp, ta y t t ~ e..p
waters. This fact is demonstrated by the changes in the sex ratro in
corrmrercial catches  Campodonico and Hernandez, 1981!.

Except for the case of the Admiral Montt Gulf area, where the process
of liberation of the larvae and spawning occu rs a month earlier than
the other areas studied  Sanhueza, 1976!,  in the Magellart Reqion t: he
liberation of the larvae occurs after 1G to 11 months of incvbaiion!,
the process begins in mid-September and ends in early November.
During most of Novereber, a 1 1 the mature females are wi thout eggs, but
at the end of November or the beainning of December, it is possitle ta
frnd some fema'les with new eggs.



Spawning occurs immediate1y after molting, when the cai apace is sti'll
soft. The highest intensity spawning occurs in December, hut the
whole process extends until approxir ately mid-January.

The larval development compr ises three stages c F zoea and cne of
megalnpa; the planktonic zoeal life is less than a month and depends
on the water temperature  Campodonico, 1971!,

A11 the information on sexual maturity is being updated and ana'lyzed
by the Patagoniar Institute, since significant variati<ins have been
found between areas relative1y near one another.  Jntil recently, the
i nforma ti on had been analyzed us i ng large geographic area s .

As to fecundity, there are differences amnng the small areas and among
the number of eggs that. tema1es of the same size carry� . Fecundity
varies; between 2,00D anrl 60,000 eggs are attached to the pleopods .
ln compa rison with pa ra 1 ithodes camtscha tica, the fecundity of Lith-
odes a tarcticus iaido , t ttsat i co s' t t ith th 1 g
~s se o~t egg d th sh t p ' d r 1 1 e 1 p ~ :  c p-
donico and Hernandez, 1983!.

The population is parasitized by the rhizocephalar Brig rosaccus
call osus, hut th i c de c f pares tie ie h t a .as d
~oca it92* . Altho gh 1 ala i r*stati s the st . sp
mens with up to four parasites have been found. The percentage of
infested crabs markedly diminishes as the size of the crabs increases.
One of the possib'le explanations for' this situation might be a high
mortality among the host crabs  Campodonico and Hernandez, 1981!. The
right che1a of infested males is smaller than those of non-pa rasi t i zed
individuals, and mature-size female hosts do not carry eggs on the
pleopods. The maximum percentage of parasitisrr, recorded tn date is
15.3 percent of the population of a location ig Ano Nuevo 1n1et; a
quantity that considerably exceeds any other samples in the region.

Struct e or the P~ul t o

The studies of male:female ratio in the conanercial captures show, in
general and especial ly dur ing spring and sunm er, the exi stence of a
predominant quantity of males over females. However, this is not a
clear and definite reflection of the real relation of sexes in those
environments. The higher proportion of males would be due to the
female behavior associated with the spawning process. On the other
hand, the smaller size of the females would allow them tn esca pe more
easi'ly, It is also suggesced that the crabs congregate by sex and
that the fishermen make the selection. All these factors have been
extensively analyzed by Geaghan   1973!, Sanhueza   1979! and Campodon-
ico and Hernhndez   1983!.

Sex ratio is also a function oi size and generally fits into the
"anomalous" pattern as described by Wenner  ]972!, but seasonal
tluctuations in the ratio are evident. These variations are attri-
buted to a reproductive migration as well as to a change in the
vulnerability of the fishing gear  Campodonico and Hernhndez, 1983!.
The size structure for males, as well as for females, shows variations
between areas, seasons, and as a result of conanercial explcitation
 Figs. 2 and 3!.
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Comparfsons arrong the size frequency dtxstributinn, rf crabs 'roni small
areas and for diffrrent tires nf the year showed signifi-~nf differ-
ences between the curves. An 1ncrease in th» average 'izes from
winter to sunlrer is related to spawning r igratior s itd l inkeo tu ar
increase fn the proportion of larger sariples. Af'tei. the rr productive
periOd, lame Crab prObably return tn iieeper Water where ih» iiShinq
gear is les: effective.

Comparing size-frequency distributions from various -r,: 1 1 ar eas
genera!! v showed differences between locations that are relatively
near nne another. Cases wh~re thfs situation can be nbserved fri both
sexes could be attributed to tl e existence of different enviror.mental
conditions, which produce d'fferent gr»wth and mortefity r iiics,
including, 1n the latter, the effects nf' fishing  H»rnhndez »r al,
1984!.

Size ranges observed between 1979 and 1984 in the convnercfa' catch was
34-184rrvri carapace length for males ard 36-173mm for females. The
average size for the landed mair.s was 128- 134mm carapace length, which
represents <a live weight nf 1,5-1.8kg per king crab. Fven though the
controls have been intensified, landings of king crab caught below the
minfmum legal size, cspecfally between the sizes nf 110cm and 119rrmi
carapace length, still exist.

~tx iaitati ~ ~

Fishing for southern king crab was centered for alrios. 50 years in the
>fagel!an Strait ano riearby areas. Only since 1974 has the geagle
Channel been exploited. In 1976, the Cape of Horn Archipelagr �5'
40'S! was added, this being the southerr !imit frr fishing, !n 1979,
the ha rvest in the Ann Nuevo Inlet began and fr om 1980 on, rhe fish 1ng
induStry haS extended narth t.O WelSOn Strait �1"40'5!, In 1982,
fi shfng was as far as the Trinidad Channel   50'5!, the maximum north-
ern latitude reached so far. Figure 4 shows a c!carer view tf the
expansion experienced sfnce 1979. It can also be observed that the
geographical area suffers variations between seasons, due tn the
1ncorporation of new areas and the abandonment of nthers.

The harvesting and processing of the southern kinq crab began in Chile
about half a century ago. In 1928, the 1'i rst canning industry was
1nstalled, joined by others later nn. The developmert of fishino was
rather slow up to the 1950s. The industry operatrd mair ly between
October and December, being clnsed for the rest of the year. Until
then, the landings dfd not surpass 150 tons and were distributerf only
fn the nationa 1 market.

With the except1on of the start of the frozen southern king crab
industry in the 50s, there have been no other major changes during
this period. This is why the Magellan Strait area remains the main
fndustrial center and the market maintains a domestic character. The
landings 1n the period fluctuated between 200 and 400 tons, figures
that were maintained in the fi rst three years of the 70s. However . it
was in the 70s that grOWth OCCur red, aS Clearly shOwn frOm 1974 onward
 Fig. 5!. In that period, there was an important technologicaf
development in the fndustrial sector, coinciding with the exploitation
of the southern area of the regfon,
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Figure 4. Fishing areas of southern king crab between July 1919 and
January l984 in Magellan.
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In 1976, exportino began, the fishing industry f ocr~ ased its vr lume,
and the mechanizaticn of the industry was improved, From 1976 to
1979 there was an increase fn the volume of landirqs, due 'c increased
fishing effort and to the exploitation of new areas.

In 1980, a general decrease in industrial activity and production was
caused by a considerable fall in orders and prices paid for the
Chilean king crab, at that time fully dedfcated to the European market
in a variety of canned foods, For this reason, the landinqs fell very
remarkably between 1979 arid 1980. In 1981, there was a slight rise
caused by the opening of the North American market to the frozen line.
This started a reori entat i on of the fishing f nciustry tnw! ro f r ozen
products. Since then, the frozen line has surpassed the canned food
production.

In the second half of 1982, market. conditions got. blotter and reacti-
vated the local fishing actfvity, leading to a signfficant fncrease in
tndustrial activfty in 1983. Historically, the highest fishery
landing was recorded in 1983, reaching 2,633 tons, There was a slight
reduction in 1984 �,571 tons!, Rivalry among companies and failures
fn commercia I ization have riot allowed Chile to maintain a stable
market

Generally speaking, the kfng crab fishery can be defined as a ffshery
in the process of development. In a decade, the landing has quin-
tupled, new fishi ng areas have been exploited, and the harvesti ng and
processing capacity has increased annually. The industry has becorte
highly devel oped but, at present, the processing capaci ty consfdei ably
exceeds the total harvesting capacf ty. This means that the growth of
the fishery should be planned on major fleet development and especial-
ly on optimization nf its qualfty.

The fleet is composed of a laroe number of small vesse'ls, mainly
wood-hu'lied; many of these do not have mechanized systems to operate
pots, The length of these vessels varies between 7m and 22m, although
rtore than 50 percent are in the 8-17m range. Only a small proportion
of the fleet belongs to the industry; it is mainly of low tonnage
gross register, without proper navigational and cottetunfcatfons sys-
tems, and with weak facilities to maintain the raw material.

Vessels less than 9m long generally have a beam that does not exceed
2m, compared with the base of the pots coaanonly tised in the fishery,
which are approxiamtely 1,6m in diameter. It is clear that most of
these vessels work with tangle nets,

Pots in use are round-based, not more than 60cm hi gh. Pots are hauled
down in sets of 10 to 20 pots per line. The most common bait is fish,
although some mamnals and sea birds are used illegally,

For statistical purposes, the region was considered as a whole unti 1
1978. After that time, ft was divided into 12 areas, whose limits
were mainly based on fishery development. Figure 6 shows a map of the
region separated into the 12 difterent areas.

Since 1982, harvesting throughout the year has been allowed. However,
the ffshery maintains its historic behavior, registering higher
landings in Noveraber and December. In Figure 7 ~ the evolution ot' the
landings and the number of vessels is shown; the curves are similar.
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A statistical analysis showed a high degree of associat<<>n between the
variables.

The feaS i bi lity Of COnduCting the Cammerci a I fi Shery iror Fehrua ry ta
June is unequivocal. Lnwer capture rates <luring other months
basi< ally the result af limitirg the effort. Ta date, 'his nas been
on the increase. The Iaridings recorded for the period ~r<m February
to June 1984 reached 603 torrs, which represents mare than 70<1 Percent
af the ha rvest recorded the first time this season was cpened ir. 1982,
The noticeable limiting af effort in April is probably due to the
condition of the king crab and to the decr<ase of the yield aroduced
by the male molting process  Herrhndez et al, 1984!.

In Table 1, the landings per fishing area in each season is snown, as
well as the contribution of each to thr i< tai landings cf the five-
year period, 1979-1984, It shows that the areas VI  Ano tiuevn Inlet!
and V  Bal leneros Channel ! contribute the hi< hest per< entage ta the
total, followed by VII  Cape of Horn Archipelago!, III   larence
Island! and X  Maldonada Island! These five areas produced 58
percent of the accumulated total landings. The area that contributed
the highest proportion to the total landings car also be seen. The
changes in each season are basically due to the industry operation
system and to the incorporation of new fishing areas.

Table 2 compiles the fishing effort estimated in number oi pots.
It can be seen that the 1979-!980 season  running tram July to January
of the following year! is the one co~tributing the highes+ effort, In
the following season, effort diminishes by 55 percent . Later on, it
increases ir a slow but sustained way. In the 1983-84 season it
reaches an amount corresponding to 81 percent of that re<.or.ded at the
beginning of the five-year period,

The relative abundance indices, expressed as crabs per pai-. show fluc-
tuationS between seasons in the different areas, which are in some
cases due to the utilizat'.on of more productive locations within each
area, as for instance the incorporation of locations of better yield
near the Pacific Ocean.

The average catch per pot of legal males varies from a minimum of 0.5
to a maximum of 2,2 crabs per pat  Table 3!. Considering that the
catch per unit effort reflects the relative abundance of the resource,
the region can be divided into areas of higher nr lower produci.ivity.

Area VIII  the Beagle Channel! presents a significant deterioration in
the relative abundance indices. This is a result of considerable
landings of king crab smaller than legal minimum size. Fishing now
depends on the recruits incorporated each year.

General Considerations on the Protection of Southern Kin Crab

At present, there is a management plar waiting to be passed by the
government  Hernhndez et al, 1984!. Its main objectives are:

ta reduce the risk of overexploitatian and the failures in
recruitment.

to promote better utilization of the resource, dependent on the
biological conditions of the stocks.
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to develop a permanent inforrration exchange about fishing and
species.

It is proposed that, the king crab fishery should consider th< follow-
ing options:

1. Eo maintain the re ulations in effect. These concerrr the minimum
spaz,typ r p ~ tt. dpcito ff I i:fir

Settin of a closed season time, The mat'.no and spawriing per-
iods, which are from December to mid-Danuary; must tre protected.
The intense fishing activity engaoed in during these rrronths not
only causes unnecessary harm or mortality to females, due to
their vulnerability because of molting, but arso disturbs the
reproductive behavior of the species ard affects the succes~ of
reproduction. It is during this period that the use n~ tangle
nets is higher due to their efficiency .

3. ~Tern orar cl~osin of small areas. As the size of corrnrercia1st sr~': .stmtrts r, a y t'ts t
have recently been incorporated, there is not enough irrformation
about capture and effort to estimate a quota on tke hasis of
maximum sustainable yield, Besides, due to economic reasons, it
seems highly improbable that a routine program for stock evalua-
tion would be feasible.

The decision to have closed areas and the duration cf the «losures
should be based on size composition, relative abundance ind'ces, and
the state of the female population, as much as on an estimate of the
future condition of the resource  pre-recruit fraction!.
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The fishery biology of Beagle Channel
king crab  Iifhodes antarcficvs!

Daniel A. Bertuche, lorge G.
Wyngaard and Enrique E. Boschi
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filar del Plata, Argentina

Introduction

In 1900 an agreement WaS S igned between the I nSt i I'u tO riat iOria I
vest igac ion y Desarrol lo Pesque re  I NI DEP! of ISar del Plata f i
the three king crab processing Industries settled in Ushuai.r C
order  o determine the resource ' s situation, since there was a
owing to the low yields, Frora August 19UO until December 1981
search program was carried out ivi th only a precarious f ramawor
by the f ishery indus tries, Some of the resul ts obtai ried are p
in this communication,

dr. I n-
ty and
i tv, in
Iairr

re-
k ' oaned
re,er ted

The Fishery of Kin Crab in the Ar ent inc Re ion of thc Beagle Lh anne I

Ihe f irst commercial catches were real ized with crab nets. Some years,
nets more than 50 km Iong have been used, In 1975 i t was deterrrri ned
that the only f i shing gear al lowed would be the pot, The I ength of
vesse'Is operal.ing in the region does not exceed 15 m and general I y have
no navigation equipment. The crew of each vessel is composed of one
cot kswa in and two sai lors, and f i sh ing usual I y take s nna iiay . Trna pots
have the form of a truncated cone and their skeleton is composed of

2 fr 9

The fishinq of the southe rn king crab -''centalla''- ILithode ~ ani.arcti-
cusi in the Argentine regiorr of the Beagle ChanneI between Lapataia
Bay and the Fronton Gable  SACBI, south of the Isla Grande de Ia Tierra
del Fuego  Figure I!, started in an artisanai way in the decade ofi930.
In spite of this, there are practically no statisiic -e liable registers,
neither were they systematically obtained, It is onlv sincr 1973 that
some investigations on the bioloqy of the k ing crab in that regiran were
made, ai thOugh unfOrtunate ly Very SpOttedly Or pari, i a I  Ste I ru e' al,
1974; Fenucci et aI, 1974; Boschi et al, 1975, 1976i Boschi, 1971; Bos-
chi et al, 198'I; Vinuesa, 1982; Vinuesa et a I ~ 19821,



three iron hoops united by eirlht crossbars of thinner. i ran rod . The
framework is 1.30 m high. Th» mouth'! diameter is .50-1 80 m The
StruCture i S COVered by net Of variable rireSh S iZe,,l0-115 irrm liiiig arid
55-95 rrmr wide between knofs. The mouth oi' the pot i s guai-ded l>y a c i r-
cular plastic band which prevents escape,

Pots are drawn in groups of tnn tied among each other by a thirik rope
� ine! and separated from each other by 20 m approximately. Thii, potl ine
is usua'I ly drawn ln direction NE-SW so as to ach iev» the upt imum pro-
cedure, and a beacon is fastened to both ends of the rope Al t.yp»
of meat not used for human cons umpt ion   lamb, ch i ck»n, pi rr, et .. ! is
ut i 1 ized as bait, which i s placed in smal l nylori burrs t ierl to the pot.
The pot 1 ines are normally left two days in the water befort being
examined. The catch is vrilhdrawn, the ba it is changed, arid i f f ir>hing
was surcessful, the pots are drawn again in the sam» place, otlierwise
their pos i t ion is modif ied, The caught spec imens are stored ori the
deck unti I the return to the plant, where they are 'odged in hatcheries
until they are processed, which usual ly occurs the day aFter, The
catch of ucentol lonu or false king crab  Paralomi s granul osa! i . often
al so util ized. The landing at Ushuai a Port during fhe period 1977-82
ties varied between 160 and 300 annual tons, except frig yesi s when f i sh-
ing was interdicted.

Figure 1. Austral region of Lhe Argentine it»pub! ic Th» Isla Grande
de la Tierra del Fuego with the Beagle Channel . Shaded, th» sur-
veyed area or SACB, between Lapataia Bay and the Fronton Gable,

20' B1' BB' 6 SS eS 6 t
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Material and jfethods

Owing to the agreement s i qned wi th the f ishery industries, a ves el was
at our disposal with i ts f ish ing equipment and norm<s 1 cre� iiur inq ten
days per month approximatel y. During that period, al 1 trips meti orolo-
gi cal conditions al lowell were made I with two biol oqi 5ts of ' he 1 4! l DCP
integrating the tri pulat ion and supe rvi 5inq the 1!! k.

Figure 2. SurVeyed area betweer! Lapataia Bay and l.he Fruntcjrr Gaj>le
tSACB!, indicat ing the boundary with Chi le, Tli» region iras sub-
divided into 5 areas which inrlude the 307 square~ of apj!roximatel y
1,000 m per side that were taken as reference to 1 rica I i ze the pot-
1 ines. Smal I Ci r C1eS indiCate the Surveyed sqriares and che b oken
1 ines, the isobaths ol 5 and 50 m,
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In order to local ize the f i shing operat iona, the surveyed reqion
between Capataia Bay and the Fronton Gable  SACB!, was di vided ii! to
squares of 30r'' 1 at i tude per 1 ' Ionq it ude, equi va lent approximate 1 y to
1,000 m per s ide. On the whole, 307 squares were il»1 imi ted !axing
also into account the f i she rmen' s experience, the reg ion was subihiv i dad
into five areas  figure 2!.



ln eaCh One Of the periad; during WhiCh a VeSSel Cri«ld be iiSed, the
maximum number of F i shing <>pere> ions distributed a> randoin in ii»ch one
of rhe areas were I r ied to be. Fiil f i I led. The t ime ie p» I inc . ie-
mained in the water was usua I ly rwo days and the ba i t uti i zea was lamb
neat.. The fol 1awinq data were registered from each opera-, ion, in
special ly designed forms: date, vessel, square numlier, depth, days the
pot was left in the water, ty >e of be i t and nuinbe «if k ini> crab spe-
cimens caught by each pot. The fol lowing features ivere ri < ordiid for
each spec irnen in the ca tcii: sex, capar ace length  LC!, pi eserice af
eggs on the pleopods ol females, eggs ' s>.ages ard appea > arice o' para-
s i tes and epibionts. In some cases a Isa the caper are widrh  AC! and
length and width of the right che la were registered Measurements were
made with an accuracy rif 1.0 imn.

A modest program of taggiiig was also carried ou'1 i »rder ro iicord
some grawth and displaceinent data. The tag was made ol a yeiliiw plas-
tic spaghetti and nylon of 0.4 mm and tied up tr> rhe abdomen istrrus so
that it wauld not fall off, even during moltinq. 1,6135 specimr ns weie
tagged of which less than IOE wes retrieved.

The instantaneous estimate of the number af sperimeii whicfi compose the
traction oF the biomass vulne able to the gear i FVASI was real ized ac-
cording to the fol lowing inethod, I t is assumed thar the king i>rab's
distribution in the SACB is of a contagious type he ares S iif biom-
asss is defined, This coincides with the area of the fishing iiffart
distr ibut ion, between isabaths of 5 and 5O m. Ori >lie are i S oi some
sub-area previously defined, n fishing aperatio»s wore iai i ied»ut
 pot I ines drawn in d iree>.ian ifE-SW! di stributed at randon i ~ t'ie shor t-
est lapse of t ime possible. This determines that ~ resul ' ', are »brained
consisting of a number oF spec imens raught per potl inc, whose >iinbabi I i-
ty distribution can be Fitted to a neqative binon>ial  I isher, 941;
Ha I dane, 1941; Anscorebe, 1949, 19501 El I i ot, 1971; R i eke r, 19731
SchaeFfer, 1976!, This distr but ion is determined by twa pararmtersi.
the arithmetic mean m and the coef f1 c ent of cantag i»n k. The latter
was est iniated by us ing the maximum I ikel ihood method and rhe conf idenre
interval taking into account Anscombe's trensfarmat ion  Anscomra, op,
c i t . ! according to Taf 1 �960! .

The area oF action of a potl ine  a! was determined by nmaiis »F experien-
res with specimens tagged and freed by autonomous di vers, an the ~ icatchabi I I ty coef f ir ient  q! was est imated. Then,,olvinrl t p .q,s/a,
an est imate of the number of specimens composing the FVAS was iib a ined,
where p is the probabi i ity af each ane of the rent ioned resul isi  t!,

Re su 1 ts

Studies were made on 43,014 specimens, of which 20i 453 were fe»>a>es and
22,561 ~ mal es, These were caught by 563 pot I ine ... In fact, a I arge r
number was examined, but 270 was discarded since same pot 1 ines had not
been drawn at random. From the whole, approximate I v 604 «or re ponds to
area I I I, which Fi shernmn frequent the mast owing to the better relat ion
yield/operative cost. The distribut ions of frequeni y of iapa race length
classes discriminated per sex and grauped bimonthly for ai I the SACR,

are unimodal . On the righthand si de of the modal clriss, the frequencies'
decrease indicates the abundance af each -.,ize class. On ihe li.ft s ide,
the slope is a funrtion of the gear's selectivity, Assuming rr>ese dis-
tributiOnS are narmal, the manth!y mean LC far nialei, and I emalus caught
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in the SACB are those showed In Table I . Standard deviat ion f lurtuates
between '! 0 and 20K.

Table I, Monthi y mean caparace length  Lc! for males and females
caught in a i I of I.he reqic n.

MONTH/YEAR MALE S FEMALES

1980

1981

Life cycle,

The va riation of the structure of the population of females of the FVAS
during the period of the research program for the SACB,is showed in
Figure 3 . This behaviour d i ffe rs not very much from tha t obse I ved in
each of the de fi ned suba reas .

Figure 3. Percentage of females eith eggs   It!+!, females without
eggs  t!g-!, females f ree i ng larvae  !HAEC! and fema I es after having
freed larVae I $!PE!, FrOIr the Whale Of femaleS and far ail Of Lhe
region.
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SEPTEIMBER
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FEBRUARY
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APRIL
MAY
JUNE
JULY
AUGUST
SEPTEMBER
OCTOBER
NOVEMBER
DECEMBER

102. 75
102.99
102,77
99,18

102.27
97.04

101.77
103.32
95 74

101.92
106.21
105.51
103.41
100 .22
100 .06
97 43
97.65

90. 14
91.01
96,94
91.51
94.47
96 53
93.14
94 .14
95,39
91 97
92.71
II6.54
88.33
86.66
93 47
95.53
89.25



The hypothesis of the existence of a delay's gradient in the life cycle
 f igure 4! eastwards respect to the western end of the SACB ~ can only
be handled in future invest igations. From the month of April, the in-
crease in the percentage of females without eggs attarhed to their
pleopods in detriment to the percentage of females with eggs in the
FVAS, is mainly considered owing to the recruitment to the area and/or
to the gear of virginal females that join the reproductive fraction of
the biomass  FRS!, during the next Spring. Th* reason for the above
as far as gear i s concerned, i s that mol ting and growth can occ ur out-
s ide the periods of maximum probabii ity of mol ting of the females com-
posing the FVAS. Virginal females have mainly clean pieopod setae with
no f i laments or rests of eggs, whi ch make fema1 es that have I i berated
larvae appear to have at first sight a greater density of long and
branched se tae .

Figure 4. Life cycle of the king crab in the Beagle Channel. The
thicker black lines mark the periods of greater intensity of
each stage.

The decrease observed in the bimonthl y estimates of the number of fe"
males composing the FVAS starting from the month of April  Tables 2 and
3!, i s cons i stent with the high instantaneous total mortal ity coeff i-
cients as a function of the size class  A!, obtained for the females
composing the fraction of the biomass totally recruited to the gear of
the FVAS  FTRS!,  table 4!. This allows to assume that the effort ap-
pliedd in that moment caused a significant effect on the females of the
FTRS  in spite of fishing being interdicted!, or else there existed an
impo rtant biomass flow between the SACB under survey and the adjacent
areas. Results of the tagging program that was carried out seem to
deny this second alternative; however, the information obtained up to
the moment does not allow a quantitative and irrefutable demonstration
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of the f irst One. In this reSpeCt, the hypotheSis of a dl f fe reit t be-
haviour in re lation to the gear in rhe different bimonthly periods con-
sideredd, can be stated. 'i!i Ch respe t to males, a s lmi lar 5 itua  ion
mi gh t apparent 1 y oc ur between two PHPm.

Table 2. 9 imonth I y est iroa res nf the numbe r of k inq crab ma les, fe-
ma les and  nmmerc ial males, wi thin the s izes vulnerable CII the
gear, with their confidence interval, for al I of the SACB.

lloege r I co I ~ t 6 W I feeel ~ g
I vtgnteneo  o f  dence

1 eel ~ te ~ I I Ig

eenoe . I «c 41 octet
it Ieoeo g 4 f dence
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et I net re I Il lgvcr Jeontpt

tnt 1 . Oo I. I? 60 4 9 ,1 'll

5 36, 2 Il

403,23!

en - Oe  1980 654.8 0

2.193,160Je .-Fep, 1981

cn go I'281 262,43!2,539,204
Fu -Jvne 198t 71!, lt tl

1,08'I,za

I, 752,995
J I I 449 1981 698,259

Ihe number of eqgs that a female carries per LC class is showed in
table 5, Hatching takes place between Septembe r and October, bu  can
also occur at the end of November  figure 4!. Dvrinq the period this
program lasted, no larval stages could be raught with  onvent iona I
plankton nets.

HOSt Of the females COmpOSinq the F!CSI mul t, mate and at taoh the rert i-
1 ized eggs to the ir pleopods between end of October and December ! PHPh!,
Host of the males compos ing Che FVAS mo1 t in Harch and Apr i I rp!!pm! .

To estimate the male ' 6 f i rst maturi ty, the growth of rhe right che la
was studied, using methodology of Somerton  in press! for Lithodes
aequi spina i n the Bering 6ea. Al 1 the studied vaf iab les preSent two
ggOag I I 11 t I d g 111 11,19721; dt
cont inui ty between 91.0 and 99,0 rr88 of LC could be dete rmined 1 tab le 6!
Campodsnico et al, 1974, determined a value of 90.0 nvp For the vame

species in Punta Arenas - El Porvenir, Estrecho de Haqal lanes, Chi'ie.
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Table 3. Bimonthly estimates of tne number of king crab ne! les, I'e-
maleS and cOmmerCial males, !fi thin the sizes vu! retable to the
gear, with their conf idence interval, for area I I,  Br i ttdjes I a. !
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Tab'le 4. Instantaneous coef f ir. lent of total morta
king crab of area I I I between two mol t periods
August 1981 and for the king < rab male of area
molt periods; from Septembe- 1980 to February
the caparace length.
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same premol t ing LC c lass  p~e-PMPm LC! . We assume that:

I . No s igni f i cant di Fferences exi st between the frart ion r aught. by the
pot and the rest. of the males' populat ion far S izes equal r r larger
than the minimum size of re-catching, at least with respect to molting
p robab i I i ty.

2, The percentage ol males of the CVAS that rsol t i i a different. season
than PHP  Ha rch � Apr I I ! is nag I ig i bie.

Then ~ after a PMPm, for each pre-PMPm LC there i s 0 l raci ion of spec i-
mens which have not molted;md a I'rect ion that has. Of the one that
haVe mnl ted, fOr eaCh pre-PMPm LC there i 5 a g rOup whOSe LC inCreaSe
is not so large so as to co»s i der the specimens in a class of larger

LC, whi 'le the rest present a LC ir r rease that al low rhei r s i tuar ion in
a larger LC c I ass. The fract ion of spec imens whi ch do not mo1 t in a
PMPm increases as a function of the LL' class  Hc. Caughran et il, op.
cit.! and can be fitted to P = I/I + A exp $-B  Li - C! !, aherir A

II 8. 7224, B w -0, 0965 and C I OO . 0, be i ng L i LC class .

Figure 5, growth of a male king crab. It is assumed that ic mo',is
once dur ing each molt ing period  March-April�! evc ry year There
is a reaximum probability curve and two minimum probabiliry c.urves,
one of max imum and the other of m in imum growth . The growth or
male king crab oscillates between these two points rendinri lo get
near the curve of maximum probability. The age cf three year., is
assigned  o the minimum size of re-catching.
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If we irsmediate I y assign a p robab i !i ty to each one of the mentioned
alternatives for earh pre-PMPm LC, we can design a rratrix Imc. Caughran
et al, op. cit.; Balsiger, op. cit !, as shown in table 7. With these
values it is possible to esiimate a curve of maximum growtii probability
of a male starting from the smaller size of the FVAB, simplr cori.ider-
ing that it maultS every year Only during the PMPm expe rienqing the
most probable growth. The curves oi minimum growth probability can
also be designed, considering tnat a male mo Its on I y once every rear
during the PMPrn, experiencing the least probable "jump'' of I C cl,iss,
For maximum growth as well as for rninimure growth Ifigure 5! .



Table 7. Growth mat ri x of the king crab,

! I e.ll edd ~ ll I !
67 72, I 02 6' 92 � 102 107 1 11 ' I .. Il 12 I '17

P ~ Jl~l I 4 6
wdd LC

I, 6, 6II
67
ld
77 17 15

27 CB
52 15 5

82
Bl 04

21 l! JB Il Cy 0192
9 42 051697

Itl ID � 56 07 02102
'07 0! 09 04 26 46 10 02

0 04 40 55 0,'112
,0! 02 04 01 29 61 2 C 7117

'22 .C! 02 .02 0! 02 24 6'
67127 01 02

d }2
02 J  ' 13

42
l�
142
147 13

Note; A, is the probability that an individual from the 9ireimclass wnen start inq the lsol ting period pass to 8 size m class
when this period ends. Hade out of our own data and of Geacihan' s
 I973!.

Estimate of an instantaneous coeff i 6 ient of total mortal i ty in funct ion
Of the LC CI aSS far the FVAG during the per iOd inter-PHP.
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The processed in format ion only refe rs to the area I I I of the EALB. We
assume the existence of a unique and annua I PMPh and pMPm for the FTRS.
It can be inferred, from what has been stated up to now, that in each
PMPh o PMPm, individuals of di fferent ages mix up efficient l y, a fact
that annual Iy repeats itself determining a marked heterogeneity in the
papul at iOn St ruC ture, S inCe eaCh age grnup Or COhOrt wi I I pl eSen t a
great vari ah i I ity of sizes and, at the sane t ime, a LC class wi I I be
composed of individuals of several ages. This process of mixing up for
the groups that compose the FTRS I wi 11 only take p I ace duri ng thu p! ph



and PMPm, so that for the rest of the year one can sccept that.:here
are no rhanges or abrupt variai.iorhs of LC class, and the dec rease of the
abundance for each LC class in abdolute terms in the FTRS, P;i I I be de-
termined by natural and F ishing «xfr tel i ty.

The bimnnth ly eS timate Of the number Of SpeCimenS f<ur ca<I LC c i ass Of
the FTRS and for each sex, <ould be then fitted to an exftonentia1. The
periods cons ide red were Sep: ember 1980 to February 1981, for ma i as, Ja-
nuary to August 1981, for females, The exponent varies between 0.09
and 0.90 for males and between 0,27 and 1,32 for re<roles   table 4! . The
eXPOnentS aS a funCtiOn Of lhe LC < laSS far buth SeXeh Could al su be
f itted tO eXPOnenr la i S whOS< eXPOnent take ValueS Of 0.0596 fOr SaleS
and 0.0775 for females. I t can be then considered hat tl-e pro<esses
of the PMPh and PMPm to yea. 1 y produce the FTRS, are of r res t import-
ance .

Instantaneous estimate of the F fAS.

Determination of the area ol' action of the tl inc la! and the ocf-
f< I* ~ t f t h I'lI'itt d . I d* d t I h f
f h P tt , th * th I I d P . I I * .d P d

isolated and with bait in zones without turbulence I Col ondr ina Buy,
area I I! ~ and groups of ten tagged specimens were Freed in !i fferent
POSitiOnS Wi th reSPeCt tO the POl,, in Order tO rOnFO<m a So-t of reti-
culate pattern. Specimens were oi. both sexes and were chosen at random
From those of the LC classes included in the FVAS. In orde to <sinim-
ize stress effects and to avoid trophic di s interest«dness when taken
out from a pot with bait of which they could have fed, the tpecimens in
this experience were picked up and freed by autonomou ~ dive s. Tagging
WaS aCCOmpl i Shed in a pneumatiC Craft. FiShing t ime waS in eve< r caSe
48 hours. The resul ts al lowed us to estimate the area ol act ion oF one
pot, showed in figure 6, No consistent resul ts were obta fned
direCt icnS NW, SW and SE, thereFOre -al SO tak ing inl<. aCCOunt di reCt
observat ions- the value of o in that direction was a~~umed .o br oui I .
In trying to explain the form this area of action adopts, w< con . ider
the predominance of the Pacific. tides over the At'ant ic ones in 'he
SACB, A re 1 ation between q and the df stance in d. rect. ion NL f ror< the
pot  D! was obtained. I I. f i ts a I inear funct ion, q = a + oD, wi I.h
a 0,4939 and b = -0.0066. No significant differences were fo<fnd
perpendicular to D within the mad kcd area.

Complementarf ly, I ines of two pots mre drawn during 48 hours at differ-
ent distances wi thin each other and placed paral lel to ar ideal uxis
NE-SW, over high dens i ty patch«~ in areas of depictable t ufbulen< e  Go-
londrina Bay, area I I! . The patrhes are assumed to be c ircul ar, wi th
a radio exceeding 70 meters and a uniform density in el I of it s points
 figure 7!, In spite of the great dispersion of the resul t,, thr aver-
age values of the percentage that pot N I caught related to the lolal
Catch of the potl ine  P!, aS a I'unction of the distance befhreen pots D!,
could be fitted to P 50   I - exp K.D! ~ with K = 0.05 becoming asymp-
totic to the values of 0 near 70-80 meters. This result is cons i stent
with the one obtained in the previous experience.

The problem becomes ver y complex when cons idering the comme i c ial I ine
of ten pots  figure 8!, However we can est imate the area of art ion of
a pot I inc by a s imp l«geometr ic reso lu t ion and ass umi ng i t constant� .
Then CDF + ABCD = 6,450 sq.meters 0.00188 sq, na ~ ti cal m< les. The
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surface S of the SACB  between Lapataia Bay and the I-ronto ~ Gable! is
of 33.99 sq. nautical mi les. Assuming the predominance of the pacific.
t ides and neql iqible turbulences, this surface would be covered hy the
act ion of 18,074 comme rc ia I pot I ines, The coef f i c ient of catchab i 1 i ty
is also assumed to be constant  q =- 0.4!, because i t is ri e value q
takes when D 20 meters  f igure 6! . Th i s would be the lowest ~alve
of catchabi I ity next to a put. and up to 20 m from i t, which is the dis-
tance between two pots in a comme r'c i el pot I inc.

Instantaneous est imate of the FVAS for the SACB and area I I I . ne
results are shown in tables 2 and 3. Only the estimate of male, Ee-
maleS and COmrrrerCial maleS  LC lar'qer than 110 rrnr! «Ev real 1 2nd fur
the SACB and area I I I .

Figure 6. Est imate of the a rea of act ion of one pot. Catchab i r i ty
coeff i cient  q! as 0 funct ion of the distance in NE direct irrn from
the pot  D!, The coeff icient q is defined by the percentage of
tagged specimens from each group of freed specinrens ir 0, that
enter the pot. The catchabi i ity of the pot i s pracr.ica11y rrul I
at approximately 70 m.

POT

EO

AD SO ED TD EO D

Figure 8. Area of action of a potl ine drawn para l lel to the predom-
inant t ide current in areas without turbulence in the SACB,
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Discussion and Mana ement

The decrease in yields and average values of LC observed i' the last
years  Bosch i et al, op, cit.; Bertuche ~ 1979; Campodonico et a1, 1983!,
lead us to the idea of the ove rexploitation in the Beagle Cbanne , in
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Limitations in the resource.> prevented us to carry uut a>i integral in-
vestigation of the king crab fishery in the SACB. Also the sudden in-
terruptionon of our re search p rogram once the ag reemenr. with the fishery
industries had ended, preverited the prog ressive improvement - in qua-
litativee terms - of the information a'Iready achieve 3,as we II as the
periodic monitoring. However, according to the contents in thii, paper,
it is possible to suggest some management guideline,. It is necessary
to face future plans in order to set the structural changes in tne FVAS
during the life rycle, Studies or. the fraction of the biomass which
does not compose the FVAS are alSo essential. It i> quite probaOle
that the population distributed in the SACB might not constitute a
stock, considering its orthodox definition, since this is only me po-
pulation distributed in a few sq. nautical miles  strirtly 33.99 iF
we consider as limits the isobaths of 5 and 50 mete -s!. The predomin-
ance of the Parific tides .'s also probably a determininq 1'actor in
the dispersion of larvae� . It is worth not i nq the idea that. the Irnups
localized in areas opposite to the Sld Atlantic coasts have their oriqin
in the groups of the Beagle Channel and adjacent a reas, which aii trans-
ported westwards frors the Channe1 by the tide currents arid northwards
by the Malvinas Current. It would be very interestinq to start -e-
search programs on these populations, almost unexploited and unknown.



the Arpent ine as we! I as in the Chi lean zone, Legis let ion in Force in
the SACB before thi s investigation was real ized, indii:ated:

I, The Only gear al 1Owed is the pot,

2. Fishing i s co splat.e ly Foi.bidden between Dec.ember I > and May 3 i uf
each year.

3. Fishing oF females of every size is forbidden dur inq the whole fish-
ing season. Caught specimens must be i ymedi ately returned '. o thii sea.
In this way future recruit ings are tried to be secu ed, since females
carry the fert i I ized eggs on the ir pleopods For abou . 280 - 3OO days,

4. The f i shing of males with I C smal le r than 110 mm tor AC srna I ler than
120 mm! is forbidden during the fishing season. Specimens caught must
be immediately returned to the sea. This rule tends Io ensure thai
males mate at least once before being caught.

According to these invest i get ioris, we suggest that the management. must
be di ffe rent for the SACB respect to the areas East of Gable I s land
and even opposite to the S  I Atlantic coasts.

It was advised to keep the Force oi i, 3 and 4 for the SACB, con . i dar-
ing i t Fi Shing PreServed RegiOn and eatabl iShing a unique and tO af
in erdict ion of fishing during the Prlph which co inc ides wi ti mat ing
 October I up to December 31! . Actually, formerly as wel I as now,
clause 3 is partially observed but clause 4 is not observed at al I by
the fishermen, although continuous efforts are real ized by state con-
trol institutions.

The refore, until a ce rtain population dynamics of the king crab in the
SACB is achieved, and taking into account the difficulties for efforc-
ing present legislation, the most advisable step is to de te rmine an
adequate grmsh size so that the king crab specimens of LC smaller than
IIO mm can escape, keeping rne females' fishing interdiction and with-
out restric ting the number oF pots or vessels authorized to fish, In
this manne r, the continuity in the generation of new cohor t s every year,
wou Id be precarious'ly ensured .

In relation to the areas East of the Beagle Channel and the SIv Atlantic
coasts, it is advisable to enforce clauses I, 3 and 4, but Favoring
fishing intensifying and oven red!cation of new industries. In this
sense, a maximum numbe r of 1,00D pots au thorized For the whole SACB
was advised , in order to urqe the industries settled in Ushuaia to ex-
pand the fishery eastwards and eveci to d ive rs i fy It with species nf
high cor m ere!a! value in the zone: king kl ip  Genypte rus b Iacodes!,
hk  M'1 1 ~ hbb l!,1 gt i hk  M ~ ~1* 1 d
yl ~ d 1 f g p t  gp t ~ f i~it ~ p * th
fishery has only extended up to the Boat C annal and there, as we 1 I as

th gptp, ly I " t 1[d "- f 1* ki g b -  P 1 1 g
d 1 [Mytil * h1 1 ~ 1 ! 1 i iy ti1 d.

Acknowledgement is special ly made to Karen Fischbach for assi stance in
the translation and preparation of this paper.
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lescu, !9 >0! «»d to another onc per<ormed by the " :r<r del Sur" 'essel
 Scelzo et «1, 1974!. ko fiirther data have been pr<bl ished <>n th» spe-
cies in this area.

'fhe purpose of this pape> rs to contribute rrew biolog«al drti o>i the
crab of the San borg>e Gul l., and to compare them> < ith i urren krro»l edge
of this same species iri the  <»agio  .bann<.'l, the Srrai ol <9<gcl bur and

localities further North, in the 1'acific Ocean.

This new cont.ribution refers mainly to tire rm>rpholog>, reproducrio», se
ximl maturity arkl molting of the species as well;is to their duration,

hhterials and Methods

All the crab specimens analyscd come from the commcrci«l coasted «tcii-
es unloaded at  ~let< Cordoba:uid caught betwcon Bahi«Sol.rno «n<1 Runts
1>hqucda  Figure 1!. lhcse observations w<.re mad» between 1979 arid 19> Z,
Thc samplings obtained a» from <h>ch 1981 corrcspond to an Agreem<srt en
tered into between the Instituto Nacion«l de Tccnologfa Industri«l  Na-
tional Institute of 1ndustrial Technology! and the Ministerio dc Rcono-
mIa, Servicios y Obras Pghlicas  Miiristry of gco>K>my,  >ubli» WorL! «rrd
Services! of thc Province of Chubut. 1herc arc « total of «pproxri<mte-
ly 30 samplings, and rr>ug>hly Z,000 sliecimens wcr» analyzed. The ordy
me«surcmrent taken in «ll cases w«s the cara race length   :.1..!; this mea
surement was taken from the concavity of the ocular peduncle to the pos
tcrior median line of tho carapace, Other data colectcd werc:
� Hardness of the carapace; according to a scale of relative appieci«-

tion, car«paces werc brr>ught under three categories: very soft, s«r>i-
hard and hard.

- Epibiosis: presence of org«nisms and approximate percentage of en<spa
ce covering.

� Embryos; presence or ahsence of embryos in the pleopods,;ind st;igc of
development of thc <s>rbr>m, whether it is visible and whcthcr it. h«s
acquired it» ocular 1>i grrcnrat iorr.
Remnants ofeclosion: presericc or absence of rer>vr«rrts oi' <rshryoiri< c«p
sulcs and funiculi.

� State oi the ovary: the degree of maturity of the <>vari w«s cl isa ified
into three stages: iniz i«l vitellogencsis, advanced vir< ll >gen»<is and
pos t-spawil rilg .

Those specimerrs that were i>r >ured or duad, that had rx> «ppendages or
that had parasites, oil, ctc. werc also recorded. As regards the analv
sis of the sexual m«turity of far><ales, the Following characteristics wc
re taken into consideration; size of- the abdomen, prcscrxc or;ibs»nce of
embryos, presence or absence of remnants of »clos i<>rr r<>rd sta >» of deve-
lopment of thc ovary.

Results

 mneral aspect.

One outstanding char«ctcristic of thc crab of the S«rr . urge i ulf is its
great phenotypical differences with that of the Be«gle  l'h«rui»l, I'he
crab of this area is sinular to <hat found in the open sea, such «s in
Bah& Grande  pig. 1!: the colour of the carapace and of rAc <k>rs:<1 part
of the appendages goes from light pink to yellowish or«ngc,:<nd i t. heco
mes yellowish white in the edges of the carapace and the I«t<ral;ireas
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of thc appei>di>gcs  I'igure 2! .

I-'ig»rc 2. General aspect of a vvalc ctab Irom the San,Jorge Gulf.

Thc gistric;u>d uariliac iegions in the carapace of 1;irgc specimens atc
not too prominent and looks flatter,

Thc spines oi both the carap;ice and the appendages arc not very sharp-
pointed.

Another char;>ctcristic is the large incidcncc of r;irapaccs;ind legs with
signs of necrosis, apparent wo>vids and peitorations with black edges.

Grabs of tho  ulf are also smalicr in size thiri those oi the Beagle Liras
nel. I'igure 3 shows thc measurements of thc studied. population: thc
mean carapace length in vriles was 92.2 >m>>, and that of fcmilcs w;is 89,1
mm -a rev>arkablc dkffercncc between sexes.

Thc larger males caught measured between 126 and 128vvn of C.i, and the
largest one recorded in the area -a specimen ua>ight in 1979- measured
13b mm. As rcgarCk  cmales, the largest one obtained during our sump.
lings measured 107 vav.
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Iiigure 3, Si e structure o  t ie studied populatiori,

Ileproduction,

It is a weiL-known fact tlrat the felonies of this specie, I ikc ~>thor Li-
thodidac studied, molt bcfoic sl>aw»ing. In thc case «f J.. a <tar b.cd,
fertilizatio» roquires oiic oviposition and one del>osition o I' s >c><m<to-
phores which should bc rough!.y simultaneous, since the fe<nal«has no se
minai receptacle. We also obse>+ed an occlusion of the genital:>pcrti>-
re before molt ing  Vinucsa and Iombardo, 1982!, a fact thaz mech>ni<.;el y
prevents fortili-ation, due to the impossibility of spawniiig,

I'or this reason, tlie init.iatiori of thc molting process in fe<»ales also
marks the beg i  ning of tlie reprod<r tive season, ln the Sa<i,lorge   ulI,
this season starts in late October and intensifies itself. <hiring I><iiem
ber. Figure I shows the variation of' the Irequency o  egg-c;irrliiig fe
males diir ing sa apl ings,

There is a gradual decrease us from ApriL up to October; this is lollow
ed by a large increase in November and ars>ther gradual decreas<. up to I'e
bruary. A large number of females with rocently-spawnod eggs found in,fa
nuary or February will indicite an cxte»sion of the reprodkictivc season,
probably until March. After spawning, a very quick reorga»izatiori isob
served in the ovary and thc I>eginning of sccondari vitcllogenesi; can be
seen several days later.
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I:igure 4. lncid<aice of egg-carrying> f<m>ales in moiithiy sam»1u>g» I»um-
bers indicate total a>ial vzed Ee»>ales! .

No reproductive migration has been observed in cr>bs of thi-; are,; it is
well known that they re«uin iri <oastal waters throughout th< >c».. IIow
ever, statistics show that there is a decrease in the au<<>bur» caught be
twoen November and I>ebr<<ary.

The larvae birth occurs as from late July and lasts until !><.tobe>. The
maximum peak in the birth tak<.s place in August. I>uring all the sampl-
ings, even though females with abdoraens filled with cgg>s we! c found, a
proportion that ranged from 8 to 64k werc carrying a s<>iaI I n<a>be> oi <sa
bryos, Two fe»Iles of 86 and 90 mm of C.l.. had 3.863 and .>.945 «gg»,
respectively; fe<>a<les of Lhi» size usually carry more than 10.00 ~ eggs.
Likewise can be seen i»>portant 1>ercentages of non-ovigerous fema>es du-
ring all tho year, even after reproductive season. 1'his I'a< t corrohora
tes a diminution of fertilitv in thc San .Iorge Gulf.

Molt.

The molt season differs in L, a><t«><c&c«4, according t» sex and»! ze, as
in P«>«ztcthada4 c«»>t4chat«ca .Iuvenile crabs of both sexes may be <>ndergn
several molts during the year. Once attained the pubescent stag<, fema-
les molt annually before spawning  Vinuesa, 1982! .

Adult male crabs >a>1t ann<a>1ly too, but »x>I.t frequency deer«asos tn hie-
nnal in the grearers sizes  !«<x<ghan, 1973!, Molt season i»»>ales from
San,forge Gulf is observed between .Iuly and August,  winter in Southern
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ffcmisphcrc!, but «sm.�1 par t of ma-
le populati<>n k> it i.i iovep<l!er i!nd
Ilcrc<mrb<a 1'1-ig!urc .	. < irapiic< h;ird
ening is Ver> m!pid; .<huur 'l!- >O
divs a 'tcr mn1  ! ~:! 1 rcidv himl,

1 igure 5. lr i<non<! ol soli;hell ed
crt<hi in m.il< sampl<r .
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Sexual maturity.

The study ot sextml mituritv ines « rrricxi out hy me<»= ol' r«o sin!<1!I<.s t <-
kerr in Nov sr<bar ol' 1<979 a»d I98 r. l.it le Jiflcrciicv «a fcurid >ii tin. se
xual stage between females i» both years. llowevcr, it. w<i lx!ssiblc to
dilferentiate ferrr<fcs iiito seven tvpcs, a<.cordirrg to individual .haracte
rlstics;

a. liar<at»re: femal ." of saul.l size and with a wliitish fir>	. I<'J<«cd,fioil-
vitcllogcnic ovary short;ind y<.llowish ovigerous setae, sirx< 1 1 abdo-
men not covering the coxie of legs.

b, hurly spa«i cd: oviger a<is f<mmlcs witli nearly 'rxird ~arrl!~cc. o ;<i'y ili
sc!corrdarl viteilogenosis,  ronl'liccid, lggs wrth ric sigr!s of,<vclop-
ment,

c, Recently spa«iied; ovigerous feria les with soft car»is<co !>v<r.' »peril
and faccid, surrouridcd b!:i thief layer of transl<.co!it <!>»neet ive ti
ssuc.

d, Molted and non-spawn  J: f ~ ales without eggs, wit<i,i s !it ca ;<pact
and an apparently mat<rre ovary.

e. !pasture non-!!silted: team<les «ith a hird car»is co, frc<px:i:t 1! «! th cpi
bios is. Abdomen covcririg lhc <oxac of legs. Ovig< roue sctac with re
mnants of cgg cases;oid turiiculi, Well developed over!,or,ni i or rcd
dish browii, rrx<turx'. or i!car maturity.

f. Mature and not locundcd <n the Inst reproductive scison:non evil cro<cs
females, withoiit rcmrxrr!ts n  1;irvac hirth.  >vert well devel !ped an<i
vitollogcnic,ncirl !rirturc. Females of fx!od sit<, wi th hird < arapace
arid enl;irged abdomcrr.

g. Pobescents; females vf r»edian ur smaf l si c, abdomen a<>n io<errng
the coxae of legs, hon ovigerous and with a well developed:>vary,m;i-
turc oi »carly !sat!li'c ~ ! el < J	''I!l!ably tl<i s i llo fades sol!l<' I!vl iul e fern!!-
les o f sma1 1 s iz e nor 1 cc <inded i n the 1 a st rep rod!!et i v< s en s«n .
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Considering the different steps previous t<> spawning, i  i» possible t«
consider as mature 2<m>ales those included in poiri s I to I. Usiiig this
classificati«n, the sexual <ondition has been dct»izniri»d iii 51<> Lmmrles;
� irmrraturc> 511 mature: rid It>1 puhescerits  I'igur» f~r,

100 0" ~" ~ "y

1111< I:

:.h .I gT

W

/ /
/

/
/

IIL

40-

Zg-

~, ~ - ' ~
50 40 50 ri0 70 g0 9 I 10<! I:. I . Imm!

Figure <, Free ucncy of fcr>mlcs according to sexual. «orrditro» I .h»  hich
linc represents  h» matur» fcmrales oi.' Beagl» r harrrr»i! .

A logistic curve was fit ro the percentage of the <fata z ass>fied as ma-
ture by size, according to Somertori procedures  Semor «n, 1070 and 1980!
and the size of 50$ maturity was estimat<.d by evalua .ing thc logistic cur
ve at 50'i, The calculated size was 67,5mm or C.I,. for L&I>»dw u>r/an~
cus from Sari Jorgc  .ulf,

lhscussion

Several differences have been «bservcd between thc scut remi hing crab
from San Jorge Gulf arid from thc Beagle  '.hain el and other Cirr ear< l«cali
ties. The first one observed was their size, both ir. armlis rind imrrales:
iii the Gulf fcxnl e's length rmrched 107<<mr of C,L., whi le in rrcagl<  :han-
rel and Magahlanes Strait, lengths of 11 i t«120<mr> of  .I.. w»ie co>>mr>nly

As can be seen, i>mr>at«re ferries h;ive been obtained iaitil th< 0,5iiim of
C.I.. interval. I ith regard r«pubescents, thev appe;ircd iii th» rmir cs
starting from 53m>r of  .',L, arid cxtcnding to 75<ms «I.  ..I,, I ie srmr�»st.
mature female captured rscasured 55mm of C.L.



scen irr «apt»re», and have been registered lcrrgtirs ot' morc tiran 130mm.

The» ales were al»o o  di ffererrt size: In Beagle Channel, several «rabs
r"erc «;>I>tore>I with «arapace lengths higher th;irr 1H hrm>, the greatest mea
sured 108mm and 350mm oE carr!x>«z«width  ,I>os«hi et al, 19B4!, In Almr-
rante  >bntt Gulf,  hi le, the crabs are typically of le»scr size» than in
r>crghbo»ring areas such as Smith Chrnncl, Iiniorr Bry as well as in Itrga-
llancs Strait   Ionz;rlcz;rr>d Perugi, 1971; Sanhucza, 197 >!.

I'he exr>skeletoi>scolor also show diffcrcn«e», since in San Jorge  ulf it
is light orange-«olored or ro»accus  »ee I ik~ze 7! .

Figure 7. View of mal«» from Beagle CI>annel and San Jorgc Gulf of si>ni-
lar sr e.

Compared with Beagle Channel crabs, thc Gulf crah»»howcd;r >rx>re Elatte
r>cd camipa«e and less prominent »pirrc», 'I'o all appear.ences,the walking
legs are of a shorter Length too.

In Almirantc hiontt Gulf, thc cmibs prc»cnt a  lat «arapace, »lth few,
soEt spines and sir:ndcr legs I :onzalez y I'errrgi, 1074! . Great >>umber of
carnpa«cs»bowed evident decomposition stg>rs, like 1>«r orations with
hlacl edges, very similar to r.h;it observed in San Jorge Gulf crabs.

As for reproductive aspects, several differences have been noted.i cpro-
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ductive migration is well tuiown iri i&J>»r en a>~Ccc<rz>; it. is iiot very
obvious in Beagle Clrarrnci, hut. wai register'cd in % >«II«>ice Str>iit  Ge«
~n, 1973;  :ampod5nico, 1979!, south pat«Runic waters  i;r;inde Bay!  An-
gclescu, I9 >0; Scelzo et al, 19741 and Atlantic coasts cf > inndr 1»land
 Tierr,i del 1>uego! . Thi» annual poputat to>> movemci>t towirdi sh;illo»' »ri
ters was not observed in S«r>,Jorge  Julf cr«1>s. Iri rtic liitt r, io»ever
there was a decrease in the catch bctwccn Vovcnrbcr «iid I d»nary, owing
to thc fiu:t that fishermen Iirofr.'r to catch shrimp~ i Pdcct~c»> mr<'Lie>if!
a!id ttii.' Jrake dur.ing tiiosc months, for economical roa»r>ns.

With >xspect ro the reprodiictive season, ir begin» one ni>nr.i ci 'I i. r iri
San,Jorgc Gulf than in Be«glc Ch«r>nct «nd extends iii r bnc ur>ti  >ci>rrm-
ry or 14arch. Female s«mpling>s during J«nuary arid I'6>ru«>i' st>owed,i 3>�
 n=tg! «nd a 391  a=15! o  rioii ovigcrous fannies»ho I>re»or>',od tr>o nein
ovary types: post-spawning and nearly ripe.

ln .January, 11 females had rieartt ripe ov:iries and only !wore iii Ix>»t-
spawning stage and in February, 2 ! crabs werc in troat »pawnirrg»t«gc.gri
cording to thc rapid ovaiy reorg>anization observed, ttiose T«cts indica-
te the existence of spawiiod and non fertilized female» and iirybc rx>n
spawned feria>los including oocyte reabsorption.. 'I'he narrl J ripe s.ages
probably represent rx>t yet fecunded fern«les.

Lven if both month samples suggest great reproductive,icti, ity,ix. iiabs
were observed with molt signs  ;i strange observation!,

A, IIONTT   ULF

SJIYTII CIIANNEL

MAGALLANES STRAIT

RFAGLL' CIJA>VNF.J.

SAN JORCL> G JLI

I 1 I

Figure g. Reproductive scasori ol L. «i»trricticrir> in dif I'ereni area ',

Length of carapace at sextnl rrxiturity varied among «rc«s in Lr <'ir<>Iei
aetrzrr&acaz>  Campoddnico et «I, 19?1; S«nhueza, 19 OJ Tinuc»,i, 19>82» md
19BP! as in Pa?uzi &br><ien avntsci»ttrca  Willicc ct i>l, I'>49; I'<>»<I, >in<I
Nickerson, 1905! .
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Reproductive season of San Jorgc Cutf crabs differed froin i>ther locali-
ties, As observed in Figure s, the spawnirig season is sun>  ar t<- tI<it
of Alrnirante Montt C>ul f, more north than hhgsllanes Strait:ind FinythCI»i
nnel  see Figure !!.



In Magallanes Strait, thc size of 50  maturity was estimated in SO<air of
 ;.L,  Geaghan, 1973! and err thc Beagle Char«i«i in g 'mr! of i'.I . I ~ rnuesa,
 98'! . Very different wcro the observations in Aliiiir iri c ibnr- riul 1',
where scowl maturitv was art»<ried nt;i minor sic«. s nrl i»g trrim  il mm
of C.l., This is a normal I';ict, 1 f the smal lcr sic<! ii' this «fili is ti-
keii into acc<rllilt   Sarlh«ie:a, !9, <>! . Ill« s,'mre  hitiy, w.is i!linc a'i.'J <» ferlm
Ic crabs fiom Sa» Jorg« iul!, which pr«sent.cd a srml I< r;r<.e«,<ge: i:c anil
began to mature niter»earl< 55rrm of  :. I,.

hblt season of San .Iorge  iul f fr!<!rile cribs was olis«rv<i  ex«i;is ivi ly be-
tween Octoh«r;md .'Iovemb<.r  onlh onc Fesvile was ciilitiir«d iii  r«x.«!!b«rLNo
mol t s igns wcr e seen in,l iniiary and  'ebr ury, iaay b< Jue t i,i si,  t cora
pace hardcni»g helped wil.h:r low«r occurreiicc of «pib.osis, wlii, li dries
riot make it possible to distingiuish lictween ne <ind old «arripace

hfalr molt season ailso diff<red Iietwe<n localities  fig<rrt

hlAGALLA.IF. 1 5 I RA I T

DL<AGLE CHAUVI<1

SAN JORGI, : i ILP

t ll
I igure 9. hlai<'s molt ac<soir in diller«rit lou<litic..

In the!<rajority of th» male lioliulation of San Jorgc i',»If, molt o.. urred
betwee!r July and August, hut a small numlier of them m<r t<d in lat< <ov<m<
ber and Dec<sr<her, Ver' similar observations have bccn aude irr <k«n la-
nes Strait  Gcagfwsn, 1 l751:iiid Reagl < Channel  Virrues;r, 19g'I wh< ir. Ihe
principal molt season is hetw< cn l4>n h arid Apr'il, wi I! u r< Juc«J iic z<r
.January, 'I'hc recently moltc«I crabs observed ui II«ogle Clear<i!«I   rci .Iariua
ry! and in Siui Jorgc Gull .   <ri late .Vovembcr and law'<rrroer'I h«longed tir
mature and may be irimraturc crabs.

As wns also observed in Almiiante hbntt < ult, thc or<I» fr<mi Siii lorge
Gulf displ;ry;r reduced vitality is comp<<red wirhoi.h«r loc;<1 ir.i« .

'lhc swift cars race hardening after molt arid thc ov<ry r«orga ii at ioii, i»-
ciuded thc c<rl> begin<ring ot secoridary iitellogericsis;ilr«r sprwning,
indicated an Increased metab<ilism in San .Iorge Gul I <.n<hs. TI<< Iiririci-
pal reason perhaps is the mo<lerate water temperature.«> ' i he,«ci,

A general ccmparison bctwccn Lrt rorlea <z<Kar<cb.'cuir froin San lorge i <JI'arid
other localities pen<<it ted to observe great dif Feria<«<s in tla. ir norph<r-
logy and behavior, with thc exception oF Almirante hbntt  iul f eral». A! I
features indicated that the crabs from San,lorge  ii<1 I confonh a ii prira-
ted population of the southern king crab.

11icir rcs<mrblarices with Almiraritc hbiitt I;uil crabs, surcih .<!roti«: popu-
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lation, allowed to consider thrt both arc examples «I' cxt<«med .i fc con
ditions of the species,
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Growth of the golden king crab,
Lithodes aequispina, in southeast

Alaskan waters

Timothy M. Koenernan
Alaska Department ot Fish anti Game
Petersburg, Alaska, USA

anci
David V. Buchanan
Oregon Department ot Fish ancl
Wildlife
Corvallis, Oregon, USA

ABSTRACT

A spaghetti isthmus tag was utilized to tag 899 male golden king crab,
Lithodes ~ae s na, i o Oe be 19th th o gh Octohe 1911. 1 qg' q
was conducted from consnercial fishing vessels on various coxvxercial
fishing grounds of Southeast Alaska, Recaptures collected during the
1970 through 1976 commercial fisheries totalled 112, of which 45 were
returned with information necessary to determine growth increments for
one molt. Premolt size distribution ranged from 126 to 170 mm i ~
carapace length. Average growth per molt was 16.3 mi, within a range
of 7 to 21 mm for recaptures indicating one molt. Average time at
large was 17.5 months, within a range of 10 to 33 months for one molt.
thiltiple molt data indicates 7 recaptures accomplished two melts, 2
recaptures accomplished three mo'its, and 1 recapture accomplished four
molts, The largest growth recorded was 60 mm fn 51 months by a recapture
with a premolt carapace length of 133 nmh,

INTROOUCTIOH

Comgerci al exploitation of king crab from waters of Southeast Alaska
was first documented in 1960. Although information of species composi-
tion during the early period of the fishery is not available, present
knowledge sugg ts that ed kin«c ab, gavalithodes ca tach ti
the t g t so* i s. Golden king c ab, L thodes ~ uis i a, as o bsbly
ha vested 1 ig itic nt q entities. Gl eking c a, a lithodes
plautus, was probably harvested incidentally to red king eral~ in
certain areas, and was taken in very small quantities.

During the 1969-70 season, species composition data were collected and
reported through various informal documents. Since 1976, species
composition data have been requi~ed on official records of landings--
the Alaska Department of Fish and Game Shellfish Ticket. Golden king
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crab have been a significant proportion of the total king crab narvest,
at least since the 1969-70 season  Fig. I! when approximately <'5 percent
of the harvest was identified as golden king crab. The 1969-7ti season
was the third successive season when total king crab harvests exceeded
1.75 million pounds  Table 1!, and the last season during which the
minimum legal sfze was 6.5 inches in carapace width. Prior to:he
1970-71 season, the minimum legal size was fncreased to 7.0 inches in
carapace width. Since the 1970-71, season qolden I fnq crab have contri-
buted an average of 340,819 pounds to the tota'I kf nq crab harvest. which
includes all species  Table 1!. On the average, this figuie is 45
percent of the total king crab harvest in Southeast Alaska waters.
During the past five seasons   1980-81 through 1984- 85 ! golden k i nq crab
have been the most significant species harvested  Fig. I!, averaging
almost 65 per cent of the total king crab harvest.

Biological information concern'ng golden king crab was not available to
assist the biological staff in assessing the appropri<iteness of regula-
tionss uti 1 ized in the fis he ry, or the impacts of extensive corrmie rcial
exploitation upon the population, In 1970, staff members f rom the
Commercial Fisheries Division of the Alaska Department of Fish and Game
in Petersburg, Alaska initiated a program which included samplirg
commercial landings to collect data on carapace length frecuency dis-
tributionn, makfng observati ons while on-board commerci a'I king crab
vessels, and tagging king crab while on-board coamiercial king crab
vessels during the commerci<il fishery or through charter durinq the
closed seasons.

Du rinq the period 1970 through 1978 effort and interest in the exploita-
tion of golden kfng crab wa< declining. Tag and taq return data were
collected and recorded, but analyses were not completed until recently.
Impetus for ana'lyzfng the collected data was provided by the resu rgence
of effort and interest i n the Southeast Alaska golden king crab fishery,
and the development of other Alaskan gOlden king crab fisheries  McBride
et al. 1982; Otto 1984!, As interest in these fisheries crew, managers
required the available biologfcal information conce nfng this species
to assist in the management process, especially in relation to the
implementation of minimum legal sizes necessary to fnsu re a potential
for stock reproduction. Two pieces of information are essential in
providing that potential. The f~rst fs size at maturity data, which
has previously been determined for the golden king crab in other waters
 Somerton and Otto in prep.', The second is growth per molt data. Growth
per molt and a limited quantfty of molt frequency data from Southeast
Alaska will be the focus of this paper.

METHODS

Alaska Department of Fish and Game personnel tagged male golden king
c rab while on-board coiwriercia1 fishing vessels durirg cooperative
cruises in major fishing a reas Fig. 2! from 1970 through 1972. Capture
gear utilized during the tagging cruises was normal commercial si de-
loading or top-loading king crab pots. Pots were individually suspended
from buoys on the surface using nylon and polypropylene line, at depths
ranging from 40 to 275 fathoms, Pots were baited with chopped herring
and/or other fish species. Soak per iods were not predetermi ned . Pot
placement was not conducted in a specifi c manner, but rather according
to the knowledge and peroga t ives of the vessel skippers tha i. Pari i c i-
pated. Pots were pulled and brought on-board the vessel, where golden
male king crab were collected, processed for necessary data, tagued, and
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SEASON

Figure 1 . lia stori c commercial harvests of the d i ffe rent s peci es of
king crab from Southeast Alaska waters, Golden are tithodes
aequispina, red are Paralithodes camtschatica, and btue are
P. pl atypus.



Table I. Cominercial harvests in oounds, of red and blue, paral i thades
camtschatica and o, platypus, and golden, L thodes aequi spina,
king crier> in Southeaste> n Flaska since 1960

Season Red 7 Blue Gol den 1 otal

1972-73
1973-74
1 974-75
1975-76
1976-77

a/

1977- 78
1978-79
197 9-80
1980-81
1981-82
1982-83 b/
1983-84 b/
1984-85

6,362,670Total
Pounda ge

5,112 ~ 291 1':,474, 961

424,178 340,81 9Average
Pounda ge

764,997

55.45/ 44.55KAverage
Percent

c/

a/ Data through 1975 from Annual 1»bnagement Reports. Data beginning
in 1976 froin computer compilation of fish ticket landing data.

Data preliminary for 1983-84 and 1984-85 seasons,
b/

Excludes 1969-70 season wnen minimum legal size was 6.5c/  I65.1 millimeters!. inches
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1960
I 961
1962
1963
I 964
1 965
1 966
1 967
1 968
1969
1969-70
1970-71
1971-72

1,438,226
221,369
391>623
476,761
640,369
537,189
346,341
335,714
241,220
443,794
672,734
520,134
530,461
451,999
303,916
249,046

359,567
181,142
372,933
265,310
179,520
34,451
68,429
71,475
81,746
37,324
46,551

660,172
625,244
816,637
996,35 7
67 5,000

3,424
429,600

1,259,550
' .I12,200

820,530
579,300
I 05,899

', l 99,772
1,899,930

1, 797,833
402,538
764,556
742,07 I
819.889
571,640
414,770
407.189
322,966
481,118
/I 9,285

1,189,206
'!,155,585
1,286,638
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Figure 2. Loc ition of golden king crag, Lithodes aequi s;i ia, > ig and
recovery boreas in Soul. heast Alaska, l 976 through l 976.

285



ad
ties.

Tagging was accomplished uti i izing either red or yellow p istic. tube
 spaghetti! tags. Tags were iriser ted through the muscula isth<nvs
located between the posterior margin of the carapace and zne anterior
margin of the first abdominal seginent. ags were inserted throvqh the
iSthmus utiliZing a CurVed needle, and bOth tails Of the vbing were
hand-knotted together to secure the tag in place. This basic, method
has been previously described by other authors  Huizer. 195z- and
Hayes 1963!, and tags are r< ta;ned through the molting process. One tail
of each tag was printed with the legend "ADFSG" followed br a sc-rially
unique five digit identification number.

Recoveries were accomplished by the same method sed in the initial
collection process and occurred from one month after release i' 197O
through March, 1976, Appropriated information was collected fr< m the
vessel skippers and crewmen at time of landing after recapture.

RESULTS AND DISCUSS 1DN

Fr Om DeCember, 1970 thrOuqh OctOber, 1972 the tagging praqrain waS
svccessful in capturing, tagging, and releasing 899 male golden king
crab on the commercial fishing grounds. Tagged crab were withir a
range of 93 to 195 rnm of carapace length. Recaptures totalled 112
from the commercial fisher'y between February, 1971 an<i triarch, 1976.
Data sufficient to determine whether growth occurred. qrowth per molt
as an increase in mm of ca rapace length, and time at '-arqe, was obtained
for 95 recaptured crab  Table 3!, Carapace length distrib<,tior of
the recaptured crab ranged froni 143 to 191 mm of carapace lengtr,

Dve to the subjectivity associated with carapace age deterniination, this
factor was not included in the analyses. Additionally, irrtormation
suggesting that golden king crab raoit asynchronously   Mcl3ride et al.
1982; Otto 1984, Sl oan 1985 ! indi rated that time of release or
recovery would not be an appropriate factor to include in the ara!yses.

Recaptures were grouped into three categories of time at urge tu
facilitate the analysis of growth per molt data . The three cateqnr.ies
of time at la rge are:  A! recaptures at large for 12 mon hs or less,
 B! recaptures at large for 13 through 24 monshs, and  C! recaptures at
large tor 25 months or niore. pa sad on data from category ,'A!, recaptures
in other categories were further categorized accordin<3 to the nvmber
of' molts accomplished.
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released as soon as possible. Data recorded during processing i
date, depth, location, vessel, biologist or technician on-board,
number, carapace length, and ca rapace age. Carapace 1 enq+I was
mined to the nearest, millimeter  <nm! utilizing vernier ca'ipers
measured from the b<ise of tne right eye orbital to a midpnirt. o<
posterior marg i n of the carapace . Carapace age was classified "
soft, new, old, or very old. Soft indicating a carapace <;.iiditi
the carapace was the result of a very recent molt. New indicati
CarapaCe reSulting frOm a mOlt frmm the preViOuS year. DI<l indi
a carapace that had skipmolted the previous year wher a molcinq
opportunity existed . And, very old indicating a ca ra pace that h
failed t.o molt during the prev'ous two or more molting oppcrtuni

ncluded:
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Table 3. Summary of ta g release and recapture data from qol den king
crab, I.ithodes aequispina, from 1970 through 1976 from !outhnast
Alaska waters.

I . Number of ta gs released:

846
56

In 1970:
In 1971:
In 1972:

2. Number of ta gs recaptures: 112

3. Number of tags recaptured with adequate data:

4. Number of tags recaptured without adequate data:

5. Number of tags recaptured within 12 months oi release;

17

31

Number of rrab with data indicating ane mal t:
Praportion of Crab indicating one mOl t:

12
, 39

6. NiJnber of tags recaptured from 13 ta 24 months of r<'ease - 46

Number of crab wi th data indicating otic mal t:
Proportion ai crab indicating one molt

c 5
54

7, Number of tags recaptured from 25 ta 60 months af re'ase: 18

Number of crab with data i
Number of crab wi th data i
Number of cra b wi t h da ta i
four mal ts:
Proportion af crab +hat mo

ndicating one molt: 8
ndicating two molts:
ndicating thre nr

3
1.001 ted:

In 1970:
In 1971;
In 1972:
ln 1973:
In 1974:
In 1975:
In 1976:

C
21
48
31
8
2



It. was assumed that recaptures at large for 12 months or less, rategory
 A!, experienced only one molting opportunity, Informatior is available
to support the stated assumption. laboratory maintained male aid fema'le
red king crab from Japanese waters, mol ted annually vp to l24 mx of
carapace length or molted annually up to size at maturity, and lirst
skipmol ted at 133 mm of carapace length  Matsuvra anc' Takeshita 976,'.
A growth model for Kodiak male red king crab was developed based on
data from tag and recapture ~ irrmiature crab, and penned erat studies
 McCaughran and Powell 1977!. This growth model indicates that substan-
tial skipmolting first. occurs at approximately 1ZO xmi of carapace length,
and that the probability of moltinq decreases as carapace lengtt
increases beyond 120 mrn of carapace length  McCauqhran and Powe 11 1977!.

Data estimating size at maturity for male golden king crab from
Southeast Alaska is not available . Data for male and female golden
king crab in the vacinity of the Eastern Bering Sea, and preliminary
information for female golden king crab from the Lynn Canal� -Icy Straits
area of Southeast Alaska i ndi cates that the largest mean size a t
maturity for males is 117,5 mm of carapace length, and for females is
107.2 mm of carapace length  Otto 1984; and Somerton and Dt.to io prep.!.

Dockside samples of commercial landings of male golden king erat from
Southeast Alaska duri ng one season representing the developmental s tage
of the fishery   1970-71! and one season representinq the fully developed
stage of the t i shery   1982-33! indicate that the max imum s ize is 2 15 mni
of carapace length  fig. 3!. This is close to the previous information
indicating a maximum size of 220 mrn of ca rapace length for male golden
king crab in the Bering Sea and Aleutian Islands areas  McBride et al.
1982!, The minimum !egal carapace width of 178 mm for Southeast Alaska,
corresponds to a carapace lenqth of 150,6 mm based on an unpublished
linear regression equation of Y = 44.3336 + 0,8875X for 345 observations
of male golden king crab in Southeast Alaska, where X = ca rapace length
in rnn, and Y .- carapace width in mm. Thus, the premolt carapace lengths
of 126 to 170 mm and the postrrmlt carapace lengths of 150 to 200 mm
uti'lized in this tag-recapture study, corresponds we 11 to the range of
148 to Z15 mm found through dockside samples of commercial landings,

Based on the information available, it does not appear as if exrreme
di screpenci es exist between golden king crab stocks from Southeast
Alaska and other areas. The majority of the tagged male golden king
crab, and all of the recaptures from Southeast Alaska were larger than
the expected mean size at maturity. The sample collecterl could ne
expected to molt only once in a 12 month period, if' at all.

A Cra 0 to 12 months.

Thirty-one crab were recaptured from 1 to 12 months of release. Re-
captures ranged tram 143 to 191 mm of carapace length. Of the il
recaptures, 19 did not mo'lt. Crab exhibiting no growth were at large
from I to 9 months, while the 12 crab exhibiting one viol t had been at
large from 10 to 12 months. Recaptures that molted once l.ad premolt
carapace lenqths ranging from 145 to 159 rrxir  Table 2'r, Mean growth
per molt was 16.58 mm of carapace length, within a range of 12 to 19
mm. Mean time at large was 11,2 months for moltinq crab. iio multiple
molts were apparent within this group of recaptures.
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~ l! 4 44 t 1 ~f13 t 24 ! tht.

Forty-six recaptures occurred from 13 to 24 months of release. Re-
captures ranged from �2 to 191 mm of carapace lenqth, Oi the 46
recaptures, 21 did not    al t. Crab exhibiting no qrowth weve at large
from 13 to 23 months, while the Z5 crab exhibitinq one  noir were at
large from 13 to 24 months. Recaptures exhibitinq one molt had premalt
carapace lengths ranging from 132 to 1/0 r ri  of carapace lenqth ', able 2!.
Mean growth per molt was 16.08 mm, with a range of 7 to 20 mm. Mean
time at 1 arge for mal ti nq crab was 17. 5 months, Once aqai n . no »iu 1 tip le
mal ts were evident wi thin tni s group of recaptures .

 C! Crab at lar e from 25 to 60 months.

Eighteen crab were recaptuved from 25 to 60 months after release. All
crab in this category exhibited growth, The 8 recaptures exhibiting
one molt had premolt carapace lenqths ranging from 133 to 170 mm
 Table 2 ! and wer e at large For a mean of 28.4 months. Mean gr owth
per molt was 16.50 rrn  of carapace 'length within a i'ange of 8 to 7 1 r rr
of carapace length.

The 7 crab exhibiting two molts had premolt carapace lenqths ranging
from 126 to 152  rn   Table 2!, and were at large for a mean of 38.5
months, Mean growth for two malts was 31,33 mm of ca rapace lenqth, or
approximately 15.7 rm   for each individual molt. The range of giowth
for two mal ts was 26 to 34 nim of carapace length, or 13 fc 17 mrii ior
each individual molt.

The rema in inq 3 cr ab wi th adequate data appeared to exhibit three mol ts
 Z crab! and four malts � crab!, Recaptured crab that exhibited
three molts had premolt carapace lengths of 146 and 147  nm, arid weve
at large for 18 and 56 months, respectively. Mean qrowth for tl vee
molts was 52.0 mm. or appraximately 17.3 mm for each mo'It. One:rab
qrew 50 mm and the other grew 54 mm, The recaptured crab exhibi ting
four molts had a premolt carapace length of 133 r m , waS at large for
51 months and grew 60 mm, ov approximately 15.0 imi  during each malt.
There is some uncertainty in determining how many inol ts rhese th ee crab
aCtually accompliShed, eSpecially with reSpeCt tO the limited sainple.
However, the determinations made appear to correspond well to the data
available an crab accomplishing one molt.

Other data,

Basic statistics and a least squar es linear regression was accomplished
fov recaptures from category   A! that, exhibited growth . Premo I 6
carapace length was set as the independent variab1e. and postmolc
carapace length was set as the dependent variable Results have been
summarized and partially discussed above. Based upon the mean qcowth
per mo'It   16, 58 mm!, standard error  O. 58 mm!, and the range of growth
�2 to 19 rmrr!, data from other recaptures at large for more than 12
months weve categorized. Since statistics from categories ,'A!, ',8!,
and  C, on1y single molt! were very similar, all sinqle mol data were
combined and analyzed. Statistics for all combined single molt data
are also suimi ar ized  Table 2! . These statistics indicate a mean growth
per mOlt Of 16.29 i m , a Standard errar Of 0,45, and a range of , to 21
 r m. A leaSt SquareS '1inear regressiOn waS perfarmed for alI Siltiile
molt data and results are summarized in both tabular farm  Table 2!
and graphic form  Fig. 4!.
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Based on category  A! statistics, det.erminations were also made ds to
the appropriate number of multiple molts accomplished by the remiining
recaptures in category �!. Basic statistics and a least. squa re linear
regression was accomplished for the 7 recaptures which acconipl islied twO
molts, and the resulting data is summarized in bo'Ii t.abular toriii
 Table 2! and graphic fomri  Fig, 4!. Analyses were not accompli hed on
recaptures that. accomp'Ii shed three Or four mplts due -.o the 1 lmi ted
san>pie, but these data points were plotted  Figs. 4, 'i, 6!.

SCatter plOtS Of all data a< premOlt CarapaCe length Ve rSuS Caral>aoe
length increase in mm  Fig. 5! and premolt carapace 1 eng th versu,
percent increase in carapace length  Fig. 6! was accompl!shed tc assist
in categorizing the data.

One additional piece of !nformation was available froix the recapture
data . Although' the probability of molting within a specific year ir>ay
decrease, at least for red king crab  McCaughran and I'owell 1977~. it
does not appear as if crab cease to mo'It entirely. Fr>r male gol>ien
king crab recaptured within 12 months of release 39 percent. ri>olt<.d,
from 13 through 24 months 54 percent molted, and from 25 through
60 months 100 percent molted  Table 3!. It appears lliat the probability
of molting increases with each additional year after an inil.ial .kip-
>r>olting occurs. Ilowever, the sample size considered 's 1 imited and the
specific year in which skipmolting first occurred is not known.

SUMMARY

Information presen ted indicates that ma!e golden king i;rab car> bi.
successfully tagged and recaptured after accomplishinq as many a.
fOur mOltS, and after being at large fOr up tO fifty-One mOnthS.
GrOwth data reS ~ lting has asSiSted in prOviding additional understanding
of some aspects of golden king crab biol ogy . More i nfort»at> on i . ni!eded
to insure that our perceptions of the life history and populatior
dynamics of this species approach completeness. Especially, it such
perceptions are utilized to develop an appopriate management and
iegu'Iatory system. In Southeast Alaska, necessary information ir .Iudes.
but is not limited to: definative size at maturity estimates for male
and females; growth and survival information for all life nistory
stages; habitat requirements, especially as they relale to the younger
life history stages; predators and diseases; migration of all Iiie
history stages; indices of abundance or estimates of abundances, and
effects of the co>mr>ercial tisheries associated with this species. Many
of these informational voids require significant time serie' to under-
stand the var>abilities associated with the parameters. To date, the
fishery for golden king crab in Southeast Alaska has been significant
for approximately eighteen years, and definatlve programs have not
been implemented to provide the necessary information which will insure
continued, and viable fisheries. Accurrances in other kinq crab
fisheries should provide impetus to seek the necessary informaticr.

293



175145 ,'55135 16!125

PREM0LT GARAPACE LENGTH IN MILLIMETER'~
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Overview of the golden king crab,
Lithodes aequispina, fishery and its

fisheries biology in the Pacific waters of
Central japan

Kikua Hiramoto
Chiba Prefectttral Fisheries
Experirtlental Station
Chiktlra-rnachi, Chiba-ken, Japan

Introduction

Fifteen species of Lithadid crabs in seven genera have been
documented from the Pacific coast of Japan  Table 1!, Two codmnerrtal-
1y important species belonq to the genera Lithodes and Paralomis.
Th LLhdg ~r 4 A**1 ~1t . 4 g th
th* g id* k g h. L tk d ~*<*, I dhd-ggg
depth on the continent,al slope, and has been exploited as a deep-
sea fishery resource.

Th g *g pht dt t h tt 4 L. ~ t. I I th
Okhotsk coast of Hokkaida Island to Hyuganada. kyushu Is land  F igure
1!. However, commercial rancentrattons exist irom t.he northe n to
central Pacific coast of Honshu Island.

The galden king crab fishery began in 1963 in the Tohoku region,
oft the northern part of Honshu Island. Later in 1968 1969. t.he
cormaercia1 fishery started in the Tokai regiori covering the area
off Boso Peninsula. Uraqa Straits, Sagami Bay and Suruga Bav. A
substantial fishery existed betweer 1977 and 1980 with tne hiqhest
landing of 126 mt in 1 977- 1978. but thereafter the larding drast it ally
declined. The resource appears ta have been heavily exploited wu thin
a few years. At present. a substantial fishery contiriues ~ the
7ohoku region.

A1though the golden king crab fishery is sraall compared with
the king crab and Tanner crab fisheries in the North pacific, this
fishery holds an important position for local fishermen because oi
hi gh mar ket values of the golden king crab.

This paper summarizes the -tatus of the goldedh king crab fi.hery
and biological information in the Tokai region. Althouqh available
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Table 1. List. of Lithooid crabs from the Pac i«c LLldsta waters
of central h!apan.

Family Lithodrdae
Subfamily Hapaloqastrinae Ortmanr.

Genus H~a a'lorna:.Ler Brandt
H. dentata  De Haan!

d* Q~di th h di t
O. inermlS  StimpSOn!

Subfamrly
Genus

Lithodinae Ortmann
Lithodes Latrei,'le
L. tur ritus Orfmann
I . aeguisdrrna Benedict"
L. ~lou ruing Sakai
Paralomis Whrte
P. h~strix   De Haan!
P. multis!rrna  Benearct!+
P, verrilli  Benedict!
P. dofleir.r Bales
P. ~aonica Bales
P. cristata Takeda et Ohta
P, ~h strixoides Sakai
Neo]rthodes A. ltfr lne Edward
N. ~nr onensis Sakai
~C ~ t l th d d dt.
C. e~x ansus ihlierS
~th lith d d ~ dt
L. odawarai Sakai

Genus

s pt Boiivi prGenus

Genus

Genus

+ The species for the edible resources.

dat.a are sporadic, the obtained information elur.idates some hiiilogical
aspects of the golden kinq crabs in the southern imit,

Data Source

To investigate the population sr ze and migratory pattern, taggi ng
experiments were conducted rn 1978 and 1979, usriig Pptersen's disc
and anchor tag. 4 tot~1 of 66 5 golden king crab. were tagged and
released in Uraga Straits; 151 individuals in 197tf aiic 515 in 1979.
Based on Petersen's met.hod, the inception was estima .ed.

Size distribution, width-length and width-weight nelaticinships,
and sex ratios were analyzed on the sample off Boso Pen in� 'u 1 a and
in Suruga Bay. Carapace width and length measures ents etc lude lateral
spines and rostrum, The development stages of eggs were identified
and seasonal changes in stage compositrans were compared. The egg

298

The catch data have beer compiled by the prpfectura I government.s
of the Toker region: Shiz.ioka, Kanagawa and Chiba Peefeci.ires, Catch
statistics and biological data wer'e obtarned off che east coast, of
Boso Peninsula in 1968-197 1, and in Suruga Bad in 1976-1977, and
I!raga Straits and Sagami Bay in 1977-1980. The catch per unit of
effort  CPUE! in ibis report is expressed as catch per boat aiid catc h
per crab pot.
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Figure 1. Distribution  lower, dot! and fishing area ',upper; aha iel
of the golden king crabs fn the Japanese waters,
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Figure 2. Cage-pot. for the golden king crab  upper! and schematic
diagram of its Fishing gear  lower!.



stages were class~fied into the five categories:  I! ',pent stage
no external eggs, but remnants of eggs, espec i el ly the furi iculi,

attached to the pleopod brist'les, �! new egg stage � orange externa!
eggs with no evidence of embryonic eyes,   3! early zoea'! srage
orange external eggs with thin dark embryonic eyes, �! 'ate zoeal
stage � tan external eggs with obvious dark embryonic eyes, and �!
hatching stage � partial clutch of well-developed eggs, with remnants
of hatched eggs attached to p 1 eopod bristles and «cca s i dna 1 1 hr with
prezoea on the egg mass.

Results

Fisher and fishin ears

Golden king crabs in the Tokai region are exclusively captured
by crab pots operated by small boats ranging between 3 and 14 gross
tons . The crab pots are similar' to those which had been used in
the Japanese ki ng crab fisheries in the Bering and Okhotsk seas.
with minor modifications in size and structure. The pot is conical
in shape and measures 0.6 m high x 1.2 m bottom diameter x. 0.7 m
top diameter. A pot mouth opens in the upper cover with 0.5 m diam-
eter. Typica I ly. a total of 30- I 00 pots with attractive baits are
attached to a ground line with 25-30 m intervals  Figure 2!. A set
of line and pots are placed on the sea bottom at 500-800 m depth.
The number of set varies depending upon the size of the fishing boat
and sea conditions. The pots are usually retrieved aft.er one day.

The registered number of fishing boats for this fishery is few,
varyi ng by year and by management area. In Chi ba Prefecture, one
potter was registered in 1978 and two in 1979. In Kanagawa P efec-
ture, 4-8 potters were operating in 1977-'l980. Only one potter was
engaged in the fishery in Shi zuoka Prefecture in 1 976 and l9 7 7 ; Tab le
2!.

S t ~t t h ~ d ~hd~hf f ~hd tl h k
~re ion

The Pacific area between southern Bose Peninsula and Suruga
Bay, which is the fishing grounds of the go Iden king crab, is s;tuated
on t.he east coast of central Honshu Island and is a distinctive type
of embayment in which a deep-sea system penetrates deep inta the
land. The area is characterized by deep troughs; the Sagami Trough
and the Suruga Trough, The Sagami Trough extends southward ai. the
mouth of the bay, and its deepest depth is about 'I, 500 rn  I'igure
3!. The Suruga Trough also extends southward at. the mouth c' the
bay to a depth of about 2, 500 m.

Example of vertical profiles of the temperature rr the area
off Cape Nozimasaki, southern Boso Peninsula, and Suruga Bay are
shown in Figures 4 a and b. A steep temperature gradierit is r ecog-
nized at depths shallower than 200 m, and then gradually it. decreases
with depth. The salinity profile in Suruga Bay shows a steep de< rease
beginning at a depth of about 200 m, ending in the salinity minimum
layer   < 34. 3Rd ! at a depth between 400 and 700 m, and then incr. eases
again with depth  Figure 4 b!�hta 1983!. The intermediate water
is characterized by low silinity �4.2-34.4X~ !. and a temperature
range of 3-11'C is found between depths of 300-800 m in 'he observed
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Figure 4. Vertical profiles of  a ! water temperatu re off Cape No zima-
saki of South !3oso Peninsula  after Ishino et al. 1981!
and of  b! water temperature and salinity in the central
part of Suruga Say  after Ohta 1983!.
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Table 2. Number uf cage-pot. f i shing boats on tne goliien k iiig crabs
in the Tokai region, 'l976-1980.

Y ar
Prefecture Fishing ground 1976 1977 1978 1979 198J
Chiba

Kanagawa

Shizuoka

Uraga Straits

Uraga Straits
and Sagami Bay

Suruga Bay

area of the Tokai regi on ' ,lshino et al. 1981: Ohta 1983',.

The fishing grounds of the golden king crab in Ur'aga Straits
and Sagami Bay are distributed widely on the i,ontinenta I slopes from
500-800 m depth shown in I igur e 3.

Catch and stock size

The landings were recorded for maJor fishing ports or particular
fishing grounds. No reliable data exist on the stock identification
and intermingling of populations i n the Tokai reg ion,

The catch in Kanagawa Prefecture, representeii by the landings
from Uraga Straits and Sagami Bay, reached 126 mt ir 1977-1978, but
rapidly declined to 37 mt in 1978-1979 and 17 mt in 1979-198II  Figure
5!. The fishery almost closed in 1980-1 981 season anri thereafter.
Correspondingly, the mean catch per boat decreased from 2!5 kg in
1977-1978, to 222 kg in 1'978-1979, and to 98 kg in 1979- 1980 ;Kanagawa
Pref. Fish. Expr. Stn., unpubl.!. The CPUE in 1977-1978 increased
from November to February, arid decliried in 14arch and April. ln 1978-
1979, the CPUE declined from October to December. and then increased
toward February. A simi 'ar trend can be traced in 1979-1980. The
stock assessment, based on the tag-recovery experiments, indicates
the inception of each fishing year to be 792 mi in '.977, 258 mt in
1978. and 153 mt in 1979  Table 3!. The value. are probably over-
estimated due to the insufficient dat.a to ful'ill the assumptions
in Petersen's method.

ln Ch iba Prefecture, the monthly mean catch per pot by 3. 5 ton-
nage boat, at Hota Port showed relatively similar values �.8-1.8
kg/pot! between November 1978 and June 1979. But., i-. showed the
only low value   0. 1 kg/poi;! in July 1979  Table 4 !.

it ~ti

The carapace width  CW-excluding lateral spines! of the golden
king crabs off Boso Peninsula measured between 8.3 anti 19.2 cm in
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In summary, the stock size of the golden king crab in the Tokai
region appears to be margina It and the recruitment and emigration
do not seem intensive. This is exemplified by an abrupt decline
in 1978, followed by the exploitation of the iirgin stock in 1977
in Kanagawa Prefecture, which r'esulted in the c'Insure of the fishery
in 1981.
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Table 3. Estimated stock of the golden king crab by Petersen' method
in Uraga Straits and Sagami Bay at the inreprion of each
=!shing year.  ,Kanagawa Pref'. Fish. Expr. Sl.n., !,npubl.!

Catch Rate of recaptured Estimated st.ock uI. the »ncep-
 mr.! ;%! tion of each year  mt;

Year

1977-1978 126 792
1978-1979

1979-1980

41

153» 7

Table 4. Monthly catch of the golden king crab in raga Straits
at Hota in Chiba Prefecture, 1978-1979,

Total number Catch CPUEOays fished of p  kg! fkq/pot

1.2'I 978 No v. 75 30
0ec. 29713

10

18

311.?

215. 31979 Jan. 284

Feb. I! 39

10Mar. 301

Apr. 406

.367May 13

8

4

Z54

IZB

June

July 12,2

BB 2 ~ 701 3, 703. 9Tata 1

females and between 8. 0 and ZZ. 0 cm in ma les. I i gure 6 sh! ws the
frequency distr i but.ion of carapace width for bot.h sexes . Tt e data
combined for the years 1968- 197C!, as there was no remarkable annual
difference. It is apparent that the distribution» assume po I ymodal i-
ty. suggesting several ages in both sexes, though atr.empt,s failed
to delineate modes. A dtfierence in size <iistribution between =emales
and males is quite obvious. While females exhibit a mode around
14 � 15 cm, no particular mode can be detected in ma e'. rhe proliortion
of crab with size 	6 cm CW is high in males !ind law in  !imales.
The reasons of such differences are nor. explained at. present..

A comparison of size range showed no difference hetweer Uraga
Straits and Sagami Bay.

Care ace len th-width relation ~hi s

Carapace width and lengt.h  CL! of females and males combined
from off Boso Peninsula were regressed with a simple linear equation
 size range: 6.6-20.4 cm CW; N=485; r=0.98!:

CW = � 0.48 + 1.06 CL
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Figure 6, CN distribution of the golden king crab capturee from
the coastal waters off Boso Peninsula in 1968 through
1970.
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A similar linear equation was obtained for the Suruga Bay samples
 Suzuki and Sawada 1978!  size range 7.3-20.5 cm LW; N='9?; r=0,99!;

CW = - 0.85 + 1.11 CL

The regressiori equat.ion for females �.6-18. I cm CW! is shown as
 N 303; r=0. 97!:

�!C W = � 0. 69 + 0. 96 C L

and for males �.7-Z0.4 cm CW! as  N=IBZ; r-0.99!:

CW = � 0.68 + 1.09 CL

Thus, male is sIightly wider than fernale in shape, ard stat istica1
difference is significant  tw4.703!t�8!, 0.05!=1,960!.

Care ace width and bod weirtht relationsh~is

lhe body weight  EW, kg! of the crab is expressed as a power
function of carapace width  CW, cm!:

Female: BW = 8.03 x 10 CW''  N=90! �!� 4 Z.B3

Male: BW = 5.62 x 'lg CW'  N-102! �!, -4 ?.98

The increase rate of body weight relative to carapace width is s iight-
ly greater in males than in feme'Ies, t.hough statisticaI difference
is insignificant  t=1.752 c t�88, 0.05!=1.960!.

~r' t

Hiramoto and Sato �970! fo~nd that 15 2 of t.he fema les at 12.6
cra CW and 60 Z of the females at 13.6 cm CW were mature  spent or
ovigerous!. Thus, the 50 n maturity ran be assigned to 1?-13 cm
CW.

The smal lest fema1e was 10. 5 cm CW off Boso Per» nsula which
carried eggs on p1eopods  Hiramoto and Sato 1970!. Similarly, Suzuki
and Sawada   1978! reported the sma11est egg-bearing female in Suruga
Bay was 10. 9 cm CW   calculated from a CW-BW regressiort!. Thus, it
is conclusive that the minimum biolog r ca'I size of the golden king
crab in the Toker region is about 11 cm CW.

t d t t d ~it

Based on the monthly observations of egg stage, Hiramor.o and
Sato   1970! depi cted the spawni ng cycle of the go1den king crab popu-
lation for the waters off Bose Peninsula.

Figure 7 illustrates the monthly percent occurrence of rema les
with different egg stages. Sperrt females were found throughout the
year, showing 2 to 39 l occurrence with a peak in Septemoer. I-ema1es
with new eggs appeared mostly from Illovember through Iebruary, with
48 K occurrence in November and 36 Z by the end of February. females
with hatching eggs occurred throughout a year with 11"57 'X, but peaked
in May and June. Similarly, the early and late zoea I s tages also
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took place at every mont.h, Tne peak occurr ence af the ear ly zoeal
stage was July, and that of late zoeal stage wns Marrh and October.
The finding af various xgg stages throughout a year ir,dicates that.
the golden king crab undergoes asynchronous spawning.

Although a seasonaI cy<le vs indistinct, prominent periods were
evident, i.e., copulation from July through October, ~ rubation from
October through Frbruary, an<I hatching from March through Jun<-.

Female ratio

In the years 1976 � 1977, females accounted for 62.5 ': af the
population off Boso Peninsula and 53, I Z< in Suruga Pay.

The proportion af fema es off Boso Peninsula varies se<isunal!y.
Female prevailed in October- December and January � July period. ranging
between 40-90 a, whereas during Ju I y-October. :he fema I e proportion
slightly declined by 15-80 7,  Hiramoto and Sato 1970!.

The proportion of adult crabs changed with sear.an,ind with depth.
The adult:immature crab ratio was about. 3.'4 during !une-S< ptember,
but reversed by 7: 3 during October � December, Adults outnumbered
the immatures at 450-600 m depth, but decreased in nuiiber at dept.h
�00 m  Hiramoto and Sato 1970!.

The results suggest that the maturing females aggregate with
males for mating during copulation period, and tend ro .egregate
from males during incubation and hatching periods. It it also presum-
able that the maturing crabs move to shallower water fr<tm deeper
water, separating from immatures,

E size and number of e s

The egq of the golden king crab is ovoida I in shape, and the
mean long axis measures 2, 38 mm at new egg stage. 2. 40 mm at early
zoeal stage, 2.41 mm at late zoeal stage, and 2. 50 mm at hatching
stage  Hiramoto and Sato 1970!. The short. axi.', measure, between
1,9 and 2.3 mm, The egg size increased slightly with devi lopment.

The nuniber of eggs per female tended to increase wii.h < rab size
from 9,500 an a female 12.9 cm CW to 30,100 on a 15.7 cm Ck female.
The egg count at spawni ig  E! is empirically regressed to carapace
width  CW, cm! by a linear equation, though the correlation co-
efficient is relatively low  N~IZ; r 0.65!, showr in Figure 8:

�!E = 3. 998 CW � 35,200

Similarly, Suzuki and Sawada �978! established a linear
relationship of the egg count with body weight  BW, kg! for the crab
with size range 1. 2-2. 5 kg BW. though the sample s i ze was only 6.
The equation is given by  r=0.97!:

I8!E = 17,200 BW � 3, 900

tati t

The monthly changes in the CPUE suggest disper iott arid aggrega-
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Figure 8. Relationship between number of external eggs an< carapace
width of' the golden king crab off Boso Peninsula, 969�
1970.

tion of the go'Iden king crab to some extent, As shown in I igure
5. the CPUIE in Uraga Straits and Sagami Bay increased fiom November
to February, and declined in March and April in the 1977- 1978 fishing
~eason. In the subsequent fishing years of 'I978- 1979 and 1979- 1980,
the CPUE dec lined earlier from September oi October to Novembe» oi
December, and then increased January or February. Thus, it is assumed
that during November and December crabs are widespread from the fish-
ing ground, and then aggregate in January and February. It is also
indicative that the aggregation will take place in Septemoer. 'able
4 suppliments the above trend in 1978-1979 in Uraga Straits. The
low CPIJE values suggest the spreading in December, whereas the high
CPUE values suggest the aqgregation in February and March.

The results of the tag-recovery experiments gi ve some i n .ight
into the migration of golden king crabs in Uraga Straits and Sugami
Bay. In 1 978. a total of 1 51 crabs with mean size I 0. 6- 12. 8 cm CW
were released, of which 24 crabs were recaptured. The time required
to recapture varied from 29 da ys to 379 days, with an average 220
days. Despite a relatively lonq duration at liberty, the rrabs were
recovered only 10 km southest of the release area. In 19 79, 515
crabs �.5-18. 1 cm CW, mean 9.95 cm! were released, and 11.1 7, of
them were recaptured after fi to 268 days  average 56 days!. K»arly
90 T. of the crabs moved southwestward within 5 km of the nor!.hest

3Il



Figure 9. Movement of the immature golden king crab in Lli aga >traits,
'1979. Open circles denote the releasing stations from
February to Nay, and ari'ows show inkier red migi ation route
nf the recaptured ci aha.
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re1ease site, off !nose. The remaining crabs were found in the vicin-
ity of the releaSed locatiorf  Figure 9!.

0ata wer e insu f f i c rent. to examine the seasonal and spawning
migration relating to size, sex and maturity of the crabs, However.
the results indicate that both young and adult golden king crabs
do not reveal an extensive migrat.ion in the Tokai region. However,
the change in the CPUE, sex ratio and maturity ratio ndicate the
spawning aggregation occurs with season and depth.

0iscussion

The results i ndicate that there is a seasonal reproductive cycle
in the golden king crab, despite its indistinctness. Further, the
data demonstrate that the spawning takes place thr.oughout, a year,
revealing a type of asynchronous spawning. Based on a two-month
survey in the West Kamchatka in Okhotsk Sea, Rodin   1970 ! con< luded
th tth .1t g,g 1 tf d g '1 "g f L.
from late August through mid September. This short spawning period
contrasts the longer period found in the Tokai region. The dis-
crepancy in spawning duration between these two areas cannot, be
explained. Rodin did not mention the reproductive conditions in
other months. Somerton �981! suggests an asynchronous spawning

f L, 1, I t f L, ~ii, th G 1f f h1 k

Rodin �970! presented data on carapace width, carapace length
and fecundity for the golden king crabs of size range 10.6-14.8 cm
CW in the West Karachatka. From Rodin's data, we can derive erapir ical-
ly the CW-CL relationship: CW = 0,76 + 0.97 CL  r-0,97!. Similarly,
baSed On ROdin'S data ~ we Obtain a feCundity � CarapaCe width relation-
shipp, with an equat ion E x 2 ' 065 CW � 1 4, 236   rv0. 53!. The compari-
son of the CW-CE equation between Rodin's and ours  Hiramotu end
Seto 1970; Suzuki and Sawada 1978! reveals insignificant difference
in morphometry between t.he West Kamchatka and the Tokai region.
Unlikely, an apparent difference is seen in the fecundity equation.
However, it is inappropriate to draw any conclusion from the compari-
son because of a wide variability in egg count date in the two studies.

Rodin   1970! clairaed that. in the West Kamchatka the ha br tat
range is definitely separated between the adult crabs  femaies,lZ.5-
13.0 cm CW; males, 17.0-17.5 cm CW! and young crabs  females. 6.0-
6. 5 cm CW; males, 7. 5-8. 0 cm CW!: adults ere concent,rated »i the
southern area around 53-55 N  Z50-800 m!, whereas young =rabs pre-
dominated in the nort.bern area around 55-57 a N �00-450 m!. This
means that in the West Kamchatka the young crab must recruit periodi-
cally to the fishing ground from a distant area. Qn the relation
between spatial segregation and reproduction, he presumes t hat. the
pelagic larvae of the golden king crabs released from the spawning
ground in the southern area are transported to the northern area
by e northward current along the Kamchatka Peninsula. he larvae
sett,le there and when metamorphosis advances, the young.*. commence
a southward migration. Adults do not reveal the seasonal migration.
Unlike the West Kamchatka, in the Tokai region botih met,rre and im-
mature crabs   5-22 cm CW! concomitantly occurred in a same area and
the extent of migration wes very limited. This suggests thai both
young and adult, golden king crabs do not reveal an extensive migration
The deep water of the habitat of the golden king crabs in the Tokai
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region is strongly influenced by the intermediate water of the North
Pacific as defined by temperature, salinity and oxygei  I;hino et
al, 1981; Ohta 1983!, whicl'i stems fr om the Subari;tie wate-. This
water i s sharply di stingui shed from the upper water which is associ-
ated wi th the warm Kurosh i o cur r ent, It is i r concei vable that the
larvae of the golden king crabs rise to the upper liver where the
northeastward current prevailed and temperature ', inevitably high,
Thus, the dispersion of the larvae iii the study area is,nlikely.
At present, the selectivity of the crab pot 1im.ts tne obtainable
minimum crab size and there is no incidental retch record of the
small crabs by deep-sea trawl. Although the migrat i,n pattern of
the entire life span is not known because of inadequate information
on larvae anrl 3uvenile forms , it is thoughr that tie go' ien king
crabs in the Jokai region complete their life cycle in a relatively
confined area.

'fhe temperature of the habitat for the golden king i:rabs in
the study area is betweer 3-5 C lshino et al. 'l981; Ohta 1983!. which
is 1-5 C higher F.han the repori.ed temperature  Q.? � 2vC! in the West
Kamchatka  Rodin 1970!. Since the temperature affects the growth
and reproduction processes, it is presumable that such a difference
of temperature will cause the changes in egg development. spawning
and hatching periods between the two areas. Jt is likely that the
higher temperature in the Tokai region derive-. faster development
and facilitated growth of the golden king crab than those in the
West Kamchatka. kowever, available data are not suf'icient to prove
this assumption.
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ABSTRACT

The geographic di si ri but i on of the go lder king r r ab, L i thodes
s d f th* Okr t k t f H kk d J 1 d t

Hyuganada of Kyushu Island in Japan. However, commercial concentra-
tions ex-st on the ocean floor at depths of 450-850 m From the north-
ern to central Pacific coast ot Honshu Island.

In 1968-'l969, the commercial fishery started in the Tokai region
covering the area off Boso Pentnsula. Uraga Straits, Sagami Bay and
Suruga Bay. A substantial fishery existed bet ween 1977 and 'l980
with the highest landing of 126 mt in 1977-1978, but thereafter the
the landing drastically declined. The resource appearx to have been
heavily exploited within a few years. The st.ock size of the crabs
in the Tokai region appears to be marginal, and 'he recruitment and
emigration do not seem irrtensive.

The carapace width rarrged from 8.3 to 19.2 cm in females and
from 8.0 to 22,0 cm in males. Carapace width  CW, rm! and length
 CL, crn! of females and males combined from off Boso Penin.ula were
regressed with a linear equation  size range 6.6-20.4 cm CW; 8=485;
r~0.98!:

CW = � 0.48 + 1.06  I

A similar linear equat.ion was obtained for the Surug i Bay samples
 size range 7. 3-20. 5 cm CW; El~192; r=O. 99!.

CW = � 0.85 + 1.11 CL :2!

The regression equation for females�.6-18.1 cm CW! nfl the Boso
Peninsula samples is shown as  N=303; r=0.97!:

CW = � 0.69 + 0.96 CL r 3!

and for males �. 7 � 20,4 cm CW! as  N=182; r=0,99;r:

r'4!CW - � 0.68 + 1.09 CL

Thus. male is slightly wider than female in shape, a .d statistical
difference is significant.

The body weight  Bkl, kg! of the crab is expressed a a power
function of carapace wi dth  CW, cm!;

Female: BW = 8.03 x 10 CW '   N=90! l 5!� 4 2.83

Male: BW = 5.62 x 10 CW   N 102 ! < 6 !-4 . 2.98

The minimum size oF females carrying in eggs wa 10. i cm CW.
Fifteen percent of the fema1es at 12.6 cm CW and 60 percerit of the
females at 13.6 cm CW were mature. Thus, the 50 percent maturity
can be assigned to 12-13 cm CW.

The go'Iden king crab shows a t,ype of asynchrcnous spawning.
Although a seasonal cycle is ~ndistinct prominent periods were evi-
dent, i.e.. copulation from ,luly through October, incuba; ron from
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October through February, and hat.ching from Mar< h through June.
The results suggest that the maturing females aggregate with males
tor mating during copulaticn period, and tend to segregate from males
during incubation and hatching periods. It. is also presumable that
the maturing crabs move to shallower' water from deeoer water-, separat-
ing from immatures.

The number of eggs per terna le tended to i ncrea e with c r no size
frora 9, 500 on a female 12 . 9 crn CW to 30, i 00 on a 1 5. 7 cni Cw ' ema le.
The egg count at the new egg st.age  E! is regressed t.o cara.pace width
 CW, cm! by a linear equation  N=;,2; r=0.65!:

E = 3.998 CW � 35,200 r71

In 1978 and 1979, 665 golden king crabs were tagged and released
in Uraga Straits, In 1978, a total of 151 crabs with mean size 10.6-
12.8 cm CW were released, of which 24 crabs were recant.ured �5.9
X!, and in l979, 5'15 crabs �.5-18.1 cm CW, mean 9.95 cm! were re-
leased, and of which 57 crabs being recaptured   1'.1 r.l. Some o<
recaptured crabs were found within 5-10 km southwes twarri of release
area, and of which others were found in the vicinity ot t.ne released
location. The results indicate that both young and ac ult. golden
king crabs do not reveal aii exterisive migration in che Tokai region.
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Inn. 1SSSa Anchorage> mt.

On food composition of the deep-water
crab species 1i  bodes aequispina

Benedict and Chionoecetes tanneri
Rathbun in the Bering and Okhotsk seas

M. I. Tarverdieva
AII-Union Research Institute of
Marine Fisheries and Oceanography
 VNIRO!
Moscow, USSR

and

K. A. Zgurovsky
Pacific Research Institute of Fisheries
and Oceanography  TI4RO!
Vladivostok, USSR

L'thodes a Lcakrsima cu s fro th ce t a1 pa t of .h Be e sea to
tthe 0 totsk cast of Sakh 1 ~ a d t the oo ih p t f 'h P ifi
coast of Honshu at depths between 185m and 730m. Chionoecetes tanneri
occurs off Bering Island and from washington to southern califopnia at
depths between 50m  usually 450m! and 1910m  Vinogradov, 1950!.

In the Bering sea, we found both species inhabiting the;lope the
first one occurred at 300-700m and the second at 500-700m depths.
There are few grounds propitious for trawling  Kotenev, 1966, 1970!, so
the pOSSibility of finding cOnmerCia I conCentra ti ons of these speCi PS
is not great. Catch per trawl seldom exceeds 10-70 specimens, Per-
haps the narrowness of the slope prevents formation of considerable
concentrations of these crabs; in the Bering sea  Slizkin, 1974!. Both
species are found in the western part of the sea, but their f'ceding
areas are general'Iy separated: C. tanneri is present alen g all the
Ko yak c t, h t L. ~ae 's 1 St&y ppe s t th ~ uth f cape
ha a 1 . A th ~ me ous pop 1atio of L. ~euis i a .ts i th
Sea of Okhotsk where the slope is less steep and more expanded  Rodin,
1970; Hiramoto and Sato, 1970!.

Data on feeding of deep-sea crabs are not available in the lxterature.
The material used in this paper was collected by the authors in the
west and central parts of t' he Bering sea in October of 197?  R/V
Pelamida! and in the central part of the Sea of Okhotsk in '975, 1976,

LS77  R/Ss Pe1amid, Adie aed Geraki!. Se ty-s e speci
L. ae s 1oa Spry o thaafa AS ~ea, 0 fro th S* f pkh t k ~ d
11 rom a region off the Kuril 1slands! and 57 specimens of C. tanneri
from the Bering Sea were studied. We looked at stomach and intestine
contents of the crabs and calculated frequency indices of food items
 by occurrence and domination!, taking into account non-empty stomachs.
The contents were weighed clfsd total indices of fullness  content of
stomach per body weight! in !ooo were also calculated,
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The fond of bot! species consisted largely of bottor�,rima! 'Table 1I:
echinoderms  mosl ly Ophi urn idea!, bot tnrr. crustacears r' Amphi ptida and
Iiecapoda!, polyChaetes arm. Off the North Kuri I ., t I an hvrrroids;
mOliuScS and tiSh anrl plant «ei<iainS Were ot !nSS imp< «caner.

lr the Bering Sea, stnnachs r f crabs studied conte!neo! O~!I'Iura ~Ie toc-
tenia  Ophiurcidea!; Stror<!tylocentrotus droebachiertsis Fchir<oides!;

t ~ fog ad drest tr . era< .: c. 'r so..
Oac~rdium sp.  family Myti 1 idae,', Verer -.'cardia sp.  Cardi ti dae!,
animalS Of family Urgulinidae; C! aSSeS S<T~enOgaStr es t rd SCaphOOnda;
fOraminifr ra Rhabdpitmrina Sp,; and diatnms  mO. tly COS< innti SCus p.'l.

The fOOd rOripOSitiOI Oi L. aeguiSjrina in the Sea Of OkhuiSk haS been
studied in the most detaiT . TTie st.omachs there contained bivalves or
family NuCulidae  maybe NuCula tenuiS!, gaStrcpndS of fami'ies TroChi-
dae and NatiCidae and HuCC!nida~eyniing BuCCinum sn.'. Wt tOund
tentacu!ar hooks or Teuthoidea !sauid!; hnoks and a beak r ' Gorta<njrsis
sp. were found in the stomachS of Paral itriodeS <.amtSchatica,
Teuthoidea had not previously been registered in the ood n~ crabs.

Among the crustacear s were amphi prds of tarn'lies Photioae, Ischyrrcer i-
i dec, Aoridae  Lembos arcticus!, Lysianassioae, Call lopiidae, Hyperi-
idae and of suborder Caprellidea; isopods of f'<nrily Author idee', Scal-
jrellum sp.  Cirripedia!; and ma.lid and 1ithodid crumbs ''ra<'ments ot'
carapace and mouth parts! .

WOrmS Were repreSented by Carni VrrcuS pnlyChaeteS Of f< mi 1 h eS i!1 yCeri-
dae, Eunicidae, Oweniidae and Aphroditidae.

The preserCe Of POgOnOphora and deep-sea fi shes   fr agiy<ents of skele-
tons! in the stomachs of L. aequis~ina is an interesting oeculir.ri ty of
the feeding habits nf this craah.

Food spectra of the two crab species are differen: in the same region
iyahte <i. t the get g " a, t. aerrus S. d r q.'y Ohr ~
oidse sponges and p'lant remains, but the food of C. tanner consists of
polychaetes, bottom crustaceans and ophiuroirls. Both crabs were found
together at the only trawl station to the south of Cape Navarin at 700m
depth. The crabs were mainlv adult; their carapaces were of less than
120ram and 100mm wide, respectively. The principal food objects o. the
two species also appeared io be different here  Fig. 1!. L. ~ae uisLina
fed largely on spor,ges and fish ar d pla~t remai ns but stomachs of C,
tanneri contair,ed polychaeies, fragments of crustaceans  mainly deca-
po<OPS , and remainS of fieheS, mOlluSCs and echirOderms  mainly Gphiur-
oidea!.

Oata on feedi nr of L . ~ae u 1 spina are available from a regin<i to the
SOuth Of Cape Navarin in the beer! ng Sea at depthS between 300m and
700m, More data were obtained on feed>ng habits of juveniles  nine
males and 10 females!; not. many adults were studied. Fig. ? represents
th food co sosttr of t, a~eis r ~ a f drfre e t s' s.

Juveniles and adults kept away from each other. At the depth of 510m,
the juveniles  carapaces ot 9-33mm wide! fed main'ly on ophiuroids and
less on sponges. Other food objects were unimportant, although some of
them  hydroids, plant remains, tcraminifers, polychaetes, bivalves,
amphipOdS! OCCurred rather rrequently, StumaChS nfteri  frequen<.y index
of 95 percent! contained sand and silt� . The instantaneous ful!ness ot
stomar.hs was very high: the mean index was 75 /ooo  the
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Tehle t. F ad .a aaettta at .'thdd.: ~ie 1 d tht t
tafineri in the Berir g Sea and the Sea nf Okh015 d,

Beeinq 5ea Ses r,' Okhnrsk lid I' Kuril
'90- t35d depth240-760m depth

L. aediui~s na
300-70Dm depth

aedeui s inn
500-'70m deptl

C, tannert
18-144tmr CW

L. Ae~ut s 'Ina
6 2 - 2 2 Stean CIIComponents

of
9-164am. CW 36-167mrx cd

food FI D I F I �F I D I F I D I
10.2Foraminlfera

27.1Spon9ia
IIydroidea
Aetin141'ia

63.0 11,1
1,733. 3 63,» 33,3

13. 6 54,'t22.2 4,91.6
I.? 1.7

6,31,7 I il, 73. 'e
3 1.0

0.5 31,3 54. '5. I18,5 1.8 5.C
Teuthoidea
Unidentified

9,4
6.8

76. I
3.1

75.0
25.0

36.3Vermont tote'I
Pnlychaets
Others

25.9 54.'
54.'74,6 36,325.9

62 6 1" 522.2 3,7 63. 1

45.4

50.6 23.2
7.53.4 21.8

27.'I r,514. 8 15,612.4
12.5 5.0

17.55.913.67.4 21.8
15.2 3,1 18.4.9

17.8 25,0
25.0

7!.!Ech'Inoderltlata, to'ta
Ophiuroidea
Crinoidea

I 77.9 40.7 37,5 72. 44.4
77. 114. 440,7 16.977,9 40.7 34.4

3.1
Echinoidea
Dn dentified

3 7
32. 2 0.9

x 015.6
13. It 3.4

5.1 12.515 .." 18�2
7.4

Bird feather
7.6
1.7

53,130,5Digested tnasres
Send, silt

45.4 22.225.9 27,5
18,6 25,0 45.4

General Inde» of
Stomach fullness,
o/oaa 18. 0 4.05. 6
Sion-empty Stallachah
ex, 5927 32
Empty Stmnachs
�! 17.9

OI carapace nldth
u frequency Index �!

Dl = daminance index  sh!
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Isollusca, to.sl
Solcnogastres
Csstrapada
Scaphapoda
BIvalv a

Crustacea, total
Cirripedia
Amphipoda
Isopoda
Decapoda
Vn Id ant I f I ed

Pogonophora
Eggs  laying!
Fish, bones/scales
Plant remains

14.8
40,7
3,7

63.0
70,4

25,0
15.6
3,1
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maximum value was /ooo!, Five crabs  three males and twc females!0

taken ftom the depth of 700m hac carapaces wider '56-96mm! aid food
spectra. narrower; stor achs contained primarity sponqes an<i plant
remainS, followed by remain. of fhsheS. The crphS were very unfierfed;
the averaqe index of storiech fiillness was 0.9 '/or~. The main forage
items found ',n the stomacIts nf thrte 'arge males i carapaci width
162-164gmn! taken from 300m depth were fish remains and ophiiiroids.
These crabs  as weil as Jiuveri les! fed or, a. wfde varir+y fpv organisms
 Fig 2!, but the intensi ty of feeding was the lowest; the incex was
0.3 /ooi;.

Thus, th difff t site g ps of L. ~ u~ edits si i th s ~ »g g
inhabft different depths, and the most itrpor tant source~ dht their food
differ. Stomachs of juveniles, adult:  carapace w;8th 56-96rmi! and
large males chiefly contained ophiurofds, sponges and fish remains,
respectfvely, Irrespective of crab size, the food spectrum of I .
~ae ~ 's i u s d, the T se th. depth ". iuheh ts.

We have data on feeding o ' C. tannerf in the 8ering Sca 'r,m the
Olyutorskiy Zaliv, off the Koryak coast and rrom thc central part of
the sea to the south of Cape Navarin, Figure 3 represen .. the food
composition of somr sfze groups of this species in different redtinnS.
Off the Olyutnrskfy Zaliv, juveniles were found at 500ra depth where
they exhibited ', ntens i ve feeding, mat nly on polychaetes, fo 1 liiwed by
amphi pods and ophiuro i ds   the mean fndex of stomach fu I Ifiess was 15
/ooo and the maximum, 51 /ooo!. At the same station, adult C.

tanneri   ca rapace width 78-97trrx! ted chiefly nn nphi uroi ds and to a
~esser extent ca amphi pods; polychaetes occurred in the s t<imd chs
frequently but ir small amounts. Adult crab,  carapace width
107-144mm! fed on ophiuroids, decapods and polychaetes. Indices of
stomach fullness were low: l.7 and 3.3 /noo, respec: vely.0

We examined the food of adult C. tanneri  carapace width 48-94mm! taken
from 720r depth off the Koryal coast; the rhief constf+nants in the
diet were polychaetes and tn a lesser degree echinoderms, roe and
IItol luscs . The stomachs were poorly filled, too   the i ndex was ", .4
/ooo!.

Adult crabs  care pace wi dth 47 -87tmti' ,taken to the south of Cape tdava ri n
from 700m depth ted cn pnlychaetes, decapodg and also on fish remains
arsd molluscs; the mean fndex was low: 3.3 /ooo. Remains of ciusta-
ceans, polychaetes, ophiuroirls and fi shes were found in the stomachs of
two large crabs; the indices were even lower, 1.2 /»<go.

Juvenile C. tanneri were found only on the sIcpe nff the iqlyutorskfy
Zaliv, art! abut crabs occurred all along the Koryak rrast. Food
spectra of adults  especially of large crabs! were wider than those of
the young.

ln the central part of the Sea of Okhotsk, t . a~e u>spina fed nn hottom
crustaceans  decapods, amphfpods, cirripedians and ~sopods!, echino-
derms  mainly ophiuroids! and molluscs  mainly bivalves!  Table 1!.
Juveniles  carapace width 36-61mm! were found at 340-370m depth, where
they fed largely on cirri pedians and decapods   Fig. 4 ! . =ood spectra
of adu'It crabs �3- 17lmm! taken from 240-760m depth were much wider:
they fed on crustaceans, ophiuroids and mo'Iluscs. Indices of stomach
fullness for crabs with garapaces 73- 118rxm and 127- 17]mm w;de were
medium �.5 /ooo and 7.5 /ooo, respectively! and exceeded those for crabs
of similar sizes from the 8ering Sea.
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0 5 the North Kuri 1s, L. ae~uis~ina fed chiefly on cphiurt:',ds zrd
hydfoids  Table I!. Figure 4 represents thr focd coinposition of
different size groups o, crawls. Hydroids, sponges and opfifurcids were
fOund in a Stnmarh Of a Small Crab ',62mml. /dult CrabS uii+h r arapaCe
BO-ll8mm wide fed mainly on aphiiiroids and amph pods, whereas rrhbs
with carapace 155-225rrvn wide fed nn rphiuroids, hydrntpfe ard also on
bivalves and pclychaetes.

Conclusions
t. The Ro ~ d to poettto:T t. etteoit i t the p t O d

rather similar; ophiurnids were the importan const itueni o+ the
diet everyWhere, MOreaver, spOngeS and plant remains rarued high
as forage in the Berii g Sea . button crustaceans ' ~ Lhe Srt   f Ok-
hotsk, and hydroids off the North Kurils.

2. The main food organ1;ms of adult C. tanneri were diffe.rent ir
different regions: ophfuroids in the Qlyutorskiy laliv, poly-
chaetes off the Koryak coast, polychaetes and decapods Tn the
region to +he south of Ca oe ffava rir .

3, Juveniles of the crab species studied were restricted to a narrow-
er ra nge of depths, as compared wi th adults. Yourg cccui red at
the depth of about 5OOm in the Bering Sea and befueen .50m and
400m in the Sea of Okhof.sk.

4. It was roted that in Coth the Bering Sea and the Sea nf i'ikhotsk,
the fOOd speCtra nf the two sperees became, as a rule, wider as
crabs grew.

5 . Neither species showed competition for food fieca» se they were
separated either spatially or on the basis of the main rorage
items they fed on. They do not compete e1ther with Para'ithodes
~1at gus, Chionoecetes ~o ilio or C, bairdi, whicfi a'so fnhabit the
western part of the Bering Sea but form main concentratior, on the
shelf and don't penetrate deeper than 300m.

6 . In the Sea of Okhotsk, Chi onocetes a~n flatus occurs at ' he same
depth aS L. ae uiS ina. Oata On feedI~ng O7 tne former are nOt
available in iterature, but it is safe to say that the two
species don' t. compete for food, as they are separated in space.

7. In the Berirg Sea, juveniles of studieFI crabs are charactf rized by
Iiigh indices of stomach fu'Ilness: 25 /ooo QL. ae uis ina'1 and I5
/ooo IC. tanneri!; adult crabs of all sizes fegd poor y: main

ind1ces of stomach fulinesg vary from O,3 to O.g /oon  L. ~ae uis-
ifina! and from 1.2 to 3.3 /ooo ~C. tanneri! in diffe~ent regions.

Oata on stomach fullness of adult crabs only are available from the
~entral part o~ the Sea of Okhotsk; the indices are medium '4.5-7,5
/ooo! and exceed those for crabs of about the same size from the

Bering Sea
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A preliminary report on the diseases of
Alaska king crabs

Albert K. Sparks and j. Frank
!Norado
National Marine Fisheries Service

Seattle, Washington, USA

Introduction

In June, 197II, 10 red king crabs, I»ara li thodes camtsc hat ice, cOllected
in Kalsin Say, Kodiak Island, Alaska, were examined in a search for
infectious di seases or pathological conditions . Except for a
parasitic dinoflagellate on the gills of one crab, the major organ
systems of all crabs were relatively normal and no infectious di ease
agents were observed,

When it became obvious in 1982 that substantia 1 mortalities were
occurring in some king crab popul»itions, we initiated a substantial
effort to examine as many li thodid crabs from as many area. as
possible within the constraints of collection, processing, and ix.c�r-
oscopi� examinati on limitations .

Materials and Methods

Crabs were obtained fr om a va ri ety of sources and locations . Most
were collected during the arinual c rab-groundfish surveys of the 'IMES
Kodi ak Laboratory, some during taggi ng crui ses, others were obtained
from corrmrercial fishermen, AIIEILrS personnel  Kodiak and Homer!, and
some were collected by Kodia k Laboratory personnel iri crab pots in
the Kodiak area. The majority of rrabs were necrop;led aboard .»rip,
where observations on gross pathology were recorded and sinai 1 random
samples of all major organ,ystems were excised and fixed in Helly's
fixative, then transported to our laboratory in Washington for pro-
cessing and microscopic study. Several collections were sent 1»ve
from Kodiak and Homer, and necropsied and processed in Washingtor.
Tissues frow a number of crabs were also fixed in fixative suitable
for electron microscopy  Hawkes and Stehr 198?!, Tissues were r»ro-
cessed and exami ned by transmission electron microscopy .
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Between early 1982 and the summer of 1984, a total of 37f lithodid
crabs have been necropsied, processed and exami~ed  table 1!  !IS p.
la typos, 199 P . camtschat i ca, 62 Lithodes aequ ispi na ! . 4pproxima tely

aequi spina cO~eCtMe in the s umhiier of TV' Tiave not been pro-
cessed. It quickly became obvious that atl three species harbor
infectious disease organisms that. are probably lethal. Fufthermore,
diseased crabs were collected in all areas sampled from Cook inlet
and Bristol Bay to the Pribilofs and the western 4leutiarhs,

Resu'its

Virus diseases

Red king crab. One of 57 red king crabS  RKC ! from Kodial necropSied
arcoh, 1%2, had a i'ew, lightly to moderately hypertrophied nuclei

and chromatin margi nation in the antennal q'land and was diagnosed as
a possible early or light viral intection. One of 44 crabs collected
in the t'all of 1982 waS also diagnOseri as having 4 nOSSihlc 'ight
viral infection of the antennal gland

Prevalence of the putative virus disease of the antennal q!and of
RKC's rose rather draraatically in early 1983 with 14 of 7? �9 3 !
Of the CrabS With antennal gland nuClear hypertrOphy. 4drlihiOnally,
infections were typically heavier, with extensive areas of the anten-
nal gland and bladder destroyed . Prevalences were 3 of '.6 in Fr!stol
Bay, 8/29 in COOk Inlet anil 3/7 frOm the eaStern /hl cut lans ', Egq
Island!. 4 significant number �! was also evident in crabs collected
from Bristol Bay in the spring of 1984. Ho suspectei viral infections
Were preSent in KOdia k CrabS COlleCted in the Suhimier �! Of 1983,
winter �! of 1984 and spring �! of 1984 ot eastern Aleutian trrabs
of fall �!, 1983. Single infections were diagnosed in Bering Sea
cr'abS oi' fall �4! 1982 and summer �! 1983 and Kodiak crabs o'
winter �! 1982. Overall, the prevalence was 4,1'! �/49! in 1'87,
17'X �5/88! in 1983, and 8 I> �/62! in 1984,

We have designated the disease of the antennal gland and bladder of
the RKC as a putative vira' disease because we have not yet confirmed
its viral nature by transmission elect~on microscopy. We are con-
fident that it is caused by a virus because of the characteristic
nuclear hypertrophy, coarsely dispersed or, in advanced infections,
emarginated chromatin,

Blue king crab. In early 1983, 21 blue king crabs  l3KC! were
ooooete the P httof, 7 f hi h i3333 h d e 7 d et t o
of the bladder and antennal gland epithelium. 'there was marked
hypertrOphy Of the nuol ei, Chromatin emar gination and occasiona I
nuclear inclusion bodies. Fortuitously, tissues vrom one nf the
affected crabs was fixed in electron microscopy f'ixative, thus we
were able to confirm that the disease was caused by a Herpes-type
vit'us. The few BKC's col!ected near St. >iatthew Island in the spr ing
�! and summer �! of 1983 did not harbor the virus, but 7 of 44
�5,9%! collected in the summer of 1984 were infected, only 2 of 39
�,1%! crabs from the Bering Sea in the summer of 1983 harl recoqniz-
able virus infections of the bladder and antennal gland.

The golden king crab  GKC! also harbois a putative
of the bladder and antenna'I gland that, at the Iiqht
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microscope level, appears identical to that of the hlue kqng crab.
Four of 10 crabs from the shelf collected in ear'ly 1983 were int'ected,
1 of 2 from Pribt lof Canyon in the fal 'I of 1983, none of 18 from
Zemchug Canyon were infected in the spring of 1983, but. 2 of IO
collected in the summer of 1983 contained the putative vir-us. One of
8 coll ected in the western Aleutians in ear 'ly 1983 was intecterl, hut
none of 14 examined from the same area collected in summer 1984
contained the character istic hypertrophied nuclei, nuclear inc'us tons
and emarginated chromatin However, an additional 70 crabs from that
collection have not yet been processed and examined.

Microsporidan diseases

ked king crab. Three of 44 RKC's collected in Bristol Bay in the fall
o~fg~aa massive accumulations of tl.e cheesey material in t' he
viscera. I",icroscopical examination revealed that the material consist-
ed of huge masses of developing spores and spores o'. a microsrcridan,
Eight spores developed in 4 pansporob',ast, characteristic of t' he +amiiy
Tnetonanidae. Electron microscopy confirmed this and also enabled us
to identify it as an undescribed species of the genus The lohania In
the winter of 1983, 2 of 36 �.6l'.I and I of 54 �.9'! Tn the spring
of 1984 were heavily infecterl with the same parasite. Virtually all
organ systems were invaded, with much of the cellular constituents of
the hepatopancreas, ovary, tegmerita'I glands and wall ce the digestive
system replaced by the proliferating parasites.

Blue king crab, An apparently different, undescribed species of
~e o ~an a has been found and studied at the light and electr on
m~croscopical level tn the blue king crab from the Pribilof Islands
and St, Matthew Island, One of 21 BKC's collected in early lglt3 from
the Pr i bile fs was infected but none were detected in the summer .
Three of 6 and I of 2 BKC's collected from St. tgatthew in the sortng
and summer of 1983 were i nfected . but none of the 44 collected 1 n the
sugmner of 1983 harbored the parasite.

The gross, light microscopical and ul trastructur al appearance and
progression of the disease is identical to that of the Thelohania sp.
tn RKc' . ll th RKc, hea ly tnfeqted e ld g «*q ed
grossly to have the disease. Strangely, we have never found a light
infection in either species of Paralithodes.

6 ld k' c b. One of 10 Lithodes aequispina collecterl in 'emchug
yo f lgllt was g agon~as g nasty h 1 " lt g

cheese disease". Light mirroscopical examination revealed a heavy
infection of muscle, both skeletal and cardiac, tissue throughout the
crab by a microsporidan be'longing to the family Nosematidae. tack of
material suitable for e! ectron raicroscopy has prevented us tram
establishing the genus to which it belongs, but it is also almost
certainly an undescribed species. Subsequently, I of 14 crabs examined
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Alaskan crab biologists have
abnormal condition in lithodi
disease" because of the white
viscera. "hough most obvious
heavi'Iy in ected crabs can be
of the abdominal tissues seen
side of the abdomen.

long been aware of a grossl z recogcizab'e
d crabs which they ca11 "cottage <heese
, cheesey appearance of much of' tie
when the carapace is removec, Iiue,
recognized by the whi tish rliscolcrat ion
through the thin cuticle c~ the unHer-



to date had a widespread bvt earlier infeCtiOn Of' the Same iiicr rk-
sporidan. It was the only infected crab studied that was not
diagnosed grossly, probably because the fnfection, though wfdespread,
had not reached mature sporvlat ion stages i n mos t infected iiuscl e,

Althnugh cOnfined largely to mvSCle, this diseaSe is probably also
fatal because cardiac muscle of the heart is heavil z invaded and
destroyed.

Rhizocepha lan diseases

Red kin crab. Infection of RKC's by the rhi
ca osum as been observed in only two crabs,
hHee, I 1, 1 the fe11 f 1911k th 9 th
progression of the disease appears identical
crabs. We have never observed Briarosaccvs i
crabs, though they occur at higR prevaTences
of Alaska  T Myers and C, Hawkes, perSonal c

zocephalan Briarosaccvs
both sent to vs from

ological effects ani
to that in qolden kfng
nfectfons in blue king
in BKC's in certain areas
ommunication!.

Virtually a 1 I OrganS Of the Crab are i nvaded by the proli ferat i nq
rootlets of the rhi zocephalan interna, The brain, thoracic qa nqlion
and major nerves are typically invaded, the ovary is usually i nvaded
bvt is undeveloped or the developing ova are degenerate even wit +out
invasion, the hepatopancreas is heavily involved and 1 arqe areas of
the wall of the digestfv» tract contain numerous rootlets.

Discussion

Although several other infectious agents, trematode metacercariae,
larval acanthocephalans, parasitic dinoflagellates on the gills, and
a varfety of idiopathic lesions occurred at low prevalences in the
'lithodid c~abS examined, only the viral, microSporidan anff fhizn-
cephalan infections occurred at significant levels. Sufficient
histopathological effects were caused to be considered possible
contributors to extensfve mortalfties of the crabs. Virus diseases
are a major cause of mortality in insects and are becoming recognized
as casual agents i n devastating epi zootics in marine crus taceans,
especially under the crowded conditions of intensive aquaculture
 Lightner et al 1983a; Lightner et al 1983bl Sano et al 1981!, !irvs
diseases are also common in portunid crabs. Johnson �983! discussed
17 different virus di seases, ma ny of which are high'l y pathogenic, in
European and Amer i can crabs . M i eros poridan Protozoa are among t"e
most pathogenic and frequently enrovntered i nfectfous agents known
to ocr or in Crustacea, even though little is known of their fmpact on
natural populations  Covch, 1983!. The major effect of rhizocephalan
infections is parasitic castration, thus potentially affecting
cruitment, However, evidence is accumulating that they cause some
moy'tali ty, especially duri ng molting  T . Myers and C, 'lawkes, personal
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Gplden king Crab� . The GKC i S apparently muCh mate SvsCepti b' e
i nfectToan t an the BKC or RKC in the areas we have studied, pr e-
va lences have ranged from 17'f to 29T fn our limited random samples,
and have occurred in all areas except Pribilof Canyon where only
crabs were collected. Although most infections can be recoqnfzed
gross'ly by the cons picuous externa of the parasite, we 've had several,
probably early, i nfections i n which neither an ex terna nor a scar from
a previous externa was present.



communication!.

The virtual complete destruction of the bladder and antennal q'Iand,
the major excretory organ, in heavy infections is highly suggestive
that the viral diseases are lethe'I to all three sper'es oF crah
However. we do not know whethe> all infections are fatal » if n-
fected crab~ may recover from lighter infections . We a ls > do nut
know if the disease is caused t>y the Her pes-type virus in the rrd
and golden king crab.

Thel aha ni d mi crospori dan disease in red and blue k i nr> era > . is almost
certainly fatal, probably in 411 rrabs that become In ecte<l. Fewer
ti ssues are i nfected with the Nosemat id parasite c ' the golden I i r 9
crab, but heavy involvement of cardiac muscle is s uqnesti re o' a fatal
disease.

The rhizocephalan may contribute to mortalities in the qolrlen king
crab, but appears to be of little importance in red and blue I'irr>
crabs in the areas we have sampled,

Assessment of the role of the virus and micros porida n diseases In rhe
population structure is impossible at the present t,ime for two reasons.
First, we do not know the time span between initial infec+ion ard
death. Dbv'ously, a five percent prevalence in a sample n' a disease
with a mean tirae to death of a month, for example, is mucli more
serious than if progression from initial infection to Fatal ter>>i na-
tion requires a year. Second, we do not know the prevalences prior to
and during any mOrtalities before the fall of Io87 ir Kodiak or early
1983 in Bristol Bay in red king crabs, spring of 19P' in h'lue king
crabs and early 1983 in golden king crabs. However, curs>iry exaailna-
tion oF our limited data suggests the prevalence of both types of
diseases in all three species declined during 1984 . This is the
situation one would expect of densit:y-dependent rliseases causinr.
mortalities, wi th high prevalences during an epizootic and lower
prevalences subsequently when many susceptible animals harl been rr:-
moved from the population and population density was lowered.

References

Couch, J.A. 1983. Diseases caused by Protozoa. The Bioloqy o'
Crustacea, Vo'I, 6. Pathobiology. 79-111. Academic Pres'., 1nc.

HaWkeS, J.W. and Stehr, C.M, 1982. LIItraStruCtura1 StudieS Of marine
organisms: A manual for techniques and applications . Clertron
Optics Bu'll., 111, 15-20.

Johnson, P.T. 1983. Diseases caused by viruses, Rickettsiae, hacteria
and fungi . The Biology of Crustacea, Vol, 6, Pathohi olney .
1-78. Academic Press, Inc.

Lightner, D,V., Redman, R.M., and Bell, T.A. 1983a. Observations on
the qeoqr aphi c distribution, pathoqenes is and morphol oqv ox the
baculovirus from Penaeus monodon Iabricius . Aquaculture.
209-23'l.

338



Lightner, D.Y., Redman, R.N., and Bell, T.A, 1983h In~co'ious
hypcdermal and hematnpcietir. neCrOSiS, a newly reCOgnized uiruS
disease of penaeid shrimp,,l. lnvertebr. Pathol. 4P, f?-'0.

Sano, T, Hishimura, 1,, Qguma, I:., Momoyama, V,. and akenu, N. 1981.
Baculovirus infection of cultured I',uruma shrimp, Penaeus .'aponicus
in Japan. Fish Pathol . 1S, 185-19T.

339







«miCuv ' ' &alit t r ' Lt i I NC'n 1 y a' I einhar-ii aria 'vLii t I aria
1944! F I er t arid Vei l let 19~ ',: Arrdrxeu- et a 1 . I'v' e

I'laterials arid Hethads

Blue k xng crab. Para 1 i thodes plat~us, were co i I ac ted in
HarCh, 1984, in bise ier Say, 41aek a. Wi tn mOdi f Xed Cam-
merCial patS at deptha af 10 ta 24� m. Galden k inq craO,
t~td ~, oti t d I . i'rtl, t
Canal neai Ha XneS. r laSI a, at depthS or  rfv ta 4bu m.
Cr'abs were main tax ned in hald ing tanks wi  h a r lowing sea
water system. Far as  ti zed crabs were identified oy the
presence o+ a sausage-shaped ex terna on the abdomen of the
cr.ab ar by the presence o f 4 scar where an e:;ter-na had been
previously at tached.

Crabs wer e I emaved from holding tanks and allowed to dr-sin
far f ive minute~ bef are wet weights and carapace measure-
ments ieere taken. Nxne � female + 8 ma leSI Cant  a  ar nOn-
parasx t 1 zed and 10 � females f B males! parasi t ized blue
king Crab Were Sampled. Sirx   r femalea i COntral and 1 '  8
females + 4 males! par*st t ized golden I ing crab were
samp led. F i ve ta ten ml of cr ab hema i vmph was ca! lee ted
rexth a syringe from the casa  podxtes af the 3rd and 4th
~ eaik ing legs. Hemolymph was collected from the eh terna ar
the par as I tes near i tS attachment to the host abdomen.
Heiisolvmph smears for cel 1 counts wer e made and staxned  INxk
and Sparka 198V! . The hemalymph reaS tr.anaferrea to qlaSS
tubeS Xn an iCe bath and Centrifuged at 29uu rx «1 ror iu
min at 4 C to mxrrimi ze c lat t xnq. Hsmolymph osmolal i tv and
pH af the super natants were measured immediate lv af ter
centrx fugat lan. Osmolel ity was measured with a vapor
pressure asmameter and the hemolymph seas then frazen.

Hemolymph xon cancentr.atians deere measured on undi iutea
h ceo 1 y mph� . Chloride ion concentretxons were determined
with an Amxnca electrometric ti tratar. Sodium and patassium
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An unusua 1 f esture o f B.
color ed Iiemol vmph visib
inver'tebr ates. and even
possess the ir all � contain
Hemoglobin theretar e se
the inteqr'I tv af the hos
degr ee of host � par em i te
hi ghoul u.. V9eri «I f 1 il'i! ty
pigriierit of cr abs
car r viirq c*pacx .v Gf c
g lao in fr om tne parasi
l vmp i. Rh i =ocepha 1 «ins
nutr ientS dir-eCt lV tear I
t lve studies riave been
investigated the effec .
callosus an the composi
e! am!neo the re  at I cnsh
hcs+ and its oar as! te.

cal 1asus is tria pi esLnct' ii a I'co-
le in the ev ter'ha i br oed sat . r ew

fewer cr'usraceans, at e r iiawii to
inq respiratory pigment Iiemaqlabin.
r ves as an akCe I lent ma i rer ro test
t t rab ' s ir cul ator t system ind the

interactior.. Hemoglobin has a
trtari nernOCyariin, the ecpit.aror.y

sa ib la alterations in the otrygen
rab riemol vmph could r-esul t x t- nenio-
te were preeerit irl the hast hema-

al «O have been reparted ta abSOrO
the hOSt hemai «mph. but na Jer irii-

publxshed  Baer  t/«1! . Oui study
S of paraSi t ism bv &I-x arcSarCuS
t ion o+ the nost cr ab nemolvmpri and
I rds between the c x I Cul*t > On O« the



rrBi'e irieasur e- wi rh an ur' l a  h« � 1 aha i v ter

I Otal !iembi vmph pi-dtein was deter iriined b v the LOwr v metndd
ri owrv et ai. 1951! . Hemocyanin concenti-at iona were
assayed spectrophotomerr it ail v rPI*son et «i. ! 983! . Hemo-
lymph was diluted I r 19 with 5v mM Tris buf ter containinq
10 mM EDT4. pH G. 9. k!emocyanin concentr ation or the hemo-

k 6 L 1 ~rj k o ' ' ' ~
read at 338 nm. Hemoglobin concentrations were determined
with a colorimetric hemcrglobin assay k i t  Sigm«wo. 5 i5!
with a human hemoglobin stand«r-d.

Electr ophor esis of the hemolymphs was per tor.med using a ikr'/
starch gel with a Yrisz r i tr ic arid qel butter, pw 8. 5, and
a 1 ithium hydroxide/bur!c ac: id electrode buf fer-. pw 8. 1
 Ridgway et +. 1970! . Gel s were ruh for 5..r hr ai 55 mAmr.

4 i! 25A I OOmaSS!e biue general pr Ote in Stain ahd a bi fn!S !-
dine-axidaSe Stain, specific for hemocyanirr and hemoqiobin.
were used to ideriti f y hemu lymph proteins IManwei 1 and Baker-
1963!.

Hemolymph glucose concehtr'ations were measured b z the
herokinase reaction wi th a colorimetric assay I it  Sigma
No. 115-4! .

par a i t ized and control crabs wer.e ..� rayed to deter.mi!ie the
extent of parasite invasiveness. The pericardial reqion of
a contr ol crab and the parasite ex terna of a paras it izeo
Crab Were inZeCted With 3 ml Of RenOqrai f ih-6u, a adiO-
graphiCal ly denSe dve, td determine it hemblymph waS L il'Col-
lating f r Om the e" terna into the in terna I r OOt let netwOrk
of the parasite. Hadioqr.aphy was conducted ' hr atter in-
zec t ion of the dye.

I."ompar !son of data f rom coh troi vs pares i t ized c-r.*bs was
analyzed using Student ' s 1- tests. 411 data ar'e Pr'esented
as mean + standard error..

Results

parasi t i zed b 1ue k ing crabs had an averaqe we r. weight of
1328 + 73 g, Wi th a mean carapaCe 1eng th Of 1 3 + 2 mm.
CbntrOl blue k ing CrabS had a mean wet weight of 1944 + iuy
g and a mean carapace length of 132 + 3 mm. The wet weight
of parasi t i zed golden I.ing crabs was 1451 + 41 g compared
to ligg9 + 76 g for the control golden crabs. Caraz ace
length was 137 t 14 mm for control and 135 r 2 mm for para-
sitized golden kinq cr abS

ln both blue and golden k ing crabs, no signi f ic ant di t f er.�
ence in pH existed between control and parasitized rrabs.
The pH of golden king crab hemo lymph was slightly lower
than that of blue k ing CrabS  Table 1!. The hemolymph pH
of th» parasi te was lower than that of i ts nost crab 's
hemolymph in both cases.
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mmo1 / I

pH masm/ I Na

Para 1 i thades p~lat usg

7.4+.02 869+ 4Cantral 449»2

439+4»

499d-14

473+ 8

9+, I

9+. 1parasit ized 7. 4». 02 851+ 5»

8. callosus 7.2+.04 907+2fg»

~three a~~>i nag

891+ 7

907+ l 0

821+15»»

7.1+.01Control 434+8

444+9

9+.4 459+8

9».4 422+7»»Parasitized 7.1+.01

g. ~l1 k.t . ' I 401+10» 9+. 3 42 1 f I 1

»P40.05, »»P�.01

Table l. Hemolymph aon concentrations and pH values for
blue  Parsi a thades pl~at 8us! and golden  Li thodes

I kl g b p t * d by
~IIo . 6 t k d t I g f tly
da f ferent from can trals. Data presented as mean 6 BEf .

After electrophoresa s of control and parasi t a zed blue k ing
crab hemolymph, saat protein bands stained with Coaaassie
blue  Figure IA! . The electramarphs were identical in
control and parasi t ized hemOlympn. HemOlyepn fram ~ra

~ll pp d t 6 o p ot o o tb
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Hemolymph asmalal a ty was signif leant ly lower an parasa t ized
blue crabs than in controls. The decrease in osmalali ty as
attributable ta a sagni f icant reduction an hemalymph sodium
concentration. No alterations an ea ther chloride ar' potas-
sium ian concentrations were noted an parasitized blue king
cr abs  Table I ! . Par asi te hemalyeph osma1 a I a ty was s i gn i-
f iCantly higher than ats host crab's hemalymph. In parasa-
tiZed gOlden k ang Crabe na Sagni fiCant Change in tatal
osmolality was found, but a highly signa f leant reduction an
hemolymph chloride concentration was present. Unlike the
p t III k og b, g~ I I p *
t izing golden king crabs had a significantly lower hemo-
lymph osmal el i ty than cant ral golden k ang crabs The
asmola i a ty af ths sea water in the hald a ng t anks was 859
masm/ 1.



the king crab hema lymph. The tea broad bands !n the crab
hemolyph stained mzth dzanzsidine-perox!de as hemocyanzn.
The top band represented a pratezn eith a molecular eezght
Of apprOXieatel y 80, 000 dal tana SshiCh zs CharaC ter! St ! C Of
crustacean hemocyanin monomer s <Hangum 1983 ! . p!os t a f the
bands in the parasite hemalyeph appeared to be hemoglab!n~
as the dianisidine-peraxzde also stazns hemaglobzn. The
crab heealymph had no hemoglobzn present, and the paraszte
heeolymph had na hemocyanin present <Figure 18! .

A 8 CahtfOI PSfggl'tIZgd B. CBIIOSUg HCy
std.

Figure 1. Electraphoresxs of hemOlymph fram control and
p 1 * d I ll k 9 b. d ~gfklj ~lo
A. Gel stazned mith Caomassi ~ blue, a general protean
stain. 8. Gel stained with dtanzszdzne-peroxide.

Total hemolymph prate! n was not sf gn z f zcant 1 y d! f feren t !n
parasitized blue king rrabs, 8.67 + 0.74 g/100 ml, compared
to controls 9. 53 + 0. 78 8/100 el  F !Bure 2! . 4lsa, na dif-
ference mas found zn hemacyanxn concentrations beteeen con-
trol and parasitized blue crabs, 1.83 + 0. 14 vs. 2.05 +
0.21 g/100 ml. Hemocyanzn zn blue k zng crabs camprzsed
appraxfmately 2LX of the total protein pool. par asztzed
golden king crabs had a signif icant elevatian in total
hemolymph protein, 8.53 + 1.30 g/100 ml, compared ta 5.26 +
1. 06 g/100 ml in contr ala. Hemacyan!n levels ffere also
significantly higher in parasitized golden kzng crabs, 2.93
+ 0.40 vs. 1. 34 + 0. 36 g/100 ml in controls. Hemocyanzn
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:4  rrp r 1 sea
c.! abs and

I 1I J = GTAl Vk  ~r 'hl

= r EWOCVa  :N

C � I �.

t~l

gc gp GC  ,P

!' i  rur.e '. Ifemocvvarr irr aird total hemo i vmph or'a -min conc er r-
t rat ions  marin + BL�! of control at!d Paras] t i zeo t lue
 BC, BP r and qalden   C. B-'! I. inq Cr-aOS ~

A spec trapho  or!!et r is sr an of hemolympn f rom B. cf i loses had
absor bt ion maxima at wavelengths of 5 fs. Sb!. ard 4 '=' nm
r'or r espondinq to the a !sorption max ima Ior the alpha, beta
and gamma, respect i vel v, components of hemoglobin  i igur e
3! . Hemoglobin concentrat iona of 6.:-'9 + rr. 74 and .>.BB
4!. 55 mg/ml were measured in the hemol ymph of Br iaroisaccus
call Sus from blue and golden k ing cr abs r Tab!.e '! . Hemo-
qlabin CanCentratiOnS Of par.asi tea fr.om di + ferent hast
sr ecies were not signi f icantiy di f fer ent. Ifo hemoglobin
was present in the hemaivmpn of parasitized blue or golden
k ing cr-abs.

Total hemoiymph cel l count was not sirrnif !cant iv di ! fer ent
bet~men COntral and paraait i sad blue k ing crabS il able
Large var iations in total cell numoer were obser.ved among
the crabs in each group.  !i f ferentiai rel I counts wer e not
obtained due to di f f icui ty in achieving praper di f ferentiai
staining of the hemocytes.

Hemalymph gluCOSe Can  errtr atianS were nOt siqnif r~ant ly
different between cantr ol �. l4 + u.45 mgrluu ml ! and para-
sitized �. 45 f- 0. 44 mgv!rro ml ! blue king crabs  Table 2! .
The glucose cancentrat ran of 7. 58 +  !. r ~ agr Lvr! ml of tr.
cal~lo was sign! f icantly higher  F'tO. ul r tnarr the glucose
COnCentratiOn Of the haat Crab hemalVmph COntr Oi qaiden
king crabs had a hemolymph glucose cOncer tr at ion much iawer-
than that of rontr ol blue king crab . 4 s igni f icant

34'

IP!
9 q

s!
e!
s!
4 3i
2!

rrre r -ote n paul in cor .roi r r dr! r irrg
oar as! ti .ed qaiden crabs.



422 Human
hemoglobin

iAi Ir 4 3. Beec t t op iotomietr 2 c seal 0 r BI 2 ai o5acc LI'» s 1 iusus
hemolvmph comber ed tc 4 scan of h~man hemOglobiri. Wave-
leng the Inm! Of abecrp r ioii maxima *r e indictiteo.

i Y Iy.ivu. edevation Of gluCOSe ocCur-red !n par aS i t ized
golden crabs, from tt.gv + u. zg mgy!OI2 ml in controls to

. 11 d ty. uz mg! luu eii in paraei t iZed Cr ab . Ai theurih the
paraaite hemolVmph gluCOSe COncentration wa lower in
parasi tes inf ec. ting golden i. zng crabs than that of par a-
s 1 tes inf ec t inri b iue i. ing cr abs. the concert t r at iont was
st i 11 sign! f !cant 1 v higher  p  t. it l� ! than the glucose con-
centration of Ihe contr ol cr-ab hemolvmph.

ln 'ection cf the r-adiographical iy dense dye into the
ex terna B. ca! lusus demonstrated that most of the nemo lymph
C. f tlie paraeite remairte wi tnin the ev ter ria and does net
c ircul ate f r'eel v into the hereocoel of the host ci.ah.

D I scuse ion

bi iet summer Ization of the results of this 5 tudv would
consist of the +oi lowing points: 1! Blue I: ing cr abs para-

t * d h r o «, ~tl h d ~ .d d h ' h
osmO lal i tv caused bv ei dec rease in sodium ion < OnCentra-
t Ion: 2! f.'arse! t i Zed golden I. ing C rabS had a reduCed nemO�
lyteph chio!-ide concentr.ation; 3! parasitized golden king
r rabs evhlb 2 ted increased total heeiol ymph protein and neiiio-
cyanin concentrations; 4! Hemolvmph glucose concentration
waS Sign! f ICantly higher in parse! ticed galden f !ng cr abS;

No exchange or mi xing of r.espiratory pigmerrts occurr ed
between par as! te and blue I. ing crab hosts; fh! The host r e-
sponse to par.asitism by B. eel losus was d f fer.ent between
host cr ab species.

The par-as!tram in both blue and golden i.ing crabs caused
some disrupt!on of heerolvmah ion regulation. Other than
that, the dif ferent host spec ies responded di f ferently to
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Total Cell
Count/as3

G J ukase
sg / ivv mi

H*mog i ab in
aig /ml

~hl t h p~te

Cant ral

Parasitized

B. ~l

906u+2764

9597«2344

3.  +V. 5

4. 5«v. 4

6 3+0.7 7. 4+0. 6««

~thread gegu~is in a:

Control

Pal as i t i zed

h. ~tt

0. 9+0. 4

3. i+v.b«

3.5+v.6««5 9+V. 6

«Pt.O ~ 05 i «f!P t',0 ~ 01

Table 2. Hemocyte counts and glucose concentrations af
h oly~h f t o1 oP p t * d pl tycho
~t~! and golden  f i~t~ ggglil~n! king crabs.
Hemoglobin and hesolymph glucose concentrations are given
f th p t, p~hLfh ~tto, f th t
crab hosts. Data pr esented as sean + SEH. Rsterisks in-
diCate Stat ietiCal di f ferenCeS fram COntral valueS.

the parasite. Golden king crabs had a def !nits physiologic-
all response to the parasite, whereas the blue crabs had
very little respanse.

The 60X increase in hesolyeph protein cancentratian in the
parasitized golden king crabs is significant. Hal f of the
inCreaee is due to eleVated h Cyanin leVela, but the add-
itional pratein could be attributed ta the presence of

The hemolymph protein values far control blue and golden
king crabs were within the upper part of the range of heso-
lysph protein values reported by Flor kin far 1'5 species af
crustaceans  Flarkin 1960!. Hesocyanin concentrations in
some crustaceans comprise B5 � 90X of the total protein pool
 Claybroak 1985!. Th» hesacyanin values abta!ned for the
blue and golden k ing crabs were quite law compared to other
crustaceans, but were in accard with low hemocyanin concen-
trations previously measured in red king crab  C. P.
Hangus, personal cassunicat ion! .



lect! ns, speci f ic carbohydrate � b indang proteins suspected
of p lay ang a role in crustarean immun x ty abanq ! 9M! .
Lectans bind speci f acal ly to certain sia!. ac acids Sia1 ic
ac xds are not pp oduced bv crustaceans and their presence in
hemo lymph has been I xnked to bac ter i a1 infect i ons and pos-
sibly parasi tisms  Ravindranath et al. 1984! . The golden
king crabs may have an immune response to the paras at xsm
that blue k ing crabs da not.

Other observations made in our laboratory corroborate this
hypetheSXS ~ GOIden king Ci abS rarely have mbre than One 8.
~llo t p t p " b. Bl I B b
Iy have multiple parasitisms with as many as four externae
on a single crab. Reduction xn growth rates is less severe
in golden king crabs than xn blue kxng crabs. Hastolog ical
examxnat ion of parasitized blue king crab tissues also in-
dicateg little host response to the parasate. Rarasitxzed
blue king crabs are generally more lethargxc than are pare-
s! t i zed golden k ing crabs.

Increases in hemocyanin and another protean, dxanxsidane-
oxidaee, have been reported in the 4t lant ac b ue crab,

Wd , *t «I by * oth h o ph I
~!ao~th la~us tex anus  Manwel I and Baker 1963! . Blue k ang
Crab hemolymph electrophor eSed on starch geis had very
little or no daanisidine-oxidase acti vxty. Hemolymph of
parasitized golden king crabs has not been examined far the
presence of dianisxdine � ox adase, which may explain part of
the increase in total protein. Increases in hemocyanin may
be a stress response to rhanqes in host metabolic demand
that may be induced by the parasite

The heeo1ympn g 1ucose c onren t rat i on s o f b 1ue and golden
k ing crabs were lowi but with an the range o! hemoiymph
glucose concentratxons reported by F lorkin for 11 species
of crustaceans  Florkin 1960! . The high levels of hemo-
ly«h Bl o ' B ' ~ ~I I o P t
blue and golden king crabs is a possible indxcator of
nutrient demand on the host If the parasxte i» maintain-
ing its high hemolymph glucose levels at the expense of the
host crab ' s energy stores, it might explain the reduc t ion
in grOwth Seen in all Spec aes of k ing crab parasx t x zed by
B. ca 1 1 deus. Th a s would sup por t the theory that rh i zoc eph-
alans absorb nutrients directly from the host ' s hemolyeph.
Another explanation of the elevated glucose levels in para-
satized golden king crabs could be a disruption of the nor-
ma I g 1 yc ogen storage f uric t ion of the hmpa top anc reas. The
hepatopancreas is one of the eaxor target organs for the
internal root let network of B. ~llBglig. Smith   1913!
reported progressive depletion of glycogen from the hepato-
P C~ P t d by B~l

This study indicated that the parasite and the host crab
maintain discrete circulatory systees. !t o mixxnq of respi-
ratOry pigmentS between hOSt and paraaite hemO!yepnS Wae
found. The circulatxon of B. ~I�g is east ly restricted
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to the e.iterh:a with pose iblv miniimial C, i  Culat Con t'hr Ough
irrtc'r nal i Got 1st.. +o  tr'anseor 4 of It'.r   r 1 enys 9 r om tne

host tu the ex terna where the par asi te 1 ar vac ar e br' >oded.

The red c.ulur at o  oi the par asi te  qemcr lyrae q wa! r unf irmed
to be due tc the presence of hemoglobin. Ihs hemogi obin in
B. cCa3,1osus i! thought co be +unc t iona 1 in lar.val developm-
entt  Bloch-Raphael 1948a. bl .

The p 'ry». ological imea  t. uf Br i ar osac  uf~   a 1 iosus on f ing
cr abs var ie wi tfi host aper ies. Wor-k is present y underway

examine the ef fee ts of Ln. cal 1osus on the 9 ed I i tg crab 9
P»thod ~t* . 1 po ot 1 p S.
~rt th pop 1 ~ t hol:; 't t
sider ing the ster i 1 izing ef feet of the par asi te and the
high levels of infer t ion pr-esent in soma k  ng crab popula-
tionss. C learly, fur.ther- ssOr.f. i 4 neCeesar.y to determine the
extent of phys io log ical i nter actions of B. cal 1oslr s parasi-
tism with Alaskan I ing c.rab species.
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The prevalence of the rhizocephalan
Briarosaccus calfosus Boschma, a

parasite in blue king crabs, Para!ifhocfes
platypus  Brandt!, of southeastern Alaska
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Abstract

The prevalence of the rhIzocephalan barnacle, Sriarosaccus callosus
g ct, i i lly h t d «I bl kg g c bbsgt~atthod s
elatyo s g a dt! fr ty c I d I'I ~ c ar gay, 111 sk
an~PE%, respectively. However, when crabs of both si xes and
sma11er sizes were cu11ectg d from Glacier Bay, the preva' ence of
the barnacle inCreaSed SignIficantly to 76'L. Female Crabs also had
* significantly higher prevalence  90.3$! of barnacle externae
than males �4.5'I!, but nu correl ation of parasite prevalence with
depth was evident, COnSequently, prevalenCe aSSeSsment of the
barnacle in commercial catches of P. J!latyggus was biased. Parasit-
ism was greater in the smaller sizi. Classes of crabs and in females,
bath of WhiCh are not;etained in the COmmercial harveSt. Catch <iata
supported by laboratory studies indicate that g. call osus causes

.d d g th I oa siti .d bl ti g b host . ~kth f hibi-
tiOn and castration CauSed hy barnacle ParaSitiSm could severely
limit recruitment in isolated blue king crab populations having
high prevalences of the rhuzocephalan. Thus, a potential manage-
ment strategy for cont. ol of parasitism would be to allow commerc ial
harvest of parasitized crabs regardless of sex and s!ze.

Introduction

The fishery for blue king crab, Paralithodes plat~us  llrandt!, nas
b th I .adi g ~ ah fish y~ska «stars Ith th .. t
decline in stocks of red king crab, Paralithodes camtschatica
!til si ~ s!. Ho . th t h *f bl a kl gyro g ~cd
in reCent yearS  ArmStrOnq et al, 1983!. ReaSOnS far the general
deCline Of k 1 ng crab StOCks are unknOWn hut may inClude OV erfi Shing,
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predation of juveniles, or cg<anges in env! ron«enta:and!:sons.
Par'asitism is another facto; which could contribute in he decline
of king crab stocks. Rhizocephalans are pa,asitir barnacles that
only resemble Ci. ripedia during their larval stages. Ad !lr Rhi-
zocephala consist nf an external sac-like structure, the nyterna,
that contains the sexual organs and an internal oot syst eri, the
inter na, whi Ch abSorbs nourishment from the host ' s tissues af d body
fluids  Baer l952!. Rhizocephalans invade inany species <8' dei.apodm
and cause a degeneration of the qonads  Reinhard 1956!. King
crabs parasitized by Briarosaccus callosus Roschma hade greatly
ed c d o ho app t g a~goo s a a d M y I'lly; M M 11

and Yoshihara l970; HawkibS et al., in press!, Paras! t i Zen crabs
may alSO grOw S1Ower, as indicated by thei; -e<it!ced body w< ights
when canpared with equal-si zed nonparasitized animals  Hawkes nt
al, unpublished manuScripr:!.

The rhizocephalan B. callosus was initially described 1 rorg spe<.im, ns
parasitiz ng the 1ithodid crab Lithodes a ass<z< s 5<nit	 ci!lie<!.ed in
the Atl ~ tlc off l I;id d N;ttf c c~ I 8 I I' ll I,'. 'h
parasite is cosmopol itan in distribution, having been reportpn on I..
antarcticus and Paral <xnis ranulosa  Hombron and dacuinot! f "om
X t ctic a d sob-A t tlc t s gosctm lghy!, P. a ts I t a
from southeastern Alaska  Boschma and Haynes 1969!, L. aequi spina
Benedict from the Bering Sea  McMullen and Yoshtha;a . 77 Y!. L.
murra i Henderson from the southwestern Indian Ocean  «-nai!d and
O- .hi 197 7 !, and L . CuueSi fr Om the Gulf Of Ala Ska , 'Sane <tan

1979 !, No attempt has been pri vi ous ly made to measure t hr c rev a-
1 ence of 8 . cal 1 osus in <a r ious populations of Al «ska y 1 ng c ra hs .
Rec tly, glo~atogd! p yefl high p e al I.. ~is~
from Br itish Columbia. McMullen and Yoshihara  l970! also reported
a high incidence in golden king crabs near Kodiak. x!c comprehen-
sive reports have been made On prevalence; therefore, i has been
assumed t,o he low in other areas of A!aska. Thiib rep<ir< documents
the I id ce of p ~ sitis I P. ~I t by 8. Ilos ~
cial catches sampled at dockside and in field samples col1ected
from Glacier Bay.

Materials and MethodS

Parasitism by Briarosaccus callosus is easily deters«inca irmx the
p .se c of * e o Iafgggift t * <I g;
on the unde, side of the abdomen. A scar is a short chitinous brown
pedicel from which an externa was attached. Necropsy is the only
method for detection of B. cal iosus in parasitized c'ahs in whi h no
exter na has yet erupted and secondary sexual changes Caused by the
parasite have not yet occurred. Such changes are most i>bvious in
male crabs and include widening of the abdcmen and thick growths of
coxal setae. Because internal examinations of crabs for barnacle
interna were not performed in the field, prevalence figures are
conservative. Detailed descriptions of the externae of B. call usus
have been previously reported by Boschma �930, l962!, Boschma and
Haynes �969!, and Hawkes et al .  in press! . Field data for each
crab included determination o" sex, wet weight to the nearest ?5 9,
width and length of carapace  'Na'Ilace et al. l949! to the nearest
l mm, and prevalence and intensity of barnacle externae. Shell
condition, an index of Postmol t age based on exusk el eton wear and
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I f C. 1.� r 1 tIh 4 St~it th *t   S! ~ f
Briarosaccus callosus.

aCcumul aticn Of epi fauna, WaS Cl aSSified aCCOrding tO a faur-pOint
seal e  Somerton and Macintosh I9113b!. A subsampl e of 1 ive crabs
composed of parasitized and nonparasitized individuals was returned
to the laboratory for long-term rearing studies, gross necropsy,
and hi stopathol ogi ca 1 examinat i on of the ti ssues. 4Iet weights of
these crabs were measured to the nearest I g, and the size and
color of externae were also recorded. Severed externae were measur-
ed to the nearest I mm and weighed to the nearest 0.1 g. Tissues
For h1stology were preserved in !Icily's fixative for later process-
ingg.

Lynn Canal  Figure 21 blue king crabs were examined in November 1983,
during the unload1ng prr>cess at a crab processing plant in Douglas,
Alaska, and also in December, while they were being sold to the
public in Juneau. Glacier Bay crabs were sampled at a crab process-
ing plant in Pelican, Alaska, and whi!e being sold to the public in
Juneau. Boat skippers were interviewed to determine the depth and
location of harvests. Blue king crabs were also sampled by the
authors from Muir and Adams Inlets in Glacier Bay from March 2 to
March 5, lg84. Standard pots were modified to prevent the escape of
sublegal -sized animals. Some blue king crabs were taken incidental
to Tanner crab fishing i' the same area. A small number of juvenile
blue king crabs !rn = ID! were later coll ected from an intertidal
beach in rlueen Inlet, Glacier Bay, Alaska.
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Figure 2.--Collection areas for Paral ithodes ~lat pus parasitized by
Briarosaccus callosus in southeastern Alaska.

Results

Hale blue king crabs in the corrmrercial catches from lynn Banal
 n = 175! and Glacier Bay  n = 225! had barnacle prevalences of
6,3$ and 11.6$, respectively  Figures 3 and 4!. Among the 114
Glacier Bay crabs of both sexes and various sizes collected hf the
authors, 87 �6K! were parasitized  Hawkes et al., fn press!. Ho
correlation of parasite prevalence with depth was evfdent since
parasitized crabs were found in depths from 10 m to 240 m. Ilow-
eve r, female crabs �7 parasitized of 52 sampled! � igure 5! had a
significantly hi gher  P <0.001, 2 test! prevalence of parasite
externae than male r rabs �0 parasitized of 62 sampled!  Figure 6 ! .
Among the parasitized crabs, seven had two externae, six had three
externae, and one had four externae. Additfonally, nfne crabs,
including one with two externae and one with one externa, earn had
a scar where an externa had been present. During necropsy, two
crabs previously thought to be nonpar asi tized each rontained a
barnacle i nterna e!. One of these c rabs was an ovigerous rema le
whi ch contained no ovari es for the succeeding br ood. Host of the
crabS had a carapaCe conditien Of two, howeVer a few were CO~dition
three. Hone of the 10 blue king crab 3uvenfles examined from the
intertidal zone of Oueen inlet were parasitized.
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Figure 3.--Length frequency distribution of parasitized and
nonparas i ti zed Para l i thode< pl atropos in the commerc i a 1
catch from Lynn Canal during November-December 1983.
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Figure 4.� -Length frequency distribution of Oaras>tized and

nonparasitized Paral ithodes ~lat gus in the commerce al
catch from Glacier Bay during December 1983-January 1984.
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Figure 5. --I.ength frequency di stribution o t n<ira s i ze and
dd p aditi d Paralitl da ~plat fa al t «1: t d
from Muir and Adams In lets, Glacier Bay, iri Ma 1.<. i 19; 4.
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Figure 6,--Length frequenoy drstributi Oo Of <taras i t ized and
nonparasi ti zed Paral i thodes p1~at us ma1es collected from
M ~ ir and Adams Inlets, Racier Bay, in March 1984,
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All externae of B. call usus conformed to 'the desc;iptiuri liy lfoscnma
�930, 1962! and Boschma and Haynes �969!. The exter'nal hodv of  he
adult barnacle is a sausage-shaped broOd chamber hc» ing a coni:a1
papilla opening 'rom the outer mantle cavity to the eyter ~ a1 envi-
ronment. Ifsually thfs papilla opens to the left side o'  he crab
host, but exceptions oCCurred eSpecially where mulriple xr. rnae
were present. Hach externa was attached to the v enl.ra 1 surface of
the host's abdomen by a chit:nous, horny pedicel extencinq from the
apex of the curved externa. The color of externae varied frofn a
bright red in immature specimens to pale orange in -.hose with mg>re
mature larvae. I'eel imi nary spectr ophotometri c anif elect; riphoretir
analyses of red hemOlymph from Severed externae indfcateil that fhe
color was due to hemoglobin  S, Shfrley, T. Shirley, arid I, hfeye-s,
in press!. The texture of each externa was leathery hur. soft ind
COntraCtile On pal patinn. ThiS COntraCtf le qual gtf, ai wei 1 as agre
and stage of development of brooded larvae, caused great variabi1 lty
in the size of externae. Fxternue were as small as 12 mm 7ri ante-o-
posterior length and aS la ge ai rT mm gx = 48 3 1 13 2 miii!. Wet
weights of 33 externae ranged  rom 6.2 g to 6E.2 q  x -- 2O, tg
11.7 g!.

All 47 parasitized female crabs were mature sized  Somer on anrl
MacIntosh 1983a!, but none car ried eggs on their pieopods. In
COntraSt, all five Of the mature-Sized, nonparaSltlzed females bore
eggs.

Gross necropsies of parasitized and nOnparasitiZed specimens of P.
~tat s 1 dicat d atrophy; h.« f g ds par itfr ~ d h t
and marked replacement of the hepatopancreas hy the internal green
r ootl ets of the barnacle. These rootl ets always apueared t.o pene-
trate or were closely adherent to all major organs and tissues
including the coxal joints of the crab but not the mer us muscul atu-e .
The histopathological effects nf this parasite wf 1 be reported
elsewhere.

Discussion

Briarosaccus callosus has been described parasitizfng many species
of ooit 1 d1d c. fs rid d ia d d ~ -fhf 1977, 4 4 t,1,
in press!, but the preval ences have never been repo: ted as high as
we have seen in Glacier Bay, Alaska  Table I!. In fact, rhe
prevalence in Glacier Bay blue king crabs was probably greater than
reported due to early barnac'le infections similar to the covert
cases of parasitfsm found fn two of our mcontrol o animals, In
cont r ast, extens i ve field r esea r ch has been conducted on 1 a;ge
concentrations of b'lue king crabs in the Pribilofs, but no B.

11o ha 1 p tad ipa.so 1 ccm catfo . P. a st o g,
poi ratty of 4 ~ shi gt

Although the Rhfzocephala of the northeastern Pac fic Ocean are
better known than in any other region ot the Pacific  Boschma
1953!, very little biologica1 information is available on B. callosus
Despite the potential fmportance of B. callosus in impacting king
crab survival, little is known except that growth arid fecundity of
P. Iglatgfpus are significant'ly reduced  Hawkes et al., unpublished
manuscri~pt
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PT eva ence
LOCation 5 keferenceHost

<1.0
<1. I!

Roschina �930!
Roschma   1970!

F lot ida, tttorth Carol iria,
Col tsnbi 4

Lithodes
SS1111

Li thodes
~ess i 66,6  n=21!

Roschma �962!
McMullen 6
VoShihd, d   1970!
Sloan �984!

Bering Sea�
Gulf of Alaska

36.7  rt=ld96!BritiSh Columbia

Lithodes
antarcticus

ROSchma   1962!
Stuardo 6

 Solis ',1963!

Falkland Island
Straights Of Magellan

<I .O
<1. 0

Lithodes
couesi

Boschma �962!
!OmeT ton �979!

<1. 0
0,7  n=b74!

Bering Sea
Gulf of Aldssa  females!

3. 5   n=.20 1!
4.9  ns 144!

Lithodes
~mur ra i

S.W. Indian Ocean Arnaud II 0o-Chi
�97.'!

<1.0
<I.O

Roschma �962!
hasctmis �962!

Paral omis Falkland Island
Straights of Magellan~U os

2.0  na99!Paral Ithodes S.E. Alaska Roschma 8 Haynes
�969!camtschatica

Paralithodes S.E. Alaska 76,0 �=1 14! Hawkes et al
,'In press!~~at s

Prevalence assessment. of R. cal 1osus in cotmsercta1 catches of V.
1 ~t g s bias a b sa s o aas at ~ s g t, 1 to ~ s

S Ze c~aSSeS of Crabs not retained in the convnerC1 al harveSt.
Indeed, there was an upper SiZe limit to paraSttiSm in male crabS
such that those >160 mm seldom were parasitized by 8. callosus.
pote ti 1," as io; ress d b ac1 a e a1 ' stre
crabs could include differential mortality such that fewer parasit.-
ized crabs suTVIVe tO larger size c'lasses, reduced moltinq frequen-
cies, reduced number of instars and/or reduced growth repress nted
by a reduction in relative mo'lt Increment. However, our field data
as well as laboratory studies have shown that the smaller sire of
parasitized crabs is dve to growth Inhibition caused by 8 . call osuS
parasitism  Hawkes et al., unpublished manuscript!.

A high prevalence of parasitism by 8 . cal I osus occur s in areas where
the bottom sediment is Silt-mud associated with glaCial runoff, such
as Glacier Bay and Lynn Canal. The turbid water ."elated to this Type
of habitat may impede the efficiency of gill cleaning by the fifth
peri pods, thus favoring barnacle attachment . That 8 . ca I 1 osus
'Infection occurs through the host: gills is supported hy the observa-
tionn of barnacle i nternae a I most exclusively within the qi I I reqions
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of the two covert parasirismS deS<ribed earlier. In the porcelain
crab, Petrol isthes cabrol1 i Glasel I . infection by the rhizocrphalan,
Lernaediscus orce11anae Muller, is markedly enhanced by damage nr
abrasion of the gil cleaning limbs  Ritchie and Hoeg 198'!.

Populations of crab separated by only a short dist<ace <if<en show
different degrees of rhizocPphalan infection  Heath 1971; phillips
and Cannon 1978!. All three species of Alaskan king crabs of all age
sizes should be sampled from other areas inside and outside uf
Glacier Bay to detert«ine the SeaSOnal extent of barnacle dtStribu-
t i on both geographically and within d i I'fer ent ages of the crab
hosts . Heath   197 1! found that numbers of small and large externae
aS well aS SCarS of SaCCulina CarCina Thtm<pSOn varied seasonally i n
,",arci ~ usma ~ ~ s fern Sotto d, I ~ a;1, th I ~ t 11, f
castrators on crustaceans cire very low, but the percentage of
infection, with regard to seasori and local ity, may range from 25 to
75%. Such castrated populations are most probably maintained by
immigration of nonparasitized crabs from other local iri<s  Kuris
1974!. This maintenance by immigration may not be possible for P.
lat us in Alaska which occurs sporadically in small isolated

popo ations in enclosed bays and fjords such as Gslacie- Bay  Somerton
and Macintosh 1983a!. The isolated population of blue king crabs
in Mui and Adams Inlets of Glacier Bay has such a remarkably h.gh
prevalence of B. call osus parasitism in both sexes that it is
douhtfu1 't id ~ssta ~ a cern e c a1 f he y, C
fishing removes the larger nonparasitized individual s leaving cas-
trated, slow-growing parasitized crabs which offer no recru t-
ment, compete for food and space, and further iisseminate the
parasite. A potential corrective management strategy would be to
co«vaercial ly harvest parasitized <:rabs regardless of size and sex
from such areas with high prevalences of R. callosus.

He thank S, Shirley for technical assistance and R. Hakala for assis-
tanCe With field Sampling and uSe Or the F /V FORTUI<E. Funding WaS
received from the Research Council of the University of Alaska,
Juneau, and the Alaska r Isheries Research Center  proj<rcl number
RC/84-04!. A r esear ch fellowship was provided by Alaska Sea 8;ant
for the senior author  CRH!.
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teehatt i, b1 e r~p. 1at o 1, e bethe � th ~ b "x .g pg u I 1 g
bent t. of th 1« gg b 1 g p1 p e . th fe t he t. b th
standard since it is one cif the largest pleopods near t tie center of the
ClutCh. SubSequent Study will be cOnducted to determirbe how «e11 this
pleopod represents mortality throughout the clutch, Most ol the,t
CrabS were Caught either in Crae pOtS Of trawl S durin<3 ADI &0 i-,'IIIIS
surveys. Some fema'les wer'e cauqht in pots by corrrnercia' fjshergtert wheri
surveys were unable to obtain samp!es, Pleopods frere pre ervtd in 5
formalin in seawater. Th< carapace length, perceat cliit«h size, depth
and 1ocation of capture for each female was recorded.

Analysis involved a direr.i. courit of womiis present I e icu semir le. Crab
egg mortal i ty was determii ed by counting the nuinb r of whole 'live eggs
and empty egg membranes ir 4 rap ilomly se'lected suosamplr of eggs, con-
sisting usually of approxirxately 1,000 eggs. Crr~ egg riortality was
expressed as the percentage of dead eggs in a clutcb. .he subsample of
eggs was dried and weighed to determine a weight oer egrg and the rest
of the sample was dried arid weighed and the total number of eggs in the
sample was then computed. Worm density was exprebsed as the ~ umber of
worms per 1,000 crab eggs in a clutch.

The sampling program was designed to cover the broadest. range possible
of commercially significarit king crab populations, Attempts were made
to procure eggs frorrr at least 30 individual crabs in each region� .
Pleopod samples were takeri from the following ADF&G kinq crab manage-
ment areas:

I. Southeastern Alaska
Z. Cook Inlet
3. Kodiak Island
4. South Alaska Peninsula
5. Dutch Harbor
6. Adak
7. Bristol Bay
8. Bering Sea

Cook Inlet  Kachemak Bay! and Kodiak areas were samp1ed at intervals
over the 11 month king crab brood period  March through fo11owing
February! to follow the progress of worm infestatlon and crab egg mor-
tality. Again, 30 crabs per collection were taken.

For this initial anaylsis of the overall co11ectinn approximately 10
samples from as many regions as possible were assayed to identity
trends prior to the completion of the entire survey.

Results

Samples analyzed from the Kodiak and Cook Inlet management areas demon-
strate an apparent seasonal cycle of nemerteans on red king crabs
 Table 1!. Nemerteans are virtually absent in spring samples, Numbers
Of wOrmS inCreaSeS dramatically rhreugh the S urrmrer, Crab egg rrrortallty
begins to increase after worm density rises and by fall or winter crab
egg mortality can be alrrmst tota'I. Sampling in Cook Inlet in 1983 was
di sconti nued beyond August because of a complete lack of viable egg
clutches in the population  H.S. Kyle, personal communication!.

Table l. Average nemertean density  worms per 1,000 crab eggs+ standard
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deviation! and average percent crab egg mortality for red king crab
populations repeatedly sampled aver the brooding season.

Management Area Date  n! Average Worm Average Crab
Densit ~Elfo Ta ~it:

Feb, 1 gr33 6 17.8+14.5 50.9.Cook Inlet

10
11

4! 4
Bg. 3'-'

38. 6u
95. 4:.

Kodi ak

7.4f
21.1t
96.9.

Comparison between managemen t areas is complicated by the timing af the
collection. Most sampling was done in late surmner and fa11 in the re-
gionss where only a single yearly sample was ta ken . These can be com-
pared with Cook Inlet and Kodiak samples also taken in late summer
 Table 2!. The greatest densities of nemerteans are found in Southeast

Table 2. Average nemertean densities  worms per 3,000 crab eggst stan-
dard deviation! and average crab egg mortality compared over the manage-
ment areas ana'lyzed to date!

Management Area Date  r! Average Wo rrr Average Crab
Densit E!!E Morta I~it

June l983 10
Jun-Sep 83/84 41
Jun-Aug 84 'I5
Sept. 1983 30

Jun-Aug 83 30
No v, 1983 6

O.Q
.4t.5

0. 0S
3. I '.

Alaska ~ Kodiak, and Cook Inlet. Samples to the west and in the Bering
Sea had very few nemerteans and egg survival was high.

Golden king crabs  Lithodes aequispina! from the Bering Sea and from
near Kodiak were also examined but no nemerteans or crab egg mort:alities
were found.

At least two species of undescri bed turbellarian worms were present in
king crab egg samples but they were not correlated with any egg mort-
ality� . One species of garmr!arid amphi pod was also accassionally found.

Discussion

This work represents only a pt!eliminary report on the extent. of egg
mortality in Alaskan king crabs but is s igni fi cant in having i denti fi ed
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Southeast
Cook Inlet
Kodi ak
South Alaska
Peninsula
Bering Sea
Adak

Jul.1983
Aug.!983

Mar.1984
Apr.1984
Jun.'1984
Sept. 1984

Feb.1984
Apr.'l934

Jun.1984
Jul.1984
Aug.1984

10

10
I l!

40. 8241, 7
88.7193,4

.02',05

.01+.03
7.6+5.7

39.7+36.9

.R.6
,Bt. 7

62.9149,3
15.6+8.0

140.2i'109.1

199.4t284,2
45.2t48,1
72,9t83.3
0.0

. 06"..

. 30'.

.3
65.4..

42. 2".,
37 4c
41. 8'.

0. 0',"-



several populations suffering from massive egg destruct~on, Attribution
of the egg mortality to Carcinonemertes at this time is tentative ~ how-
ever, this genus is well known as a predator on the eggs of decapod
crustaceans and the level of nemertean infestation on king crabs is con-
sistent with the observed egg mortality  Humes, 1942; Kuris, 1981; Wick-
ham, 1979; Aiken, et al. 1983; Roe, 1984!. The nemerteans found on
Alaskan king crab have also been shown in the laboratory to be,i cause
of egg mortality  A.J.Paul, personal communication,'. The turbellarians
found on king crab eggs are completely uncorrelated with any egg mort-
alityy. GaimMri d amphipods ha ve been i denti fied as egg Predators on
lobsters in Southern California  A.Kuris, personal observation, 'but if
they are also predators on Alaskan king crab eggs their numbers are ro
low for their impact to compare with that of Carcinonemertes.

The number of nemerteans found in certain populations, particularly
Kodiak, Cook Inlet, and Southeast Alaska are remarkable and represent
the most massive infestations of Carcinonemertes we have seen on any

coT!apse o the central California crab fishery  Wickham, i979!. The
average densi ties found on that host range from about 7- 30 worms per
1,000 crab eggs in heavily infested populations, This is approximately
10,000-45,000 worms per crab assuming an average of 1.5 mi lion eg<}s
per clutch. Individual crabs with as many as 100,000 wo rms can be
found  Wickham. 1979!. Sample collections of red king crabs with ave-
rage densities up to 199 worms per 1,000 crab eggs can be found with
populations on individual crabs reachi ng over 250,000 . �any popu l ations
have measured egg mortalities in excess of 90K. These populations, how-
ever, wi'll still be several months away from complete embryonic develop-
ment. Populations from Cook Inlet had lost their entire reproducti ve
output by September, only slightly over halfway through their 'll month
brooding period.

With the Dungeness crab it is relatively easy to obtain an estimate of
overall brood mortality for a given population in a brood seasor: due
to C. errans  Wickham, 1979!. This crab only broods its eggs for a 3-4
month period. �ost of the infestation by nemerteans has al ready occur-
red by host ovi position. Worms quickly move i nto the new egg clutch as
a single cohort and begin feeding . It is therefore possible to con-
struct a feedi ng curve for this worm and predict final egg mortality
for any given crab at the end of its' brood period  Wickham,1979!.

Arriving at a comparable estimate of nemertean impact on the red king
crab is more complicated. The seasonal collections at. Kodiak and Cook
Inlet suggest that nemerteaiis do riot arrive on the egg clutches until
well into the brood period. These crabs oviposit sometinm in early
spring  @arch-April! and brood the clutch till the following January or
February when hatching occurs. Egg samples from Cook Inlet or Kodiak
were virtually free of nemerteans at least up to June, Crab egg mort-
ality was almost completely absent and these samples show that egg de-
velopment was completely norinal and the eggs were obviously fertilized.
Nemerteans begin to appear in summer and in the earliest heavily in-
fested samples mortality still is relatively low. lly late sumner or
fall nemerteans have increased to extraordi nary levels and crab egg
mortality is virtually total,

Samples in winter are more difficult to interpret. The february and
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April samples from Kodiak have very high mortal ity levels but only
traces of nemerteans. In Dungeness crabs C. errans remains on the eggs
for almost the entire host brooding period. ~ew worms wi 11, however,
move off the eggs and back onto the host exoskeleton before hatching of
the crab eggs. IdiOSt Of the woriirS Of thiS Species mature and lay their
own eggs with the crab eggs 2-3 weeks prior to crab egg hatching, The
nemerteans found in great numbers in Kodiak, Cook Inlet, and Southeast-
ern Alaskan king crabs are very tiny, becoming mature at only 1-2 mm,
versus 5-10 mm for C. errans. They begin laying their own eggs only a
month or so after they arrive in the host egg clutch and appear to fin-
ish their life cycle and leave before the host brood period is complete.
This may, however, be because at such high densities the worms destroy
their environment and food source and are for ced off. At this time we
do not know if these worms are capable of producing everal generations
in a sumner or are annuals a, in the case of C. errans,

In waters west of Kodiak another nemertean appears on ied king crabs.
The Carcinonemertes sp. found in eastern waters is small �-2 I!,
possesses the 2 eyes normal for the genus, and does not live in a tube
when on the host egg clutch. The worm found in western Alaska is the
largest yet found on any crustacean in the Pacific. idrature females are
up to 30 rmi in length, These worms also have no eyes and live in tubes
in the host egg clutch. In earlier histological studies of these eye-
lesss worms we found the presen ce of an accessory sty'let poucn, a fea-
ture never before found in the genus Carcinonemertes. Whether this
worm is distinctive enough to warrant creation ~o a new genus, as was
recently the case for the nemertean Pseudocarcinonemertes noma ri found

The large species of nemer tean appears to be the only one found at Adak
but it co-occurs with the small species where thei r ranges overlap
along the South Alaska peninsula and Kodiak. Both species can even be
found on the same host egg clutches. So far this is the first known
host to harbor more species of nemertean symbiont. he Iarqe species
occurs in lower numbers, but in a few host enough are present to cause
extensive egg mortality. The overall density of this worm, however, is
relatively low.

In Bering Sea waters Carcinonemertes was not found at all. In these
populations with no nemerteans there is virtually no egg mortali tv.
Turbellarians can be found on king crabs both in the Bering Sea and
also at most other locations. Turbella rians do not cause any detect-
able egg mortality and at this time it is unclear what. their trophic
role is. A few golden king crab  Lithodes a~euis~ina! have been exa-

daefa a ~ t e teat he~ d. feet a 1 h e
no observable egg mortalities.

It is too early for us to have an entire picture of the extent of da-
mage the high numbers of Carcinonemertes found on red king crabs are

lection is critical, Sampl ing early in the brood wi1'1 miss eventual
infeStatiOn, while sampling late in the brood will demOnStrate egdl
mortality, but the causative agent may no longer be present. Close
synchrony between sampling locations will be necessary to obtain val id
comparative data.

From these initial observations it is clear that many important Alaskan
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red king crab populatians are suffering fram serious broao destruction.
Our tentative observations indicate that enormous populations of nemer-
teans are the likely source of this mortality. This appears tc be a
new phenomenon. These nemerteans probably are a natural symbiont on
red king crabs but they have never been noticed before !raw. Mast crabs
which host members of the genus Carcinonemertes ~ and we are discovering
more all the time, carry very low densnSies anF suffer fram egg 1oss
that can only be cansidered incidental. The Dungeness crab  Cancer
~ma ister! is the only other crab now suffering from extensi ve depreda-
tian~ue to Carcinonemertes and it is significant that this spi!cies
is heavily infested with warms. The possibility that Carcinonemertes
may interfere with a recovery of the Alaskan red king craT> papuTatrarr
makes it essential that we investigate bath the cause of the increase
in worm density and methods for arne'lioratirrq the p~ablem,

This work is a result of research sponsored in part by NDAA, Nutfanal
Sea Grant College program, Dept, of Corrmrerce, Project yRF 8, arid by
the Alaska Department of Fish8, Garrre. We would like to thairk J. Shields,
G, Ruiz, and L. Johnson for assistance in sample analysis. we would
also like to thank H.S,Kyle for the repeat sampling prograrrrg and all the
many other ADFBG agents and Natioiral Marine Fisheries Survery 0 rsonnel
and king crab fishermen who helped us collect crab egg specimeri .
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Influence of an oil-contaminated diet on
feeding rates, growth, and molting
success of juvenile red king crabs,

Paralithodes camtschatica
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M. S. Stekoll
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Introduction

In 1980, the most va'lueble fishery in Alaska was the red king crab
harvest in the eastern Bering Sea, This area is proposed fnr extensive
offshore leasing for future cil production. A'lthough an oil spill has
never occurred in the prcductive waters of the eastern Bering Sea,
concern arises that future oil spills, duri<ig productior or
transportation, could harm the c rab populat on, particular',y larvae and
juveniles. Compared to adult crabs, the .iuveni les are probably <sore
sensitive to oil exposure because of hi gher rates nf metabo I i sm,
growth, and molting.

If oil were spil'led in the eastern Bering Sea, ,luveniie king crabs
could come in contact with oi'l-co! taminated water, sediment, c r food,
Earlier studies of juvenile red king crabs compa red the effects of
exposure to the wacer-so'luble fraction  WSF! of of 1 with the effects or
oil-contaminated sediments  Rice et. al. 1983!. The quantity and types
Of hydrOCa rbOnS aCCumulated between theSe twO typeS Or <!xpOSureS were
distinctly different. The WSF, which contains monoaromatic and
diaromatic hydrocarbons, was very effective in causing cessatlon of
feeding and death. The presen<,e of oil in the water column can be very
toxic but usually is a short-lived phenomenon. In contrast, ni1 can
persist in sediments for years, but the sediment-bound ril is not
nearly as toxic as WSF. Oil-contaminated sediments cause« few effects,
even at high concentrations of oil For 90 d exoosure  Rice et al.
1983 !, Other resea rchers have measured effects cn salt mar sl' crabs,
Uca ~u nax, several years after an oil spill  Krebs and Burns 1q77!.

The effect of oil-contaminated food organisms on juvenile king crabs is
unknown. It is known, however, that food organisms living and feeding
in oil-contaminated sediment accumulate hydrocarbons and will remain
contaminated for long periods of ti me because oil persists in
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sediments. By feeding on oi I-contaminated food, Uuveni'le king crabs
should accumulate hydrocarbons . Uptake of hydrocarbons by juveni le
king crabs exposed to WSF and oil-contaminated sediments was measured
by Rice et al.   1903!. Elimination of aromatic hydrocarbons from the
diet by active metabclism should be minimal other species of crabs
have poor capacities for roetaboli zing aromati c hydrocarbons   Burrs
197JS Lauren and Rice, in press !.

In thi s study, we examined t i ssue accumulation of aromatic hydrc carbons
anri the resultant effects or feeding rates, growth, and molting
success, during a 6-mo period in which juveni1e red king crabs,
Pa ralithpdeS CamtSChatiCa, Subsisted On Oiled fOod,

MaterialS and Methods

Two-year-old Juvenile red king crabs  meao, 13.5 g! were captured near
Juneau, A'laska, For several weeks pri or to oil exposure, crabs were
maintained in the laboratory on a diet of chopped pacific herring and
mussels. The water temperatures during the study increased slowly,
from 5'C in May to 9"C in August. Contaminated food was prepared by
immersinq live, 4-6 cm mussels, Myti lus edulis, in the HSF o+ Cook
Inlet crude oil. He used two con~ceo rations o7 usF and two exposure
durations tc create three stocks of riled mussels �, 21, and '6 ppm
monoaromatic and diaromatic hydrocarbons!. Control mussels  ! ppm!
Were nnt eXpOSed tO WSF in the labOratOry. All fOur typoS of muSSelS
were prepared and frozen before feeding experiments began.

For the feeding study, we randomly assigned 80 crabs to individual,
plastic compartments, with ?0 crabs dedicated to each of the four food
treatments. Ouring the study, feeding, growth, and moltir g '.access
were measured for each crab, Over a 120-d period, we measured daily
food consumption by thawing, drai ni ng, then weighing food offered and
removed each "4 h. The mussels ot'fered were opened but io the shell.
Crabs were always fed to satiation, Each week, crab growth was
assessed by measuring wet weights and carapace lengths  eye sot tet to
mid-rear!. Molting success was noted daily, and we removed exuvia to
prevent inqestioo. Analysis of treatments for moltirig success required
that crabs complete one entire molt cycle under experimental feedioq
regimes. For this reason, oiled food was offered for. a total nf rl mo.

For the tissue hydrocarbon study, '.2G crabs wer'e randomly divided into
four treatment groups. To minimize cannibalism, we provided rocks and
plastic substrate as hidino places for molting crabs. Crabs were
removed periodically  at 4, 10, 60, 90, and 1?0 d', from each treatment
group and frozen for destructive tissue sampling of muscle and
digestive gland, Concentration of aromatic hydrocarbons in t'ssues
required a four-step procedure and inclirded chemica digestion «ith a
strong hase hexane extractiorr, silica gel liquid chromatography to
separate aliphatic- and aromatic-hydrocarbon fractions~ and gas
chromatography for qualitative ard quantitative analysis of aromatic
compounds.

Results

Survival and molting success of crabs in all treatments were «xcellent.
There were few mortalities, and none were dose re!ated, All crabs
molted at least once during the 6 mo of feeding on oil-contaminated



food. There were nr dose-re'Ia ted effects cn the growth <tf mnl tirr
crabs. The size nf rclting crabs increased from an avr ran«of '3.6 g
wet weight �6.6 inn lengthi to 3F .4 g wet. weight �6,F rmi 1engthI.
After several weri » <n the oil-contaminatrd <tint, Feeding rate. Were
slightly depressnd t t the two highest doses c  oil �. v< <i '6 npm
aroratic hydrocarbons in r<ussel s!. By Week 15, the ca< is average of
dry mussel eater was F1.132 n ir .he control crabs an« p. '<.n g and
0,104 g in the twn hinh-dose grrvpS Of crahS. The fe< dinq rateS tt» ai'I
groups of crabs qerrrally rose during the 16 wk, as all c<ah» grew.

There was snme a<cumulati<ir < f aromatic. hydrocarbons bi tht crab's, but
most »ample» h«<i low concentr at  or» tl a were not d 'wren' +rom
control crabs. Appar ent1 y, nn amma tie hydroca rbo <is a< r irmul at«d ir,
crab musr,te, even in crab» that were fed the high-dn'~ grnvp of
mussel.". After eatinn nil-contaminated fnn« fnr 4 d, < rat<, had
detectab 1 e con< ertrati ons of aroau<ti c hydrocarbons in the di<.p stive
gland, These hydrocarbor<s nacre r<ore abviidant and diverse than those in
contr o'1 crabs. Although these hi gh concert rations nf rinnnarnmatir ard
diaromati c compounds decreased to control levels hv 1P. d arrl reriained
low fnr the duratior of the experiment., doseo crabs retainer< an
iricreased d'.versi ty of compounds <»aer contrnl < rabs tlir< vqhout the
study.

The pattern o' aromatic hydrocarbons acrumulared by the mussel» a<,c the
digestive glar d of crabs was limited tc the distribution nf arrriatic
compounds in the WSF. Vonoaroa<a .' c and diarnmatic hydrrrarbons arr
morr soluble than the large polyarnriatic hvdrocarbnns an<< a<i the malo<
aromatic hydrocarbon components rn the WSF. The mussels ,ccumvlated
these hydrocarbons, and many of the same hydrocarbon» appeared in the
digestive gland of the doseo crabs.

 liscussion

There were very few effects nn,iuvenile red king < rabs reading for 6 mo
on oil-contaminatod musse1s, 5urviva! ar6 r<olting .uccess nf cnrtinl
and drsed crabs were excellent. Th< re was a trend of <!ecrea»id feeni ng
rates in t' he high-dose crabs after 15 wk. The lrtck of effects is
attributable directly to the genera'. lack of hvdrocarbon a< cua ulati on,
ever. in the high-dnsed crab» . Although ther<a were »nmr- aromatic
hydrocarbons deterted in the earlier samples of diqestive qland tissues
of the dosed crahs, none were detected in muscle tissue.

The lack nf significant aroma"ic-hydrocarbon accumu'atiori in crab
tissues is undoubtedly the result of several factors . Thc primary
factor is the 'Inw ratio of food consumed to body mass--although muss!is
contaired high concentration of hydrocarbons, only a small amount of
mussel tissue  abovt 0 . l g! was r.onsumed each day . herefore, ' t was
several weeks before large quantities of hydrocarbons were ingested.
While sma'1 1 quantities of aromati c hydrocarbons were i ngested dat 1y,
some hydrocarbons were being eliminated, prnbably at a similar rate.
Active metabolism rf the hydrocarbons is not required ,or elimination.
Although some metabnli sm of aromatic hydroca rbon has been measured in
several species of rrabs, the rates of iaetabolism have accovnteii fnr
little or no elimination in two spec i es of intertidal shore crabs
 Burns l976; Lavren and Rice, in press!. Furthermore, Lavren and Rice
 in press! found that diffusion nf' naphthalene from the gills of
~pt a apa aaa ~ a aa a t porta t ta taa i a
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Table 1. Summary Of reaults from studies expnsing juvenile <ed king
crabs to Conk Inlet cruda o11; crabs were exposed to water-solublp
fraction  WSF!, oil-coni.am1nat.ed sediment, or oil-contamina<.ad food.
* indicates data from Rice et al. �983!.  Growth and molting
success were not measured in the. WSF test by Rica at 41. �983!, but
we assume there were effects because feeding and survival were
affected.!

Oil ir Oiled
sediment' Food

 90 d!I �8O d!

WSF of oil
in watar

 88 d!

Effects

Survival

Feeding

Growth

Molting

Reduced

f Reduced
$ Reduced

Redured

NO affect

Slight

NQ affect

NO affect

NO effect

NO affart

NO effe<.t

NO effart

~<< droca ban ~teak

Mono- and C<iaromatir Lots $ Soma
f Some

Slight

� NonaPolya<omatic � None

If oil is spilled in the environment, juvenile king crabs could be
severely affected by short-term exposures to high concentracions of oil
in the water column, However, this type of exposure is nct very likely
because hydrocarbons in the water column are rapidly removed or
diluted, Consequently, this type of exposure would be limited in area
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Of the three types of possible exposure to spi1 led oil,
oil-contaminated food causes fewer short-term et feei.s than
oil-contaminated sediments nr WSF, Tha differences ir, effects fiom the
three types of exposures are attributable to the di aferences in
accumulation  Table I!. In an earlier;tudy, Rice et al. �9113! found
the effects of WSF on juvenile red king eral s were rapid and
significant, At sublethal concentrations, there was cessation of
feeding; et higher dose levels, there was death. Monoaromatic and
diaiomatic hydrocarbons were easily measured in muscle and the
digestive gland after or ly 1 d of exposure. In the same stuoy, crabs
exposed to oi'I-conta<ninated sediment were not severely af'ected in
90 d, and the accumulation of hydrocarbons was much slower than 1n the
WSF-exposed crabs. The hydrocarbon accumulations did include large
polya romat i c hydrocarbons, Accumul at i or of polyaromat i c hydrocarbons
was fro<n 1ngested sediment and did not cause acute92y toxic effects.
However, many of these compounds are ca rrinogenic, and adverse effects
could reouire a lengthy time before effects are evident. The crabs
exposed to the oil-contaminated food 1n our si.udy were exposed to the
same types of compounds found in the earlier WSF tests--monoaromatic
and diaromatic hydrocarbons. However, the amount  not < oncentration!
of aiomat1c hydrocarbons ingested was much less in our study than in
the WSF exposures.



and length of exposure. In contrast, the effects fvnr .ediment and
food contaminated by oil ave reithei ~apid ic severe, at 'e«st not
du~ing the short-term laboratory observations. Once:iii:tarrinated,
however, sedimen. will ~emain so for yea~s, and,luvenile crabs could be
exposed to oil in the sediment oi food for 'onq periods of time. The
laboratory tests demonstr itod that., aftei. consumiiig cii1 -i.ontariin«ted
rood, crabs will accumulate sm« 1 amounts rf hydrocarhors, Althoiirpi no
molting or growth effects were evident within the 6-mo stud ~, tvends of
decreased feedinq supe est that rinre serious effects could '>erome evic'ent
over a longer period iif time.

Conclusions

Feeding ~ates and mo',tinq success are sensitive iidic«tovs >f the
general co~dition of c rabs . We concluded thar denly c onsumption of
nil-contaminated food was not detrimental to juvenile red king crabs
over a 6-mo period, during wh~ch rapid growth and molting occurved,
Aromatic hydroc«rbon uptake was detected in the samoles oe the
digestive gland taken early in the exposure. Accumii'.ation uf hiqh
concentrations in crab tissues was not observed. However, the
long-term effects of exposui'e to oil contami nated 'ood nv sediment > n
the ervironment are unknown, and the small amounts of uptake ind the
t~end of decreased feeding vates ave cause fov concern.
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areas occupied by king crabs are likely. These developments may
increase concentrations of hydrocarbons, metals, and synthetic organic
compounds in sediments and organisms  Malins et al. 1984!, The impact
on king crab reproduction is not clear . King crabs are qu i te
sensitive to mono- and diaromatic hydrocarbons dissolved in water but
appear to be rather insensitive to hydrocarbons irr secriments ~ Rice et
al. 1983! and in foods  Gharrett et al, 1985!. In this manusr.ript, I
report on the obser'ved occurrence of juvenile crabs and the apparently
successful rearing of king c rabs an oil� -contaminated sedi ments 1n Auke
Bay, Alaska. The potential for Iong-term adaptation af King crabs to
oiled sediment is discussed.

Methods

The area of primary concern in this study is the northeast corner
of Auke Bay, fram the Auke Creek delta an the east share ta the
Waydelich Creek delta on the north shore  Figure I!.

Figure 1. Study area  shaded! in the northeast ac rner af Auke Pay,
Alaska, and map 1nset showing the locat1on of Auke Bay rrr south-
eastern Alaska. Battlesi.ip Island in central Auke Bay was a. control
site for the hydrocarbon study.
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Crab observations

Observations of the occurrence and relative abundance of juvenile
king c rabs in the northeast corner of Auke Bay compared with crabs
along the shoreline of Auke Bay tr, the south and wes t we re made by
divers during the past 12 vears  Personal observation and personal
conmiunication: D. Carlson, R. El'iis, R. Budke, horthwest Alaska Fish-
eries Center Auke Bay Lahoratory, Auke Bay, Alaska; and H, McKinnon,
Alaska Department of Transportation and Public Facilities, Juneau,
Alaska!. For laboratory studies, numerous juvenile king crabs were
collected from pods and from under slate rocks. Habitat types
occupied by the crabs were noted throughout the period of observation.
Pods of crabs were observed frequently in shallow water henearh the
Auke Bay Laboratory  ABL! dock.

H drocarbon determinations in sediments and biota

Determirations of hydrocarbons in sediments and pink scallops
 Chlam~s spp.! from the northeast corner of Auke Bay were made during
stutu>es in 1982 and 1983, These data were gathered for preparation of
an environmental impact statement  EIS! or a floating breakwater and
expanded marina planned for construction in 1985. Details on ample
collection, analyses, and surface and deep ~ater ci rcu 1 atior are
provided in two reports on the marina study   Karinen 1983a, b ~. A
descri ption of source, composition, and distribution of hydrocarbons
in Auke Bay will be published elsewhere.

The top 2 cm of sediments at 10-27 meters depth were sampled at
various locations in Auke Bay during both studies  Figure 2!. and
duplicate samples were analyzed for aromatic hydrocarbons  naphthalene
to perylene! by gas chromatoqraphy and mass speccrometry  Brown et al.
1980; Ramos and Prohaska 1981!. Sediment samples were taken along the
east shore in 1982 and the center of the northeast corner of the bay
in 1983. Shale from selected sampling sites was also analyzed for
aromatic hydrocarbons.

Similar analyses were conducted on duplicate samples of scallops
 Chl~am s spp.! <oilected at five sites in Auke Bay  Figure 3! on
5 Duly 1983.

Growth of juvenile red king crabs from the study area  northeast
corner of Auke Bay, cross-hatched area, Figure 3! and from the
remainder of Auke Bay and surrounding areas was estimated and
compared. These data were also compared to published growth
records of king crabs from other areas in Alaska. Crabs were
Captured in the spring and held until mOlting, usually within a
few weeks. Growth was determined by measu ring either the carapace
length before and after molting or the exuvia and the new length.

RESULTS

Kin crab abundance

Juvenile king crabs are consistently found in the area between
the ABL dock to the Public Utility dock  PUD!  crosshatched area,
Figure 3!. Individuals are found under slate, shale, and debris, down
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to 10 meters below MLW, ! arqa flat pieces rf ..'ate or shlle seem to
provide ideal habitat for the crabs. nne or rrore pods t f 500-1000
young crabs gather in Yiay and,Iune each year, as the two-year -old
crabs abandon their solitary existence.

Figure 2, Summed total of selected aromatic hydrocarbons  raphthalere
to perylene', in the top . m uf sedialent ard in shale. Locations of
numbers, letters, or both indicate sample sites. Shale sample sites
indicated by 2s and tr. 12s - 2 pprn, tr = trace = O.! ppn !.
Numbers expreSS ppm a. dry weighr.

FISIIERMEH S Ile

In 1982, we surveyed several locations for juvenile kino crabs in
Auke Bay and the surrounding area. Of all the areas surveyed, the
study area in the northeast corner of Auke Bay  Figure 3! snowed the
greatest abundance of juvenile king crabs  M. McKinnon personal
communicatior !.

Year-to-year abundance of juvenile king crabs in the study area
appearS quite conSiatent. Fven when abundance Is low in nearby areaS,
some crabs can always be found there. Perhaps, the patterrs of the
curre~ts in Auke Bay concentrate larvae gn the study area each year,
Abundance of adult king crabs in the study area has generally
decreased over the past 12 years, with fewer crabs gathering each year
to mate and mo'It. tanner crabs  Chionoecetes bairdi!, present in
targe emhe t the ly 7th'a, ha eealy th pp a d t th
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Study area in reCent yearS. keaSOnS For theSe decl ilies are unknOWn
but cnuld be related to harvest. rates, production cycles, nr oil
contarlination from increased boating activity.

Figure 3. Suirnied total of selected aromatic hydrocarbons
 naphthalene to perylene! in whole scallop tissue . Locations of
numbers indicate sample sites, humbers express ppm as Pry weight� .
Shaded area is where juverile king crabs are consistently found.

Fl

H drncarbons in sediments

!n Auke Bay, ma ri na activities in the ex treme northeastern
corner are probably the major source of hydrocarbons  Ka rinen
1983b!, Total concentrations  ppm! of selecteo aromatic
hydrocarbons in the top 2 cm of sediment   Figure 2 ! were lowest i r.
the center of the bay � pprn! and increased at sites closer to the
marines in the northeast corner � ppm!. Sediment from sites
iavnediateiy adjacent to the marines contained 14 tl 15 ppm of
selected aromatic hydrocarbons, equivalent to about 6CC ppm total
hydrocarbons by infrared analysis.

grata on hydrocarbons in sediments for 1982 anct 1983 were similar
even though different. areas were sampled in the 2 years  Figure 2!.
ln 1982, total mean concentration of the selected aromatic
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hydrocarbons  napht'halene to perylene! in sediments nea the ABI dock
and the Auke Creek delta was about 4 ppm and may part.tally reflect
circulation of water during ebb tides . Total mean cancer tr at ion of
these aromatic hydrocarbons in sediments near Battleship Is<and, the
cor tro92 site in central Auke Bay  Figure I!, was r0.1 ppm, which is
less than 0,5. of the highest concentration of total aromatic hydrc-
carbonS measured in the northeaster n corner of Auke Bay.

Concentrat'ons of high molecular weight, aromatic hydrocarbons
 polyaromatics! were also lowest in the cent.er of the bay and
increased toward the marinas in the northeasterr corner. The
concentrations of individual aromatic hydrocarbons at the seven
sites nearest the mari nas   Figure 2 ! suggest that the hydrocarbons
are from petroleum; these sites had high concentrations of dibenzo-
thiophene, phenanthrene, anthracene, fiuoranthene, rhrysene, and
pyrene. T'hese cOncentratiOnS were inverSelV proporttona1 to the
distance of the site from the mari nas,

H drocarbons in biota

Pink scallops  C~hlam s spp.! collected nearest the marinas had
the highest tissue concentrations of selected a omatic hvdrocarbons.
Again, the marinas are. apparently the source of these hydrocarbons.
Phenanthrene, anthracene, fluoranthene, chrysene . and pyrene were the
most abundant component.s, and their concentrations in scallop tissues
decreased with increasing distance from the marinas  Figure 3!.

Concentrations of aromatic hydrocarbono, in Auke Bay biota
probably vary during the year. In scallops, concentrations of
hydrocarbons are probably highest during summer and fal'., when boating
activity is the greatest and sca.llops rapidly accumulate dissolved
hydrocarbons. Aromatic hydrocarbons probably oersist in Auke Bay
scallops for several weeks or months after boating activity in
summer ceases because pink sea I I ops depurate hydroca rbons very
slowly once a wet weight tissue concentration of about 0.3 ppm has
been reached  Short in preparation; Payne 1977!. Scallops are a
prey item tor adult and large juvenile king crabs and, therefore,
may be a source of hydrocarbons for king crabs. Nc analyses of
king crab tissue were conducted in this study.

~ed ocataons lh slate a d shale

In Auke Bay, slate and shale fragments of various sizes are
comnon, Several near vertical dikes or outcroppings of shale and
slate occur along the east shore and withi~ the study area.
Outcroppings of shale and slate are also present along the north
and south shores, as well as on the small islands within the bay.
Some outcroppings along the east shore near the ABL c.onsist of very
soft shale with an oily appearance, and in one location, tar or
asphalt appear s to have been exuded from a vertical dike nf stale. No
analyses of shale or slate trom these exposed outcroppings have been
conducted.

Shale fragments from three underwater site<.  Battleship Island,
Auke Creek, and the ABL seawater intake! were analyzed, and measurable
amounts of aromatic hydrocarbons were detected at the ABL intake site
 Figure ?!. Shale from near the ABL intake contained ? ppm total
selected aromatic hydrocarbons, which were composed mainly of pyrene,
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fluoranthene, phenanthrene, and chrysene, Mhether these hydrocarbons
are adSOrbed Or are an integra! part Of the shale at the SeaWater
intake is unknown . Shale from the Auke Creek site, however, cor tained
only trace amounts of aromatic hydrocarbons, ever though sed ments
contained 4 ppm aromatic hydrocarbons   Figure 2 ! . Furthermore, shale
frOm the COntrOl Site at Batt! eSh i p ISland had r C a r<rma ti C hydra-
carbons. These hydrocarbons may therefore be ratural components of
the shale at the ABL seawater inta ke.

C~om arisons nf Growth

In 1984, no direct comparisons of growth were made between
juvenile red king c rabs collected from the oiled sediment ;n the
northeastern corner of Au ke Bay and from the othe r 1 o a 1 areas .
However, data collected on growth of crabs held in the ABL in 1983
and 1984 may provide some qrowth rate comparisons, Crabs were fed
mussel s during both years and held under similar conditions,
except the first aroup was held on sediment.

Juvenile ki ng c rabs collected From Auke Bay and surrouriding areas
ranged from 25-50 mm carapace length and showed ar. average increase of
27 s 4X in carapace length following a sinqle molt, between 24 Nay and
10 August. 1983 when held at 5-q"C. ',Rice et al. 1983!.

Crabs from the oiled-sedirrrent area in the northeast corner of
Auke Bay showed an average increase of 18 -. 2% in carapace rength over
one molt when held at 10"C for 9C days, July-September 1984. r4ean
length of these crabs was 36 rm« and ranged from 31 to 44 mm  !rice et
al. 1985!.

OISCUSSION

Differences in
northeastern corner

growth rates betv<ee«juveni'l<. crabs from the
and other areas of Auke Bay were indicated;
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Three findings of this study seem incongruous upor iritial
examination:   1! the apparent continued survival and production of
juvenile king crabs on oiled sediments in the study area,  , ! the
apparent reduced growth rate of these juvenile crabs, and � ! the
observed decline in use of the area by adult king c rab. The
absence of adult crabs versu s the continued produc tion of juvenile
crabs in the area can probab'ly be explained by considerinq the
circulation of water into the study area and the duration of time
that king crab larvae are pelagic . This regi on is probably
supplied wi th larvae by c rabs gathering along the east shore of
Auke Bay, south of the study area . Nea rshore currents FIow north
along the east shore toward the northeast corner of the bay,
forming a circular gyre in the study area  Ming and Karinen in
preparation; Karinen 1983b!. Slow flow in the gyre may enhance
the settling of crab larvae. No information is available on the
numbers of larvae concentrated here relative tc othe~ areas in
Auke Bay, but information from other studies  Haynes 1983!
suggests that high concentrations of larvae may be expected.
Large numbers of glaucothoe settling in the study area may explain
the continued producti on of juvenile crabs here, regardless of
oiled sediments i n the area and absence of adults, No information
is available on the mortality ra tes suffered by glaucothoe
settling in the area,



however, the difference" are quest',nrable because growth i.ates
were obtained in two r'if~erent years. These nrnwth rates compare
favorably with those reported in the 1 iteratu -e ~rir rli fferiert
areas ir. Alaska   kleber .965; Table 1 1 . The d i f'e ren< es ir growth
between areas  r, Auke Bay i' ,i8 vs. r 7' ! may reflect rt i f ferencess
the environment; e . g ., oiled sedimer t vur.us noi -oiled, but.
further growth rate measurements are needed to conf iriit tl is. The
causes for repcrtrd difverences in grcwth rates o',iuvenile kirq
crabs between other areas in Alaska are not known.

Table l. 'ummary of growth per rx,lt for .juven'li king crabs tron
VarinuS 1OCatiunS in Alaska  data from geber tighr ' ard from ii leo
and non-riled sedimerts in Auke Bay, A1aska  data rrom this study!.

'KINS GRAS QROWTH PER MOLT

%%d INCREASE

31 -44

RS -Sa

The observed decline in the use of the study area by reproduciro
adult king crabs may be the result of behavior, survival of ..uveniles
reared in this area, hatchinq success of eggs brooded nn remales
inhabiting the study area, harvest rates, production cycles, or
none of the above. t ot enough is known about the homing response
of king crabs or the life s tage when crabs may he imprinted to return
to a specific area, to evaluate the reasons for the de< line ot
returning adults. Tagginq studies infer that some hominq response is
present, but t.he qeographica  specificity of the response is rot
adequately defined,

Avoidance of areas where hydr ocarbons are hei no int roduced may
affect adult king crab distribution. Studies of Ounqeness crabs
exposed to o 'led sediments  Babcock and Ka riner. in prepai-ation!
suggest a reluctance of females to bury in freshly oiled
sediments. Oiled sediments also resulted in lowered reprrduction
and production of less robust larvae.

Conditions in marinas  anoxic sediments anc ancxic near--bottom
waters! raay also impact hatch ng success of eggs. Studies with Tanner
crabs  Chi onoecetes baird> ! i ndicate that even brief exposure

8 Ik n t ' d'tf 1t ' lotl'. » t*1'ty f
late-stage embryos  personal observation!.

3B4

LOCATION

COOK INLET

eERINS SEA

SERINQ SEA

UNALASKA

AUKE RAY   OILED j 1S

 NON OILED ! V RV

SIRE
mrn L
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The effects of Iong-term exposure of king crab> tn oiled
sediments is unknown. Juvenile king crabs in t' he northeastern corner
of Auke Bay apparently have been exposed to sediments corta1ning
20I'-600 ppx< total o i I and 4-15 ppm of aroma ti c hydrocarbons nr
years without apparent drastic effects. Whether this exposure,iffects
their later grOWth, urviva 1, or reproduCtive SuCCBSI, if i<nknnwn, but
these ouant1 ties of aromatic hydrocarbons in sediments ran cau se
serious liver disorders in poIIutec.' spec1es nf fisf «t var1ous
locatioris in Puget Sound  Krahr et al . 1984; I'al ins Pi al, 1984;
Malins et al . 1'985!.

Concentrations of aromatic hydrocarbons 1n surficid 1 srr<iments
from the northeast< rn corner of Auke Bay, near the marinas, were
similar to those frori waterwa; s in Commencemer t Bay, Washington
 Karinen 1983a; lack W. Aridersor:, Ratel le Horthwest, I'I<~vember 1983,
persr na1 co<mnuni cation! . I'owever, concentrati or 4 c f a r omat I c
hydrocarbons at Auke Bay were only 10-33: as high as those in some
very contaminated sediments from Black <trek Harbor, Connertir<,'  Jack
'W. Anderson, Bate11e Northwest, November 1983, personal
coimr<unication!.

Juvenile kiro crabs cnllected from Au ke Bay ',most y from the
oiled area! were also little affected by oiled sediments and oiled
food in laboratory exposures  Rice et al. 1983; Gharrett et al. 1985!
but were affected by water-solubie fraction  WSFI exposures.
Exposures to the WSF of Conk Inlet crude oil affected survival,
feeding, and energetics of juveni!e crabs. The 4-day LC50 was L.5 ppm
tntal aromatic hydrocarbons  TAH!, and the 28-day I C50 was 0.65 ppm
TAH. Feedino stopped at 0,5 ppm TAH. In contrast, exposure o+ these
crabs to sediment contain i ng 15,000 ppm total oil   2% V/W! tor 3
months did not affect surv1val, molting success, feeding rates,
growth, or energetics.

Availability of certain tox1c components of oil to the crabs may
explain this unusual lack of response to oiled sediments; however,
uptake was observed after exposure to oiled sediments and WSF in
these laboratory studies . Aromatic and al ipi a tie hydrocarl on s
accumulated in muscle and hepatopancreas tissues of crab~ exposed
to either 0.5 ppm WSF or 2X oil in sediment. Total arnmatics were
50 to 100 times higher in hepatopancreas tissue than in muscle
ti ssue in both types of exposure, but declined wi th tirxe   290 to
79 ppm in 28 days! in exposures tn WSF and increased with time
�10 to 370 ppm over the period of 4 to 9C days! in sediment
exposures. Differences in response may be due to the diftererces in
mono-, di-, and polyaromatic compounds present in the two types of
exposure and the relative avai'lability of these compounds to the
crabs. Mono- and diaromatic hydrocarbons are rapidly taken up ar d
rapidly metabolized; whereas, polyaromati c hydrocarbons are 1ess
available but persist once absorbed  Rice et al. 1984'!.

The occurrence of measurable concentrations of aromati~
hydrocarbons in slate and shale from Auke Bay Suggests the possibility
of a very long exposure of crabs to hydroca rbons in this region, if
these hydrocarbons in the slate and sha'Ie are naturally oc«urring.
The vertical dikes of soft oily shale and apparent exudates of tar and
asphalt suggest a natura 1 occurrence, but sorpti on of hydrocarbc ns of
anthropogenic origin to slate and shale is also possible. Regardless
of the source, crabs in the study area have probably been exposed to
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aromatic hydrocarbons for a minimum of 70 years and may have physio-
logically adapted to this exposure. Caution is needed 1» interpreting
and applying the data collected on the effects of oil cr king crabs.
We must determine how other stocks of king crabs respond to oil,
especially oiled sediments, and whether long-term exposure as
juveniles affects health, reproduction, or survival 6' king crabs
later in their life cycle,
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1ntraduction

The exp I o i t at i On Of the snow-crab r.'h i Onoecete s ~o r 1 i Or « recent in the
Gulf of St-Lawrence bvt has grown very rapidly . The catches have
increased from 624 mt in lv67 ta more thar 23 000 mt in ! 982 .n the
sau thwtstern Gulf of St-Lawrence  Finer 1 982 ! . During this period . the
fishing activity has known sevtral modifications ' .extension of tht
fishing area until 1977, increased trap mesh size fries 108 mm to 131 mm
in 1'981, limitation of the fishing activity in 1980 and 190I, the
effart being concentrated at the beginning af the Seasan. This fishing
activity has had same influence on the structure of the snow-crab
population. Same aspects of this inf luence may be observed by studying
tht modifications of the size frequency distributions  Boa nard 1983!,

Sixe distributiOnS are conxeonly uSed ta calculate the mean size and the
amplitude of successive cohorts when it is not possible rc deterreine
directly the age of the animals concerned. They may also be considered
as a certain picturt of the exploittd population at a precise period
and location. 4 modification oi the picture may then indicate a
structure modification in this population. Bearing this in mind, the
study of size frequency distrrbutions becomes a or oblers of "shape
recognition' in which case factorial ainalysis reethods have prouen ta be
very efficient tools  Benzecri and col. 1980!. Thtse analyses are wtii
known in marine ecology where they are cansidertd as powerful
classification techniquts  Char dy ~ t al. 1976!. Their use, however. is
nat as widespread in fisheries biology. Balois �975! used both
principal components analysis and correspondence analysis ta describe
same aspec ts of the dynamics of the shrimp, ~P n ltttgrBLBLa, or the
ivory Coast. Badia and oo Chi <1976!, using correspondence analysis,
made a kinttic study of the txplaited stock of the Crustacta ~S ill
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mantis in the mediterranean Sea and, in a 'latter work, defined the age
structure and cohorts in that population  Badia and Do Chi 19781.

The purpose of the present work is to describe the general trends of
the si Ze frequenCy di str ibut iOnS Of the exp lui ted SnaW-Crab pOpulat ions
on the f i shing areas of the south-western Gulf of St-Lawrence using the
factorial analysis of correspondence.

lfater i al ~an rfethods

Size frequency distributions of male snow-crabs were esrabl ished fr�6
samples of 'landings in New-Brunswick por ts during the f i shing seasons
1977 tO 1982. LOCal r egoist ion repoSe a n inimurs of 95 nrn as Shell
width, but i t is coorson to f ind sores undersized crabs in 'landings. 4
Kruskal-Mar 1 is anal ye i s of var i ance by ranks has shown that the
vari ation of abundance wi thin year of the undersized ri abs w i th
shell width between 85 and 94 mm is super ior to the var i at ion between
years  Bouchard 1983!. For that reason all crabs wi th size equal or
super i or to 85 mm wer e taken in account here.

For stat i st i cal purposes, the southwestern Gu1 f of St-Lawrence is
divided intu fuur areas <f ig. 1!; Chaleur Bay  area 11, and three
gullies west of the Nagdalen islands  areas 2 to 4!. These are the
preferred fishing areas of the fishermen fror6 Quebec and New-Brunswick
<Bailey and Cormier 1983!,The mOst curmnon gear is a rectangular trap,
1.5 re x 1.5 m x Q.d r6, with two latera'1 opposite entrances and covered
with a poplyprOpylen net which stretChed mesh size wae r !8 nrn to 1981!
and 138 mm after war ds.

Figure 1. Location of tne fishing areas in the southwestern Gulf of
Gt.!.awrence.
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Data were collected on a monthly basis in 1977 and 1978. We have no
rel i able sarspl as for 1979. In 1980, 1981 and 1982, measurements were
made bimOnthly all through the mont irepor tant part of the ii chino
season. Only one sareple, taken in october 1980, was collected at sea by
scient i sts using coroner c i a1 gears. 4s the data set for area 3 is the
most complete, it wi 1 1 be used as reference, Qe have for thi s area 29
histograms resulting from measurements of a nvreber of craos varying
fr<en 4$0 to more than 7000. Crxeparatively, 8 hi stograms are available
for the area I � in 1977!, 18 for ihe area 2 and 24 fcr ihe area 4.

The factor i a 1 anal ysi s of cor respondence < ai so known as rt-0 or
r ec i proca1 anal ys i s, Legendre and Legendr e 1979! i s used to de scr i be
the contingency tabie formed by the n~29 1 ines <sampling periods of
area 3! and the pni I columns  shel 1 widths grouped in 5 mm class! where
kij is the number of ci abs of size ! observed at a period i. The
distance between two samp1ing periods i and i' is the Khr-souare
distance < Benzeci i and cci!, 1 980 ! defined by the relation

9 k. 1k   1 i 1'J!z
i'-I 1 .1 k.. k

! 1

where P r h
i el li

h..1
p

t=lk.I k..
1!

The distance between tvio size c'lasses is calculated the same way,
reversing i and 3. Using this distance, the anal ysi s searches for the
"best" simultaneous representat ion of size classes and sampl ing per iods
in a common system of orthogonal axes. The interpretation of the
results is based on the plane pro!ect ion of the clouds of points. Each
size class have a fixed position determined by its average profile
within all the periods whereas the positions of the samp1ing periods
are modified, depending on their size frequency structure. It wiii be
possible to observe groups of samples having almost the same size
profile and it will be logica'i to observe a particular size class near
a group of samples where it is well represented.

391

The general trends in the modifications to the size composition of a
population are the best observed in the data set of area 3. Spatial
variations in these trends are stressed by inserting data fr<en other
areas as supplementary variables. These llutter variables are not
involved in the construction of the axes, but their position in space
is defined by comparison with the principal variables in using the smne
1 hi-square distance,
The crxnputer program used in this study was obtained from the French
Institute for the Exploitation of the Sea   I .F.R .E .Her ! at Brest .



Pesul ts and Oiscussion

General Trend af the Size Frequency Distributians

10

x
z xl
rs

o Z 1

0 V>

rrnsT axiS  TKSSCl

Figure 2, Prazection on the p ane created by the twa f irst axes af size
c I asses   in a square! and sampl ing periods af area 3: l to 6, May ta
October 1977; 7, May, 8, June and 9, August 1978; }0, May, l 1 and }2,
June, 13 to 15, July ~ 17, August and 18, Octaber 1980; 19 and 20,
June, 21 to 23, July and 24, August 198}; 25. June, 27 and 26, July
and 29, August 1982.

The first Neo axes expiain respectively 77.8/ and 9,3! af the total
variability of the data, which indicates that the can tengency table is
almost campletely described on the plane created by these axe'.

The plane prazection of the siz ~ classes  fig. 2! represents a Kind af
spiral, with the classes 95 mm to 125 rus, which form the ma!or part of
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the tabie, beina stretched a!anq tne f irst ax is: the sisal est are i I
widths, are located in negat ive coordinates. while tie i arne I pi es are
abser ved in pOSi tive caardinateS. These are also 3 principal
concen'teat! pris of points i.epf esca t ing the samp I ing per iacl ~ i ri area u, A
group is located in pss t, i e caoi dinates assoc i ated wi th I arqe shel I
Widthe, 129 and 125 i!ni, and i S farmed bv al but One samples af 1977   I
92o 5> and by the one af June 1978 8!. Bn the oppa,i ie side cf the
f irst ax i s, ar other group is assoc i ated wi th areal ' s i !es, 90 tc i 0 aee,
and is for!sad by the SampleS Of bOth yea~s 1980 and 1981 l!u ta 25!.
OCtOber 1977 td! and August 1978 <9! are located close tn this group.
The samples af 1982 are s i tuated in trans i t ion between !re two +. rst
groups.

co

C!

O O cr!

FIR ST AX I S

F i gure 3. Posi t i ail of the gr av i ty centers of each f i shing seasan for
f ishing areas 2, 3 and 4 an the plane created by the two first axes.
Refer to F ig. 2 to compare wi th the posi t i ons of size classes.

In placing each f ishinq seasor an a re'lative ly precise location or the
plane, the first axis seems ta translate the general modifications in
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the size corsposi t ion of the snow-crab papu1 at i an in re i at ion to
exploitation. The large size of crabs landed in 1977 is Ihe consequence
Of the extenSi On af the fiShed area betWe ~ n 19sf and I v. v l amOureuX
and Lafl cur 1982! . Af ter thi S date, the prOgressi ve decrease in the
abundance of large individuals, associated wi th a probable increase in
the recrui tment <Bai Icy 1981!, induced a deer ease in the mean si ze of
exploi ted crabS. This deer ease i s Shown by the progr essi an of the yearS
of sampl ing towards the negative section of the f ir st ar i » from 1977 to
1980. In 1980 and 1981, cr ab f i shing seems to concern on I y recrui ted
animals of sizes near the legal Iirait of 95 nrn, Crab landings in 1982
show an appreciable si e increase, trans'lateo b ~ a return in the
positive section of the first axis. ThiS may be the resvlt of the
madifiC ation of the fiahrng ai:tivity ObSerued in 198Ci and l9BI. In
1980, the state of the internationa'I marKet has induced a stabilization
Of the fiahinu effort. In 1981, the rsesh SiZe increased fram IIIB mm to
131 mm and fishing activity wa~ redvced during moltino period. These
various measures allowed a sizable proportion of small and raediura size
crabs to escape capture. 4 later molting would rrake them accessible to
gears in 1982.

Uariations within Fishing Seasons

p i gui e 4 . Positions Gf the »amp ling per i ods dvr i ng eac h fish: ng season
for areas 2, 3 and 4 on the plane created by the two first axes . The
numbers correspond to months, Refer to Fig, 2 tc carr»pare with the
positions of size classes,

AREA 2

AREA 3

O IJJ AREA 4 F IRST AX I 5
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Within each year, alternative displarereents of the sample positicns are
observed  fiq. 4!. 'These displacements correspond to reodifications of
the size structure fr ore one period to the next one, We observe
oscillations of variable amplitude expressinq the varying phenomena of
ql owth and recruitment within the exploited population. 4 displacement
of a sample-paint towards smaller size classes will incan a better
representation of these classes in sareples which may be trarislaied in
bioiogicai term as a recruitment. Reciprocally, a displacement  awards
'large sizes will rneari a growth within the recruited stock. 4 loop in
the paints displacements would mean a renewal, total or partial, in
this population, For the area 3, two recruitment periods occur in 1977,
a weak one from  tay to June and a very important one ir October, both
being interrupted by a growth period. In 1978, after a qr owtr period in
June, a recruitment is observed in 4ugust. In 198 i and 198!, we reay
notice a continuous recruitment fr xs th» end af June to October. In
1982, recruitreent occurs from June to duly, follawed by a growth period
in August.

For the area 2, the situation in 1977 is identical to area 3, aut in
1978, recruit vent seeres to be continuous frais May to August. Ir 1988,
the season begins with a strong proportion of very seall individuals in
Ifay, fallowed by a qrowth period in June and another strang recruitment
in October. This last sample was collected at sea and it may have
artificially increased the proportion of sreall crabr, which would have
been normally rejected by fisherreen.

For the area 4, the trend» appear to be quite similar to area 2. The
two periods of recruitment in 1977 still exist but they seem to be
weaker. We observe also a continuous recruitment period in 1978, and
anather one from the end of Jvne to August 1980. In 1961, the
recruitment period s tretches from June ta the ~ nd of Ju I> . The
sitvation in 1982 is similar to the situation observed in the area 3.

4s a general result, the analysis shows an alternation in the growth
and recruitment periods. 4 growth period seems ta appear regularly in
the middle of the sunener . The reore regv I ar recrv i trsen t period
situated at the end of the sunener and goes an throughout the f ~ 11. Th ~
second period tak es p I ace in spring, as it appears from the data of the
years 1977, for all the areas, 1978 for areas 2 and 4 and 1962, for
areas 3 and 4. The situation of Ifay 1980 in the area 2, with a qaod
representation of very smail crabs, may i nd ic ate a recruitment before
that month.

Spring reer uitreent srd sunvaer growth are in good correlation with our
knowledge on snow-crab growth patterns� . Following Kon et al .< I 9fig> and
Ito < 1976!, smal I individvais molt earlier than the alder ones. This
early mOlting periad wOuld induce the f irat recruitment foilawed by the
subsequent molting of previously recrvited crabs which would produce
the increase in the mean size observed in the middle of the summer .
Obserued recruitment periods correspond also to the variations in the
CPUE, which is always maximum at the beginning of the fishing season
and often shows a new increase in auturen  Lamoureux 1981, Sailey and
Cormi er 1983! . As imreedi ate prer eci u its   75 mm as size ! molt only ance

year, the autumn recruitreent may be dve to migration processes, as
assumed by Coulombe at al. �985!.
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FaCtari al anal ye i S af Car reSpOnaer Ce prOVideS a -.dr tlirt hh Cil .ha I v, eW
and desci ibes same of the tendenc i es wi thin the exp I c ced snow-crab
population. The corciusicns are, however, limited ay tide precisian ard
the rearesentat ivi ty of sampIes. As a function af fish ro,ntensi ty,
sample Siies are var i able. Usual I y, a seal 'I Samp Ie does rhoi pra: ides a
goad repreeentat i an af the mar qrnS Of the distr ibut an:, hathi "n creates
a certain bias in modifying the real size distr ibulior c ref, ies. The
sarxpl ing periods do nat cover, in many cases, tne whole r; shr«a seasons
and autunin data are genera'I I r not ave i I ah I e f or the 1 i sner y involved,
even if an increasing CPUE is Observed then, h s far z «duceS
certa in uncertainty on tht f ai I reer v i tment, At I east, we inus consider
the gertra I problem Of I andi nq Samp I ta. The CatCn I«Cat i Or i S nat knaWn
precistly and th ~ re is another uncer tainty af the representa ~ iv i ly af
Samples aS a good piCture of the real papvlathan; yor;nstance,
f i Sherman usual ly ava id areas where high dens i Ides oe sma I I cr ebs ar
sof t-shel ied crabs are obser ved, Consider irg those possible bias, the
analysis appears ta be a goad Carapiement ta ather nhcre Ciassical
techniques as it helps to intern~et size data and CPUE var i a i ans .
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Abstract

The factorial analysis of correspondence is used to describe the
moditlcations of the size frequency distributions of the exploited
population of SnowWrab ln the south~astern Gulf of St..Lawrence, from
I977 to 1982. Size distributions were obtained from landings samples in
New-Brunswick ports. The general trends are observed on one particular
area from which the data set is the most complete. We note n constant
decrease of the mean sizes from i977 to 1980, where recruitment forms
the main part of catches, and a partial recovery In l982. Two principal
periods of recruitment are also defined by the analysis, the first one
at the beginning of the fishing season  spring! and the second one at
the end af the summer through autumn ~ The two recruitment periods are
separated by e growth period wl thin the previously recruited stock.
Spatial variations in those ttends are observed bv Introducing data
sets from other fishing areas as supplementary variables in the
analysis. If we except minor variations In the mean sizes, the major
trends are constant from one area to the other one. The relations
between the results of the analysis end fishery know1~ dge sre
discussed.
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Forecasting the price of crab on the
Boston wholesale market
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1. Overview of the Canadian Crab Industr

Crab consumption in Canada has increased steadily over the past
twelVe yearS. The estimated tOtal COnaumptiOn Of Crab in 1982 waS 20
000 metric tons  live weight!, an increase of 264 percent since 1970.
while part of this growth resulted from an increase in population ~ per
capita consumption tripled at 8 time when per capita consumption of
all fish products went up only by 40 percent. The increased consump-
tion of crab could not occur, of course, without a similar increase in
supply . The two sources of supply are domestic landings and imports.

From small beginnings in the 1960's, the Canadian crab industry
has emerged as one of the most important Canadian fisheries, 6y 1983,
crab landings were valued at about 58 million Canadian dollars, repre-
senting approximately one-tenth of the value of all landings in major
Canadian fisheries . In the provi nce of Ouebec, for example, the value
of crab landings moved from ninth place in 1975 to second place in
1983. During the last 15 years, the growth in the value of domestic
crab landings has been due to increased prices and production. In
fact, landings went from 7 OOO metric tons in 1970 to 43 OOO metric
tons in 1983. The average landing price per kilo rose yearly from
$0,22   Canadian dollars! to $1, 35 duri ng the same time period. The
deflated price increased by 50 percent.

Supply has greatly increased because of the expansion in the
Canadian snow crab  Chinoecetes Opilio! industry and to 8 lesser ex-
tent beCause of imports. Canadian snow crab catches off the Atlantic
COaSt and in the Gulf Of St-LawrenCe rOSe beCauSe Of inCreaSed fiShing
effort over both, old and new fishing grounds. Other Atlantic coast
crab fisheries are quite small and the Pacific coast dungeneas crab
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fishery has remained rather stable over the past ZO years  about I 000
metric tons a year!.

Canadian imports of crab products, representing several million
dollars and a few thousand tons, come rsa nly from the United States
 about one-tenth of the domestic consumption!, The major imports are
fresh or frozen products.

The Canadian snow crab is sold on the domestic market, but more
than SO percent is exported, Since its beginning, the industry has
exported between 50 and 75 percent of all landings, with more than 60
percent of exports going to the principal buyer, the United States .
In recent years, the Japanese market has developed to a point where it
accounts for 29 percent of Canadian exports in comparison with 7 per-
cent in 1981. This improvement in sales to Japan is primarily due to
the drop i n American and Japanese supplies of snow crab . r� so, the
recent economic crisis has strongly depressed the European mark et for
Canadian products.

Generally, landings are sold to processi ng plants and all pro-
ducts for export markets go through the classic marketing channel:
fishermen to processors to brokers  or wholesalers! to foreign coun-
tries. The Boston market is the most important one in this marketi ng
channel since the United States is a leading supplier of crab i n the
world and the main buyer of Canadian snow crab. The Boston price is
therefore the negoti ati on benchmark between processors and Canadian
fishermen  Union Forum [ 1983!!. The fishing activity is seasonal and
part of the production is kept i n cold storage for future sales; the
processors must forecast wholesale prices in order to make decisions
on inventories and on the price to be paid to fishermen� . In this con-
text, forecasting the Boston wholesale price Of Canadian snow crab is
of vital interest.

Accordingly, the purpose of the present study is to specify and
estimate short-term forecasting models based on time series analysis
and on more main line econometric methods, First, the models will be
described and discussed, then a comparison of the predictive capabi-
lity of the different models will be illustrated.

2. Methodolo ical As ects

General di scussi on

The Canadian snow crab market is composed of three general sec-
tors: domestic landings, wholesale  including impor ts and exports!
and retai 1 . A complete structural model would include a supply and
a demand equation for each of these sectors with sonm additionnal e-
quations explaining the dynamics of the fishing effort measured by
traps hauled per unit of tirrm, for example. But, when this model is
confronted with the available data some compromises become necessary.
Furthermore, it is not certain that the forecasting capability of the
model would be very good. Different studies show the poor forecasting
efficiency of some structural models  see, for example, Bhattachar-
ryya ! - One of the most useful si mpli fi cations is to make the aSsump-
tion of perfectly inelastic sypply and to estimate a single pri ce-
dependent demand equati on   see Malinvaud   1978!, pp 669-6/5 for theo-
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retical aspects and Doll �972! or Devoretz �982! For applications!.
In general, this kind of model is built to estimate price elasticity
or to get other structural informatfon.

Existing data for the Canadian crab market consists in supplies
entering the market  imports, domestics landings and beginning cold
storage! and ex-vessel prices.  }uantities moving t,hrough wholesale
channels or held f n storage at retail levels are not reported. This
study does not attempt to specify a complete structural model.

For forecasting purposes, it is possible to specify a single
equation as part of a more general structural model or to specify a
StOChasti C mudel baSed On the BOx-Jenki nS methOdOlOgy. In the preSent
case, both methods are used.

A single equation nedel

The variable we are i nterested fn f s the mid-month price of a
five-pound pack of Canadian crab meat on the Boston market  see note
1! ~ As Stated previously, thiS priCe fs important For negociations
between fi shermen and processors.

There have been SOme Sharp priCe fluctuatiOnS On a mOnthly baSiS,
specially in the past three years: the price of a five-pound pack of
Crab meat rOSe frOm $3,70  U.S. dOllarS! per pOund in September 1981
to $7, 50 in April 1983, and dropped to $5,00 in September 1984  see
fi gure 1; all figures and tables appear at the end of the paper!, The
deCreasf ng pri ce in 1979-1980 mfght be due mainly to a change in the
product-mix demanded by consumers  nere sections than before! and a
change fn American landings  see note 2!.

Several factors, such as Canadian and American landings and in-
ventories as well as the prfces of substitutes like kfng crab, could
be responsible for these price fluctuations .

It might be expected that Canadian landings and i nventories would
affect the Canadian price negatively� . Availability of snow crab in
the United States should also influence the price neqati vely, but pri-
ces of substitutes like king crab should have a positive effect. Ame-
ricann snow crab landings could logically be considered as an exp! ana-
tory variable. The coefficient of this vari able in a preliminary
test, had a sign contrary to the a priori expectations, suggesting
that a large part of the American landings could be sold on some inde-
pendent market and that the East coast market is served through inven-
tories.

A price determination equation could include all quantities of
snow crab and substitute products entering the market. The general
form of such an equation fs:

 I! PS ~ f CL! ASI, AKI, Si !

where PS is the wholesale price per pound
CL Canadian SnOw Crab landingS
ASI U.S. snow crab inventories
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AKI U.S. king crab inventories
S; seasonal variable  see note 3!.

It is also possfble to use the Canadfan fnventories fnstead of the
catches since the quantities transacted between November and April are
drawn from f nventorfes through retaf 1, fnsti tutfonal and forei gn de-
mand.

As a ffrst approximation, the algebraic form of the relatfonS
wi 11 be taken as linear functions in the actual values of the varia-
bles� . The seasonal part of the model can be specified in two di ffe-
rent wayS: by eleven duavny variables or by sf ne-cos i ne functi ons .
The later specification is retained and the estimated model is presen-
ted in the next section.

A stochastic model

If one assumes that the prfce series are the realization of a
stochastic process, an autoregressf ve moving average model can be
built fOr fOreCaSting purpOSeS. ThiS unfVariate mudel Can be genera-
lized to the multivariate case. Recently, these iimthods have been ap-
plied in fishery analysis for forecasting landings  see Mendelsshon,
1980; Safla et al., 1980; Boudreault et al., 1977!. But, time se~ies
methOds can ~e useful at other level ~n e industry.

To speci fy a uni variate model  AIUKA !, the process is supposed to
be second order stationary . Thf s means that the first two moments are
ti me f ndependent. Any nonstatf onary proceSS can be made stationary by
successfve differencing to the appropriate order and sometimes by si-
multaneous seasonal differencing. Also, if the variance is not sta-
ble, a logaif thmic or other type of transformation is necessary.

The most general form of a multi pli cati ve stochasti c model is:

�! g B!g' 8 ! I-B ! S  I-B! x = Q + Q 8!Q' 8!at
where: B is the operator such that 8 Xt Xt p,p

x  ! indicates the Box-Cox transform;
g 8 ! *  I-HIB �  	28 .. ~ ! is the regular autoregreSsi ve fac tor;2

Q' 8 ! =  I-BI'8 - g2'8 ...! is the autoregressive seasona'I factor;
Q 8! and Q' 8! are the regular and seasonal moving average factor;
Qo represents a determfnfstfc drift;

�-8! and �-8 ! S represent the regular and seasonal factors
of differencing, necessary in cases where the orfginal series is not
stationary; several successive differencfng operations may be neces-
sary,  exponents d and d f n the equatf on !;

at is whfte noise with mean zero and constant variance.
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Following the Box-Jenkins methodology, the model is built in four
stages; I ! I denti f i cation of a speci f i c model with hei p from
autocorre !ation and parti al autocorrel ati on functi ons; 2! parameters
estimati on of the speci fied model; 3! diagnostic checking of the
models valfdfty; 4! forecasting with the accepted model.

This approach can be generalized to a multivariate model if we
make the assumption that the exogenous variableS Of the equation �!
have an ADA model. For illustratfve purposes, take a bivari ate pro-
cess having a multivariate autoregressive moving average representa-
tionn:

-821 8! 1-822 B! 2 -Q21 8! I-Q22 B!

where gf~ B!, Qf 3 B! and ait are defined as before. If the matrices

are assumed to be lower triangular, after some algebraic manfpu!a-
tions, we get a transfer function model of the form.

� ! �  8 ! x + Q 8 ! a
2t  !TT 1t ~ a2t

and the ARI4A model of xlt. If the usual conditions of stationa-

rity and invertibi li ty are satisfied, it is possible to i denti fy the
order of the different polynomials of the equati on �!. Different
approaches are suggested for establishing the identification of the
order of the polynomfals  see, Box-Jenki ns �97 6, chap. 11!; Granger
and Newbold �977, pp 244-254! or Haugh and Box   1977 !!. In the pr e-
sent case, the Box-Jenkins method i s used. The equation �! can be
rewritten as follows:

  1-aIB-428 -...-s 8 I Tt "o "Ig-...-w 8' xt-b ' g  B!Q B!at

The forecast series  Yt or "output"! depends on past values of

the series and on hfstori cal values of the independent variable  hi or

"input"!, whfCh preCedeS the fOreCaSt varfable by b time periodS when
b > 0. If b < 0, the i nput does not precede the dependent variable
and Kt can not be used to predict Yt. Also r represents the num-

ber of legs of the endogenous variable, while s is the number of lags
of the exogenous variable.

The identification of a bivariate model supposes the series ta be
statfonary. To facflitate the determination of the r, s and b values,
a preliminary identification is made of the Box-Jenkfns model for the
independent variab'Ie which generates a resf dual series at as expressed

in equation �!. Applyfng the same model to the dependent variable
results in a second residual series bt. An analysis of the cross
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carrelation between these two residual series leads to the determinat-
ionn Of b, r and s ~ and a last residual series representing the ef-
fects on prices of factors other than the independent variable inte-
grated in the model. The empirica92 model will be presented in the
fourth section.

3. Estimation of the Sin le E uation Model

The estimation was based on 84 months of data �975-1981! and
used the ordinary least squares method. The initial specification
 equation 1! of the price equation failed to yield satisfactory re-
sul ts. The resul is di spl eyed se vere autoc orre1 at I on, mode rate
R-squared and some cold storage holdings coefficfents which were in-
consistent with a priori reasoning. To remedy thf s, a model similar
to that used by Bockstael �977! was specified, A lagged price was
added to the relation. By so doing, autocorrelation decreased, the
R-squared improved sign~ ficantly and the coefficients of the cold stO-
rage holdings assumed the proper sign.

The seasonality component was defined as si ne and cosine func-
tfons. But, the coefficients of these two functions were not signifi-
cant, The presence of a lagged price did not change the results.

Hence, the final specification was

PSt= a + bp5t I + cASIt + dCIt + eAKIt

when this equation was estimated, the Coefficients c and e were not
significant  see equation 6 of table 1!. The inclusion of Canadian
inventories cancelled out the effects of American inventorfes  snow
Crab and/Or king Crab!. Other different SpeCif Cations were teSted
and all equations are presented in table 1.

Four of the equations seem to gfve good estimates of snow crab
price. Also, three of the five equations which include both the price
in t-1 of American and Canadian inventorieS as independent variables,
give slightly superior results. By cont~est, Canadian landings have
less f nfl uence on the Boston price. The fmportance of f nventor I es re-
lative ta landings can be explained by the fact that landings reaCh
the Boston market only through processing and inventory channels. It
is the latter which enter into direct relation with the market, Lan-
dingss and prfce form a cOmpound relatianship of the type:

landings --- i nventorfes --- price.

A comparison of equations 1, 2 and 5 of table 1 suggests that the
snow crab price at Boston depends on a series of factors over which
Canadians intermediaries have no control, factors such as: American
inventories   equations I and 5!, Alaskan king crab price   equation 5 !
and even Canadian supply  equatfon 2!.

Hevertheless, for forecasting purposes, it is preferable to retain
these equations using American inventories as an independent variable
since it is a factor whfch totally eludes the cantrol of Canadian pro-
ducers and brokers.
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Table 1: Econometric Forecast Equation; Results  a!

INDEPENDENT VARIABLES
EQUATIONS PSt-I t-i e. e-s t-I t-1

1,00
�5,5!

0,985
�1,81!

0,983
�0,297 !

0,91
�2,2!

0,929
�1,9!

0,967
�0 F 6!

-OI000067
 -2,62!

-0�00189
 -3,1.8!

-0,000025
 -2,52!

-0,000013
 -0 ' 464!

-0,000201 0,045
 -2,99! �,1!

0,0363
�,4!

-0,000057
 -2,24!

-0,00014
 -1,37 !

-0,000176
 -2,68!

-i3,000039
 -I,O!

Table 1:  Continued!

STATISTICS 4 TESTS

d'b!

0,957880 0,811,83

-0,009915 0,958 2,02

875 0,611,870,956

0,964

0,959

517 -D, 592,12

624 1,87 0,65

0,957453 1,99

 b! Durbin-Natson statistic.

 c! There is no evidence of autocorrel ation for any of the equa-
tions; the "h" statistic is normally distributed.
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To compare the results of the econometrfc approach witn the re-
sults Of the other methOds, equatfonS I anS 5 were chOsen as they both
fncorporate American inventories and because equation 5 shows that
Alaskan kfng crab pr1ces have a significant effect. The latter equa-
tiOn might be CritiCiZed fram a StatiStfCal StandpOint beCauSe af the
high correlation between Alaskan king crab and snow crab prices. But
all variables fn the equationS are signfficant and of the appropriate
signs. For forecasting purposes, 1t fs reasonable ta use that equa-
ti on.

The tWO equatiOnS are:

�! PSt ~ 0'1575 i 1'00 PSt-1 0'000067 ASlt-1

�5,5!  -2,62!

�! PSt = 0, 176 + 0,929 PSt 1 0'0000056 ASIt- 0,0363 PKt-I
�1,9!  -2124! �,4!

The parameters are significantly different from 0 at a confidence
level of 96%; the two equations exp'lain abOut 96'k of the variations of
price about the mean and the Fisher stati sti c indicates that the model
is sf gnf ficant as a whole. But because a lagged endogenous variable
is included, the Dur bf n-Matson statiStic is nO longer the appropriate
test for the absence of fi r st order autocorrel ation in the residuals;
the Ourbfn h-statistic must be used. The values of "h" in the last
column of table I indicate that we should not reject the absence of
autocorrelati on for these two equations, Equations �! and �! could
thus be retained for the calculations of forecasts; they have the ap-
propriate coefficient signs and meet the theoretical requirements.

4 . Estimation of stochasti c mode'Is

Unfvariate mOdel

An unfvarfate ARMA madel of the Canadian snow crab price has been
built, in accordance with prev1ausly stated element  section 2!. This
model can be used to forecast the pr1ce and also ta review the speci-
fication of an econometrfc model.

In the fdentification phase, the most appropriate model will be
chosen after ffndf ng the value of  z ! which eliminates passible
heteroscedasticfty of the series and after finding the values af d and
ds for application of regular and seasonal differencing factors.

The analysis of the graph of the orf gfnal series  fi gure I! and of the
autocorrelation coeff1cfents  tables 2 and 3! are both useful for this
first step-

The analySiS Of figure I and the ValueS Of tableS 2 and 3 ShOW
that the first differencing is the sole transformat1an necessary to
satisfy the assumptions presented in section 2. It is i nterestinq to
note the absence of a strang seasonal component . This result is
agreerrmnt wf th the one obtained wfth the single equation model . Howe-
vers~ the autocorrel ations at lag 13 and 18 are high but insi gni ficant.
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Ftdure t: Snow crab price at dozton
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Table 2: Snow crab Price autocorrel ation  Raw Ser i es !

Table 3: Autocorre!ation of  !.-8!PS

II o

Table 4: Partial Autocorrelation of  !.-B!PS

4 0 92 ~
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4 0
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All partial autocorrelation coefficients of the first difference se-
ries are also insignificant. There is no evidence for including auto-
regressive or moving average terms. The mean of the first differenced
serfeS is statfstically zero, then the final model is

 I-B! PSt = at

Some tests were made For adding a drift paiameter to the right hand
side of the equation and for adding a seasonal term  autoregressive
factor or moving average factor! but none were significant.

The validity of the model was checked by the usual portemanteau
StatiStiCS  Ljung and BOx, 1978!; the Value Of the StatiStiC 15 2T
computed on 24 fags. The result must. be compared to a khi-square va-
luee of 32 . Interpretation of this simple model is that the Boston
market for Canadian snow crab has the properties of an efficient mar-
ket in the weak sense  the price is undeflated!: historical informa-
tiOn dOeS nOt giVe any fndicatiOn Of hOw tO imprOVe fereCaStS Of fu-
ture priCeS. In SeCtiOn 5, thf S mOdel Will be uSed aS a benChmark fOr
compari son of the di fferent models.

Hulti vari ate modeling

The first step is to build the ARMA mOdel of the input. The pre-
cedingg econometric models would i ndicate retaini ng American i nvento-
ri es as the independent vari able.

The series graph  fig. 2! suggests that the mean fs unstable and
that an important seasonal factor is present, Nevertheless, a trans-
formation to stabilize the variance would not be justi fied despi te the
existence of the four values lying outside the established interval at
two standard deviations.

The first analysis leads to thf s model:

6   1 0'34B 1 8 I 8! ASIt   1 0,938 !at

The R-squared of the model is 0,87 and the Statistic 0 indicates
that the resfdual s are white noise.

Application of this model to the dependent variable leads to the
resi dual series bt. A comparison of the two series wou'fd infer that

inventorieS at the begfnning of the month affects the price of that
month, b=0. The analysts leads to this f4AR! A model:

 > ! �-8!PS = -0 000012�-8! �-8 ! ASIt +  I + 0,348 ! vt

which can also be written as:

 8! PSt = PSt I 0,000012   ASIt 12- ASIt 13! �  ASIt- ASIt 1!! + vt

0,34 vt 8

The Box-Ljung statistic sho~s the resf duels to be white noise, The
presence of the parameter of order 8 in the residual series could be
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explained by the time elapsed between the end of the king crab season
and the end of the snow crab Season. The autoregreSSive parameter Of
order 9 might be explained by the duration of the Canadian snow crab
fishery.

A secOnd multivariate model has been developed using both the
king crab price and American inventories.

The results are not reported because the model contains a large
number of parameters and provfdes little improvement over the results
of the prevfous model.

5. C ari son of the Models

Three aspects come to lfght in a conyarfson of the models:  I!
thefr ability to explain the total varfance of the dependent varfable,
�! thefr absolute precision and �! their relatfve precision.

The explanatory ability of the models is indicated by R-squared
of the regression models and a coaparable value of R-squared fn the
8ox-Jenkins models even though there is some controversy about using
this value   see, Coutrot et Oroesbeke, 1984!.   But no alternative
measure has yet been proposed.!

Absolute precision is evaluated by the mean of the absolute value
of forecast error  MAE ! if the loss functf on of the decisi on maker is
linear wfth reSpect tO the forecaSt error; when the function is not
linear, the use of the mean square error fs preferable.

Relative precision is measured by the Thei 1 statistic  Leutold,
1975; Thefl 1965!;

02  s Ati - Fti / z A tf2 2

where At and Ft represent, respectively, observed and predicted value

ChangeS. If U2 0, the prediCted and aCtual value are equal. if

U2 ~ 1, the model fs considered "nafve" where the next value is

assumed to be equal to the actual value. If 0 g 02 < I, this model fs

preferable to a nafve model; if U2 > I, the forecast model is not

useful, the "naTve" model fs preferable.

Let us recall the results of the various models:

4 PSt 0' 1575 + I'00 PSt-1 0'000067 AS!t-I

t '1 6 + 0 ' 929 PSt-I 0,0000056 ASIt 1 + > t-1

 S! PSt PSt-I'+ 0'000012   AS  t-12 ASIt-13!  ASIt ASIt-I!! + vt
+ 0, 34 vt-8

412



Table 5 ShO~S a COmpariSOn Of meaaurementS Of the faur mOdelS.
For R-squared and mean absolute error  MAE!, the results are compara-
ble. The mean square error  MsE ! of forecast and the U~ are favora-
ble to the eConometric mOdel whfch takes into account both the inven-
tOrfes and the price of ki ng crab .

6. Conclusion

Two important elements enter into the interpretation of these
results: conparf son of the methods according to three cri teria and
adequacy of the models fOr actual forecasting.

Our comparison of the econometric and Box-Jenkins models shows
that the mOdel includfng both fnventories and the price of king crab
gives the best results; nevertheless, the difference remains weak bet-
ween this model and a "nafve" model particulary where the Thefl sta-
tistic indicates that the econometric model contains 93% of the errors
incurred by the use of the "naive" model.

The adequacy of forecast of the two models is difficult to judge
since this will depend on the use being made of the forecast,

Bevertheless The results show, for the Canadian industry the i m-
portance of takfng American inventories into account and also the use-
fulness of knowing the short-term level of Canadian inventories. The
importanCe Of the price in t-j. to predfct the price fn t should also
be retained, the other factors tracing a mfni mum effect on the diffe-
rence between these twO values. This leads us to believe that the
Boston market is an efficfent market in the weak sense; the brokers
integrate the available data, if only in an implicit and empirical
manner,

Ffnally, this art1cle explores time-series analysis, hitherto
fairly untrfed in fiSherieS eCOnemfCS, and demanatrateS thei r cOntri-
bution to the underatandi ng of the snow crab market,

Thfa study waS financed in part by the Social Sc1ences and Huma-
nitiess Research Council of Canada and by La fondatf on de 1'Uni ver site
du OuBbec a Rimouski-

NOTES

l. There are different prices every month on the Boston market, but
the mid-month prfCe is widely published in Canada. ue chose the
price of crab meat because the 5-pound pack of crabmeat is an im-
portant product for the Canadian industry,

2, Before lgT9, the Aamrican industry mafn'ly landed the "Chinoecetes
Bairdi". Since that year, a large part of the catches are compo-
sed of "chinoecetes Bairdi" and "chfnoecetes opflio".
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Table 5: Comparison of the Models  

IvIODEL MSEMAE

Equation �!

Equation �!

Equation  8!

0,96  ,090,24 0,�3

0,96 0,930,0> 30,2!

0,22 0,09 0,96 0,99

�2 months 1982!. This value should be interpreted with caution
in the case of a time series model.
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3. For all variables appearing in the equations, the description and
source of data are given.

YAR IAIILES OESCRI PTIOH SOURCE

PS

HMFS

Canadian landings of snow crab;
metric tons

CL

Total American snow crab inven-
tories; metric tons

ASI

Total Alaska king crab invento-
ries; metric tons

AKI
HMFS

American snow crab landings;
metric tons

ASL
NMFS

C[

Canadian snow crab price on the
Boston wholesale market; mid-
month price of a 5-pound pack
Of Crabsmat; $U.S. per pOund

Price of a 5-pound pack of king
crabmeat on Boston wholesale mar-
ket; SU.S. per pound at mid-
month

Canadian snow crab inventories;
metric tons. There are some pro-
blems with this series during the
winter months; the processors do
not report their inventories on a
regular basis

DFO,
Canada;
I di cds

OFO,
Canada,

Shellfi sh
fr EeeefN



~stbllagra hie

BOCKSTAEI, Nancy �977!, "A market model for New England groundfish
industry"; Department of Resource Economics; University of Rhode
Is 1 and Agri cultural Experiment Stati on; Bul 1 etin number 427;
July; 56 pages.

BHATTACHARRYYA, M. N. �9BO!. Comparison of Box-Jenkins and Bonn mo-
netary model prediction performance"; in Lecture notes in Econo-
miCS and MathematiCal SyStemS; Yol 178; SPringer-Ver lag; 144
pages.

BOUDREAULT, F. R.   1977 !. "ModE!es lineai res de prediction des debar-
quements de homard aux Iles-de-la-Madeleine  Goffe du Saint-
Laurent!", J. Fish. Res. Board Can.; Vol 34; pp. 379-383-

BOX, G. E. P, and G. N. JENKIf S �976!; "Time series analysis forecas-
ting and conf.rol"; 2nd ech.; Holden Day, San Francisco; 553 pa-
ges,

DROESBEKE, F . and 8 . COUTROT   1984 !. "Les metnodes de prevision";
P.U.F., Collection Due sais-je; 128 pages.

OEVORETZ, D.   1982!, "An economic model for Canadian salmon", Cana-
dian Journal of Agricuftural Economics; vol . 30; March; pp.
49-59.

DOLL, J . P .   1972 !. "An econometri c analysis of shri mp ex-vessel pri-
CeS, 1950-1968", Amer iCan JOurna! Of AgriCul tural EconOm CS;
August; pp. 431-44U.

DURB IN, J .   1970!, "Testing for serial correlation in feast squares
regression when some of the regressors are lagged dependent va-
riables"; Econometrica; Vol. 38; pp. 420-421.

GRANGER, C. H. J. and P. NE! BOLD   1977 !. "Forecasting economic time
series"; Academic Press; New-York; 333 pages.

HAUGH, L. D. and G. E. P. BOX �977!. "Idenfification of dynaixic re-
gression  distributed lag! models connecting two ti me series";
Journal of the Amerfcan Statistical Association; Yol. 74; pp.
652-660.

LEUTOLO, R. M.   1975!. "On the uSe Of Theil'S inequality Coeffi-
cients"; American Journal of Agricultural Economic; vol. 57;
no. 2; p. 344-346,

LJUNG, G. M. and G. E. P . BDX   1978 !. "On a measure of lock of fit in
ti me series models"; Biometr ika; Vol. 65; no. 2; p. 297 -303.

MAL INYAUD ~ E .   1978!; "Methodes stati sti ques de 1 'i conometr ie "; 3e
edition; Dunod, Paris; 848 pages .

MENDELSSHON, R.   1980!. "Using Box-Jenkins models to forecast fi snery
dynamics; identification, estimation and checking"; Fishery Bul-
letin; Vol. 78; no. 4; pp. 887-896-

416



SAILA, S. B., M. HIGHOUT and R. J, PERMIT �980!, "Comparison of some
time series models for the analysis of fisheries data"; Journal
du consei! international d'exploration des mers; Vol. 39�!; pp.
44-52.

THEIL, H. �965!. "Applied economic forecasting"; North-Holland
publishing; Amsterdam; 474 pageS.

UHION FORUM   1983 !; "Hew formula relates crab pri ce to market", march,
p. 23.

417





proc. Inr, Kins Crab Synp.
Jnn. I98$, Ancborcgc, Ak.

Chilean king crab exports in
international markets

Gustavo A. Montero
Oregon State University
Corvallis, Oregon, USA

INTRODIJ CT IDN

Chile, with its 5,000 kilometers of' coastline, is one of the countries
in the world with the highest potential for the development of
congnercia 1 fi sher1es. Chile is one of the five major producers of
fisheries products in the world. In 1982 the totai 1andings reached
3,846,372 tons, representing a 9.8 percent increase from 1981,

The contribution of the national fishery activity to the Gross National
Product has fluctuated between 1.5 and ." percent over the past ten
years . This percentage should be considered high ' n comparison with
that of traditionally strong fishing countries such as japan, Norway,
Spain or Portuqal. 8ecause of the geoqraphica1 characteristics of
Chile, this activity is experted to constitute an important factor in
Chile's national economic development.

The exploitation of Chile� ' s diverse fi shery resources has resulted
the exi stence of various wel 1 defined fishing activities based on the
predominant species that they exploit, This allows the identification
of five distinct fishing zones in the country: Northern, Little
Northern, Central, Southern, and Austral.

One of the most important fisheries of the Austral zone, corresponding
to the Magallanes area and the Magellan Strait, is the king crab
 Centollaj, Lithodes antarctica, The basic objective of this paper is
to desc ioe tttersheytes oi this eso i o» dust y- ~ po ts
standpoint.

lhe fiSherieS Of theSe CruStaceans have, SinCe the 1960S, been One Of
the predominant fishing activities of the Chilean XII Region, In later
years, the X and XI Regions also began extracting the king c rab, but
99.6 percent of the total landings in I981 occurred in Region XII,
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Until the year 1973, the king crab fishery was fn a developmental stage
viith an average annual landing of 400 tons. Landirg; fncreaseri rapidly
after that year,

Important data for this paper were extracted trorx I/OP studies ard the
Institute de la Patagonia  IP! studies. The Oefcira Nacirrna1 de
Planifi caci on  ODEPA! and the Chi'fear Trade Promcti orr 8ureau
  Pro-Chile ! were very helpful in prov i dir q ecc nomi r. data roi this
report. However, data frcrr, different sources wr rc rot always
consistent . Ther efore, the final figur es r eported fr th s tudy are
the best approximation.

This repor. repr'esents a partial abstract of the thesis project for my
Naster of Science.. The original paper includes biologica'! and
exploitation aspects also, They wfIL not be overed here because
another of the papers presented at thfs conference deals with these
topics in depth.

THE IHDUSTRY

~ro a les

The early years nf the Chf 'lean king crab industry were characterized by
a fevr steadily growing companies. After 1979, the numhrr of companies
increased.

By the 1980-81 fishing season, there were 13 ccnrpanies in Chile
producing king crab meat for exportation. Some companies halted
production of king crab at this time, due to deep fnternal economic
problems being felt in Chile, The compa nies whirh continued productfon
were marketing 327 tons a year, mostly fn the form of a canned final
produrt. Hone of these companies were utilfzing their full production
capabilities.

The number of exporting companies through OOEPA export stati;tfcs are
shown in Table I.

Of the Chilean king crab expori.fng companies during these years, we
found several new companies that had not been exporters before; also,
some of these new companies appear as exporters nne year and not the
next. This reflects a dynamic movement in the industry. Table II
lists the nine companies that remain as regular exporters during most
years.

Plant

During the first 15 years of king crab fisheries development, the
fishing grounds were concentrated in one area very close to the
processing plants. This was due to low processing capabi'Ifties, few
freezi ng faci lities and also to the fact that the fishing fleets were
small.

Recently, the king crab industry has entered into a period of capacfty
and geographic expar sion. The processing plants have been modified,
adding more production lines, freezing and packaging tacilities and
more efficient fleets.

420



The available information, in terms of actual processing capabilities
of plants in the XII Region, is given in Table III. From Table III, we
conclude that two companies are the most important in terms cf raw
material processing capacity; this is also confirmed by the r.xport
statistics. The two companies, pesquera Magal lanes and Pesouera Cabo
de Homos, account +or more than 60 percenc of the total industry
production.

Production Share b T e of Product

King crab is produced in the fnrm of canned and frozer final product in
Chile. In Figure 1, we see the prcduction per centages for the ye< rs
1977-1982,

Canned king crab averages more than 60 percent of the production for
these years, There were sharp decreases in cannery productior during
the years 1979 and 1982. A decrease in total canned product implies a
substitutional effect with frozen products. When companies produce
less canned final product, they produce more frozen final product,
assuming a constant supply from fishermen.

We know that there are basically five different kinds of vessels used
in this fishery. From data collected throuqh personal communications
with the companies, plus data provided by SUBSEP, we conclude that the
companies own Pesqueros Mul tiproposito, Cuters and some lanchas.
Chalupas and botes are raainly owned by loca I fishermen that sel'I thei r
catch to the companies. Next, in Table IY, we describe the fleet owned
by the private companies.

Table IV shows differences iri the size of fleets maintaired by the
different companies. The largest fleet is operated by Pesquera
Maga llanes, followed by Pesquera Mctean and Pesquera abo de Homos.

Most king crab processing compan ies have thei r central offices in the
capital of Chile, Santiago . Santiago is located approximately on
latitude 32' south, 100 km inland from the main Chilean port,
Valparaiso. A list of addresses for the larger companies follows.

Pesquera Cabo de Homos
Moneda 812-OF. 704
TÃ 44001 ITT CZ Cabo de Homos

Pesquera McLean
Casilla 32-D
Punta Arenas, Chile

Pesquera Garay
Correo Punta Arenas, Chile

Pesquera Punta Mar
Correo Punta Arenas, Chile
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Pesquera Dos Oceanos
Moneda 856-OF. 409
TX 240735 Menen CL
Santiago, Chile

roduction Facilities and Com an Centra I

Pesquera Magallanes
Maclver 125 Piso 15'
Tz 240434 Camel cL
Santiago, Chile



Tab e I. Mumber of Exporting Companies 1 79-1982

1979 1980 1981 1982

1213 1815

Source: ODEPA Statistic's

Frozen
Product

Canned
Product~tad st

Pesquera Dos Oceanos
Pesquera Cabo de Homos
Pesquera Ga ray
Pesquera Magallanes
Pesquera Punta Mar
Coop. Pesradoes de T del
Fuego
Pesquera Polo Sur
Soc. Pesquera McLean

Source: Instituto de la Patagonia

XII Region

Frozen
~Rm to s/da

Canned
Rm ~to s/da~Com an

Pesquera Dos Oceanos
Pesquera Cabo de Homos
Pesquera Ga ray
Pesquera Maga llanes
Coop. Pescadores
Tierra de'l Fuego
Pesquera Pdo Su r.
Soc. Pesquera Mctean
Pesquera Vasquez

30. 0
30.0
4.0

28.0

7.5

40.0

3.0
4.0

12,0
19.0

Source: Se map, Personal Conmunication
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Table II, Chi ean King Crab Industries, Season 1980 Yl and Production
Type Capabilities
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Figure 1. Production Share,  Frozen-Canned! Chi1ean King Crab
Source: DDEPA Statistics
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Table IV. i"lect Owned by the King Clat- Fishing Coinpanles
Fisl ing
~saturn El 9t ne  ros,

ons
Ca rrying

I IlHams year CIPI st.l u< < I on

22
72
22

14 ~
98.16
9S.16

105.i 0
125.:G

24

30.81

25
25
25
86
54
54
83
80

180
ISD
15

1977
1977
1977
1960
'I 964
1964
1 963
1963
1974
1974
1973

eng fr r
engine
engine
engi ne
engine

no
nu
no
no

Pesnuera Cabo de Horne<
TI' sp
Trap
1 I'ap

Transport.
Trap

Victoria
.loaner
Abode
Paleo kist
Al ca

36
36

10D
100
107

34.<7
62
75.65

130.55
16

1979
'1972
1960
I '969
1977

St vvl
Wc on
St ee I
Steel
Won I

165
170
200
365
20

~P
Cari 1 i 4 TI ap
Ceci I i a I I Trap
Word Sae Trap
Zeebruge Trap
Des�'tI<<iiies Trap
Gloria Trap

20
25
64,5v
14. 27
34,2 r

1970
1987
1963
1970
1970
198!

75
120
740
155
1 55
6G

5
8

40
'I 7
17 3

a .un
'Houri
5 t er I
Wood
Worm
Steel

Sagitario
Vlegjolbo
Cauchita

Trap
Trap
Sma I 1
Boat
Trap
Trap
Trap
Trap
Trap

wood
Wood

Wood
Wood
Ster
Wood
Wr.ed
Wood

25
25

36
20
40
20
20

Bucanero
Acus rid
kachote
Angelica
Patricio

Coo . Pescedores Tierra del Fue o
Copetif

P~*V I

Trap 3224.42 Wood

Havarlno
Patrolaue
Cristlan I
Crfstian II
22 de Septiembre
Porfin
Virginia
Hat lta
La Nina
Diana

Trap
lrap
Trap
Trap
Tr ap
Trap
Trap
Trap
Trap
Trap

14.55
35
30, 'IC
20.0
9.9

1946
1957
1977
1978

16
75
19
24

Wood
Ster'
Ic.od
Wood
Wood
Wood
Wood
Wood
Wood
Wnnn

190
155
125
1 5 lo
22
22
22
22
22
22

COiiggunSourCe: Sernap Personal ication

4?4

Zeus
kinerva
Pluton
Alacran II
Dona kercedes
Camelio
Sar Pedro
Pacfflco
kalcon
Del f in
Albacore
Don Pablo
Dona Carman
Done Eme
Dona Cenaross
Claudia
Lfliana
Dane Cenoveva
Si Ivia
Rcssana
Chaguita
Pools
Silvana
Don, Humberto

Trap
Trap
rl sn
Trap
7reo
Tr so
Trap
Tran
Trap
Trap
Trrp
lrap
Trap
Trap
Trap
Trap
Trap
Trap
Trap

Sl I' ' I
Sl rr1
Strr'
Ster
Ster'
Ste< '
Stvr'
Wo  I
Wlr rl
Woo I
Wnorl
Woo<I
Wood
Wood
Wood
Wood
Woo  '
Wool'
Woo r 
Wood
Won r!
Wood
'send

220
220
220
50D
320
325
300
320
220
220
220

24
24
24
24
24
24
14



Coop Pesc»dores de T del I uego
A~nil rante Seroret
s/n Puertn Porvenir, Chile

Pesquera Vasouez
Correo Punta Arenas, Chile

Soc. Pesquera Polo Sur
Correo Punta Arenas, Chile

production Facilities

Most Production facilities are Iocated in Region XI!, 45" south to 55"
south. In this region, most processing plants are located ir the city
of Punta Arenas� . The geogr» phic distribution of the p lar ts is as
follows;

Punt» Arenas

Puerto Porven.ir
Puerto Natale.,
Bahia I'irginia flavarinn Island

Figure 2 shows t.he location of the companies' proressing plants in
Region XII.

Labor Force

For the season 1980-81, the industry generated employment for about
1500 people that worked in processing plants. The estir»ated number of
fishermen in this fishery was 550, most of them working for the
industry and laboring onboard cutters and Pesqueros Multi-proposito.

KING CRAB EXPORTS

Chilean expor ts of king crab began in 1960, with a small number of
destination markets and a small volume of exports. The export value of
king crab has shown a large increase between 1972 and 1980, In terms
of the percentage of total Chilear exports, king crab represent just
0.015 percent of the total exports by the fisheries sector of the
economy in 1972. By 1980 ' this value had increased to I.?<? pe rcent.
This represents over a 100,000 percent increase in eight years,

Chilean king crab is exported to »any areas in a variety of canned and
frozen products, but mainly to South America, North America, and
Europe.

Ex orts b Volume and FOB Value

As stated before, the Chilean exports of king crab registered a trong
increase between 1972 and 1980, In Figure 3, we can see this increase
with just $4,600  FOB! exported in 1972 and $6, I44,000  FOB! exported
in 1982. A possible explanation for this increa~e in exports could be
the favorable conditions of demand in the international market and the
creation of new companies in Chile that increased the supply of the
product,

In terms of volume exported, the statistics available range tror 1977
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Pesouera
Pesquera
Pesquera
Pesquera
Pesquera
Coop Pesc
Pesquera
Pesquera

Magallanes
Cabo de Homos
Dns Oceanos
Garay
Vasquez
adores Tierra de1 Fuego
Polo Sur
McLean



Figure 2. geograPhic Oistribution of Processing Plants
Source: SERNAP, Pro-Chile and Personal '.oenunication
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to 1982 and show an increase n volume exported from .'48,558.0  kn! in
1977 to 308,634,0  kn! in 1980. In 1982, exports were 496,193,0 ikq!,

According to Figure 4, we can see a decline in the export oi kine. crab
in 1981, This is possibly due to the international economic recession
period in developed countries, the principal buyers of Chilean king
Crab, NOt Only high value exports Such aS king Crab iiecreaSed, bi.' all
Chilean exports decreased during this time.

Nineteen� -eighty-two was the peak year for Chilean exports oe king crab,
with 496,193  kg! of the finai product exported. The incrrxse in 1982
exports might be explained by favorable condirions of demand in the
international markets.

Seasonal Variations of Chilean~Ex orts

As a basis for determining whether there is any seasonal variation In
the exports of king crab from Chi Ie, monthly data given by ODEPA from
the years 1979 to 1982, estimating the exports in voluaie  kgl were
analyzed. The results of this analysis can be observed in Figure 5, in
which exports for each month are plotteri,

From these figures, we can see that mesc ol the export . are
concentra ted in the first and last quar ter of each year, More than 60
percent of the exports occur within this peri od. Especially
siqnificant is the year 1979, in which 90 percen' of the exports
occurred. Also, we noticed thai in three of the four yea rs studied,
the first qua rter of the year registered a higher export level than the
last quarter.

International Market Share

Chile exports king crab to a variety of world markets. To analyze the
importarce of these markets, they were divided into: Furope, Nor.h and
South America, and the Orient countries.

From 1977 to 1982, the major portion �1 percent! of the kioq crab
exports, canned and frozen products, went to the European markets
  Figure 6 !. The rema i ni ng 38 percent was distributed between Sourh and
North America, with a very small percentage going to che Orient.

We need to define the market share ir terms of canned products versus
frozen products to determine in what proportion the different kinds of
products are a'Ilocated to different markets.

Canned

As seen in Figure 7, the maj or portion of canned products goes to the
European market, which averages 84 percent from the years 1977- 1982.
Host of the remaining percentage of exports goes to horth and South
America, with a small percentage going to markets in the Oriertt,

Frozen

In terms of frozen products  Figure 8!, the exports are mainly
distributed In North America,  particu'larly the United States! which
averages 71 percent of the frozen king crab exports between the years
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Figure 3. Chilean Lxports of Kira Crab in 5  FOB! � lg22-19B2
Source: ODEPA and SUBSEP
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Figure 4. Chilean Exports of King Crab in Uolume  kg! - 1977-1982
Source: 00EP� and SUBSEP
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Figure 5. King Crab, Exports Seasonality
Source. ODEPA
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Figure 6, Percentage of Exports by Market of Tota1 1Jolume Exported
Source ODEPA
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1977 and 1982. There is not a clearly defined second market area for
this type of product.

Product

From the variety of countries to which Chile exports king c rab, we can
inter that there is also a number of different product forms and types
that have to be exported in order to satisfy the different tastes and
preferences o+ the consumer markets,

We have a wide range cf products that can basically be divided into
frozen and canned. From this division we have the foIlnwing specific
products exported:

Canned

Table V gives us the most conxnon specifications for exports of canned
king crab, Reviewing the export ;tatistics given by 00EPA, we find
that the net weioht and the number of cans per box va ry greatly se we
see box net weights of 3.6kq, 4.3kg, 4.8kg, 4.9kg, 5.0kg, 5,7kg. 8.6kg,
9,6kg, 11.5kg, and 20kg. This fact reaffi rms that companies have a
great degree of flexibility to cope with specific market demands for
this product. Probably this flexibility is due to the high price that
king crab reaches in the markets mentioned earlier .

Frozen

For the frozen products, we also f'ound different kinds af products as
in Table VI.

As with the canned products, we also find va riety in box we i ghts, for
example: 5kg, 9.0kg, 10.7kg, 15kg, 20kg, 27kg, 27.2kg, 27.3kg.

The block composition is typically 40 percent red meat, 60 percent
white meat, and the structure is:

Red Meat Topping
White Meat
Merus

This blcck structure is also called "Sandwich Type".

M k k' rmtAs est t

In terms of value, the king crab exports represent only one percent of
the total Chilean fisheries exports.

The domestic market for king crab in Chile is almost non-existent. The
statistics of distribution at a wholesale level do not show any sales
at 4 1 1 in Santiago . which is a major center of consumpti on for seafood
products, Faced with this situatio~ locally, the industry has focused
on international markets. There is, as we have seen, a demar d for
Chilea» king crab in Europe and in the United States.

A problem faced by the Chilean producers of k I ng crab is the confu sior,
between the Itorthern and Southern Hemisphere versions of the species,
which have different qualities and scientific names, Fron personal
coxvnunication with exporters ir Chile and importers in the United
States ar d Europe, we have learred about this confusion and the
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implications for this product. There is no visible association or
Organization in Chile that has dealt specifically with this problem,
but we do hear complaints from Chilean producers about lower prices for
their products.

Recently, Chilean companies have engaged in marke research to try to
solve these types of problems. They have hired private consultants
they a'Iso use the new offices of the Chilean Trade Promotion Bureau in
San Francisco, and tlew York City, both part of the Chilear diplomatic
service in the United States.

The U.S. - Chile Kin Crab Relationshi

As we know, U.S. production of king crab has substantially declined in
the last four years  Table VII!.

The landing figure for the year 1983 is the lowest in the history of
the resource.

If we compa re the landing figures with the animal size frwquency found
in the last evaluation for the king crab resource in Alaska  NHFS,
1982 !, the conclusion is that thr re is not going to be an immediate
recovery for this resource. Through personal cormnunication with one of
the main resea rchers in thi s study, it was possible to confirm that the
low catches are projected tn continue for three to four more years.
What is even worse ls that apparently we have not reached the t rough of
the Curve in termS Of Catch level, SO we Can eXpeCt further deClineS in
catches for the next tew years,

This creates a situa tion in which the quantity of king crab demanded is
greater than the supply, with a consequentia 1 upward pressu re on price,

U.S, producers, wholesalers, and retailers are faced with the problem
of looking for a new source of supply to meet the ma rket demands.

Up to this point, and exploring the potential suppliers for 'he U.S,
ma rket, Chile appears as a feasible possibility.

Now I would like to tocus on some market aspects of the United States
vs. Chile that were fOund to have an interesting correlation and are of
interest to our analysis.

Chilean Industrial productirin Share and U.S. I orts from Chi'le

We can see from the graph in Fiqure 9 that the U.S, imports nf king
crab from Chile in tons and the  ;hilean production of frozen oroducts
in volume tons of the total production are correlated.

We know that U.S. king crab imports are mostly of frozen products; we
also know that the Chilean production is either frozen or canned. From
the graph, we can see a high cor relation between the two variables:
whenever U.S. imports of king crab increase, there is increase in the
frozen production in Chile  see correlation in Appendix!. This fact is
possibly due to the high prices reached by the frozen products.

St'ft i th Ma Res Sh e af Chil~Ex 0 tt

Chile exports king crab to a wide variety of markets, In order to
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a e . King ra Can packaging

Weight GRS
~tof C Piet Ilte ~ d Petto e ttuII I it.Comraodi t

K ng ra
in brine f"4x180 4.3130

King Crab,
in brine 24xt a0 5. f'175

48x100 4.890

24x210 5 0150

48x110 5.2

24x2x110 5.2

110

King Crab,
Mi x 110

Source: Pesuuera Magallanes and Pesquera Cabo de Homos

rozen King ra ~ac aginga e

Box'
9,0

Packa inT e of Block~Colelod i C
Frozen Meat

Frozen Meat

White Meat 9.0

9.0

i0.7

White Meat

Cooked Meat

Legs 6 Claws

Claws

5.0

27,0Ydeat with Shel 1

Whole Shel 1  '7. 0

Source: Pesquera Cabo de Homos

Ta e VII. U.S. Landing of King Crab

1979 1980 1981 1982 1983Year

Thous. lbs. 149,660 185,034 88,054 34,500 18,000

Source: National Marine Fisheries Service
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King Crab,
pate

King Crab,
pate

King Crab,
whi te

Tin 307x113 180

Alum 57 240

Alum 69 100

Alum 69 210

5 0 gr.

Z50 gr.

500 gr.

Z50 gr,

18x 0

36x250

18x500

36x250



analyze the mar'ket share cf the United States, we present. the araph in
Figure 10. In Figure 10, we see that the largest amount of exports to
North America as a percentage of the total are for the years 1979 and
1982, with lower exports in 1977 and 1980. This data coircirres with
the data from Figure 9, ir which high exports and low exports occur at
the same time,

The Increasin Chilean Su

Correlation Between variables

As a way of inteqrati ng some of t.he variables mentioned, they are shown
in Figure 12; Chilean landings or king crab, Chilean exports of king
crab to the United States, total Chilean exports of kirg crab, and
production of frozen products in the Chilean industry  by tons!.

The crata shown is from the years 1977-1982. From this oraph, we can
observe a correlation between Chilean landings, Chilean exports to the
United States, and frozen production in Chile. In order ro prove this
correlation, linear regression for these variables was developed with
this data. The program used is; 1!P-41 CV, STAT I-BSTAT.

The results were:

The results suggest that there is a high correlation between the
production of frozen products in Chile and the Chilean exports to the
United States. If the Chilean exports to t' he United States increase,
then the frozen production in Chile increases. Also, if the total
Chilean exports increase, we observe an i ncrease in production of
frozen products.

Dn the other hand, there is an i nverse relationship between rhe LI. S.
landings of king crab and the Chilean production of frozer king crab,
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Another related aspect of the situation is the potential for
supply ir Chile. From Figure 11, it is clear tha t since
production has been oeclininc and Chilean productior.
increasing. If we consider the factors 'leadinrI to that
including the number of companies entering the kinq crab
Chile and the new fishing grounrls, then we can predict a
increase in production in Chile, assuming that Lr.S,
continues its declining trend,

R ! x = frozen production in Chilr  tons!1
y = Chile exports to United States  tons!
r = 0,99

R>! x = frozen production in Chile  tons!
y = total Chilean exports  tons!
r = 0.83

R ! x = frozen production in Chile  tons !3
y = U.S. landings of king crabs  tota'I pcunds!
r = -0.80

R4! x = Chile exports to United States  tons!
y = U.S, landings of king crabs  total pounds!
r = -0.58

increasing
1981 U.S.
has been
increase,

market in
continuirg
production
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This means that i f the U.S. landings decrease, ther we observe an
increase in the Chilean production of fro7en products. The same
invers~ relationship was found for the U.S, king crah landings and the
Chilean exports to the United States. I the U,S, landings decrease,
we observe a higher level of Chilean exports to the Uniteri States.

These relationships are very important because they indicate an
increasing interdependence between the Unitrd States rrnc Chile for the
development of the international king crab market.

The Com an 's Att.itudes

The Chilear. king crab industry is important ir satisfying the market
shortage in the United States. Through personal communications with
industry executives, we have learned about recent. mergers between
Chilean ki ng crab companies and frequent mee ti ngs between the
executives nf the main crrmpanies in both countrir x whi ch are i ntended,
according to our contact's own words, to enri in joint ventures in which
the Chilean king crab would be sold in the U.S. market under the brand
name of important and prestigious U.S, companies in the business.

We have also learned that, due to some problems with the Food and Drug
Administration with respect to the legal name under which the Chilean
king crab could be sold in the United States, few of the marketing ard
business efforts of the U,S.-Chilean companies have come to fruition up
to now.
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APPENDIX

i. Chilean Landing Series  tons!

2. Chile, Produotion Share of King Crab  S!,  kg!

3. Chilean Exports of King Crab  D.S. S � FOB!,  kg!

4. Linear Regression Data
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A-4 a!LINEAR REGRESS10N DATA4

1979 1980 1981 1982
3

1977 1978
1 2

1,721 1,908 ?, Z65 1,351;, 280 1, c? 3

0 95.12 231. 182 36. 521 61,791 161. 4Z3

21.309 71.820 152.329 1.576 38.268 ?39, 90

148.558 247.496 263.303 308.534 22 I.047 496.!93

99,600 122,930 144,660 185,034 88,054 34,500

T1

2.
1

0

E.

X. = Landings  tons! Y = Erozen prodllct-Chile  tory!i
Z. = Chile export to U.S.  tons! 0 = Total Chilran expors  tons!1 i
E. = U.S. Landings king crab  thousand pounds!1

LjNEAR REGRESS!OR DATA

2, /Y.I r Y /2 Y,/0,1

x 131.01

y = 87.52

sx = 138,05

x = 1666,33

y 131,D'I

sx 275.73

7 8.'. 52

113,30

sx = 9',46
~ x x 342.99 sx x 126.03

sy 138.05

sy = 126.03

sy = 91,46

sy = 83.50

vx ~ 22.55 vx v 105.38

vy v 105.38 vy x ID4.51

sxy 11224.98 sxy = 12468,95

sxy = 9354.16 sxy = 10390.79

gxy x 0.22 g y 0.99 g y 0.83 g y -0.50 gxy = -C,sa

Kx 286.04

ry 1684 13
525.09

ry 573.78

txy =45687.79
2tx � 8776.48

ty 90611,007

Ex ~ 9998.00 yx 786.04

Ey = 186,04 ty = 5?5.09
E* - 786.04

ty x 679,78
Kxy = 1365924.62

tx 17365860,002

ty x 198?71.43

txy =131135.04

tx =196271,432
Exy =288613.1D
- 2=' x =19827 I . 43

'.y 542473,622

Kxy = 70959,46

Kx =1982?1,432=

ty - 90611,402I:y 87782.482

446

* 41CV Hewlett Packard. Stat 1-Prog-8 Stat

x 131.01

9 = 780.69

sx = ' 38,05

sx x i?6.03

sy I1S.I?

sy = 107.83

vx = 105.3S

vy 42.08

sxy = 13596.33

sxy = 11330.27

x 133.01

y 113.30

sx = 13S.DS

sx x 126.03

sy 52. 4

sy = 47,li0

vx = 105.38

vy x 46.02

sxy v 3619.11

sxy = 3015.94

s> - 83.50

sy � 5 .14

sy = 4,.60

vx = 104,5l

vl 46.02

sx> - 7761,64

sxy = 2301,37





erxx.-. ziit. King erma syrrp.
Jan. 1985, Ancharaae, Ak.

Management of Alaskan king crab
stocks in relation to the possible

effects of past policies

Robert 5 ONo
National Marine Fisheries Service
Kodiak, Alaska, USA

Abstract

The historical devel opment of management measures for A'1 aska n king
crabs is reviewed and interpreted in light of their effects an stocks
and fisheries. Current management policy is analyzed according to how
well it can meet underlying goals under various stock and fishery
conditions. Results suggest that management measures ta protect
product quality and prevent growth overfishi na have been more effect i ve
than those designed to ensure stability of harves ts .

Introduction

The development of management measures for king crabs in Alaska dates
frOrn about 1941  paSSibly earlier!, when the first legal Size 1imit WaS
established� . Prohibitions against retaining females and soft-shelled
males quickly followed, All three regulations were in effect through-
out Alaska by 194;?. Since that time, management policy and implemen t-
ingg reaulations have evolved from a system designed primarily to
prevent waste of resources, protect reproductive capacity, and incr ease
product quality, toward a system also intended to stabilize catch and
optimize exploitation rates. The set af regulations that has developed
places considerable emphasi s on biology, but economi c factors are also
involved  Katz and Bledsoe 1977! . Stated policies of the Alaska Board
of Fisheries  ABOF, State of Alaska! and the Morth Pacific Fishery
Management Council  MPFMC, U.S. Federal Government! are similar,
althaugh the FIShery management Plan fOr western Alaska king crab
 MPFMC 1984! contains considerably mare social and economic rationale
than is contained in ABOF policy statements  ADFBG 1970, 1975, 1985!.

In this r'eport I outline management policies and regulations and
present examples of how welf they wark in achieving underlying goals.
The examples are largely from the Bristol Bay stack of red king cr ab
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 Para!i thcdes camtsrhaticti! and its fishery. My treatment or economic
factors is �roars~or eri c sory h cause i i ~ k»a ti ' this
area, and berauSe fnrmal eCOnOMIC analySeS have played a saial1 role in
king crab management pol i cy. The analyses preser'ed are t'. pre 1 iminary
step in examining whether regu latiors imposed on king crab fisheries
are likely to achieve their irtended purposes, rather .haii heing
proposa 1 to change pol ic is s .

Oa eat ies and Goais

Alaskan king crab fisherie.. hegan in the 1931 s and were raiiaged by +he
federal government  U.S. Fish and kilcllife Servire! unt.il ',959 whey
Alaska became a state. Purina this period, fi heries were heing
developed by the United States, Japan, and the Sov;et Union. Iri 1959,
the state of Alaska assumed authority over domestic fistc r'es, while
the federal �overnment continued its i nvolvemer + thy ough ;c i entifi c
reseat ch ard through fishery negotiations wi th Ja pan aid the Soviet
Union. Foreign king crab fi shr ries were primarily ron'i ned to the
Berirg Sea and uomes tie fisheries occur~ed mainly in the Gulf ot' Alaska
or the eastern Aleutians. The United States ratif.a.d the 1958 Corti-
nen al Shelf Convention in 1964 and declared king crabs as "Creatures
of the Continental Shelf" that were' hence, manageable iyi waters beyond
the three nautical mile �.5 km! territorial sea. Bilateial fishery
negotiations were estab'lished with Japan and the Soviet Unio n in 1964
and have been held bienrially ever since. Bilateral negoti~tions and
the declining abundance of king crabs 'Ied to the cessation of foreign
king rrab fi shi ng in Alaskar waters after 1974. Since 1974, all king
rra h fisheri es in Alaskan waters have been managed by the state of
Alaska.

ln 1976, the U.S. Congrest, passed the Magnuson Fishery Conseivation and
Management Act  MFCMA!, which mandated federal management of fishery
iesnurces between three anci 200 nautical miles ',5.f to 370.4 km! off
U,S. shores and established regional fishery mariagement councils as
pianning and regulatory bodies. The NPFMC has developed a fishery
management plan   FMP! for king crabs  NPFMC 1984! in wes+r rn Alaska
 excluding the Gulf of Alaska east of 165"N longitude! that enables
continued state managerrert within MFCMA guidelines and with federal
oversight. The U . S. Department of Conmierce I 1984! puh i i shed a final
rule to implement the NPFMC plan that takes effect "upon receipt by the
Secretary [nf Commerce of a statement signed by the Governor of Alaska
accepting deleaation on behalf of the State.o The plan is not yet in
effect although the NPFMC and the ABOF have been meet;no jointly to
consider regu'Iatory changes in Bering Sea and Aleutian islands king
crab fisheries since 1981.

Within Alasl a, fisheries are managed by the ABOF and the APFSG. The
Board of Fisheries consists of seven members appointed hy the governor.
The board considers regulatory changes proposed by the public or by
AOFAG, receives testimony concerning proposals and decides on regul a-
tory changes. The board may modify proposals according to its discre-
tion on the basis o< testimony. The ADFIIG deals with 411 fish and game
resources of the state and is headed by a commissioner appointed by the
governor for a Five-year renewable term. klithin ADFIIG, the Division of
Conmiercial Fisheries is primarily responsible for king crab management
although, in some areas rf the state, the Division of Subsist. ence may
also be concerned. The latter organization is the portion ot ADFRG
that is assigned to deal with harvest of fish or game for personal use
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as food rather Chan for sporting or commercial purposes. Subsistence
utilization nf fish and game has the highest priority iri allnnating
resources, fallowed by commercial and ther. sporting use. Fo» king
crab, this prioritization is only of practical importance ir northern.
areas of the Bering Sea such as Norton Sound  AOFBG 1 983 !.

The process of estab',ishing ar reviewing regulations rr lie; heavily on
public disc~ssion and testtmony. Any interested party may submit a
proposal to change exi sti ng regulations, Proposals are r evi ewed by the
ADFO> staff and by local advisory boards. I acal advisory boards
consist < f ishermen, processor and other interested parties and are
located in communities throughout Alaska, They review proposals and
recommend changes in then, as we11 as recormnending whether vr not
proposa!s should be passed by the ABOF. The ABC'F considers recarmnenda-
tions of loca! advisory boards and ADFIIG staff canmrents ~ as weil ns the
proposals, at its sprir.g meeting  March or Apr',I!. Most af the socio-
economic input to kirg crab management results from the testimony and
discussion that accompanies review af proposed reaulatnry changes.

Regulations are published arnvally  e.g, ADFSG 198~iI and contair a
statemert of "Policy on King Crab Resource Management", which is as
follows:

"The policy af the Board of Fisheries is to manage the Alaska
king crab fishery in a manner that establishes stabil icy arid
eliminates, as much as passible, extreme fluctuations iii
annual harvest that have at times characterizeri rhis fishery.
The Board recognizes that this policy will nnt maximize
physical yield because maximum physical yield will nat
necessarily produce the lang-term optimum economic yield. "

"Achievement of such marageraent depends on the maintenance o'
cr ab stocks that are comprised af va riaus age c'lasses c
legal -size crab rather than creati ng an industrial dependency
upon annual recruitnmrt, Maintaining controlled f'ishing on
several year classes will reduce fluctuations associated with
variable recruitment."

"The resource should be monitored annually ta provide -nfor-
mation reflecting abundance of pre-recruits, recruits and
post-recruits . As the population abundance and s Cr ucturr
change, the harvest rates on the legal portion shou'Id also
change sa as ta ensure that an appropriate portion of crab
are carried over to subsequent years' fisheries. The Board
may permiC the harvest of additional cider crab nearing the
end of their 'ife span, when such crab are considered surplv .
to the breeding requirements of the stocks,"

"The resource should he managed conservatively when there
insufficient information about the stocks."

"The benefits of maintaining several year classes in the
fishery are most apparent when weak recruitment enters the
fishery. When year classes have been partially protected by
controlling ha rvest rates, there wil'I be enough a'Ider crab ta
reduce the decline in catch and maintain adequat.e brood
stock."
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"Sustained levels of king crab production also require the
protection of stocks from harvest durir g periods of their
life cycle. Closure of the fi shir g seasnri i s necessary
during annuai migratiori into shallow water at which rime kirq
crab become soft t1'rough molting, school and subsequently
mate. It is further recognized that following periods of
peak molting, king crab are unacceptable for .ommercial
utilization until they have sufficiently reestablished ari
acceptable mea t to bndy weight r ati o, the shr 1 ls have
hardened adequately, and can be handled wi th minimal mortal-
ityy or damage. Thr Board wil ! establish fis hi ng seasons
based on the best biol OgiCa� ' infOrmatiOn within eac h area, "

As I interpret it, this statement contains goals of 1'; establishing
stability in landirgs; 2! producing long-term opt'mum economic returns;
3 ! protecting reproducti ve potential; 4! mai nta i ning produci. qual i ty;
and 5! ensuring that appropriaie information is available, The first
two of these seem tn be equated in the concept of "stability", Stabil-
ity is to be achieved by mairtaining several year classes of legal-size
crab through controlling fishing. Reproductive potential is also
associated with stabi 1 i ty but is separable from i t because i is mai nte-
nance involves unharvested portions of populations. The remaining two
goals are discrete, although the informatinr gatherpc is clearly
intended to foster stability.

The federal plan  HPFMC 1984! contains a "primary objective': "main-
tainingng the resource base by optimizing the reproductive potential of
indi vidua '1 king crab stocks "; and " secondary objectives ": 1 ! "optimize
the net value of the fishery"; 2! "minimize socioeconomic impacts of
conservation and management"; 3! "minimize adverse interactions among
fisheries"; and 4! "optimize the cost effectiveness of management and
enforcement." Rationale given for the primary obiective espouses
protection of repr oducticn potentia'1 but recognizes that maximizing
reproductive potential may be unnecessary  or even detrimental! at high
levels of stock abundance  Reeves and Marascn 1960!. Raticnale for
optimizing net value   I! encompasses the board policy of stability, but
also includes the concept of avoiding management measures that place
"additional burdens on industry." The object',ve of min mizing socio-
economic impacts   2 ! includes protecting "harvesti ng and p~oces sing
systems and community i nfras tructur es" from "economic d slocation " or
adverse "socia 1 impacts" and also ensures continuation of subsi stence
fisheries. Minimizing adverse interaction among fisheries �! includes
scheduling fishing seasons, dealing with problems involving incidental
catch, and avoiding conflicts over fishing grounds. Optimizing manage-
ment and enforceraent costs �! means '1imiting costs "relative to the
value of the fishery" and espouses management measures that are clearly
intended to ensure compliance with regulations.

I could not assume that the ABOF policy statement contained all the
goals of the state's kinq crab management system because some regu-
lations   requiring gear to be stored in specified areas, for example!
do not relate to any part of the policy. On the other hand, the FMP
has not been implemented but contains the rationale for varinus state
regulations that the plan supports as management measures, Taking the
ABOF policy statement in combination with objectives in the FMP, I
believe the goals of king crab inanagement are 1! to minimize fluctua-
tions in landings; 2! to optimize economic returns from the fishery; 3!
to protect reproductive potential in king crab populations; 4! to
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ensure high product quality; 5! to ensure availability of information
for management; 6! to minimize conflicts between fisheries; 7! to avoid
adverse socioeconomic i mpacts; and 81 to ensure efficient operation of
management and enforcement, There is also a general goal o' preventing
waste, which pervades management or conservation of al --shery re-
sources.

R~ufrt ' r

Individual regulations usual ly serve more than one rnariageneot goal, I
will discuss regulations approximately in the order that they were
implemented, to allow consideration of the historica' development of
goals. I have omitted discussion of regulations thar deal primarily
with administrative procedures. The historical development of regula-
tions was traced from regulations published annuallv by the Ii.g. Fish
and Wildlife Service and later by A IF&0  e.g. 1985!.

Reporting requirements

Reporting of king crab catches by individual vessel operators was
required as early as 1941  possibly earlier!. Current requirements
include: reporting the company that purchased the catch; the vessel
that landed it; the type of gear used; the amount of gear ',number of
pots, pot lifts!, the weight and number of crab landed  inc ludinq "dead
loss" !; the dates of landing and capture; and the location of capture.
processing companies are required to report this information for each
landing purchased, and vessel operators are required to prov i de in for-
mation to the processor at the time of sale. All reports  " fish
tickets" ! are confiden tia'I. Reporting requirements serve the goals of
ensuring adequate information and of efficient management and enforce-
ment.

Size limits

A size limit of 140mm carapace width was instituted in .ook Inlet by
1941  possibly as early as 1939! and applied throughout Alaskan waters
in 1942. I can find no particular rationale for this size limit, but
it may have served to protect females or to prevent the landing of
small males that contained little meat. In 1950, the size limit was
raised to 165nnn in the belief that this size would allow males to spawn
at least once before entering the fishery. On the basis of growth and
mortality studies in the Kodiak area, the size limit wa . raised to
178mrn in 1963. ln 1969, size limit.s of 146mm and 178nnn were applied to
the Bering Sea. The lower size liniit was in force when foreign 'ishing
was in progress, because foreign fishermen landed smaller crab and the
lower size limit allowed LI.S. fishermen to compete. ln 1972, the upper
size limit i n the Bering Sea was changed to 165nnn in recognition of
lower growth rates in the Bristol Bay area, In 1975, a "split season"
with a 178mm si ze limit in the firs t season and a 203nnn size limit in
the second season was implemented in Kodiak to allow har ves ts of
extremely large  old! crab that were considered surplus to the repro-
ductive needs of the population� . A split season with 165mm and 178mm
size limits was allowed for the Bering Sea in 1979.

Size limits are currently set on an area-by-area basis in recognition
of differing growth rates. They range from 121mm  Norton Sound! to
Iglmm  Kodiak second season!. They generally are set to ensure that
males have two opportunities to molt and ma te before entering the
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fishery and her ce serve to protect reproductive potential. Perhaps
fortuitously, they also serve to maximize the yield lier reCruit and
hence prevent growth ove rfi sh',ng . Split seasons and s ze limits are
methods of ccntrol ling ha rvests and er sur i no mu 1 t.i pie aqe < irsses of
ieqal size crab; and herce fosterirg stability. Since sma',ler crab
rolt more frequen+ly and co~tain less meat, size limits also prctect
product quality.

Prohibitior against landing fern<iles

This was implemented ir Cook Inlet in 194 1 and extender,' +o a 11 Alaskar,
waters in 1942. A separate regulation requires that females  and
sub-legal males! must be immediately returned, unharmed, to the sea.
These prchi bi tion. primarily serve to protect reproductive potential.
The federal plan would allow harvesting of fema 1 es ur der some condi-
tions when they were considered surp'us to the reproductive needs of
the populetion. This is probably e moot point since 'he processing
irdrrstry has never shown any interest ir utilizinr, female crabs,

Gear type

ln the earlv years of the fishery, king crabs were harvesterl with
trawls, tangle nets, and various traps, Tangle nets  a type of bottom
gill net! were prohibited in 1954, although their u;e bI foreign
fishermen contirued in the Bering Sea. Trawls were prohibited in Cook
Inlet in 1954, and the prohibition extended to all Alaskan waters by
1960. Currently, king rrabs may only be taken in pots or ring nets;
and almost al1 are taker in pots. All pot must have the owner's
registration number painted on their buoys, T' he use of biodegradable
twine in pots, to prevent "ghost fishing" by lost gear, has been
required sirce 1981. Crabi and other animals taken ir pots c-r usua'lly
be returnerl to the sea alive . These restrict,i ons contri bute >.o s tabi 1-
ity in landings, by preventing the destruction of sub-leqal males; to
protection of reproductive potential, by preventing destruction of
fema'les; and to maintenance of product quality, because crab >ire rarely
damaged and hence may be kept alive until processed. Sirce other
species ta ken in pots are not frequently damaged, the use of pots
minimizes conflicts between fisheries. Some species, such as halibut,
however, are more like'ly to be damaged than others, so inter-fishery
conflicts are not eliminate i, Also, pots may prevent the use if moving
gear  trawls, seines, dredges! on some grounds.

Amount of gear

A limit of 15 pots per vessel, instituted in Cook In'let in 1955, was
increased to 30 pots in 1960. Pot limits have beer variously applied
in different a reas of the state except for the Bering Sea and western
Aleutians. Currently there is a pot limit of 100 per vessel in the
Kodiak and Southeastern Alaska management areas, The first pot limits
were set to protect local fleets of sinai'I boats from competirion with
larger, more mobile vesse 1 s that cou1d carry mor e pots . Fot limits
tended tO inCreaSe aS Smaller veSSelS, uSually Salmon seinerS, Were
replaced with larger, multipurpose vessels. Ka tz and Eledsoe   1977!
and Miller   1976! provide a discussion of the allocative effects of pot
limits relative to vessel size and mobility. Pot 'limits have not been
approached on the basis of optimizing costs in the manner desrribed hy
Hiller   1983!. Pot limits may make fisheries easier to manage because,
by slowing vessel catch rates, they make monitoring catch and effort
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easier. They are not easily enforced. Current. rcgulatiurs require
that each pot be riarked with a tag that is issued annua1 lv hy the state
in areas where pot. I mits are in force. Pot limits may serve to
ircrease product quality hy ensuring that processing plarts are not
overloaded and vessels are not kept waiting during un'.oading. Rocause
they tend to protect local fleets   hence coamiunities ! rom coripe ti t ion
with large, mobile vrssels, pet limits may serve the goal o< avoiding
adverse socioeconomic impacts.

Fishing seasons

Legal seasons were established in 1966  July '. to April 3C I hand <i re now
applied in all areas where red and blue  P. lat us! king crab lsher-
i es occur. Fisheries for golden king crab Li thodes ~ae u i salina !
frequently have no closed season . Their pri marv purpose is tc avoid
harvesting during molting and matirg periods, ard tr allow time for
tissue growth after molting. Current opering dates range from August 1
in Norton Sound Lo November 15 in Southeastern Alaska. Closures
usually occur when the optimum yield has been reached   see below!, and
seasons have gene rally been less thar eight weeks long since 1975, The
tining of fishi ng seasons re'lative to one another has a llocative
effeCtS  KatZ and 8ledsOe !9 77! that partiaily are dependent On regi-
strationn requi rements   see below! . Current fishi ng seasons < I early
serve the goals of maintaining reproductive potentia 1 and ensuring
product quality. Fishing seasons se~ve the goal of stability by
preventing the destruction of soft-shelled crabs. Because c-ab seasons
currently occu r later in the year than salmon sea sons, cor+ I icts
between fisheries through competition for processing spac~ are mini-
mized. Tn general, they occur soon enough after the sa'iion fishery
that processing plants are not idle for a long period of time. The
timing of seasons thus fosters optimization of econom'u returns.

For Bristol Bay, the genera', relationship between fishing seasc n and
meat content of king crab has been known since at least 1953  Fig. 1!,
The current fishing season begins on September 25. Some increase in
product quality might be achieved by delaying the season opening. The
current season represents an accommodation between fishermen wishing to
avoid poor weather in late fall or winter mor ths, and processors
seeking higher meat yfeld . Data in Figure 1 are also interesting in
the context of this symposium because the F/V Deep Sea was owned by
Lowell Wakefield.

Gear storage

In most areas, king crab pots may be stored in waters shallower than
46m during closed seasons. Stored pots must have all baft i.emoved and
their doors tied open. Gear storage may be prohibited in shallow areas
where salmon seining or other fishei'ies are active . In the Bering Sea,
where distances between ports and fishing grounds often exceed 370km,
there are specially designated put storage areas in the open sea. Pots
may be stored on the fishing grounds for 72 hours after the season is
closed if bait is removed and doors are tied open. At various times in
the past, pots could be placed on the fishing grounds foi ,i specified
period of time prior to the fishing season, but such pre-season gear
placement is no longer a 1! owed . Designated storage areas prevent.
conflict with fisheries using mobile gear, make enforcemen- nf fishing
seasons easier, and may contribute to economic returns from the fish-
ery.
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VeSSel inspections

Al I vessels must have their holds i nspected by ADFAG per s< iine 1 wi thi n
24 hours of the season's openir,g, and no king crab may be aboard at the
time of inspection. This requirement aids in enforcement and in
obtaining information needed for mani torinr� the fishery,

Area registration

A'll convaercial fishing vessais must be licensed to 'Ish in Alaskan
waters. In king crab fisheries a vessel must also be renistered to
fish in a given area  since ]959!. Manage<rent areas ,ire Southeastern
Alaska  A!, Prince WiIIiam Sound  E!, Cook Inlet  H;I, Kodiak  K , the
Alaska Peninsula  Ml, Dutch iarbar �!, Adak  R!, Bristol Bay   !, and

< the Bering Sea  Q!. Registrations are not valid until the vessel is
inspected and no vessel may be registered far two areas at one time.
Currently, areas are designated as svperexclusive  E, H, M!, exc-Iosive
 A, K, 0, T!, nr nan-exclusive 'R, Q!. A vesse1 regis',ered in a
superexclus i ve area may not xi sh for king crab in any other management
area during the same year, A vessel registered in ar exc ' usive area
iaay also fish in one or both nonexclusive areas during the year if it
is validly reg I stered. Vessels registered 1 n nonexc 1 usive areas may
also fish one exclusive area, Area boundaries are corstrvcted ta
separate discrete stocks of crabs a ! though an area may he subd ' vi ded
i nto districts if more than one stack exists in an are~,

Registration requirements clearly serve to ensure ava i 1abi I~ ty of
information on individual ci'ab stocks and are an aid in management ar
enforcement, but they have been verv controversial because of their
allocative effects  Mil!er 1976; Katz and Bledsoe !977!. Ex<:lusive and
superexc'iusive registration requirements tend to disperse effort and
protect local fleets. Protection of local fleets may serve =he goal af
avoiding adverse socioeconomic impacts but possibly is in conflict with
the goal of optimizing economic return, Katz and Bledsoe  '.977! point
out that "... the pressure of product demand ultimately resi<lted -n new
vessels being built, as justified iy the competitive situations, in
each area, under the new [exclusive] regv1ation >, Thi. effect is
particularly noticeable in Kodiak and Dutch Harbor, the ports having
the best access to the richest stocks. Thus total vessel numbers, for
the re ion as a whole, seem to have increased bayard the nuinbers which
wou d have entered the fishery had free mid-season mobi!ity between
areas been allowed." If one allows that this is so, then exclusive
registration reouirements have fostered increased capita!ization n the
harvesti ng sector of the industry and perhaps tended to decrease
econo<xic yields. Since neither the ABDF policy nor the MPFMC plan deal
with capitalization as a factor in defining "opti<rum", it is difficult
to show that increased capitalization is necessarily in corflict with
"optimizing" ec.onomic returns.

Catch 'limitations

The ABOF adopted a quota policy in 1970. Between 1966 and 1970, land-
ings of king crabs fel'I from 81,702 to 31,233 metric tons, and it was
perceived that regulatians were inadequate to prevent "extreme fluctua-
tions in catch"  ADFILG 1970!. Quotas were set prior to the season but
could be modified duri ng the season with the concv< rence c i the ABDF .
In 1975, the quota policy was changed to a "system of f1exibie quota
ranges" called "guideline harvest >eve!s"  ADFAG 1975!. The 19<0 and
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1975 pci11cy statements contafr statements that are afm<hst 1<fentical to
current policy concernirg stability and the "n<ai<btenar,ck of various age
classes of legal-size crab. ' Guideline harvest revels are raigges about
a central quot.a value, determined by applydng a target exploitation
rate to the estimated biomass of legal crab. The ran<:e reflects
uncerta1nty in estimates ard also provides the area mar>aoe<>:ent biolo-
gist considerable flexibility  see below!, in the F>4P, the term
"optfmum yield"  OY,' i ' used for the centra'I valur. in i guideline
har'vest range, It is deter<tined by consideri ig t>cth the abundance of
legal-size crab arch of mature  fertilized! fee>ales. '. atch 'iraitatfons
are almost entirely conceired with the gcals of staha'ity crd cptimi-
zation of econom1c returr,.

In-season adjustments

The Corin<lssiorer of Fish ar d Game has the power ',n open or close the
fishery in a management area, or portion of at a> ea . by is s u ing an
"emergency order.g Emergency orders are genera'.ly issued by a rea
maragement biologists, witl approval of the comn;itsioner, Emergency
order powers came ir. to be1ng in 1975 when ',he system of qcota ranges
was adopted. They a11nw the use of in-season fgshery data t< determine
when a fishery is to be closed, Factors relevant tn r<tnservtit>on such
as areas being fished, catch per unit effort, the amoung of dead crab
being landed  pdead loss" !, or the proportion of soft- he lied crab in
the catch may be considered, The fishery also may be closerl 1 there
are frequent orcurrences of illegal fishfng. .n-sea,nn ad;;iistments
through emergency orders, depending on their nature, may serve any
management goal, hut always serve to 1ncrease the efficiency of manage-
ment and enforcement.

Controls on other fisheries

Time or area closures and gear restrictions have been imposecl nn other
fisheries for the purpose of protecting king crabs or king crab gear.
These inc'lude prohibiting scallop dredging in areas i>nsidercd t.o be
critical king crab habitat, and have included similar restrictions on
trawling. Restrictions also include specffications for tanner crab
  Chionoecetes sp. I pots that or<i intended :o reduce incidental catch of
k kg c aE . c. t ~ is th* + she i 92 e a *, g i but a
usually directed at minimi zing conf11cts between fisheries.

Transportat1on cf live crabs

It is illegal to transport live "king crab, species Paralithodes
tschat' a" i. uf kiask t s e capt by i . g 'ddt dy tie

~g tiu was adapt d baiu ~ blue ki a c ab iu. >rl txksusi fisheries
became important  Ca 1975!. The regulation seems to be directed at
protecting the Alaskan processing industry and hence may serve the goal
of avoidinq adverse socioeconomic impact.

Agreements fc.r uSe privilege

As a condition of license, licensees agree to abide by tate laws both
within the territorial sea �.0 to 5.6 km! and in "adjacent hfgh sea
areas".
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Annual C cle of K:n Crab Mana event

1 have chosen ta illustrate the management cycle as i 92. has occurred fnr
the Bering Sea regior neer the past five years, The Bering Sea region

divided irto the Bri stnl Bay ' T! ana Bering Sea I' O! mana gerrent areas
 Fig. 2!. The Berirg Sea management area is divided into the Pr'bilnf
and Northern districts, and the Northern district is further d; vided
into r.he St. Matthew, St. Lawrence and Norton Sound sections. while
this nomerclature is confusing, areas, districts and sections serve to
separate king crab stocks. Area T is an exclusive manaqement area
while Area O   the remainder of the Berinq Sea ! is nan-exr 1 vsive . The
three largest stacks ir. the Bering Sea region are Pi istol Bay's red
king crab; the Pr ibi lcf islands ' blue king u ah: and St . Matthew
Island's blue king crab. Taken together, O'Iiese stocks provided rver 99
percert of all king crab landed between 19S3 and 1984  Table I!, The
region has a 1ong history of king crab fishing  Otto 1981! and resource
assessment activities  Hayes 1983; Otto, in press !.

The annual cycle of management  Fic, 3! starts with a rtaff meeting
attended by ADF6G anrl National Mari~e Fisheries Service ', NMFS! bi nl a-
gi sts ard ends after the fishing season with an analysis cl' cu rrent
stock conditiors. At the January staff meet1ng, proposed regvlatians
and current stock conditions are d1scussed on a stock-by-stack basis.
These discussinn s and attenaant data or analyses form the basis nf
r eports to the ABOF and the NPFMC. Local advi sary board meetings also
usually occur in January or February. Tentative guideline harvests and
changes in regulations are decided upon at the ,!oint ABOF-NPFMC meet-
1ng. Guideline harvest levels  including OY', are tentative because
they are based on predictions from the previous year. If a proposal
received to change a given regula ti on, it opens discus si on cf that
regulation in all managemen t areas, and public testi mary or r eccmrrenda-
tions af local advisory boards are reviewed for all areas. For exam-
ple, a proposed change in fishing seasons far the Pribilnf !slands
apens discussion of fishing seasons fnr a 11 Alaskan waters, This
procedure tends tc prevent one user group  say the "Dutch l'.arbor
fleet" ! from gaining advantage over other groups through a change in
regulations  the degree of overlap in time between fishing seasons in
differert areas, for example, has allocative effects!.

Surveys are generally conducted during the surrrner months and provide
new information that riay require changes in guideline harvest levels.

new information places the DY outside af the range decided or.
earlier in the year, guidelines are changed through the carrvirissianer's
office  wi th ABDF consent if rrecessary! and generally presented ' c the
NPFMC in September, If changes in the guideline harvest are 'large
 requiring closure of the fishery, for example! or if other rrgulations
are a ffected by new information, the commissioner may be required to
seek ABOF approval for emergency rule making. Usually the guideline
harvest levels are simply adjusted to ref'lect current stock conditions.

lifter a fishing season has opened, decision rvaking is concentrated with
the area manaaement biologist  Fig. 4!. The area b1ologist mr both
areas of the Bering Sea region, excluding the Norton Sound section, is
located in Dutch Harbor. The biologist for the Norton Sound sect'an is
laaated in hiOme. Area biolagiSts mOnitor the fiShery through fiSh
t i ckets, i nterv1ews wi th vessel operators ar,d processing plant mana-
gers, reports frarv fisherrven an the grounds, and sarvpling catches.
Information gathered during the fishery allows same adjustment of OY
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Alaska Department of Fish and Game management areas. Rr.stol Bay
 Area T! is separated froei the rest of the Bering Bea  Area 0!.
Area i! is divided into the Pribilof and Northern Districts  un-
labeled! at 58'39'N, latitude. From Otto  in press!.

45B



Table 1. Historical landings of kirrg crabs in the eastern 3nr.ing Sea
�000's of metric tons, Br istol Bay red k-'nn rrab; Prit 1 of
and St. Irracthew Islands blue king crab!

Sairit
Bristol Ba Pribilof Islands matthew

U.S. ~ Pk U.r. Toata ts1 f 0| .* TotalYear

0.579
3.224
1.104
2.999
2.929
2.901
2.719
4.976
4. 119
1,998
0,995

0,235
0.960
1. 33!i
0.956
1.233
0, 43�
0,598

0,546
0.900
0,096
0.100
2.099
3.831
4.288

11.859 5.752 588,028
Z.OJ.7 0,978

534.573 28.543 35,843
90.910 4.854 6.096

Totals: 315. 754
Percent: 53.697

Data: 1953-1974  Otto 1981!, 1975-1983  Alaska Department r>f F'sh and
Garne 1984, Powell et al, 1983!, minor differences in totals due to
rounding.

2 rrlay inc'iude small amounts of Pribilof Island red king crab unt; I
1979.

3 Entirely Iiorton Sound red king crab 1977-1979; nestly Nortori Sound
and Pribilof Islands red king crab in 1980-1982; catches were 28, I
percent Norton Sound red king crab, 3.4 percent St. Lawrence Island
blue king crab, 4.0 percent Pribilof Island red kir9 crab and 64.4
percent golden king crab in 1983, when Bristol Bay was closeri to
commercial fishing,
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1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

0,907
1.056
0.852
0.860
0.267
0,003

0.271
0,208
0.034
0.339
0.413
0.799
0.452
1,407
3.940
4.719
3.882
5.894
9.863

12.208
19.172
23.281
28.994
31.737
39.743
48. 910
58. 944
15. 237
1,361
0.000

6.013
4.724
4.795
4,629
4,144
3,694
5.263

11.435
18.535
24.195
26.045
29,024
19.580
19.498
15.066
15.772
8.634
9.166
8.143

I',868
13.347
22.797
23.281
28.994
31.737
39.743
48.910
58.944
15.237
1.361
0.000

0. 912
1.095
0.725
Z.487
0,582
0.558
0.136
0,600
4.009
1.104
2.999
2.929
2.901
2.719
4.976
4.119
1.998
0.995

6,013
4.724
4.795
4.629
4. 144
3.694
5.263

.1.435
'8.535
24.195
"6.045
 "9.024
;9.580
20.410
'6.162
'6.496
'.1.120
9.747
8.701
2.004

l3.946
26,807
4,385

31.993
35.446
44,504
53.055
64,976
22.692
7.626
5,881
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within the guideline harvest range. The fishery ~s closed, c ither when
the OY is reached or wher detrimental condi tie ns prevail, by issuing an
emergency order. Emergency orders are public-zrd throuqh ra dio trans-
missions, notices posted at processing plar.ts, oi press releases to
public media. An owner or operator of a vessel legally registered in
an area closed by emergency order may formally reques t, within five
days after the closure, that the commissioner reopen the korea. The
commissioner must "personally review pertinent infcimation on the
condition of king crab within the area " and announce his deci si or.
within 14 days,

Goals Revisited

Management of king crab is a democratic process and relies un public
input both to formulate and to change policy oi i equi ations . One
consequence of extens ive i ndustry participation is a tendency ~or
industry to trust the management system and abide by reuulations. In
Bering Sea king crab fisheries, the dominant user group is a large �7
tO 50 m! veSSel fleet that iS baSed in Oregon and WaShingtpn. MemberS
of this group often feel that they are at a di sadvantage i n deal ing
with the ABOF. Published conmients by the Seattle-based North Pacific
Vessel Owner's Association on the final rule  Department of Commerce
1984! reflect this concern: "The FMP 's soc',oeconomic cri teria favor
Alaska's interests. 'Pro-Alaskan' factors are going tc weiqh heavily
in any board decision," While this perception or, the part of non-
resident fishermen does not seem to have resulted in any special
enforcement problems, it should be kept in mind relative to socioeco-
nomic effects of regulations, I hasten to point out, however, that the
allocative effects of reiiulations described by Katz and Bledsoe   1977!
probably apply to "large" versus "small" boats without regard to the
residency of the owner.

Management and enforcement in Alaska are expensive. The management
process includes extensive public testimony that enta i Is cc nsiderable
travel in a very large state. The cost of enforcement-related travel
and of maintaining vessels at sea is also great. While minimizing the
costs of rxanagement and enforcement is a worthy goal, it is probably
one that can be approached only in a general way, One reason for this
is that costs, particularly of management, are poorly known and vari-
able. Much of the cost of management is borne by the public. Because
public testimony plays an important part in the regula tory process as
well as providing socioeconomic i nput, competi ng i nteres ts mu st see to
it that their testimonies are put before the board. Depending on the
perCeiVed eCOnOmiC impOrtance of a given regulatory Change, teStimOny
may entai 1 many or few participants, attorneys or consultants, Costs
related to effects of regulatory changes alsn may be high and are not
well known because the participatory nature of cianagement tends to
foster rapid change rather than a constant regulatory i egime. Eaton
�985! states; "The costs are high: high for the tax payer who
subsidizes the confusion; high for the fisherman who must re-tool his
operation every time the political winds blow ...". Enforcement costs
are similarly variable to the extent that they depend on the frequency
and 1OCatian Of vinlatiOnS, and ultimately On the operatiOn Of a
complex Judicial system in which expenses are rarely known in advance.

I cannot ascertain the degree to which current regu lati nns foster
"long-term optimum economic yield"  AOFBG 1985! or "optimize net value"
 NPFMC 1984!. The ABOF policy seems to equate stability with an
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economic optimvm as does the FMP, although the latter docvmer.r also
recognizes that management may Irlace burdens on indus>ry i.hat should be
minimized. The ABOF policy and FMP agree that optimum yield should be
1ess than "maximum physical yield." Much resource economics literature
  e.g. Clark 1976! supports the idea that highest economic yiei ds are
generally achieved at levels of exploitatior, below maximum sustainable
 physica17! yield, but largely because of the relationship between
fiShing costs and revenue rather than because fluctuations ir stock
abundance are minimized. Upon reflection, I believe that the goal af
optimi zi ng returns t'rom the fi shery is functionally identical ro the
goal of avoiding adverse socioeconomic impa cts .

Adverse socioeconomic effects related to king crab ranagement arise
through fluctuations in abundance, effects of regulations, changes in
regulations, and a 'lack of clear socioeconomic goals. I will discuss
stability in landings as a separate topic. Changes in regvlatians are
frequently triggered hl a large decline in landings and become inst.itv-
tionalized as stocks rebuild. For example, quotas and a policy of
multiple year class management followed drastic declines in landings in
the 1ate 1960s. @hen regviations are changed the fishing industry
adapts to them, and it becomes expensive to revert tc a simpler s vstem,
Further, there is a tendency to believe that the regulatnry change
caused the stock to rebuild even if no functional relationship has been
established. The combination of vested interest in a set af requla-
ti ons, with the perception that they in same sense caused incr eased
landings, makes it politically infeasible to abolish regulation . As
landings peak and then irevitably decline, new regulations tend to be
layered upon the old. Eaton   1985! and H i ngston   1985! p rovi de usefu'I
discussions of the impacts of regulations and regulatory procedur es on
t.he harvesting and processing industries.

As an example of a situation where fluctuating abundance interacts with
the effects of regulatory change, Ka tz and Bledsoe 's   1977> scenario
regarding exclusive registration is instructive. A fleet at Z36
vessels in the exclusive Bristol Bay area landed 58,940 metric tons
 mt! of king crab in approximately six weeks during 1980, vhile total
statewide landings were 76,520mt  ADFAB 1984!, 5tatewi de landings have
exceeded the ]980 Bristol Bay catch only four times in the past 15
years, and it is apparent that the fishing power concentrated in the
state ' s largest king crab fishery could easily have accommodated
landings in all other statistical areas. By 1982, Bristol Bay landings
had fallen to 1,360mt, and the fishery was closed in 1983. The only
thing that prevented a massive influx of effort into other exclusive
registration areas was that they experienced coincident and equally
severe decl~nes in landings. Kodiak, Dutch Harbor, the Alaska Penin-
sula, and Cook Inlet were a 11 closed in 1983.

Conflicts between king crab and other fi sheri es include preemption of
fishing grounds, competition for processi ng or unloading facilities and
problem of incidental catch. Limitations on pot storage have generally
reduced the preemption of fishing grounds by king crab pots during the
closed season, as well as aiding in enforcement of seasons. Establish-
ment of areas closed to foreign trawling was negotiated in the late
1960s, and this continues to reduce the incidence of lost gea r. The
current timing of ki ng crab seasons preclvdes substantial competition
for processing plants and lnading docks. The problem nf incidental
catch remains, both from catches of other species  particularly hali-
but! in king crab pots and the catch of king crabs in other fisheries.
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The In ter nat I onal Paci f',c Halibut Coxrni ss i or includes estimates Of
incidental catch of halibut in king and tanner crab fisheries fr its
annual reports. Gear research has shown that king crab nots with
tunnels located on t' he top rather than the sides catcl'. Fewer halibut
than conventional "side loading pots." Side loading pots are prohi-
bited in a small area rear Yakatat  Southeastern Alaska'. Large
portions of Cook Inlet, Kodial and the Alaska Pen;r..u1a areas are
closed to scallop dredging in or der to protect king crabs. Conflicts
between king crab fishermen and domestic trawlers continue, but inci-
dental catch data are largely non-existent, except in fisheries where
U.S. trawlers deliver to foreign processing vessels  " Joint vr ntures"!
that are mor.'.tored bv NI'IFS Foreiar. Fishery observers  Nelson et 41,
1981!.

In Bristol Bay, controversy over incidental catch surh as king crabs in
trawl fisheri es has a long history, Conflicts between voreign trawlers
and domestic trawlers werr largely resolved by closiro most of the area
to foreign trawling . The development of joint venture fisheries for
yellowffn sole  Lemanda ~as era! in the Bristol Bay area  Fisher 1981!
has caused king eraCCishermen considerable concern, Proposals to the
ABOF to close portions of Bristol Bay and other areas io bottom trawl-
ing led to adoption of a "Pottorn Trawl Fisheries Plan"  ADFBG 1985!
that requires domestic trawlers to report location and submit written
information on their operations, to allow ADFBG to place observers on
their vessels, and to ab r!e by "any other requirements" needed for
"conservation and development of fishery r esources . " Report~ hy NMFS
observers on foreign processing vessels  Nelson et al. 1984! do not
indicate that incidental catch in :oint venture fisheries are a sub-
stantial cause of mortality in Bristol Bay red king crab ,'Otto, in
press',. Observer reports are derived from samplinq catches contained
in the cod ends of trawls de'!ivered intact tr foreign processing
vessels. Since thi ls the only method of delivery, observer reports
covr.r the entire ii shery. A method of deliminating closed ar eas based
on the relative value of king cr ab i nci derita I catch to directed trawl
catch has been descr i bed   Somerton and June 1984!, but a reas that would
be CIOSed uaing thiS methOdOIOgy COVered leSS than 30 perCent of the
grounds fished for yellowfin sole in 1980 and 1981. Neetinqs sponsored
by the NPFMC between domestic fishermen have resulted in efforts to
reduce the incidence of king rrabs  crab per toni ir trawl catches
  Fisher 1985!, Continued growth of domestic trawl fisheries, continued
low abundance oi king crab, and the fact thar incidental catch  a 11
sizes and sexes! is approximately equal to the current directed catch
 legal size!, however, virtually guarantee coriinued conflict between
bottom trawl ard king crab fishermen over incidental catch.

Biological and fishery data are collected annually by the NMFS and
ADFBG, and comprise most of the information used in the arnual manage-
ment CyCIe  Fig, 2!, Pre-SeaSOn eStimateS Of Stock abundanCe, fiShery
data  Fio. 4!, and forecasts of stock abundance  post-fishery! form the
basis for estimating OY and guideline harvest ranges, Eva!uation of
reproductive potential is derived from annual estimates of mature male
and mature female abundance coupled with the frequency of ovigerous
females and the frequency of females car ryi ng full, as opposed to
partial, clutcheS of egos, The adequacy of biologica I data varies from
area to area, depending on budgetary constraints. Landed value and
prices paid are repor ted tn the ABOF annually by ADFAG . but mnvt of the
economic input to management decisions is through pub/ic testimony.
There is a need for collection of economic and social data, attendant
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analysis and better integration af sorioeconomic inrarmation in the
management process.

In the Bristol Bay area, abundance estimates observed frrm liMF5 trawl
surveys are combined with AOFBG fishery data ta prnvide ns ti mates af
pre-season abundance, size-specific catch and future aburdance  Ot+o,
in press', In general, the correspondence between fishery data and
survey abundarre has been good, but as the stock has declined, fore-
casted abundance has tended ta exceed survev abundance estimates taken
one and two years later   Fig. 5!. This situation has resulted in
increas ing reliance on pre-season abundance estimates fr om summer trawl
surveys in setting guideline harvest levr-is for the following fal''s
fishery. Information or the distribution and abundance of king crabs
is provided to industrv and management prior ta each fishing season ard
has generally been accurate. Ir same views, information has been
excessively timely because it tends to equalize the fishinq Power of
experienced and inexperienced fishermen, perhaps indirectly increasing
capitalization to the detriment of the fleet as a whole. Far example,
Eaton   1985! describes the "road map" phenomenon: "Them was a time
when successfu I Bering Sea fishermen had one thing iri convnor: years of
experience an the grounds and a black book af hot spots that tank years
to compile. Then came the pre-seasan trawl surveys that ostensibly
measured the future, provided the basis for the quota, and made the
locations of major co ncentr at ons part of the public record . The
biologists helpfully provided loran coordinates for the stacks they
discovered. The experience of the professional was large'y nullifiea,
much to the delight of the speculators."

The pro+ection of reproductive potential represents ;. management
consnitment to long-tern stability of king crab populatirns and  hope-
fully! continued abundance of legal-size crab. Regulatiuns protert
females and ensure that legal-size males have had an opportunity to
breed. The abur,darce of females, sex ratios and egg production cre
monitored anrually. In some cases, indicatiors af low egg production
I.ave been uSed aS groundS tO deoreaSe landingS. The net nffeCt Of
protecting reproductive potential is poorly known because some measure
of protection has been afforded by regulations and fishing practices
since the inception of king crab fisher'es. Regulations protecting
reproductive potential are widely applied in crab fisheries  Miller
1976! and are also applied to 'lobster fisheries  Bennetr 1980; Dow
1980!. Edwards   1979! traces the history of such regulation to a
British Act of Pari ian ent in 1876 restricting the sale of crabs that
were carrying external eggs. The relationship between aeproductive
potential   egg production! and subsequent landings in king crabs is not
well established but it is c'lear that high egg producti on is assoc i ated
with both stronq and weak year-classes   lncze et a I, in press! .

In Bristol Bay, the abundance af mature females has generally been well
correlated with that of mature or  egal males  Fig. 6!. studies
conducted in Kadiak  Powell et al. 1974! s howed that a mature male
could mate at least four times during the spawn!ng season and it seems
unlikely that sex ratios in the Bristol Bay area placed constraints on
reproduction. Bristol Bay red king rrab enter the fishery at an
average age of eight years, a carapace length of about. 135nxn and a
carapace width of 165nvn  Balsiger 1974!. High stocks in the late 1970s
were !he resu1t of low spawning stocks in the early 1970s  Fig. 6!.
Reeves and Marasco   1980! chose a dome shaped   Ricker! model to de-
scribe the relationship between the abundance of female spawners and
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Figure S. A comparison of abundance indices for Bristol Bay red king
crab. Top panel shows estimated abundance of '!egal males from the
survey in comparison with nominal catch and catch per unit  pot
lift! effort in the II,S, fishery, Bottom panel shows survey
abundance in comparison with predicted abundance from surveys
ta ken one   FORCASTI! and two   FORCAST2 ! years previously� . From
Otto  in press!,
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the subsequent abundance of five-year-old males. Peeves and Marasco
concluded that intermediate leve'ls of stock abundance �0 to 40 million
fertilized fema'les! were optimum. Incze et al  in press! conclude that
strong year-classes can result from low or high stocks nt' mature
females and indicate that environmental factors «nd vari«tion in
natural mortality were «t least as important as the abundance of
spawners in determining recruitment to the fishery. 5 nce adult males
grow an average of I6mm ',n carapace length  Wehber «nd Miyahar«1962!
in each molt and mature at !03«zn  Somerton 1980!, current size limits
allow most mries two opportunities to breed before they enter the
fishery at I35mm carapace lengt.h. I cOnclude that the protection ot
reproductive potential in Bristol Bay red king crab is adequate, but
cannot say that thi s has added to the stability of the popul a-.i or under
current or past regulations.

Stability ir landings has been the major goal of king crab management
since at least 1970  ADFKG 1970!. prior to 1970, king crab in various
areas of Alaskan waters were managed by size, sex, season and year
restrictions, but these did not appear to prevent 'extreme fiuctua-
tions"  at that point in time, severe declines! in landings. The 1970
policy espoused ouotas and the maintenance of sever«1 year classes of
legal-size crab both for fishery and reproductive purpose:, Ir. 1975,
the ideas of flexible quota ranges, carrying over a portion ot legal
crab from one year to the next, and harvesting extremely cld male crab
 surplus t.o reproduction!, weve added. The ABOF policy h«s remained
unchanged since. Recent drastic declines in landings in Al«sk«n waters
 see Introduction to this volume! «nd consequent loss of revenues, have
stimulated debate over current regulations, as to whether return ing to
pre-1970 policy would do just «s well, or whether more restrictive
regulations are necessary. It is clear, however, that the curvent
regula tOry SyStem haS nOt prevented SeVere deCl ives in the abundanCe ot'
red king crab in any area of Alaska,

The history of catch pev unit etfevt data for Bristol Bay red king crab
suggests strong fluctuations in abundance over the past 33 years  Fig.
7!, Data suggest that peaks in abundance were separated by about 20
years, and that the most recent decline in abundance was the most
severe in the history of the fishery, Elsewhere, I have discussed the
reason for this decline and concluded that variable year class strength
and increased natural mortality, rather than directed ov incidental
catches, were responsible  Otto, in press 1 Hy conclusions largely
derived from increasing discrepancies between forecasted abundance
 based on abundance, natural mortality estimates, and size-specific
catch! and survey estimates in the years since 1980  Fig, 5!, and from
the tendency of fished and unfished portions of the population to
follow similar trends in abundance  Fig, 6!. The reasons for increased
rates of natural morta'li ty are poorly understood, but probably include
high abundance of known predators  particularly cod!, newly discovered
and potentially epizootic diseases, and possible environmental effects� .
Environmental effects may be indi rect; they may tvigqer epizootic
disease or make king crab more vulnerable to predation. The reason
that management has not been able to prevent the recent declines in
abundance is that the factors responsible for the decline had little to
do with fishing, and hence were uncontrollable by fishery regu'lations.

Accepting that the major causes for the fluctuating abundance of
Bristol Bay red king crab were not contro11«ble by regulating its
fishery, ! then began to examine whether some measure of stability in
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Figure 7 . tiomi nal catch per unit effort in the Bristol Bay red king
crab fishery, showing fluctuatina abundance with ma,jor lows in
1970 and 1983  fishery closed!. Data for Japan and the D.S.S.R.
are for tangle net 'lifts  one tan is approximately 40m of net!,
Data for the U.S. are in pot lifts  average dimensions Of pots are
2.1 x 2.1 x 0.9 m!. From Ottn  in press!.



landings could result from regu'lating the catch, Some pre 1 imi ~ ary
results of this examination follow.

A cornerstone in the ABOF policy is the maintenance of several year-
classes and the carry-ever of legal-size mals crab. As a first step in
examining the efficiercy of this procedure, I modeled the fate of a
hypothetical year-c 1ass of ma'le king crab, using growth and morrality
rates derived by Rais i ger   1974!, Since the average growth per molt of
male Bristol Bay red king crab is very rear'ly constant at sizes above
80mm cai'apace length  Webber 196 ; Webber and Wiyahara 1962>, net
growth of a yea r-c'lass above this size results from the balance between
the rates of niolring and death. Balsiger's estimates of skip igniting
and natural mortality ratios by Smm carapace lenoth and the ratio of
molting to death   Fig. 8 ! show tha t relative growth of a fear-class is
maximized at about legal size �35mm! and hence indicate thar some
cariy-over of newly recruited crab might be feasible.

I "recruited" IO million HOimii carapace length males ',four year olds! to
a mOdel and then followed their growth and morta1ity. Resu'l ts  Fig. 9!
showed that, in the absence of fishing, the life span of a year-class
would be about ten mode'l years �4-year-o1d crab!; and iha' '.he size of
male crab becomes variable with increasing time, Expressing the fate
of IO million "recruits" in rumber and weight  m''iicns of grams!, I
then examined recruitment in time. Results showed that biomass was
maximized at four or five years model time   Fig. 10, top!. Recruitment
  135mm 'length! occurs over about four years but peaks at model time
four  eight years of age!. Substaritial weights of crab from a ;innle
year-class would be recruited at ages seven, eight, nine ard 10, In
nature, recruitment would probably occur over a innger period because
the width of a year-class size mode is about 15mm  Webber !96T!, while
crab entered the model in a single Bmm group.

Modeling the giowth and decay of a hypothptica'I year-class indicates
that legal� -size Bristol Bay red king crab wi 1 1 probably cc nsi st of more
than one year class at any gi ven time. This i s because of variability
in growth per molt  each 5mm size group contributes to five larger size
groups! and the rate of skipping molts  anecdysis!. Each year-class
contributes to recruitment over a period of at least four years. The
ABOF policy of maintaining several year-classes of 1 ega 1-size crab is
hence satisfied, regardless of exploitation rates, unless there zre at
least three successive year-class failures, However, this doei not
mean that "an industrial dependence on annual recruitment' wi 1 1 be
avoided.

Browth and morta'li ty data suggest that newly recruited crab could be
held over for at least a year, thereby contributing to the stability of
legal-size stock abundance. Attempts to do this have invo1ved estab-
lishing a target exploitation rate. Ouotas or guideline harvest ianges
are set by applying the target exploitation rate to the pre-season
estimate of legal-size crab biomass  including its 95 percent confi-
dence interval!. In my experience, establishing target exploitation
ra tes usually has meant attempting to harvest 40 perce~t of the legal
biomass, or 40 percent of crab in a "recruit" size ranoe ',legal size
plus one molting increment! and 60 percent exploitation to larger
 "post recruit"! crab. The latter schedule could only be applied in a
split season  see above!. In 1982, the ABOF adopted a "harvest stra-
tegy" that consisted of a variable set of exploitation rates  Table 2!.
According to the harvest strategy, the target harvest ratio would
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Figure 9. Simulated growth o~ 10 million male Bristol Bay red king
crab for 10 model yea rs. Crab enter the mode 1 a t RO tn 84mm
carapace length  about four years old!,
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Table 2. Target exploitation rates �! for Alaskan king crab stocks
 harvest strategy! .

Approximate exploitation rate, nf legal
c et at~ile ei Oi post- ts

Pc pul ation Pre-recrui t
Size Abundarire iHi ghLnw Moderate

Depressed Less than 25
35
35

Average

Peak

Modified from ADFSG �985!. Definitions: a! populatior size re ers
to males and females; b! pre-recruit refers to scales that are within
one to two molti no increments of legal size; c ! past- recruits have
been legal for one year  escaped one fishery}; and d! 1o» is less
than 1/3 of legal biomass, high is more than 2/3 of legal biomass,
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Declining
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Declining
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Declining
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depend on the existing stock structure and particularly on expectations
of recruitment. Thfs strategy has components of carrying over legal-
size crab, rebuildfng stacks, and perhaps protecting reproductive
potential.

I was unwi11ing to pick a stack-recruitment functiori fur B istol Bay
red king crab, but needed ta model variability in year-clas abundance
in c rder to examine the ef'fects of target exploitation rates on stabil-
ity of landings. Fishery data  Fig. 7! suqgested that sf rang year-
classes might occur about every 20 years. Survey data suggested that
male and female abundance were well correlated  Ffg. F!, sa I needed to
mode1 only male abundance. I modeled recruitment in two ways: I!
recruitment to the model was z uniform random variable between !imits
of two million and 50 million recruits; or 2! recruitment was a uniform
random variable, wi th an upper I fmi t defined by a sine functi oi with a
period of 20 years. The second model allows recruitment to vary but
requi res the probability of high recrui tment to i ncrease and decrease .
I then combined each of the two recruftment processes with the growth
and mortality calculations described abave to farm two population
generation models and specified a run time of 100 model years.

Typical results of the computer runs from each population generator are
plotted fn Figure 11 and 12. Modeled recruitment  births! is shown in
top panels, and result in numbers of males  >80mm! and legal-size males
in 'lower panel s . The random recruitment mode 1 produces tota I ma I e and
legal-size male populatfons that are quasi-cyclic, with variable
periodicities that might approximate 20 years in some time segments
 Fig. II',. The cyclic niodel produces maie variable populations, with
variable amplitudes  Fig. 12!. In both models, low leve1s in the total
population precede lows in legal abundance, and fluctuations in legal
abundance are less abrupt than those of the total papu'lation, due to
the smoothing effect of growth patterns  over-lappirg size modes and
timing of recruitment!. Lega!-size populations in both models are of
about the same magni tude as survey es timates   Fig. 6 ! arid a «e believ-
able relative to fluctuations in catch per unit effort  Fig, 7!.
Comparing results between recruitment models suggests that kfng crab
fisheries and bialagfcal research on kfng crab stacks have tao short a
hfstory to tell the dffference between random and cyclic recruitmert,

AFter examining random and cyc I ic population generation model s, I
introduced target exploitation rates. These we re introduced without
consideri ng variability in "actual" exploitation� . What would be the
effect of a given harvest strategy on stability of landings if target
exploitation rates were precisely followed? I considered three harvest
strategies; I! 40 percent exploitation of each 5mm size group above
1egal size; 2! 40 percent exploitation of "small" legal crab and 60
percent of " large" legal crab  split season!; and 3 ! the cu rrent
strategy  Table 2!. In the split season schedule, l defined small
legal males to be those within 25mm  about the maximum molting incre-
ment! of 1ega I si ze. The three harvest strategi es were combined with
each of the two population generators, to form six models. Each of the
six harvest strategy models was allowed to equi 1 ibrfa te for 40 runs and
then to run for 100 runs  years!. Terms used in Table 2 for population
size were interpreted as average  within one s tandard deviation of mean
total male abundance!, depressed   less than average! ar peak  greater
than average! . Pre-recruit abundance was taken as declining or in-
creasing, depending upon whether rxodel abundance of crab within 15xmi of
legal size changed by 20 percent in a negative or positive direction
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over a three-year period. Each of the six harvest strategy models was
run 10 times, with 100 years of har vest in each run. 1 'hen compared
mean landings and the coefficient of variat'.on of mean landings  star-
dard deviation as a percentage of the mean! betweer models, and plotted
the results  Fig. 13!.

Results of 10 runs for each harvest strategy show little difference in
100 year mean landings, but strongly indicate that the current harvest
strategy produces more variation in annual landings than either 40
percent exploitation or a split season strategy, Coefficients of
va riation for the latter two strategies were similar. Yean landings in
the random models were higher than those in the cyclic models, as one
would expect from the relative magnitude of legal popu lat'ons generated
in preliminary runs  Figs, 11 and 12!. Yodel output is, unfortunately,
in numbers of crab landed rather than weight. I suspec . tha t split
season management would produce slightly larger averaoe ',anded weight
than the other two strategies.

The models are preliminary because they ignore the obvious possi b 1 1i-
ties of density dependence of mortality and recruitment, as we 11 as the
confounding of size-related and age-related mortality. On the other
hand, these possibilities have never been used in setting ABOF manage-
ment policy. Density dependence of natural morta 1ity could well result
from either predation or  especially! disease, 1f the currer,t ABDF
harvest strategy reflects, in patt, a desire to protect reproductive
potential, then increased variability in annual landings might be
acceptable. This would require that reproductive potential be well
related to future recruitment. Incze et al  in press! suggest that
reproductive potential is not well related to recruitment, A better
understanding of the relationship between reproductive potential and
recruitment, as well as density dependence of mortality, is needed. !n
the absence of such understanding, preliminary results suggest that the
current harvest strategy is not in accord with maintaining stability in
landings.
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Data needs workshop

Editor's Note: The transcript f'on of this workshop ggos
edi ted ond corpdefvsed by Fiob Ot to, yi. i, Paul and
tf frga IWo I I e t t,

OTTO: That concludes the formal session, How we want, to hold a data
needs workshop. Each session rhairman has been asked to participate
on the panel, but the workshop is not going to be productive vfithout
extensive participation from the audience. We need to review what
we' ve done and what needs to be done. I have a few observatioys, and
invi te the session. chairmen and the audience to add theirs .

We have had some difficulty deciding just what king crabs are, Oo we
wish to refer to king crabs as the subfamily L i thodiy ae oy are we
really talking just about Lithodes and Para li thodes? we have received
a 1st of ew lnfonnatfon o ttedfst ~vt o o spe 1 that pe 1 ps
traditionally have not been called king crabs.

Another point that came out here i s the growing importance of
L ithode s. We need to s tudy the apparently different reproduct i ve
strategies of the two genera  Lithodes and Paralithodes! as well as
cor elated ocea ogr phlc effects, ense t ~ cofI ~ cgff~o og cal 1 f
tion, including data on predation, parasites and di seases, particu-
larly with respect to Lithodes, we have a rather large gap in our
k owledge or la val sf~story and la val ecology, Ile also hav ~
little information on the timing of molting and on the general problem
of reduced fecundity in Lithodes relative to Paralithodes, For
example, the Alaska golda cr Ps fecw dlty fs ape~ox m t ly 10
percent that of the red and blue king crabs,

In our consideration of zoogeography, we didn't consider parasites and
diseases. We talked about predation, but not about exclusion of
species from cep tain areas on the bas i s of diseases . It is striking
to compare the high rates of Brig rosaccus infestation in southeastern

485



Alaska with the very low rates in the Bering Sea. A more practical
consequence of thinking about diseases and parasites is tn ask just
how advisable it is to transport live crab From one place 'o another.

PAUL: In the life history session, I was heartened hy the number of
papers received on species other than red king crab Pr or to this
symposium, there was very little published information on the biology
of golden or blue king crabs. However, the red king crab constitutes
the major fishery, and there was a disappointing lack of papers
dealing with the major question: Why aren't there any crab? Perhaps
those papers don't exist because we lack answer~.

I noted some interesting data gaps. For instance, the timing and
location of egg hatching, ard concurrent oceanographic observationS,
would be of value. Observations on larval mortality .ates are really
needed. Expansion of the existing reproductive studies is also
needed. Better estimates of size at maturity over the whole geograph-
ic range are needed. We also need a cur rrnt b !bi »grapny on king
crabs.

I would also like to propose a large-scale snternatiunal ~ecruitment
study. It would have to have certain prescribed limitations because
oF financial exigencies, but we should consider picking study areaS
that are experimentally manageab ie . The Bering Sea i S toc 1 arge and
remote, but some more isolated areas of Alaska, Auke Bay or Kachemak
Bay for instance, might be experimenta I'iy manageable� . If the study
was done on an international basis, each group working on similar
problems with agreed upon objectives, and there was a free and rapid
transfer of information, we might gain knowledge fairly rapidly. We
might be able to ini t i ate the study with research primarily on the
first benthic stages. Larval work is expensive, but i ' we could start
with early benthic stages and perhaps look at the recruitment process,
the study might be successful, I feel we need sequent-:al observations
of mortality in successive year classes for at '!east. ten years. A
shorter-term observation period probably won't gain us very much.

We need to have some seasonal and interannual identification of
predators and their potential impact on mortality. I would also like
to see annual measurements on a routine basis of temperatures and egg
production by king crabs. We have many other data needs as well.

IHCZE; A,J,  Nr. Paul!, in your list you left out the larval stages
because, while there ' s a 'iot that we can learn about larvae, we ' re a
long way from applying that i nformati on to actual recruitment prob-
lems. Perhaps larval biology can be worked on independentlr.

You ' re saying that if we organize an international study with people
working in selected areas within their own countries, a good starting
point would be the first benthic stage?

PAUL: YeS, because one needs a certain oceanographic sophistication
tO work with the larval forms, as well as a long study period. There
would be a gain of knowledge, but the time period requ i red mi ght be
relatively long. If we start with a benthic stage, however, I think
that the data base will build at high speed and that the gain of
knowledge will be relatively rapid.
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INCZE: YOu' re 1OOking frr StageS where the mOrtal'ry rafa ia mCre
dramatic and perhaps is the greatest?

PAUL: Perhaps one could identify critical life phases and tie mortal-
ity factors that relate fo these critical phases.

OTTO: One of the problems is that larval study is incrrdibly inten-
sive, and there arer,'t many people around who can do the srrting and
identification accurately, The rost of doing larval work on '.he same
scale that we ncw have in our work wit.h benthic stages would probably
be an order of raagnitude greater.

IHCZE: One of the things that came out of both A. '. Paul's review and
my talk i s that, with regard to the 1 arvae and the i r requirements in
nature, we actually need to start the work in the laboratory. There
is no point in trying to understand larval biology from field star!ies
right now, There are a lot of thinos we cou?d learn from field
studieS, but among the things we nee4 are a very ba sir- understa nrling
of what the 'larval requirements are in the way of prey . Prey limi ta-
tion isn't the only cause of larval mortality, buf it may be onr. of
them, and it's one of the ways to lool, I don't think it would be
reasonable to propose large scale observations of the sea, because we
aren't even sure what the appropriate things are to measure. And as
you point out, they would be terribly expe~sive.

STEVENS: In order to better understand crab populatiori aynamics, it
would be very useful to have an accurate technique for determiriing
age. There isn't any way to age crab.

OTTO: About the only way we can look at. the age structure is by
tagging, and that is an expensive process. If we tagged the same
species each year, moved the crabs and dispersed them in the popula-
tian at randOm, We Cruld perhaps cOme up With the age cOmpositiori at
any time in subsequent years.

PAUL: Has anybody though  about coded wire tags, like they use ir
sa lmon?

OTTO: The problem with wi re tags i s that detection equi pmerit i s
expensive, and that the fishery is moving from centralized shorebased
processing to widely dispersed catcher-processors, which makes logis-
tics difficult,

SMIRLEY. 'Isn't that an argument for using very discrete areas fr.r a
recruitment study, such as smal 1 bays where the population may only be
in the thousands, so tl',at you could really have a fishery on a re-
search basis? You could go in and fish yourself, put fags nn sara11
crab and check everything that comes out. To do that in our comrier-
cial fisheries on a large scale would be impractical,

JAMIESON: I thi~k that's the only way to go. Make it a research
experiment.

PAUL: YeS. That'S Why the firSt thing On my liSt. iS tO piCk areas
that are experimentally manageable.

REEVES; I'd like to make a corrvrrent on the aging point. One thing we
need to ask is how precise we have to be. Qe can tr'y to improve our
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techniques to the n degree, and lose something in the process. For
th

example, in my talk, I relied on an indirectly tletermined age composi-
tion, and while it is not entirely accurate, for the purpose of
examining mortality trends, changing age composition slightly to allow
for the inherent inaccuracy didn't seem to affect trends much. For
some purposes, parameter estimates that are not entirely accurate will
suffice, a po~nt we have to keep in mind, because we' re always dealing
with scarce resources.

OTTO: Our two representatives frora industry asked me to coamtent on
their poi nts of vfew . A real questi on in anythi ng you do is "How much
is enough?" klhere do we stop with what is essentia11y fisheries
research and get into basic resea rCh that we see no immediate applica-
tion for? Industry is most interested fn a better way of forecasting,
I think this ties in with the idea of studying earlfer portions of
benthic life histories. If there were one single thing that would
help industry, it would be to give them a larger lead time on changes
in population abundance.

ARMSTRONG: I get the impression at these sorts of meetings that there
is no real sense of how you relate people's interest in basic biology
to the needs of management. ! am per p1exed, particularly fn consider-
ing fundi ng sources, as to how issues that are inherently interesting
to me wfl'l be saleable and usable to managers, and it's nct always a
straightforward and easy connection to amke, There is, however, a
surprising lack of basic bio1ogica 1 information. Some of it may not
have fantediate management applications, but to remain ignorant of
processes, ecology, and basic life history will always tamper managers
from thinking imaginatively of different ways to do things.

I have come up with a long list of research needs that I think are
important, many of which A.J, Paul mentfoned, But l wonder if we' re
inhibiting ourselves from discussing research needs by worrying that
they may not be of interest to management agencies. Do mar.agers care
about basic biological information? kllll they take ft and use it,
alter plans, strategies, allocate differently, experiment with it? I
like doing ecological, physiological work, but is it of utility to
people?

I think the issue of settlement, substrate. critical habitat and
whether or not newly settling year classes reach it is one of the
first places to start the project suggested by A.J, Paul. I would
back off on large- scale larval surveys, too ~ because wherever the
larvae may be located, what is probab'Iy more important is whether or
not they reach the critical areas.

DAYIS: From a management standpoint, knowledge of the basfc biology
of crabs is extremely important. Here in Alaska, pressures caused by
an industry that is designed to exploit the crab resource to its
maximum require that managers work without this basic knowledge, and
fn many cases, we have data bases with large gaps that we are eager to
fill.

I am envfous of our South American colleagues in the sense that they
have new, growing fisheries and are still trying to get some sort of
handle on what their resou rce fs and how large it i.. They' re not
faced with industrial prassure. They have time to invest.igate some
purely biological types of problems and questions, and build a data



baSe, Then if they dO find that their reSOurCeS are cOrmnerCially
valuable, the biological information will likely play a very important
role in management of those resources.

Since finances are limited, I cari fully appreciate the expressed
problem of some interests being bypassed by funding agencies in favor
of other projects that may appear to have more of an frmrrediate manage-
ment benefit. Management is very interested in building our basic
knowledge of a particular resource . Much of the information that has
been discussed and presented at this symposium has created more
questions than answers. All of us will leave here with some new ideas
as to how to approach our existing data base and how to expand it, and
that's going to benefit management in the future.

ARMSTROlfGi 'Bob Otto, what would you do differently with new fi rst-
time basic biological, ecological informatio~ concernirig red king crab
in the southeast Bering Sea? With unknown issues now clarified to
Same degree, Would management dO SOmethfng that's appreCiably dfi'fer-
ent than what ft is doing now in concert with ADFLG? How fs that
translation made from biological data to actual application in mariage-
ment?

OTTO: Management has never looked more than one or iwo years ahead
because we lacked the ability. Also, the economics of the fishery has
been such that you really couldn't look that far ahead and make
meaningful decisions. Decisions were made on an ad hoc basis, while
from a Iong-term perspective, we were filling gaps as more and more
information becarae available. Longer-tern thfnkino fn management
largely dealt with protecting reproducti ve potential, maximizing
SuStained yieldS, Or StabiliZing catCheS. The management of king
crabs is, however. incredibly fine-tuned. This is one nf the tightest
kinds of rxanagement systems a round, Few of the world's fisheries are
managed wfth anywhere near this kfnd of knowledge and inte~sity,

I think that the single most crushing problem in management is how
many CrabS car. be Caught, noW and maybe next year. What kind Of
product are we talking about? How much? There's a lot going on here
that's peripheral to figuring out how many we' re going to catch.

Some of the original work done on red king crab in the early 1930s and
1940s is classic. They looked at distribution, breeding, fecundity,
morphometry and many other things we' ve talked about, and in the space
of a few years put together a pretty credible picture of the red king
crab's basic biology. The thing I might have done differently in the
Bering Sea would have been to start studies on other species of king
crab much earlfer.

Another thing I would have done earlier would have been to start
looking at a broader spectrum of things. We fisheries biologists tend
to be whole animal biologists, looking at 'larvae ard benthic forms and
perhaps predation. We tend to think of wha t they ingest, and don' t
spend a lot of time thinking about the parasites insfde them, nor
about the physiological mechani sms that drive these animals, Now we
find ourselves with a crash in population, and we don't have the
answers because we weren't looking in the right places.

Al Sparks' work points out rather c'learly that diseases and parasites
can be an irrNrense force. Studying anfmals as whole entities and
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considering them as black boxes or things you can cn»nt i,n't. going to
solve that kind ot' problem.

SPARKS: One of the thirgs that was astounding tr, me, after ' ,became
involved in fisheries, was the 'lack of consideratinn given diseases
and their effects on the population structure of both fi.h and inver-
tebrate resources . Catastrophic mortalities in human populations,
known as epidemics, ard catastrophic mortal:ties .n animal popula-
tions, known as epizootics, have a great deal of similarity over a
wi de taxono>r>i c spectrum . A third of the popo 1 ati nr of Europe died of
bubonic plague over a ten-year period. lhis happenerl whe> cities were
first becc>ming large aggregations of people.

Look at the large aggregating herds of east Airicari ungula tes such as
wildebeests. These animals tend to build up ext-«r>ely large popu-
lations, t'o the point at which the range will not suppo> t. them, even
though they »>1 grate during the year . Once they reach their peak
populatiOn, rinderpest emerges. Rinderpest is a y ral «isease that
hides somewhere in the population for a long pe> i<>c of time. First
you can't find any evidenCe of it and then you go oui on the plains of
east Africa and may see 75 percent to OO percent nf the popu1atinn die
over a two or three month period.

We learned at Texas A IS Mi Research Foundat i<in that a coc<.idi an prOto-
zoan, "dermo," can cause 99 percent of the cysters in high salinity
areas in Louisicina to die during their second surv»er if I.hey are not
harvested. That is 99 percent dying from disease alone, aside from
predation . The oyster i rdustry in De'lawa re Bay was tnta1>y wiped out
over a six-month period during the 1950s. It went fr«m a multi million
dollar industry to zero production, and still has not full 7 recovered.
This was caused by a hoplosporidan protozoan paras'ie corm>only known
as MSX,

On the West Coast, I don't think there's any questinn that Trichomaris
invadens, black mat disease, played a signifi<>ant role ir the tanner
~ce eeh. i' ot i the pohiti to y het, ~ »f, y
disease organism is really of critical importance in -.he <.rash of king
crab, But I think it.'s a real possibility because, like the tanner
crab, king crab are aggregating populations. They builc up to ex-
tren>ely dense populations and then there's a die-nff, perhaps caused
by devastating diseases. The population is knocked way down, animals
are dispersed, transmission becomes more difficu r., and then the
disease begins to occur much less frequently. Essentially, a pathogen
will disappear from the host population until the rumbers build back
up to a peak again.

These are gust some things that I think perhaps, a. fisnery biolo-
gists, you' ve not been exposed to . I'd like to ge> those concepts
into your thinking.

MEYERS: I have a couple of c<xmnents on what might be done in future
studies of king crab. l.ooking at younger age classes of crabs,
particularly at the larvae to see if there are some limiting factors
in early life history, would be very important, Also, we don't knOw
exactly what diseases are present in Alaskan ><ing crabs, and that' s
another aspect of study that would be good to continue bv cataloging
crab diseases and parasites present in the populations and keeping an
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eye on theai from year to year. Such studies aright allow serre predic-
tability when and 'f the populations reach their fumier size again.

WICKHAM: Population declines are clearly an effect of increased
population dens i ties . To the extent that we can ma nipu" re i rab
population abundance through the f'ishery, whether by takicg legal
animals or by affecting the pc pulation structure dramai.ically, would
it not make more sense to begin to think i n terms of reducing rec rriit-
ment to the fishery on a long-term basisv Tryir 9 to control rec ririt-
rnent to prevent having laroer classes, trying to keep populations from
getting too large, and, on a more continuous basis, developing more
re'!iable production, 1'm just wondering if thoughts along those lines
wouldn't really make sense f roe, a management s tandpoint.

OTTO; With regard to king crabs, management policy is clearly direct
ed at trying to stabilize catch. This has not been t ransla ed iinto
the question of optimum populatr'cr size, It is unlikely that it will
be, because it i's doubtful that the variables that control popula tior,
size are ever going to be under managrment control.

INCZE: The king crab resource during the late 197Gs and vr ~ eirly
1980s actually «as a product ot' just a couple of very successiul year
classes. The population fished for many years was real'.p the product
of one or two events, and yrru riay run into a problem or erratic.
harvest if ycu try to crop down your numbers early in the game, With
king crab, the 197 1 or 197? year classes were very strong, and there
doesn't appea r to have been another really successful yea r c lass until
1978. That one succumbed to the general catastrophic deci'ne that
seemed to affect the whole population.

HAYES; One of the problems vre deal with in fishery management
populat ion phenomena that occur in relatively short t i me spans . One
phenoraenon i s the sporadic nature of recru i tnient to populations . The
time and the events which cause cycles are usually modeled in stocas-
tic terms, simply because we' re ignorant of the facts causing the
noise. The rea son we ' re ignorant of these facts is that important
phenomena occur sporadically in the long-term, and we may see only one
event of this kir d in a lifetime of working or a spec i es . For
example, why were the 1971 or the 1971 and 1972 year classes succr.ss-
ful in the eastern Bering Sea? Tie 1978 year class is pretty easy to
understand because of the size of the female population that produced
it. But really, there's been only one extremely sur.cessfu'. period
during the time we have monitored red king crabs closely.

What I'm saying is that it's hard to anticipate, and to do what the
fishery management people seem to want us to do, and I think that it
all boils down to relatively short-term predictions over a period of
one to three years . We can study the nature of variability of stoc ks
through phenomena that occur over longer periods of time. lf you look
at nature, fisheries, oceanography, and long-term weather, vou will
find quasi-cyclica'! patterns, There are sun spot cycles which are
approximately 10 years and 33 years in duration. Ir the -ield of
oceanography, scientists have been able to predict and demonstrate a
cyclic pattern in the eastern North Pacific of around seven ur eight
years duration for many, many years. We look at fish popu'lations, and
we see the sporadic recruitment among year classes. Why was 1977 in
particular such a phenomenal year for various fish populations?
Somehow, you need to think seriously about how we structure our total
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reSearCh pattern and hOW We ailOCate Our dOI',ar reSOurreS betWeen
research that addresses short-term phenomena and rr inarch that
addresses long-tenn phenomena. Perhaps the most valuaLIe thing we do
is to maintain the integrity of our long-term data base. igr +he other
hand, you might recoqnize that the cr,sts ot doing that have to be
calculated. As a research adminiStrator working in this iield, I try
to do that as Iong as it's within my program's needs, but we need to
look at the projects as a group. If we could move the schedule back
to where we' re getting reliable recruitment est',mates of two- or
three-year-old crabs ratter than four- or five-year-olds, tidal would
be the most important step we could take for the shor+-terri.

Just one more point here, and I' ll step. '. � you hypo-.hesize transport
as the critical factor affecting the ability of the 1 arvae to settle
in appropriate areas, there are relatively short-term events or series
of events during the larval period that could be exceedingly impor-
tant. You may have a six-day period when it's critica', whether or not
you have wind. Simply doing a persistent series of offshore weather
observations for a per~od of some days would become truly i~portant,
Please think very seriousIy before you make a change in the direction
of research. Anything we do may take 20 or 30 yea rs to come to
fruition.

OTTO: One conanent for those of you who are perhaps r t quite as
familiar with this as Murray Hayes is. As Forrest 81au demonstrated,
the 1971 c'Iass cf red king crab looked good at a loi of places around
the state. For 1972, the gering Sea seems more or less unique,
Pandalid shrimp also had an excellent recruitment year in 1971. In
Pavlof Bay, that year class alone provided more than SC percent of the
Shrimp fiahery over the succeeding seven years. In 197", the year
classes he is talkirig about are not just cod; 1977 was also a strong
year class for pollock, ha'Iibut, and sablefish. Sc there's circum-
stantial evidence, tied at least to this most recent cycle, suggesting
that whatever is happening is in some way very good for fin fish at
t~mes when it 's very poor for shellfish .

KODiEMA5; Stability of catch, as a first objective, fits man's needs.
And in some ways. it fits man's egos quite well, but it doesn't quite
work ir with the biological system. iihat P!urray Hayes is saying, from
a management point of view, is what I also find perturbino about the
system; there's very little information at any level on the effect of
fishing on the population. 'kle can imagine alI these outside forces
that are being exerted on a population that which we ultimately want
to fish, but, as managers, we usually can't even see the results of
our decisions. Going along with what Dr tiayes said, I think that
once we take a path, we need to stay on it for a period of time so
that we can see the potential effects, rather thar 'Ietting other
things interfere and change our path along the way . Another point is
that in face of all these factors we don't know anything about., we
have to a liow the population to maintain itself in as much of its
natural state as we can, so that it has a resiliency against outside
forces. That's where we fail as managers, because this stability,
maximum sustained yield everyone calls it, doesn't really fit in with
the biolOgical entity, I guess it's kind of naive to think that we
may be able to get there without considering the biology of the animal
rather than our own needs, but then we need to throw ourselves fn the
system, too. A lot of the things you see over time, whether diseases
like Al Sparks says, or predators or year classes in certain species,
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like Bob Otto's talkfng about, in my mfnd are .hings thai. have all
occurred in some type of natural setting that we can't define. Our
own interjections throuoh fishing, and what eventually happens in the
population, have a tendency to be pofnted toward one thing; namely,
eXplOftatiOn at a higher and higher rate. YOu haVe tO have real fine
numbers to do that successfully.

REEVES: I would like to add a little bit to that. Management is made
up of many components, I'm a biologist, and I tend to look at the
work just from that perspective. I divide it into two a reas: "How
much can be caught in any year?" and "How much is coming down the
road?" I think these are key questions from the bfologicai/conserva-
tion/management point of view. Murray Hayes has touched on the
problem of forecasting. Obviously this fs something we need to work
on, but it is also obvious to me that there hasn't been any discussion
at this symposium on what is the proper or optimum exploitation rate
for king crab stocks. I suspect this is because, in many areas, we
were using somewhat subjective, even arbftra ry, methods of determining
the quotas or exploitation rates . This is a key area that. needs a
substantial amount of work, and if we' re establishing priorities, I
think it should be at the top of the lfst.

ARMSTRONG: But how would you go about determining or modifying
current levels of exploitation 

REEVES: Nell, I think we need to determine the right exploitation
rate let's say just from a bfological point of view: How many king
crab can be removed in any given year without doing damage tc the
stock? I don't think anybody here really knows the answer to that
question,

ARHSTROHG: Are there missing points of fnfomatfon?

REEVES: Ne need to look at things like the relationship, if any,
between female reproductive capacity and exploitation rate; or between
that and the sex ratios we observe; or between that and size ratfo.
How big a male does there really have to be to mate any giver female?
These types of questions have been raised for 20 or 30 years.

ARHSTROHG: And not resolved7

REEVES: Right.

OTTO: This idea of protection of the female stock goes back to a
British act of Parliament in the management of Cancer roductus, the
European edfble crab. I believe 18gl was the fir~st orma a option of
this sort of a regulation for the protection of reproductfve potential
in a crab stock. In all the time since, I have yet to see a demon-
stration of a good, solid feedback mechanfsm. Yet, when we had to
decfde what we were going to do when stocks were going down, we set up
an exploitation schedule that drastically reduced exploitation rates
and was, in part, intended to deal with the possibility of reduced
reproductive potential.

How, one other coevsent. You Can't exploft a population ard talk at
the same time about maintaining it in fts natural state. If we don' t
want to change the natural character of a population through bio-
logical management, we have no business managing at all. As near as I
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can tell, it's perfectly natural for king crab populations to ga
through drastic fluctuaf.ions. If we don' t want ta handle that prob-
lem, we have to learn to live socioeconomically with the fact that
king crab populations undergo large fluctuations, Dur institutions do
not, and cannot, go through cycles that rapidly without fantastic
human costs in terms of lost livelihoods, people bankrupt, companies
bankrupt, and other social consequences. We have to do something
about variation or try to modu'late it in some way, if we' re going to
be talking about managing at all.

HAYES: When I came into this business about 25 yea rs ago, I had the
idea that somehow, as managers, we could manipulate populations for
the good of everyone. But after studying these problems for 25 years,
when people now ask, "Whatever happened to king crab?" my fi rst answer
is, "nothing." When I say "nothing," what I'm really saying is that
variations are a natural phenomenon iF nature. Stocks go up and
stocks ga down. So I think the focus of management has to be on the
variability and the fluctuations in abundance and on managing those
changes i n the shor t term. That doesn 't mear tor a minute that you
shouldn't use al! the knowledge available to make predictions and
accoxmiodate fluctuating stock abundance. But it does mean basing your
management on a philosophy of stability, and trying to manfpu'. ate to
obtafn that stability.

OTTO: I think maybe we' ve gotten to where we' re talking abcut things
as they are, rather than about what we need to know. Does anybody
haVe anything further in termiS of data gapS? FOr i: he purpOSes nf thiS
kind of conference, I think it's important to talk about other aspects
besides those that are directly pinpafnted by management.

HANSON: I would just like to make a cananent with respect to what
Jerry Reeves said, He feels that it is important to study the optimum
harvest and attrition rates. I am not a bialogist, I'n an economist,.
Some of the managers I' ve talked with say that many of the management
tools they use, such as limited entry, have no bio'Iogical basis;
they ' re economi c . They ' re bei ng imposed not necessarily f' or biol o-
gical reasons, but because the industry has to be maintained outside
the context of the bioloqical objectives. It seems tn me that an
optima 1 exploitation rate is nat simply one that the popul ition wi 1 1
bear, but one that will maintain a stable economy and a stable indus-
try, because the population is being managed far the purposes of that
industry. It you have a collapse as we have had recently, that makes
it questionable whether the industry itself can surv i ve, it seems to
me you have to begin looking not just at biological questions but at
working with people who might be fnterested in looking from the other
side, the industry side. How can we work together at managing this
resource in a more stable way and according to management obJectfves?

ARNSTRONG: Sir, can you give us an example of how that mfqht be
applied to the king crab fishery, after the fact? In other words, it
still seems to me that management wOuld be translated at the level of
harvest and rates of harvest, What does it mean, to consider the
economics and incorporate that consideratian into a goal of stability,
in terms of the type of harvest rates and biological considerations?

HANSON: From the manager's standpoint. the ratfonale for nest regula-
tfons is not biological. There is probably a biologically optimal
harvest rate quite apart fram an economically optimal or desirable
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harvest rate. For managers and biologists to ignore that reality is a
mistake, because decision-makers, the ones who are ultimately making
the regulations, are receivirg input from industry..'r other areas of
resource managenx.nt, I' ve seen situations in which biologists, working
apart from econoriists or frori the people irvolved with decision-making
and pOliCy-making, come C p w i th reCOlmrienda ti on S t ha t are tota 1 1 y
unattainable and unacceptable in terms of social realities. I think
it's great to study all these Specific aspects of biology in order to
determine optimal runs and so forth, but there has been very little
presented here about management implications of, ior instance, para-
sites, To rea'l ly contribute to the stability of the industry, whi ch
is important, I think that scientists have to begin including these
implications ir thei r analyses and not look simply at the b i olrigica 1
details

OTTO: I think one of the most confusing things to someone who is rot
involved, day-tc-day, with management--particularly in dealing with
king crab--is that many of the regulations and considerations are
economic in nature bur. are couched in biological terms for poli tica 1
reasons . If you can come up wi th a conservatio~ or "wi se use" argu-
raent for certain types oi regulations, you can improve their pc litical
saleability. Now, those of us who are biologists involved in manage-
ment are. fully aware that we can qet trapped by thi s process and i t
can come back to bite us. Where a regulation was designed for econom-
icc reasons, but its justification «as written in terms or conser va-
tion, you can come right smack down to it and soinebody will say,
"Well, what are the conservation purposes?" Or you can get trapped
into a regulation that works counter to what you are trying to accom-
plish, and when you try to change it, somebody says, "But this was for
conservation."

MATULICH: I'd like to pick up a little bit where Jeff left oif. I'm
also an economist, and know little about biology. Let's get away from
arguing whether we' re going to have natural stocks or stocks managed
for human purposes. Most everybody in this room, including mysel+, is
asking for public money to do our research. There's science for the
sake of science and there's science for the sake of man. They 're two
completely different things, although they can coincide. Unless
scientists produce results that are useful to man, 1 doubt if the
scientists in this room are going to have their funding maintained for
very long. Who's paying the bills? We' re in a political economy, and
I'm going to emphasize politics, particularly with the Reagan Admini-
stration, Who will be the first group to go in the next budget cut?
Probably the Mational Marine Fisheries Service and various academics.
Why are they going to get cut? Because there's been a long-standing
trend of failing to look at biology in the context of the economic
situation.

SPARKS: As a former manager in Washington, I'd agree with most
everything you say, but I submit that the quality of research programs
that are in danger, and even their relationship to the real world,
have absolute'ty nothing to do with budget cuts. It's purely a
political process, It's based on the question of who you can hurt
without real cuts, The biggest problem is that the fishing industry
haS virtua'lly Zera Cleut in WaShingtOn. We OnCe had a cauple Of guyS
in California with a great deal of political influence, but since
their death, our influence has dwindled; and our support at the
federal level has consistent1y gone down,



ARMSTRONG: So while we' re worried abaut whether larvae are being
moved hundreds of miles, that question may be somewhat superfluaus if
we can't nu rture research projects through politically savvy lobby ing.

OTTO: I disagree with Al Sparks on this. I can't say that the
fishing industry has no pa litfca 1 clout, because sometimes it does .
Many times, we survive by selling something palftically, selling a
"motherhood" program and putting enough slush in it to fund things
that we know have to be done in the long tern . 'We' re darned poor
bfologists if we can't figure out a way to get something with some
basic significance out of these programs. The fact is that there's a
'little bft of fat around all that meat, and that's what basic research
has survived on.

SPARKS: Perhaps I was a little extreme. But as far as polit~eel
ClOut gOeS, just Compare ffSherieS ClOut With that Of the agriCultural
coeniunfty or the aerospace industry or the military fndustry.

MATUL ICH: But that's precisely my point. Let's take the agricultural
conmmnity. Biology, say agronomy, serves a clfentele group that has
became very effective, and that supports the under'lying financial base
tO dO the reSearCh Or baSic agriCultural bialOgy. That dOeSn't Seem
to exist for fishing, probably because the biology of fishing is far
more complex,

OTTO: The importance of fisheries, even when you' re talking about
something as xagnificent as the boom of king crab fisheries, fs
miniscule on a nationa 1 scale. I don 't th~nk there are ten people in
Washington, D.C. that have any real background and knowledge of what
happens to king crabs, or their relation to the fishing industry, or
of the processing industry and its capf telfration. I think we' re
getting way into the politics of fisheries and far away fram things
that we need to do; or is this sfmply an indication that. we' ve run out
of data gaps?

KARINEN: I have one more data gap that I'd like to paint out. We a 11
know that king crab occupy that one-tenth meter of water above the
benthic substrate. 'fet we know vfrtually nothing about the tempora 1
or special dynamics of enviranmentel characteristics in that water,
which may have an impact on crab reproduction and on the survival of
these species. Most oceanographfc work stops a meter or two above the
bottom, and we really haven't looked at what's happening right at that
interphase, which is so important to crabs and their survival,

OTTO: Yes, I have to agree with you, There has been very little work
done. We' re "whole-animal" biologists; we give them a place to hide
from predators, or we look at cryptic coloration, but there's a lot
more to that environment.

KARINEN: I'm specifically thinking about oxygen, H 5, axmionia, the
development of anaerabfc conditions, or smell or la rgb scales.

SGMERTON; There are other data needs. I think Al Sparks fs right
about the potent:fal threat of disease to crab populations. One study
that needs ta be done is a determfnation of how long, from the time of
fnfection, it takes for an animal to die. This would allow us ta
measure rates out in the field and turn them into mortality rates that
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the diSeaSe iS impOSing On the StOCk at the time we meaSured, That' S
somethirg that could he done in the laboratory.

INCZE; I'm quite naive about the real maragement process and its
goals, but many of the corvhents that have come up here sort «f circu-
late back to a point that Dan wickham brouaht up, and I have to ask
the questions: "What is management really after when they say they 're
after the maintenance of the stocks?" Dan's poi nt, if I interpreted
It correctly, was that if yc u have a high population pe rs stirg for
four or five years as it did in the late I970s, you are invitirq the
type of epidemic situation that occurred,

llICKHAH: Right.

INCZE: If recruitmenc is very irregular- -and we ' re dealing with
s lowly growing long-lived r reatures--and you want to conti nue har vest-
ing them year after year, you can't knock them off when you first see
them comirg up. If you do that, you' re not going to have thr. resource
that you need for stability, in order to continue harvesting. Sr wha t
does management want? Does management want to stat llize harvest as
we' ve heard said a couple of tires? Or is lt better to try to knock
aff a population if we rea!ly think that its size is a threat'? This
is biological management, not soci oeconomlca 1 management .

OTTO: Can I sunanarize that, as the problem ot an optiraum population as
opposed to an optimum leaal stock'?

WICKHJW: There's a strong analogy with agriculture, where you auto-
maticallyy plant more than you reed . but you do go out at a certain
time and weed it, ana usually you weed it very rapidly after you' ve
gotten your initial set. We may not usually think of ffsheries as
providing agricultural cormnodi ties, but they rea I ly do. You ' re
growing populations, you ' re trying to ha rvest them, and it ' s obviously
much more diificult ta control them, but there actually are ways of
controlling them. We do it with fisheries all the time, And it' s
something that at least. can be thought out. Sometimes, it': pretty
risky to do these things, but it's also risky tc do a lot of the
agricultural things that work very well.

OTTO: Two things. First, because of the way we have our size and sex
limits structured and the small proportion of the population that
we' re actually harvesting, it's very difficult to manipulate the
population as a who'Ie by fishing. For example, females are not
harvested, and seafood processors have stated that they wouldn't be
interested in processing them if their harvest were legal. Second,
I'd have to side with the economists--whether it's worth having
populations go up and down or not is a function of what your altrrna-
tives are. From a broader-based industrial perspective, ore king crab
stock going down isn't a real problem. We can go fish another one
that's in Adak or someplace, and as long as we don't run out of places
to go, the ups and downs of a single stock aren't so bad. Or if we
can switch from crab to groundfish, in terms of long-term stability in
industry, declines in king crab stocks are not a fantastic problem.
In the situation we face, however, a fair segment of the industry
didn't have rreny economic alternatives because the vessels involved
were too new to have paid off their initial investment costs or lacked
the wherewithal to enter other fisheries. Frankly, in terms of
optimizing harvest trends, the only conclusion I' ve been atle to come
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to is that. you can't do it on a single stock or single species basis.
You' ve got to look at the structure of all the stock. together and
construct some sort of a model where you minimize chanqe within
constraints,

KURIS: I tend to resist thi s agricultural fr sheri es analogy� . There
are some very critical differences between the two fields, Fisheries
operate with a cornnon resourCe, while agriculture is held in private
hands, and so, in fact, you really don ' t manage agriculture. Ther e
aren ' t departments cf corn management in any state, whe reas fi sheries
requires some sort of management because they are a coaxxon resource,
Also, as far as the tie-ins between agriculture and research go, while
it' s true they do have a tremendous amount of money because of this
privately held connection, it is actually USDA research' which was
really blasted a couple of years ago by some review panels, and not
fisheries research. So I don ' t see too much we could draw from
agriculture.

SH IRLEY: I see a very strong di chotomy in what we ' re :a 1 lr ng manage-
ment, and both branches have real research needs, One is not manage-
ment, it's forecasting, and that's what Hurray Hayes was tryxng to do.
That is probably withiri our capabilities--extending our forecasting
capability ahead a few years and using some improved techniques. The
other is optimizing popu'lation size, which is probably a pipe dream
right now because we need much more biological knowledge io do it.
We' re nOt really managing stock size now, We' re managing fishing
pressure. We would like to eventually be able to manage the popu-
latiOn size. Can we address the research needs for both of these
goals?

OTTO: Since we' ve run out of time, I would like to thank you all very
much for attending, and I'd like to thank the Alaska Sea Grant program
for an excellent job of coordinating and bringing us all together.
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