


Alaska Sea Grant College Program
University of Alaska

Fairbanks, Alaska 99701

N COPY 0!]Ly

Proceedings of the International Symposium
on the Genus Chionoecetes

May 3-6, 1982
Lowell Wakefield Symposia Series

NATIOVAL SEA Gr<ANT DEPOSITORY

PELL LIBRARY 3LII'LDING

IjRI, NARRAGANSETT U~" GAI".PUS
PfARRAGANSEJT, Rj Gc8.,2

Symposium Sponsors
Alaska Department of Fish and Game

National Marine Fisheries Service
North Pacific Fishery Management Council

University of Alaska Sea Grant College Program

Brenda Melteff, Symposium Coordinator

December 1982

Alaska Sea Grant Report 82-10



ACKNOWLEDGMENT

This proceedings was compiled and published by the Alaska Sea
Grant College Program, cooperatively supported by NOAA Office
of Sea Grant, Department of Commerce under grant number
NA81AA-D-00009, project number A75-01; and by the University
of Alaska with funds appropriated by the state. This
proceeding is composed of copy prepared and submitted in
final form by the authors. Alaska Sea Grant is responsible
for reproduction and distribution of these papers, but not
for their content.



TABLE OF CONTENTS

PAGE

WELCOME......
Donald H. Rosenberg

SESSION I: OVERVIEW PAPERS

Overview of the snow crab Chi onoece tes opi ! i o
fishery in Atlantic Canada

Robert W. Elner

3

Fisheries for the genus Chi onoecetes in Southwest
J apan Sea...................................,..... 21

Masatosi Sinoda

A review of the Gulf of Alaska tanner crab,
Chi onoecetes bai rdi, fishery and management
related research..

William A. Colgate
41

Alaska and

Management
History of tanner crab management off
the role of the North Pacific Fishery
Council......... ~ ......

Steven K. Davis

71

An overview of the Eastern Bering Sea
fisheries ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Robert S. Otto

tanner crab

~ ~ ~ ~ ~ o 8 3

SESSION II: EARLY LIFE HISTORY

The larval stages of the genus Chionoecetes:
C. opi bio and C. joponi cus reared in the
1 ab or a tory ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~

Hiroshi Motoh

On the planktonic larval life of the Zuwai crab,
Chi onoece tes opi l i o, occurring along coasts of the
Central Japan Sea 137

Tohshi Kon

Effects of sea ice on the distribution and popula-
tion fluctuations of C. opi bio in the Eastern
Bering Sea

David A. Somerton.... 157

23.1.

I NT RO DUCT I ON a a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ V i i



TABLE OF CONTENTS  cont'd.!

PAGE

Distribution of juvenile Chi onoecetes boi rdi in
Cook Inlet 173

Judy McDonald Paul

Distinguishing between Chi onoecetes bai rdi and
C. opi !i o zoeae collected in the Southeast
Bering Sea.......... ~ . ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ 1 ~ 219

Deborah L. Wencker, Lewis S. Incze, and
David A. Armstrong

SESSION IXI: REPRODUCTION

The mating behavior of Chi onoecetes bai rdi........ 233
Albert E. Adams

Mating frequency and sperm storage as factors
affecting egg production in multiparous
Chi onoecetes boi rdi ..........................

A.J. Paul
273

Bipartite breeding: A hypothesis of the repro-
ductive pattern in tanner crabs.... ............. 283

David A. Somerton

SESSION IV: FEEDING, GROWTH AND DISTRIBUTION

Food of the tanner crab Chionoecetes boirdi near
Kodiak Island, Alaska..... ....................... 293

Stephen C. Jewett and Howard M. Feder

Food of the snow crab  Chionoecetes opi iio! from
the southwestern part of the Gulf of St.
Lawrence  Chaleur Bay area!

J-C.F. Brethes, G. Derosiers and F. Coulombe
319

Estimating the frequency of molting in adult male
C. boi rdi in the Eastern Bering Sea............... 337

David A. Somerton

Rates of development and growth of larvae of
Chionoecetes boirdi and C. opi iio in the south-
eastern Bering Sea................................ 191

Lewis S. Incze, David A. Armstrong, and
Deborah L. Wencker



TABLE OF CONTENTS  cont'd.!

PAGE

Edaphic segregation within a population of C,
opi lio in the southwestern part of the Gulf of
St. Lawrence  Chaleur Bay area!................... 353

G. Derosiers, J-C.F. Brethes, and F. Coulombe

SESSION V: TAGGING

A recent development in tagging studies on snow
crab, Chionoecetes opi lio in Newfoundland--
retention of tags through ecdysis

D.M. Taylor

405

SESSION VI: EFFECTS OF HARVESTING

Some effects of long-term exploitation of C.
opi /i o stocks in the Southwest Japan Sea.......... 421

Masatosi Sinoda and Toshio Kobayashi

The effects of exploitation on snow crab popula-
tions of the southwestern Gulf of St. Lawrence
between 1975 and 1981............................. 443

Paul Lamoureux and Paul-Emile Lafleur

SESSION VII; MORTALITY FACTORS

Relationship between catches of snow crab,
C. opilio  O. Fabricus! and abundance of cod
 Gadus morhua L.! in the Southwestern Gulf of
St. Lawrence ~ ~ ~ ~ ~ ~ ~ ~ ~

Richard Bailey

485

Cod predation of snow crab  Chi onoece tes opi I i o!
in the Gulf of St. Lawrence....................... 499

Kenneth G. Waiwood and Robert W. Elner

Predation on crabs of the genus Chi onoecetes:
A literature review....... 521

Stephen C Jewett

The histopathology and possible role in the
population dynamics of the tanner crab,
Chionoecetes bairdi, of the fungus disease
 black mat syndrome! caused by Tri chomaris
invadens. ~ ~ ~ ~ ~ ~ ~ ~ ~

Albert K. Sparks

539

Tanner crab tag development and tagging experi-
ments 1978-1982 383

Jack McBride



TABLE OF CONTENTS  cont'd.!

PAGE

Tanner crab disease investigations in Alaska...... 547
Roger S. Grischkowsky and Jill E. Follett

Abundance and distribution of black mat syndrome
on stocks of tanner crabs, Chi onoecetes bai rdi,

in the Northwestern Gulf of Alaska......,.....,.. 563
David M. Hicks

Relationships between crab and groundfish in the
Eastern Bering Sea..... ~ .... ....... ~ .... 581

Gary B. Smith and Gary E. Walters

SESSION VIII: POPULATION ESTIMATION

Tanner crab population abundance and its rela-
tionship to the commercial fishery in the south
peninsula area... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ 637

John Hilsinger

SESSION IX: CHARACTERISTICS OF CHIONOECETES FISHERIES

State, federal and international regulation of
tanner crab harvests in the Bering Sea....... ~ .... 649

John G. Gissberg

Characteristics of the snow crab, Chionoecetes
api ii o, fishery off Cape Breton Island............ 657

Robert W. Zlner

Biology of a leech ectocommensal on the spider
crab, Chi onoecetes opi fio.. .. .. .. ... 681

R.A. Khan

WORKSHOP: DATA NEEDS AND MANAGEMENT

Data requirements for tanner crab management,
as suggested by the Bristol Bay king crab
management model

J.E. Reeves
697

Workshop Summary........ ~ ~ ~ ~ ~ ~ 7 1 7

725ATTENDEES.

Some problems in assessing the tanner crab,
Chi onoecetes bairagi, population in the Gulf of
Alaska and one possible remedy.................... 617

William A. Colgate
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Crab of the genus Chi onoecetes support commercial
fisheries in the northwest Atlantic, North Pacific, and the
Bering Sea. Fisheries for the genus are regulated and
managed by Canada, Japan, the United States and the Soviet
Union. Within the jurisdiction of each country exist
localized fisheries administered by regional agencies. Thus,
on a worldwide basis there are many unrelated research and.
management programs which localize the focus of their efforts.
Communication between individuals associated with management
of regional fisheries is impeded by geographic separation,
differences in languages, and the tendency of agencies to
record research information in reports with limited circu-
lation. To facilitate the information exchange between
individuals involved with research and management of the
resource this international symposium on the genus
Chi onoecetes was convened 3-6 May 1982 in Anchorage, Alaska.
There were four major objectives of the symposium: l! to
facilitate the meeting of individuals associated with the
Chi onoecetes fisheries, 2! to provide a forum where reseaxch-
ers and fishery managers could formally describe their
current programs and concurrently receive comments from
persons attending the syposium, 3! utilizing a workshop
approach to identify the types of research necessary to
better manage the resource, and 4! to document both the
papers presented at the symposium and the results of the
workshop on research needs.

It is hoped that this symposium will set a precedent and
in the future years similar symposia on the genus
Chionoecetes will be convened.

Members of the symposium planning committee were:





WELCOME

Donald H. Rosenberg
Director

Alaska Sea Grant College Program
University of Alaska

On behalf of the University of Alaska, welcome to the
first Lowell Wakefield Fisheries Symposium. Dr. Jay Barton,
president of the University of Alaska, sends his apology. He
had hoped to be here this morning but was called away at the
last minute to a meeting on the educational needs in rural
Alaska. Dr. Barton particularly wished to welcome our
colleagues from Canada and Japan who have joined us to
participate in this symposium. We hope that your stay in our
country and in Alaska will be pleasant and the meeting
profitable to you.

This symposia series is «amed in honor of Lowell A.
Wakefield, the pioneer of the Alaska king crab industry.
During the years of development, Lowell recognized that. two
major ingredients were necessary if the king crab fishery was
to survive. First, it was necessary to insure that a quality
product was available to the consumer. This ingredient was
handled through his work with the state toward establishing
the Alaska King Crab Quality Control Board. It is interest-
ing to note that this rreed for quality in other Alaska
seafood products has orrly recently been recognized, resulting
in the establishment of the Alaska Seafood Marketing
Institute.

The second important ingredierrt which Lowell recognized
was the role of sound management programs in the mainte»ance
of a viable fishery. Here he worked closely with both the
federal and state governments, encouraging establishment of
management programs which would not only insure that the king
crab resource would remain viable but that the regulations
would also encourage the establishment of the domes'.ic
fishery. Throughout Lowell's long and productive life, he
recognized the need for sound mar>agement based upon the best
scientific data available. In his later years, Lowell joined
the faculty of the University of Alaska as an adjunct profes-
sor or fisheries. In this capacity, he influenced the
d.irection oi the university's then-infant Sea Grant Program.
His influence results today in the nation's 16th Sea Grant
College.

In recognition of these many years of effort orr behalf
of Alaska fisheries, the University of Alaska has established
this series of fisheries symposia named in honor of Lowell
Nakefield. The symposia are designed to provide the inter-



action arid information exchange necessary to irisure that our
resources are mariaged based upon the best available scienti-
fic data. This symposium is specifically directed at fur-
thering the information and scientific base of the tanner or
snow' crab resources.

Alaska's tanner crab resources have recently gained
importance to our domestic industry. Tanner crab were first
harvested, incidentally, in the king crab fishery. A
limited, directed fishery was established in the early 1960s,
increasing rapidly, especially as a foreign fishery in the
late '60s. This increase was the xesult o= a reduction in
the foreign production of king crab. With the implemerita-
tion, in 1977, of the Magriuson Fishery Conservation and
Management Act, the foreign harvest or tanner crab was
reduced. Meanwhile, the domestic industry was growirig. At
this time, our domestic industry was harvesting approximately
45 million pounds while the foreign industry was harvesting
approximately 35 million pounds.

Today the resource is fully utilized by the domesti.c
industry. The need for sound and effective management and
understanding of the resource is critical. During the last
two years, we have witnessed a substantial decrease in the
crab available for harvest. The cause of this decline is
unknown. Many of us speculate that it is a combination of
natural variation coupled with mortality associated with a
very high fi hing effort.

The reduced availability of the resource and the high
level of fishing effort make it imperative that future
management of this resource be based upon the best available
scientific information. Over the next three days, a series
of paper' are scheduled, providing a full range of scientific
data on the world's tanner crab resource.

On Thursday morning an important workshop is scheduled.
I encourage all of you to participate. This workshop is
specifically designed to provide a forum where the data needs
and management criteria can be discussed and debated. The
results of this workshop will be u ed by the various scieritific
and management agencies to develop management plan and
future research programs.

In closing, I would like to congratulate the planning
committee on putting together such a full and complete
program. This symposium will be settirig the example to be
followed in future Lowell Wakefield symposia. I am sure that
future symposia planning committees will find this act a hard
one to follow.
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INTRODUCTION

The crab fishery in Canadian Atlantic waters is based
almost entirely on the snow crab, Chionoecetes opilio
 O. Fabricius!. To date, only sporadic exploitation of
other Atlantic crabs with commercial potential  Jonah
crab, Cancer borealis; rock crab, Cancer irroratus; deep-
sea red crab, ~Ger on quinquedens I has occurred. The
landings of all crab species taken in Canadian waters
during 1979 are shown in Table l.

Canadian snow crab landings have risen rapidly since
the inception of the directed fishery in 1966 after
exploratory vessels found abundant stocks in the Gulf of
St. Lawrence  Table 2! . In 1978, 21,936 MT, representing
20'4 of the world catch of Chionoecetes, was landed. In
1979 and 1981, landings were worth over $20 million to the
f ishermen  Table 2! and are currently ranked sixth in
value on the Atlantic coast behind cod, lobster, scallops,
herring, and flatf ishes. Snow crab land ings in 1981 of
36,191 MT were the highest recorded and exceeded the
forecasted sustainable yield of 20,000-32,000 MT.

The following overview summarizes biological know-
ledge on the Atlantic snow crab resource, the present and
historical harvesting levels and methods, the management
strategies employed to optimize yields, and the research
problems currently being probed.

THE RESOURCE

In Atlantic Canada principal commercial snow crab
grounds lie between 26-220 fathoms and are located in the
St. Lawrence estuary and Gulf, around Cape Breton, and off
the east coast of Newfoundland  Fig. 1!. Any new exploi-
table areas will probably lie off the coasts of Newfound-
land and Labrador. Adult snow crabs are most commonly
found on mud substrates where the water temperature is
between 0 and +5'C throughout the year. Aggregations of
juvenile snow crabs may be found on gravel bottom at
shallower depths  Miller 1975!. However, high densities
of early stage juveniles have also been found evenly
distributed over mudbottom commercial grounds  R.W. Elner,
unpubl. data!. Field observations indicate that mature
females may be highly aggregated, whereas larger males
  70 mm carapace width! approach a random distribution
 Miller 1975!. Tagging experiments off Newfoundland



Table l. 1979 Canadian crab landings, all Atlantic and
Pacific species.

Location Species Landings  MT!

Atlantic Maritime Provinces
 including Quebec! Snow

Snow

Dungeness

Rock

Jonah

31

16

All species 31, 907Canada total crabs

Newfoundland

Pacific

Atlantic

Atlantic

19,486

11,195

1,179
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  D. M. Taylor, pers. comm. ! and Cape Breton Is land
 Elner and Robichaud 1980, 1981! have not revealed either
extensive or clear patterns of movement by adult male snow
crabs. In tagging exper iments in the Gulf of St. Lawrence
 Watson and Wells 1972!, the majority of recaptures  80-
90%! have occurred within 25 km of the point of release,
but a few crabs had relocated up to 56 km in less than a
year. Although it is unlikely that there are exchanges of
adult males between the major fishing areas, the fact that
larvae are pelagic for approximately 12 weeks and subject
to dispersion by surface currents, makes long-distance
recruitment relationships possible. Indeed, results of a
preliminary electrophoretic survey of 12 enzyme systems in
the snow crab infer that crabs from the western Gulf of
St. Lawrence and Cape Breton Island are similar in genetic
structure. However, crabs from northeastern Newfoundland
appear genetically distinct from both the Cape Breton
Island and western Gulf crabs. These results appear to be
supported by morphometric and meristic analyses  I'
Davidson and R. w. Elner, unpubl. data! . The preliminary
conclusions, in concurrence with our limited knowledge of
larval duration and surface current patterns, support the
hypothesis that there are two separate snow crab
populations in Atlantic Canada.

A distinctive feature of the Atlantic snow crab
resource is that under present conditions larval recruit-
ment does not appear to be affected by exploitation. The
fishery is regulated to land only male crabs of 95 mm
carapace width  CW! and above. This size is well above
the 57-mm CW size of 50% male maturity  Watson 1970! which
allows most mature males at least 1-2 years to mate before
entering the fishery. Female crabs are effectively
excluded from the fishery as they undergo a terminal molt
to maturity below legal size. The fact that practically
all mature females examined over recent years have been
'berried'  carrying eggs! indicates that a high reproduc-
tive potential is being maintained.

Our present knowledge of growth and, hence, recruit-
ment, and its controlling factors is deficient. Studies
suggest that growth is not necessarily an annual event.
Elner  unpubl. data! recaptured five male crabs of between
79-110 mm CW that had been tagged three years previously
and had not grown. In both the Gulf of St. Lawrence
 R. J. Bailey, unpubl. data! and around Cape Breton
Island  Elner 1982! large variations commonly occur in
both the time of recruitment and the magnitude of recruit-
ment.

1 D.M. Taylor, Biologist, Department of Fisheries and
Oceans, St. John' s, Newfoundland, Canada.

2R. J. Bailey, Biologist, Department of Fisheries
and Oceans, Quebec Ci ty, Quebec, Canada.



Annual monitoring of fishing effort, landings, catch
rates, soft-shell incidence, and population structure in
the Cape Breton Island fishery since 1977 has allowed a
4-year time-series of commercial biomass, growth and
recruitment, and exploitation rate estimates to be made
 Elner 1982!. Similar monitoring of the Newfoundland
fishery since 1979 has generated commercial biomass and
exploitation rate estimates for most of the management
areas  Taylor and O'Keefe 1981; D. M. Taylor, unpubl.
data!. The snow crab fishery in the Gulf of St. Lawrence
has been monitored at varying intensities since 1966 but,
due to the large area involved and the nature of the
fishery, only limited assessments have been practical
 Bailey 1978b; Lamoureux 1981!. Based on research and
fisheries data, the historical and forecasted resource
situation for each major region is given below.

Gulf of St. Lawrence

The fishery in the Gulf of St. Lawrence started in
1966 and rapidly reached a level of 4, 000-7,000 MT which
was maintained from 1968-75. During this period, the
effort  number of traps! increased considerably while
catch per unit of effort  kg per trap haul! declined.
In the period 1976-79, the increase in effort continued
although catch per trap haul remained constant after a
slight increase in 1976. The catches increased to over
16,000 MT in 1979. Crabs were abundant in 1980 but market
problems curtailed landings which finished close to 1979
levels. In 1981, with catch rates as high or higher than
the previous year, landings attained an all-time high of
approximately 22,000 MT. The exploitation rate in the
Gulf of St. Lawrence is high and the fishery is heavily
dependent on new recruits. Thus, the recent increase in
landings and the reduction in mean size appears to be the
result of a significant improvement in the level of
recruitment. Based on historical catch trends, maximum
sustainable landings have been projected at between
10, 000-15, 000 NT per ann um.

Ca e Breton Island

In 1980, landings for Cape Breton 1sland were down to
2,500 NT, a drop from a peak of 3,225 MT in 1979. The
1981 landings have accelerated the decline. Although
buyer-imposed and management controls probably contributed
to landing reductions in 1980 and 1981, only marginal
growth and recruitment levels have been observed in stocks
on the Atlantic side of the Island since 1979. In

10



contrast, biomass additions to the stocks on the Gulf side
of the Island have been sustained. In general, the Cape
Breton Island f ishery appears fully to overexploited, with
the Gulf-side f ishery becoming increasingly dependent on
new recruitment and the Atlantic-side f ishery collapsing
in the absence of recruitment  Elner 1982! . In the long
term, landings may be expected to stabilize at
approximately 2,000 MT per annum.

Newfoundland

The Newfoundland snow crab fishery began in 1968 and
expanded rapidly to attain peak landings of 12,608 MT in
1981. At present, the fishery is concentrated off the
east coast but continues to expand offshore and along the
NE coast. Preliminary estimates of maximum sustainable
yield are in the 8,000-15,000 MT per annum range, although
the possibility that new areas will become exploited
dictates that these estimates be viewed with caution.

HARVESTING

Harvesting of the Atlantic snow crab is through a
directed single-species fishery prosecuted by approxi-
mately 388 licensed vessels with traps as their sole gear
type. Kanding snow crab bycatch taken by all other gear
types is prohibited.

On commercial grounds close to the coast, the fishery
is carried out by boats under 13.7 m in length. Such
boats fish the inshore areas of the north shore of the
Gulf of St. Lawrence, Chaleur Bay and around Cape Breton
Island where 1-day trips are feasible. These boats engage
in other fisheries, particularly the lobster fishery,
depending on season and earnings. The majority of
landings are made by vessels ranging in size from 13.7-
21.3 m in length, with the capability of making up to
3-day trips on offshore grounds. The composition of the
snow crab fleet for 1979 is shown in Table 3 and is simi-
lar to the present fleet.

Trap numbers are more reliable indicators of fishing
effort than the number of participating vessels. While no
accurate information on traps is available for the entire
Atlantic fishery, approximate total trap numbers for each
region can be estimated by multiplication of the maximum
trap numbers by the number of licensed vessels  Table 3!.
Effort comparisons are confounded because there are
differences in trap sizes between regions. Traps most
frequently used in the Gulf and Cape Breton Island



Table 3. Structure of the snow crab fishing fleet for the Atlantic
Atlantic coast of Canada in 1979 � by province, vessel
length, and total traps.

New Nova
Vessel length  m! Brunswick Quebec Scotia Newfoundland Total

178

178

Estimated total
traps 40,800 64,94012,200 6,600 5,340

Less than 13.7 m
13.7-l5.2
15.2-18.3
18.3-21.3

21.3 and over

14

13

47 2
76

42

25

11 2
3

83

5

8

30 8

51

225

47
'54

57

5

388



fisheries are rectangular steel frames, l. 5 x 1. 5 x 0. 6 m,
covered in polypropylene netting, with two entrances on
opposite sides. Such traps are generally set singly and
baited with frozen herring or mackerel. In Newfoundland,
as well as small sectors of eastern Cape Breton Island and
the Gulf, conical traps are used. Most are l. 2 m across
the base and 0. 65 m high, covered with polypropylene
netting and have a plastic entrance at the top. In New-
foundland the traps are set in strings of 35-75 and are
baited with frozen squid or mackerel. Trap soak time is
usually 2 days in the Newf oundl and f ishery and 2-3 days in
the main Gulf fishery. Inshore boats around Cape Breton
Island and in the Gulf generally haul all traps daily.

The snow crab season in the Gulf of St. Lawrence is
approximately 6 months, extending from the ice breakup in
April to the onset of adverse weather in November. Off
Cape Breton Island, regulations limit the season to
approximately 2 months. Given favorable ice conditions,
crab fishing may continue almost year round off
Newfoundland, except for a legal closure in January.

After capture, crabs are stored live on ice in the
hold of the fishing vessel. Off-loaded crabs are trans-
ported to the processing plants and are processed within
a few hours of delivery. The illegal landing of soft-
shelled, recently molted  "white"! crabs has been a
quality problem at various times in some Gulf and Cape
Breton Island fishing areas . "White" crabs do not keep
well, are difficult to process, return a low meat yield,
and produce an inferior product. The problem arises from
high exploitation rates on the various affected grounds
and, hence, a high dependence by fishermen on freshly
recruited crabs. In the affected area of Cape Breton
Island, a delay in season dates appears to have improved
crab quality considerably. Various management measures to
improve quality are being considered for the fishery.

MANAGEMENT

The Atlantic snow crab resource is under the juris-
diction of the Federal Government of Canada and is managed
through the Department of Fisheries and Oceans. When the
snow crab f ishery started in the 1960 ' s, there were no
restrictions on effort or gear. Regulations for the
Atlantic snow crab fishery were drafted by the Gulf of St.
Lawrence Snow Crab Advisory Committee in 1976. Resource
management involves both biological and economic parame-
ters.

13



The a im of biological measures is to ensure the
renewal of the resource by protecting female and sublegal
size male crabs. This is done by:

1! Regulations that state all females caught in traps must
be returned to the water.

2! Regulations, enforced in the Gulf and Cape Breton
Island fisheries, that state at least one side panel of
each trap must be covered with netting of at least 131
mm mesh size. In Newfoundland mesh size must be at
least 114 mm.

3! Regulations that prohibit possession of any crab of
less than 95 mm CW.

The major purpose of the economic measures imposed on
the snow crab fishery has been to control fishing effort.
In addition to preventing depletion of crab stocks and an
overreliance on new recruits, the effort controls have
restricted overcapitalization and have, thus, assisted all
participants in attaining a reasonable income from the
fishery. Current economic measures are summarized as
follows:

1! Control of the size and number of vessels participating
by strictly limiting the number and type of snow crab
licenses issued.

2! Control of the amount of fishing gear by imposing maxi-
mum trap number per vessel limits. Presently, the
limit in Newfoundland is 800 traps, 150 traps for most
of the Gulf of St. Lawrence and 30 traps for nearshore
fishermen around Cape Breton Island and in the St.
Lawrence estuary.

3! Control of the amount of crab landed by imposition of a
total allowable catch  TAC! with d istribution of the
TAC into sector, fleet, or boat quotas. Around
sections of Cape Breton Island, the management strategy
has been to maintain stability in the commercially
available stock by permitting harvest of TAC's equiva-
lent to the estimated annual biomass increases
resulting from growth and recruitment. In Newfound-
land, where estimates of annual growth and recruitment
have been less practical, management has attempted to
confine exploitation rates to 50-60% in order to
maintain high catch rates, stability in landings, and
avoid a "white" crab problem.



4! Control of the number of vessels in a given area by
establishing f ishing zones. Such zones are enforced
around Cape Breton Island and Newfoundland to help
better distribute the resource among the local
fishermen.

5! Control of the period in which fishing takes place by
the imposition of seasons. As discussed in the
Harvesting section of this paper, various natural and
management-imposed controls on fishing period exist.
In Cape Breton Island the relatively short season is in
accord with developing this particular fishery as a
supplementary fishery with a large number of partici-
pants. Manipulation of seasons also has been used to
successfully avoid "white" crab quality problems.

To aid stock assessments, all licensed fishermen in
Atlantic Canada are required, as a condition of licensing,
to keep detailed logbooks   Fig. 2! . Annual assessments
are carried out by biologists on the basis of logbook,
tagging, research cruise, and commercial sampling data.
Assessments are subject to peer review and scrutiny
through two levels of the Canadian Atlantic Fisheries
Advisory Committee  CAFSAC!. Management considers CAFSAC-
generated advice in context with socio-economic factors
before making recommendations for possible enactment at
senior management level. Regional snow crab advisory
committees, made up of representatives for fishermen,
processors, and the provincial and federal governments,
serve as a link between industry and government and may
debate or propose management recommendations. There are
advisory committees for both the Gulf of St. Lawrence and
Newfoundland fisheries. The Gulf committee has a sub-
committee responsible for Cape Breton Island.

RESEARCH

A major research thrust is being made because effec-
tive management of the resource is hampered by a lack of
understanding of the crab's biology.

Around Cape Breton Island, in the estuary of the Gulf
and of f Newfoundland, stock biomass assessments have been
carried out both by Leslie analysis of logbook data and
tagging studies  Bailey l978a, Elner l982! . However, both
methods, being dependent on commercial f isheries data, are
subject to bias. Research into independent biomass
assessment techniques using traps and trawl s in conjunc-
tion with underwater photography is underway. Tagging
techniques have been refined to produce apparently
reliable anchor-tags that will be retained when a crab
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molts  R. W. Elner, unpubl. data; Taylor 1982! . Such
molt-retained tags are expected to supply valuable
information on biomass levels, exploitation and growth
rates, as well as long-term movements. Hitherto, such data
have been suspect or unobtainable with vinyl body and
anc hor- tag s .

The ecology and population dynamics of juvenile snow
crab are being investigated through beam trawl surveys off
NW Cape Breton. Stomach analyses of groundfish, which
feed on juvenile crab, are providing an alternative survey
mechanism as well as elucidating crab natural mortality.

Overall, if the fishery is to be managed on a long-
term basis, it will be critical that biological production
models for the various crab populations be developed.
However, a more thorough knowledge of growth and recruit-
ment mechanisms is needed before such models can be
described and used to optimize yields.
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ABSTRACT

Since the inception of a directed fishery for snow
crab off Canada's Atlantic coast in 1966, landings and
effort have increased considerably. Currently, snow crab
is the most important crab species  value and tonnage!
fished in Canadian waters. Landings of 36,191 MT in 1981
were worth $21 million to Canadian fishermen. This ranked
sixth in value for all commercial species on the Atlantic
coast. Most known grounds are considered fully to
overexploited and landings are increasingly dependent on
new recruits. Annual biomass additions from growth and
recruitment vary considerably, thus, future landings will
fluctuate accordingly. Annual sustainable yields from the
three major Atlantic snow crab areas, Newfoundland, the
western Gulf of St. Lawrence, and Cape Breton Island, have
been projected at 8,000-15,000 MT tons, 10,000-15,000 MT,
and 2,000 MT, respectively.

The minimum legal size of 95 mm carapace width
confines the fishery to mature males. The reproductive
potential of the stocks appears unaffected by exploita-
tion. Other regulations and management controls deal with
the number of licensed fishermen, the maximum number of
traps per boat, trap mesh size, vessel size, quotas,
fishing zones and seasons. Stocks are monitored by port
and at-sea sampling, tagging, trapping, trawl ing and
photography. Stock assessments are conducted annually and
recommendations enacted after peer review, management
scrutiny and industry consultation through advisory
committees.
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INTRODUCTION

According to historical documents and literary works,
one-boat trawling in waters along the southwest coast of the
Japan Sea began as early as 1087 for flat fishes. This type
of gear predominated in shallow and deep waters and was
modernized between 1913 and 1917 to the seiner of the hot-
bulb type engine. Between 1915 and 1930 one-boat trawlS
continued developing operations with the introduction of
modern conveniences, improvements, and intensification of
technical installations. The one-boat seine fishery has
expanded the fishing grounds to the continental shelf and
westward across the Japan Sea trench to the grounds adjacent
to China and to the coast of U.S.S.R. between 1935 and 1941.
In early years seiners did not fish for crab. After World
War II, however, a strong interest developed in the crab
fishery following reduction of the fishing area.

The main crab fishing grounds in the Japan Sea are
situated along the 200 m to 1,500 m contours. Fishing for
C. o~ilio is confined to shallow water of less than 330 m

1e �"
depth  See Figure 1.! Water of less than 100 m depth is
restricted to Danish seiners By agreement among the
fishery cooperatives in this region, the fishing grounds are
segregated by gross tonnage with small seiners of less than
14.9 gross tonnage and offshore seiners of more than l5

About 13 boats belonging to Shimane Prefecture are licensed
for fishing C. o~ilio.

The grounds off Hyogo, Tottori, and Shimane Prefectures
support a large population of both species and landings at
the three prefectures, although the landings from the area
do not exceed those at any other port of Japan. Namely, the
other demersal fish keep the crab fishery active. In the
northern part of the area, from Echizen Peninsula to Kyoga
Head, development of the crab fishery does not compare with
that in the southern part, due mainly to small fishing
grounds off each prefecture.

was begun in 1959 in Toyama Bay and off Niigata Prefectures
About 65 boats each carrying 30 traps landed 1,400 tons in
1965, mainly from the sea around Toyama Bay, and the crab
has since extended rapidly in the southern Japan Sea. Of

ap �"
Japan Sea, 66 percent were landed at Tottori and Shimane
Prefectures, 9 percent at Hyogo, and 8 percent at Niigata.
From initially developed waters in the Toyama Bay, the catch
has declined by 344 tons �5 percent! from 1965 to 1980.
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In early years the main grounds of this species were confined
to 900 to 1,500 m depths off each prefecture. Recent catches
of crab have been in waters of 1,200 to 1,500 m depth where
crabs are numerous, extending to the central part of the
southwest Japan Sea.

CRAB FISHING BOATS

In the statistical records, Danish seiners are classified
into two categories based on the gross tonnage as mentioned
previously--small seiners of less than 14.9 gross tonnage
and offshore seiners of greater than 15e0 gross tonnage.
Various factors govern the types of boats, the most. important
being the harbor facilities and the distance from the port
to the grounds. With the decreased. catch, larger boats
having a powerful engine were required for good catches
within a given time. The present day Danish seiners install
a variety of horsepower engines averaging 20 to 80 horsepower
in small seiners and 130 to 304 horsepower in offshore
seiners, and are fitted with depth-sounders and other modern
navigational aids. A boat is crewed by seven to eight men;
and when crab fishing on a one-night. trip, it can haul from
seven to eight seines. The numbers of boats that engaged in
the crab fishery since 1953 are shown in Figure 2.

It is generally expected that the increased horsepower
of the engine brings about better results in the increase of
areas swept by the net and warp and in the development of
new grounds in the offshore area. Assuming that crabs are
gathered from the ground swept by sweep line and that the
area of it is equal to that enclosed by sweep line and warp,
the total swept. area is approximately 1.302 km on the
average  Sinoda, 1969!, though there is no conclusive
evidence for behavior of sweep line while being towed.
Since the crabs in the area swept by net may be more catchable
than those in the area swept by sweep line, both areas are
not considered to have the same catchability. Probably the
net is able to catch various sizes of crabs present in front.
of the mouth, but the sweep line permits the crabs to escape
by leaping over the rope or burrowing into the ground. A
schematic diagram of Danish seining and radar observation
are shown in Figure 3.

During the early 1970s the "crab trap boats" were used
in Tyama Bay and introduced at Tottori and Shimane PrefectureS
following the decline of C. o~ilio landings. In 1974 the
340 licensed boats  about 220 engaged in crab fishing! in
the Japan Sea were rearranged so that the numbers in 1980
were about 280 boats; of which about 130 boats took part in
the crab fishery as shown in Figure 4. Although there are
two classes of crab trap boats, small boats of less than
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Figure 2. Number of Danish seiners fished in the southwest Japan Sea.
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Schematic diagram of Danish seining and rada observation of
seiner, S and F represent the starting and finishing points,
respectively, and the total time elapsed in the process of
towing  affixed numberj.



 sdeA! gOL!  des~]6q!
dezy go aeqmng ~ P g

IA
CV CV

O O
CV

~uo$ oooO 9»<0

CV bl

geog go iaq~ng

28



19.9 gross tonnage and boats larger than 20 gross tonnage,
the types of boats are various. As compared to Danish
seiners, the intensity of work on crab trap boats is less.
A boat is crewed by four or seven men, some of which are the
older former crewmen of Danish seiners.

The number of traps worked by a boat, depends upon the
gross tonnage; a small boat can work about 200 traps, while
a large boat can handle up to 450 traps. The trap of the
pudding-type is 80 cm in diameter on the upper surface, 120
cm on the lower surface, and 75 cm high. It has an opening
40 cm in diameter on the top. Iron rods about 9 to 12 mm in
diameter are used for framing, and the entrance tunnel is a
cyLinder of polyethylene, which is said to be more effective
for capturing crabs than an iron cylinder and easily obtain-
able. The largest numbers of crabs per trap can be obtained
when the distances between two traps is about 40 to 56 m
because the low catch per trap may be caused by overlapping
of the area of bait attraction between neighboring traps
 Sinoda, 1968a, 1968b, 1976!. Most of the bait is caught

is commonly used because it is relatively inexpensive.

LANDINGS

Records of the annual landings of Zuwai crab, C.
o~ilio, are available from the 1920a when a total landing
from the Japan Sea was approximately 800 to 1,500 tons as
extracted from Statistics and. Survey Division, Ministry of
Agriculture and Forestry, Japanese Government.

In common with other fisheries resources which were not
exploited during World War II, there was an upward trend in
the crab catch from 1948  about 6,800 tons! to 1964  more
than 15,500 tons!. As shown in Figure 5, however, landings
from 1964 to 1967 sharply declined, and during 1968 to 1972
increased. From 1973 to 1975 there was further downward
trend, and the total landings since 1975 have been fairly
stable at the lowest level in the 32-year period of the
fishery.

Following the drastic decline of Zuwai crab landings,
LE " *"

1e � '
zuwai gani, represents a slow increase during the period of
1959 to 1971. After the introduction of trap fishing to the
southwest prefectures, where there are a large number of
offshore boats available, landings of this species have gone
upward, surpassing the Zuwai crab catch in 1973. This
increased landing may be due to the development of nev
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grounds on offshore banks and in deeper waters. In 1980 a
total of 33,000 tons of crabs were landed at all the prefec-
tures along the Japan Sea coast. About 90 percent was
landed at. the southwestern ports, with 66 percent. of the
catch going to Tottori and. Shimane Prefectures.

CATCH IN RELATION TO HORSEPOWER OF DANISH SEINER
AND NUMBERS OF TRAPS USED

The reason for the increases and decreases in catch by
Danish seiners and crab trap boats would be better understood
if the number of seinings by the size of gear used and the
numbers of traps hauled in a specific ground had been known.
Unfortunately, accurate data on the fishing efforts and the
amount. of catch is only available in the captain's log book.
The fishing effort is summarized in each Fisheries Coopera-
tive Office based on the captains' reports. Due to the
variety of methods used for compiling fishing effort data,
we are obliged to fall back on the log books to have accurate
statistics on crab fishery.

Information on the changing abundance of crabs on the
grounds can be obtained by relating the weight of the catch
to the numbers of traps and of seiners by horsepower. This
is one useful guide to outline the state of the crab stock
over a long period. Figure 6 shows an example for C.
o~ilio off Hyogo Prefecture. The shape of the catch curve
has two predominant peaks from 1963 to 1964 and 1970 to 1972
which are similar to total landings from all the southwest
Japan Sea because the landings at Hyogo have accounted for
about 34 to 44 percent of all landings since 1953. Figure 6
indicates that catch variations after the initial peak can
be smoothed when the catches are standardized by numbers of
boats and horsepower. Although there was a large increase
in horsepower during the 10-year period of 196' to 1974,
poor landings occurred as shown in Figure 7.

1e "
by relating the weight of the crab to the number of traps
u.sed. Catch per unit of trap during the six-year period is
shown in Figure 4 and has gradually decreased with the
increase of the numbers of traps fished. As mentioned
previously, the number of crab trap boats were changed in
1974, since the total landings from grounds along the coast
of the southwest Japan Sea have shown a downward trend.
Catch per trap in the recent years is apparently stable. It
is probable that there are higher catches from developing
grounds in the offshore and smaller landings from the
developed grounds.
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REGULATIONS OF CRAB FISHERY

The difficulty in application of fishery biology to
management of the crab fishery is well known. Fishery
biologists have provided significant understanding of the
important crab populations of the Japan Sea. The success
and failure of the management was left in the hands of
fishermen. The stock of C. ~o ilio has been irreparably
damaged, it is believed, due to heavy exploitation with
nonselective gear on crab size.

n. Danish seine  C. ~pi lip I

l. Maximum amount of catch per trip

Female crab Soft crab

24 hrs./trip:
24-48 hrs. trip:

48 hrs./trip:

15 boxes*
25
60 n

15 boxes*

30

70

"One box = 15 kg.

2. Prohibited crab

Immature females and males of less than 9 cm

in carapace width

3. Fishing season

Female crabMale crab Soft male crab

11 Nov. � 31 Mar. 16 Dec. � 31 Mar. 11 Nov. � 31 Jan.

4. Fishing ground

In waters of more than 100 m depth and
restricted waters in accordance with agreement
among fishermen

Prefecture

1. Prohibited crab

Females, and males of less than 9 cm carapace
width

34

The management items of crab fisheries are authorized
as follows:



2. Numbers of trap

20 gross tonnage boat:
20 gross tonnage boat:

450 traps
200 traps

3. Net mesh size

15 cm in stretched size

4. Fishing season

From 1 September to 31 Nay of next year

5. Fishing ground

In waters of more than 800 m depth off Hyogo
Prefecture

6. Boat

Boats of less than 100 gross tonnage boats
based in Hyogo Prefecture

Based on stock information before opening the fishing
season, the preceding items may be changed in the annual
meeting which consists of the ministry and prefectual
officers, fishermen, and scientists.

The optimum age  t ! of exploitation is that age at
which the total weight of recruits attains its maximum, and
at which the increase in weight due to growth  Wt! and. the
decrease in weight due to total mortality �! are at equili-
brium. Therefore, t can be calculated. by finding the age
 t! when the following equation holds:,m

d NW!
Nt

dw

w + N
dt dtdt

35

In view of the biology of the crab, population control,
increased fishing intensity and nonselective or indiscrimi-
nate exploitation of crabs of various sizes and age groups
are the important factors contributing to the decline of
landings. The eumetric fishing curves show that the selec-
tivity of gear is at its best when crab is exploited at a
particular age or size at which the population attains its
maximum weight. As the optimum age or size of exploitable
crabs are important parameters for the management of fishery
resources, it must be determined whether the minimum landing
size of 9 cm has a biological basis.



3
1 = 1  

Z/K + 3
!, �!

and substituting 1 for the length in growth equation, we
get the relationship  Sinoda, 1976!=

1 3
log � !,

m o K e Z/K + 3 �!

where t and K are the parameters in the growth equation.
Figure 9 shows the variation in t and 1 /1 with Z=O.l
3.0 and K=0.05 � 0.80 year under conditions computed from
equations �! and �! putting t =O. Using this figure it is

.0possible to describe the propriety of the landing size of 9
cm in carapace width, when K=0.097 � 0.165 year , 1 =164

180e4 mm and Z=0.98 year '  Sinoda, 1968a and b; I'to,
1970! ~ Since the value of 1 /1 can be evaluated as less
than 0 ' 5 in the case of Z=0.98 year ' and K=0.097 - 0.165
year ', it is implied that the minimum landing size of 9 cm
in carapace width does not conflict with biological view-
points on C. o~ilio.

36

where N is the number of individuals at time  t!, and W
the weight at time  t! given by the von Bertalanffy equation
for growth, by which the growth of C. o~ilio could be
estimated  Sinoda, 1968a and b; Ito, 1970!. The length 1
at t is given by:

m
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ABSTRACT

The species fished commercially in the Japan Sea are C.

Ganx, is caught mainly by Danish seining vessels of 14 to 70
gross tons and some pots are used for the latter'

A large fishery is centered in the southwest Japan Sea
off Fukui, Kyoto, Hyogo, Tottori, and Shimane Prefectures
 total landings of C. o~ilio 3,060 tons in 1980, C. japonicus
33,000 tons in 1980!. A sharp rise in landings of C.
o ilio reached two peaks of 15,500 tons in 1963 to 1964 and

1% �"
more than 35,000 tons in 1978, have shown a relatively slow
downward trend over the next two years.

The fishing season for CD o ilio opens on ll November
and closes on 31 January  females and 31 March  males!. The
minimum legal size is 90 mm carapace width and the soft crab
capture is restricted in season, ll November to 16 December.
Catches of female crabs are restricted to the berried group,
and the small ones are prohibited from being landed. These
regulations are enforced to allow mating, breeding, and
molting to proceed.

1% � '"' "
deeper waters more than 800 m deep, from 1 September to 31
Way of the following year. For C. o~ilio the minimum legal
size is 90 mm carapace width, anZ numbers of traps used by a
boat are restricted to 200 for boats less than 20 gross tons
and 450 for boats more than 20 gross tons.

In 1980 the total number af Danish seiners was approxi-
mately 1,893 in the southwest Japan Sea. Prior to 1971, the
total number of trap-vessels was about 200, and in 1973 the
number showed a further decrease with an increase in the
number of traps used. With the decrease of C. o~ilio, the
percentage occurrence of soft fernale crabs in landings have
shown an upward trend, especially in the main fishing area
off Kyoto, Hyogo, and Tottori Prefectures.
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Introduction

In the North Pacific Ocean crabs of the genus C'hionoecetes are found in
commercial quantities in a number of areas. They have been exploited as a
food resource for almost a century in Asiatic waters, particularly in Japan
 Cahn 1948!. As crab stocks in the Sea of Japan declined in the middle l960's
 Sinoda 1968! attention was turned toward finding supplementary stocks which
might be suitable for exploitation. Exploratory fishing was conducted in
the eastern Bering Sea by Japan and a fishery for Tanner crab soon developed
in that region. In the Gulf of Alaska  GOA! domestic fishing effort on the
Tanner crab was negligible due to the fact that a large scale effort to
exploit the red king crab, Pmalithades camtschatica, resource kept the
fleet busy for most of the year. The severe decline in king crab catches
after 1967  Brown 1971! spurred interest in harvesting the Tanner crab as a
means of supplementing income. The highlights of the Tanner crab fishery,
management related research and regulatory scheme used to manage the comoer-
cial fishery in the GOA is reviewed in the balance of this paper.

Ge okra i~h

The area of the northern Pacific Ocean which is considered herein
includes the continental shelf and upper slope waters of southeast Alaska west
along the GOA coastal rim through the Aleutian Archipelago. This ocean
region generally extends from 130' H. longitude west to the 172' E. longi-
tude and 51 N. 'latitude north through Prince William Sound and Cook Inlet
to approximately 61 N. latitude  Figure l!. Mithin this region, repre-
senting approximately 250,000 km' of shelf and upper slope bottom area, the
shelf is divided by numerous troughs and varies in width from about 2-176 km.
It is narrow off of many of the islands in the Aleutian Archipelago and
broadest in the region northeast of the Kodiak Archipelago. Bottom sub-
strate composition consists of rock, gravel, sand or mud and changes rapidly
wi thin short distances  Ronhol t et al . 1977! .

Distribution  North Pacific

Five species of the genus chionoecetee have been described from the
North Pacific region  Table 1!  Garth 1958!. One of these, C. opiHo, is
subdivided into two subspecies, C'. opilio opiHo and C'. op~lio eMngatue.
The latter along with C'. japonica@ is found only in the western North
Pacific along the coast of Asia. Of the remaining species, C'. opiHo opi7io
is restricted in the Pacific portion of its nearly circum-arctic range to
the Bering Sea while L.". bairdi, C'. ar~Lztua and C'. tanneri are more widespread
in the eastern North Pacific  Table 1!. C'hionoecetea angulatue and C'. tannezi
are predominantly abyssal forms and little interest has been shown to date in
developing a commercial fishery on either species. Brown �971! reported that
C. bairCk was the only Tanner crab exploited commercially south or east of
the Aleutian Islands. This is still the case in 1982. The balance of this
review deals solely with this commercially important species.
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Table 1.--Chionoecete8 spp. and their distribution

epth
Meters LocationS ecies of Chionoecetes

C. opi2io �. Fabri eius! 13-155

Sea of Japan, Okhotsk SeaC. o. e2cngatua Rathbun

C. ba~rdi Rathbun Bering Sea to California
 Hosie and Gaumer 1974!.

C. tanner i Rathbun

Bering Sea to Oregon90-2972

411-2103

45

C. arzgu2aMs Rathbun

C. japonicua Rathbun

to 2222

shoalwater to

473

53-1942

Bering Sea, Arctic Ocean, iN..
Atlantic Ocean from west coast
Greenland to Casco Bay, Maine.

Bering Sea to lower Cali-
fornia  E. Monk, personal com-
munication!

Sea of Japan  Natson 1969a;
Fukataki 1965!.



Ca tch History

On seasons

Fishing seasons in the GOA frequently last from late one year to spring
the following year. Correctly stated each season ~ould be referred to by
both years comprising the season  example: the 1979-80 and 1980-81 seasons
produced......!. Since this tends to be cumbersome, I will refer to fishing
seasons by the second year which generally encompasses the period of greatest
fishing effort  the example above becomes: the 1980 and 1981 fishing sea-
sons produced......!.

The Tanner crab is by no means a new food resource. Cahn �948! re-
ported that Tanner crabs have been exploited in Asiatic waters since the
late 19th century. Although the Japanese had been harvesting king crab in
the Bering Sea since 1930, Japanese king crab fleets did not begin to process
the readily available Tanner crab unti'l 1953  Zahn 1970!. Production remained
at experimental levels until the 1965 U.S.-Japan King Crab Agreement estab-
lished a quota on the Japanese king crab harvest. This quota, in conjunction
with declining king crab catches caused king crab prices to become exhorbi-
tant for the Japanese consumer which generated greater interest in the Tanner
crab resource. The Japanese Tanner crab catch in the eastern Bering Sea
jumped from 1.5 million crabs in 1965 to 12.0 million crabs by 1968   INPFC
1970!. During the 1968 commercial season the GQA Tanner crab harvest exceeded
453.6 mt  or 1 million pounds! for the first time. The total GOA harvest that
season reached 1,450,4 mt  Figure 2 and Table 2! considerably higher than the
previous season's catch of 53,8 mt. Interestingly, the almost 27 fold in-
crease in the GOA harvest during the 1968 season was not directly related to
the increased interest shown by the Japanese in the Bering Sea Tanner crab
resource. It was related to the widespread and significant declines in
king crab harvests after 1966  Figure 3!. Catches of Tanner crab up to
1968 had been incidental to the king crab harvest. Mith the declines in
king crab catches, fishermen turned to Tanner crab to supplement declining
income from the king crab fishery.

During the early years of the GOA Tanner crab fishery, 1968-1971,
effort remained relatively low due to poor marketing conditions. According
to Brown �971! these conditions stemmed from, '1! uneconomical extraction
of meat from the shell; 2! relatively low consumer acceptance; 3! com-
petition on the U.S. marked from imported chionoeeeeea crab meat; and 4! a
black encrustment on crab shells"  Black Mat Syndrome!. Market conditions
improved somewhat as the king crab harvest declined which resulted in a
major increase in the GOA Tanner crab catch from the 4,898,8 mt landed
during the 1971 season to the historic high of 29,667.8 mt landed during
the 1974 season  Table 2!.

Three major increases in industry interest in the GOA Tanner crab
seem to have occurred  from the standpoint of the number of vessels fishing!
since its inception  Figure 4!. Two of these increases, one in 1968 and
1969, and another in 1978 and 1979 resulted from declines in king crab
catches while the third increase, 1973 and 1974, occurred as a result of
improved marketing conditions.
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Table 2.--Tanner crab, Chionoecetes hairdos, catches  in metric tons, mt! from the
Gulf of Alaska, by area, !961 through 1981 commercial seasons.

Prince Gulf of
Commercial Wi]liam Cook South Peninsula Alaska
Season Southeastern Sound In]et Kodiak Chignik/A]eutians Totals

3.1 3.1

3.5 1.5 5.0

6.3 6.3

1.2

49.5

101.2

299.5

2.3

59.7111.2 68.5

560,5

582.7

635.5 292.3

950.0600.1

3,532.8

6,317.6

4,607.6

1,748.2

3,235.4

1,053,0

2,180.3

3,198.1

2,7]8.3

1,259.1 5,329.1

1961

1962

1963

1964

1965

]966

1967

1968

I969

1970

]971

1972

1973

1974

1975

1976

]977

]978

]979

1980

1981

75.9

297.9

853.0

1,443.4

1,286.6

1,761.0

1,214.8

I,398.8

1,431.0

1,909.6

1,125.6

721. 7

1,924.6

3,431,0

3,614. 3

1,867. 9

2,481 .6

2,107,2

2,424.5

2,595.8

2,299.4

1,543.7

50,3

1,161. 5

3,096.8

3,817.8

3,059.1

4,290.1

13,925.3

13,526.7

6,191.6

12,399.9

9,398.6

15,096.4

13,233.2

8.447.7

1,040,1

l,653.5

2,886. 4

6,2]7. 0 258. 9

4,012. 2 34.1

8,222.9 270.6

5,645.8 590.4

5,506.7 1,209.8

5,089.6 670.1

4,753.3 555.]

3,001.2 396.7

53 8

],450.4

4,686.3

6,251.1

4,898.8

]1,707.1

27,413.4

29,667,8

15,140,6

28,371. 4

20,009,8

27,816.4

26,217. 8

20,683.5

12,655.5
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Another way of looking at the increases in fishing effort is by exami-
ning the number of vessels fishing, the number of deliveries and the number
of pot lifts during the cottmercial seasons. In the Kodiak area, data on
the number of vessels and pot lifts for 1967 are not available. However, we
do know that the 50.3 mt of Tanner crab delivered that season  Table 2! were
the result of 83 vessel landings. The first major increase in fishing
effort occurred the following season, 1968, when 817 vessel landings pro-
duced 1,161.5 mt of crab. From 1969 through the 1972 fishing seasons, the
number of vessel landings and the resulting production averaged 686 and
3,566.0 mt of crab respectively. During this same period an average of 70
vessels fished lifting an average of 69,472 pots each season.

The next major increase in fishing effort occurred during the 1973
fishing season as market conditions improved for Tanner crab. The number
of vessels fishing increased to 105, a 67K increase over the 70 average of
the previous four seasons  Figure 4!. The number of pot lifts also rose
dramatically to 188,158, a 171% increase over the previous four season
average. The 1,466 vessel landings were more than double the previous four
season average, an increase of 1145.

The third major increase in fishing effort spanned two commercial
fishing seasons, 1978 and 1979. In 1979 the number of vessels fishing in
the Kodiak area reached the historic high of 218  Figure 4!. The number of
pot l~fts was 275,455, the second highest on record. Yessel landings de-
creased to 1,225 which was actually lower than the landings during the 1973
season.

This three step increase in effort on the Tanner crab resource ob-
served in the Kodiak area seems to have occurred in most of the other areas
of the GOA. Southeastern, Prince William Sound, Cook Inlet, South Peninsula-
Chignik and the Aleutians  seasonal catch records for the last three areas
were combined until the 1974 season when the Aleutians were recorded separ-
ately! recorded their first significant catches of Tanner crab in 1968 with
subsequent catch increases during the 1969 season. In terms of catch the
1973 fishing season showed the most pronounced harvest increases in each of
the GOA areas  Figure 5!.

Taking a closer look at the catch histories of the GOA areas  Figure 5
and Table 2! shows several with erratic harvest patterns. This is parti-
cularly true of the Kodiak, Prince William Sound and South Peninsula-Chigni k
areas. Cook Inlet, Southeastern and the Aleutians seem to experience
less fluctuation in Tanner crab harvests. These fisheries are loca1 in
nature and less fishing pressure on the available stocks in Southeastern
and the Aleutians areas may be partially responsible for the relative
stability of the catches, particularly since the 1975 season. Cook Inlet
has experienced considerable fishing activity and certain management
practices may be responsible for the relatively stable catches since the
1975 season.
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A few other points should be mentioned with regard to the catch histories
of the GOA areas  Figure 5!. The dramatic decline experienced in all areas
in 1975 was due to the prolonged price negotiation  strike! which delayed the
start of the season in all areas. Also, with the exception of the Aleutians
area, Tanner crab harvests declined in 1977 due to the imposi tion of a size
limit by the Alaska Board of Fisheries. Lastly, with the exception of the
Southeastern area, all GQA areas experienced declining catches in 1980 and
1981. These decIines probably reflect actual declines in the available
stocks of Tanner crabs.

Research

General

Research on the genus chionoeoetes has developed, primarily, in areas
where the fisheries began. Prior to 1970 the Tanner crab fishery in Japan
stimulated research on C'. opiHa  Yoshida 1971; Ito 1963, 1967, 1968; Kon
1969; Kon et al. 1968; Yosuda 1967; and others! and C. japonicu8  Fukataki
1965!. Similarly the development of a fishery for Tanner crab in mar~time
Canada stimulated research on C'. opi Ha in the northwest Atlantic  Brunel
1960; Deveau and Aucoin 1966; Powles 1966, 1968; Watson 1969!. In the
eastern North Pacific area, including the Bering Sea, aside from the early
taxonomic and distributional studies of the genus  Rathbun 1925; Slipp 1952;
NwacGintie 1955; Garth 1958!, work was done on C. tanneri off the coast of
Oregon/Washington  Pereyra 1965, 1966! and preliminary research began on
C. opilio and C'. bairdi in the Bering Sea  Karinen 1969; Takeshita et al.
1969!. Very little work was conducted on C. baircfi in the GOA before
Bright's �967! study of the natural history of the king crab, Paralithodas
oamtsohatiea, and the Tanner crab, C. bairagi, in lower Cook Inlet Some
distributional survey data which included C'. bairdi had been published
earlier   IPHC 1964; Hitz and Rathjen 1965! for the no'rthern GOA.

As the Tanner crab fishery in the GQA became established  by 1970!
i t became apparent that little was known about the biology and behavior of
C. bairdi that would be of value to fishery managers. Preliminary work be-
gan in the Kodiak area on defining the size at maturity and the size of
mating males  Brown and Powell 1972!. Using morphometric measurements,
reproductive tract weights and size of pre-copulatory males, Brown and
Powell concluded that 50% of the males are mature at about 110 mm carapace
width  CW!. With regard to mating males, they found that all grasping
males  they observed 48 mating pairs over a five year period! were at
least 14 mm larger than their female partners. Preliminary work on
C. bairdi growth began in the Prince William Sound area by analyzing width-
frequency distributions of crabs captured by various means and times of the
year  Van Hyning and Cooney 1972!. They found distinct size groupings
among the juvenile crabs while crabs above 100 mm CW tended to be lumped
together in one mode  due to the effects of skip molting in mature crabs!.

The first major work on female C'. bairai was undertaken by Hilsinger
in 1973. The study emphasized reproductive biology using crabs captured off



Prince William Sound and some of his results laid to rest a number of
erroneous conclusions on Cook Inlet Tanner crabs drawn by Bright �967!
which conflicted with the findings of investigations on other members of
the genus  Hilsinger 1976!. He found that while a few adult fema1es may
molt, for the most part the female molt to maturity in C. hairdos is a
terminal molt. He also determined that the female reproductive cycle in
C. hairdos was five or six months longer than that reported by Bright �967!.

The Alaska Department of Fish and Game {ADF8G! began the first long
term study of C. bar'~dr. in the GOA in 1973. Partial federal funding for
this study was provided by the Commercial Fisheries Research and Development
Act  Public Law 88-309 as amended!. The main objectives of the project
included, 1! determining growth and age at size; 2! describing the fre-
quency of the molt; 3! describing the reproductive biology; 4! determining
the distribution and relative abundance of Tanner crab with respect to size
and sex; 5! assessing the effects of the commercial fishery upon the popu-
lation; and, 6! observing inter-relationships between Tanner crabs and
other marine organisms  Donaldson and Dick 1977!. Federal funding for this
research ended in 1981.

Since it is not within the scope of this review to give a detailed
description of the research conducted over the past decade, I will mention
the highlights of the program and, hopefully, give the reader some sense of
where we are in terms of the program objectives stated above. It should be
noted that unless stated otherwise the research covered was conducted in the
Kodiak area. I, in no way mean to slight work done in other areas of the
GQA; however, since the bulk of the Tanner crab harvest from the GOA has
been landed from the Kodiak region it was a logical place to conduct most
of the research work.

Growth and a e at size

Describing the growth rate of a commercially important species is
important information to fishery managers. In 1973, a joint ADF8G-University
of Alaska effort to develop estimates of growth, age at size and size at
sexual maturity of C. bairdi from the northern GOA was initiated   Donaldson
et al. 1981!. Growth, size and age and size at sexual maturity estimates
were derived from observations on molting crabs and from modal groups
evident in width-frequency distributions of crabs captured by various means
and in differing locations at various times of the year. In surrlrrary, among
juvenile crabs, growth per molt is not significantly different; growth ranged
from 25Ã to 36'5 for the first to sixth molts preceding the molt to maturi ty;
in mature male crabs growth ranged from 14Ã to 22% over five molts. Size
at 505 maturity for females was determined to be 83 mm CW; these crabs
would be 97 re CW after the molt to maturity. Among males, 90 mm CW seems
to be the size at which the puberty molt occurs; these individuals would be
112 mm CW after the molt was complete.

Fre uenc of the molt

Information on the frequency of the molt was obtained from the same
research work  Donaldson et al. 1981!. When crabs hatch at a particular time



of the year it 1s possible to follow the discrete width-frequency modes over
time. Comparing growth 1nformation with observed size frequency modes
sampled from the population at var1ous times will give a good idea of the
frequency of molting for juveniles. As the inter-molt period becomes less
well defined  after reaching maturity! determination of the frequency of
molting increasingly becomes a matter of guesswork. Formulating a growth
model for male crabs from the size-age relationship of small crabs suggests
a gradually increasing intermolt per1od with crabs < 35 mm CW molting more
than twice per year and large crabs  about 150 mm CW! molt1ng every 18 months.
It should be noted that male c. bai~2i may undergo a terminal molt at a size
which has not been determined. Few males larger than 180 mm CW are captured
in the Kodiak area commercial catch.

Re roductive biolo

In 1979 another joint ADFM-University of Alaska project was initiated
to study C'. hairdos reproductive b1ology in more detail than previously.
Lltilizing crabs from the Kodiak Island area the Institute of Narine Science
was to conduct work for three years. Some of the objectives were 1! deter-
mine the length of time prior to and following molting that a female will
attract adult males for the purpose of mating, 2! determine whether oldshell
females are capable of mating and will they choose to mate or will they pre-
fer to produce egg clutches using sperm stored in their spermathecae,
3! determine the number of viable egg clutches and the number of eggs extruded
by a female rely1ng on stored sperm compared to females which have recently
mated, 4! determine how much sperm is stored and how many eggs are produced
by females after they have mated with various size males, 5! determine
what percent of a random sample of oldshell females are barren due to sene-
scence, and 6! determine 1f males mate more than once in the breed1ng season.
Answers to a11 these questions could have management implications if a
population of crabs becomes reproductively stressed through fishing pressure
or some other means. The third and final year's work is currently underway
in Seward. Results of this study are reported elsewhere in these proceedings.

Reproductive potential as a function of egg clutch size has been mea-
sured on the population indexing surveys in most north central and western
GOA areas since 1976  Table 3!. Adult female crabs whi ch were not carrying
egg clutches at the time of capture were classified as barren. The highest
incidence of barren female C. bairagi has consistently been recorded in the
Kodiak area. Even there, however, the percent of barren females has not
exceeded 10% of the adult females captured,

Distribution and relative abundance

In 1973 the ADFSG initiated an experimental survey program which used
king crab pots as the means of capture. Although the program was designed
to assess red k1ng crab populations  Powell et al. 1974!, Tanner crab work
was included due to the fact that they would readily enter king crab pots.
The primary goals of these surveys was to estimate the annual relative
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Table 3.--Percent of female Tanner crabs, c'h~onoecetes baird~, that
were not carrying eggs at the time of capture, 1917 through
1981 population index surveys,

X
1981 A1 1 ea rs1977 1978 1979Area 1980

9 Si/4.4 8.56.7

2.6 3.5

2.71.3 3.3 3.0

2.0 1.9

56

Kodiak

Eastern Aleutians

Sand Point

Cook Inlet

-' only south end of Kodiak Island surveyed.

3.4 6.5

2.1 2.3

7.9 3.6

7.6 3.5



abundance of legal size males and predict recruitment trends 2-4 years in
advance of crabs attaining coamercia1 size. These estimates would allow the
ADF&G to establish annual harvest levels and recommend harvesting strate-
gies in order to obtain the optimum yield under certain management policies
established by the Alaska Hoard of Fisheries and the North Pacific Fisheries
Management Council.

The ninth year of the Kodiak crab pot indexing survey was completed
in 1981. Similar surveys were initiated in lower Cook Inlet, Prince William
Sound and the South Peninsula areas in 1974, and the Eastern Aleutians in
1975. In the Western Aleutians area surveys were conducted in 1975, 1976
and 1977. An example of the type of information the ADF&G obtains from the
surveys using pots is numbers of male crabs captured by size group  i.e.
Kodiak area!  Table 4! {Donaldson and Hicks 1980; Colgate and Hicks 1982!.
It is evident from the variations in pot lifts between surveys that the
numbers of crabs captured are not necessarily comparable. Nore importantly
small Tanner crabs  < 114 mn CW! do not seem to enter pots in predictable
numbers from survey to survey; thus little can be determined regarding
future recruitment trends. Problems in the pot survey data are compounded
by the fact that the total area fished changes frequently due to fluctuations
in funding or changes in priorities. We do use changes in the relative
abundance of legal size crabs at stations fished consistently for several
years as our primary management tool along with in season catch data. The
smallest Kodiak area population unit we have confidence managing on this
basis is crab "stocks" which have been estiblished primarily as a result
of migration information  Table 5 and Figure 6!  Donaldson 1980a!.

Due to problems in acquiring data on Tanner crab necessary to meet our
management objectives from the pot survey, interest has been generated
in the use of trawls to survey the Tanner crab resource in the GOA as has
been done by the National Narine Fisheries Service in the Bering Sea.
An experimental program to test this possibility began in 1980 and is con-
tinuing. The preliminary results of the trawl survey program are presented
in another paper in these proceedings.

Since intelligent management of the C. ba~~di resource depends on
accurate knowledge of the species growth, frequency of molting, migration
and population abundance, a tagging method which is practical, permanent
and identifies specific individuals is highly desirable. A number of
attempts to develop such a tag using a basic T-bar design have been dis-
appointing, Tag placement is critical in that tags easily hang up in the
old exoskeleton during ecdysis which effectively prohibits the successful
completion of the molt  Colgate and kicks 1982!. Vessel hold studies in
1979 with similar tags showed a significant amount of tag clipping and
removal by other crabs  Donaldson 1980b!. Work is continuing on the develop-
ment of an acceptable tag.

In order to obtain information on fishing mortality, migration and, to
some extent shell aging, the ADF&G has utilized a non-permanent carapace
dart tag on legal sized crabs captured during the Department's surveys,
Tag recoveries have generally been poor in the Kodiak, South Peninsula and
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Table 5.--Mean catch/pot of legal  > 140 ran CW! male Tanner crab,
chiorroeeeteH baird~, in the Kodiak area, by stock, 1973
through 1981 population index surveys.

11.9 10.3 9.2 6.8 4.7 � 4.7 2.2 1.2

10.7 24.8 10.0 4.4 6.3 - 6.7 2.8 3.8

11.0 11.2 16.1 11.9 15.7 5.2 2.0 2.0 0,7

8.0 18.9 6.1 14.6 12.4 4.6 2.3 4.1 6.6

6.0 3.2 8.71.0 3.3 14.1 23.1 7.1

-' See Figure 6 for stock locations. Stocks E, G and H have not been surveyed
consistently and are not included.

Kodiak Surveys

Stock � ' 1973 1974 1975 1976 1977 1978 1979 1980 1981
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Aleutians areas  Table 6! and we have not been able to use them for in
season fishing mortality with any confidence. In Cook Inlet tag recoveries
increased dramatically when the tagging operation was moved from about June
�974 and l975! to November �976 through 198l!  Table 6!  Davis l980 and
personal communication!. Tagging crabs soon after the peak molting period
 Nay! when the exoskeleton was relatively soft may have resulted in large
numbers of tags being lost or high tagging mortalities. Tagging in the
Kodiak, South Peninsula and Aleutians areas has frequently been conducted
in July. This may partially explain the low tag recovery rates in those
areas.

Important data on C. haik~: migration has been obtained from the non-
permanent tagging program in the Kodiak area. A migration study was done
using 1973 through 1979 recaptures with accurate recovery data  Donaldson
1980a!. The data was analyzed by "CRABWALK", a series of computer programs
designed to assist in the analysis of crab migration data. Some of the con-
clusions of the investigations were that mature mate C. hairdos. tagged in
bay areas tended to move to deeper offshore waters while mature males tagged
in offshore areas tended to remain there wandering randomly within certain
geographic areas  particularly gullies!. Individuals may range widely in
a particular area though the average movement during the course of the
study was only 24 km. No correlation was found between the length of time
crabs were free and the distance migrated upon recapture, Nore work will
be necessary to determine if there are seasonal migrations. In terms of
management, i t seems that relatively independent stocks of mature male
C. ba~zdi are definable, at least in the Kodiak area.

Nonitorin the commercial fisher

During the 1974 commercial fishing season a fisherman logbook program
was initiated by the ADF8G to gather data on the catch per unit of effort
for various pot types, soak times and gear locations and to delineate
fishing grounds  Donaldson and Dick 1977!. Data from the program was of
value with respect to in-season evaluation of the catch; however, voluntary
participation in the program was not great and it soon became apparent that
until a method for standardization of fishing effort is developed, effort
related information must be regarded as suspect.

lost GOA areas have dockside sampling programs during Tanner crab
season which collect data similar to logbooks by interviewing the fisher-
men. In addition, samples of 50 randomly selected crabs are collected
from many of the catches. Data is taken on size frequency and shell age.
In the Kodiak area information on the presence of Black Mat Syndrome is also
gathered from corwnercial catch samples.

Interrelationshi s with other s ecies and other research

A number of studies dealing with species interrelationships have been
conducted in the GOA. One such study described the summer food of the
Pacific cod, Gadua rnaczocepha7us, off Kodiak Island from stomach analysis
 Jewe.t 1978!, The results of this investigation are included in another
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paper herein and will not be discussed here. A similar study was conducted
in 1977 in Southeastern Alaska using cod from offshore and inshore areas
 Clausen 1981!. Chionoecetes bairagi was the most cowmen invertebrate en-
countered in the stomachs and the second most common species in stomachs
from all areas combined. It was considerably fess frequently encountered
in cod from the protected inshore areas - though still quite commn.

A study of the epifauna associated with t.-. bairdi in the Kodiak area
was done in 1977  Donaldson and Dick 1977!. One hundred five crabs cap-
tured during the commercial season wer e used. So as to be more certain
about shell age, 98 of the crabs used were tag recaptures. Of the 40-50
epifaunal forms identified, a bryozoan, Alogo~idium sp., was most prevalent
 835 of the crabs!. Significant difterences seemed to exist in the incidence
and relative abundance of some epifaunal forms on crabs from different
areas within the region. As one would expect, the incidence as well as in-
dividual number of epifaunal forms per crab increased with increasing shell
age.

Another study of interest is the ongoing Black Mat Syndrome research
in the western GOA  Colgate and Hicks 1982!. This fungal disease was
reported by Brown �97l! as one of the causes of poor market conditions For
Tanner crab during the early development of the fishery. The ADF8G began
looking at the incidence and distribution of the disease in the Kodiak area
in 1979 and the results of that work are presented elsewhere in these
proceedings.

Regulations

In an attempt to avoid the pitfalls of overfishing the Tanner crab re-
source off Alaska, the North Pacific Fishery Management Council in response
to provisions of the Magnusen Fisheries Conservation and Management Act of
1976  U.S. Public l.aw 94-265! developed a Fishery Management Plan  FMP! for
Tanner crab. The plan was adopted in May 1978 and federal regulations went
into effect in December 1978. The management plan has three basic objectives:

Minimize fluctuations in stock abundance due to harvest by maintaining
the full reproductive potential of the Tanner crab stocks.

2. Insofar as possible, prevent industry overcapitalization and minimize
economic distress due to extreme fluctuations in harvest based on
naturally fluctuating stock abundance; and

3. Integrate management of Tanner crab stocks with those af other fisheries
to maximize economic returns and minimize adverse impact on other stocks."
 NPFNC 1978!,

Technically, the State of Alaska has jurisdiction over all inland waters
and those coastal waters from shore out to 4.8 km while the United States
federal government has jurisdiction over the Fishery Conservation Zone which
essentially extends from 4.8 km out to 321.8 km. The FMP for Tanner crab
has been amended as conditions changed and better information became available.
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Hopefully, the plan will evolve into a framework plan similar to that de-
veloping for king cr'ab, This would allow flexibility in management depending
on stock and industry status and would eliminate the necessity of annually
updating the FMP.

According to the FMP, the State of Alaska's regulatory goal emphasizes
three primary objectives and procedures to accomplish them:

"1. Maximize yield from harvestable surpluses: This is accomplished by
seasons and gear restrictions to increase meat yield per individual
crab and reduce mortality on sublegal crab.

2. Maximize reproductive potential af the Tanner crab stocks by: a!
imposing seasons, gear restriction, size and sex limits and harvest
levels to protect crab during reproduction; b! minimizing mortality
on female crab due to handling or harvest; and c! assuring full female
fertilization by providing adequate numbers of males of all sizes for
breeding.

3. Seek economic stability in the Tanner crab industry. Avoiding over-
capitalization based on levels of population abundance which roay not
be sustained over time by; a! regu1ating annual harvest to discourage
too rapid expansion of harvesting and processing capabiIity until the
resource potential can be better evaluated and; b! by stabilizing
harvest levels within the range of natural recruitment fluctuation if
not precwuded by excessive natural mortality beyond the first year at
maturity."  NPFMC 1978!.

Six main regulatory categories are utilized by the State of Alaska to
meet these objectives. Briefly described, they are:

I'n order to sustain optimum levels of Tanner crab production seasona1
closures are required which encompass peak molting periods as we'Il as the
egg hatching and breeding seasons. Season opening dates are set long enough
after the peak molting period to insure maximum weight gain for a high
quality product.

Sex limitation

The combination of a prohibition against harvesting female crabs and the
maintenance of an adequate mature male population for breeding purposes
should  under "normal" environmental conditions! result in full female
fertilization which would protect the reproductive potential of the Tanner
crab.

Size 1 imi t

Chionoeaetes baize could be comnercially harvested at the size of
maturity  about 112 rm CH!. In order to provide a large population of



breeding males to insure the reproductive viability of the population a
certain portion of the desirable size mature male crabs must be saved
from harvesting for reproductive purposes. Since nearly all c. hairdos. males
are mature at 135 mm CW a size limit of 140 mm CW has been imposed state-
wide with the exception of Prince Wi lliam Sound where the limit is 134.6 mm
CW  for economic reasons!. Of course it is possible that full female
fertilization might be attained with less than 100% of the mature male
population being allowed to mate for at least one breeding season before
being exposed to the commercial fishing effort; however, data on the size of
the male and female populations along with a knowledge of male breeding
efficiency will have to be defined before adopting a less restrictive size
limit policy.

Harvest levels

The Tanner crab harvest expanded rapidly during the 1970's and the ex-
pansion occurred before adequate biological assessment of the stocks,
particularly with regard to reproductive requi rements and the development
of acceptable predictive capabilities for future recruitment. In order to
avoid the possibility of overexploitation of some stocks and the under-
utilization of others guideline harvest levels have been used to distribute
fishing effort among the various crab stocks in the state. They have also
served to inform the industry that unrestricted harvest expansion may not be
desirable. The harvest guidelines are defined as ranges so as to allow
managers flexibility in an area's harvest based on annual population assess-
ment data and to allow adjustments in the harvest based on fishery performance
or crab condition. The Alaska Board of Fisheries recently �982! repealed
the use of harvest guidelines as regulation for much of the state since the
time frame for proposed changes and resultant fisheries precluded their
usefulness.

Fishin area restrictions

Exclusive registration areas have been defined in certain regions in
order to help reduce the rate of harvest and prevent economic dislocation
of local participants in the industry. In the Gulf of Alaska, exclusive
registration areas have been established for Prince William Sound and Cook
Inlet,

Bear restrictions

In order tp protect non-legal Tanner crab, that is fema1es and under--
sized males, allowable gear types for capturing crabs are restricted to
pots, ring nets and scuba. All are selective in that they permit the safe
return of small males and females unharmed. Other types of gear such as
trawls and tangle nets can cause high mortalities of non-legal crab.
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ABSTRACT

Although catches of' the Tanner crab, Chionodeetes bai2.di, have been
recorded from the Gulf of Alaska since 1961, landings were incidental to
king crab catches until 1967, Fishing effort and catches increased fairly
consistently from 1967 through 1974 when the record harvest was landed from
the Gulf of Alaska. Catches have fluctuated considerably since 1974 and
have consistently declined since 1978. In order to obtain the data necessary
for adequate management of the Tanner crab fishery in the Gulf of Alaska
research is being conducted on the distribution and relative abundance of
the Tanner crab with respect to size and sex; assessment of the effects of
the conmercial fishery upon the population; growth and age at size; fre-
quency of molting; reproductive biology; migration; and documentation of
interrelationships between the Tanner crab and other marine organisms.
The knowredge gained from the program is necessary in order to accomplish
the goals for the management of this resource as stated by the State of
Alaska. The federal and state governments share responsibility in the
management of the resource. A Fishery Management Plan for Tanner crab has
been developed by the North Pacific Fishery Management Council in coopera-
tion with the Alaska Board of Fisheries. The plan is currently under
review with the goal of developing a framework for Tanner crab similar to
the plan being developed for king crab. The Tanner crab fishery is currently
controIled by a number of regulations concerning fishing seasons, types of
gear, sex limitations, size limits, fishing area restrictions and harvest
levels.
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ABSTRACT

Prior to 1964 the harvest of Tanner crab Chionoecetes ~s . was incidental
to the Alaskan king crab fishery. As bilateral agreements between the United
States and foreign nations placed restrictions on the foreign king crab
harvest, foreign interest and effort shifted to Tanner crab with catches
eventually reaching a high of 57 million pounds in 1969. Management of the
foreign Tanner crab fishery off Alaska began in 1969 as a result of additional
bilateral agreements, The U.S. fleet first targeted on Tanner crab in 1969,
with catches increasing dramatically from a low of 6,800 pounds to over
131,381,000 pounds by 1979. The rapid expansion of the U,S. fleet was
primarily due to a decline in king crab stocks, increased markets for domestic
harvest, increases in prices, and the eventual elimination of the foreign
Tanner crab fishery in 1980.

With the enactment of the Magnuson Fishery Conservation and Management
Act in 1976, a new era of fishery management off the United States was begun.
By 1977 a Preliminary Management Plan was implemented for the foreign Tanner
crab fishery and a Fishery Management Plan developed by the North Pacific
Fishery Management Council soon thereafter. Since 1978 the Council has worked
in concert with the State of Alaska and the fishing industry to manage the
Tanner crab fishery. The Council process and the Tanner Crab Fishery Manage-
ment Plan have evolved over the last six years into a successful management
system. However, some obstacles to proper management have arisen and the
Council, in its continuing role as a manager of this fishery, is currently
making great strides towards improvement and increased efficiency in Tanner
crab management.

THE TANNER CRAB FISHERy

Tanner Crab   Chionoecetes ~s .! in Alaskan waters are located on the
continental shelf from Southeastern Alaska to the Bering Sea. There are two
commercially important species of Tanner crab in Alaskan waters, C. bairdi and
C. ~oilio. Both species are found to a depth of 473 meters and often share
their habitat with king crab  Paralithodes ~s . and Lithodes ~s .!.

The commercial fishery for Tanner crab off Alaska has only recently
developed, initiated as a result of changes within the long-established king
crab fishery. King crab have been exploited commercially in Alaska since the
1920's and, except for fishing by the Japanese during the 1930's, there were
no major fisheries for king crab prior to World War II. Commercial fishing
for king crab was revived in 1948 by domestic fishermen. Later both the
Japanese and the Soviets entered the post-war fishery for king crab off Alaska,
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targeting specifically on crab stocks in the Bering Sea. Tanner crab harvest
was incidental to the king crab fishery until 1964, when both Japan and the
U.S.S.R. increased their effort on this resource. The shift to Tanner crab
was 1argely due to bilateral restrictions by the U.S. on foreign king crab
harvest in 1964 and ultimately led to complete closure of the foreign king
crab fishery as the U.S. fishery expanded.

The combined Japanese-Soviet Tanner crab catch increased rapidly to about
57 million pounds �5,862 mt! in 1969 and 1970  Table 1!. Since 1970 quotas
for Tanner crab sharply reduced foreign landings, eventually forcing the
Soviets to leave the fishery in 1971. The quota was again reduced to
16,530,000 pounds �,500 mt! before the decline in the resource and the
increasing domestic fishery completely eliminated all foreign Tanner crab
fishing in 1980.

The Tanner crab resource off Alaska was first utilized by the U.S. fleet
in 1961, with a total harvest of 6,800 pounds �.1 mt! valued at $680. Like
the foreign fishery, the Tanner crab catch was incidental to the domestic king
crab fishery until 1964 when fishermen began to specifically fish for Tanner
crab. The harvest. rapidly increased to 1].,206,720 pounds �,085 mt! in 1969,
63,906,037 pounds �8,995 mt! in 1974, and continued to increase to an
all-time high of 131,381,085 pounds �9,610 mt! in 1979  Table 2!. In 1981
the total Tanner crab harvest was 105,083,460 pounds �7,678 mt! valued at
approximately $45 million.

Several factors contributed to the rapid development of the domestic
fishery. The king crab   P. camtschatica! harvest suffered a steady four-year
decline from a peak of 160 million pounds �2,595 mt! in 1966 to about 50
million pounds �2,686 mt! in 1970. During this same period the Tanner crab
harvest increased more than one hundred-fold. As observed with the foreign
fishery in the early 1960's, this increase was attributed to a change in
fishing effort from one fishery to another, in this case from king crab and
salmon to Tanner crab.

Another factor was that over the short history of the domestic fishery,
the harvest of Tanner crab from the Bering Sea had contributed an increasingly
larger share of the total Alaska harvest. Table 2 shows that the percentage
contribution of the Bering Sea catch increased from 0.5 percent in 1968 to
76.2 percent of the total harvest in 1981. This was due, in part, to the
commercial acceptance of the smaller Tanner crab, C. ~o ilia, and the apparent
abundance of both C. bairdi and C, ~o ilia in the Bering Sea in relation to the
declining abundance of king crab In r.ecent years C. ~o ilio Tanner crab have
made up the largest proportion of the total Tanner crab harvest  Table 2!.

Develo ment of Mana ement Re ime

Prior to 1964 there were no U.S. regulations for the foreign or domestic
crab fisheries. In 1964 the United States ratified the 1958 Continental Shelf
Convention and declared king and Tanner crab  among other species! as
"creatures of the Continental Shelf." In that same year bilateral arrange-
ments were concluded with both Japan and the U.S.S.R. Quotas and a minimum
size limit were applied to their king crab catches. Catch quotas were first
applied to the foreign. Tanner crab fisheries in 1969 and the use of tangle net
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gear was restricted in later bilaterals. These aforementioned bilateral
agreements were modified biannually, resulting in progressively lower foreign
quotas for both king and Tanner crabs.

Though the U.S. fleet had been harvesting Tanner crab incidental to the
king crab fishery since 1961, it was not until 1969 that the first conserva-
tion and management regulations were employed in the domestic fishery. The
State of Alaska, through the Alaska Board of Fisheries  the Board! and the
Alaska Department of Fish and Game  ADFRG!, established seasons, required
registration, and claimed in-season adjustment power, primarily to control the
rapidly expanding domestic fishery. Regulations have been expanded and
changed to some degree each year since 1969 to reflect conditions in separate
areas.

In March 1977 the Nagnuson Fishery Conservation and Nanagement Act of
1976  the Magnuson Act! became effective, extending U.S. jurisdiction over
offshore fisheries within 200 miles of its coast and possessions  the Fishery
Conservation Zone! and making it the policy of the land to use some of the
most advanced ideas available to manage marine fisheries. Implementation of
this law necessitated a level of understanding of fishery resources and the
fishing industry that had never before been attempted by the U.S. Government.
It required development of methods to balance biological, economic, and social
factors relating to fisheries to best serve the national interest. Much of
the information necessary for this process still does not exist.

The Magnuson Act established eight Regional Councils to set standards,
develop plans, and prepare regulations for management of the fisheries in each
region. The North Pacific Fishery Management Council is unique because it
works with only one state and possesses the largest geographic area of
authority, which includes the fisheries in the Fishery Conservation Zone  FCZ!
of the Arctic Ocean, Bering and Chukchi Seas, and the Pacific Ocean seaward of
Alaska  Figure 1!.

The primary purpose of the Council is to recommend fishery management
plans  FMP! to the Secretary of Commerce fox' approval and implementation. The
management plans which the Council develops must, under law, take into
consideration domestic, foreign, and recreational fishing. Once it is deter-
mined what portion of the allowable catch can be harvested by V.S. fishermen,
the remainder must, by law, be allocated as foreign catch. In preparing these
FNPs, the Council relies on the most recent biological, social and economic
information available, in addition to advice from a variety of committees and
the public. When possible the Council identifies and supports research
programs to supplement available information.

When the Magnuson Act became effective in March 1977, a requirement for
its implementation was the preparation and adoption by the National Narine
Fisheries Service of preliminary management plans  PMP! for each individual
fishery in which foreign participation might occur. Since there had been a
foreign fishery on. king and Tanner crab off Alaska, NMFS prepared the
Preliminar Fisher Mana ement Plan for Kin and Tanner Crabs of the Eastern
MB~rin l Sea . Unlike an PMP, a PMP Focuses solely on foreign fisheries, leaving
domestic fisheries unregulated in the FCZ. The development of an FNP that
would regulate all Tanner crab fisheries in the FCZ off Alaska became one of
the highest priori. ties of the Council. As development of the FMP progressed,
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so did ADFRG's management regime for Tanner crab. The Council worked closely
with the Board, ADF6G, and NMFS to develop a management strategy that would be
acceptable to all the agencies. The result of this effort was the ~Fisher
Mana ement Plan for Tanner Crab off Alaska, which was implemented by the
Secretary of Commerce in May 1978. The management measures adopted by the
Secretary mirrored those developed by the State of Alaska. The FMP was
designed as a one-year plan; amendments were submitted annually, if necessary,
as the Council and the State gained further experience in the fishery.

During the six-year history of the Magnuson Act, the Tanner crab fishery
has undergone major change. Since 1976 the U.S, crab fleet has more than
doubled in size in response to increased king crab abundance, increased U.S.
proportions of the total allowable Tanner crab harvest, increased king and
Tanner crab markets, and higher prices. The Council responded to these
factors by amending the FMP sis times, which led to increases in C. ~o ilio
optimum yield, decreases in C. bairdi optimum yield due to declines in C.
bairdi stocks, and further restrictions on the Japanese Tanner crab harvest.
More recently, sharp declines in C. ~o ilio stocks and continued growth of the
U.S. fishing fleet have required another plan amendment whereby the total
domestic harvest will equal the total available biological catch, thus
eliminating all foreign fishing for Tanner crab.

It has been during this period that the Council has discovered its
greatest obstacles to effective management. First, like with any fishery, the
quality of its management is strongly dependent on the quality of its fishery
information. When comparing what is known about Tanner crab to a historical,
well-developed fishery such as salmon it is apparent that Tanner crab informa-
tion is limited. ln fact, like the fishery itself, Tanner crab research
programs have only recently been conducted and until an acceptable data base
is collected, the Council must be conservative in its decisions. Even though
this management approach protects the biological integrity of the crab stocks,
it may not produce the greatest return to the fishing industry.

A second problem is the FMP and arnendrnent review process. Due to
administrative changes the time required for amending a plan has been signifi-
cantly lengthened. This severely limits the Council's effectiveness. Plans
now become gravely out of date with the fishery and lose all usefulness as a
management tool. Major modifications to both the FMP and amendment review
process must be made if the Council is to function at all.

Future Outlook

Since the enactment of the Magnuson Act and the creation of the Regional
Councils, much has been learned about how we may best manage the fishery
resources within the FCZ. The North Pacific Council has developed five FMPs
in addition to the Tanner crab plan. From this experience and the relation-
ship established with the State of Alaska and the fishing industry, it is
clear that the North Pacific Council and the Council forum provide one of the
most successful and frequently used processes for fisheries management. Only
under the auspices of the Magnuson Act can fisheries issues be routinely
examined, discussed, and acted upon. However, the Council recognizes that the
current management process and the Tanner crab plan do have their weaknesses,
and they are currently attempting to make improvements wherever necessary.
Administratively the future outlook for the Council's Tanner crab FMP is to
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create a more flexible plan, one that will enable the Council and hPIFS to
respond more rapidly to changes within the fishery without requiring a plan
amendment.

It is also apparent that with the observed fluctuations in Tanner crab
stocks and the lack of scientific information to explain them, further
research is desparately needed. In an economic environment that is rapidly
eliminating some very important studies, the Council is continuing its efforts
to direct available funds to these programs.
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INTRODUCTION

The development of eastern Bering Sea tanner  snow! crab fisher-
ies for Chionoecetes bairdi and C. o~ilio proceeded in three phases.
At first, tanner crab catches were small and taken incidentally.
During the second phase, directed fisheries were established by
Japanese and, to a lesser extent, Soviet fishermen. The third phase
was the development of domestic fisheries that culminated in the
prohibition of foreign fishing within the 200 mile U.S. Fisheries
Conservation Zone.

As is frequently true, fisheries for less valued species de-
veloped as incidental catches in more lucrative fisheries. Foreign
and domestic fisheries for C. bairdi developed as offshoots of king
crab  Paralithodes camtschatica and P. platgusI fishing, and C. o~ilio
fisheries developed from efforts directed at C. bairdi. Declining
abundance of the more valued species and more stringent management
measures catalyzed transitions from incidental to directed fisheries.

Available data from commercial fisheries and surveys conducted
by the National Marine Fisheries Service  NMFS! provide an index to
fluctuations in stock abundance for the last 15 years. Unfortunately,
neither source provided complete coverage of commercially exploitable
portions of tanner crab stocks until recently. A complete and continuous
record of abundance is available only from 1978 onward. Consquently,
estimates of average yields that can be expected from tanner crabs in
the eastern Bering Sea fisheries are rudimentary. Record high catches
of both species have been taken within the past 5 years. Fishery and
research data, however, indicated declining stock abundance for both
species since l975. Current catch rates in domestic fisheries are the
lowest on record. While the significance of these trends is not clear
relative to long-term expectations, it is obvious that declines in
commercial stocks of C. bairdi and C. o~ilio have been severe.

Eastern Bering Sea tanner crab fisheries are fully developed.
While some changes in management might increase potential yields,
these increases would be largely dependent upon the feasibility of
harvesting, processing, and marketing smaller crabs Other species

*
area are not currently marketable and fishery development is improb-
able. The future of EBS tanner crab fisheries is, hence, related to
variations in stock abundance, and dependent on economic factors
or technological innovations rather than expansion of fleets or pro-
cessing capability.
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FLEETS ~ VESSELS g AND GEAR

Four separate fleets have participated in eastern Bering Sea
tanner crab fisheries over the past 30 years' Chronologically these
fleets entered the fishery as follows: Japanese mothership fleets,
Soviet mothership fleets, U.S. crab vessels, and Japanese independent
crab vessels'

The earliest tanner crab fishing was tangle netting from Japa-
nese king crab motherships  factory ships!. Each mothership  about
122 m or 5,000 tons! had an associated fleet of small �3-14 m! deck-
loaded boats and several scouting vessels The small boats  kawasaki
boats! were used for hauling tangle nets. Scouting vessels were
usually trawlers of about 27 m �0-70 tons! and were used to set tangle
nets as weil as for trawling. A tangle net is simply a large mesh
 about 23 cm bar-measure! bottom gill net hung about seven meshes deep.
The standard unit of gear was the "tan", which was about 40 m of net.
According to Miyahara �954! about 200 tans were tied end-to-end for
each set and each set was fished 5 to 10 days. Aside from substitution
of synthetic fibers for cotton twine, methods remained about the same
until pot fishing was instituted in 1967. The Soviet fishery was
similar to that of the Japanese in that one mothership served a fleet
of net-hauling boats.

When pot fishing was instituted, each mothership served four to
seven catcher boats that were about 27 m in length �00 tons! ~ The two
most recently used motherships were the Keiko Maru �,519 tons! and the
~Ko o Maru �,500 tons!. Both were about 137 m in length. Japanese
fishermen used top-loading, steel framed, mesh covered pots that were
in the shape of a truncated cone. A plastic collar was inserted in the
top to prevent crabs from escaping. Pots were about 1.5 m in basal
diameter. About 130 pots were fished on a groundline and 15 to 18 lines
were fished by each catcher boat. Gear was fished for 3 to 4 days and
then pulled with a hydraulic longline puller  gurdy!. Crabs were stored
in sacks and delivered daily to the mothership. Most. mothership opera-
tions were conducted in outer Bristol Bay or the Pribilof Island area
until the last years of the fishery.

The Japanese independent  land-based! fishery was conducted in
the area bounded by 55'30'N lat., the U.S.-USSR convention line, and
175'00'W long.  often called the "triangle area"! until 1978. Some
fishing occurred east of 175'W long. after 1978. In most years, the
catch came largely from grounds situated near the 183 m isobath north-
west of the Pribilofs. Japan licensed 28 vessels to fish in the
triangle area in 1975 and 31 vessels in 1976  Beardsley, 1975, 1976!.
The vessels were larger �0-50 m! than the catcher vessels used in
conjunction with mothership operations, and processed their catch aboard.
Frozen product was periodically transferred to a supply ship  freighter!.
Pot fishing operations were similar to those described above.
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The U.S. crab fleet consists of steel-hulled vessels that
currently average 33 m in length or about 140 tons  Alaska Depart-
ment of Fish and Game 1982!. Vessels in the fishery have ranged
from 14 to 45 m over the past 5 years. These vessels have tanks
equipped with circulating sea water pumps that allow the catch to be
delivered live to shore-based processors. There are, however, about
10 catcher-processor vessels currently participating in the fishery.
Many Bering Sea crab vessels are capable of holding 90-100 t of
tanner crab but average landings usually do not exceed 36 t per
delivery. Hydraulic blocks are used to pull pots, decks are fre-
quently equipped with articulating cranes for stacking or loading
gear. Crab vessels have ample deck space and many can carry 200
pots on deck. More than 300 pots are generally fished. Crab pots
are constructed of steel frames  often concrete reinforcing bar! and
nylon web. The most common dimensions are 2.1 x 2.1 x 0.9 m with an
average weight of about 300 kg. Pots are fished singly and each is
equipped with its own buoy line.

HISTORICAL TRENDS IN TANNER CRAB FISHERIES

The Early Years �953-65!

It seems probable that substantial stocks of tanner crabs
were detected during Japanese fishing for king crab and yellowfin
sole  Limanda ~as era! during the 1930's. Simila+, one would ex-
pect that U.S. exploratory trawling in 1940  Harrison et al. 1942!
would have found them. There is, however, little mention of tanner
crab until Miyahara �954! went aboard the Tokei Maru to observe the
Japanese mothership fishery in 1953. Miyahara reported as follows:

"The expedition encountered a large population of
tanner crabs  Chionoecetes st !, especially in the
vicinity of Amak Island. This population was thought
to be considerably larger than previously observed."

He also notes that "areas of king-crab abundance were sometimes
avoided when large numbers of tanner crab  Chionoecetes sp.! or
other undesirable forms were present".

While Japanese crab fishing during the 1950's was primarily
directed at red king crab  P. carntschatica!, a small amount of tanner
crab fishing occurred. Processing of tanner crabs was reported by
Japan for 1953, 1954, 1955, 1958, and 1959 in International North
Pacific Fishery Commission  INPFC! Annual Reports  INPFC 1956; Fish-
eries Agency of Japan 1959, 1960!. The largest pack for these years
was 3,457 cases of 48 one-half pound �.23 kg! cans and the total pack
for the above 5 years was 7,754 cases. According to the 1970 INPFC
Statistical Yearbook  INPFC 1972!, 176 tanner crabs are required for
one case and the total reported catch during the 1950's was about 1.4
million crabs on this basis. The annual average catch would have been
less than 300,000 crabs and, judging from the areas fished, almost all
of the catch was C. bairdi.
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Although there was little directed fishing for tanner crabs,
scouting vessel catch records indicated interest in their abundance.
Part of this interest was a matter of avoiding heavy concentrations
of tanner crabs that interfered with king crabbing. The abundance of
tanner crabs in scouting vessel catches, however, undoubtedl.y influ-
enced the development of directed fisheries. The Fisheries Agency of
Japa~ �967! noted that: "In 1961, tanner crabs replaced hard-shelled
male king crabs as the most numerous category, and since then the
proportion of this category in the catch has continued to be over-
whelmingly greater than that of any other, without any conspicuous
trend of increase or decrease." The trend toward increasing relative
abundance of tanner crab as well as the sharp transition in tangle
net catch rates that accompanied development of a directed fishery is
shown in Fig. l.

Development of Directed Fisheries �966-73!

The earliest development of directed fisheries involved re-
deployment of tangle net fishing. The effectiveness of this tactic
is shown by an increase in the Japanese catch rate from 3.3 crab per
tan-lift in 1966 to 18.9 crab per lift in 1967. Similarly, Soviet
catch rates increased from 5.5 crab per lift in 1967 to 14.4 crab per
lift in 1968 ' Since effort statistics  Table 1! are only available
for combined king and tanner crab fisheries, catch rates in portions
of Japanese and Soviet fisheries devoted to tanner crabs must have
been considerably higher. Japanese fishermen soon developed a pot
fishery that was specifically directed at tanner crabs but. Soviet
fishermen did not.

Most of the development of Japanese and Soviet tanner crab
fisheries occurred from 1965 to 1970. Quotas were established in
1969 through U.S.-Japan and U.S.-USSR bilateral negotiations  Table 2!.
Quotas were met from the beginning. From 1970 to 1972 tangle nets were
phased out of the fishery and by 1973 only pots were used. Xt is
apparent that the Japanese fishing industry was committed to developing
tanner crab as a substitute for king crab fisheries. The USSR did not
make a very strong commitment in this direction. When king crab quotas
were severely reduced and it became evident that tangle nets were
going to be prohibited, Soviet effort was discontinued. Despite having
been allocated quotas in each subsequent year until 1976, the Soviets
left the grounds in 1971.

United States fishermen began to harvest tanner crabs in the
eastern Bering Sea in 1968 and have harvested them continually ever
since' Catches were, however, sporadic during this period and taken
incidentally to king crab fishing. A catch of 482,000 tanner crabs
in 1970 was not exceeded unt.il 1974.

Zn summary, the developmental period of directed fisheries was
characterized by the redirection of fishing effort, increasingly
restrictive king crab quotas, cessation of tangle net fisheries,
establishment of the Japanese pot fishery, imposition of the first
quotas, and the early beginnings of the U.S. fishery.
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USSRJa an

King
crab

King
crab

Tanner

crab

Tanner

crab
Years

 cases! 1/  cases! number!  cases!

1965-66

1967-68

1969- 70

1971- 72

185, 000
163, 000

85,000
37, 500

185,000
100,000

53,000
23,000

16,000,000 2/
15,000,000 3/

40,000
35,000

Number

1973-74

 Area A!
 Area B!

270, 000
430, 000

6,000,000
8,000,000

100,000
160,000

1,800,000
2,400,000

Metric tons

1975-76

 Area A!
 Area B!

2, 500
7, 700

0

953

750

2, 310
0

256

1977 4/
 Area A! 0
 Area A & B! 0
 AreaA, B a C! 0

2, 500
8,100

12,500

1978 5/
North of 58' lat. 0 15,000

1979 5/
North of 58' lat. 0 15,000

1980
North of 58' lat. 0 7, 500

1981

Prohibited

One case is equal to 48 1/2-pound cans. In producing frozen
meat Japan considers 29.3 pounds of king crab meat equivalent
to one case. Retention of fernale crab prohibited in all years.
Plus an allowance of 15%.
Plus an allowance of 10%.
Under MFCMA 1977-81.
Japanese fishing was allowed south of 58'N lat. and west. of
173'W long. during a portion of the season. Catches were small
and retention of C. bairdi was prohibited.

2/
3/
4/
5/
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Table 2 -- Quotas established under bilateral crab agreements with
Japan and the USSR and under the Magnuson Fishery
Conservation and Management Act of 1976  MFCMA!.



Full Development �974-82!

This period is characterized by the development of U.S., and
phasing out of Japanese, fisheries. Throughout this period, Japa-
nese quotas existed both by catch and area  Fig. 2!. United States
fisheries developed in the southeastern Bering Sea  Bristol Bay!
and in the Pribilof Islands. Imposition of smaller quotas and
gradual changes in quota areas resulted in diminished competition
between U.S. and Japanese fleets. Changes in fishing are~s also
caused drastic reductions in the proportion of C. bairdi in Japa-
nese mothership catches  Table 3!. Mothership fleets were largely
excluded from the C. bairdi grounds by 1977 and almost completely
excluded by 1978. Species composition in Japanese mothership catches
came to resemble that of the Japanese independent fleet  Table 4!
as the areas fished became more similar and finally identical. Reg-
ulations promulgated under the Magnuson Fishery Conservation and
Management Act  MFCNA! of 1976 prohibited foreign crab fishing within
the FCZ in 1981 and thus ended an era of Japanese crab fishing in the
eastern Bering Sea that began 28 years earlier.

Development of U.S tanner crab fisheries was extremely rapid
and was soon accompanied by various management measures  Fig. 3
and Table 5!. The catch of C. bairdi increased more than 8-fold in
numbers and 10-fold in weight from 1974 to 1977  Table 6!. Catches
of C. bairdi peaked in 1978 at 26.2 million crab or 30,400 t. Small
amounts of C. o~ilio were included in the C. bairdi catch prior to the
first directed efforts for C. ~o ilia in 1978. By 1979 the number of
C. opilio taken exceeded that. of C. bairdi and had increased more than
17-fold j.n that year. By 1980 the catch of C. ~o ilio exceeded that
of C. bairdi both in number and weight. The C. o~ilio catch in 1981
again exceeded that of C. bairdi. Due to sharp declines in abundance
of red king crab, C. o~ilio became the dominant species in the |7.8.
crab catches in the eastern Bering Sea. The 1981 C. ~o ilio catch of
34.4 million crab or 23,900 t established a U.S. record. This catch
had, however, been exceeded by combined U.S.-Japanese catches of 47.6
million and 35.5 million crab in 1979 and 1980.

The 1982 tanner crab fishery is now in progress and low catch
rates of C. bairdi prevail  Table 7!. As of 25 April it appeared
that catch rates of C. bairdi are low enough � to 10 crab per pot!
that they are being taken incidentally in a fishery targeting mostly
on C. opilio �5 to 64 crab per pot! in spite of the lesser price
 $1.77 for C. opilio versus $3.09-$3.53/kg for C. bairdi!. Competition
for C. opilio among U.S. vessels is extremely high at present and, for
the first tj.me, the U.S. fishery is active north of 58'N lat. In the
short space of 4 years, the least:-valued, last-developed resource has
become first in volume and may even become first in value.

Tanner crab fisheries in the eastern Bering Sea could be considered
as fully developed from 1977 onward in that either U.S. or Japanese
fishermen were exploiting the entire area where commercial-size crabs
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3 -- Estimated species composition of Japanese mothership
catches of eastern Bering Sea tanner crabs. 1/

Table

Catch �, 000 ' s of crab! Percentage
of

C. o~i.lioo~ilio C. ~oilio TotalYear Area C.

1970

1971

1972

1973

1974

1975

1976

1977

58' lat.
58' lat.

1978

58' lat.
58' lat.

1979

58' lat.1980

l/ Japanese catch sampling data used for species composition in
1970-76; U.S. observer data used in 1977; data from International
North Pacific Fisheries Commission Annual Proceedings used in
1978-80.
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A B
Total

A B
Total

A B
Total

A B
Total

A B
Total

A B
Total

A B
Total

A B

C Total
S. of

N. of
Total

S. of

N. of
Total

N. of

15, 880
811

16,691
12,731

1,286
14,017
13,828

986

14,814
5,812
3,657
9,469
5,519
5,112

10,631
2,209
4,438
6,647
2,410
3,459
5,869
2,354
2,221

112

4,687
0

1,600
1,600

0

1, 569
1, 569
1,084

836

663

1,499
670

1, 052
1,722

728
52

780
180

4,294
4,474

480
2,875
3 $355

192

2,389
2,581

24

3,747
3,771

98

4,945
2,136
7,179
1,578

12,662
14,240

1,715
15. 355
17,070

4,414

16, 716
1,474

18,190
13,401

2,338
15,739
14,556

1,038
15,594

5,992
7,951

13,943
5,999
7.987

13,986
2,401
6,827
9,228
2,434
7,206
9,640
2,452
7, 166
2,248

11,866
1,578

14,262
15,840

1,715
16,924
18,639

5,448

5

45

8

5

45

ll

5

45

5

3

54

32

8

36

24

8

35

28

1

52
39

4

69

95

61

100

89

90
100

91

92
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Table 7 -- Preliminary catch data for U.S. eastern Bering Sea
tanner crab fisheries for the week ending 25 April'
 Data courtesy of Alaska Department of Fish and Game!.

Cumulative catch
1981 19821981

C. bairdi:

C.

10, 240 3, 710 � 64
1, 420 3, 583 +152

11, 660 7, 293 -37

23,748 10,687 -553,493 1,146 -67Grand Total

99

Species and
District

Southeastern

Pribilof
Total

Southeastern

Pribilof
Total

1, 134
181

1, 315

1, 814
363

2, 177

 t!
+'4

195 -83
53 -71

248 � 81

308 -83

590 +63
898 -59

10,956
1,132

12,088

2, 614
776

3, 395

-76

-31

-72



are available. The importance of these fisheries can be measured by
the fact that this area provided 33,292 t or 42% of the 1977 world
tanner crab catch of 79,200 t  Food and Agriculture Organization, 1979!.
The combined U.S. and Japanese catch reached 44,402 t or 42% of the
world catch again in 1978. Aggregate catches remained high through
1981 and it is probable that eastern Bering Sea tanner crabs have
provided at least 40% of world landings for the last 5 years.

STATUS OF TANNER CRAB STOCKS

Stocks

Four species of tanner crabs are known in the eastern Bering
Sea. C. bairdi and C. o~ilio are widely distributed and are exploited

not fished in U.S. waters, but are found in deep water along the
continental slope. In addition, C. bairdi � C. o~ilio hybrids make up
a small percentage of eastern Bering Sea stocks.

The distribution of C. bairdi is strongly associated with the
coast of the Alaska Peninsula, continental slope areas, and the
Pribilof Islands  Fig. 4!. Most of the commercially important stock
has generally been found north of the Alaska Peninsula or around the
Pribilof Islands. The two centers of abundance are connected by a
region where C. bairdi, although lower in abundance, are certainly
not rare. Surveys from 1974 onward showed that the size-frequency
distributions of C. bairdi in the Pribilof Islands were different from
those in the area north of the Peninsula. As NMFS surveys were ex-
panded, it became evident that crabs in the Pribilof area were larger
in size compared to those along the continental slope north and. west of
the islands. Somerton �98la! has shown differences in the average size
at sexual maturity between populations east and west of 167'W long.
It is not yet clear whether these differences are caused by genetic or
environmental factors. Substantial and consistent differences between
the size-frequency distributions of C. bairdi  Fig. 5! found in
different subdistricts  Fig. 3! do, however, exist even though the
species is considered a single stock for management purposes.

The population of C. opilio inhabits an immense area but the
fishery has been confined to a small portion of the range  Fig.
4!. The areal distribution of the fishery reflects that of commer-
cial-size male crab. As one goes northward along any given meridian
the average size of C. opilio tends to decrease. By consequence,
northern and central areas of the continental shelf are characterized
by concentrations of small crab that have no current commercial
value. Frequent changes in localized abundance of commercial size
crab have occurred and required changes in the distribution of fishing
effort. It is probable that there is one extremely large population
of C. opilio that displays localized areas of commercial abundance
that are geographically unstable with time. At present C. o~ilio are
managed as a single stock.
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Trends in Abundance from Fishery Data

Interpreting trends in tanner crab stock abundance from com-
mercial fisheries is difficult because of various developmental
phases, shifting grounds, changes in management measures, and the
lack of precise species composition data. Trends in nominal
catch per unit effort  CPUE! do not show large variations over
most of the history of Japanese and Soviet fisheries  Fig. 6!.
If one accepts that part of early increases in tangle net CPUE
reflect increased abundance of C. bairdi, then a peak of abundance
was probably present in the late l960's. This interpretation is
consistent with catch reports of Japanese scouting vessels  Fig.
1!. The stability of CPUE in Japanese pot fisheries is puzzling.
Changing area definitions and reduced quotas during the l970's
may have stabilized catch rates by ensuring that new grounds
were fished.

In the area north of 58'N lat., mothership catch rates increased
slightly in the last. years of the fishery. Mothership catch rates
were maintained, however, only at the expense of decreasing the
average size of crabs in the catch  Fig. 7!. Catch rates of the
independent fleet  Table 4! generally decreased from 1977 onward
and average size was more stable.

Catch rates of C. bairdi in U.S. pots decreased steadily from
the onset of directed fishrng in 1974  Pig. 5!. The precipitous
decrease in CPUE from 1974 to 1975 is partia.lly explained by an
increase in the average size of crab taken  Fig. 8 and Table 6!.
Mean size was, however, remarkably constant from 1975 onward
while stock abundance was declining. A. legal size limit. of 140 mm
carapace width was imposed late in 1975  Table 5!. As C. bairdi
abundance declined and competition for available resources rncreased,
the size-frequency distribution of the catch became progressively
more skewed  Fig. 8!. Skewness probably reflects increasing fishery
dependence on recruitment as well as keener sorting of the catch in
response to competition and lower catch rates.

Catch rates in the U.S. C. o~ilio fishery increased in the
second year of directed fishing and have decreased since  Fig. 6,
Table 6!. Decreases in catch rates may partially reflect a trend
toward the harvest of larger crab  Fig. 9!. I suspect., however,
that decreases in abundance are the main cause. There has been
no minimum legal size in the fishery and the size of crab landed
simply reflects market conditions. A minimum size of 78 mm is
currently in the process of being implemented, but it. is not yet
clear that market conditions will allow harvesting of crab this
small.

Research Surveys

Summer trawl surveys conducted annually by NMFS have provided
a continuous series of crab abundance estimates since 1969. Early
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Figure 7. Size composition by fleet and year for tanner crab
harvested by Japan in the eastern Bering Sea  from
Wolotira and Armetta 1980!.
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efforts concentrated on red king crab north of the Alaska Peninsula.
In 1973, the Pribilof Islands were included in the survey and almost
all tanner crab habitat south of 58'N lat. has been surveyed ever since.
The entire eastern Bering Sea shelf was first surveyed in 1975 as
part of energy-related environmental research  Pereyra et al., 1976!
and all commercial tanner crab grounds have been surveyed annually
since 1978.

Catch rates from selected survey stations  Fig. 10! suggest
high C. bairdi stock abundance south of 58'N lat. in the late 1960's
and rapid declines by the early 1970's. Later data  Fig. 11! show
a rapid rise in stock abundance of both species from 1972 to 1975.
Sharp declines in stock abundance of both species have occurred since
1975. Survey estimates and commercial fishery data show identical
trends in population abundance. Given 1982 fishery performance  Table
7!, it appears that stocks of both species are continuing to decline
in the area south of 58 N lat. North of 58'N lat., survey data show
declining abundance from 1978 to 1979 and stable abundance thereafter.

In summary, it appears that C. bairdi populations were at
relatively high level.s in the periods 1959-63  Fig. 1!, 1968-69 and
1974-76. Available data are too limited to evaluate population trends
of C. ~o ilio before 1973. Populations of C. opilio have followed the
same trends as those of C. bairdi since 1973.

FUTURE OF THE U.S. FISHERY

Short term prospects for the fishery are not good. The problem
of low stock abundance is compounded by high interest rates on out-
standing vessel loans, increased fuel costs, and intense competition
among vessels of a large fleet. A decl.ine in the Bristol Bay red king
crab catch from 58,944 t in 1980 to 15,237 t in 1981 was also an
extremely severe economic blow to fishermen and processors. Declining
economic viability of crabbing has led many vessels to enter ground-
fish fisheries  particularly joint ventures! or seek cannery tending
charters. It is unlikely, however, that these other activities will
be able to fully occupy the large fleet that was built during the
late 1970's when stocks of both king and tanner crabs were abundant.

Past population trends suggest that several years are required
for stocks to recover from periods of low abundance. Size-frequency
data for C. bairdi  Pig. 5I do not suggest rapid increases in recruit-
ment. Recrurtment patterns in C. o~ilio are not well elucidated by
size-frequency information because there are little data available
on regional differences in growth and migration. Somerton �981b!
shows that recruitment of C. o~ilio has been intermittent on most of
the grounds south of 58'N lat. The relationship between large popula-
tions of small C. o~ilio in central portions of the eastern Bering Bea
shelf and recruitment to the fishery is not understood. The persistence
of areas where no large crab are found from year to year suggests slow
growth rates and little migration to other areas. It appears that
most C. ~o ilio in the will never be exploited unless smaller
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Figure 10. Catch rates of C. bairdi taken in early National
Marine Fisheries Service trawl surveys  data
from Hayes and Reid 1975!.
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crab are harvested. There is also the possibility that smaller C.
bairdi could be harvested, particularly in the Northern District
 Fig. 8! .

Because there are large numbers of small C. opilio available,
decreasing the size of entry into the fishery by a small amount,
greatly increases potential yields  Table 8!. For example, decreasing
the size at entry from 110 to 90 mm �8%! increases the exploitable
stock from 15,500 to 67,500 t �35%!. Since a 78 mm size limit was
proposed on biological grounds, this sort of decrease does not pose
problems.

The marketability of smaller crab remains in question. The
size frequency of crab taken by Japanese motherships in 1980 suggests
that a market. exists. Currently most tanner crabs are marketed as
cooked sections. Improvements in technology may, however, allow
economical processing of picked frozen meat in the future. In any
case, harvesting smaller crab is necessary if production is to be
stabilized and maintained.
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Table 8 -- Biomass of C. opilio estimated from the 1981 trawl
survey.

Cumulative ! lower size limit
Size Number t Number t Average weight
 mm!  millions!  thousands!  millions!  thousands! per crab {kg!

112.9

87.4

67.5

50.3

36.2

23.5

15.5

80-84 40. 4

85-89 73. 0

90-94 52. 0

95-99 36. 2

100-104 28. 3

]. 05- 109 15. 3

110-114 10. 2

25. 5

19.9

17.2

14. 1

12. 7

8.0

6.2

9.4115-119

120-124

125-129

130-134

135-139

140-144

4.05.8

6.2 5.42.53.2

2.93.01.3l. 5

1.61.50.7 0.7

0.90.80.70.6

0.2O. 1 0 ~ 20.1

0.10 1145-149 O.l O.l

337. 0

227. 0

154. 0

102 ~ 0

65. 8

37. 5

22. 2

12.0

0.33

0.39

0.44

0.49

0.55

0.63

0.70

0.79

0.89

1.00

1.12

1.19

1.36

1.36
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Abstract

Eastern Bering Sea tanner  snow! crab  Chionoecetes bairdi
and C. opilio! fisheries developed as an outgrowth of Japanese and
Soviet king crab  Paralithodes spp.! operations. Some landings of
tanner crabs were reported as early as 1953, but major development did
not begin until 1965. Development of Japanese and Soviet fisheries
was spurred by progressively smaller king crab quotas and relatively
high tanner crab abundance. The United States entered the fishery in
1968 but almost all catches were incidental to king crabbing until 1974.
The USSR discontinued tanner crab fishing in 1971. The Secretary of
Commerce, at the suggestion of the North Pacific Fishery Management
Council, eliminated annual quotas for Japan in 1981. Currently, the
United States is the only country participating in directed fisheries.
Eastern Bering Sea fisheries are fully developed and production has
probably exceeded 40% of the world total catch of tanner crabs over the
past 5 years. Various trends in tanner crab populations and fisheries
are presented and their probable future discussed
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INTRODUCTION

Two species of edible crabs of the genus Chionoecetes,

the Sea of Japan. The former species, called Zuwai-gani in
Japan, are caught by the Danish Seine fishery at a depth of
200 to 350 m; and the latter, Benizuwai-gani, are captured
by the basket fishery  a kind of basket trap called Kani-
kago in Japan! at a depth of 700 to 1,500 m.

Of the two species, C. o ilio is of more commercial

cial abundance, more economical fishing operation, and its
more palatable flavor.

The objective of this paper is to give a detailed
description of and to summarize similarities and differences

method for future identification of the larvae of all species
belonging to the genus Chionoecetes.

MATERIALS AND METHODS

Ovigerous females of the two species were caught by
commercial seine  C. ~oilio! or by commercial basket trap
 C 'a onicus! during the winter seasons in 1968 and 1973 in
ate mi e o the Sea of Japan. They were placed in the
wooden tanks of the fishing boats and were transported
within three days to the laboratory of the Marine Culture
Station of Ishikawa Prefectures

The sea water used for both ovigerous females and the
larvae was pumped up to the laboratory and filtered with 60'
-sized nylon mesh, then held in a dark, cool room. The
temperature of the sea water ranged between 4.5 and 13.0 C
and the specific gravity varied from 1.022 to 1.025  vl5!.

Hatching usually occurred within three weeks after
capture. By using a strong light and a large-bore pipette,
some 200 photopositive zoeae were collected and distributed
equally in 10 plastic 500 ml finger bowls. Daily or every
other day the larvae were transferred into clean finger
bowls with a new supply of filtered sea water. Recently-
hatched nauplii ot the brine shrimp, Artemis salina, were
added for zoeae and young brine shrimp were provided for
magalopae. Heavy mortality was observed during the stages of
the second zoea and megalopa.

The larvae were preserved in a 5 percent neutralized
formalin solution. Appendages were dissected out from
larvae, mounted on a slide with a small amount of lactic
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acid with diluted formalin, and drawn by free hand under a
stereo microscope. All the measurements were taken under a
microscope with the aid of an ocular eyepiece.

The description of the present paper consists of those
of Notoh �973, 1976! and additional materials laboratory-
reared during the winter of l980 by Mr. Y. Suzuki of the
Fukui Prefectural Fisheries Experimental Station.

The larval forms of the two species are so similar that
their descriptions are made as one.

DESCRIPTION OF LARVAE OF C. OPILIO AND C. JAPONICUS

All larvae hatched as prezoeal stage and they molted to
the first zoea in about one hour. Hereafter, there are two
zoeal and one magalopa stages in the larval development.

Prezoea: The whole body is covered with an embryonic
cuticle without any spines or processes on the carapace. The
distance between outer margins of eyes is 0.78 to 0.85 mm.
Antennule each have long and short projections. Antenna has
a small endopodite and large exopodite. The abdomen consists
of five segments and a bifurcate telson having seven spines
each.

First zoea  Figure 1!: The carapace has four spines:
a dorsal and a rostral spine approximately equal in length
and a pair of lateral spines. The eyes are not stalked. The
length of the larva from the tip of the rostral to the tip
of the dorsal spine is 4.85 to 5.52 mm, and the width includ-
ing both lateral spines is 3.30 to 3.98 mm. The distance
between outer margins of the eyes is 0.85 to 1.20 mm. The
abdomen consists of five segments and the telson which is
bifurcated. The second and third segments bear a pair of
lateral knobs or hooks. Each furca of the telson bears

three setae on the inner side and a small spine each on the
lateral and the dorsal sides, respectively. The postero-
lateral margins of the third, fourth, and fifth abdominal
segments terminate as a pair of long lateral spines. The
antennule bears three terminal processes: two or three
broad, flat aesthetes and one or two smaller setae. The
antenna is almost as long as the rostral spine, and its
peduncle tapers to a point with several rows of setules.
The exopodite has three setae, approximately 1:2:3 in propor-
tion of their length. The mandible is small with an irregular
cutting edge. The endopodite of the maxillule bears six
spines of equal length arranged in pairs, and one more spine
is present at the base of the endopodite, which later becomes
an apparently separate segment. The basipodite and coxopo-
dite each have six or seven setules. The scaphognathite of



Fig1a.Chioaoeceresopilio  O. FAeatcrus!. First zoea, A, dorsal view; B, lateral vtew; C,
antennttle; D, antenna; E, mandible; F, rnaxillule; 6, maxilla; H, 6rst maxiiliped; l,
second rnxXillipe; J, abdomen in ventral view. A, B, v,30; C, E, F, G, x150; D, H,
!, <75; 3, <60.  after ttotohi



F lt.j.b.Ctionoeretes Japonicus MTHaUN, First zoea. A, dorsal view; B, antennule; C, lateral
view; D, mandible; E, antenna; F, tnaxillule; G, maxilla; H, first maxiHiped; I, second
maxiHiped; J, abdomen in ventral view. A, C, x20; B, D, F, G, >.150; E, H, I, v75;
J, x40.  after stotoh, 1976!



the maxilla has 12 to 15  usuaLLy 12 or 13! long soft plumose
hairs including one, two, or three thick ones, and the
bifurcate endopodite bears three spines on each Lobe. The
basipodite and coxopodite are also bifurcated and have the
spinal arrangement of 5-5 and 4-4, respectively, with a
slight variation.

The endopodite of the first maxilliped has five segments
with a spinal arrangement of 3-2-1-2-5 from proximal to
distal. Four natatory or swimming hairs are present on the
distal end of the exopodite. The second maxilliped also has
four natatory hairs and. a 1-1-5 spinal arrangement on the
three segments of the endopodite. One of the five spines on
the distal is very minute.

Second zoea  Figure 2!: The length of the larva from
the tip of the rostral to the tip of the dorsal spine is
5.72 to 7.10 zrun. The width including both lateral spines is
3.33 to 3.92 mm. The distance between outer margins of the
eyes is 1.32 to 1.51 mm in C. o~ilio and 1.56 to 1.87 mm in

Aesthetes on the antennule are increased to nine or ten and
are divided into two tiers: one in the first tier and eight
or nine in the terminal tier, which has six or seven large
and two small sensory flagella. A club on the antenna
represents the developing endopodite. The mandible has an
unsegmented palp. The basipodite and coxopodite of the
maxillule have eight to nine and six to eight spines, respec-
tively. An additional plumose hair is located on the proto-
podite near the base of the endopodite. The endopodite of
the maxillule now consists of two segments with a spinal
arrangement of 1-6. The bilobate or trilobate endopodite of
the maxilla bears six setae The bilobate basipodite and
coxopodite of the maxilla bear five and four spines on each
lobe. The scaphognathite of the maxilla has 20 to 23
 mainly 22 or 23! in C. o~ilio and 23 to 27  mainly 26 to
27! long soft plumose hairs including one, two, or three

The endopodite of the first maxilliped has five segments
with a spinal arrangement of 3-2-1-2-5 from proximal to
distal. Six natatory hairs are present on the distal end of
the exopodite. The second maxilliped also has six natatory
hairs and the endopodite with a spinal arrangement of 1-1-5
from proximal to distal segment, of which one of the five
spines is very minute in the same manner as that in the
first zoea. The inner margin of each prong of the furca of
the telson bears one additional spine without setule.

Megalopa  Figures 3 and 4!: The megalopa is 2s89 to
3.37 mm in carapace length including a rostral central
process and 1.91 to 2.45 mm in carapace width. Seven heavy
processes are on the carapace: three rostral processes of
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l ig.2ct.Chiottoec'clos opilio �, FAttRtctUs!. Second zoea. A, dorsal view; B, lateral view;
C, antennttle; D, antenna; E, mandible; F, maxilla; G, rnxXillnl; H, second maxilliped;
J, first tnaxilliped: J, abdomen in ventral view A, B,J, x30;C, D, x60; F, 1',6, x 150;
H, I, @75,  after NOCOh, t973!



Fig.gb.Chionoeceres japoatcur RATns~. Second zoea. A, dorsal view; B, mandibte; C,
lateral view; D, antennule; E, antenna; F, maxillule, G, maxilla; H, second maxilliped,
I, first maxilliped; J, abdomen in ventral view. A, C, x20; B, D. F x150; F cl, l, 75;

 af ter Motoh, 1976!
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which the central one is longer than the lateral two, a pair
of anterior gastric lateral processes, and a pair of cardiac
dorsolateral processes' The eyes are stalked.

The inflated peduncle of the antennule is followed by
two segments. The antenna consists of eight segments with a
spinal arrangement of 1-2-3-0-3-4-0-4 from proximal to
distal segment with a slight. variation in number. The palp
of the mandible is well developed and bears approximately ll
spines. The endopodite of the rnaxillule has no spine. The
scaphognathite of the maxilla is much broader with 60 to 64

The number of spines on the coxopodite has increased to 11
on one lobe of bifurcation and five or six on the other.
The basipodite has five spines on one lobe and usually eight
on the other. Usually, the endopodite has only three spines
on its basal portion.

The first maxilliped has a well-developed epipodite
with 11 to 17 soft hairs. The broad endopodite has three to
five spines on 0he distal end and numerous spines on the
basal end. One plumose and four terminal hairs are present
on the exopodite. The endopodite of the second maxilliped
has four segments with a spinal arrangement from proximal to
distal of 0-2-5-7  or 8!. Four natatory hairs are still
present on the terminal end of the exopodite. A well-
developed epipodite is also present with some 20 soft plumose
hairs with a heavy variation. The third maxilliped has
developed tremendously at metamorphosis from the second zoea
to megalopa. The endopodite has become quite massive and
consists of four segments with numerous spines. The epipodite
is well developed with about. 20 soft nonplurnose hairs.

The basi-ischiopodites of the first, second, and third
walking legs have spines projecting ventrally. Furthermore,
in C. ~o ilio the spines are present on the cheliped, but in

fourth walking leg has no conspicuous hairs projecting from
the tip of the dactylopodite.

The abdomen consists of six segments and the telson.
Pleopods are present on the second to fifth segments and
bear about 16 long plumose hairs for locomotion, but a
slight variation is noticed in the number of the hairs on
each segment. There are seven {rarely six! plumose hairs on
each side of the uropod.



DIFFERENCES IN LARVAL CHARACTER

BETWEEN C. OPILIO AND C. JAPONICUS

morphologically very similar. However, variations in the
number of setae and in the shape of the appendages may be
responsible for a substantial portion of the differences
between them. In the case of the first and second zoeae,
the differences between the two species within the present
study are as follows:

1! The chromatophores are brown or reddishbrown in C.

can be applied to the larvae of the prezoea and megalopa.

2! The length of the posterolateral spine on the third
abdominal segment is more than 1.3 times the length of the

' ae'="""'
than  and rarely equal tol that rn C. o~ilio with a slight
variation.

3! The length of the abdomen is, in general, clearly
greater than the thickness in C. o~ilio, but is only slightly

In the second zoea, in addition to the three characters
mentioned above, two differences become apparent as follows:

1! The distance between outer margins of eyes is 1.32

as mentioned previously.

2! The number of setae on the scaphognathite is mainly
22 or 23 in C. o~ilio, but it is usually 26 to 27 in C.

In the megalopa, the ischiopodite of the cheliped has a

DISCUSSION

In order to identify brachyuran zoeae, Aikawa  I1929!
proposed the following four characters: 1! spine on the
carapace, 2! character of the second antenna, 3! character
of the telson including its armature, and 4! grouping of
chromatophores. According to his criteria, the character-

ne
as follows: all the spines present. on carapace, second
antenna B-type, telson A-type, chromatophores present on the
second to fifth abdominal segments, protopodite of the first
maxilliped, carapace, and on the mandible.
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Five species o f the genus Chionoecetes, namely, C.

aside from the two subspecies  Kon, 1980!, inhabit the
colder and deeper waters of the world.

Regarding their larval stages, so far as the author is
aware, Aikawa �937!, Kurata. �963, 1969!, Kon �967, 1980!,
Kuwatani et al. �971, 1973!, Notoh �973!, and Haynes
�973! descrrbed C. ~o ilio; notch �970, 1976! described C.

and Haynes �973, 1981! and Jewett and Haight
scribed C. bairdi.

To distinguish the zoeae of C. ~o ilio from C.
Kurata �969! provided the key showing the lengths of inner
and outer exopodites on antenna in the ratio approximately

1K
However, during the present study it was observed that this
morphological characteristic sometimes overlapped due to the
variation.

Kurata �969! and Motoh �976! described the presence
of a spine on the ischiopodite of the cheliped of the

ever, observing the present materials, it was noticed that
the ischial spine of the C. o~ilio is sometimes very obscure.

Motoh �976! proposed a difference between the species.
The length of the posterior lateral spine on the third
abdominal segment is more than 1.3 times the length of the

to! that in C. ~o ilio. While examining additional specimens

length of the spine on the third segment was less than the
1.3 times the length of the fourth.

Haynes  l981! made the key for distinguishing the
second zoeae as follows:

Lateral processes on the third abdominal segment reach
the posterior margin of the segment in C. opilio, but they

np "� '"'.
lateral spines on the third to fourth abdominal segments
barely reach the margin of the posterior segment in C.
japonicus. During the present study it was observed that
these differences are absorbed or become negligible with
their morphological variations.

These morphological differences might be due to the
phenotypic variation owing to the different environmental
conditions in captivity and in the wild. Therefore, further
study on the larval morphology and edaphic segregation of
both species as well as other members of the genus Chionoecetes
would be highly desirable.
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Morphological differences between the species are
summarized in Table l.

ACKNOWIEDGEMENTS

Thanks are tendered to Mr. Y. Suzuki of the Fukui
Prefectural Fisheries Experimental Station for providing
additional larvae of the two species.

The author wishes to express his deepest appreciation
to Brenda R. Melteff, Conference Coordinator, and to the
sponsors of the International Symposium on the genus
Chionoecetes: National Marine Fisheries Service, Alaska
Department of Fish and Game, North Pacific Fishery Management
Council, and University of Alaska Sea Grant Program, who
kindly invited him to the symposium.

He is further greatly indebted to Dr. T. Matsushita of
the Director General, Dr. A. Furukawa of the standing
Director, Dr. H. Fukataki and Dr. S. Nakatani of the Acting
Chiefs of the Central Laboratory of Marine Ecology Research
Institute  MERI!, Japan, who encouraged him to develop
better channels for international communications.

133



I I
M

t4
04t 4t4 4I4l 4tt4

4I

04t0 00 04
0 4 0

0z IM
M
I

rttt
0
0 O
g

M

4
4J 0
4l 4ttt 0
4
0g

4

t4
04I 44l 4t0 kJ4 4I

8

tD 0
43

t0

00

M I
M IM

4J

4l
IM

M
I

t4
04J

P4

0M 04
0kP M

I

0t

JJ
3
IC

C3ID

B~ I I
M

If4IM
04J

4I+J IJlnl
4 MQ t0

4l
4 t4
4

P 0
4l

0

IP4
M

ll

R

t4
0
0 4I l4
4l gJt4t Wttt 0

0

kl 00 4
*

M

4t

I
0Oc '00 4t

0 Mttt lp
V

0 W
0

0lttt '0

'4
t4

PVl 0
8 W

0

W4tttt '0

O z V 0
4lttt

134

0 O

O M

O

P

0

0 Fll
0 u

V~ 040
0

I'N t0IM

004l 4 t44I 4l0 4
0 W
0 00 0l 0

e2 044I 0l C

0 4I
4 00 '0 0 4I g

t4 W C I4
g 0 N t4

tt0 I4 A M 4J



REFERENCES CITED

Aikawa, H. �929! On the larval forms of some Brachyura.
Re. Oceanogrs Works Jap., 2�!: 17-55.

Aikawa, H. �937! Further notes on Brachyuran larvae.
Ibid., 9  !: 87-162.

Haynes, E. �973! Descriptions of prezoeae and stage I zoea
of Chionoecetes bairdi and C. o~il.io  Oxyrhncha
Oregoniinae!.Fish. Bull., 71�!: 769-775.

Haynes, E. �981! Description of stage II zoeae of snow
crab, Chionoecetes bairdi,  Oxyrhncha, Majidae! from
plankton of lower Cook Inlet, Alaska. Ibid., 79 l!:
177-182.

Jewett, S. C. and R. E. Haight �977! Description of
megalopa of snow crab, Chionoecetes bairdi  Majidae,

Kon, T. �967! Fisheries biology of the Tanner crab,
Chionoecetes o~ilio-I. On the prezoeal larva. Bull.
Jap. Soc. Sci. Fish., 33 8!: 726-730.  In Japanese with
English abstract!

Kon, T. �980! Studies on the life history of the Zuwai
Crab, Chionoecetes o~ilio  O. Fabricius!. Spec. Publ.
Sado Mar. Biol. stn., Niigata Univ., Ser. 2, 64 pp.
 In Japanese with English summary!

Kurata, H. �963! Larvae of Decapod Crustacea of Hokkaido.
2. majidae  Pisinae!. Bull. Hokkaido Reg. Fish. Res.
Lab., �7!: 25-31.  In Japanese with English summary!

Kurata, H. �969! Larvae of Decapod Crustacea of Arasaki,
Sagami Bay-IV. Majidae. Bull. Tokai Reg. Fish. Res.
Lab., �7!: 81-127.  In Japanese with English summary!

Kuwatani, Y., T. Wakui and T. Nakanishi �971! Studies on
the larvae and post-larvae of a Tanner Crab,
Chionoecetes opilio elon atus Rathbun.I. On the

�7!: 32-40.  In Japanese with English summary!
Kuwatani, Y., T. Wakui and T ~ Nakanishi �973! Studies on

the larvae and post-larvae of a Tanner Crab,

the previous report �971! on the external feature of
protozoeal larvae. Ibid., �9!: 93-94.  In Japanese
with English summary~

Motoh, H. �970! On the laboratory-reared prezoea and first

Barchyura!. Spec. Publ. Pref. Mar. Cult. Stn.
Ishikawa, �!: 7-11.  In Japanese with English summary!

Motoh, H. �973! Laboratory-reared zoeae and megalopae of
Zuwai Crab from the Sea of Japan. Bull. Jap. Soc. Sci.
Fish., 39�2!: 1223-1230.

Motoh, H. �976! The larval stages of Benizuwai-gani,
Chionoecetes 'a onicus Rathbun reared in the laboratory.

135



ABSTRACT

of one prezoea, two zoea, and one magalopa reared in the
laboratory, and they are morphologically similar to each
other as follows:

Prezoea � Covered with an embryonic cuticle; no spines
on carapace.

First and second zoea � A dorsal, a rostral, and a pair
of Lateral spines on carapace; the abdomen consisting of
five  in the first zoea! or six  in the second zoea! seg-
ments and the telson bifurcate; the endopodite of the first,
maxilliped having five segments with a spinal arrangement of
3-2-1-2-5 from proximal to distral segment, and the second.
maxilliped three segments with a l-l-5 arrangement; the
postero-lateral margin of the third, fourth, and fifth
abdominal segments terminate in a pair of long lateral
spines; telson bifurcate, long and slender; each furca of
the telson bearing three setae on the inner side and small
spine each on the lateral and dorsal sides, respectively;
furthermore, there is a pair of additional internal setae in
the second zoea.

Megalopa � Three rostral, a pair of antero-gastric, and
a pair of cardiac dorso-lateral heavy processes; the first
and second maxillipeds are well developed; the third one is
tremendously developed with a massive endopodite consisting
of four segments with numerous spines; the abdomen consists
of six segments and the telson; pleopods present on the
second to the fifth segments bear long plumose setae; the
last pereiopod has no feelers at tip.

The larval stages of the two species, however, may be
distinguished from each other by the following characters:

L! Chromatophores of prezoea, zoea, and megalopa are
brown or reddish brow-n in C. ~o ilio and vermillion or crimson

third abdominaL segment of the first and second zoea are
shorter than  rarely equal to! the length of the fourth
abdominal segment in C. o~ilio, bnt are more than 1.3 times
the length in C. japonxcus; Zschiopodite of the cheliped of
the megalopa has a spine in C. opilio while no spine in CD

136







INTRODUCTION

The largest harvest of the zuwai crab, Chionoecetes
o~ilio, from the Japan Sea was 16,604 tons in 1963. However,
a rapped decrease in the landings of this crab occurred
yearly, and at present the harvest is only 5,000 tons. The
main factor for the decline in the size of the catch is
directly dependent on the decrease in the resources affected
by overfishing. One of the causes allowing overfishing is
due to the lack of biological information in special reference
to the life history of this species. Research into the
ecology of the zuwai crab in the Japan Sea, therefore, began
in 1967, and the results obtained were reported by many
researchers, especially compiled by Ogata �974! and. Kon
�980!. As a result of this ecological research, a few
plans to protect the crab resource were carried out; however,
so far there are no indications that show a definite recovery.

For that reason it is felt necessary to take more
progressive action to propagate the zuwai crab resource.
Like many coastal species--for example, the kuruma shrimp,

trituberculatus, and the abalone, Haliotis drscus � stocking
artificially-reared young zuwai crabs is considered a
promising possibility in the recovery of this resource.
Fundamental studies for rearing the planktonic larvae af the
zuwai crab were carried out by Kon �970, 1973, 1979!, and
the techniques for mass productions of the seed are now
being studied. At the same time, however, it is essential
to know where and when and in what kind of water stocking
planktonic larvae or young crab can be achieved.

Ecological studies of the planktonic larvae of the
genus Chionoecetes in the Japan Sea were reported by Kurata

v
Furthermore, studies of young crabs just after settling on
the sea bed were done by Ito �968a! and Kon et al. �968!.
However, even if these reports are co~piled, it has not been
possible to logically illustrate the changes in habitat and
depths of larvae corresponding to larval stage or growth.
This paper deals with the influence of oceanic environment
on the life of the zuwai crab, from the prezoea to the first
molting stage  first crawler!, and hopes to show the relation
between habitat and larval growth.

MATERIALS AND METHODS

Five voyages for plankton sampling were made at 18
stations in the waters of the zuwai crab fishing ground off
Wakasa Bay in the Japan Sea during the period March to June
1978  Figure 1!. The depth of each station is in the range
of 170 to 600 m. However, tows of nets in each station were
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Pigure 1. Location of the sampling station.
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made in the six water depths ranging from 0 to 466 m. Six
sampling nets having NGG 42 mesh, 1.3 m in diameter and. 5 m
in length were fixed on a wire which was lengthened to two
or three times the depth of each station. The wire had an
iron weight at. the end, as shown in Figure 2. The wire was
carefully hauled for 15 minutes at 1 to 2 knots so that the
weight never left the sea bed. By using this method,
simultaneous horizontal tows could also be made. As nets
used. for this study were not closed, it is impossible to
avoid sampling in a shallower stratum than at an aimed
depth. Water depths of some sampling nets were confirmed by
a net. recorder and a depth-distance recorder.

which are numerous in the Japan Sea at a depth of 700 to
1,500 rn, closely resemble that of zuwai crab  j:to 1976!.
Norpho logical differences of each larval stage in both
species were reported by Kurata �969! and Notoh �973,
1976!. As the differences reported are minute, it is diffi-
cult to discriminate larvae collected between C. ~o ilia and

are illustrated as the larvae belonging to the genus Chionoecetes.

RESULTS

Horizontal and Vertical Distribution of First Zoeae

Two hundred sixty-two first zoea and one second zoea of
genus Chionoecetes were collected from two to six depths �,
50, 100, 150, 200, 300 m! at each station on the 6th and 7th
of March. Figure 3 illustrates the quantitative distribu-
tion of the first zoea per one net haul at each depth. The
densest areas at the surface and 50 m depth were both the
fifth station, and at the 100 rn depth at the fourth station.
The depths of these two stations are both 270 m. Like a
concentric circle, the more the distance increased from the
densest areas, the less sparse the density distribution
became. Limits of the distribution in these three depths
are almost equal to an iso-depth line of 200 m on the
coastal areas. These phenomena might show that the depth
exerts a large influence upon the density distribution of
first zoeae. As the numbers of first, zoeae collected at
each depth other than 150 m are less than 5 individuals per
net haul, most of them might be collected in shallower
depths on the way to or from these depths.

There was a large upwelling in the waters off Wakasa
Bay at the beginning of March, and. in the coastal waters of
its upwelling there was another small one at the center of
which the temperature was 10.4 C at both 50 and 100 rn depths
but 2.0 C at 200 m depth  Figure 4!. The distributing area0

of first zoeae was situated around a coastal part, of the
small upwelling area.
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Figure 3. Density distribution of the first stage zoea per one net in
the waters off Wakasa Bay in March 1978. :collected
numbers, x: no towing.
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Horizontal Distribution of Megalopas

As a result of sampling made at depths ranging from 33
m to 466 m at 16 stations which were situated in waters
deeper than the 200 rn depth, 288 rnegalopas were collected in
the middle of June. Figure 5 illustrates the quantitative
distribution of these per one net at each station. The
densest area of megalopas was found at the 10th station
which was 340 rn in depth. At this station eight individuals
per net were collected. Like an ellipse, the more the distance
increased from this densest area, the less sparse the density
distribution became. It is thought that the depth exerts a
large influence upon the density distribution of a megalopa
as it does on the first zoea. Furthermore, it might be
difficult to collect rnegalopas in waters shallower than 200
rn during this season.

Seasonal Changes of Larval Quantity
and Distributing Depths

As shown in Figure 6, first zoeae were collected during
the period from early March, when sampling was tried for the
first time, until early May. Almost all individuals collected
in March were first zoeae, and mean numbers collected were
6.6 individuals per net. Eighty-one percent of all first
zoeae collected in March were distributed vertically in the
shallower depth than 100 rn at an almost equal density. It
also appears that alot of first zoeae were collected in 200
rn and 300 m depths. As the plankton nets used were always
open, it is difficult to deny the possibility that
they were collected at a shallower depth on the way to or on
the way back from these deeper depths. In early April the
numbers of the first. zoeae collected increased over those of
the last month, and 10.5 individuals per net were gained as
an average. About 77 percent of them were collected at depths
shallower than 50 rn, 27 percent of which were found
at 25 rn and 50 rn, respectively, and 23.5 percent at the
surface. The numbers collected. in depths deeper than 50 m
decreased gradually in accordance with depth. In early May
the numbers of first zoeae collected decreased remarkably in
all depths to less than three individuals per net. From the
facts mentioned above, it may be concluded that a small
number of first zoeae are dwelling as deep as 200 m, but
most live in depths shallower than 100 rn through-
out all periods of this larval stage.

Second zoeae were collected during the period from
early March to early May, but only one individual was collec-
ted in 39 nets in March. Numbers collected in early April,
however, increased markedly to 745 individuals in 49 nets.
Almost all of them were collected in depths from the surface
to 100 m. As 13.4 percent of all second zoeae collected in
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Figure 5. Density distribution of the megalopas per one net in the
waters off Wakasa Bay in June, 1978.
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this month were gained at the surface, 29.2 percent in 25 m
depth, 24.6 percent in 50 m depth, and 18.9 percent in 100 m
depth, it is possible to say that except at the surface, the
deeper the depth becomes, the less the distributional ratio
changes in the range of these depths.

Most of the larvae of both first and second zoeae found
in April were dwelling in the depths from the surface to 100
m, mostly from 25 m to 50 m. It looks as if they might, have
practically the same distributional pattern during this
season. The second zoeae collected in May was the largest
majority �6.5 percent! of all larvae collected. The numbers
of second zoeae per net decreased sharply from 15.2 in April
to 2.6 individuals in May with 93.6 percent of second zoeae
collected at depths from 50 m to 200 m. The depth where
they were collected most abundantly was 150 m, showing 33.9
percent. On the contrary, only 0.6 percent were at the
surface and 5.8 percent in 25 m depth. These phenomena show
that the concentrated depths of second zoeae changed from
shallower in April to deeper in May. Furthermore, the
second zoeae were distributed in deeper strata than the
first zoeae in this month.

Megalopas were collected during the period from early
April to early June when the last sampling was made.
Numbers collected in April were only 0.5 individuals per
net, and almost all of them were distributed vertically from
25 m to 100 m depths, especially at 50 m. In early May the
numbers increased to 1.0 individual per rret, but no mega-
lopas were collected in the depths shallower than 50 m; and
the deeper the depth became, the more the numbers increased.
Most of them �4.2 percent! were gathered at the 200 m
depth. The larvae collected in late May were only megalopas;
however, the numbers per net were the same as early in this
month. No megalopas were collected at depths shallower than
100 m. As earlier in this month, the deeper the depth
became, the more the numbers increased. Most of them  85.5
percent! were found at the 200 m depth, which was the deep-
est stratum where nets were hauled at this time In early
June as well, only megalopas, 2.6 individuals per net, were
collected. Many of them were obtained vertically in three
lower depths--14.9 percent at 200 m, 23.4 percent at 233 m,
and 11.5 percent. at 266 m.

DISCUSSION

Distributional Patterns of First Zoeae

A distributional map of first zoeae in March shows the
existence of a high distribution area like a concentric
circle in the waters off Wakasa Bay. This corresponds to an
area just above the sea bed at the depth of 225 to 275 m

148



where a large school of adult female crabs dwell  Kon 1969!.
It is believed that larvae just after being hatched swim
nearly straight upward to the surface waters without much
scattering and remain in the neighboring waters. Yamamoto
et al. �978! reported that in the waters of the west coast
of the Japan Sea, off the coast of Tottori Prefecture, first
zoeae were collected in waters deeper than 50 m, not in
waters where fernale adult crabs were dwelling. The differen-
tiation of zoeal distributional patterns between Nakasa Bay
and the coast of Tottori Prefecture may be related to an
ocean current and/or a whirlpool. As the high density
distributional area of first zoeae off Wakasa Bay is situated
around the small upwelling area in early March, they may be
able to remain in the nearby waters just above the sea bed
where adult: female crabs live. On the other hand, most of
them off the coast of Tottoti Prefecture may be dispersed by
the straight flow of the warm Tsushima Current.

The same phenomena as those mentioned above were also
reported by some researchers investigating brachyuran
larvae. Fukataki �969! clarified that Chionoecetes larvae
were collected much more often around an upwellxng area in
waters off the coast of Honshu in the Japan Sea. Ito and
Ikehara �971! reported that the distribution of the Chionoecetes
larvae seemed to be closely associated with the upwelling,
since the dense aggregation of larvae was found in the
thermal trough around the upwelling area in the Japan Sea.
Abe �977! concluded that planktonic larvae of the horse
crab, Erimacrus isenbikii, were gathered around the upwell-
ing area in the way of a dispersal process and then migrated
with its whirlpool.

From the facts described above, it is considered that
the density distribution, aggregation, and migration of the
Chionoecetes larvae are closely connected with a whirlpool.
It r.s reasonable,. therefore, to estimate that the number of
the first molting stage crabs settling on commercial fishing
grounds are determined by the oceanic environment of the
planktonic larval seasons.

Changes of the Distributional Areas and Depths
in Accordance with Larval Growth

The spawning season of the zuwai crab as reported by
Kon and Honma �970! corresponds closely to the appearance
of the first zoeae in the waters off Wakasa Bay. Further-
more, the density distributional area of the first zoea
clarified in this study corresponds also to just above the
sea bed where a large school of the adult fernale zuwai crabs
live  Kon 1969!. Therefore, it can be considered that most
of the larvae collected are zuwai crab, C. o~ilio.
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Judging from the already known information and the
facts obtained in this study, the distributional patterns of
the zuwai crab larvae in the waters off Wakasa Bay are
estimated as follows  Figure 7!.

The spawning season is from January to April. The
prezoeae just after hatching at a depth of 225 to 275 m swim
and rise almost directly toward the sea surface after
phototaxis  Kon 1967!. However, as the duration of its
stage in vitro is less than an hour  Kon 1967; Ito 1968b;
Kuwatani et al. 1971!, they may develop to the first zoeae
before arriving at the surface.

Most of first zoeae that arrive near the surface are
dwelling in depths ranging from the surface to 50 m The
first zoeae are collected until early May, but most of them
are gathered from early March to early April. It is thought
that the dispersion of the first zoeae is not very large
because the area of their higher density distribution is
situated around the upwelling area which arises near the
zuwai crab fishing ground off Wakasa Bay almost every year.

The second zoeae are first collected from early March,
but most. of them range from early April to early May. In
early April the center of their vertical distribution is
located at the depth range of 25 m to 100 m, but early in
May it changes to 150 m to 200 m. It is probable that the
changes of their dwelling depths toward the deeper sea occur
in accordance with elevated temperature near the sea surface.

Metamorphosis from a second zoea to a megalopa occurs
in early April in the 150 to �0 m depth where the tempera-
ture is within the range of 6 to 12 C. After metamorphosis
they go down to a deeper stratum beyond the large spring
layer which is generated by the warm Tsushima Current and
the cold Riman Current at the 200 to 250 m depth. The

0temperature under the spring layer is lower than 10 C all
year round. The area of the high density distribution of
megalopas is located further offshore and deeper than those
of zoeal larvae. The depths showing the highest density
distribution of megalopas changes to 355 m in early June,
and almost no megalopas are collected in the waters shal-
lower than 200 m in depth. Their !welling water temperature
in this season may be lower than 5 C. However, as there is

0
no temperature zcne lower than 5 C in waters shallower than
200 m in depth, almost no megalopas can live there.

Ito �968a! reported that juvenile crabs up to the
third molting stage had their habitats in the deep sea bed
range from 300 to 350 m in depth. Furthermore, it was
definitely shown by Kon �969! that. juvenile crabs up to the
sixth molting stage were widely distributed in the regions
deeper than 275 m in depth. The area of higher density

150



0

151

1 I I I I I I I I
I
I

a

A W 0 Fi



distribution of megalopas corresponds closely to the area
reported for the juvenile crabs mentioned previously. This
phenomenon supports the postulation that most larvae collect-
ed in this study belonged to the zuwai crab.

The spawning season of the zuwai crab occurs from
January to April, mostly in February, in the waters off
Wakasa Bay  Kon and Honma l970!. Furthermore, a small
number of first molting stage crabs is collected in June,
and the numbers of them increase dramatically in July
 Tanabe and Suzuki l98l!. Therefore, from these reports and
the results obtained in this study, it is thought that the
duration of the planktonic larval life may be about four to
five months--about one month each for the first and second
zoea stages and two to three months for the megalopa stage.
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ABSTRACT

The planktonic larval life of the zuwai crab occuring
along the coasts of the central Japan Sea can be summarized
as follows:

The prezoea just after hatching, from February to
April, swim and rise toward the sea surface after phototaxis.
However, as the duration of this stage is only about one
hour, they may develop to the first zoea before arriving at
the sea surface. The area of higher density distribution of
the first zoea is located in the depth range from the sea
surface to 50 m. That area corresponds to just above the
sea bottom at the depth of 225 to 275 m where a large school
of adult females were found. The area is also situated near
an area of upwelling. Most of the first zoea are collected
till early in May; however, most of them are from early
March to early April.

The second zoea are collected from early March to early
May; however, the greatest number are found from early April
to early May. The depth stratum inhabited by the zoeal
larvae moves toward the deeper sea in accordance with
elevated temperature near the sea surface. Metamorphosis
from the second zoea to the megalopa occurs from early April
to mid-May in the 150 to 200 m depth

The megalopa go down to the deeper stratum beyond the
large spring layer at the 200 to 250 m depth. The area of
higher density distribution of megalopa is located further
off shore and deeper than for zoeal larvae. This area
corresponds to the waters where previously reported crabs
younger than sixth molting stage are found. Some first
molting stage crabs  first crawlers! are collected in June,
but most are collected in July. No larvae of any planktonic
stage are collected in waters shallower than 150 to 200 m in
depth.

Judging from these results, it is estimated that the
duration of first planktonic larval life may be about four
to five months; in other words, about one month each for the
first and second zoea stages and about two to three months
for the megalopa stage.
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Chionoeoetes opi2io is distributed throughout most of the
eastern Bering Sea  EBS!, but its highest concentrations occur
between the depths of 50-150 m in a region extending from St.
Lawrence X. south to 55' N  Fig. l!. Areas of the continental
shelf to the west, and south of the high density areas, which
superficially appear to be suitable habitats, contain relative-
ly few C. opi2io. Several factors could limit the abundance
of C. opi2io in these areas. Interspecific competition may be
important because much of the western and southern region is
occupied by C. hair di  Fig. l!. Temperature may be important
because the primary distributions of C. opi2io and C. bairdi
appear to be separated by a relatively strong thermal gradient
 Somerton l98la!. In this paper, however, I examine evidence
suggesting that sea ice, due to its probable effect upon pri-
mary production and larval survival, may be as important as
either temperature or competition in determining the distri-
but.ion of C. opi 2io in the EBS.

DATA AND METHODS OF COLLECTION

Chionoeeetee opi2io and C. bairagi were collected on EBS
crab stock assessment surveys conducted by the National Marine
Fisheries Service each year from l969 to l979. Sampling usu-
ally occured between May and August, but in 1969 and 1970 it
occured two months earlier. The initial survey area included
only Bristol Bay, but in subsequent years the area progressive-
ly expanded to the north and west  See Fig. 1 for the approx-
imate size of the 1979 survey!. Samples were collected using
bottom trawls at stations located at the approximate centers
of a 37 km grid. The catch was sorted. to species and sex, then
subsampled, if necessary. Carapace width was measured to the
nearest l mm using calipers. Shell condition, a subjective
index of relative postmolt age, was scored on a four point
scale ranging from l  exoskeleton flexible! to 4  exoskeleton
scratched, discolored and typically covered with epifauna!.
Female maturity, based on abdominal width, was determined and
the color of any attached eggs was noted.

SEA ICE, PRIMARY PRODUCTION AND LARVAL SURVIVAL

If sea ice influences the distribution of C. opi2io, then
it probably does so by influencing the food supply of C. oui 2io
larvae. Although the diet of C. opilio larvae is not known
with certainty  diatoms were the major gut component in a small
sample of Stage I zoea examined at the University of Washington;
D. Armstrong, Univ. Washington, per. comm.!, the availability
of suitable food is probably linked closely with the ann~al
cycle of primary production.
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FIGURE 1

Distribution and abundance of adult female C. opi2z'o  upper!
and C. baiz di  lower! as depicted by the 1979 EBS crab survey.
Catch per one hali-hour trawl haul are indicated by symbol
 circle! size ~ Pluses  +! indicate stations where juvenile
but not adult females were caught. The dashed line indicates
the 200 m isobath. The ~ark solid line on the upper figure
delineates the study area defined in the text.
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Within the EBS there are two distinct types of spring
phytoplankton bloom. In ice covered areas, an intense but
short ice edge bloom occurs when the ice begins to disinte-
grate and melt. This bloom is promoted by low salinity melt
water which stabilizes the water column and by ice flows which
inhibit wind mixing  McRoy and Goerinq l974!. Xn ice free ar-
eas, a normal bloom develops. at two oceanic fronts and spreads
across the shelf  Goering and Iverson l981!. This bloom is
promoted by increased insolation which warms and stratifies
the water column and by a shift in the storm tracks which re-
duces wind mixing  Goering and Iverson 1981!. In most of the
region inhabited by C. op~5io the ice edge bloom is the only
bloom and in most of the region inhabited by C. bai~di, the
normal spring bloom is the only bloom  Alexander and Niebauer
1980!.

Ch~onoeoetea op~Kio and C. baiz li may each specialize on
a different type of bloom, that is, C. opilio may be adapted.
to utilize the ice edge bloom and C. hairdos may be adapted to
utilize the normal bloom. This specialization could involve
a difference in the physiological tolerance of their larvae
to the temperature and salinity regimes associated with each
bloom, a difference in the ability of their larvae to forage
on the various species of phytoplankton and zooplankton assoc-
iated with each bloom or a difference in the time of larval

hatch. Since most of the region each species inhabits exper-
iences only one type of bloom, specialization probably does
not represent a mechanism for resource partitioning, rather
it represents an adaptation for maximizing larval survival in
a particular environment.

If specialization does occur, then it should be most ap-
parent in the major areas of sympatry, especially in the
southern EBS, which are ice covered in some but not all years.

To determine if C. opiLio and C. bai~di release their
larvae at different times and thereby specialize on different
blooms, the percent of adult females having recently hatched
eggs was calculated for the months of April through July, 1976.
The comparison was restricted to the region of the EBS south
of 58' N. Egg color, which changes from orange to purple-
brown during embryonic development, was used to separate fe-
males with new eggs from females with pre-hatching eggs. Some
females with orange eggs, however, are primiparous and have
not hatched a clutch. These females were identified by their
new exoskeletons  shell conditions 1 and 2! and were excluded
from the analysis. The percent of multiparous females with
orange eggs  percent spawned! by month is shown for both spe-
cies in Fig. 2. The percent spawned increased for both species
from April to July when spawning appears to have been completely
But in April and Nay, C. opiEio clearly had a higher percent
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FIGURE 2

Percent of multiparous female C. opi Kio  circles! and C. baz',~di
 dots! carrying orange, recently extruded, eggs in each month
from April to, July, 1976. Uertical bars represent the 95%
binomial confidence intervals. The presence of orange eggs
indicates that a female has recently hatched a clutch of eggs.
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spawned than C'. hairdos. The general pattern of change in per-
cent spawned suggests that, at: least in 1976, C. opi2io larvae
started to enter the plankton earlier, possibly by as much as
one month, than C. hairdos larvae.

Although C. opi lio larvae appear to enter the plankton
before C'. hairdos larvae, it is not clear that the ice edge
bloom preceeds the normal bloom. Both the ice edge bloom
 McRoy and Goering 1974! and the normal bloom  Goering and
Iverson 1981! are reported to begin in April. In years of
extensive ice coverage, however, both blooms may occur sequen-
tially at locations in the southern EBS . McRoy and. Goering
1974!. Of particular importance is whether, at locations
which experience ice cover infrequently, primary production
is advanced or retarded by the presence of iced If it is
advanced, then C. opi2io could specialize on the ice edge
bloom by releasing their larvae earlier than C. bai2 di. Fur-
ther research on the effect of ice on the timing of phyto-
plankton blooms is needed to answer this question.

SPATIAL AND TEMPORAL VARIABILITY IN C. OPAL I 0 RECRUITMENT
AND ITS RELATION TO ICE COVER

The extent of ice coverage in the EBS varies considerably
between years. If the survival of C. opi2io larvae depend
upon the presence of ice, then larval survival and subsequent
recruitment to the benthos should vary in a pattern consistent
with the distribution of ice. This variability was examined
in two different ways, spatially and temporally.

Since the frequency of ice cover, in the EBS, decreases
with latitude  Webster 1979!, the occurrence of C. opi2io re-
cruitment should also decrease with latitude. Recruitment was
examined by constructing size frequency histograms, based on
1979 EBS data, for female C. opi2io by intervals of 1' latitude
 Fig. 3!. If size frequency modes represent year classes, then
these histograms indicate that there were two juvenile year
classes in the population north of 604 N, one juvenile year
class between 59' N and 60' N, and either no juveniles or low
abundances of juveniles south of 58' N. The occurrence of
recruitment, and therefore the occurrence of high larval sur-
vival, appears to decrease with latitude in the expected manner.

Temporal variability of C. opi2io recruitment in the south-
ern part of the EBS was examined by constructing a time series
�969-1979! of female size frequency histograms considering
data only from a study area bounded by 163' W on the east, 167'
W on the west, 57~ 30' N on the north and the Alaska peninsula
on the south  Fig. 1!. This area was chosen because: 1! it
was sampled in all survey years; 2! it is located at the south-
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em extreme of the range of C. opi Kio and therefore should dis-
play considerable recruitment variability; and 3! it has weak
and variable currents  Kinder and Schumacher 1981!, therefore
high recruitment should reflect high larval survival in the
overlying water column.

This time series of histograms  Fig. 4! shows that, at
the southern extreme of its distribution, C, opil~o has infre-
quent recruitment. In 1969, the female population was domin-
ated by a single cohort which had just reached maturity  91%
of the adult females were recorded as recently molted or shell
condition 1!. In this, and every year until 1974, no juveniles
were observed in the study area. In 1974, two year classes of
juvenile females were first observed. One matured in 1975,
the other matured in the following year. From 1976 to 1979,
essentially no juvenile females were caught within the study
area. If recruitment is defined as the maturation of a cohort,
then significant recruitment occured in only 3 �969, 1975,
1976! of the eleven years. Since female C. opi lio probably
mature at age 4  Somerton 198lb!, the apparent larval survival
was high in 1965, 1971 and 1972.

To determine whether ice cover and year class strength
are related, an index of the extent of sea ice within the study
area during April was compared to the apparent larval survival.
Ice data was obtained from a digitized arctic sea ice data base
 Walsh and Johnson 1979!, which consisted of the monthly per-
cent ice cover, to the nearest 10%, within 1 latitude �0
nautical mile! squares for the years 1953-1977 ' An index of
ice cover was constructed by summing the percent coverages at
the six grid points that fell on or within the study area
boundary. This index has the property of combining both the
extent and density of ice within the study area, and could
range from 600 if there were complete ice coverage at all six
grid points to 0 is there were no ice in the study arear' Ap-
parent larval survival was scored as high  +} for 1965, 1971
and 1972, and as low  -! for all other years. The ice indexes
and apparent larval survivals are shown in Table l.

Of the three years with high larval survival, two �971,
1972! correspond to years with extensive ice, but the third
�965! corresponds to a year without ice  Ice data before 1970

was obtained sporadically by airplane, but after 1970, ice
data was obtained by satellite imagery. Thus, the apparent
lack of ice in 1965 could be due to the inadequacy of the ice
data. C. Pease, NOAA, Seattle, per. comm.!. When all eleven
years of ice cover and larval survival are considered, the
ice cover in high survival years is significantly greater than
the ice cover in low survival years at the 10% level  Nann-
Whitney test, .058<p<.092!.
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Index of April ice cover and apparent larval survival of female
C. opiEia within a study area of the EBS defined in the text.
Ice cover is the sum of the percent ice coverage at six loca-
tions within the study area. Ice cover index can range from 0
for no ice to 600 for complete ice coverage. Apparent larval
survival was scored as high  +! if a strong year class of fe-
males subsequently matured four years later, and as low  -! if
no subsequent recruitment occured.

Apparent
larval survival

April ice
cover index

Year

168

1965

1966

1967
1968

1969

1970
1971

1972

1973

1974

1975

0

60

0

40

0

0
360

270

70
40

60



DISCUSSION

Th~ survival of C. opi2io larvae appears to be related to
a spring bloom of phytoplankton initiated by sea ice. Larvae
may be adapted to enter the plankton at the usual time of the
ice edge bloom, and when this bloom does not occur, either
because ice is not present or because other conditions are un-
suitable for initiation of a bloom, larval survival decreases.
If this hypothesis is true, then the distribution of C. opi2io
is limited by the maximum extent of sea ice in April when the
larvae enter the plankton.

Although the ice hypothesis was proposed to account for
several aspects of the distribution and population fluctuations
of C. opi 2io in the EBS, it may be applicable to other areas
where C. opi 2io occurs. The northwest Atlantic is one such
area. Figure 5 shows the average extent of ice in April, and
the primary distribution of C. opi2io, both in the EBS and in
the northwest Atlantic. Xn both cases the southern extent of
ice and the distribution of C. opi2io are quite similar. In
the northwest Pacific, however, the association between ice
and a subspecies of C. opi2io, C. o. e2ovgatus, is not as clear.
Although C. o. e2ongatua occurs in regions which are frequently
ice covered, it also occurs in areas of the Sea of Japan  Watson
1969! which are always ice free.
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Average position of the ice edge in April  solid line! and the
distribution of C. opilio and C. bai2 di. The upper figure shows
the distribution of adult female C. opilio  dots! and C. hairdos
 stripes! in the EBS. The lower figure shows the distribution
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 R. Elner, per. comm.!. Ice edge maps were obtained from the
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ABSTRACT

Evidence is examined which suggests that, in the eastern
Bering Sea, Chionoeoetee opilio may synchronize the release
of its larvae with a spring phytoplankton bloom which is in-
itiated by sea ice. When this ice edge bloom does not occur,
either because ice is not present or because other conditions
are not appropriate for initiation of a bloom, 1arval survi-
val decreases. The distribution of C. opiTio is therefore
limited by the maximum extent of sea ice in April when C.
opi'lzo larvae enter the plankton.
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INTRODUCTION

Tanner crab, Chionoecetes bairdi, support a small but
locally important commercial fishery in Cook Inlet. Much of
the fishing effort is concentrated in outer Cook Inlet or
Kamishak Bay, near or within an area designated as a possible
lease site for oil and gas development. As part of the
Outer Continental Shelf Environmental Assessment Program, a
preliminary examination of the distribution and abundance of
Tanner crab was init.iated  Feder and Paul, 1981!. This
report provides information on areas where Tanner crab less
than 20 mm, and crab 21 to 80 mm, were observed during this
survey.

METHODS

Sampling was accomplished with 3.6 m try-net fished on
the bottom for ten minutes at a speed of 3 to 4 knots. The
net contained a liner with a mesh of 9 mm . Carapace width
of the crab were measured to the nearest millimeter with
calipers. Station latitudes and longitudes are available in
Feder and Paul �981!. A van veen grab sampled the infauna.

RESULTS AND DISCUSSION

The size distribution data for Tanner crabs  Table I!
indicate that the areas within Cook Inlet that were sampled
are inhabited primarily by large size individuals. Tanner
crabs less than 20 mm carapace width were encountered primarily
near the mouth of the Inlet and lower Kamishak Bay. Station
5  Fig. 1! was the area where these crabs less than 20 mm
were most abundant averaging 1,400 per km fished. Stations
8 �,272 per km fished!, 25 �77 per km fished! and 18 and
23 �90 per km fished! also had significant numbers of these
young crabs  Table I!. The size frequency of these small
crab at Station 8 is presented in Table II.

Distribution of the zoeae of the commercially important
crustaceans including Tanner crab has been determined by Dr.
T. English  pers. comm. University of Washington!  Fig. 2!.
The distribution of Chionoecetes bairdi late zoeae are
similar to the benthic stages less than 20 mm captured by
trawls  Fig. 2!. However, early zoeae are most abundant in
Kachemak Bay near Station 40A where no benthic juveniles
were captured in the trawls.

Early benthic stages were encountered mostly at depths
exceeding 50 m. Stations 5 and 8 where small crab were most
abundant were 166 and 150 m deep, respectively. Carlson and
Straty �981! reported encountering many Tanner crab less
than 40 mm in the deepest part of Lisianski Strait, Southeast
Alaska, at 230 m depth.
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Figure 1. Lower Cook Inlet trawl stations The possible oil and gas
lease site is designated by hatch marks.
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TABLE II.

10 Na 1978 7 June 1978
Wj.dth  mm! Width  In'!Number Number

30

17

2410 10

34 1212 14

13

1414

15 24 15 21

2216

17 1717

18

19 19

2020

21

22 22

23 2310

2424

25

Total = 436
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JUVENILE TANNER CRAB CARAPACE WIDTHS,
STATION 8, COOK INLET, ALASKA



Figure 2. Distribution of zoea I and zoea II of chionoecetes bairdi
 data from Dr. T. English, University of Washington!.
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The absence of Tanner crab less than 20 mm carapace
width in the Kachemak Bay area is puzzling since the area
supports a commercial fishery. Futhermore, the current gyre
prevalent there  Fig. 3! should prevent the zoeae from being
swept away. Their absence in Kachemak Bay may be due to
recruitment failure, or perhaps crabs move from the nursery
area described above or from other nursery areas not dis-
covered, to Kachemak Bay and other parts of the Inlet.
Further observations on the distribution of these small
crabs are necessary to determine the importance of nursery
areas as a source of recruitment to Cook Inlet and the
adjacent Gulf of Alaska.

The trawl contents at Stations 5 through 8, where
juvenile Tanner crab are most abundant  Table III!, are
dominated by small sponges intermixed with hydroid frag-
ments, polychaete tubes, and crustacean and mollusc fragments.
The most common polychaete tubes associated with the sponges
are those of S iochaeto terus t~picus. After removing all
motile organisms, the composition of the remaining material
by per cent weight and volume is as follows:

Wet Weight  %! Volume  %!

70 67Sponge

Hydroid and polychaete tubes

Hydroids

12 14

Crustaceans and mollusc

fragments 12

100 100Totals

Limited information is currently available concerning
the food of Cook Inlet Tanner crab under 20 mm carapace
width. Feder �980! reported fragments of crustacean cara-
pace in 60 percent of the stomachs of small C. bairdi they
examined. The remains of brachyuran crabs, including C.
bairdi and Pinnixa schmitti, were in 25 percent of the

180

The size distribution data suggest the existence of a
nursery area for Tanner crab that encompasses Stations 5, 6,
7, 8, 18, 23, 25, 53, 53A and other nearby areas not sampled.
Stations 6 and 23 are in the lease area and the other stations,
with the exception of 53 and 53A, are directly in the path
of prevailing currents which flow southward over the lease
area  Fig. 3! ~



Figure 3. Diagram of spring and summer mean flow in lower Cook Inlet.
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TABLE III,

EPIFAUNA ASSOCIATED WITH JUVENILE TANNER CRAB

AT STATION 8, COOK INLET

Weights  rams!Counts
Taxonomic Name per km per kmper m per m

1.0

1.0

22.7
49.5

1.0

253. 6

21.6

16.5

28.9

12.4
2 ' 1

2 1
4-3 . 3
1 3 . 4

3.1

23. 7

2.1

9.3

45.4

0. 00028

0.00028

0.00620
0.01353

0.00028

0.06933

0.00592
0.00451

0.00789

0.00338
0.00056

0.00056

0.01184

0.00366

0.00085

0.00648

0.00056

0.00254

0.01240

O. 00141

0.00028

0.00338
0.00028

0.00056

0.00028

0.00028

0.00028
0.00056

0.01184
0.00028

0.00028

0.12936

0.05101
0.00254

0.29733

0.00028
0.00028

0.00028

5.2

1.0

12.4

1.. 0

2.1

1.0

1.0

1.0

2.1

43. 3
1.0

1.0

473. 2

186. 6

9.3

1087.6

1.0

1.0

1.0

Eunephtya r ubi formis
Eunoe depressa
Gattyana ciliata
Cat tyana cirr osa
Anaitides mucosa

Typosyllss spp.
Potamilla neglecta
Sabella spp.
Cruci gera zygophora
Chlamys rubida
Cyclocardia spp.
Hiatella arctica
Fusi tz iton oregonensis
Buccinum plectrum
Beringius kennicotti
Neptunea lyrata
Gas trop teron paci fi curn
Tri tonia spp.
Nymphon grossi pes
Cyclopoida
Ba lanus hesperi us
Balanus rostratus

Rocinela spp.
AmpeZisca macrocephala
Ampe lisca eschrichti
Anonyz nugaz
Stegocephalus inflatus
Decapoda
Pandalus spp.
Pandalus bar eaZi s
Pandalus platyceros
Spirontocaris spina
Lebbeus groenl andica
Bualus barbata

8'ua Zus s uck leyi
Bualus tovnsendi
Zualus angina

Beptacarpus spp.
Crangon communis
Az gis dentata
Pagur us a leuticus
Labidochirus sp lendescens
Oregonia graci lis
8yas lyratus

1.0
13.4

3.1
24.7

7.2

35.1

20. 6

103.1

1.0

34. 0

150.5
9.3

2.1

4.1
2.1

4.1

143.3
1.0

2376.3

23.7
8.2

24.7

106.2

159.8

0. 00028
0. 00366

O. 00085

0. 00676

0.00197

0.00958

0.00564
0.02818

0.00028

0.00930

0.04115
0.00254

0.00056

0.00113
0.00056

0.00113

0.03917

0.00028
0.64961

0.00648
0.00225

0.00676
0.02903
0.04368

2.1
18. 6

1.0

2.1

1.0
5.2

3.1
28. 9

2 ~ 1

42.3

116.5
2.1

1.0

2.1
1.0

1 ~ 0
22.7

1.0

918.6

20.6
187. 6

27 ~ 8
144. 3
479. 4

0.00056
0.00507

0.00028
0.00056

0.00028

0.00141

0.00085
0.00789
0.00056

0.01155

0.03185
0.00056

0.00028

0.00056
0.00028

0.00028
0.00620
0.00028
0.25111

0.00564
0.05129

0.00761

0.03946
0.13105



TABLE III.

CONTINUED

Wei hts   rams!Counts

Taxonomic Name per km per mper km per m

*Many empty worm tubes of Spiochaetopterue and small sponges were
also present but not counted. There was 0.5 kg sponge, hydroid and
Spi ochaetopte~ue present in the trawl.
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C'hionoece tea baiwdi
Laqueue ca Ki for'ni anus
Tezebx'ata2ia spp.
Synoicidae
l ce linus boz ea lie
Pagchro tutee paradoxue
Astezotheca a2aecana"

449.4

2.1

1.0

24.7

0.12286
0.00056
0.80028
0.00676

505.0

1.0
1.0

218. 6

1.0
10. 3

7.2

0.03824

0.00028
0.00028
0.05975

0.00028
0.00282

0.00197



stomachs. Small bivalves, polychaete and ophiuroid fragments
were found in 38 percent, ll percent and 9 percent of the
stomachs, respectively  Feder, 1980!. Paul, et al. �979!
reported hermit crabs, barnacles and small clams as important
food of Cook Inlet C. bairdi less than SO mm carapace width.

Small crabs  e.g., hermit crabs, Oreceonia, Hyas! which
are prey of juvenile Tanner crab, were numerically Important
in trawl samples at stations where young Tanner crab were
abundant.  see Table III for example!. Likewise, polychaetes
and small bivalves were dominant members of the infauna at
these stations  see Tables IV and V!. The protected habitat
created by sponge and worm tubes at the stations where young
Tanner crab were most abundant, may also provide a suitable
environment for their preferred prey species. The concurrence
of a habitat that protects small Tanner crab from predators
and also harbors prey species may explain the observed
distribution of juvenile Tanner crab in Cook Inlet.

Low numbers of sub-adult crab, 21 to 80 mm carapace
widths, were encountered at all Tanner crab study stations
 Table I!. Perhaps Tanner crabs of this size range inhabit
shallow waters not sampled. It is essential to know where
this important size group of crab is located if the dynamics
of this important species and its potential interaction with
oil or recruitment to the fishery is to be comprehended.

A much larger sampling effort will be required to
obtain a comprehensive understanding of critical habitats
for planktonic and early benthic stages of Tanner crab in
Cook Inlet. Such a survey may also provide information or
factors regulating recruitment success in the species.
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TABLE IV.

COOK INLET

Mean Wet

Wt. g/m~
Mean No.

per m2Taxon Name

308.0

54.0

4.0
2.0

2 ' 0

0.016

0.022

0.582

0.202

0.328
0.026

0.244
0.074

0.554
0.240

2.0

2.0

8.0

2.0

142.0

6.0

2.0
2.0

6.0

78.0
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INFAUNA AT STATION 5,

Sarcodina  Rhizopodea!
Rhynchocoela fragments
Rhynchocoela
Nematoda fragments
Polychaeta fragments
Polychaeta unidentified
Pholoe minuta
Zteone Zonga
Ance strosyZZis sp.
Syllidae
Nephtys fragments
Nephtys sp.
Nephtys Zongosetosa
Goniadidae unidentified
GZycera capi tata
Goniada maculata
Lumbri neri s sp.
L. Zatreilli

L. zonata

N7.noe gemmea
HaploscoZoplos elongatus
Paraonidae unidentified
Ar~ctdea sp.
Tauberia grace Zis
Laonice cirrata
Pri onospi o sp.
P. ma Zmgr en'
Spiophanes sp.
Magelona sp.
Spiochaetopterus spp.
Cirratulidae unidentified
Tharyz sp.
C'haetozone setosa

Scalibregma inflatum
fragments

Trav',saba brevis

T. for beside
Capitellidae fragments
Capitellidae unidentified
Notomastus sp.
Maldanidae fragments
A'hodine sp. fragments
My ri oche Ze fragments
Myr cloche Ze sp.

8.0

8.0
2.0
2.0

10.0
2.0
8 0

0.0

6.0

4.0

2.0

14. 0

8.0

2.0
12.0

8.0

74.0

4.0
4.0

50 ' 0

36.0

16.0

20.0

28 ' 0
2.0

4.0

4.0
2.0

0.034

0.126
0.030
0.006

0.762
0.004
0.014

0.002

0.316
0.006

0.070

0.168
0.082

0.016
0.184

0.192

0.828

0.056
0.442

0. 320

0.114
0.058
0.258

0.070
0 ' 754

0.014

0.024
0.008

1.582

1.358

0 ~ 010
0.000

0.000



TaaLE IV.

CONTINUED

Mean No.

er m

Mean Wet

Wt. mTaxon Name

6.0

2.0

8.0

12.0

2.0
12.0

10.0

2.0

2.0

2.0
6.0

160.0

10.0

2.0

10.0
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Ampharete sp-
A. az'cti ca

Amp hie te is gunne>i
Pista czistata
Trichobranchidae unidentified
2'er ebe l. l.ides s troemi i

Ch one sp.
C. cincta
Nucu La tenuis

NucuLana fossa
Paz vi Lucina tenuisculpta
Azinopsida s er ri cata
Thyasira fLe~uosa
Odontogena borealis
Veneridae unidentified

Psephidia Loz di
Nacoma sp.
N. calcarea

Cardiompa pLanetica
So larie L La sp.
S. obs cur a
S. vaz'i co sa
ilratica clausa
Pol inices pal Lida
Mi tre LLa gouLdi
Cplichna alba
DentaLium sp.
D. daZZi

Ostracoda  Podocopa!
Leucon nasica

E'udoreLLa emarginata
Z. paci fi ca
Arnphipoda unidentified
Ampeliscidae fragments
AmpeLisca macrocephaLa
A. eschz ichti

BgbLis gairrrazdi
Hap Loops tubico La
1schprocer us sp.
Lysianassidae unidentified
A.nonce nugae
Phoxocephalidae unidentified
Heterophoxus oculatus
Paguzus sp.
Ophiopenia disacantha

18.0

38.0

2.0

10 ' 0

10.0

72.0
2.0

2 ' 0

4.0

2.0

2.0

2.0

2.0

2 ~ 0
4.0

2.0

8.0
6.0

26.0

2.0
36.0

4.0

60.0

10.0

56.0

2.0

2.0
2.0

4.0

2.0

0.306

0.032

0.456
0.324

0.010

0.404
0.254

0.074

0.026

1.582
0.380

0.168

0.320

0.160
0.008

0.218

2.440

15.398
0.012

0.022

0.178

0.070

0.050
0.050

0.242
0.018
0.134

0.070
0.006
0.030

0.104

0.006
0.648

0.070

0.340
1.160

0.620

0.012

0.004
0.004

0. 540

0. 006
0. 048

0.044

0.218



TABLE V.

COOK INLET

Mean No.

er m

Mean Wet

Wt. mTaxon Name

187

INPAUNA AT STATION 8i

Hydrozoa
Rhynchocoela fragments
Rhynchocoela unidentified
Polychaeta fragments
Polychaeta unidentified
Pholoe minuta

Eteone Zonga
Sy 2 lis sp.
Ne p h ty s f ragments
Nephtys cor'nuta
Nephtys Zongosetosa
Glycera fragments
G. capi tata
GZy ci nde pic ta
G. armi ger a
Goniada maculata

Eunicidae unidentified
Lumbrineri s sp.
L. ZatreiZZi
Haploscoloplos elongatus
Scoloplos armiger
Paraonidae
Tauberia gracilis
Prionospio sp.
P. ma Zmgreni
Spiophanes bombyx
MageZona sp.
Tharyz sp.
Chaetozone setosa

Capitellidae unidentified
Maldanidae fragments
Nichomache sp.
Praxi 2 le 22a graci lis
Rhodine gr aci 2is
Ovenia fusi for mi s
Myriochele fragments
Myriochele sp.

heeri fragments
jdanthyrsus ornatus
Ampharete sp.
Lysi ppe labiata
Terebellidae fragments
Pi sta cri stata

5.0

4.0
1.0

6.0

3 ~ 0

3.0

3.0

1.0

3.0

3.0

10.0
1.0

8.0
1.0

1.0

3.0

3.0
11. 0

3.0
4 ~ 0

19. 0

3.0
1.0

1.0

1.0
13. 0
13. 0

6.0

9.0
6.0
5.0

1.0
1.0

1.0

9.0
5.0

16.0

1.0

1.0
4.0

1.0
1.0

18.0

0.039

0.016
0.005

0.164

0.001

0.030

0.018

0.000
0.293

0.005

0 ' 163
0.004

0.109
0.001

0.006
0.008

0.210
0.109
0.065

0.014

0.159

0.006
0 F 001

0.003

0.003
0.101
0.034
0.014

0.023
0.009
0.079

0.529
0.006
0.003

0.120
0.264
0.063

0.223

0.001
0.060

0 ' 006
0.339
0. 315



TABLE V.

CONTINUED

Mean No.
er m'

Mean Wet

Wt. mTaxon Name
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Procela emmi
Trichobranchidae
Nucu la tenui s

Nuculana fossa
Nusculus niger
Astarte esquimalti
Azinopsida serricata
Odontogena borealis
Psephi di a 2 or di
Spisula polynyma
tacoma calcarea

Pandora fi Zosa
SolarieZZa obscura
S. varicosa

Natica c Zausa
Oenopota sp.
Ostracoda  Podocopa!
Leucon nasica

Zudorella emarginata
E. paci fi ca
Amphipoda unidentified
Ampelisca macrocephala
Byblis gaimardi
Ampelisca fur cigeza
Photis sp.
P. spasskii
2schyrocerus sp.
Z. anguipes
Anon@a nugae
Hetezophoxus oculatus
Pagurus sp.
C'hionoecetes bairdi
Pinnixia schmi t ti
Phoronida unidentified

Ophiuroidea fragments
Ophiuroidea unidentified

1.0

1.0

6.0
4.0

1.0

4.0
1.0

1.0

30 ' 0

1 ~ 0
13 ' 0

4.5

4.0

4.0

1.0
1 ~ 0

3.0
1.0

3.0

6.0

40. 0

55. 0

13. 0

1.0

1.0

3.0

1.0

3 ~ 0

1.0
4.0

1.0
1.0

1.0

3 ~ 0
1.0

1.0

0.001

0.009

0.023
0.551

0.004

0.840
0.003

0.006

0.375

0.001
1.470

0.045
0.019

0.035

1.641
0.094

0.003
0.006

0.009
0.006

0.345

1.034

0.120

0.094
0.000

0.004

0.009
0.005

0 ' 185
0.015

0.108
0.110

0.019

0.006
0.156

0.028
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ABSTRACT

A trawl survey was made in lower Cook Inlet to identify
areas in which recently settled and juvenile stages of
Chionoecetes bairdi are common. Young Tanner crab were
observed primarily in outer Cook Inlet between the southern
shore of Kamishak Bay and the Barren Islands. Small C.
bairdi were also observed at several stations within Kamishak
Bay. Young crab were most abundant at depths of l50 to l60
meters. Few Tanner crab less than 20 mm carapace width were
observed in Kachemak Bay.

Tanner crab less than 20 mm were generally found in
areas where sponges, hydroids and polychaete tubes were a
major constituant of the material contained in the trawl.
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ABSTRACT

Several aspects of the biology of larvae of Chionoeaetea
baizdi and C. opi2io were investigated using zooplankton samples
collected in the southeastern Bering Sea from 1978-1981. Large
numbers of first stage zoeae of C. baizdi appeared in the plank-
ton during late April and early May in the years sampled. The
larvae of C. opilio appeared in significant numbers in the
plankton at least two weeks prior to the major hatch-out of
C. bai2'di during two years and limited data from two other years
indicates that this regularly occurs. Data on the timing of
appearance of larvae in the plankton and on frequency of molting
in larval populations of the two species indicate an approximate
30-day minimum to the duration of each zoeal stage and a 30 to
40-day hatch-out period. The duration of the magalops stage may
be longer than 30 days for a significant proportion of the
larvae of both species. A method for examining growth of the
zoeae in the field is described and a growth rate of approxi-
mately 5% dry body weight zoea-1 day-1 calculated. The predict-
ed ingestion rates necessary to satisfy growth requirements are
briefly discussed.

INTRODUCTION

Most commercially harvested marine animals experience con-
siderable fluctuations in abundance which are attributed in part
to variations in recruitment. The term "recruitment" generally
has been used in the field of fisheries to indicate entry of a
year class into the size class legally harvested, but this term
clearly involves a number of steps and interactions in nature.
One step is recruitment from larval to post-larval stages, an
event which is well defined for decapod crustaceans because it
involves distinct changes in the organism. For most Brachyura,
this recruitment step also involves leaving the planktonic en-
vironment for a benthonic one, providing a well-defined transi-
tion from one set of environmental conditions to another. The
general "vulnerability" of plankton organisms and the well-
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defined period of direct planktonic influence on the survival
of crab larvae make the larval stage a discrete and obviously
fundamental place to search for causes contributing to fluc-
tuations in commercial crab populations.

The purpose of this paper is to provide information neces-
sary for further study on larvae of Chionoeeetee baivdi and C.
opilio in the southeastern Bering Sea. This paper addresses
the timing of hatch-out of larvae of the two species, rates of
larval development and preliminary information on growth.

MATERIALS AND METHODS

Sample Collection

Larvae of Chi onoeee tee spp. were removed f rom zooplankton
samples collected throughout the southeastern Bering Sea during
cruises conducted by the research vessels MILLER FREEMAN,
THOMAS G. THOMPSON, ALPHA HELIX, DISCOVERER and ALASKA. The
area of greatest concentration of sampling effort and dates
of sample collection are shown in Fig. 1 and Table l. Oceano-
graphic features of the study area have been described by
Kinder and Schumacker �981!. In keeping with their nomen-
clature, the region deeper than 100 m will be referred to as
the outer shelf, from 50 m to 100 m depths as the middle shelf,
and from 50 m to shallower depths as the coastal domain.

Zooplankton samples were collected with a variety of
sampling gear and preserved in buffered formalin. The volume of
water sampled was generally greater than 100 m and the
largest mesh size employed �05 pm ! was small enough to retain
virtually all Ch~onoecetee larvae entering the nets. Since
this paper deals primarily with qualitative rather than quanti-
tative aspects of the larval populations, comparison of larval
concentration estimates provided by the various gear will not
be discussed here. Mention vill be made of sampling techniques
as needed in the text.

Timing of Hatch-out

The timing of initial hatch-out of larvae of the two
species was examined by plotting against time the mean larval
densities estimated from samples collected during April and
May of 1978, 1979 and 1981. Because crab larvae are relatively
rare during these months, plankton samples were searched com-
pletely, not sub-sampled. The following criteria were used in
selecting stations with data adequate for this analysis: �!
if a sample from a station contained larvae, the estimated
density at that station was recorded for the corxesponding
date; �! if a sample did not contain larvae but subsequent
occupation of the sampling location showed that there were
eventually larvae there, the "zero" density was recorded for

194



Fig. 1. Southeastern Bering Sea showing area covered by
zooplankton samples examined in this study.
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the earlier date; �! if a station did not contain larvae and
was not. occupied again later, or was occupied and continued to
show no larvae, the "zero" datum was not entered into the
analysis. In this way, the period before any detectable
hatch-out occurred could be identified without risk of biasing
the analysis with data from sample locations not yielding
zoeae of that species in that year. Sample coverage in the
study area was not sufficient. during any one year to enable
a statistical comparison of initial hatch-out times for
different sub-areas  middle shelf vs. outer shelf!. Conse-
quently, the data from all stations were pooled for various
dates. The data presented here describe initial hatch-out
periods of larvae primarily for areas where water depth exceeds
90 m.

Rates of Development

The rates of development of C'. bazz dz, and C. opi2io first
stage  SI! zoeae in the southeastern Bering Sea were analyzed
by examining the ratio of SI to total zoeae  SI:SI+SII! for
each species at stations where at least six individuals of a
species were examined in the sample or sub-sample. Using this
low number of larvae increased the number of observations
 stations! which could be included in the analysis and produced
no obvious detrimental impact on the data variance, since a
large variance existed even among stations with abundant larvae.
The data were grouped into time periods not exceeding 10 days
and the mean ratio calculated  unweighted ratio method!. The
number of larvae examined in each 10-day period ranged from
a low value of 43 to over 2,000. From one to thirty stations
were included in each period.

Rates of development of the second stage  SII! zoeae were
analyzed by examining the ratio of SII:SII + megalops larvae
 no SI zoeae were present during this period!. The data were
grouped into time periods of not. more than 13 days. The
number of larvae examined in each period ranged from 337 to
1695, while the number of stations ranged from 10 to 23.

For both molting analyses above, weighted ratios were
also calculated by pooling data on all larvae from each l0-day
period and then determining the ratio of the larval stages
in question. This method gave results similar to the
unweighted method  in most cases, + .01!, but the results of
the unweighted ratio method are reported here because this
allows variance of station data to be expressed.

Observations of the stomach contents of yellow fin sole
 limanda aepeza! collected in early September 1980  K. Haf-
linger, Univ. of Alaska, unpubl. data! and plankton samples
collected in October 1980 provided some information on the
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late summer � early autumn presence of megalops larvae of both
species and first post-larval  first instar! crabs of C.
opi bio.

Growth Rates

With some adjustment  see later discussion! the estimated
FDW for early post-hatch, late SI and late SII zoeae were
fit to an exponential growth equation to determine specific
growth rate  Warren 1971:139!. For each zoeal stage:

ktN2 = Wl e

W = FDW at time 2  end of zoeal stage!
2=W = FDW at time 1  beginning of zoeal stage!
1k = specific growth rate

t = number of days growth

where:

A constant growth rate and a 10% FDW loss at molt  from SI to

Tanner crab zoeae which are ready to molt to the next
larval stage frequently can be identified by the absence of
tissue from the distal ends of the carapace lateral spines
and rostral and dorsal spines. In some cases, new zoeal
or megalopal features can be observed beneath the old cara-
pace in the abdominal region and the ventral portion of
the thorax  cf. Drach and Tchernigovtzeff 1967; Van Herp and
Bellon-Humbert l978; Freeman and, Costlow 1980a, b;
Buccholtz 1982 for similar observations in other decapod
larvae!. These characteristics can be observed in both
freshly caught, molting larvae and in preserved specimens and
were used in this study to identify the end of growth in a
zoeal stage. The biomass accrued by successive stages of lar-
val development in the two species was determined by comparing
the dry weight of: �! early post-hatch larvae, and �! very
late stage  pre-molt! individuals of each zoeal stage  growth
of the megalops stage was not determined in this study!.
To obtain an adequate number of measurements and to make cer-
tain that only early post-hatch larvae were measured, speci-
mens were removed from preserved samples after all the samples
had been analyzed; a correction factor for converting preserved
dry weight  PDW! to estimated fresh dry weight  FDW! was then
applied. This factor was determined by comparing mean PDW and
FDW data for both species from two sampling locations where
preserved and fresh dried specimens had been removed from the
same plankton samples. Estimated fresh dry weights were com-
pared to an assortment of FDW data which we had from field and
laboratory samples to make certain that the estimates were in
reasonable agreement. with the range of values we had observed.
The reliability of this method was demonstrated by Omori �978!
for other zooplankters.



SII! were assumed. Boundary conditions on the growth model
 such as number of days growth! were determined from other
aspects of this study  see Results and Discussion!.

RESULTS AND DISCUSSION

Timing of Hatch-out

The results of the hatch-out analysis for C. hairdos are
listed in Table II, which shows the number of stations in-
volved in the analysis and the mean value and range of lar-
val densities encountered. The analysis is not shown beyond
the point in time where maximum mean larval densities were
attained. Sampling continued well beyond these dates in 1978
and 1981, and no significant increases in mean larval densi-
ties were observed. Thus, the "peak" of the hatch-out curve
as determined by larval density estimates had occurred.
Figure 2 represents the data from Table II as plots of rela-
tive density of larvae over a 40-day period for all three
years where a value of 1.0 represents the maximum mean densi-
ty observed in a particular year. Data for 1980 were
infrequent during the period of predicted peak hatch-out
[early May! hot also show extremely low larval densities
 < l/1000m, n=7! for 18-20 April.

For the three years shown in Fig. 2, the greatest increase
in mean larval density occurred between late April and. early
May and was clearly quite abrupt, inferring a relatively
synchronous hatch of larvae throughout the adult populations
underlying these stations. In 1978 and 1979, these stations
also covered a large part of the outer shelf, and so represent
a considerable portion of the outer shelf adult population of
this species. The fact that a discernable time-averaged con-
tribution to the larval population did not occur after the
peak densities of early May had been attained suggests an
appreciable decline in hatching activity. This is corroborated
by the fact that most. egg-bearing female crabs sampled in
late May � early June have immature  recently extruded! egg
masses  see D. Somerton's larval paper, this volume}. The
time period over which SI zoeae molt to SII later in the year
indicates that the hatch-out period is about 30-40 days for
this species.

The initial hatch-out period of C. apilio larvae was not
as well documented as that for C. bai2 Ch. There appears to
be a considerably earlier hatch-out for this species, as
shown in Table III with data from 1977 to l978. Although
there is a considerable range in larval densities shown over
time  possibly due to a wider range of sample locations than
was used for C. bai2 di!, high densities were clearly found by
20 April in both years. Throughout most of the area of the
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Table II

Density
of Larvae

Nl N2DatesYear

25 �-19!
23 �-100!

1343 �-4741!

1977 18-19 Apr 13 8
24-25 Apr 19 7
16 May 9 8

* *
*

58

1246

1939

18 Apr
24 Apr

9 May

1 �-19!
161 �-704!

10,842 �74-24615!

1978 16-21 Apr 31 16
26-28 Apr 26 23
11-14 May 6 6

�-25!

�28-1262!

1981 17 Apr
1 May

11-14 May

4 4

1 1

6 3

6

148

548

*observations from a single station outside the
area of other stations; data are provided here
for comparison.
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Timing of appearance of Stage I zoeae of Chionoecetes bairdi
in the southeastern Bering Sea by year and date. Nl:
number of stations sampled during specified period; N2:
number of "C. bairdi stations" used in the analysis; density
of larvae- mean number of zoeae per 1000 m3  range in
parentheses!.
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Pig. 2. Appearance of SI zoeae of C, bairdi in plankton sam-
ples from the southeastern Bering Sea. Data on mean larval
concentration  from Table II! are represented as cumulative
proportion of the maximum mean density observed at peak
hatch-out  see text for details!.



Table III

NlYear Dates

1977 17-19 Apr 9 1,432 �85-5539!
24-25 Apr 8 1,671 �42-3,266!

10 May 9 3,577 �38-22,495!

1978 16-21 Apr 23 17,311  9-104,448!
26-28 Apr 23 25,716 �6-253,952!
11-14 Nay 14 2,938 �73-13675!
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Timing of appearance of Stage l zoeae of Chionoecetes o~ilio
in the southeastern Bering Sea by year and date. Nl:
number of stations where C. o ilio larvae were found; N2:
mean number of zoeae per 1000 m  range in parentheses!.



southeastern Bering Sea sampled in this study, 1980 and 1981
were both markedly "poor" years for C. opiKio larvae  Incze et
al., in prep.! and collections were not adequate in either year
to describe a hatch-out curve. However, larval densities typi-
cal of those two years were found by middle April. Furthermore
data on development rates of Stage I zoeae of C. op~lio and
the time of appearance of Stage II zoeae of this species in
1981  see later sections! also support the suggestion that
significant hatch-out of C. opi7io larvae occurs by middle
April, at least two weeks prior to the major hatch of C. bai2'di
larvae. The period of transition of the C. opi Lio larval
populations from Stage I to Stage II indicates a 30-40 day
hatch-out period for this species as well.

Rates of Development

The larvae of Chionoeoetee spp. go through a post-embryonic
protozoeal stage, two zoeal stages and a megalops stage. The
first  protozoea! stage is brief, usually less than an hour
 Kon 1967; Kuwatani et al. 197l; Haynes 1973! and probably
serves no function other than providing the larvae with rela-
tively smooth external features which reduce the chance of
tangling in the dense egg mass; the planktonic role of this
stage is probably negligible. Personal observations of
hatching C. hairdos protozoeae in the laboratory indicate that
nearly constant, rigorous flexing of the abdomen  which may
also be related to the upcoming molt to SI! is necessary for
the animal to remain in the water column. Anaesthetized pro-
tozoeae sink, so there appears to be no positive bouyancy
which would help to direct this animal toward the upper mixed
layer of the ocean. The two zoeal stages and megalops stage,
on the other hand, are of long duration. These larval stages
of both species are strong swimmers, presumably capable of
maintaining their position at desired depths in the water
column.

The data on rates of larval development show considerable
variability from one station to the next, reflected in a
large variance about the mean over 10-day periods  Tables IV
and V; Fig. 4!. Despite the large variance, these data are
useful for pointing out several features of the larval develop-
ment process in the populations: �! the point in time where
molting to SI begins for each species can be fairly well
defined; �! the length of time required for the population
of SI zoeae to molt to SII can be seen as approximately 30-40
days; �! the difference in timing of the onset of molting in
larval populations of the two species can be seen. In
particular, data for 1978 and 1979 both show that the molt to
SJI was well underway in the C. op-italo population before
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Table V

11-20 July

11+.20 �0!

.78+.22 �7!

27 June-10 July

. 78+. 34 �3!

1.0 �1!

C. o ilio

C. bairdi
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Proportion of SII to total larvae of Chionoecetea o~ilio and
C. bairdi in plankton samples from the southeastern Bering Sea
in 1981: mean of sample observations + one standard deviation
 number of samples in parentheses!. No SI zoeae were present
for either species during the time period shown.
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0

J U LJUNMAYAPR

pig. 4. Growth of C'hionoecete8 op1'. l.io  solid line! and C.
hairdos  dashed line! from hatch-out to late Stage II zoeae
for representative hatching dates of 20 April and 5 May,
respectively. Discontinuity is molt from Stage I to Stage
II; specific growth rate is .Q47. One standard deviation
shown for data at hatch-out and at the end of Stage II.
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C. bai.rdi larvae noticeably began this process. Observations
�! and �! are consistent with earlier observations on the
timing of first appearance of larvae in the plankton. Obser-
vation �! indicates that most of the hatch-out probably
occurs over a period of 30-40 days, although other factors
 temperature regime, planktic feeding conditions! also may
affect duration of the inter-molt period.

Data on the timing of molt fram SII to megalops larvae
in 1981 show the beginning of this process in C. hairdos and
the end for C. opi2io  Table V, Pig. 4!. Although the data
are not as complete for this molt, the rate of change in the
population as a whole during the time period sampled indicates
that the period of SII: megalops molting is about as long as
the earlier SI:SII transition The data for C. bairagi for
this year further show that the molt to megalops larvae began
approximately one month after the first SII zoeae appeared.

The data presented above show an approximate 30-day period
for each of the two zoeal stages for both species in the south-
eastern Bering Sea. Furthermore, the approximate 30 to 40-day
period of molting in larval populations of each species is an
indication that the hatch-out period is of similar duration.
The estimates of the duration of the two zoeal stages in the
SEBS are in close agreement with most of the observations of
C. opr',2io larvae in Japanese waters  Yamahora 1966; Fukataki
1969; Pukui Pref. Mar. Exp. Sta. 1969! although some estimates
for the latter environment are for periods as brief as 19-20
days for each stage  Kon 1970!. We are unaware of previously
published data on the duration of zoeal stages of C. bai>di
collected from the plankton.

Kon �970! demonstrated a temperature effect on the dura-
tion of the inter-molt periods for zoeal stages of C. opi2io
in laboratory studies: within the range of temperature toler-
ance of the larvae, increased temperatures resulted in reduced
inter-molt periods. This has been experimentally demonstrated
for the larvae of other brachyuran crabs as well  e.g. Anger
and Nair 1979; Johns l981!. Comparison of the 1978 to l981
data  Fig. 3! from the southeastern Bering Sea indicates a
difference in the timing of molt to SII in C. opi2io, with 1980
being a relatively "late" year. This difference is not due to
differences in the area of sampling and does not appear to be
an artifact introduced by grouping the data over the time
periods used. The available data on near-surface sea tempera-
tures during the month of May for the years 1978, 1979, 1980
and 1981 show that 1980 was the coolest for this period by
approximately 0.5 � 1.0'C in the area of plankton sampling: it
is possible that this temperature difference was directly re-
lated to the apparent delay in the onset of molting in the
larval population, although a closer analysis of this situation
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is required  Incze, in prep.!. It is not possible to rule out
the effect of feeding conditions on larval growth rate, and the
temperature effect thus may have been indirect  by influencing
the developmental status of the plankton community! or may have
had combined effects.

Samples collected in early October 1980 indicate that sub-
stantial numbers of C. hairdos megalops were still in the water
column at that time  the estimated densities from October sam-
ples ranged from 94-229/1000m , number of stations = 4,
compared to Nay samples of SI zoeae ranging from 300-3000/1000m
at the same stations!. No C. opi bio larvae were collected in
October of 1980, but it must be re-emphasized that. this year was
one of low larval abundance for this species in most of the area
of our plankton studies.

Examination of the stomach contents of yellow fin sole
 Limanda aepeza! collected at 57' 09'N Lat, 166' 39'W Long on 9
September 1980 indicated that settlement of C. opiF~o larvae
and metamorphosis to first instar crab had begun by that date,
but that substantial numbers of megalops larvae remained, pre-
sumably somewhere in the water column tThe stomachs of small
sole �0-24 cm length! which contained the megalops contained
no organisms of benthic origin at the time of sampling. Stom-
achs of larger sole �4-29 cm length! contained first instar
C. opzlio. Unpublished data are from K. Haflinger, University
of Alaska]. These data indicate the beginning of settlement
of C. opi Li o larvae to the benthos in the southeastern Bering
Sea, but provide no insight into the length of this transition.
According to observations in Japanese waters, there may be
considerable variation in the length of this stage, with obser-
vation in the plankton up to six months after initial appear-
ance of megalops larvae  Fukataki 1969!. Prolongation of the
megalops stage in Japanese waters was also indicated by
examination of the stomach contents of salmonid  Fukataki
1965, 1969! and zoarcid  Ito 1970! fish. A review of previous
estimates of the duration of the larval stages of Ch~onoecetes
spp. is provided by Adams �979: 78!.

Growth Rates

The growth rates of planktonic animals have traditionally
been difficult to measure under natural conditions. Even for
meroplankton of species producing only a single brood per
season, the hatch-out periods are usually protracted enough
that animals collected in the field at any given time represent
individuals of a wide range of hatch-out dates and, hence,
sizes. For example, in the Tanner crabs the period of hatch-
out appears to be about as long as the duration of the first
zoeal stage. This makes it difficult to reliably estimate
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growth from the average weights of individuals collected in the
field at various times. However, the ability to identify late
stage zoeae  described above! provides a means for measuring
larval growth actually experienced in nature.

Using dry weights of preserved specimens and a correction
factor of two  PDW X 2 = FDW: see Table VI!, the fresh dry
weight  FDW! of various larval stages of C. hairdos and. C. oui lio
caught in the field was estimated  Table VII! ~ Growth curves
for larvae of the two species were constructed using these data
as follows:  l! the FDW of early post-hatch larvae was set at
50 wg for C. hair di and 63 pg for C. opi bio~; �! the FDW of
late SI and late SII larvae were taken f rom Table VII; �! a
FDW loss of 10% at molt from Sl to SII was assumed  Mootz and
Epifanio 1975; Levine and Sulkin 1979, Armstrong and Incze,
this volume!; and �! a 30-day period was set for the duration
of the first zoeal stage. The growth model was first applied
to C. opilio data  for which we had identified late SI zoeae!.
Using a FDW difference of 169 pg �32-69 = 169! and 30 days for
the zoeal stage as boundary conditions for growth, the specific
growth rate required to meet these conditions was calculated
using the equation:

W2 = Wl e

 see Materials and Methods for details!. For C. opi gaia SI
zoeae the growth data were fitted when k = .047 and t = 30 days.
When the same specific growth rate was applied to the growth
projections for SII zoeae of this species, the equation pre-
dicted t = 38 days. To keep the zoeal period at 30 days for
SII  as indicated by data discussed earlier! would require a
specific growth rate equal to .056.

We did not find large numbers of late SI zoeae of C. bairdi
in our samples, so the C. hair8i larval growth rate was derived
by setting each zoeal stage equal to 30 days, assuming a 10%
FDW loss at t = 30 days  molt!, and solving for the FDW
difference between fresh-hatch and late SII zoeae. Under these
conditions the specific growth rate was .047 for both stages.

The above findings are approximations of specific growth
rates experienced by the larvae under natural conditions.
Translated to percent biomass increases  e -1 = % increase per
unit time!, the above data indicate growth rates ranging from
4.8% to 5.8% dry body weight per zoeae per day. Assuming con-
stant proportions of carbon to body weight, these values also
apply to daily increases in carbon per zoea.~ Estimates of
FDW based on conversion of PDW gave values for late Stage II
zoeae which were higher than values found for zoeae collected
in the field during the period of time when larvae were molting
to megalops stage. This suggests that either  l! the conver-
sion factor  which was based on samples of middle inter-molt



Table VI

Weight ug! X+s CFCONDITION NSPECIES

490+114  +23%!
221+52  +24%!

C. bairdi 48

80
FDW

PDW 2.2

C. o~llio 792+110  +14%!
442+98  +22'4!

15

50

FDW

PDW 1.8
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Comparison of fresh dry weight  FDW! and preserved dry weight
 PDtej of SII zoeae of Chlonoecetea bairdi and C. o~ilio after
nine months of preservation in 3-4% buffered formalin. Samples
are from 1981. N: number of samples weighed; Weight: mean +
one standard deviation  one standard deviation expressed as
percent in parentheses!. Correction factor  CF! is for converting
PDW to FDW based on data presented.



Table VII

SPECIES EARLY SI LATE SI LATE SII

C. o~ilio 71+9 �4!

59+9 �1!

232+49 �0! 1274+160 �2!

702+124  8!C. bairdi

212

Fresh dry weight  FDW! of various stages of development in
soeae of Chionoeoetes o~ilio and C. hairdi estimated from
preserved dry weight using the conversion PDW x 2 = FDW
 see Table VI and text for details!. All samples are from
field collections. Early SI: early post-hatch larvae;
Late SI: late Stage I zoeae ready for metamorphosis to SII;
Late SII: late Stage II zoeae ready for metamorphosis to
megalops larvae. Weights are mean weights  ug! + one standard
deviation  number of measurements in parentheses!.



SII zoeae! systematically over-estimates the FDW of late Stage
II zoeae, or �! our field collections for direct FDW deter-
mination consistently missed the late stage zoeae. The re-
lative rarity of finding a near-molt individual in plankton
samples and the amount of growth attained each day by a
large zoea make it easy to see how we could have missed.
these individuals during normal sampling for fresh dry
weight determinations. On the other hand, the possibility
of a systematic error introduced by the correction factor
also exists. Consequently, the estimated growth rate above
must be viewed as an approximation. This approximation never-
theless has considerable value; for while the estimate of final
weight may be somewhat high, the projection of mean daily
growth requirement is probably quite accurate.~

Mootz and Kpifanio �975! and Levine and Sulkin �979!
working with the larvae of two species of crab in laboratory
growth studies report that the caloric equivalents of growth
range from 0.4 to 2.7 times respiration, and that total energy
consumption  ingested ration! ranges from 1.5 to 3.6 x  respir-
ation + growth!. These relationships reflect gross growth
efficiencies similar to those reported for other small plank-
tonic crustaceans  Mullin and Brooks 1970 a,b; Paffenhoffer
1976! and can be used to approximate ingested energy needs of
Tanner crab larvae.

Chrbon equivalents of respiration measured in SI and SII
zoeae of C. bairdi and C. opi2io range from 3-5.7% body carbon
zoea 1 day  Incze and Paul; Incze, Vidal and Armstrong;
Armstrong and Incze in prep.!, values similar to the growth
rates estimated above. With these data and the above relation-
ships in mind, the adequacy of feeding performance for satis-
fying growth requirements under various planktonic conditions
can be assessed. The above data indicate that ingested ration
of growing Tanner crab larvae should be greater than about 144
body carbon zoea 1 day  this takes into account an assimila-
tion efficiency of 0.80 at a growth rate equal to 5% body
weight per zoea per day, but does not consider other sources of
energy loss!. Compared. to values reported for other decapod
larvae, our measured rates of growth of Tanner crab larvae are
low  Mootz and Epifanio 1974; Anger and Nair 1979; Levine and
Sulkin 1979; Dawirs 1980!. This may be partly a product of our
measuring growth rates actually experienced at sea; but might
also be a characteristic of these species in their high-lati-
tude environment: our measured rates of respiration of Tanner
crab larvae are also considerably lower than those reported
from laboratory studies of other decapod larvae  see Schatzlein
and Costlow, 1978!.
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TEXT FOOTNOTES

1
An adjustment was made to data in Table VII for early SI
weights. We caught from the plankton C. bai2 di zoeae on
average ll pg heavier than the initial hatch-out weight
measured in the laboratory. We used the laboratory weight of
early-hatch C. baird~ and assumed a proportional over-estimate
of post-hatch weight of C. opiSio from field collections,
thus reducing the estimate for the latter species from 75 to
63 pg.

2
These estimates are for mean daily growth assuming constant
growth rate. The larvae are capable of surviving several
days starvation without noticeable effect on subsequent
feeding activity  Kon 1979; A.J. Paul, unpubl. data! and
presumably may have to do so in nature. Short-term growth
rates thus may be higher or lower than the mean rate calcula-
ted here.
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8 A small decrease in daily growth rate can produce a fairly
large difference in the size of the final weight of zoea
after 30  one stage! or 60  both stages! days of growth.
As a result ,the error of the estimate of the ~dail
growth  measured as a percentage of body weight. or body
carbon! is probably quite small even if the current data
provide an over-estimate of final Stage II weight.
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ABSTRACT

Three morphological characteristics which enable separ-
ation of zoea larvae of Chionoeaetes baizdi and C. opi2io
are discussed; two are described here for the first time.
Use of all three characteristics enables species identifi-
cation of most Chionoeeetes zoeae found in plankton samples
from the southeastern Bering Sea.

INTRODUCTION

Zoeae of Chionoeeetee bairagi and C. opi2io are morpho-
logically very similar, being larvae of two very closely
related species which apparently still interbreed in nature
 Johnson 1976, Pereyra et al. 1976!. Several descriptions

of zoea larvae of the two species have been published:
C. bai~di and C. opi2io Stage I zoeae from the S.Z. Bering
Sea  Haynes 1973!, C. baiz di Stage II zoeae from Cook Inlet,
Alaska waters  Haynes 1981! and C. opiZio Stage I and XI
zoeae from the waters of Japan  Motoh 1973, Kurata 19632,
Kuwatani et al. 1971!. Haynes �973, 1981! compared zoeae
of both species from U.S. and Japanese waters in order to
define morphological characteristics which could be used to
distinguish between zoeae of the two species in areas where
both exist.

Based on examination in our study of several thousand
zoeae of both Chionoeaetee species from the southeastern
Bering Sea  C. opi2io and C. bairdi! and also specimens from
the western Beaufort Sea  C. opilio! and the Gulf of Alaska
 C. &ai2.di!, we have found that: �! the principal criteri-

on employed by Haynes in papers describing the morphological
differences between zoeae of C. opi2io from Japan and C. hair di
from U.S. waters  Haynes 1981! is more useful than the cri-
teria he employed earlier to describe differences between Stage I



zoeae of these two species from the southeastern Bering Sea,
but �! additional characteristics are necessary for dis-
tinguishing between the species because of variability in the
diagnostic length relationships recommended.
In this paper we compare our findings from plankton samples
 mostly from the southeastern Bering Sea! with Haynes' find-
ings  Haynes 1973, 1981! and describe two additional charac-
teristics of the zoeae which extend Haynes' �981! diagnosis
of species differences.

Plankton samples from the southeastern Bering Sea are
those of Incze et al.  this volume!. Samples from Kodiak Is.,
Alaska were provided to us by A.J. Paul, Institute of Marine
Science, University of Alaska, Seward; Lower Cook Inlet,
Alaska samples were provided by Dr. T.ST English, School of
Oceanography, University of washington, Seattle; and western
Beaufort Sea samples were provided by Dr. R. Horner, Seattle.
Specimens were initially preserved in 3-4% buffered formalin
and later transferred to 70% ethanol: water with glycerin.

DISTINGUISHING BETWEEN

C, BAZBDZ AND C. OPZZZ0

Observations on Length of Posterior Lateral Spine

Haynes �973! described morphological features of Stage I
zoeae of C. hairdos and C. opil~o hatched from ovigerous
females collected in the southeastern Bering Sea. Although
the larvae described in his study were very similar, Haynes
felt that, they could be distinguished on the basis of subtle
morphological differences:

"Stage I zoeae [of the two species] are identical
except for a few subtle differences in abdominal
morphology. The most obvious difference is in
the length of the posterior lateral spines on the
third and fourth abdominal segments. In C. bairagi,
the spines overlap the adjacent segments by about
one-third the length of the spines. In C. op~'C~o,
the spines on the third segment. barely extend past
the posterior margin of the fourth segment, and
those on the fourth segment do not quite reach the
posterior margin of the fifth segment."

However, relative length of the posterior lateral spine  PLS!
of specimens collected in this study usually did not provide
clear evidence of the species according to the criteria out-
lined above. From examination of several thousand specimens
it has become clear that a wide range of PLS lengths exist.
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Measurements were made of PLS length relative to the
posterior margin of abdominal segments for C. bairagi and
C. opi2io from Haynes' �973! published figures to assist
us in comparing Haynes' criteria with the measurements made
of zoeae collected in our study. From Haynes' figures the
following were calculated: �! the percent of the third
abdominal PLS that extends past the posterior margin of the
fourth abdominal segment and �! the percent. of the fourth
abdominal segment PLS that extends past, or doesn't quite
reach, the posterior margin of the fifth abdominal segment.
Our measurements made of Haynes' figures are shown in Fig.
l. Similar measurements were made on a number of Stage I
zoeae of C. 5aiz di obtained from two sources: ovigerous
females collected off Kodiak Is., Alaska and plankton sam-
ples collected in Lower Cook Inlet, Alaska  C. opi2io has
never been reported from these areas!. The posterior later-
al spines on either side of an abdomen of these zoeae fre-
quently differed in length, as they did in Haynes' �973!
figures. In all cases illustrated in Fig. l, the measure-
ment of the longer spine was used when the PLS passed the
posterior margin of the following segment and the shorter
was used when the PLS did not reach this margin. Still, it
can be seen  Fig. 1! that the relationships of PLS length to
the margin of the following segment in known C. hair di zoeae
can vary substantially and can be quite similar to relation-
ships illustrated for C. opi2io by Haynes �973!. For
Chionoeoetea spp. collected from the plankton of the south-
east Bering Sea, where both species exist, the relative
lengths of the PLS show a continuum of values which make it,
virtually impossible to separate zoeae in all but extreme
cases.

Further Observations on Abdominal Morphology

Haynes  l973! also observed that Stage I zoeae of
C. opi2io from Japanese waters described by Kurata �963! pri-
marily differed from his Stage I zoeae in the length of the
curved lateral processes on the third abdominal segment. In
a subsequent paper, Haynes �981! compared both stages of
C. opi2io, which he had obtained from Japan, vith correspond-
ing stages of C. bai~di from Alaska waters, and on the basis
of these later observations he concluded:

"For both stages, zoeae of C. bairagi are morpho-
logically identical with zoeae of C. opi2io from
Hokkaido and the Sea of Japan, except for 'he length
of the curved lateral processes on the third
abdominal somite. In Stage I and II zoeae of
C. opilio from Hokkaido and the Sea of Japan,
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Comparison of PLS length in specimens illustrated
by Haynes �973! and, in specimens examined in this
study. Figure illustrates: �! percent of the
length of the third abdominal segment PLS that
extends past the posterior margin of the fourth
abdominal segment  upper chart!; �! percent of the
length of the fourth abdominal segment PLS that
extends past  downward in this figure! or does not
quite reach  upward in this figure! the posterior
margin of the fifth abdominal segment  lower graph!.



the curved lateral processes xeach the posterior
margin of the third abdominal somite, but in Stage
I and II zoeae of C'. bar'2.di, they are markedly
shorter."

Haynes' later paper thus emphasized the use of the curved lat-
eral process on the third abdominal segment [the length of
which was previously described for C. opi2io by Kurata �963!]
as a principal diagnostic feature for distinguishing between
both zoeal stages of the two species: one from the eastern
Pacific  C. hairdos! and one from the western Pacific  C.
opia,7'.o!. However, Haynes �981! acknowledged:

"Stage II zoea of C. oDilio from the eastern Pacific Ocean
have not been identified, and it is not known if they
can be distinguished from Stage II zoeae of C. bair'-
di by the length of their lateral processes."

Therefore, it remained unknown at that time how well these
observations would apply to specimens collected in the south-
eastern Bering Sea.

Using the relationship of the length of lateral process on
the third abdominal segment to the posterior margin of that
segment  Haynes 1981!, we were able to separate numerous
Chionoeoetes zoeae from the southeast Bering Sea into two
groups, presumably corresponding to the two species of inter-
est. In many instances, then, the relationship x'ecommended
by Haynes �981! appears applicable when specimens of C. opi hi,o
are from the eastern Pacific, as well. However, we have
found considerable variability in the relative length of the
lateral process and it frequently is not possible to distin-
guish between the two species using this character alone.
Specifically, the more slendex', longer processes do not always
reach the posterior margin of the segment, yet they clearly
differ in shape and length from the shorter processes on
other zoeae. We searched for additional characteristics in
specimens from the clearly separated zoeal groups  using the
above lateral process criterion of Haynes! to see if other
morphological features could be used to distinguish between the
two species when the lateral process length relationship did
not, clearly indicate one species or the other. Two additional
characteristics have proven helpful in this respect: �!
length from the distal end of the rostral spine to the distal
end of the dorsal spine and �! th shape and relative length
of the carapace lateral spines. These characteristics are
described in the following section.
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Additional Morphological Features Useful in
Species Identification

Measurements of length from the tip of the rostral spine
to the tip of the dorsal spine  rostral-dorsal length = RDL!
of Stage I and II zoeae from the southeastern Bering Sea
with longer lateral processes thereafter referred to as
knobs, after Kurata �.963!! were always in the range of RDL
values given by Motoh �973, 1976! and Kurata {1963, 1969!
for C. opal.io from Japan  Table 1!. That is, specimens
diagnosed as C'. op~'Lio according to Haynes' �981! lateral
process  knob! criterion always had. RDL measurements greater
than or equal to 4.5 mm. Haynes �973, 1981! did not.
specify a difference in RDL measurements between the two
species. Those C'hionoecetes zoeae collected from the south-
east Bering Sea which had shorter knobs had RDLs in the
range given by Haynes �973, 1981! for G'. ba~z di, i.e.
less than 4e6 mm for Stage I and less than 6.4 mm for Stage
II. In addition, we also found that Stage II zoeae with
shorter knobs had shorter RDLs than those reported by Haynes
 Table 1!. Measurements of these RDLs ranged from 5.5 � 5.95 mm.

We thus found a consistent relationship of RDL to knob length
in specimens for both groups of zoeae: those with obviously
short and those with obviously long knobs  lateral processes!.

The zoeae from the southeast Bering Sea that constitute
these two categories also differed from each other in the
shape and length of their carapace lateral spines  CLS!.
The CLS of zoeae with long knobs appeared straight, while
the CLS of zoeae with short knobs appeared to droop downward
 ventrally!. As a general rule, the straighter CLS were
shorter relative to the zoea's RDL, whereas the drooping CLS
were longer relative to the RDL. These characteristics in
addition to the one proposed by Haynes �981! were used in
our study to distinguish between zoeae of Chionoecetes spp.
and are summarized in Table 2.

When these characteristics were used, most zoeae of
Chionoecetea spp. from shelf waters of the southeastern Bering
Sea could be tentatively identified as C. baizdi and C. opi lio.
This included the numerous specimens in which the knob length
relatxonshxp did not provide conclusive evidence for species
identification. Our identifications were then "tested"
against data from plankton studies and information on the
distribution and relative abundance of adults of the two

species.
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C. opiZio C. opi Zio C. bairagi

Kurata �963,1969! Motoh �973, 1976! Ha nes �973,1981!

4.5 � 4.9 mm 4.8 � 5.4 mm

6. 2 � 7.1 mm

3.96 � 4.55 mm

5.95 � 6.37 mm

Stage I

Stage II 6.0 � 6.9 mm

Summary of diagnostic features used to identify
Stage I and II zoeae of C. bairagi and C. opi2io
collected in plankton samples from the southeast.
Bering Sea: Knob  curved lateral process!, RDL
 rostral � dorsal length! and CLS  carapace later-
al spines!  see text for details!.

Table 2.

C. o iZioC. bairdi

Knob Shorter Longer

4.5 � 5.4 mm3 ~ 96 � 4. 55 mmStage I

6.0 � 7.1 mm5.50 � 6.37 mmStage II

Generally short
and straight

Generally long and
drooping ventrally

CLS
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Table 1. Rostral-dorsal lengths of Chionoeoefea bairagi and
C. opilio Stage I and 1I zoeae tabulated from the
current literature.



APPLICATION OF FINDINGS TO

FIELD STUDIES

Certain aspects of the timing of appearance of the lar-
vae in the plankton and spatial patterns of distribution and
abundance provided evidence needed to corroborate the species
identifications we had made using the above characteristics
to extend Haynes' �981! description. The larvae with the
longer RDL and shorter, straighter CLS were found in the
plankton earlier in the season than the larvae of opposite
characteristics  see Incze et al., this volume!. This was
consistent with in. formation provided to us by D. Somerton
 see D. Somerton's larval paper, this volume!, namely, that
the state of maturation of egg masses of female Tanner crabs
observed during National Marine Fisheries Service surveys in
the area indicated that C. o2'i2io hatched earlier than
C'. hair di. The larval species description was further sub-
stantiated by specimens collected in areas where the bottom
crab fauna was clearly dominated by one species or the other.
Finally, areas of the Bering Sea which contained zoeae of
only one description during a sampling season eventually gave
rise to megalops larvae which were identified to species
according to Jewett and Haight  l977!; the megalops identifi-
cations confirmed our zoea identifications. All the above
lines of evidence were in agreement with our zoea species
identifications from four years of plankton samples.

Some Chionoeoetes zoeae from the southeastern Bering Sea.
could not be categorized by the criteria described above. The
RDL of these zoeae, found in water shallower than 200 m, often
was in the area of range overlap of RDL for C. opi 2io and
C. hair di  Table l!; the knob character was often intermediate;
and the CLS character occasionally did not match the knobs
even when the latter were distinct. For these specimens,
which were not abundant, no species designation could be made.
It is possible that these were Fl progeny of inter-specific
matings between C. oui 2io and C. Loirdi, but it would not be
possible to determine this with morphological evidence alone.
Since the relationship of genetic phenotype dominance among
the various characters is unknown, it is also possible that Fl
progeny were included in one or the other  or both! of the
species groups we have established above. Because the degree
of inter-specific breeding is unknown, the extent of this
error cannot be estimated.

Some plankton samples collected from regions overlying
the continental slope contained zoeae which did not conform
in appearance to any of the zoeae described above  C. bairdi,
C. opi2io or the unidentified Chionoecete~ zoeae found over
the shelf!. These may have been the larvae of deeper dwelling
species of Chionoecetes. As in the case of the shallower
unknown zoeae, however, such specimens were not numerous.



We also compared our diagnostic features to zoeae from
other areas. C. bairdi zoeae from Lower Cook Inlet, Alaska
and Kodiak Is., Alaska exhibited all three characteristics
listed in Table 2 for C. kairdi Stage I zoeae. Stage II
C. bairdi which we obtained from plankton samples collected
from Lower Cook Inlet, Alaska also exhibited all three of
the characteristics listed in Table 2 for that stage ~
C. opilio zoeae  only 10 obtained! from the western Beaufort
Sea  where C. bairagi does not occur! exhibited all the
characteristics listed in Table 2 for C. opilio Stage I and
II zoeae. We thus feel that the additional species characters
described in this paper have general applicability to the
species descriptions. In our study we found it necessary
to use these characters in addition to the diagnostic feature
suggested by Haynes �981! to distinguish between zoeal larvae
of C. bairdi and C. opilio.
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FOOTNOTES

l. Kurata �963! described Stage I and II zoeae of what
he called C. opi bio eLa~gatua based upon Rathbun's �924!
disignation of the subspecies. According to references
cited by Haynes �981! the sub-specific designation
is not warranted, therefore, we have used the species
designation C. op~2io for zoeae described by Kurata.
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INTRODUCTION

The fundamental sequence of events in mating behavior has
already been described for Chio~oeoetes bairagi  Takeshita and
Matsuura, 1980! and Chionoecetes opi bio  Watson, 1971 and l972,
and Takeshita and Matsuura, 1980!. Similarities and differences
between inter-specific and intra-specific matings of these con-
generic species have also been noted  Takeshita and Matsuura,
1980!. This report confirms the validity of those studies and
provides additional details of laboratory mating behavior.

Precocious mating behavior performed by C. bairagi males
and the extrusion and attachment of infertile eggs by isolated
primiparous females are presented as two new concepts to tanner
crab biology. Hartnoll �96 5! stated that some brachyuran spe-
cies  such as Mith2 az bicor.notus! may attain sexual maturity
prior to the molt stage in which the shape and setation of the
chelae undergo a distinct alteration. Mature reproductive tract
weights were reported for some C. hairdos males which, indeed,
had not yet acquired the chela morphology of adults  Brown and
Powell, 1972!. Hartnoll �965! further emphasized that the
presence of fully formed sperm bounded by spermatophores in the
sperm ducts of small, pre-puberty molt stage males was circum-
stantial evidence of maturity. He reasoned that, incontrovert-
ible proof of sexual maturity in the males of some species
could only be obtained through mating experiments. During 1981
and 1982, 34 Chionoecetea hairdos males with carapace widths
less than 70 mm have mated in the laboratory. The mating be-
havior exhibited by these small males and the reproductive suc-
cess of a few are described here for the first time.

MATERIALS AND METHODS

Field Collections

This study has utilized only the species Chi onoecete8
baird~. Large males and all females were captured in otter
trawl tows at Womens Bay and Chiniak Bay, Kodiak by biologists
William Donaldson  in 1979-1980!, William Colgate �981 and
1982!, and David Hicks �979-1982! of the Alaska Department of
Pish and Game. The crabs were shipped from Kodiak either in the
hold of the R/V Resolution or by air charter to the University
of Alaska's Marine Science Center in Seward. Small males were
captured in Resurrection Bay, Seward by beam trawl from a char-
tered, privately-owned fishing vessel.

Laboratory Provisions and Observations

Holding facilities at the Seward Marine Science Center
include four cylindrical 1,895 liter capacity plastic tanks
and three cylindrical 1,620 liter capacity plastic tanks  all
produced by Frigid Units, Toledo,Ohio!. They receive a contin-
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uous supply of sea water which is pumped into the Laboratory
from a depth of 60 meters in Resurrection Bay. Frigid Unit
chillers were used to maintain temperatures Below six degrees
centigrade during periods of elevated e~ternal temperature.

Most mating experiments were conducted in a 168 liter
aquarium with integral temperature control unit. A 120 liter
capacity wooden tank with gravel substrate was used for approx-
imately ten of the matings. Still other experiments were con-
ducted in the 1,895 liter tanks, although their primary use was
that of holding All detailed observations were made at night
when external distractions could be limited. At these times,
overhead lights were turned off  low level sidelighting did
enter the enclosures!, observer movements were reduced to a
minimum, and notes were recorded by either magnetic tape or
hand. The only obvious disturbances were noted when all over-
head lights were on and a large object passed close to the
aquarium. Some grasping males  before and after copulation!
reacted defensively to the shadow by rising onto the tips of
their dactyls and turning circularly with one chela opened and
raised.

Crabs were usually fed herring twice each week; however,
rock sole, sablefish, and pollock were substituted as food
whenever possible.

Size and Hardness Measurements

Precision vernier calipers were used to measure the cara-
pace widths of crabs to the nearest millimeter. Determinations
of exoskeleton hardness of Chionaecetes baiz di females were
based upon a subjective system developed by Hiatt �948!. This
system designates three degrees of hardness: �! completely soft;
�! integument partially rigid but easily depressed; and �!
completely rigid  fully sclerotized!.

RESULTS

A total of 102 C. bairdi matings have been observed in
the laboratory over a three year period. Data for the 1982
season are still being tabulated and analyzed; however, portions
are includea wherever possible.

Every completed intromission consisted of three major epi-
sodes: �! a pre-copulatory period; �! copulation; and �! a
post-copulatory period. The results of this study are divided
accordingly.

The Pre-copulatory Period

This episode commenced when a male C. bairai detected the
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presence of a molting or recently molted female and it ter-
minated, in completed matings, wj.th the male and female
positioned sternum to sternum  both their rostrums pointing
in the same direction!. Xn the laboratory, male C'. hairdos
have detected primiparous females as early as 14 days prior
to the female's puberty molt. Individual differences are
noted in the initial responses of the male to a molting fe-
male. Quiescent males suddenly arose from the substrate
surface and began walking  locomotion was often preceded by
waving movements of the maxillipeds!. Actively moving males
were observed to stop, wave their maxillipeds, then change
their direction toward the female if she was not already in
the path of travel. The most energetic and abrupt responses
occurred when the male  quiescent or moving} was contacted
by a female which had molted within the last 24 hours. 1n
such instances, the males lunged at females and attempted to
grasp them with open chelipeds and/or to encircle the female's
carapace or pereopods with the distal portion of their own
pereopods.

Responsiveness toward molting or recently molted females
has been displayed by molting and recently molted males as
well as by intermolt males. Two partially soft  post-molt!
males, with carapace widths of 113 and 128 mm, grasped soft,
newly molted females which escaped within six hours. However,
three males which were entering the molt cycle did manage to
mate successfully. One of these males  measuring 115 mm cara-
pace width! mated four days before molting; the other two
 measuring 115 and 120 mm carapace width! mated only two days

before molting.

Evasive and Escape Behavior

Molting and recently molt ed females often attempted to
evade approaching males or, if grasped, attempted to escape.
The observed evasion and resistance strategies varied with
the carapace hardness of the female and the size of the ap-
proaching  or grasping! male  Table 1!. Evasion was not
commonly demonstrated prior to the molt to maturity but pre-
molt females did offer resistance to being grasped. When
the size of the male equalled or exceeded that of the female,
such resistance often resulted in the male lifting the female
above the plane of his body  with one cheliped! and striking
her carapace, abdomen, or pereopods  with the other cheliped!.
These actions on the part of the male sometimes produced im-
mediate  though usually temporary! quiescence in the female.
Xn other instances, the female continued to push or pinch at
the male with one or both chelipeds and to move her pereopods
until the male repeated the lifting and beating actions sever-
al times

Small males were outmatched by large females as is evi-
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denced by the fact that none of the 19 separate pre-molt grasps
involving small males led to mating  Table 2}. Nine of the
grasped females escaped through their own efforts, The inabil-
ity of small males to restrict the movements of molting females
and the female's use of her increased bulk and weight in over-
powering the male were important factors contributing to the
failure of these potential pairings.

For a brief one hour period following the molt to maturity,
females were incapable of effective evasio~. Initially they
emerged from the old exoskeletons by pushing their way upward
and backward. Nost unattended females continued to move slowly
along the surface of the substrate until they were at least one
or two body lengths away from the molted exoskeleton. As their
outer integument began hardening, females flexed their pereopods
and attempted to rise off the substrate

Little or no resistance was offered to grasping at this
time, except in instances where the grasping male was inferior
in size to the newly molted fernale. Ten males, ranging in size
from 39 to 131 mm, grasped females which had molted less than
one hour previously and none of these females escaped through
their own efforts. The earliest successful escape by a newly
molted female occurred 1.8 hours after her maturity molt and
it was out of the grasp of a 51 mm carapace width male.

Sclerotization is a relatively slow process. Fifty-five
examined females required 16 to 71 days for complete hardening
�3 days was the mean and 57 days was the mode!. But females

were usually capable of standing and fleeing slowly within two
hours after molting. Agility, evasive behavior, and resistance
to mating increased as exoskeletons became more firm. Although
this did not permit females to escape from large males  larger
than themselves!, it was very evident in the direct relationship
between elapsed time since the molt and percentage of success-
ful escapes from small males  Table 2!. Detailed observations
are available for 19 females which escaped on 35 separate occa-
sions  Table 3!. Twenty-seven of the 35 escapes were from
males smaller than 81 mm carapace width. The few escapes from
large males all occurred at least 21 days after the female's
molt.

Only two of 21 different males successfully regrasped and
mated with females which had escaped from them at an earlier
time  Table 3!. The successful escapers primarily comprised
two separate groups: �! females which forcefully escaped from
smaller males; and �! females which had surpassed the time
limit during which they could have produced normal, fertile
eggs.

None of the laboratory interactions between males and fe-
males have included any form of courtship more sophisticated
than straightforward grasping. The females do not have the
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opportunity to choose a specific mate . However, through re-
sistive and escape behavior they may effectively hinder and
frustrate the mating efforts of inferior sized males.

Simple Releases

Seventy-six grasps ended in what are best described as
simple releases. Without being disturbed or distracted by an
external object or organism and in the absence of escape at-
ternpts by the fernale, grasping males sometimes simply relaxed
their chelipeds and permitted a fernale to depart. This phen-
ornenon was not limited to males of a particular size or cara-
pace condition and the released females included both pre-molt
and post-molt individuals which were mature or about to become
mature  Tables 4 and 5!. Seventy-two of the 75 simple releases
can be attributed to:  l! small males which released la.rger fe-
males �9 instances!; or �! large males which released females
either far in advance or well after the maturity molt �3 in-
stances!. One female was released by a large male which molted
less than 48 hours later. Two releases remain unexplained.

Initial detection and grasping of females by males has now
been described. Subsequent actions by the male and female were
influenced by the female's condition and the relative sizes of
the two animals.

Male Assistance During Female Puberty Molts

Large males have been observed assisting females through
the final stages of ecdysis. Such assistance included the fol-
lowing activities by males:  l! holding the fernale off the sub-
strate  and gently bouncing her! with the posterior end of the
exoskeleton facing downward thus allowing the fernale to fall
out; �! holding the legs of the old exoskeleton with one cheli-
ped. while poking and pushing the emerging female away from it
with the other cheliped; and �! bracing the old exoskeleton
between the meri of both chelae while using the distal ends of
both to push the female backward and out. Males that were
smaller than the molting female did not assist in any of the
observed molts.

The Pre-copulatory Embrace and Mating Preparations

Total duration of the pre-copulatory embrace was primarily
determined by its occurrence before or after the female's molt
 Tables 6 and 7! . When initiated prior to the fernale's molt,
the precopulatory embrace continued for at least 0.4 hours
after she emerged. But post-molt initiated pre-copulatory ern-
braces varied from one to 235 minutes and did not reflect a
clear relationship to total elapsed time since molt completion.

Assorted actions were exhibited by males during the pre-
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Table 6. Duration of pre-copulatory embraces that were
initiated before the female's puberty molt

9214.5 0.4

1120.224.2

112151.6 0.6

249

Duration of
pre-copulatory
embrace  in hrs!

Elapsed time  in hrs!
between female's
molt and mating

Ma I e carapace
width  in mm!



Table 7. Duration of pre-copulatory embraces initiated after the female's
puberty molt

Duration of

pre-copulatory
embrace  in min!

Elapsed time from molt
to intromission  in hrs;
days in parentheses!

Ma1e carapace
width  in mm!
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copulatory embrace. Most males pressed the tj.ps of one chelj.ped
against the surface of the female's carapace, abdomen, or pereo-
pods in a poking or probing motion or in a back and forth strok-
ing motion. Large males typically pressed the smooth, curved,
inner surface of the chela against the female's first two ab-
dominal segments in a cradling motion. Lifting and beating
behavior, described earlier, was also occasionally exhibited by
males as large or larger than the female. If the recipient of
such a beating was in a very soft condition then she assumed a
totally submissive posture. This was characterized by the ocu-
lar peduncles being withdrawn into their orbits, both chelae
pressed flatly against the maxillipeds, and the pereopods held
limply forward  and typically in a partially flexed position
within the horizontal plane of her body}. Finally, nine of 57
males and 12 of 57 females flapped their abdomens prior to
mating. The male and female jointly participated in four such
incidents. No visible secretions or excretions were produced
during pre-mating flapping.

Every completed mating was preceded by sternum to sternum
positioning of the male with the female. Possession of at, least
one cheliped was a vital prerequisite for proper positioning
prior to mating. This was clearly demonstrated when three males,
which had each lost both chelae, were placed on separate occa-
sions in an aquarium with very soft., newly molted, mature fe-
males. Each hard, new shell male showed an interest in the near-
by female by either standing at an elevated posture and actively
moving his mouth parts or by moving toward the female and sub-
sequently encircling her with his pereopods. Two of the males
used their pereopods to try to pull the female into a sternum to
sternum position but both males lacked the necessary contact for
completion of the maneuver.

Successful matings were achieved by assorted sternum to
sternum positioning techniques which varied with the size of
the male. Shortly before copulating, males held females directly
in front and rostrum to rostrum. Each small male, measuring less
than 75 mm carapace width, invariably interspersed the distal
portions of his pereopods between the female's pereopods. He
then palpitated the female's carapace with one or both chelipeds,
opened. his maxillipeds widely, and positioned between the inner
surface of the female's abdomen and her sternum. This position-
ing was achieved either: �! by swinging entirely beneath her in
a single anterior to posterior motion; or �! by tilting the fe-
male into a plane perpendicular to the substrate while pressing
her tightly with his chelipeds held behind her carapace.

Larger males positioned differently. In some instances, a
large male would: �! fold his pereopds thereby sitting on the
substrate; �! encircle the female with his pereopods; �! place
one or both chelae behind the female's abdomen; and �! pull the
female toward himself with the use of his chela e! and longer



pereopods while pushing upward  lifting! with his shorter pereo-
pods. The latter action placed the coupled animals perpendicu-
lar to the substrate. During this procedure, it was common to
see the male palpitate the fernale's carapace with his chelipeds.
In other instances, especially those involving males larger than
130 mm carapace width, positioning was less comp3.icated. First,
the male would rise to about two-thirds or three-quarters of his
full stance and spread his pereopods very widely. Then, grasping
the fernale with one chela, he would simply turn her upside down
 but facing in the same direction! and place her beneath himself
sternum to sternum. Finally, the male would press his free chela
behind the female's carapace thus assuring c3.ose contact.

In every mating, the female participated behaviorally by
lowering her abdomen prior to or while being positioned sternum
to sternum. During some unsuccessful mating attempts, the female
did not lower her abdomen. Even in those instances, the male
made no effort to force the female's abdominal f3.ap open. Very
soft females were particularly compliant during pre-copulatory
positioning and some fully lowered their abdomens as early as
one minute before the males commenced the prerequisite maneuvers.
With the male in a sternum to sternum position above or below
the female, the pre-copulatory period came to a close and the
crabs were ready to enter the next reproductive phase.

The Copulatory Period

This episode encompasses the physical processes of intro-
mission. It commences as the male inserts his intromittant
organs into the female's reproductive tract and ends as he with-
draws them In each. observed mating, exposure of the ma3.e's
intromittant organs occurred concurrently with sternum to ster-
nurn positioning. Insertion was usually performed within seconds
after positioning; however, small males sometimes required
several attempts for proper insertion. Repeated insertion at-
tempts were also made by some of the males which copulated with
females more than 15 days after the puberty molt.

The three smallest males, which actually copulated with
primiparous females, measured 55 mm carapace width. Even small-
er males grasped females  Tables 3 and 5j; but, although their
first pleopods had the adult shape and sufficient spread to
span the lateral distance between the female's gonopores, the
smallest grasping males failed to copulate.

For several seconds before, during, and after p3.eopod in-
sertion, males usually held their first rnaxillipeds extended.
open and downward while the exopodites of their second and
third maxi3.lipeds beat rapid3y. Additional male movements
during copulation were somewhat dependent upon the male's
size. Males which were smaller than their female partners
predominantly remained beneath the females throughout copula-
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tion  Table 8!. These males held their chelae firmly against
the protogastric or rostral regions of the females' carapaces
and their pexeopods were bent upward and inward with the
dactyls angled over or near the co+ac of the females' perea-
pods. Males which exceeded the size of the females were capable
of standing and walking with the females in mating position
beneath. Such movements happened when other crabs  partic»larly
other males! approached. Chela to chela blows and grasps were
sometimes exchanged between mating males and challengers. But
none of these conflicts resulted'in the challenger separating the
copulating couple. The largest males  exceeding 125 mm carapace
width! stood high off the substrate during intromission and
usually kept only one chela in contact with their mates.

Females remained submissive throughout. copulation and their
movements were primarily confined to brief snterior-posterior
swivelling motions accompanied by simultaneous flexures of all
pereopods. Males responded to such movements by pressing one
cheliped against the females' maxillipeds and thereby quieting
them. A few hard, new shell females pushed their chelae against
the males' maxillipeds, ocular peduncles, and/or chelae and re-
ceived identical treatment in response.

Primiparous matings occurred in the laboratory as late as
77 days after the female's molt to maturity  Table 9!. Duration
of intromission tended to increase with amount of elapsed time
between molting and mating and ranged from 3.0 to 54.5 minutes.
The simple arithmetic mean for 101 timed primiparous intromissions
was l3.7 minutes. Observed multiparous copulations were con-
siderably more lengthy, lasting between 15 and 35 minutes  Table
10! with a mean value of 24.5 minutes. No males smaller than
l20 mm carapace width participated in the multiparous matings.
Although smaller males grasped multiparous females, they were
unable to overpower the females' resistive efforts.

Various methods were employed by males in extracting their
pleopods from the females' gonopores. If standing, a male accom-
plished this act in the following manner: �! he folded his pereo-
pods inward and tilted the anterior end of his body upward while
lowering the posterior end of his body toward the substrate; �!
he grasped the female's pereopods with one or both chelae or,
alternatively, placed his chelae behind the female's carapace
or abdomen; and �! he either lifted the female away and upward
so that she now faced him rostrum to rostrum or he pivoted on
the proximal cheliped segments  in contact with the anterior
margin of the female's carapacej while using his last two pairs
of pereopods to push backward and away from the female and upward
into a horizontal position. On the other hand, if a male was
positioned beneath a female during copulation then dismounting
required a different approach. By the more direct but less
common version, a male would press his chelae against. the an-
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Number of males
that positioned
above female

Number of males
that positioned
beneath female

Male carapace
widths  in mm!

50 - 59

60 - 69

70 - 79

80 - 89

90- 99

100 � 109

1I0 - 119

120 - 129

130 - 139

140 � 149

12

12

13

19
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Table 10. Intromission duration for mul tiparous Chionoecetes hzivd~
fema1 es

Intromission

duration  in min!
Male carapace
width  in mm!

Fema1 e

number

Total number of observations = 15
Mean value for intromission duration = 24.5 min
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15

18

20
21

21

23

24
25

25

26

27
28

29

30
35

127

138

124

124

136
152

124
138
138

152

138
138

127

138
142

417

402
402'

401

406
414

409
415
402

412
413
407

410
408

403



terior dorsal portion of the female's carapace or grasp her
pereopods, bend at least two pairs of his pereopods beneath the
ventral surface of the female, then push upward with the pereo-
pods. Tmmediately thereafter, he would quickly reposition his
pereopods in order to regain a horizontal stance. Most small
males initially used their pereopods to orient vertically to
the substrate then proceeded to dismount in the same manner as
large males  described above!.

The behavior of mating females did not provide any fore-
warnings that intromission was about to end. However, sudden,
brief changes in male behavior often immediately preceded this
event. These signals were very abruptly manifested as wide
extension of the maxillipeds and/or palpitating movements of
the male's chelipeds upon the female's carapace. Concurrently,
the male sometimes encircled the female's pereopods with his
own pereopods.

The Post-copulatory Period

Post-copulatory Grasps

Having completed intromission, 72 out of l04 pairs of
C. hair di remained. together until the female extruded eggs.
Thirty-two matings ended with the following unusual results:
 l! eggs were not extruded after the female had mated with a

very small  less than 6l mm carapace width! male  five instan-
ces!; �! eggs were not extruded by the female when copulation
occurred 22 to 77 days after her maturity molt  eight instan-
ces!; �! a small grasping male  less than 70 mm carapace
width! released the female prior to extrusion  eleven instan-
ces!; and �! a large grasping male mated with the female more
than nine days after her maturity molt and released her prior
to extrusion  eight instances!. Normal post-copulatory grasps
ranged between l.2 and 6.5 hours in length with a mean value
of 2.5 hours  Table 9 !. However, grasps lasting up to l23
hours were noted for some males which mated with females 22 or

more days after the maturity molt and without subsequent egg
extrusion  Table ll! .

Throughout the post-copulatory period, the male and female
faced each other. The male did not hold the female above the
horizontal plane of his body except in a few instances where
post-copulatory beatings were administered. Within minutes after
the termination of intromission, the male would flex his abdomen,
swing the first pair of pleopods dorsoventrally, and/or move each
member of the pair in a slight scissoring motion. Several males
emitted a small volume of opaque material and spermatophores
from the distal tips of the first pleopods soon after mating.
Females, which later became ovigerous, responded to these activi-
ties by fully lowering and then flapping their abdomens. Males
smaller than 80 mrn carapace width had difficulty holding the large

258



Elapsed time
between the

puberty molt
and mating
~ ' ~

Male

carapace

width

 in mm}

Duration of
copulation
 in min!

Duration of
post-copulatory
embrace  in hrs!

27 52 1194.6

14335 50.9

45 7

123.2

14.8

42.5

115.0

88

1103143

9527

2860

952968

1193.177
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Table ll. ratings of primiparous C'hionoecetea hairdos females
which did not result in egg extrusion



females high enough above the substrate to provide clearance for
flapping. In some of these cases, the females elevated them-
selves on dactyl tips and flapped their abdomens anyways Large
males stood well above the substrate and the graspees had suf-
ficient clearance for flapping without need of additional eleva-
tion.

Concerted efforts were often displayed by the female as she
prepared her pleopods for the impending extrusion of eggs. Pleo-
pods were waved in a dorsoventral direction, pushed toward the
perimeter of the abdominal flap with the tips of one cheliped,
grasped and pulled lengthwise in a combing motion between the
propodus and dactyl of the cheliped, and flexed inward forming
a loosely layered hemisphere then flexed outward toward the
perimeter of the abdomen. Soft, newly molted females pressed
their chelae against the inner surfaces of their abdomens, pro-
ducing greater concavity there. Brood chamber preparations
ceased at least 20 minutes prior to the actual extrusion of eggs.

Some females were lightly bounced up and down by grasping
males during the post-copulatory period. Additional interactions
included:  l! the use of one chela  by the male! to poke, stroke,
or beat the female's carapace, abdomen, and/or pereopods; and
�! male pereopod kicks aimed at the female's pereopods. Hitting

or striking motions, such as those noted above, were most fre-
quent in the post-copulatory episodes involving females that failed
to extrude eggs and in multiparous matings.

A gradual reduction was observed in the stances of all
paired crabs near the rniddle af the post-copulatory period.
However, as this episode dtew to a close, a more striking change
occurred. Minutes before extrusion commenced, the male and fe-
male both increased movements of their first, second, and third
maxillipeds  particularly the exopodites of the second and third
pairs!.

It is noteworthy that the post-copulatory embrace was greatly
extended in instances where mating occurred weeks after the fe-
male's maturity molt and eggs had not been extruded  Table ll!.
Very variable post-copulatory grasp durations were noted in asso-
ciation with multiparous matings  Table 12!. Some of these matings
happened before the females had even completely removed empty egg
cases from their pleopods. Such females were released hours or
days before they were ready to extrude new eggs, The ensuing
lag time between release and. extrusion enabled more than one male
to mate with some multiparous females.

Egg Extrusion

Ejection of eggs into the brood chamber was accomplished in
less than 10 minutes by two primiparous females. Unfortunately,
the small number of observations precludes estimation of probable
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Table 12. Duration of the post-copulatory embrace in Chionoe-
c e t. e a hair ai multiparous matings

406136

412152

404138

14239

407142307

408138781

261

Duration of
post-copulatory
embrace  in min!

Male carapace
width  in mm!

Female

number



upper and lower time limits. During the process of extrusion,
very small numbers of eggs have been seen leaking toward the
female's mouth from beneath the anteriormost apex of her abdo-
men. This phenomenon has been observed twice and on both occa-
sions the female and male simultaneously further increased the
movements of their mouth parts. Within seconds the male raised
onto the dactyls of his pereopods and released the female.

Every completed primiparous mating resulted in one of three
outcomes: �! extrusion of fertile eggs; �! extrusion of eggs
which failed to undergo normal cleavage and were eventually
sloughed off; or �! no extrusion of eggs. The first outcome
transpired through matings between mature males and females.
Thusfar, the smallest male that successfully mated and contrib-
uted to the production of viable offspring, measured 68 mm in
carapace width. The development of eggs spawned in 1982 is
being monitored in an attempt to further assess the reproduc-
tive potential of small males. Data from the two previous
seasons is insufficient for a proper determination of the size
at which 50% of the males are mature. Viability of eggs is
temporally limited and this places an additional constraint on
mating success. One female produced viable zygotes after mating
with a male eight days past her puberty molt.

The second outcome noted above resulted when either: �! a
small immature male mated with the female; or �!, regardless
of the male's size and maturity, an extended period  exceeding
eight days! had expired between the female's puberty molt and
intromission' Five different males measuring between 55 and 59
mm carapace width mated with primiparous females on 12 separate
occasions. Their attempts at reproduction are considered to be
precocious because not one of the matings yielded viable zygotes.
Eleven of the twelve females extruded eggs within a normal time
period after mating but cleavage did not proceed normally and
the zygotes eventually died and deteriorated.

The third outcome occurred when: �! a small  and apparent-
ly immature! male mated with the female; �! a dying female ex-
pired shortly after mating; or �! an extended period of time
 exceeding 21 days! had elapsed between the female's puberty

molt and intromission.

Behavior After the Post-Copulatory Release

Thirty-three out, of fifty-six males lowered and then flexed
their abdomens after releasing extruding females. The males did
not e!ect any visible material while waving their pleopods. But
17 different males grasped at their first pleopods and then drew
their chelae over the surface of their maxillipeds in wiping mo-
tions. Few males showed any interest in the female once she ex-
truded eggs and no male attempted to mate with an ovigerous, pri-
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miparous female. Kowever, some males demonstrated a capacity
for multiple matings with the female prior to the extrusion of
eggs.

Upon being released, a new3,y molted female was entirely
capable of evading other crabs. This was possible because, at
the time of normal release, her exoskeleton was sufficiently
firm for agile and rapid locomotion.

Primiparous females which had mated while in a soft con-
dition were free of grasping marks  on the meri of their pereo-
pods!. Conversely, two females which underwent primiparous
mating more than 60 days after the puberty molt bore fresh white
grooves and scrapings on the surfaces of their pereopods, Fourteen
out of 15 females involved in the observed multiparous matings bore
fresh grasping marks when released by the males.

Extrusion of Eggs By Isolated, Unmated, Primiparous Females

Sixty-one newly molted, mature females were isolated from
males before, during , and for at least nine days after molting.
Twenty-eight of the females extruded eggs while in isolation.
Although the eggs attached normally, none underwent cleavage.
However, as viewed with the unaided eye, the eggs maintained nor-
mal size, shape, and color for more than five weeks after being
extruded. By the eighth week after extrusion, the non-fertilized
eggs were dectably pale and the innermost ones had started turning
tan in color. Microscopic inspection revealed that, by the eighth
week: �! the vitelline membranes of most eggs were shredding;
�! opaque white spots were developing on and within the eggs;
and �! some eggs were filled with transparent tea colored fluid.

Brief Interactions Involving Recognition Errors

Males sometimes made apparent recognition errors by grasping
immature females, ovigerous, primiparous females, other males,
and even crab shaped rocks  Table 13}. Molting or recently
molted, mature females were present when a few of these errors
were made and in each instance the male seemed. to have already
become adjusted to his surroundings. Only small males  less
than 80 mm carapace width! grasped immature females. Small
males have also grasped other small males, larger males, and
ovigerous,primiparous females. Larger males have grasped
ovigerous, primiparous females, other males, and
rocks. When one male was grasped by another the graspee usually
responded by using his chelae to push the graspar or to grasp
back. This behavior elicited release. Immature females and
ovigexous, primiparous females were either simply released by
males or managed to escape  Table 13!. The grasping male
typically poked or stroked the graspee but never progressed to
the point of sternum to sternum positioning.
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I. Fernale escapes out of the male's grasp

A.. Female escapes before molting

Hours before

molt at time

Male

carapace
width  in mm!

Grasp
duration
 in hrs!

Female
condition

Female
number

4.5 48 222Immature

Immature

Immature

Immature

Immature

Immature

Immature

O.O

2224.4 0.0

484.2 0.0 222

2223.5 56 0.0

22256 0.13.4

222491.6 0.1

59 2790.0O.l

B. Female escapes after molting

Elapsed time
from molt to

esca e  in hrs}

Male

carapace
width  in mm!

Grasp
duration Female

 in hrs} number
Female
condition

Ovigerous
primiparous 273O.l6.5 48

2170.06511.2

1107.3

1303.6

Immature

Immature

Immature

2220.6

2220.075

Z64

Table 13. Interactions between C'. hat,rdi males and jxunature
ox ovigerous, primiparous females



Table 13.  cont'd!

II. Nale simply releases female

Female

condition

Ovigerous,
primiparous 16.1 127 1.8 16

17.1 127 0.5

24.6 122 0.3

Ovigerous,
primiparous 13283.2 Q.l

Ovigerous,
primiparous

Ovigerous,
primi,parous

Elapsed time
since molt
at release

 in hrs!

Nale

carapace

width
 in mm}

Grasp
duration Female
 in hrs! number



DISCUSSION

All results reported-in this study are based upon laboratory
observations of mating behavior. The conditions that are pro-
vided for the crabs in the laboratory can not and do not exactly
recreate the conditions which constitute their natural ecolog-
ical niche' For this reason, care must be exercised when at-
tempting to apply the results of a laboratory study in expla-
nation of natural phenomena. It is possible that Chionoeceies
hair di may display more complex behavior in its natural habitat
than it does in the laboratory. However, individuals which had
been in captivity for as short a period as one day displayed be-
havior which was indistinguishable from that of individuals held
for months. This fact offers hope that at. least the sequence
and types of behavioral elements displayed. are not greatly al-
tered as a result of laboratory confinement.

The duration of some events  such as pre-molt grasping and
the pre-copulatory embraces intitiated after the female's molt!
may be greatly affected by extrinsic factors not reproducible
in the laboratory. Therefore, some events have not been examined
in great detail although they have been included in the descrip-
tion of the mating behavior repertoire.

Sudden responses of males to molting females  juvenile and
mature! in the absence of any visible, physical, behavioral
cues by the female strongly suggest that at least one pheromone
must be involved in the attraction. Chemical attractants have
been demonstrated or implicated in the mating behaviors of
several brachyurans  including For Cultus eanguino7entus  Ryan,
1966!, Car ainus maenas  Eales, 1974!, and Iibirzia email girja ta
 Hinsch, 1968! ! . Since C. bar"r di males are attracted to juven-
ile and pubescent molting females, the molting hormone crust-
ecdysone may be the initial attractant. Males are capable of
distinguishing mateable females from newly molted juveniles and
ovigerous, primiparous females. Hales also show strong behav-
ioral responses  releases! in the presence of extruding females
and are attracted to multiparous females at the time the fe-
males' eggs hatch. The latter phenomenon has also been ob-
served in Libirria emazginata by Hinsch �968}. Therefore, it
is tempting to speculate that additional chemicals may have
roles in: �! identification of receptive, prirniparous females;
�! negative feedback to grasping when eggs are extruded and.
the female is no longer receptive; and �! attraction of males
by receptive but non-molting, old shell multiparous females.

In the absence of impending molt, it is significant that
multiparous C. barr di females: �! do attract. males; �! mate
in the hard, old shell condition; �} sometimes mate before all
of the zoeae have been released from their brood chambers; and
�! sometimes undergo multiple matings during the time that they
remove empty egg cases  left by the previous brood af offspring!
from their pleopods. Perhaps, as suggested by Hinsch �968! for
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Libinia emarginata, the attraction of males to multiparous
females is mediated: �! chemically by the ripening ovary
or by substances released by the emerging zoeae; �! by sub-
missive or receptive female behavior; or �} by a combination
of all three Further study is needed to confirm and measure
hormonal and pheromonal regulation of reproductive behavior.

Pre-molt grasps have been observed both in the natural
environment  Brown and Powell, 1972! and in the laboratory
 Watson, 1972 and this study!. Brown and Powell �972! re-

ported a carapace width range of 93 to 116 mm for C. bairdi
males that were grasping non-ovigerous, old shell females at
the time of capture. Twenty-seven males grasped grasped pre-
molt pubescent females, in the present study, but only four
males exceeding 9l mm carapace width prolonged the grasp
through molting to mating. Pre-molt grasps by small males
ended in simple releases or female escapes.

After the fernale has molted she is exceptionally vulner-
able to: �! predation by other species  or even other C.
hair di females!; or �! grasping by C. bairdi males. Males
as small as 55 mrn mated with newly molted, mature females but
the smallest reproductively successful. male  whose copulation
resulted in the production of viable offspring! measured 68
mm carapace width. Histological preparations of the posterior
vas deferens of these small males contained fully formed sperm
in spermatophores and the reproductive tracts were open and
complete. The failure of sperm from very small males remains
unexplained. Eggs that, have been inseminated  through copula-
tion! by sperm from very small males commenced cleaving but
failed to continue beyond approximately 128 cells. Hinsch
�969! reported the presence of spermatophores filled with
sperm in the vasa derentia of quite small males of Libinia
emarginata �.9 cm in length! "... before the crab has attained
its full size and presumably, the ability to mate".

There is no apparent advantage to precocious mating by
males and, quite possibly, very small males may be prevented from
mating under natural conditions by agonistic interactions with
larger males. En the laboratory, C. bairdi males reacted sub-
missively when grasped by males of superior size and strength.
When two or more males of distinctly unequal size and strength
grasped a mateable fernale, the largest male invariably forced
his opponents away.

Females exhibited evasive and. resistive behavior after
molting as soon as they could support their weight.and walk.
Their evasive and resistive behavior increased with elapsed
time since the completion of ecdysis. Thus, within three hours
of molting, mature females regained sufficient strength and
agility to overpower some small males.

Mating females all exhibited submissiveness and compliance
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toward their mates at the time of sternum to sternum position-
ing. But in instances where the male's size advantage was
slight, the mating position was achieved only a ter he controlled
and suppressed resistance and escape attempts by the female.
The ability of female brachyurans to resist mating efforts has
also been observed by Chidester 093.1! in the Portunidae. Old
shell, multiparous Chionoecetes- bairagi females showed the great-
est adeptness at discouraging mating attempts by small grasping
males. No male smaller than 120 mm carapace width mated with a
multiparous female during the laboratory observations.

According to Hartnoll �969!, for the Cancridae, " All
accounts emphasize that the male treats the female gently through-
out  mating!, and that the female is cooperative, sometimes in
response to stroking by the male". C. hairdos', males were simi-
larly very gentle with soft or partially rigid females. But as
the intervening time between the puberty molt and mating increased
so also did the frequency of beating actions and the force ex-
erted in grasping. Two hard, new shell females and almost all
multiparous females bore fresh white scars on the meri of their
pereopods subsequent to mating.

Earlier observations of mating behavior in Chianoecetes
op~bio  Watson, 1971 and 1972, and Takeshita and Matsuura, 1980!
and C. hairdos  Takeshita and Matsuura, 1980! agree well with
the general sequence of events noted in this study. In fact,
Takeshita and Matsuura �980! have effectively shown that inter-
specific behavioral differences are' slight and not a block to
interspecific matings in the laboratory. The existence of C.
haik'di X C. op~7,r'.o hybrids  Karinen and Hoopes, 1971! in the
Bering Sea confirms that interbreeding also occurs in the
natural habitat.

The;duration .of observed copulations  Takeshita and Matsuura,
1980, and this study! falls within the lower time range noted by
Hartnoll �969! for the Brachyura.. C. baird~ males are usually
positioned uppermost during copulation, although individuals
smaller than 80 mm carapace width tend to position beneath the
female. As noted in Machxocheira kaempfer|. matings  Hartnoll,
1969!, it is common to see a ma].e C. hairdos palpitate the fe-
rnale's carapace with his chelae immediately before copulation.

The post-copulatory embrace terminates as eggs are extruded
by the female approximately 2.5 hours after mating. The reason
for extrusion  rather than absorption} of unfertilized eggs by
only about 50% of the isolated, newly molted, mature females is
unknown. These females flex their abdomens periodically  as do
normally mated females} and comb their egg masses with their
chelae. Perhaps some of the deteriorating eggs are consumed
thereby contributing te the fernale's nutritional intake.
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ABSTRACT

A distinct sequence of behavioral events has been observed
during the mating of the brachyuran crab C. ba~rdi. Every
successful mating  resulting in the production of fertilized
eggs! observed in the laboratory could invariably be sub-
divided into three successive temporal periods which were
marked by the completion of specific actions. The first  or
pre-copulatory! period included the following primary enevts:
�! initial grasping of the female by the male; �! stroking,
poking, or even pounding actions performed on the female by
the male; and �! sternum to sternum positioning of the repro-
ductive partners with simultaneous relaxation of their abdo-
mens. The second  or copulatory! period encompassed activi-
ties which initialized, continued, and completed the physical
process of intromission. In the third  or post-copulatory!
period, the primary events were: �! continued grasping of
the female by the male; �! extrusion of the egg mass into the
brood chamber; and �! cessation of grasping. The diversity
of secondary events which occurred during specific matings
varied greatly and the manner in which they were manifested
was influenced by factors such as the relative sizes of the
reproductive partners and the carapace condition of the female
at the onset. of the pre-copulatory period.

Two notable peculiarities were observed in the reproductive
behavior of C. baz'.zdi. First, very small males grasped newly
molted females and mated precociously without subsequent pro-
duction of viable zygotes. Second, 28 primiparous females,
which had been isolated from males before, during, and after
the molt to maturity, extruded unfertilized, inviable eggs.
In each instance, the eggs attached to the pleopods and were
a normal orange color but failed to cleave and gradually faded
before being sloughed off. More frequently  in 33 cases!, the
eggs produced by unmated primiparous females were resorbed
rather than extruded.
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INTRODUCTION

Evidence exists which suggests that multiparous
Chionoecetes bairdi  Rathbun! may either breed to obtain
fresh sperm or utilize sperm stored from a previous mating
season to fertilize eggs. The fernale of this species,
called snow or Tanner crab, reaches a terminal size with the
molt to maturity. The female must breed within one week
after this final molt in order to produce eggs  unpublished!.
Spermatophores not utilized to fertilize an egg clutch
remain stored in the sperrnatheca. It has been demonstrated
that C. o~ilio can utilize this stored sperm to fertilize a
subsequent egg clutch  Watson, 1972! . Based on laboratory
observations, Watson �972! reported that multiparous female
C. opilio seemed incapable of mating.

The evidence which suggests that multiparous indivi-
duals are commonly rebred is the presence of grasping marks
on the females' legs, which are caused by the mating embrace
of the male. These grasping marks are absent in soft-shell
primiparous females mated in the laboratory  unpublished!.
Therefore, it is reasonable to assume that the grasping
marks on multiparous individuals are the result of repeated
breeding. Over 90 percent of the multiparous crab captured
near Kodiak for this study had these grasping marks on their
walking legs. However, prior to this report, no matings of
multiparous females of the genus Chionoecetes had been
observed.

In the fishery only males are harvested. The effect of
removing males on the reproductive habits and fecundity of
the species has not been examined. It is necessary to
describe the importance of mating and spermatophore storage
as fertilization strategies for the species before the
impact of male removal on population fecundity can be
determined. The objective of this study was to examine the
percentage of multiparous fernale C. bairdi that mate and
determine the effect of utilizing stored sperm versus fresh
sperm on fecundity.

METHODS

Specimens of Chionoecetes bairdi were captured by trawl
in the Kodiak area and transported to the University of
Alaska's marine laboratory in Seward. Some of the crab were
held in 2,000 liter refrigerated indoor tanks at 4 to 6 C.
They were fed a variety of fish and shellfish twice per
week. Males over 110 mm carapace width were p ced in one
tank with females and when rnatings were ol.serv 3, both male
and female crab were marked with leg tags. Additional crab
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were placed in two outdoor 106 liter, 6 C saltwater ponds.
One pond contained males and females, while only females
were placed in the other pond. The walking legs of the
females placed in the pond containing male crab were wrapped
with electricians tape to ensure that new grasping marks
would be identifiable. In addition, 20 females, with tape
wrapped legs, were held isolated from males during the
mating and egg extrusion period. This group served as a
control to determine if grasping like marks would be left on
the tape by the females themselves. The tape on all females
isolated from males remained unmarked.

Approximately one month after extrusion of new eggs the
females were killed, examined for grasping marks, and the
egg mass and spermatheca removed. Eggs were stripped from
the pleopods of the first. 70 egg clutches and an aliquot of
at least 200 counted eggs separated and dried to a constant
weight at 80 C. The average dry weight, to 0.0000 g, of one
egg was calculated from these subsamples. The number of
eggs in all egg clutches was determined by dividing the
average weight of one dry egg into the dry weight of the
total egg mass.

The spermatheca of each female was examined visually
for the presence of fresh ejaculate. Fresh ejaculate is
deposited in a liquid matrix, white in color, while ejacu-
late that has been stored from previous matings forms into a
distinctive amalgated mass slightly yellow or brown in
color.

RESULTS

The frequency of mating of old shell female Chionoecetes
bairdi averaged 98 percent in two groups of female crab
totalling 140 females. One group, consisting of 28 females,
was held in a laboratory tank with 16 males. Fifteen of
these females were observed in the mating act and had fresh
sperm in their spermatheca. Eleven of the remaining females
had fresh sperm in their spermatheca indicating that they
had mated unobserved. One female was bred but remained
barren  Table 1!. One female produced eggs utilizing stored
sperm. The size of the males mating with the females ranged
from. 124 to 142 mm and averaged 137 mm. The second group of
112 females were held in an outdoor LO~ liter saltwater pond
with 134 males. There were l08 females that had punctures
in the tape wrapping their walking legs indicating that they
had been grasped. These females and the remaining four
females in the group all had fresh sperm in their spermatheca
 Table 1! .
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To determine if utilizing stored sperm had any effect
on the number of eggs extruded by multiparous females, 112
individuals, carrying eggs that would soon hatch, were
placed in a 106 liter saltwater pond containing no males.
New eggs were extruded by 109  97 percent! of these females.
A preliminary comparison of the number of eggs produced by
these females and females utilizing fresh sperm to produce
eggs occurs in Figure l. There appears to be no marked
difference in the number of eggs produced by females uti-
lizing fresh and stored sperm. There were three � percent!
barren females in the group forced to use stored sperm. Two
barren females were killed and their gonads were found to be
full of orange ovarian material and both had empty sperma-
thecas. To test the hypothesis that limited sperm availa-
bility precluded the production of eggs by these three
females the remaining barren fernale, after a week of isola-
tion, was placed in a tank with males where she was observed
to breed and extruded fertile eggs.

One multiparous fernale has been kept isolated from
males for two breeding seasons. She produced a normal size
egg clutch the first year but. was barren the second year.

DISCUSSION

information on the breeding behavior
can be utilized in producing a
effect of sex ratio on breeding
of egg clutches that can be ferti-
solely on stored sperm needs to be

Before the existing
of multiparous C. bairdi
management strategy, the
frequency and the number
lized by females relying
described.
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The results of this preliminary study indicate that, if
males are present in sufficient numbers, over 90 percent of
the multiparous C. bairdi will mate to obtain fresh sperm
before extruding eggs. These results are in direct contrast
to Watson's �972! theory that mating of the multiparous C.
opilio is a rare or nonexistent occurrence. If isolated
from males, the majority of the C. bairdi females can rely
on sperm stored in their spermatheca to fertilize at least
one egg clutch of normal size. Approximately 3 percent of
the multiparous C. bairdi must rebreed to obtain sperm to
fertilize new eggs or remain barren.
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ABSTRACT

The frequency of mating of 140 multiparous Chionoecetes
bairdi was 98 percent. These freshly bred females, and a
group of females forced to utilize sperm stored from a
previous mating season, extruded egg clutches of similar
sizes.

The results indicate that if males are present in
sufficient numbers, over 90 percent of the multiparous
females will breed before egg extrusion. Stored sperm has
been demonstrated to be viable for at least one year. It
remains to be determined how many egg clutches C. bairdi can
produce using stored sperm.
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The typical reproductive pattern of many crab species is
one in which breeding is monopolized by large dominant males
 Powell et. al. 1973; Edwards 1966!. In this paper I examine
evidence suggesting that species in the genus Chionoecetes
may have a different pattern of reproduction, one in which
small males are not necessarily excluded from mating. This
reproductive pattern is bipartite, that is, mating occurs
among members of two distinct life history groups, one corn-
posed of primiparous females and recently matured males and
the other composed of multiparous females and large males.

Bipartite breeding is suggested by studies of the onto-
genetic migration patterns of both C. op~2~o e2ongatus and C.
tanneri and by underwater observations of mating C. bairagi.

ONTOGENETIC MIGRATIONS

Two species, C. opi,2io 82ongat>8 and C. tannery, have well
defined ontogenetic depth migrations  Pereyra 1966, 1968; Kon
1969! which result in a spatial separation of primiparous and
multiparous females.

In the region of the Sea of Japan surveyed by Kon �969!,
C. opi2io a2ongatus are primarily restricted to the continental
slope in a depth zone extending from 200 m to 400 m. During
spring, surface currents carry the planktonic larvae of this
species seaward and result in the young crabs settling to the
bottom at depths greater than those occupied by the adult pop-
ulation. As the crabs develop, they migrate shoreward, reach-
ing a depth of approximately 225 m by the time they have grown
to the instar preceeding maturity. Both sexes mature and mate
in this zone, then migrate back into deeper water. Mature
females disperse between the depths of 240 m and 260 m and re-
main there for the rest of their lives. Mature males disperse
between 275 m and 375 m. Although mature males may migrate
seasonally into shallower water, they apparently never return
to a depth as shallow as 225 m.

Two important. aspects of the reproductive biology of C.
opi2io e2ongatus are evident. First, the spatial segregation
of recently matured males from large males insures that primi-
parous females are primarily mated by the former. Second, the
seasonal migration of large males may be for breeding purposes,
and, if so, then multiparous females must be their partners
because these are the only potentially receptive females found
in the region into which males migrate.
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Off the Oregon coast, C. tanneri are restricted to the
continental slope between depths of 450 m and 2,000 m  Pereyra
1966, 1968! . Similar to C. opi 2io e2ongatus, C. tanneri have
an offshore transport of planktonic larvae and a return migra-
tion into shallower water by young crabs' Large immature crabs
of both sexes congregate between 900m and 1,200 m. Adult fe-
males congregate between 600 m and 730 m. Adult males season-
ally migrate from 500-550 m in summer to the region occupied
by adult females in winter. Since the distributions of adult
males and females merge when larval hatching and egg extrusion
occur, Pereyra �966! concluded that the migration was for
breeding purposes. Unfortunately, sampling was not conducted
at depths greater than 900 m during winter, when C. tanneri
probably mature, therefore it is not known whether large juven-
ile females migrate into the shallower region occupied by adult
females before or after they undergo their puberty molt. If
juvenile females mature at depth, then their breeding partners
are almost certainly the small males they are associated with
because Chionoecelee females mate almost immediately after
their puberty molt  Watson 1970!. Considering that in three
succesive years of sampling, some adult females were found
below 900 m in spring but none were found in summer, it is
quite likely that females mature at depth, then migrate into
shallower water. Zf this is true, then C. tanneri also appears
to have a bipartite breeding pattern comprised of two spatially
segregated groups, one consisting of recently mature crabs and
one consisting of older crabs.

UNDERWATER OBSERVATIONS

Bipartite breeding is also suggested by underwater obser-
vations of mating C. bairdi. Two different studies conducted
in a relatively shallow bay near Kodiak, Alaska, reported find-
ing primiparous females which were being grasped in precopula-
tory embraces by small males. 1n one study, Donaldson �975!,
the mean carapace width of the males was 109 mm  N=33!; in the
other study, Brown and Powell �972!, the mean carapace width
was 116 mm  N=48!. Both sizes are quite similar to the 110-
113 mm size of 50% maturity  Brown and Powell 1972!, but are
smaller than the average size of mature male C. bairdi  approx-
imately 130-140 mm!. Donaldson �975! also reported finding,
in an area several miles away from and closer to deep water
than his primary sampling site, two multiparous females being
grasped by males �22 mm and 130 mm! which were significantly
larger  Mann-Whitney test, p   .02! than the grasping males at
the primary site.
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Although these observations covered only a small portion
of the depth range inhabited by C. bairagi, they indicate that,
at least in some locations, small males are not excluded from
breeding and that their partners are primiparous females.

DISCUSSION

Although the above evidence is not conclusive, it does
suggest that several species in the genus Chianaecetea have
bipartite breeding. From an evolutionary perspective, such
a reproductive pattern is difficult to explain because intra-
specific competition should exclude small males from mating.
There are two possible explanations, both of which require
a spatial segregation of puberty molting females from multi-
parous females. First, bipartite breeding could be due to
proximity of large adult males to multiparous females. For
species such as C. opiZio e2,0ngatue and C. tanneri, which
have a clear depth stratification by size, seasonally migrat-
ing males are more likely to encounter multiparous females
than primiparous females. Without the interference of larger
males, small males would be able to mate wi th primiparous fe-
males. This proximity effect is more difficult to apply to
stocks such as C. &airli and C. opilio in the eastern Bering
Sea which do not have a distinct depth stratification by size
 Somerton 1981!. Second, bipartite breeding could be the re-
sult of large males choosing multiparous females in preference
to primiparous females. Multiparous females may be more valu-
able because they produce more eggs than equal size primiparous
females  S4% more for C. bairdi in the eastern Bering Sea,
Somerton and Meyers, in prep.!. I do not believe, however,
that such a choice would be made on an individual level  a
large male should not distinguish between a multiparous and
a primiparous female if all three were placed in an aquarium!,
rather, large males should search for groups of multiparous
females similar to the way optimal foragers search for the
richest food patches in a coarse grain environment  NacArthur
and Pianka 1966!.

Further speculation on the mechanisms of bipartite breed-
ing is premature until this hypothesis can be rigorously tested,
but such a test will require additional data on the sizes of
males found mating primiparous and multiparous females under
natural conditions.
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ABSTRACT

Spatial distributions of Chianaet ennea opi Kio e5onga0us
and C. 0annezi and underwater observations of breeding C.
hairdos suggest that mating in these species occurs among
members of two life history groups, one composed of primi-
parous females and recently matured males and the other
composed of multiparous females and large males.
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INTRODUCTION

The Tanner crab, Chionoecetee bairdi Rathbun, is a domi-
nant epibenthic member of the continental shelf of the Gulf
of Alaska and southeastern Bering Sea  Ronholt et al. 1978;
Jewett and Feder 1981!. This species has been harvested com-
mercially in the northern Gulf of Alaska since l96l, and the
Kodiak Island area has historically yielded the highest do-
mestic production  Donaldson 1980!. The Kodiak fishery har-
vested 108.9 x 10' metric tons  mt! between 1967 and 1981.
During the 1981 season, 5.3 x 10' mt of this crab yielded 7.9
million dollars to domestic fishermen  Guy C. Powell, Alaska
Department of Fish and Game, pers. comm.!.

In order to effectively manage a fishery, knowledge of
the distribution, abundance, biology, and behavior of the
species is essentials Data on the distribution and abundance
of adult C. baixai on the Kodiak Shelf are compiled annually
by the Alaska Department of Fish and Game  e.g., see Donald-
son 1980!. The early life history, size and growth, and repro-
ductive biology of this crab have been described  Brown and
Powell 1972; Haynes 1973; Hilsinger et al. 1975; Hilsinger 1976a;
Jewett and Haight 1977; Donaldson et al. 1981; also see Hilsinger
1976b for a bibliography of the genus Chionoeoetee!. The feed-
ing habits of Chio~oeoetee spp. have been examined from many
areas: C. opilio el.ongatus from Japanese waters  Yasuda 1967!,
C. opi bio from the Gulf of St. Lawrence  Powles 1968! and the
Bering Sea  Tarverdieva 1976; Cunningham 1969; Feder and Jewett
1978, 1980, 1981!, and C. bai~di from the Bering Sea  Tarverdieva
1976!, Cook Inlet  Paul et al. 1979!, Prince William Sound
 Feder and Paul 1977; Feder and Matheke 1980; Feder and Hoberg
1981! and Kodiak Island  Feder and Jewett 1977!. Previous
feeding studies on the genus, with the exception of the work
by Cunningham �969!, have been semi-quantitative, i.e., tabulated
as frequency of occurrence of various prey taxa. The present
paper examines semi-quantitative and. quantitative feeding data
of C. 5airdi from inshore and offshore locations near Kodiak
Island, Alaska  also see Jewett and Feder in press!. These
data are compared with those for CRionoecetee spp. elsewhere.
Additionally, food comparisons are made with the red king crab,
Pazalithodee camtsehatioa, a species whose range often overlaps
that of C. haik di in Kodiak Island waters.

MATERIALS AND METHODS

Chionoecetee baixdi was collected in 1978-1979 near Kodiak
Island by trawling and SCUBA. The NOAA ship Miller Ereeman
was used for offshore sampling, and the M/V Xa~kee Clipper
and the R/V Commando were used for nearshore work. Nearshore
areas most extensively sampled by trawl included Izhut Bay,
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located on the southeast side of Afognak Island, and Kiliuda
Bay, located on the east side of Kodiak Island  Fig. 1!. Ad-
ditional nearshore sampling was conducted by SCUBA in Near
Island Basin. Offshore stations �8! sampled by trawl were
primarily outside of various bays and on the shelf along the
eastern and southern side of Kodiak and Afognak islands.

Sampling from the Miller Freeman was conducted 21-24
March and 19 June-9 July 1978 and 14-24 February 1979, using
a 400-mesh Eastern otter trawl �2.2 m horizontal opening! ~
The Yankee Clipper sampled 10-22 April, 7-15 May, 7-22 June,
9-21 July, and 8-23 August 1978. The Commando also sampled
from 7 to 15 May, 7-22 June, 9-21 July, 8-23 August and 4-17
November 1978, and 1-20 March 1979. A try net �.1 m horizon-
tal opening! was deployed from the Yankee Clipper, and a try
net and Eastern otter trawl were used from the Commando.

A small number of juvenile Tanner crabs ~< 40 mm carapace
width  CW! was collected with a SCUBA-operated, qualitative
sediment sweep in October 1979. The sweeps were obtained with
a fine-mesh nylon net supported on a 30 x 90 cm steel frame.
The net was swept across the sediment surface, penetrating
approximately 7 cm.

Tanner crabs used for stomach analysis were examined by
one of two methods: �! those with carapace widths greater
than 40 mm were examined semi-quantitatively  frequency-of-
occurrence method! and quantitatively  wet weight!, and �!
those with carapace widths 40 mm or less were examined by the
frequency-of-occurrence method only. The percent frequency of
occurrence is the percent. of the total number of stomachs ex-
amined that contain various prey taxa. Carapace width  CW!
is defined as the straight-line distance across the widest
part of the carapace, excluding spines, at right angles to a
line drawn from the rostrum to the medial posterior margin of
the carapace. Stomachs  including the posterior portion of
the esophagus! of crabs ! 40 mm CW were removed on the ship
and fixed in 10% buffered formalin for final identification
at the Institute of Marine Science, University of Alaska,
Fairbanks. Crabs 4 40 mm CW were preserved whole in 10%
buffered formalin, and stomachs were later removed and exam-
ined in the laboratory in Fairbanks' Crabs were categorized
as belonging to one of two exoskeletal classes, following
Donaldson �980!: �! new-shell � exoskeleton hard with the
dorsal side of the carapace brownish-red, scratching in ven-
tral side limited or lacking, epiphytic growth limited or
lacking, pterygostomial and branchial spines sharp, and dactyls
sharp; �! old-shell � skip-molt s! with carapace hard and
brownish, sternum and ventral side of the legs with numerous
scratches and abrasions, epiphytic growth possibly present,
pterygostomial and branchial spines worn and dactyls worn.
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Large crabs were divided into eight size groups between 41 and
192 mm CW; the crabs were obtained from eight depth strata be-
tween 11 m and 197 m.

In the laboratory, stomach contents were removed and
sorted by taxon. For crabs > 40 mm CW, each taxon was weighed
to the nearest 0.001 g. Each taxon weight was obtained by
weighing a vial with a known quantity of water and then weigh-
ing the vial and water plus the taxon; the difference between
the two weights was recorded as the taxon weight. All items
in stomachs, including skeletal material and sediment, were
tabulated as food. Bivalve mollusk prey items consisted of
approximately 50% shell material and 50% soft parts.

Since the weights of crab stomach contents were not nor-
mally distributed, the median rather than the mean weight
value was used as the measure of central tendency in all sta-
tistical analyses. The Wilcoxon Signed Ranks Test.  Rar 1974!
was used to test differences in feeding between sexes. The
Kruska3.-Wallis Test  Zar 1974! was used to determine differences
in feeding between sampling areas, periods, depths, and crab
sizes and classes, using rank sum values of food weights.
Food weight values used in the analysis of the quantity of
food by crab sizes were first converted to relative values in
order to relate the weight of the food to the weight of the
crab from which the food was taken. Converted values were ob-
tained by dividing the weight of the stomach contents by the
wet weight of the crab. A probability value was calculated
in each Kruskal-Wallis Test< and, if it was found to be less
than 0.05, a procedure was employed to make multiple compari-
sons using rank sums  Dunn, 1964! to decide which populations
differed. The Mann-Whitney Test  Zar 1974! was used to test
feeding differences between crab exoskeleton classes.

RESULTS

Food of Crabs > 40 mm CW

Stomach contents of 1,025 Tanner crabs > 40 mm CW from
three areas and nine sampling periods were examined quantita-
tively; 857  84%! contained food. There was no significant
difference in the quantity of food consumed between males and
females  Wilcoxon Rank Sum Test: P = 0.220; Zar 1974!; thus,
food data for both sexes were combined.

Prey items belonged to seven groups: Annelida  Polychaeta!,
Mollusca, Arthropoda  Crustacea!, Echiura, Echinodermata, Chor-
data  Osteichthyes!, and plant material  Table 1!. Arthropods
dominated by food weight; Osteichthyes  fishes! and mollusks
were the second- and. third-most important food groups,
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Table l. Important food items in the stomachs of 857 Chiozzaeeetee baizdi
 ! 40 mm CW! collected from the Rodiak Island area, 1978-79.

Percent Food
Wet Weight

Percent Frequency
of OccurrenceFood Items

Annelida  total!
Capitellidae
Nephtyidae
Other annelids

2l,7
1.4
1. 21

3.0
0.4
1.1
1.5

Echiura
Zehiuz'a echiuz'us 8.50.4

7.1
3.4

0.1
0.1
0,1

Kchinodermata  total!
Ophiuroidea
Other echinoderms

25.613.8

71.432.7

5.70.3

14. 40.1

56.41,3

aDashes indicate that the percent frequency of occurrence is unavailable.

Z99

Nol lusca  total!
Bivalvia  total!
hlucu lama spp.
Ya Ldia spp,
JVucula feauie
Axiztepeiz a eezzicata
Raeaztza spp.
Other bivalves
Gastropoda
Ot.her mollusks

Arthropoda  total!
Isopoda
Crangonidae
Pandalidae
Other shrimps
Paguridae
pizzzziza spp-
C'hiozzoecetee bairdi
Other crabs
Other arthzopods

Osteichthyes

Unidentified animal material

plant material

Unidentified material

Sediment

12.2
11. 8

0.7
2.1
0.4
0.9
5.6
2.l
0.4
0.1

37.2
0.7
0.3
4.2
3.9
2.2
3.8

11.5
6.7
3.9

56. 0
54. 7

4.1
6.2
7.9

11.6
15.2

4.7

56.1
0.9
0.8
2.9

13.3
2.6
5.1

15. 8
8.6



respectively. Annelids, echiurids, echinoderms, and plant
material contributed little �.8%! to the overall food weight.
Sediment occurred in 56.4% of all crabs examined, but only
accounted for 1.3% of the weight  Table 1!. Crustaceans and
mollusks dominated in terms of frequency of occurrence; fishes
and annelids followed in importance.

The crustacean food group was dominated. by !uvenile Ch~ono-
eaetee ba~rdi �1.5% by weight and 15.8% by frequency of occur-
rence!. Crustaceans of lesser importance were isopods, cran-
gonid and pandalid shrimps, and pagurid and pinnotherid crabs.
Fishes accounted for 13.8% of the total food wet weight. and
occurred in 25.6% of the crabs containing food.

Molluskan prey was dominated  by weight! by the bivalves
Narcoma spp. and Yol.dna spp. Mollusks of lesser importance
were the bivalves huou2ana spp., Nuoula 0enuie, and Axinopsida
eerrica0a, and unidentified gastropods.

The mean amount of prey in stomachs of feeding individuals
was 0.81 g/crab.

Sampling Period, Area, and Depth

The effect of the sampling period on the weight of food
consumed by Tanner crabs was tested. A significant difference
 P < 0.05! in the amount of food consumed among months was
found  Table 2!. The six pairs that were different revealed
that crabs from March, May, June, and July 1978 contained less
food than did crabs from November 1978 and February 1979.

The weight of food in crabs was significantly different
 P < 0.05! among the three sampling areas  Table 3!. Crabs
from Izhut Bay contained less food than did crabs from the
Kodiak Shelf stations.

The amount of food consumed by crabs at different depths
between ll m and 197 m was significantly different  P < 0.05!;
crabs at 26-50 m contained less food than did crabs from 126-
150 m  Table 4!.

Size and Class of Crabs

Most of the eight crab size groups each contained from
9% to 21% of a11 crabs examined; however, the largest. size
group �80-192 mm CW! contained only 1% of all crabs. The
converted weight of food consumed was significantly different
 P < 0.05! among crab size groups. Eight pairs of groups

were different, and all of these pairs were crabs < 100 mm
CW versus crabs ! 100 mm CW  Table 5!. The smaller crabs con-
tained significantly more  P < 0.05! food than did large crabs.
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Table 2. Kruskal-wallis one-way ANOVA for Chfonaecetes hairdos food

weight and sampling period

Stomachs
w/Food Rank Sum

a

of Contents
Sampling

Period
Average Rank

Sum of Contents

330 ..766 75

378. 3.25 89

352. 17835

342. 9101 75

422.283236

455.2

478.8

509.4

436, 8

40 87

9073

191 91

8490

Pairs Significantly
b

Different  P<0.05!

Mar 1978 < Mov 1978

Mar 1978 < Feb 1979

May 1978 < Feb 1979

Jun 1978 < Mov 1978

Jun 1978 < Feb 1979

Jul 1978 < Feb 1979

Calculated test statistic = 50.96. Calculated P-value
0 assuming a y2 distribution with 8 d.f.

Multiple comparison test  Dunn 1964!
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Mar 1978

Apr 1978

May 1978

Jun 1978

Jul 1978

Aug 1978

Nov 1978

Feb 1979

Mar 1979

21826,5

9453.0

12324.0

34636.5

99637.5

18206.5

34956.5

97302.0

39310.5



Table 3. Kruskal-Wallis one-way ANOVA for Chf osoecazes baf rdi food

weight and sampling area.

Rank Suma

of Contents
Sampling

Area
Average Rank.

Sum of Contents

347 83

117 82

393 84 457.6

Pairs Significantly b

Different  P<0.05!

Stomachs w/Food

Izhut Bay < Kodiak Shelf

Calculated test statistic lb.34. Calculated P-value = 0.005
assuming a g distribution with 2 d.f.

b Multiple comparison test  Dunn 1964! .

30Z

Izhut Bay

Kiliuda Bay

Kodiak Shelf

Stomachs
w/Food

No.

138629.5

49171. 0

179852.5

399.5

420.3



Table 4. Kruskal-Wallis one-way ANOVA for Chionosestee bairdf food

weight and depth.

Stomachs
w/Food Rank Sum

of Contents
Average Rank

Sum of Contents
Depth

 m!

374. 331 89

366,2

449.5

432.1

445.4

107 88

159 77

199 82

65 83

480.59298

415.891 89

425,6107 80

Pairs Significantly
b

Different  P<0,05!

26-50   126-150

aCalculated test statistic = 14.35. Calculated P-value = 0.04 assum-
ing a !,~ distribution with 7 d,f.
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11- 25

26- 50

51- 75

76-100

101-125

126-150

151-175

176-197

b multiple comparison test  Dunn 1964!

11602.5

39181.0

71473.5

85983.5

28949. 5

47089. 5

37838.5

45535.0



Table 5. Kruskal-Wallis one-way ANOVA for Chianoscetes baf rdf converted

food weight and crab size groups.

Stomachs
w/Food

NO.
Rank Sum

of Contents
Carapace

Width  mm!
Average Rank

Sum of Contents

540.9112 90

79 90 518. 7

103 91

102 78

180 83

174 79

101 81

75

Pairs Significantly
h

Different  P�.05!

Stomachs w/Pood

41 � 59 > 120-139

41-59 > 140-159

41-59 > 160-179

60-79 > 120-139

60-79 > 140-159

60-79 > 160-179

80-99 > 120-139

80-99 > 140-159

Calculated test statistic = 63.83. Calculated P-value ~ 0 assuming
a k2 distribution with 7 d.f.

b multiple comparison test  Dunn 1964!
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41- 59

60- 79

80- 99

100-119

120-139

140-159

160-179

180-192

60580.8

40977.3

49131.0

45196.2

65322.0

65911.2

39056.7

1450.2

477. 0

443.1

362.9

378,8

386,7

241.7



New-shell crabs consumed a significantly greater  P   0.05!
amount of food than did old-shell crabs  Mann-Whitney Test:
Zar 1974; Table 6! .

Food of Crabs < �0 mm CW

Stomach contents of 475 Tanner crabs < ~40 mm CW from
three areas and eight sampling periods were examined by the
frequency-of-occurrence method of analysis; 449  95%! contained
food. Mollusks were important food items among these small
crabs  Table 7!. Unidentified bivalves and the small clams
Azinopaida se~~ieata and Nucu'La tenuis were most frequently
found in crabs from Izhut and Kiliuda Bay. Other important
foods in these two bays were fishes, decapod crustaceans, and
polychaetes, in decreasing order of importance. Unidentified
bivalves, A. Bezzicata, the small snail Lacuna vaziegata, am-
phipods, and fishes frequently occurred in Near Island Basin
crabs. Sediment, was common in stomachs from all three areas.

DISCUSSION

Virtually all previous food data on Chionoecetee spp.
are based on the frequency-of-occurrence method, a technique
that assesses feeding trends but. often fails to give an accu-
rate interpretation of food dependencies. Food items with a
high  or low! percent frequency of occurrence do not neces-
sarily equate with a high  or low! percent food weighted For
example, in the present study, annelids occurred in 21.7% of
crabs ! 40 mm CW, but only accounted for 3.0% of the food wet
weight. Similarly, sediment occurred in 56.4% of the large
crabs, but only accounted for 1.3% of the food wet weight
 Table 1!.

Although data derived from different methods of food
analysis are not typically comparable, some similarities in
the two types of analyses in the present study were apparent.
When the dominant food items were ranked from highest to low-
est percent by weight and frequency of occurrence, the highest
ranked items in both analyses were generally similar. For
example, five of the six main food items grouped by percent
frequency of occurrence were the same items as the five main
prey grouped by percent food wet weight  see Table 1! ~ This
similarity between the dominant prey by percent food wet weight
and percent frequency of occurrence was also apparent for king
crabs examined from Kodiak Island waters  Jewett and Feder
1982! .

The major food groups  based on weight data! in the pre-
sent study for C. bairagi are similar to those of C. opiLio

305



Table 6. Mann-14hitney one-way AHOVA for Chiosceceiee bairdf food

weight and crab exoskeleton class.

Rank Sum
of Contents

Zxoskeleton
Class

555 86

79302

a
Calculated test statistic 92362. Calculated P-value = 0.006
assuming normal distribution  one-tail!. Thus, new-shell crabs
contain significantly more food than old-shell crabs.

306

New-shell

Old-shell

Stomachs
w/Pood

No.

246652.5

121000.5

Average Rank
Sum of Contents

444.4

4pp 6



Percent Fre uenc of Occurrence
Near Is. Basin

N= 49
All Areas

N = 449
Izhut Bay Kiliuda Bay

190 N = 210Food Items

60.4 63.7 53.3 77.6Sediment

Unid. animal remains

Azincpsida ssrricata

Bivalvia

Osteichthyes

Foraminifera

|yucula tsnui s

Polychaeta

Decapoda

Crustacea

Echinodermata

Amphipoda

lacuna variegata

Unid. crab

Ophiuroidea

Chicncscstss bairdi

Plant

Gastropoda

Nuculanidae

Osno ota s

98.052.3 36.258.4

29.5 57.135.6 36.8

24.3 59.234.3 38.9

21.4 32.6 12.4 16.3

17.9 18.1 8.216.9

20.015.8 15. 3

4.112.419,5

21.6 7.612.7

8.7 11.6 8.1

4 17.1 8.4 6.7

30,61.47.1 7.4

6l.26.7

11,46.5 2,6

5.3 7.9 3.8

4.5 3.85.3

4.5 3.7 6.2

4.34.2 5.3

1.94.0

18.42.0

Dashes indicate that particular food was not present in crabs at that
location.
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Table 7. Important food items in the stomachs of 449 Chionoscetea bairagi

 < 40 mm Cw! collected from the Kodiak Island area, 1978-79.

Food items are at the most practical level of identification.

Items are listed in order of decreasing percent frequency of

occurrence from all areas combined



from the southeastern Bering Sea reported on by Cunningham
�969!. Foods of the two species of Tanner crabs were domi-
nated by mollusks  mainly bivalves! and crustaceans  mainly
brachyuran crabs!.

Food studies using the frequency-of-occurrence method of
analysis on C. banzai, as well as other Chz',anoeaetes spp.,
reveal similarly dominant foods or food groups  Table 8!. Most
studies show that bivalve mollusks, as well as crustaceans
 primarily shrimps and crabs!, are frequently taken by this

crab genus. Other food groups that commonly occur are poly-
chaetes, ophiuroids, and fishes. Barnacles, an important food
resource for Tanner crabs in Cook Inlet  Paul et al. 1979!,
are rarely taken by these crabs elsewhere. The barnacles that
were taken in Cook Inlet had been recently recruited on vol-
canic bombs following an eruption on Augustine Island in 1975
 Feder et. al. 1978!.

Tanner crabs, like the often co-occurring red king crab
 Paz'aLz thodes eamtachatiea!, migrate to shallow water to spawn
in late winter and spring; however, the reproductive activity
of Tanner crabs does not occur in waters as shallow as that
of king crabs  Jewett and Feder 1982!. The data in the pre-
sent study suggests that Tanner crabs feed more to capacity
during non-spawning periods  i.e., November to February!  Ta-
ble 2!, while outside of bays and in localized areas  Kodiak
Shelf stations at 126-150 m!  Tables 3 and 4!. This is in
contrast to king crabs, whose tendency to feed to capacity is
greater immediately after spawning, during spring and summer
months  Jewett and Feder 1982!. Iocalized areas on the Kodiak
Shelf �26-150 m! are also important to king crabs for food
consumption. Therefore, Tanner and king crabs partition the
same feeding grounds by exploiting these grounds at different
periods.

When C. banzai was examined by size groups in the present
study, it was apparent that small crabs �1-99 mm CW! generally
fed more to capacity than did larger crabs �20-179 mm CW!
 Table 5!. Similarly, in the southeastern Bering Sea, small
C. baizdi �4-60 mm CW! and C. opz'Lio �3-44 mm CW! fed more
intensively than did large C. baz',z dz,  > �1 mm CW! and C. opiEio
 > �5 mm CW!, respectively  Tarverdieva 1976!. One might ex-
pect. to find that small crabs feed more intensively than do
large crabs, since the molting frequency among small crabs is
greater, requiring a greater energy demand. Small king crabs
also feed more to capacity than do large crabs  Logvinovich
1945; Cunningham 1969; Jewett and Feder 1982!.

Food consumption among new-shell crabs is greater than
among old-shell individuals, presumably because the major per-
iod of tissue growth occurs immediately after molting and
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Table 8. Foods, listed in order of relative importance, found in the sto-

machs of Chionoecetes spp. from various regions. All data in

references cited are based on frequency of occurrence of food

items.

Chionoecetes bairdi

Cook
Inlet

Ugak Bay
b

Alitak Bay
S.E. Bering

e

Sea
Prince c

William
Sound

Present
a

Study
Relative

Importance

BivalvesFishes

BivalvesOphiuroids PaguridsPolychaetes Shrimps

Balasue spp. OphiuroidsAmisopei da
eenicata

Polychaetes Fishes

Bivalves AmphipodsNuculanids Fucu2a
tenuie

Chi orxoece tee
bairdi

Crangonids QastropodsBrachyurans

Fishes

Shrimps

Polychaetes DecapodsBucu2a
tenuie

Chionoeoetes o i2io

Relative S.E. Bering S.E. Bering S.E. Bering Norton SOund Gulf ofe, f . g a

Importance Sea Sea Sea Chukchi Sea St, Lawrence

Polychaetes Polychaetes Brachyurans A'uoula tenuie Yo2dia sp.

Bivalves Crustaceans

Ophiuroids polychaetes

Polychaetes Amphipods

Fishes

Ophiuroids

Algae

Gastropods Decapods
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Bivalves

Ophiuroids

Amphipods

Decapods

Ophiuroids

Bivalves

Fishes

Amphipods

Polychaetes Hacoma spp. Polychaetes

Polychaetes

Ophiuroids

Amphipods

Fishes

Unid. eggs



Chionoecetes o i'Lio elan ates

Sea of~
Japan

Relative
Importance

Includes all crabs.
bFeder and Jewett 1977.
c

Feder and Hoberg 1981.
dPaul et al. 1979.
eTarverdieva 1976.
f Feder and Jewett 1980.

gCunningham 1969.
hFeder and Jewett 1978.

Fowles 1968.

Yasuda 1967.
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Table 8. Continued

Ophiuroides

C. o. etongatue

PostLandia pggmaea

Bivalves

Gastropods

Shrimps



because metabolic reserves are accumulating in preparation
for the subsequent molt  Lockwood 1967!. Some ecdysis classes
of new-shell king crabs also consume significantly more food
than do old-shell crabs  Jewett and Feder 1982!.

The crustaceans that. dominated the prey of Tanner crabs
in the present study as well as some other studies were mainly
pandalid and crangonid shrimps  Yasuda 1967; Feder and Jewett
1977, 1978; Paul et al. 1979! and young Tanner crabs. Tanner
crabs, unlike king crabs, are cannibalistic  Yasuda 1967;
Powles 1968; Feder and Jewett 1977; Paul et al. 1979!.

Bivalves, and protobranchs in particular, are important
prey for C'hionoecetes in most areas where this crab genus
occurs  Table 8!. In Alaskan waters, many of the small, rela-
tively soft-shell genera  e.g., NucuLa, Nuculana, YoLdia, Ma-
coma, and Axinopsila! taken by Tanner crabs are also prey of
king crabs, although king crabs also consume small to large
specimens of hard-shell bivalve genera  e.g., CLinocardirrm
and Serripes!  Feder and Jewett. 1981; Jewett and Feder 1982!
as well.

The importance of fishes as a prey for Tanner crabs in
the present study is greater than that. reported by other inves-
tigators  Table 8!. Fishes presumably represent a prey of
opportunity. It is probable that schooling fishes, fed upon
by marine birds and mammals near the surface occasionally fall
to the bottom after injury or regurgitation by these predators;
the damaged or dead fishes, in turn, are utilized by the crabs
 see Jewett and Feder 1982 for similar observations on king

crabs! .

Sediment, frequently found among Tanner crab stomach con-
tents, is presumably ingested incidentally while taking target
prey items  Tarverdieva 1976; Feder and Jewett 1977, 1978, 1980;
Paul et al. 1979!, but may represent a resource of importance.
Yasuda �967! found that benthic diatoms and foraminiferans
were abundant in C'. opiEio eLongatus in the Sea of Japan, and
postulated that these items were taken incidentally, along with
food and sediment. However, Moriarty �977! reported on the
occurrence of sediment in the stomach contents of five species
of penaeid shrimps, and theorized that nutritional benefit of
sediment to these shrimps may be derived from a film of organic
carbon, including bacteria, on sediment particles. Rice �980!
suggested that, in nutritionally-impoverished situations, acci-
dental or deliberate ingestion of sediment by crangonid shrimps
and the apparent ability of these shrimps to utilize carbon re-
sources associated with sediment, enhances their nutritive up-
take at this time. Tanner crabs, especially young ones, may
benefit from ingesting sediment as is suggested for penaeid
and crangonid shrimps, in addition to utilizing the diatoms and
foraminiferans within the sediment.
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Food groups taken by Tanner crabs < 40 mm CW were similar
to those taken by larger crabs { > 40 mm CW!. Bivalve mollusks
and decapod crustaceans predominated in both sizes of crabs,
but the tiny bivalves Azinopeicfa 8e~~icaba and Nucu2a tennis
were most frequently utilized by small crabs. Pagurid crabs,
barnacles  Ba2anu8 spp.!, and the clam Spiau2a po2gnyrna were
the most common prey of Tanner crabs 4 50 mm CW in Cook Inlet,
Alaska  Paul et al. 1979!.

The present study identified the dominant prey taken by
C. bairdi near Kodiak Island. Also delineated were the sampl-
ing periods, areas, depths, size classes, and crab exoskeleton
classes that. were most important in terms of quantity of stomach
contents. However, additional data are needed to clarify the
feeding biology of this dominant crab in Alaskan waters. Some
parameters that need to be addressed include: �! the feeding
frequency of the crab; �! the time required for passage of
food through the digestive tract; �! the caloric content of
prey items; �! the importance of calcareous foods before and
after ecdysis; and �! the interaction of the Tanner crab with
its competitors. Furthermore, it is important to quantify the
availability and productivity of the food resources utilized
by Tanner crabs in regions that traditionally produce large
commercial quantities of crabs. The above information will
contribute to a better understanding of the feeding dynamics
of Tanner crabs in Alaskan waters.
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ABSTRACT

Stomach contents of 1,025 Tanner crabs  Chia~oeeetes
ha~a di! ! 40 mm carapace width  CW! from three areas and nine
sampling periods were examined quantitatively near Kodiak
Island, Alaska; 857  84%! of the crabs contained food. Ar-
thropods  mainly juvenile C. bai~di! dominated the food weight.
Fishes and mollusks  mainly the bivalves Maeoma spp. and Yoldia
spp.! were the second- and third-most important food groups,
by weight. No significant difference in quantity of food be-
tween sexes was observed; however, significant differences
were apparent in quantity of food consumed from sampling per-
iods, areas, depths, size groups, and crab exoskeleton classes.
Consumption was greater during November and February, when the
crabs were outside of the bays in localized deep-water �26-
150 m! areas on the Kodiak Shelf. Small Tanner crabs �0-99
mm CW! generally contained. more food than did large crabs �00-
179 mm CW!, and new-shell crabs consumed a greater amount of
food than did old-shell crabs.

Stomach contents of an additional 475 Tanner crabs 4 40
mm CW were examined near Kodiak Island by the frequency-of-
occurrence method of analysis; 449  95%! contained food. Mol-
lusks  mainly the bivalves Azieopaida se~riea0a and Nucufa
tenuis!, fishes, decapod crustaceans, and polychaetes were
found, in decreasing frequency of occurrence. Sediment was
also frequently found.
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INT RODUCT ION

The feeding habits of &ianoeeehes os bio have been the

subject of a few studies: Yasuda I'1967!, in Japan, Tarverdieva

�976!, in Bering Sea, Powles �968! and Miller and O'Keefe �981!

in the Gulf of St.Lawrence. Mone gives informations either on the

daily rythm of feeding or on the relationship between diet and

benthic fauna. The purpose of the present work is to give more

informations on those last points and to look at the predation

of this crab on the benthic invertebrates in the entrance of the

Chaleur Bay  Fig. 1! .

METHODS

Observations were made on 480 crabs of both sexes caught

with a small beam-trawl in May 1980 at depths increasing from 75 m

on muddy gravels, to 120 m, on mud.

Shell-widths were found to range between 45 to 65 mm for

the females and 35 to 110 mm for the males  Fig, 2!, The stomachs

were removed immediatly after each haul and preserved separatly

in buffered formalin solution. Prey organisms were identified to

the lowest possible taxon. Stomach content was expressed in terms

of fresh weight. An index of fullness was calculated following

Tarverdieva's method �978! in referring the overall mass of group
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stomach contents to the overall mass of the crabs themselves and

multiplied by 10,000. Correlation between hour of collection and

index of fullness gives an indication of the daily rythm of fee-

ding, which permitted to calculate the daily ration. We deter-

mined the speed of digestion from the decrease in index of full-

ness between sampling time  Tarverdieva 1978! and calculated an

average quantity of food digested per hour. Daily ration is then

equal to this value multiplied by 24 hours assuming a constant

evacuation rate  Nieland 1980!,

Percentage of total food and frequency of occurrence of

each prey were calculated for the overall results and for three

depth intervals of collection. In this latter case, frequencies

of occurrence were standardized as they add to 100 to make compa-

risons easier.

Even if occurrence gives already a good estimate of pre-

dation behaviour, a food type preference was calculated using the

electivity index of Ivlev �961!:

E = ri/Pi

Where ri is the proportion of the prey i in the diet and Pi the

proportion of the same prey in the environment, deducted from

benthic fauna study  Desrosiers et al, same symposium!.
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RESUI TS

In the studied area, the crabs appeared to feed through-

out the day but the main activity was nocturnal  Table 1! . At

midnight 100'-. of the crabs have eated and the index of fullness

was the highest with 19.1o/ooo. A second peak was noticed just

before sunset �700hrs! with 91' of stomachs containing at least

a prey and a fullness index equal to 3.4o/ooo. At sunrise �00hrs!

observations are conflictive as 100+ of crabs contained a prey

while fullness index was only 0.5o/ooo. This can be explained

either by an advanced digestion or by a beginning of feeding be-

haviour: in both cases it means a feeding activity near that hour.

A diurnal activity remains possible: at 1100 hrs 80". of observed

crabs have eaten and fullness index was 1.3o/ooo.

The evacuation rate varied from 0.8o/ooo per hour, bet-

ween 1700 hrs and 1900hrs, to 8.7o/ooo per hour between 2400 hrs and

200hrs when index of feeding was the highest, The average is then

equal to 2.8 /ooo per hour wich means a daily ration equal to

0.7'-. of the wet weight.

The diet is heterogeneous, but dominated by Crustacea

which represent 34' of the preys and occur in 64> of the stomachs

 Table 2! . They belong mainly to Decapoda, Amphipoda and Cumacea,

Some shell fragments may indicate that cannibalism is possible but

not certain. Mollusca represent 21'4 of the stomach contents and
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of the Chaleur Bay.

Total number Number of Index of

empty stomachs fu11ness
o/ooo

Hour

3216 0.7

17 108 10 3.4

132 2.618

19 37 1.8

2120 15

21 13 2.4

6.8

24 22 19. 1

28 1.7

2.422

0.5

0.210 15

1.315

62480
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Table 2 General results on the food of C. opilio in the en-

trance of the Chaleur Bay

Stomach content

Crustacea

unidentified, shell fragments 54.828.0

Decapoda: Hippolitidae, Mysidacea,
Crangonidae

5.53.1

Amphipoda. Melitidae, Ampeliscidae
ProlomeEa ep., Pontoporea fernorata,
Aeerofdes Zatipes

Cumacea: Dias tyl idae, Leuconidae
geuoon sp., Zudore Z Za sp. !

1.9

1.8 3.3

63.834. 0Total crustacea

Polychaeta

unidentified

Tubes fragments

7,4

2.3 4.5

3.7Ampharetidae, Eunicidae, Chloremidae
tumbmnereiv fragi Zie, MaZdane sarei,
MeZienx sp., Nioomaohe tuebmoalie,
Peotiruz~a gmnuZaia, Phe~a pZwnosa

2.0

22.6ll. 7

Mollusca

unidentified, calcareous shell fragments 16,58.5

Pelecypoda: Maooma oaZoarea,
YoZ&a ep., NuouZa ep.

Gastropoda: SoZarieZZa ep., tora Bp.,
operculae

3.5

15.5

20. 7 31.1Total mollusca

Echinodermata

32. 2Ophaura ep., mainly 16. 5

5.72.9

5.6

Fish

10. 8Vegetal fragments
4.72.4

6.3

Eggs

Unidentified organic fragments 12. 2
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are found in 31' of the crabs; Gastropoda are the most important

prey in this group. Echinodermata form 17> of the food and occur

in 32'4 of the observed stomachs; they are represented mainly by

Ophiuru sp. �. sarsi, probably!, pieces from Echinoi!dea are also

found. Polychaeta is the fourth prey in importance with 12' of

the total food and 23+ as frequency of occurrence.

This general pattern is modified by depth of sampling

 Table 3!. In percentage of total number of preys, Crustacea do-

minate at every depth intervals. Mollusca represent the second

part of the food to the depth of 110 m but on deeper bottom they

are supplanted by Echinodermata. The largest index of occurrence

is represented by Crustacea and Mollusca down to the depth of

110 m. Below that depth they are replaced by Echinodermata. Po-

lychaeta are always the less represented prey. Ivlev's electivity

index gives a different pattern, At every depth, Echinodermata

are the preferential prey with very high values of this index.

Mollusca represent the second prefered food, especially on deeper

bottoms. Crustacea show an index equal to unity, or close. Elec-

tivity index for Polychaeta is very close to zero at every depth.

DISC USS I ON

The daily rythm of feeding of C. os 7io is very similar

to the rythm observed for ParaLithades eamts~hatiea by Tarverdieva
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�978!. The main feeding activity is observed at midnight which

confirms general observations on the species  Brunel 1960! . The

calculated daily ration �.7+ of the body weight! is higher than

the one recorded for Kamchatka crab, 0,3w  Tarverdieva 1978! . Since

the calculation is based on few measurements and since seasonnaI

and life cycle variations were not taken in account, the ration

of C. opil~o must be considered as an approximation,

The observed diet confirms the omnivorous character of

snow-crab as noticed by several workers  Adams 1979!. The predo-

minance of OphiuroPdea in the diet of crabs caught on deep bottoms

corresponds to the observations of Yasuda �967! in Japan. In

Newfoundland, at 200 m depth, polychaetes, sea-stars and clams

represented the most frequent preys  Miller and O'Keefe 1981! .

In the Gulf of St.Lawrence, Powles �968! found the highest index

of occurrence for bivalves. Tarverdieva �976!, in Bering sea,

observed that the diet was dominated by polychaetes, followed by

Crustacea, Mol lusca and Echinodezmata.

Changes of food with depth follow the modifications of

benthic fauna and structure of crab population  Desrosiers et al.

same symposium! . Upper levels correspond to the richest area

which supports the maximum of abundance of young crabs. Adult

crabs are found in deeper depth caracterized by poorer benthic

communities where the lowest abundance of avaiIable preys is com-

pensated by the greater mobility of the predators, Similar changes
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of food following crab size was observed by Tarverdieva �976!.

It is also possible that cannibalism, noticed by Powles �968!,

limits the abundance of young crabs on the deep muddy bottoms.

All calculated indices show that it is not the most

abundant prey which is consumed in priority. It appears that

C. opiiio is an opportunistic feeder mainly an species living on

or at small depth in the sediment and presenting reduced mobility.

This strategy is well demonstrated by the frequencies of occurren-

ce of Echinodermata and Crustacea. Both taxa are present at every

depth, but, on shallow bottoms, Crustacea are represented by nu-

merous epibenthic species which are available at lower cost, es-

pecially for small crabs, and therefore the most represented prey.

On deeper bottoms of the studied area, Grustacea are mainly repre-

sented by tubicoles Amphipoda  Ampe liscidae ...! less catchable

and OphiuroIdea become the most important prey. Even if poly-

chaetes are very abundant in the environment, they are represented

by species either burried in sediment  Maldanidae, Ampharetidae!

or very mobile  Eunicidae, Chloremidae! and therefore less avai-

lable for crabs.

Ivlev's index of electivity compares the food composi-

tion and the structure of the community which supports the pre-

dator. It indicates, in fact, a level of predation on species

of this community. Than the effect of feeding of C. opi7io on

polychaetes is negligible while very important on echinoderms,

331



which appear to be the prefered prey. On the other hand, Crusta-

cea are eaten mostly by random and support a moderate predation

by crabs. Molluscs remain a choisen prey, especially on deep

bottoms, which may explain the dominance of this taxon in the

diet observed by Powies 11968! .

CONCLUSION

The results of the present work may have a limited

scope as the study is restricted both in space and time. However,

we can retain a certain generalization from the changes in the

diet composition with increasing depth. These changes may suggest

that the feeding habits of C'. opiLio may be modified during its

growth, modification which could also correspond to changes in its

environment as large crabs move to deeper bottoms. A second im-

portant point is the high level of predation exerced by adult

crabs on preys presenting a rather low density: in this case pre-

dator-prey relationships may have a non negligible effect on ex-

ploited stock of Chionoeeetes opi 2io.
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ABSTRACT

The stomachs of 480 C. opilio from the entrance of the

Chaleur Bay were collected in May 1980. 418 contained the remains

of at least one prey. Snow-crabs feed mostly in the middle of

the night but feeding activity seems possible throughout the day

and particularly at sunset and sunrise. Crustacea occupied on

the average 34>0 of the stomach content, Mollusca 21+, Echinoderma

17'4 and Polychaeta 12', The frequency with which these preys oc-

curred was 64< for Crustacea, 324 for Echinoderma, 310 for Mollus-

ca and 23< for Polychaeta. This overall pattern depended on the

depth of sampling. Above 90 m Crustacea occurred most frequently,

followed by Mollusca and Fchinoderma. Below 110 m, the order was

changed to Echinoderma, Crustacea and Mollusca. Ivlev's electivi-

ty index was highest for Echinodexea at every depth but increased

from shallow to deeper bottoms, Those observations indicate an

opportunistic feeding behaviour on epifauna. A depth segregation

observed between mature and immature males also suggests some

change of diet during the life history of the snow-crab.
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Crabs have a steplike pattern of growth characterized by
periodic molting and rapid increases in size alternating with
relatively long intermolt periods without dimensional growth.
Such a pattern of growth can be considered as a product of
two size dependent functions. One describing the growth in-
crement gained at each molt and the other describing the fre-
quency of molting. For species in the genus Chionoecetee,
molting frequency has proved to be more difficult to estimate,
especially for adult males, than growth per molt. Techniques
used for estimating molting frequency of juvenile C. hairdos
 Donaldson et al 1981! and C. opi 2io e2ongatue  Ito 1970!,
which are based on the progression of modes through sequences
of size frequency histograms, will rarely be effective for
adult males both because modes become indistinguishable in the
larger sizes and because large males may periodically defer
molting, or skipmolt, for one or more years in succession.

The most promising technique for estimating molting fre-
quency of adult males is one which utilizes permanent tags,
or tags that are retained through a molt Such tags have been
used to estimate molting frequency for Cancer paguzue  Hancock
and Edwards 1967! and Pa2ali thodee carntechatica  Balsiger 1974;
McCaughran and Powell 1977!, both of which have a skipmolting
phase similar to Chionoecetee. National Marine Fisheries
Service  NMFS! is currently tagging both C. bait'di and C.
opilio in the eastern Bering Sea, using techniques described
in Fijita and Takeshita �979!, but the number of tag returns
is presently insufficient to estimate molting frequency for
either species.

Tagging studies can be expensive and when tagging is not
feasible, alternative methods for estimating molting frequency
should be considered. One possible alternative method, which
I examine in this paper, utilizes an index of postmolt age
known as shell condition and independent estimates of growth
per molt. This method is used to estimate molting frequency
for male C. bai2 di in the eastern Bering Sea.

DATA AND METHODS OF COLLECTION

Samples of C. baazdi were collected annually, from 1969
to 1975, using bottom trawls on NMFS crab stock assessment
surveys to the eastern Bering Sea. Sampling usually occured
between May and August, but in 1969 and 1970, sampling occured
between March and April. Carapace width was measured with
calipers to the nearest 1 mm. Shell condition, a subjective
estimate of postmolt age based on deterioratior. of the exo-
skeleton and accumulation of epifauna, wa classified accord-
ing to the following four point scale.
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Assumed time

since last molt
Shell

condition Characteristics

Carapace pliable, sternum
light yellow or white

Carapace hard, sternum
light yellow or white,
little weax on carapace
spines or dactyla tips,
little epifauna

2 weeks

2 weeks
1 year

> l year
2 years

Carapace hard, sternum
dark yellow with many
brown scratches, dactyla
worn and blunt, barnacles
usually present

> 2 years Same as shell condition 3
except that wear on spines
and dactyla is more pro-
nounced and attached
barnacles are larger

Growth per molt was estimated from size frequency data using
techniques discussed in Somerton �981!.

SHELL CONDITION: ASSUMPTIONS AND VALIDATION

Since females cease molting at maturity, their shell con-
dition should continue to increase with time from the puberty
molt onwards. Therefore, if an identifiable cohoxt of females
could be sampled in successive years after they mature, their
observed shell conditions could be compared to their known
postmolt age. The problem with this approach is that normally
a cohort of females matures each year, thus it is impossible
to distinguish one age cohort from the next except by using
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Shell condition is a valid index of relative postmolt
age only to the extent that two assumptions are met. First,
the features upon which shell condition is based, that is,
scratches, discoloration and amount of epifauna, must increase
with time uniformly for all crabs and must be judged and
scored by a,ll personnel in a similar manner. Second, since
skipmolt crabs cannot be distinguished from premolt crabs on
the basis of shell condition alone, sampling must occur after
the molting season is completed. Even if these two assumptions
are met, however, shell condition only indicates relative, not
absolute, postmolt age. For Bering Sea tanner crab, the shell
conditions of adult females were used to verify the postmolt
age of the various shell condition categories.



the observed shell conditions. The validation thus becomes
circular and therefore invalid. In the southern part. of the
Bering Sea, however, C. opi Eio have infrequent recruitment
and over a span of several years the adult female population
may consist of a single age class.

Such a situation occured starting in 1969. In spring,
1969, 82% of the adult female C. op~Kio examined were scored
as shell condition 1, indicating that nearly the entire pop-
ulation of adult females in the survey area consisted of a
single year class which had recently matured. In fall, 1969,
90% of the adult females were correctly scored as shell con-
dition 2. In spring, 1970, 94% of adult females were again
scored as shell condition 2. Since these females had not
molted for one year, shell condition 2 was an incorrect score,
but if they had been sampled in summer, like all succeeding
years, then it is quite likely that more females would have
been scored correctly as shell condition 3. In summer, 1971,
86% of the females were correctly scored as shell condition
4. Finally, in summer, 1972, 94% of the females were again
scored correctly as shell condition 4. Thus, except for the
apparent misclassification of crabs in 1970 due to the early
date of the cruise, shell condition was almost always scored
correctly according to definition.

Although for adult females shell condition accurately
reflects the postmolt age, this may not be true for males
because in early summer, when most sampling in the Bering Sea
has occured, essentially all female puberty molting has been
completed, but male molting may still be in progress. To de-
termine approximately when male molting occurs, the percent
of large  >100 mm! male C. hairdos recorded as shell condition
1 was calculated by 10 day intervals over the duration of each
summer cruise. Although there was considerable variability
between years, the percentage of freshly molted crabs generally
peaked near the end. of June and the beginning of July, essen-
tially the midpoint of the surveys. Incomplete molting con-
fuses the interpretation of shell condition data because skip-
molting crabs were not distinguished from those which would
molt later in the year. Consequently, estimates of the pro-
portion of males skipmolting based on the NMFS shell condition
data overestimate the true proportions skipmolting.

DESCRIPTION OF THREE MOLTING PROBABILITY MODELS

Molting frequency, expressed as the annual probability
of molting, was estimated for large  >50 mm! male tanner crab
by fitting molting probability models to shell condition data.
Three types of molting probability models were examined, all
consider molting probability to be a function of size.
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The first model considers mo3.ting to be a Bernoulli trial,
where all crabs of a given size are equally likely to molt,
regardless of whether they molted or skipmolted in the pre-
vious molting season. Model 1 may be expressed as:

w+6w w w
t+l t

S =  L � P !N

where Nt is the number of crabs at size w before molting, Mw w+6w

is the number of newly molted crabs one growth increment
larger than w, St+3 is the number of skipmolt crabs at size w
and P is the probability of molting at size w. This model is
essentially the same as the one used by Hancock and Edwards
�967! for C'. pagu~us and by Weber and. Miyahara �962! for P.
camtschatiea.

The second model extends the first to include molting
probabilities that are conditioned on past molting history
 crabs which molt in one season may be more or less likely to
molt in the next season than crabs which did not mo3.t!, thus
the probability of molting depends upon the present shell con-
dition as well as size. Model 2 may be expressed as:

where SSt is the number of double skipmolting crabs, and a3.1
other variables are identical to Model 1. Molting probabili-
ties !re conditiongd on the pre~ent shell condition, thus
P M~'!" lMt! ~  Mt+3 I t! ~ P Mt+i" l»wt! are the molting proba-
bilxtzes conditioned on whether a crab molted, skipmolted or
double skipmolted at the last molting opportunity. To reduce
the number of undetermined parameters, it was assumed that
crabs do not skipmolt more than twice, thus P Mw<+> ISS<!= l.
Model 2 is similar to the models developed by Baisiger �974!
and McCaughran and Powell �977! for P. eamtseha4~ca, except
that the probabilities are conditioned on the molting history
of one rather than two previous years.

The third model extends the second by including a para-
meter which accounts for differential mortality between molting
and skipmolting crabs. Models 1 and 2 implicitly assume that
natural mortality is the same for molting and skipmolting crabs,
but, if molting crabs are exposed to an additional risk, either
due to the physiological stress of molting or due to increased
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vulnerability to predation, or if natura1 mortality is size
dependent   molted crabs are larger than those that did not
molt!, these models would underestimate the true probability
of molting. Model 3 thus includes an additional, size depen-
dent, parameter representing the probability of surviving a
molt. This model may be expressed as:

where s is the probability of surviving a molt at a premolt
size of w and all other variables and parameters are the same
as Model 2.

FITTING THE MODELS TO SHELL CONDITION DATA

Fax all three models, the estimation of molting proba-
biliti;es- requires estimates of the number of crabs in each
1 mm size interval which either molted  shell condition 1 and
2!, skipmolted  shell condition 3!, or double skipmolted  shell
condition 4! in each year. To simplify computations, the
number of premolt crabs was also calculated for each 1 mm size
interval in each year. Premolt crabs are molted crabs shifted
backward to the size they were before molting. Since this
shift requires estimates of premolt size given postmolt size,
a "reverse" Hiatt plot  Somerton 1980! was developed by re-
gressing premolt size on postmolt size. Thus, for each of
five years of data �971-1975!, four size frequency arrays
were constructed: 1! the number of molting crabs  Mt!; 2! the
number of skipmolting crabs  St!; 3! the number of double skjg-
molting crabs  SSt!; and 4! the number of premolt crabs  Mt+1 !.

For Model 1, the probability of molting in each 1 mm size
interval was estimated by the proportion molting in each year,
that is: w+5w w+ Bw

pw t+1 t+1

Nw Mw+ w + S + SSw
t+1 t tt+1

Since Model 1 probabilities are not conditioned on pre-
vious molt history, the number of crabs molting at a given
size is simply equal to the number of premolt crabs in that
year. Thus, an independent estimate of molting probability
can be calculated for each year of data. This is not. true for
Models 2 and 3 where molting probabilities are conditioned on
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Molting probability estimates for each of the five years
of data were combined by calculating the weighted average,
with weights equal to the inverse of the binomial variance.
Thus: ~Ww w

w t t w
p where W

EW P � � P !

where P, W< and N~ refer to the estimated molting probability,
binomia weight and number of crabs in year t and size class
w. The weighted average skipmolt probabilities  l-P! are shown
in Fig. l.

For Model 2, the conditional probabilities of molting in
each size class were estimated using multiple regression. The
equations were first rewritten as:

w+6w SSw p  Mw+6w ~Mw! Mw + p  Mw+6w ~ S ! S
2 l t+l t l t+l t l

e

M
l

M
4

S
2

S

Sw
l

' ~

S
4

SS
2

SS
5

where the subscript l denotes l97l, 2 denotes l972 etc. Thus,
for each l mm size interval there are 4 x 3 = l2 equations
with two unknown parameters. Xn matrix form the equations
may be expressed as:
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past molting history because the past molting history of molted
crabs is unknown. For these models, the data for one year is
used to represent the molt states  i.e. molted, skipmolted,
double skipmolted! before the molting season and the data for
the next succeeding year is used to represent the molt states
after molting. Thus, the number of independent estimates of
molting probabilities is one less than the number of years of
data.
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FIGURE 1

Estimated annual skipmolt probabilities for Model l, by 1 mm
increments of carapace width, and the fitted genera1ized
logistic equation.
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The estimated conditional skipmolting probabilities are shown
in Pig. 2.

For Model 3, because it contains products of parameters
and is therefore nonlinear, the parameters were estimated using
nonlinear least squares. The survival probability, and the two
conditional molting probabilities for each 1 mm size interval
were thus estimated by minimizing:

t

The estimated conditional skipmolting probabilities and molting
mortalities are shown in Fig. 3.

A generalized logistic function  Fletcher 1975! was fit,
using nonlinear regression, to the skipmolting probabilities
of each model. This function can be expressed as:

n n
n-7 I: n

] +   1! "X xo! n

where Y is skipmolt probability, or molting mortality, X is
carapace size and n, m and x, are parameters. The estimated
parameters of the logistic functions are shown for each model
in Table l.

RESULTS

For all three models, the estimated skipmolt probabilities
increased with size, at an accelerating rate, from near zero
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The least squares estimates for the molting probabilities
within each 1 mm size interval are then  Draper and Smith 1981!:

B =  X'Xj X'Y
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FIGURE 2

Estimated annual skipmolt probabilities for Model 2, by l mm
increments of carapace width, and the fitted generalized
logistic equations. The two figures show the skipmolt proba-
bilities conditioned on whether a crab molted  l � P M~M!! or
skipmolted � � P M~S!! in the previous molting season.
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FIGURE 3

Estimated annual skipmolt and molting mortal'ty probabilities
for Model 3, by l mm increments of carapace width, and the
fitted generalized logistic equations. The two upper figures
show the skipmolt probabilities conditioned on whether a crab
molted  l � P M~M!! or skipmolted  l - P M~S!! in the previous
molting season. The lower figure shows the probability of
dying at a molt  l � P sIM!! ~
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TABLE 1

Estimated parameter values of generalized logistic equations
fit. to the skipmolting probabilities of each of the three
proposed molting probability models.

ProbabilityModel >o

23.02 158.601 � P

178.45

150.79
79.03

69.16
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1 - P MIM!
1 � P MI S!

1 � P  MI M!
l � P  MI S!
1-s

.0405

.0243

.0272

.0266

.0279

.0740

52.36

129.48

35.01

177. 39

157.12
170.70



at 50 mm to one at 150-160 mm. This indicates that male C,
hairdos essentially cease molting.. after reaching a size of 160
mm. The primary difference between models was that skipmolt
probabilities estimated by Model 2 and Model 3- were slightly
higher in the small and intermediate size range  <120 mm!
than those estimated by Model 1.

If tanner crab periodically skipmolt, then a crab which
had skipmolted in one year should be less 3.'ikely to skipmolt
in-the following year than a crab which had molted. For both
Model 2 and Model 3, however, the probability of skipmolting
was slightly greater for skipmolt crabs than for molted crabs.
Although some tanner crabs may be more prone to skipmolt than
others, I believe this result could be due to inadequacies in
either the models ox the data. Permanent tagging data, which
would show the molting patterns of individual crabs, is needed
to clarify this apparent inconsistency.

DISCUSSION

Although., in this study, molting probabilities were esti-
ma.~ . from .she'll.monition. Mta,. the three proposed moMing-
probability models are equally suited for estimating molting
probabilities from tagging data. Tagging data provide better
estimates of molting frequency than shell condition data
because they are free of the subjectivity that is inherent
with shell condition data. But when tagging is not feasible,
a shell condition study should be considered. To be success-
ful, however, such a study must insure that the shell condi-
tion data is collected after the molting season is completed
and must include some method of calibrating shell condition
scores with crabs of known postmolt age.

Regardless of the methods used to estimate the annual
molting probabilities of adult males, the ultimate purpose of
these estimates is almost always the prediction of age and
growth. A growth simulation program  GROW! can be used for
this purpose  program GROW, written in FORTRAN IV, is discussed
in Somerton �981! and is available from the author!. Starting
from an initial size distribution of a cohort, GROW predicts
the size distribution in subsequent years based on input values
of molting probabilities and growth per molt functions. The
mean sizes in successive years define a growth curve relative
to the age of the initial cohort. One useful feature of GROW
is that the output size distributions are an approximate age-
size key, which, if the methods discussed in Clark �981! are
utilized, can then be used to decompose size frequency histo-
grams inta age frequency histograms.
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ABSTRACT

The frequency of molting, expressed as the annual proba-
bility of skipmolting, was estimated for adult male Chionoeeetes
bai~di using indices of postmolt age known as shell condition.
Three different molting probability models were proposed. The
first model assumed that the probability of molting was inde-
pendent of past molting history. The second model assumed that
the probability of molting was dependent upon whether or not
molting occured in the previous year. The third model ex-
tended the second by allowing differential mortality between
molting and nonmolting crabs. The estimated skipmolt proba-
bilities of all three models increase with crab size from near
zero at 50 mm to one at l50-160 mm. This result indicates that
male C. bctirdi in the eastern Bering Sea rarely molt after
attaining a size of l60 mm.







INTRODUCTION

In the Gulf of St.Lawrence, the distribution of Ch7',onoe-

ae4es os 2io is known to be related to the deep muddy bottoms

 Brunel 1962, Powles 1968! even if the species may also be found

on harder bottoms  Deveau et Aucoin 1966! . On those sandy and

gravelly sediments, Ledoyer �975! and Miller �975! observed con-

centrations of small crabs and that first author suggested a stra-

tification within the population: the juveniles would congregate

at the upper levels on gravel mixed bottoms while the adults would

stay mainly at lower levels on mud. As Powles �966! observed

young crabs also on muddy bottoms, the hypothesis of segregation

within the population in relation to different bottoms was not

really confirmed.

The purpose of the present work is to study the repar-

tition of the young stages of Chionoecetee opi2io in relation with

environmental factors such as deph, substratum and benthic fauna.

METHODS

The sampling was pursued during the summer of 1980 in the

entrance of the Chaleur Bay  quebec! between 64 and 64 30'W and

48 10' and 48o38'N at depths varying from 70 m to 12' m  F'ig. 1

and 2! . The nature of the bottom were known to vary from pelitic
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gravels to mud  Loring and Nota 1973!. A complementary sedimen-

tological study was undertaken in this area to define more preci-

sely the relation between the benthic fauna and the substratum.

Benthic fauna and sediments samples were collected with a Van Veen

grab  D.l m ! at 63 stations localized following a bathymetric gra-

diant  Figure 3!. Grain size analysis of the sediments were con-

ducted with Riviere's method �977!.

The macrobenthic animals were identified to the species

and the following biocenotic coefficients were calculated: abun-

dance, dominance, average dominance, occurrence  Picard 1965!,

index of occurrence and biological index  Guille 1970!. The carto-

graphy of benthic communities was realized by similarity coeffi-

cient of Sanders �960! .

The crab samples were collected by two different methods,

In may 1980, 51 hauls were effected using a small beam-trawl with

a stretched mesh size of 25 mm  Fig. 4!. In Septe ber the same

year, conical traps with 50 mm size mesh were used; eight trap

were placed at depths between 80 and 90 m, 8 under 90 m, in the

Malbaie Bay, and 4 under 110 m in the Chaieur Bay trench.

Shell width was measured for each crab and a maturity

index was determined by measuring, the claw width for the males

and the width of the 5th abdominal segment for the females. We

considered as innnature males with a ratio claw width/shell width

less than 0,19 and females with a ratio abdomen width/shell width

less than 0,55  Watson 1970!.
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RESULTS

Sediment o lo i ca 1 anal s is

The sedimentological study showed 4 types of substratum:

pelitic gravels, muddy sand, sandy mud and mud. Those types of

sediments are distribued in parallel with the north coast, fol-

lowing an increasing bathymetric gradi ant  Fig. 5! . Similarly

to the findings of Loring and Nota �973! and Ledoyer �975! we

observed a large muddy area in the Chaleur Bay isolated from the

Gulf by an important gravelly shoal created by the bottom currents,

Benthic communities anal sis

Benthic communities could be grouped in 2 principal

biota  Fig. 6! . The first one, associated with the heterogeneous

sediments  pelitic gravel and muddy sand! was characterized by a

Maeoma oaLoama community, dominated mainly by the Czustacea and

Polychaeta representing respectively 35' and 32% of the 156 in-

ventoried species. The taxa Moll»sca and Fchinodermata with res-

pectively 22't and 8'-o, were also well represented. However, if we

consider the total number of individuals, there is a marked pre-

ponderance of the Polychaeta  Table 1! . The biological index

shows that this type of population is very diversified and domi-

nated by 10 species  Table 1! .
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Fig. 5 Distribution of the different types of sediment.  vase = mud, sables
vaseux = muddy sand, vases sableuses = sandy mud, graviers pelitiques
pelitic gravels.
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TABLE 1

Qualitative and quantitative analysis for the Macorna caLca~ea
community.

Number of 't of number Number of '4 of number
species of species individuals of individuals

Taxa

Sipunculi dea 1

Polychaeta 50

0.6 36 0.6

32. 1 3448 53.1

Crustacea 55 35. 2 2041 31.4

22.4Mollusca 858 13.2

Echinodermata 12

Ascidiacea 3

7.7 1.6105

1.9 0.1

156 100.0 6495 100.0

Result of the biological index for the 10 principal species of
this community.

Species

~noapio ci~feza

Protomecia~a sp.

Records caIcazea

44 3223 2 76 135 6. 47 16. 36

85 112 3.69 29.30

64 107 5. 31 34.61

33143212

5 1 2 5

3 3 322

122311 11

2 70 92 4.94 43.41

76 81 3.71 47.12

67 76 4.71 51.83521

F = Occurrence lb. = Biological Index

dominance D.C. = Cumulated dominance

D.M. = Average

364

Pvi onospio steeve true

Lpsippe labial

Euchre sp.

Scobopios acutus

Ph~Iomedes globosus

Eudozel7,opsis sp.

Laucon naaiocoF<es

Rank F lb. D.M. D.C.

12345678910

664 72 12 12 97 219989 989

2 5 3 3 1 1 2 3 1 91 132 4.27 20.63

2 2 4 1 3 7 3 4 2 91 131 4.98 25.61

14 1 1 1 324 2 91 95 3.8638.47



The second biota, associated with greater depth and

finer sediments  sandy mud and mud!, is characterized by a Nal-

dane aarsz and Ophium sarei community with, in the upper levels

on Pyppomedon aby8si facies. Here again the community is domina-

ted by the Polychaeta and the Crustacea, with respectively 43%

and 36't of the inventoried species, followed by Mollusca  l55!

and Echinodermata �%! . However in this community the crustacea

dominates in number of individuals �9'!  Table 2! . 'Ihe biologi-

cal index shows a good homogenity in this community, dominated by

10 species  Table 2!.

Crab o ulation stud

The shell-width distribution of males in Malbaie Bay

 Fig. 7 et 8! shows a significant increase of size with depth.

Above 75 m, sizes are concentrated around. a mode at 48 mm; between

75 m and 90 m, this mode remains but the principal peak appears

at 64-68 mm; below 90 m depth, two modes are noticed, at 68 mm and

96 mm. This pattern o'bserved in May remains almost the same in September.

InChaleur Bay, size distribution is quite similar with almost the

same position of the modes  Fig. 9! .

Such an increase of size is also observed for females.

In Malbaie Bay, samples collected in May above 90 m show a strong

peak at 52 mm and below this depth two modes at 52 mm and 64 mm

 Fig. l0 ! . In September  fig. ll!, in the seize.area, size distri-
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TABLE 2

Qualitative and quantitative analysis for the MaZaane sarsi and
Ophium smvi community.

Number of > of number Number of 5 of number
species of species individuals of individuals

Taxa

10 0.6

43,2 703 45. 4

32 49.236. 3 760

14.8 6213 4.0

4,5 14 0.9

88 100.0 1549 100. 0

Result of the biological index for the 10 principal species of
this community.

Rank F lb. D.M. D.C.

12345678910

Species

Maldane sarsi 9 74 1 1 1 1

12952 211

35232111

Lumbri nerei s fragi Ki s

P~onospio cia fern

Hi ppomedan abyssi 731 111

Pon&porei a femora a5z

Byb lps galas'di

MeLita foxmosa

Pzotomedeia sp.

3422 2 3

11424 31

1 3141 12

1 1 2 3 3 1 1 1 56 62 2.00 68.04

2.88 70.92

2.11 73.03

teuton nasicus

P~onospi o s5eenstx'upi

222 2 1 48 59

48 443 2

Ib. = Biological IndexF = Occurrence D,M. = Average

dominance D,C. = Cumulated dominance

3ee

Sipunculidea

Polychaeta

Crustacea

Mollusca

Echinodermata

93 214 20.94 20.94

85 164 7,07 28,01

70 131 10. 06 38. 07

48 112 13.74 51.81

67 110 6.90 58.70

67 88 3.63 62.33

52 77 3.71 66.04
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Fig. 7 Size frequency distributions of male crabs in Malbaie Bay  May 1980! .
Z = depth in meters, N = total number, T.i. = percentage of immatures,
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Fig. 9 Size frequency distributions of male crabs in Chaleur Bay.
Z = depth in meters, N = total number, T.i . = percentage of immatures.
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bution above 90 m, shows twomodes �4 mm and 60 mm!, but on deeper

bottoms a mode at 60 mm remains unique, Those observations are also

valuable for Chaleur Bay  I'-ig, 12! .

The distribution of immatures crabs shows changes between

depths, seasons and sexes. In May, immature males from Malbaie

area were mostly present above 90 m where they represented 94% of

the individuals, while below this percentage decreased to 27.5't. In

September, samples collected above 90 m showed only 73% of imma-

tures. In Chaleur Bay in May, 76% of crabs were immatures above

80 m and 21% below 90 m depth; in September, only data from depth

below 120 m were collected and 100< of raales were mature.

For the females of the Malbaie area, 214 were immature

in May, above 90 m and 1008 were mature below this depth. In

September 66+ of the females were immature at the upper level.

In Chaleur Bay, 60' of the females were immature, above 90 m depth

in May, and 1008 were mature on deep bottoms at the both periods.

DISCUSSION

Sedimentological results correspond to the observations

of Loring and Nota �973! for the studied area. The four types of

sediments support two benthic populations partially described by

Ledoyer �975! and Bellan �978! and which correspond, according

to our data, to the Maaorna oa7oarea community, on pelitic gravels

and muddy sand, and to Na2dane sarah' and Opkiura sarsen community
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on sandy mud and mud. The limit between the two benthic assem-

blages seems to lie around the 75 m depth.

Crabe size increases with depth, This observation was

made, in Newfoundland area, by Miller and O'Keefe �981!, using

a commercial mesh size which did not give information on young

stages. The methodology used for the present study allowed us to

collect immature crabs and females and completes more accuratly

the anterior works. The presence of young C'. os Kio on heteroge-

neous bottoms at upper levels confirms the observations of Ledoyer

�975! and Miller �975!. The fact that the irHmature and mature

crabs exhibit a distinctive distribution allows us to advance the

hypothesis of a certain segregation within the population. Imma-

ture stages appear to be distributed preferentially on bottoms

where M. eaEcazea community is implanted. This environment may

favour young C. opiHo in presenting a better protection against

predators while the benthic community, with its dominant species

 mobile Crustacea, Bivalves ...!, offers a better selection of

food for small individuals  Breathes et al. same symposium! . Ma-

ture stages are distributed mainly on sandy mud and mud where Mz7.-

dane sarsen and Ophium sazsi community is Sound.

Seasonnal changes in proportion of immatures in the po-

pulation are most important between 75 m and 90 m depth where a

Hyppomedon a&pssi facies was noticed. From spring to autumn, the
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percentage of immature males decreases from 944 to 730 suggesting

that a maturity molting appears in summer and may be followed by

a move down to deeper bottoms in winter. An inverse pattern is

observed for females with an increasing of immature fraction from

May to September'. the maturity molting would happen than in winter,

certainly just before copulation, in spring  Watson 1970!.

It is possible to assume that after the metamorphosis of

the planctotrophic stages of C. op~2~o, early benthic stages are

uniformly distributed on the different types of sediments, but the

individuals located on heterogeneous bottoms are favoured and may

account for the largest part of the recruitment, Following their

growth they move down to greater depth and the drastic change of

benthic environment occurs concurrently with the maturation pro-

cess. Watson �970! observed that copulation takes place between

freshly molted females and hard shelled males: this fact may sup-

pose a certain seasonnal migration of males from deep muddy bottoms

to the upper ones. But, in fact, the distribution of early benthic

stages is not known and the seasonnal migration of males is just

an assumption. Those aspects have to be studied further for a

better comprehension of C. opi Lio ecology.
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ABSTRACT

In May and September 1980, samples of C. opal.io were

taken in the entrance of the Chaleur Bay  Quebec! at depths

varyings between 70 and 120 m, using beam-hauls and conical traps.

Size-frequency distributions of male snow-crabs were related to

the depth of sampling. Above 90 m depth, the size of male crabs

ranged mainly from 40 mm to 65 mm, while below this depth the

crabs were larger than 65 mm. The maturity index  claw width vs

shell width! indicates that immature and mature males were located

on shallow and deeper bottoms respectively, The limit between

the mature and immature stocks was about 90 m depth. Sixty three

grab samples were collected concurrently for sedimentological and

benthic infauna characterizations. Immature males were principal-

ly associated with the muddy sand and pelitic gravel substrates,

occupied by the Maaoma oalcama community. Mature males were as-

sociated with mud and sandy mud substrates inhabited by Makdane

acuei and Ophium sar8i . The distribution of female crabs seemed

to indicate a similar segregation. Sexual maturity appears to be

the factor which determines the transition from hard substrates

to the softer substrates where the snow-crabs are exploited.
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INTRODUCTION

management of tanner crab  Chionoecetes bairdi, C. o~ilio! resources
requires investigation of their life histories. Important aspects of
their life histories include age and growth, mortalitiy rates, and
migrations. Because crustaceans lose all of their hard parts during
ecdysis, there are no structures for age determination and tagging
becomes an essential study tool. An external tag that 1! identifies
an individual, 2! is retained through successive molts, 3! is highly
visible, and 4! is minimally harmful to the animal is required..

Considerable effort has been directed towards the development
of permanent tags for crabs and lobsters. Use of the "spaghetti"
loop tags on king crabs  Paralithodes spp.!  Anonymous, 1954; Stevens,
1955; Hayes, 1963; Gray, 1965! has been one successful approach.
Butler �957! used a stainless steel wire with a Petersen disk for
tagging dungeness crab  Cancer m~a ister!. A curved needle was used
to thread the wire through holes in the carapace and into underlying
tissues. A similar tag has been used on C. ~a urus in Europe
 Edwards 1978!. Smith �940 developed a celluloid dart tag for
lobsters  Homarus americanus! that was inserted in the second or third
abdominal segments. Gunderson �964, 1967! devised a lobster tag
consisting of two plastic strips joined by a nylon thread that was
inserted dorsally through the membrane between carapace and abdomen.
The sphyron lobster tag  Scarratt and Elson, 1965! consisting of an
anchor of stainless steel wire, a double strand of polyethylene
monofilament, and a numbered disk was also inserted dorsally through
the membrane between the carapace and abdomen. Scarratt �970!
modified the sphyron tag by replacing the flat vinyl label with extruded
vinyl tubing. All of these fags were retained through molting in at
least some instances.

Tanner crabs present a special problem in that the carapace covers
the membrane between carapace and abdomen, as well as the suture line.
For this reason, tags must either be inserted through the carapace, or
under the margin of the carapace. Thorenson �967! and Dell �968!
described an anchor  or T-bar! tag and a rapid applicator developed by
Floy Tag and Manufacturing, Inc. 1/ Karinen's successful use of this
system on tanner crab was reported in 1970  anonymous!. Nine male
C bairdi were tagged in the body musculature proximal to the third
walking Keg and 33% molted successfully. Japanese investigators
successfully tagged both C. bairdi and C. o~ilio using the T-bar system
 Fujita and Takeshita, 1979!. Eight of the 15 crabs tagged under the
shell margin and through the posterior suture molted with no difficulty
as did seven of the 21 crabs tagged through the carapace. While both
of these experiments were carried out over a short period of time, they
suggested that the T-bar design showed promise.

1/ Reference to trade name does not imply endorsement by the National
Marine Fisheries Service, NOAA.
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The basic T-bar tag  Fig. 1! was used to mark red king crab
 P. camtschatica! during NMFS tagging experiments in 1973 and 1976.

Application was rapid and the T-bar toggle proved to be a firm
anchor. Later examination of the tag and tag wound on recaptured
crab, however, indicated the T-bar tag interfered with ecdysis. The
carapace around the tag wound tended to catch on the "shoulder" formed
by the joining of the large diameter tubing bearing the tag legend,
and the smaller diameter nylon shaft. A similar problem was anticipated
if this tag was used to mark tanner crabs.

Successful use of anchor tags on lobsters and encouraging results
with the T-bar system strongly suggested that T-bar tags could. be
modified for use. Placement of the tags on tanner crabs, however,
remained an open question. In 1978, the NMFS  in cooperation with
the Alaska Department of Fish and Garne, ADFaG! began tagging experiments
with modified tags These experiments were designed to investigate
short-term tagging mortality, tag retention, and the effects of tag
placement as well as to elucidate aspects of life history.

METHODS AND MATERIALS

Three modifications of the basic T-bar tag were developed and
used as primary marks during the experiments  Fig. 1!. The basic
T-bar and a modified Petersen disk tag were used as secondary marks
in double tagging experiments. Primary and secondary tags and tag
placement are described below.

Tapered T-bar Tag

A first modification of the basic T-bar was developed early in
1978. The nylon shaft between the T-bar toggle and tubing was
tapered from 2.0 mm diameter at the junction of the tubing to 0.9
mrn at the toggle. Tapering was intended to allow the carapace to
work up the shaft during ecdysis and allow completion of molting.
Tapered tags required a larger diameter needle �.7 mm vs 1,9 mm!
in the tagging gun to allow passage of the shaft. Tags were inserted
through the carapace middorsally about 25.0 rnm forward of the
posterior margin of the carapace.

Cooperative evaluation studies of the tapered T-bar tag were
carried out by the NMFS and ADFaG in April 1978  Alaska Department of
Fish and Game unpublished!. These studies were designed to evaluate
tagging mortality, tag placement, structural failure, and tag clipping
problems. Tagged crab, held in submerged pens, were periodically
examined by scuba divers for tagging mortality and tag retention.
Structural failure and tag clipping studies were conducted utilizing
the fish hold of a commercial vessel. Tagged crab were placed in the
vessel's hold and allowed to mix with the catch of a subsequent fishing
trip. At the time of delivery, the fish hold was examined for lost
and damaged tags, while crab were checked for tag damage or loss. No
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significant tag-induced mortality was observed in either study. Of
the crab held in the vessel hold, 63% of the suture line tags were
retained, while only 39% of the carapace tags were retained. Tag loss
was due to structural failure and clipping by other crabs. These pre-
lirninary studies also showed other faults in the tagging system. The
tapered shaft would not readily feed through the needle of the tagging
gun. The diameter of the hole punched in the carapace by the needle
was too small for ready entrance of both needle and tag. T-bar toggles
were sometimes clipped off by the tagging gun at the junction of the
T-bar toggle and tapered shaft. Subsequent field trials in 1978
confirmed the results of the previous cooperative evaluation and the
need for further modification.

Experimental Short Shank Tag

Early in 1979, consideration was given to designing more durable
tapered tags, and identifying additional points of insertion in the
crab. Stressed nylon rnonofilament shafts were used for this tag. To
eliminate the shoulder problem, a cone with a base diameter equal to
the legend bearing tubing was glued onto the shaft 15.0 mm from the
T-bar toggle. The monofilarnent shaft was extended through the legend
bearing tubing and a second cone was glued on the shaft at the distal
end to hold the legend bearing tubing in place. Extending the shaft
through the tubing was intended to stop tags from being severed by
other crabs in densely packed vessel live tanks.

Experimental short shank tags were used as a primary mark on
C. bairdi in 1979 and C. ~o ilio in 1980. Ta9s were inserted at two
looatrons:

1! through the carapace, rniddorsally, about 25.0 rnm
from the posterior margin; and,

2! under the carapace and through the suture line at the base
of the fourth right walking leg.

Experimental Long Shank Tag

This tag is identical to the experimental short shank except that
a longer �1.0 rnrn! shaft was between the T-bar toggle and proximal cone.
Longer shafts were intended either to reduce the possibility of tags
being drawn inside the carapace, or to allow deeper tag insertion in
muscle tissue at. the base of the fourth walking leg.

Modified Petersen Disk Tag

This tag was the secondary mark used during the 1978 tagging
experiment. A barbed nylon shaft �0.0 mm long x 3.3 mm wide! was
used to attach this tag. The shaft was inserted into a prepunched
hole in the center of the right branchial area. Holes were punched
with a 6.4 mrn diameter pointed rod. It was used to mark approximately
50% of the double-marked crab during the 1979 tagging experiment.
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Basic T-bar Tag

This tag was used as a secondary mark during the 1979 and 1980
tagging experiments' The T-bar was inserted through the center of
the right branchial portion of the carapace.

Returns from a 1980 fishery  February-April! were briefly
examined prior to the 1980 tagging effort. This examination indicated
that the loss rate of basic T-bar tags was not noticeably greater than
that of disk tags. Consequently, only the basic T-bar tag was used
as the secondary mark in later experiments.

Vessel and Fishing Gear

Tagging was conducted aboard chartered commercial crab fishing
vessels. These vessels were 33-38 rn in length  Fig. 2! and diesel
powered with engines ranging from 550 to 1,125 horsepower. All deck
machinery was driven by hydraulics.

Standard 2.0 to 2.1 rn double-frame king crab pots  Fig. 3!
covered with 152 mm stretched mesh nylon web were used to capture
crab. Panels of 76 mm stretched mesh web were attached to two sides
of the pots to prevent escape of the smaller tanner crabs. Two tunnels
were located on opposite sides of the pot and had openings of 0.20 rn x
0.91 m recessed about 0.6 rn from the sides of the pot. The size of t: he
tunnel openings was restricted by 25 rntn x 0.10 m x 1.07 m wooden
boards secured across the entrances to prevent entrance of king crabs.
Pots were fished singly, and each was equipped with its own buoy line
attached to two inflatable buoys. Chopped frozen herring I~Clu ea
harencrus!, packed in perforated, 1.9 liter, plastic containers,
was used as bait.. Bait containers were suspended between the tunnel
openings in the pot.

Following initial capture, vigorous and uninjured crab with all
appendages were placed in a holding tank until they were tagged and
released.

RESULTS AND DISCUSSION

During 1978-80 a total of 10,405 C. bairdi and 10,835 C. ~o ilio
were tagged and released on tanner crab fishing grounds in the eastern
Bering Sea  Fig 4!. Male C. bairdi > 140 mm carapace width were
tagged in 1978; and, males > 110 mm carapace width were tagged in
1979. Male C. opilio > 80 mm were tagged in 1980  Table 1!.

Tapered T-bar tags were used to mark 2,258 C. bairdi during
1978. Two individuals were recovered during the fishery �-7 months
after tagging! and neither had retained the modified tapered. T-bar
tag  Table 2! ~ During fishing seasons of 1979-82 an additional 98
crab from the 1978 tagging were recovered. Of these, only 33 individuals
or 34% had retained the tapered T-bar tag.
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and secondary  T-bar! tags through a malt or molts. The experimental
long shaft T-bar tag  inserted in muscle tissue at the base of the
fourth walking leg! appeared to be retained through the molt more
often than the other T-bar models tested. About half of the crabs
showing growth were marked with this tag, while the number tagged
with experimental long shaft tags was less than 29%, total releases.

Eastern Bering Sea C. bairdi, recaptured within 12 months of
release, increased an average of 21.0 mm or 15.1% in carapace width.
Carapace widths at time of release ranged from 122 to 163 mm. In
Ugak Bay  Kodiak Island! C. bairdi ranging from 110 to 148 mm carapace
width when tagged, showed an average growth of 24.6 mm or 18.6%  NNFS,
unpublished data!. In Chiniak Bay  Kodiak Island!, growth per molt
for male C. bairdi between 120 and 129 mm averaged 26 mm or 20.9%
 Donaldson, 1980!. Average growth per molt of C. bairdi in Kodiak
Island waters is slightly larger than it is in the Bering Sea, and
may reflect the generally warmer conditions found in Kodiak.

Only six C. opilio recaptured within 12 months of release
exhibited growth. These crab ranged in size between 108 and 124 mm
when released and displayed an average increase of 15.6 mm or 13.7%.
Of these, three crab were tagged with experimental long shaft tags
and three with the experimental short shaft tags  Table 5!.
Proportional increase in size at. molting appears to be smaller for
C. opilio than C. bairdi.

Movements of Tagged Crabs

Information on movements of C. bairdi vas obtained from 1979
tag releases. Detailed information an the location of recapture is
available for 32 crab recovered in 1980 and for 60 crab recovered in
1981. C. bairdi recaptured within 1 year of release displayed an
average net drstance moved of 73.3 km with a range of 7.2 to 87 km.
Crab at large for 1 to 2 years moved greater distances, averaging
80 km and ranging from 10 km up to 359 km. Most frequently,
movement for both groups was to the south or southwest.

Distances travelled by C. bairdi in the eastern Bering Sea
appear to be substantially greater than those in the Gulf of Alaska.
Donaldson �980! found the average movement of individuals in the
Kodiak Island area to be about 24 km and in a general inshore-offshore
direction. Bathymetry of the Kodiak Island region is highly irregular
and includes numerous bays, banks, and gulleys which probably influence
bath direction and distance travelled by tanner crabs. An absence
of bays and a relatively uniform bathymetry in the eastern Bering Sea
could have contributed to the greater distances travelled by C. bairdi
in this region.

Forty-nine C. o~ilio tagged during 1980, were recaptured during
the 1981 fishing season with sufficient information to be examined
for distance and direction of movement. Net distances from release
sites ranged from 10.6 to 170.7 km, and averaged about 79 km. A
majority of individuals moved. in a south to southwest direction.
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During the 1979 experiment, 8,147 C. bairdi were tagged with the
experimental short shank and experimental long shank tags at various
locations  Table 1!. Both types of experimental tags appeared to be
improvements over the tapered T-bar tag design. Six hundred and sixty
one marked crab were recaptured during the 1980-82 fishing seasons
 Table 2!. Of the 323 double-marked crab that were recaptured, only
31 did not retain an experimental tag.

Experimental short and long shaft T-bar tags were used in 1980
for tagging C. o~ilio. Locations of tag insertion were the same as
those used in 1979. Of the 10,835 individuals tagged and released in
1980, a total of 277 C. o ilio were recovered during the 1980, 1981,
and 1982 fishing seasons Table 3!. Tag retention again appeared
relatively high. Only 8 of the 131 recaptured double-marked crab
failed to retain an experimental tag.

In summary, experimental long and short shaft T-bar tags appeared
to have much better tag retention than the tapered T-bar.

Tag Retention

Double tagging of tanner crabs was carried out in 1978, 1979,
and 1980 for the purpose of estimating tag loss rates. Methods
described by Seber �973! were used to calculate the probability
of tag loss. Calculated tag loss rates for tags released in 1979
and recovered in 1980 indicate a similar retention rate for the
experimental short shank and experimental long shank tags  Table
4!. In addition to the considerable improvement of the experimental
models over the tapered T-bar design, loss rates of the experimental
models compared to the basic T-bar design were nearly identical.
Rates of T-bar tag loss were also about the same as those of disk
tags. Use of the experimental tags also appeared to improve tag
retentions through ecdysis.

The tag retention data indicated that tag loss was not an
insurmountable problem, at least during the first year after release,
but gave little guidance as to the overall problem of low return rates.
The rates of returns for all marked tanner crabs were much lower than
anticipated on the basis of estimated exploitation rates in excess of
40% annually. For example, the expected number of returns for legal
size   > 140 mm carapace width! C. bairdi tagged in 1979 and recovered
in 1980, exclusive of tag loss but rncorporating rates of natural
mortality  M = 0.233, Somerton, 1981! and fishing exploitation �1%!,
was estimated to be 1,360 individuals. Actual returns totalled only
476 crab or 35% of the expected amount. Possible reasons for low
return rates include 1! tagging mortality, 2! tag loss, and, 3! the
nonreporting of tagged crab.

Growth

Little information on growth per molt has been obtained from
the tagging effort. Only 16 C. bairdi and seven C. o~ilio have been
returned that showed an increase of carapace width  Table 5!. Of
the 10 crabs that were double tagged, eight retained both primary
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Although only 1 year's recovery data are available, movements of C.
opilio appear to be similar to those of C. bairdi. It is worth
noting, however, that the geographic distribution of fishing effort
may have influenced results for both species.

SUMMARY

Three years of tagging experiments on tanner crabs in the
eastern Bering Sea have generated valuable, although limited, infor-
mation. Findings from these experiments are as follows.

1! Experimental T-bar tags were developed which appear to have
high rates of retention for long time periods but provide only limited
growth information because they are not consistently retained through
a molt.

2! Returns of tagged crabs were substantially lower than anticipated.
The expected number of returns for legal size   > 140 mm carapace
width! C. bairdi tagged in 1979 and recovered during the following year
was estimated to be about 1,360 individuals, but actual returns totalled
only 476 crab or 35'4 of the expected amount. Tagging mortality, tag
loss, and nonreporting of tagged crab were possible reasons for the low
number of returns.

3! Only 23 growth records were obtained from the 3 years of field
experiments out of the 21,240 crab tagged with various T-bar tag'

4! Thirteen C. bairdi, ranging in size from 112 to 163 mm carapace
width grew an average of 21.0 mm �5.1% growth! during the 12 month
period between release and recapture. Six C. o~ilio  ranging in size
from 108 to 124 mm carapace width! at large for the same length of
time exhibited an average size increase of 14.7 mm or 12.9% growth.

5! Net yearly movement of C. bairdi averaged about 43.3 km for
individuals at large for up to 1 year and 80 km for those recaptured
between 1 and 2 years after release. The greatest net distance
travelled in 1 year was 85 kme Nost movement appeared to be in a
south to southwest direction; however, recoveries of tagged crabs
were probably influenced by the distribution of commercial fishing
effort.

6! C. o ilio appeared to move greater net distances in a year
than C. airdi. The average distance travelled between release and
recapture was about 78 km and most movements were in a south to south-
west direction

7! The very low number of growth records obtained from these tagging
experiments indicates a need for additional modification of these
experimental T-bar tags before they can be considered an effective mark
for tanner crabs
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Abstract

The National Marine Fisheries Service  NMFS!, Kodiak Laboratory,
has been experimenting with the development of a permanent tag for two
commercially important species of tanner crabs since 1978. Prototype
tags for use in the eastern Bering Sea were placed on Chionoecetes
bairdi in 1978 and 1979, and on C. o~ilio in 1980. Tag development,
taggrng methods, types and numbers of tags released, tag retention,
and tag recovery through March l982 are presented. Growth and
migration for each species by year and the continuing need for a
permanent tag are discussed.
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introduction

Efforts to gain information on snow crab Chionoecetes ~o ilia �. Fabrici us!

growth parameters have been ongoing for a number of years. Ito �970!, Kon et

al. �968}, and Kanno �975! studied growth and frequency of molting in snow

crab by examining the size-frequency distribution of animals. Miller and

Watson �976! reported on molting in the laboratory of snow crab from the

Gulf af St. Lawrence. Although these investigations provided valuable insights

into snow crab growth, data on actual growth per molt under natural conditions

are currently lacking.

In Newfoundland, C. ~pi lip inhabits very deep water �74-412 m! making

observations of molting activity by means of SCUBA impossible, The only

option available therefore is the use of a tag which will be retained by a

molting animal. This has been done successfully by many workers on various

crustacean species  Scarratt 1970; Ennis 1972; Bennett 1974; Gundersen 1961;

and Edwards 1965}. HHsinger et al. �975! were successful in recovering C.

bairdi which had successfully molted in their natural habitat and retained
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Floy "T-bar" tags. Fuji ta and Tateshita �979! reported that both C. ~oil in

and C. bairdi molted and retained Floy "T-bar" tags while held in salt water

tanks on board a Japanese research vessel. Thi s report describes the successful

retention of a Floy "T-bar" tag through ecdysis by C. ~pi lip in their natural

environment.

Materials and Methods

Curing the spring of 1979, tagging of C. ~o ilia began in Conception Bay,

Newfoundland  Fig. 1, management area 16!. Animals were captured by means of

Japanese-style conical traps baited with squid   Illex illecebrosus! and set

approximately 36 m apart in long-line fleets of 8-12 traps. Traps were hauled

at approximately 24 h intervals. Snow crab were removed from the traps and

measured across the widest part of the carapace by means of vernier calipers.

Hard-shelled animals  < 100 mm carapace width! were then tagged in the following

manner. Using slight pressure, the carapace was lifted upwards, the needle of

the tagging gun was then inserted through the suture line just over the juncture

of the fourth walking leg, the needle was angled downward obliquely into the

muscle of the shoulder and the tag was then inserted  Fig. 2!. The "set" of

the tag was tested by a gentle tug. If the tag was secure the animal was

immediately released. If the tag was not secure the animal was retagged or

discarded depending on whether or not the animal had been injured during the

initial tagging. During this at-sea tagging program a sample of approximately

60 animals in 1979 were transported to the Marine Sciences Research Laboratory,

Logy Say, Newfoundland. Animals were tagged in a manner identical to that

used at sea in order to test for tag loss under crowded conditions. Tagged
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Fig. 1. NeWfOundland SnOW Crabn1anagement areaS  after R.J. Miller, unpubliShed!.
For this study, tagging was conducted in Areas 16, 18, 24, and 26.
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Fig. 2. Male snow crab tagged with Floy "T-bar" tag.
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animals were held under high density conditions in tanks adjacent to untagged

animals that were also held under crowded conditions. Animals were examined

weekly in order to determine tag retention and general vigor.

Throughout the course of these laboratory experiments over three months

in duration, no animal lost its tag. Unfortunately, it was not possible to

determine whether or not animals retained tags through a molt as a sudden

temperature increase resulted in over 90K mortality over a two-day period.

A total of 5481 snow crab with maximum carapace widths ranging from

65 to 100 mm were tagged in four areas: Bonavista, Trinity and Conception bays

and in the large commercial fishery area northeast of St. John's  Fig, 1!.

Results and Oiscussion

To date, 7 animals that have successfully molted and retained their

"T-bar" tags have been recovered. Growth increments have varied ranging from

13 to 35K  Table 1!. The shell condition of all animals that had molted were

shell of the year; 6 animals had hard shells while one animal, ¹2, was soft

shelled.

Animal ¹5 is interesting in that in only 6 months it not only increased

in size by 35K but also recovered to the hard-shelled condition. Preliminary

data based on tagging and recovery of soft-shelled animals in Sonavista Bay

indicate that recently-molted animals require at least 14 months to recover

to a hard-shelled condition  Taylor, unpub. data}. Therefore, it is conceivable

that this particular animal molted twice during its time at large.
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Excluding snow crab t5 which had increased in carapace width by 35K, the

mean percentage growth increment of animals examined in this study was 20.0X.

Miller and Watson �976! reported a mean growth increment of 18.4X for mature

male snow crab from the Gulf of St. Lawrence, while Hi singer et al. �975!

had a mean growth increment of 18.6% for C. bairdi that had been tagged,

released and recaptured. Results of t-tests performed showed that there was

no significant statistical difference in percentage growth increments for the

three studies  P values of 0,4-0.5!.

Nany animals that were tagged and held at the laboratory developed shell

necrosis around the area of tag insertion. However, none of the animals

examined upon recapture from the commercial fishing grounds exhibited any sign

of shell deterioration. This is possibly due to the fact that bottom temperatures

are extremely low in the snow crab's natural habitat -1.0 to 1.0'C.

Hany tags were returned without the required information. The fact that

most of these were returned by processing plant employees indicates that

fishermen have difficulty in readily identifying and retrieving these tags

even though each fisherman is gi ven a reward poster  Fig. 3! which clearly

illustrates the type and location of the various tags used in our tagging

studies. Also, the tags are brightly co'lored  yellow, pink and orange! in

order to attract attention. It is noteworthy that the incidence of tags

returned without the animals has decreased somewhat since tag rewards were

raised in July 1981 from four dollars to six dollars while, at the same time,

rewards for tags without the crab were maintained at two do1lars.
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Fig. 3. "Reward" poster illustrating various tags used in Newfound1and
tagging studies.
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INTRODUCTION

In the southwest Japan Sea, Zuwai crabs  Chionoecetes
o~ilio! are harvested by the Danish seine fishery during the
five winter months. This crab constitutes the greater part
of the catches taken by seiners from depths between 200 and
350 m in the sea off Hyogo Prefecture  Figure 1!. For example,
during November 1966 to March 1967 about 23.7 tons of male
crabs and 2.6 tons of female crabs were caught by one fishing
boat of 25 gross tons in the area.

The landing in 1964 marked the peak of the crab fisher-
ies in the southwest Japan Sea and resulted mainly from
increasing intensity of exploitation by modernized seiners
and increasing market demand. The catch of Zuwai crab shows
a sharp downward trend in its main fishing grounds since
1964. The fishermen and the fishery scientists involved
with this species have been working on development of a
method for profitable management of the resource. Unfortun-
ately, no effective actions have been taken by the fisheries
management authority to date.

The primary objective of this report is to examine the
apparent effect of exploitation on crab populations in the
region of Hyogo Prefecture, and to demonstrate adequate
measures for conservation of the crab resource. To accomplish
this, it is necessary to summarize results of previous
investigations and note the many biological problems to be
solved.

LONG-TERM CHANGES IN CATCHES OF ZUWAI CRAB

This information was extracted from the annual catch
records compiled, by the Japanese Bottom Trawl Association.
Landings from 1953 to 1980 were recorded as weight in metric
tons by sex of crab. Statistics used here for the Danish
seiners  average gross tonnage, average horsepower! are
available in Annual Reports of the Hyogo Bottom Trawl
Association.

The sum of the catches of male and female crabs landed
at Hyogo Prefecture from 1953 to 1980 is shown in Figure 2.
There was an upward trend from 1953 to 1964, but landings
from 1965 to 1980 have sharply declined except during 1969
to 1972. The weight of crabs landed at the ports in Hyogo
Prefecture during the last reported fishing season was 1,352
tons, a 73-percent reduction over the 16-year period.

The striking features of changes in catch  Figure 2!
include the increase of landings during 1969 to 1972 and the
increased horsepower of seiners  Figure 3! followed by
catches typically less than 1,500 tons. Concurrently, there

423



Figure 1. wain areas fished commercially by Danish seiner in the Japan
Sea, and distribution of C. opilio-
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Figure 3. Increases of horsepower, gross tonnage and number of offshore
Danish seiners belonging to Hyogo Prefecture.



was a progressive replacement of male crab by female crab in
the catch. It appears that increased landings from 1969 to
1972 were due mainly to the changeover to 60 horsepower
vessels, an increase of 32 percent in horsepower. The reasons
for the fluctuations in catch over the 25-year period would
be better understood if the horsepower of seiners had been
intensified with three steps, less than 100 horsepower
�953-1960!, 100 to 200 horsepower �961-1969!, and more
than 200 horsepower �970-1980! as shown in Figure 3. With
the more powerful vessels it is likely that the increase of
the area swept by the net resulted in greater exploitation
efficiency and. increased exploitation of juvenile and young
crabs living together with commercially important adult
crabs.

DIFFERENCES IN BATHYMETRIC DISTRIBUTION BETWEEN

THE 1964 AND 1975 FISHING SEASONS

During September 1963 and August, 1964 the Hyogo Prefec-
tural Fisheries Experimental Station carried out an ecological
study on the Zuwai crab in the sea off Kasumi in cooperation
with the Japan Sea Regional Fisheries Research Laboratory
 Kobayashi, 1977!. Experimental fishing was carried out by
the station for 10 years using the same gear and sampling
sites in order to see the effect of long-term exploitation
on the bathymetric distribution of the Zuwai crab  Kobayashi,
1977!. The data published in these surveys were used in the
present study.

The stations in the study were in a straight line at 25
m depth intervals from 175 to 350 m and were sampled over
all experiments. The eight stations from 175 to 350 m were
sampled once a month with a Danish seine having a cod end
with 3.6 cm mesh  stretched! and the fishing time of 50 to
60 minutes. The duration of tow included the final stage of
casting off the sweep line, chains, and warps and ended when
hauling in the gear was initiated, The difference in depth
between the beginning and the end of the tow was on the
order of 7 m.

From December 1974 to April 1975 a total of 32 sampling
periods occurred at the same sampling stations at 25 m depth
intervals from 200 to 350 m as in 1964 to 1965. Crabs were
grouped into the same categories as in 1964 to 1965 to
compare abundance with the previous bathymetric distributions.
The crabs were grouped into three size classes of carapace
width regardless of the degree of maturity; juvenile crabs
�0 mm and below!, young crabs �1 to 70 mm!, and adult
crabs �1 mm and above!.
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Distribution o f Juvenile Crabs

Juvenile crabs, 2,005 females and 1,881 males, were
taken from 200 to 350 m in depth with the greatest abundance
appearing to be from 275 to 250 m. The bathymetric distri-
butions for the juvenile crabs by sex and season are shown
in Figure 4. The distribution patterns of male and female
crabs are similar to each other throughout a year Juvenile
crabs were concentrated at greater depths from 275 to 350 m
during March and April and July and ..ugust  Figure 4! . The
disappearance and. appearance of juvenile crabs suggest that
either smaller crabs are lost to predation or disease or
they grow. It is reasonable to suppose the increased
abundance in the juvenile class results from recruitment as
growth proceeds. A Danish seine does not take crabs smaller
than 10 mm, and growth of these small crabs might contribute
to increases in the juvenile group. It seems that the
juveniles of about 13.5 mm carapace width appear in summer,
having been hatched in spring  February through April!
 Sinoda, 1970!. After the period of recruitment into the
catchable size range, the juvenile crabs gradually move into
shallower water.

Distribution of Young Crabs

The carapace width of mature female crabs seems to be
above 60 mm, and the data on young females used here are
from immature individuals only. The 50-percent maturity
point of male crabs appears to occur between 50 and 60 mm
carapace width, thus young males classified �1 to 70 mm!
here might consist of both immature and mature crabs.

The copulation of the primary spawning group is in
September and October  Ito, 1967!, and that of the adult
spawning group is in January and February as shown in Table
l. In order to spawn, crabs migrate into shallow water and,
after copulation, migrate back to deeper water  Ito, 1967!.
In Figure 5, the observed bathymetric data for September and
October are grouped into two depth categories. We can
suggest that the group G~  Figure 5! represents the primary
spawning population and Gr represents younger population.
During September and October the Gr was more abundant at 300
to 350 m, and Gz at 200 to 250 m. After primary spawning,
both populations, Gr and Gz, may intermix at depths of
between 200 and 275 m in early winter. The two groups may
be concentrated around 275 m depth in midwinter; the upward
movement of group Gr may continue, and group G~ may migrate
to deeper water during about March and April with the segre-
gation of the two sexes. In spring or early summer the
primary spawning crabs with very small and undeveloped eggs
seem to recruit into the more advanced spawning groups.
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Pigure 4. Bathymetric distribution and its seasonal variation of juvenile
crabs, open area: females, closed area: males
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Figure 5. Bathymetric distribution and its seasonal variation of
young crabs. Keys as in Figure 4. G>. adult spawning group,
G2: primary spawning group.
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Distribution of Adult Crabs

The seasonal pattern of bathymetric movements of the
two sexes was complicated, as shown in Figure 6. Males were
encountered at depths from 175 to 350 m, but females were
concentrated at depths of from approximately 225 to 275 m.
The male population exhibited seasonal bathymetric movements,
and the females were stationary. During summer and autumn
the two sexes were separated, with the males most abundant
between 250 and 350 m, and the females between 225 and 250
m. After the period of separation, the male population may
move gradually into the shallower water where the female is
abundant. Two distinct groups in depths of from 225 to 275
m and from 300 to 350 m are observed in January and February
 Figure 6!. No difference between the size distributions of
these two groups was recognized, but the shallow group had
many soft crabs  Yoshida, 1941!. Perhaps the two sexes were
concentrated at two depths for spawning and the appearance
of two groups resulted from the complexity of the bathymetric
and horizontal movement. The spawning season of this species
has been reported as January through March in the Japan Sea
 Table 1! .

As summarized in Figure 7, juvenile crabs that had been
captured abundantly from 275 to 350 m and the primary spawn-
ing group that. had. been more abundant in shallow water �00
to 250 m! have disappeared. This finding implies that the
recruitment into the catchable stock of Zuwai crab has been
seriously damaged. It is suggested that intensive exploita-
tions of the stock, not only adults but immature crabs, by
Danish seiners is an important factor in this population
decline. As mentioned earlier, catches have reached the
Lowest level since 1974, and there has not been an upward
trend although Danish seiners have installed the more power-
ful engines. Therefore, it is suggested that. because of
possible damages to the young crab population, catches below
1974 levels may occur in the southwest Japan Sea in the
future.

DECREASE IN AVERAGE CARAPACE SIZE OF MALE CRABS

A gradual decrease in average carapace size of male
crabs in the landings is described as one effect of exploi-
tation of the stock. Since 1964 the carapace measurements
of male crabs landed at Kasumi port have been made, and the
average carapace size of male crabs has also been obtained
from experimental fishing. As small crabs of less than 9 cm
carapace width cannot be legally landed, the asymptotic
carapace width of male crabs as successive exploitation may
be around 9 cd after a sufficiently long period. Conversely,
the average carapace width of crabs caught by experimental
fishing may be dissimilar because measurements of carapace
size were made for all crabs appearing in the net.
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TABLE I

SPAWNING SEASON OF ZUWAI CRAB, CHI ONOECETES OP I LI 0,
ESTIMATED BY FOUR RESEARCHERS
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It appears that about 24 percent contradiction in the
carapace width has resulted from long-tenn fishing from 1964
to 1980  Figure 8!. Asymptotic carapace widths in both
catches, estimated by Kawakami and Kitahara's equation
 Kawakami and Kitahara, 1964!, are 91.5 mm  commercial
catch! and. 57.5 mm  experimental catch!, respectively.

For the crab fishery by Danish seine, the selectivity
curve of cod-end is not precise, and there is chance for
capturing a variety of sizes. In practice, crabs of 10 to
30 mm carapace widths caught in a net are returned to the
sea after sorting the legal-sized crabs. It is likely that
juvenile stocks are heavily exploited, thus leading to a
decrease in the average size of crab. Since early mortality
rates are important in determining future abundance of a
stock, this gradual decrease in crab size from about 120 to
90 mm is an advance sign indicating poor landings in coming
years.

HIGH MORTALITY OF FEMALE CRABS

� N 1 � S ht + 1!

t c
and

S l - S ht + 1!

1 � S

N
�!

M
t

c
where:

N : Total number of the oldest group  Group lI in
Figure 9!

N t : Number of the youngest class in N
c
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Catches of female crabs are restricted to the egg-
carrying group and immature ones are not landed. The
bathymetric distribution of females is rather shallow and
aggregative, thus they can be more easily fished than males.
In carapace size compositions, four distinguishable groups
are seen  Sinoda, 1968!. Each group may be recognized as a
molt class. According to existing knowledge concerning the
molting cycle of this crab, they molt once a year. The
oldest group as shown in Figure 9 presents some difficulty
because this group is considered to contain more than one
age class since mature females do not molt. In tagging
experiments, crabs marked at the berried stage have been
recaptured one to three years later with same size carapaces
as when they were released. Although it is not known how
long the female crab has lived from terminal molt to the
time of marking and how long the crab would live if not
recaptured, if a three-year life span is assumed, the number
of the oldest group can be given by:
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t -1
c : Number of one year younger group than N

 Group I! c

S : Survival rate of mature crab

At : Life span after terminal molt

From equation �! we can easily obtain the value S for
various At as shown in Figure 10, in which S is converted.
into total mortality coefficient Z, assuming that the life
span At is three years  Sinoda, 1968!. During the early
period �963 to 1966!, the values of Z reached around l.5
year ', and consistently high figures are evaluated over
five years, 1977 to 1979, when landings of female crab
showed a slight upward trend.

A consistent increase in the total fecundity of crab
stocks which incorporates protection of berried females is
urgently required. Because it is extremely difficult to
assess mortality in natural stocks, as a temporary measure,
the nonselective exploitation of female crabs should be
legally prohibited.

DISCUSSION

It should be emphasized that the marked decline of
landings is further demonstrated by a decreased mean cara-
pace size and by the high mortality rate for females. This
situation suggests that fishing mortality with nonselective
trawls has outweighted recruitment by the prerecruit age
group. Danish seiners harvest significant numbers of the
incoming recruit group, thus an upward trend for landings
probably will not appear.

The decrease in prerecruit crab exploitation suggests
that we must take drastic measures; for example, a full
prohibition of fishing the Zuwai crab during the 5 to 10
year period in a given ground, open and closed areas.
Immediately following the closure of a fishing area, the
numbers of crabs caught would be down. The immediate loss
of landings is unavoidable; however, the crab stock would
increase again with protective management.

In the present situation, the mesh size of net coromer-
cially used may lead to an increase in the demand for small-
sized crabs, therefore the mesh size must be enlarged. The
important problem associated with the mesh size control is
the catch of other commercially important fish and shrimp
together with Zuwai crab. To minimize immediate losses it
may be better to increase the mesh size in small stages
rather than to have a large increase.
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ABSTRACT

The most productive area for C. o~ilio is the sea off
Hyogo Prefecture, from which a total of 6,500 tons �964!
were captured by Danish seiners. After intensive exploita-
tion over the following 10 years, the catch was approximately
1,900 tons in 1974. Experimental fishing data indicated a
considerably different catch composition between two statuses
of the stock.

To assess factors contributing to the decline of land-
ings, bathymetric distributions for the juveniles  less than
3 cm carapace width!, youngs �.1 to 7.0 cm! and adults
 more than 7.1 cm! are described on the basis of published
information. Juveniles of both sexes congregate through a
year, and the adult males are found. deeper than the females'
The seasonal congregation and dispertion of the mature males
with the females depends upon spawning behavior.

Due to the difference of spatial distribution of males,
and/or the aggregative distribution of females, we might
bring upon the intensive exploitation of females as demanded
at the fish market and current poor landings as a consequence.
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INTRODUCTION

Develo ment of the fisher

Snow crab exploitation in eastern Canada started in l968
in the Gulf of St.Lawrence. Fishing grounds visited at the

onset of the fishery were situated in eastern Baie des Chaleurs

and in the Bay of Gasps, as well as in western Cape Breton

Island and on the north shore of the St.Lawrence Estuary. Then

the fishing fleet extended progressively its activities towards
Magdalen Islands, in the vicinity of Orphelin and Bxadelle
Banks. Newfoundland snow crab fishery only started in the

early 70's. Finally, Nova Scotia began exploiting the resource
in 1977, on fishing grounds near Cape Breton  fig. 1!.

In 1978, restricted inshore areas were defined around most

of Cape Breton; these areas were to be fished only by inshore
Nova Scotia vessels  areas B and B'!. In 1980, similar res-

tricted inshore areas for snow crab exploitation were defined

along the north shore of the Estuary and Gulf of St.Lawrence,
in the province of Quebec  areas C and C'!. Thus, in 1982,
from a management point of view, there are 3 distinct areas
for snow crab exploitation in the Gulf of St.Lawrence.

First, the southwestern Gulf of St.Lawrence area  area
A!, where ll8 vessels from 12 to 28 m in length are exploiting
the resource, 62 of which are more than 15,2 m �0 feet! long.

Each license allows the use of 150 traps, and all fishing

grounds outside the restricted inshore areas can be fished by
the licenses holders. If we exclude 5 or 6 vessels which use

japanese conical traps in region la, all units of the fleet
are fishing with rectangular traps �,5 x 1,5 x 0,6 or 1,8 x
0,6 m!. Southwestern Gulf of St.Lawrence snow crab fishery
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accounts for the largest part of snow crab landings. In

1981, this fishery landed l9768 tons out of a total catch

of 22000 tons for the entire Gulf  Table 1!.

In Cape Breton restricted inshore area  area B! there

are about 50 vessels between 7 and 13 m in length. These

vessels are polyvalent, exploiting other species during

part of the season.

Finally, in the restricted inshore area  areas C and C'!

along the north shore of the Estuary and Gulf, there are

approximately 60 vessels measuring between 10 and 14 m. These

vessels use both conical and rectangular traps. Most vessels

exploit other species in addition to crab. In 1981, they

landed 1804 tons of snow crab.

This paper deals only with southwestern Gulf of St.Lawrence

snow crab stocks which have been mainly exploited since 1968 by

both provinces of Quebec and New-Brunswick.

Studies on southwestern Gulf of St.Lawrence stocks

Since the beginning of the fishery and up to 1971, most

biological work on snow crab in the Gulf was performed by

St-Andrews  New-Brunswick! research laboratory. Since 1975,

studies on southwestern Gulf stocks was started by Quebec's

Department of Industry and Commerce and since 1977, research

on snow crab stocks in the whole Gulf is performed also by

Canada's Department of Fisheries and Oceans, both in St-

Andrews and Quebec City laboratories.
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MATERIAL AND METHODS

Since 1980, the research on snow crab populations by the

province of Quebec is performed by Department of Agriculture,

Fisheries and Food. Before 1980, fisheries jurisdiction was

under the authority of Department of Industry and Commerce.

Since 1975, port and at-sea sampling has been carried out on

snow crab populations and since 1978, catch report and log-

book data have been collected from Quebec fishermen.

Port and at-sea sam lin

Port sampling of southwestern Gulf snow crab populations

was carried out between 1975 and 1980. Its major goal was

to assess the impact of exploitation on the stocks. Sampling

was realised in ports of Gasps peninsula and Magdalen Islands,

in order to cover all fishing grounds visited by the Quebec

fleet. The whole area was divided into 6 regions  la, lb, lc,

2, 3, 4! as shown in Fig. 1, on the basis of both geomorpho-

logical and management criteria.

Since crabs below the 95 mm  minimum legal size! carapace

width cannot be landed, port sampling would then give a biased

estimate of population size structure. In addition, whenever

recruitment prediction becomes one of our main objectives, port

sampling should be replaced by at-sea sampling. In 1980, both

port. and at-sea sampling were performed and, in 1981, port

sampling was abandonned.

Sampling was realized at sea in 1976, 1980 and 1981. In

l976, sampling was carried out with 70 mm mesh size traps in

the southwestern Gulf area in June and July. Since 1980, at-

sea sampling is made on fishing vessels. In 1980, observations

were made only on catch taken from fishermen's gear  mesh size
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130 mm!. In 1981, traps with mesh size 50 mm were put on

board commercial vessels, and observations were made from

both commercial and modified gear.

Since 1975, data obtained from both port and at-sea

sampling dealt only with shell size and hardness of male

snow crabs. Females, whose landing is prohibited, were

only enumerated. Snow crab size is determined by the

maximum width of the carapace. Measurements were made with

a special gauge to the nearest millimeter. This gauge is

described in Watson �971!. Shell hardness was determined

according to a 3-stage subjective scale: soft, intermediate

and hard shell. These stages are described in Appendix l.

More information on snow crab sampling techniques can be

found in Lussiaa-Berdou et al  in preparation!.

Catch per unit effort  CPUE! data from 1975 to 1977

were not obtained directly on a day-to-day basis, but were

given afterwards by fishermen and processors. Since 1978,

logbooks are given to fishermen, therefore improving consi-

derably the quality of information collected. Details on

snow crab fishery logbooks system of Quebec are given in

Lamoureux �981!. Most of fishing vessels fill the logbooks

correctly as far as fishing effort and catches are concerned.

Thus, in 1980, more than 67% of catch landed by Quebec's

fishing vessels in the southwestern Gulf of St.Lawrence was

reported on logbooks, and was used to estimate CPUE levels.
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RESULTS

Characteristics of the fisher

Landin s from Quebec and New-Brunswick

Table 1 gives the landings for each province on the

atlantic coast of Canada, since 1966. The values for the

southwestern Gulf of St.Lawrence were obtained from those

of Quebec and New-Brunswick only. We assumed that the

negligible catch from Prince-Edward Island were taken on

the fishing grounds of west coast of Cape Breton  area B,

Fig. 1!. It is also possible that a negligible fraction of

Quebec and New-Brunswick catches originated from the west

coast of Cape Breton during certain years. Traditionnally

the crab fishery in the Gulf has been seasonnal; it extends

usually from early May to the end of October.

From 1968 to 1974, landings fluctuated between 3931 and

7054 tons. Following a reduction of landings in 1975, they

steadily increased until 1979 when they reached 15079 tons.

The state of the international markets in 1980, brought an

early closure  August! to the fishery, thus reducing landings

to 14852 tons. In 1981, landings reached their highest level

for the whole atlantic coast of Canada also reached a peak in

1981, with catches of 33743 tons  Table 1!.

Until 1977, the southwestern Gulf always contributed for

at least 66% of the landings on the atlantic coast of Canada.

Posterior to 1978, Newfoundland and Nova-Scotia greatly increased

their participation in the fishery.

451



Fishin effort

Table 2 gives an estimate of the fishing effort, in terms

of total traps used by the vessels active in the fishery,

since 1968. Data from Bailey �978! were mostly used for the

period prior to 1975.

At the beginning of the fishery in 1968, the average

number of traps per vessel approximated 30. A rapid increase

in the number of traps per vessel was observed in New-Brunswick

until 1974, when it reached 121. At this time vessels from

Quebec had an average of only 63 traps. From 1975 to 1981,

the average number of traps went from 63 to 109 in Quebec,

while it increased from 120 to 145 in New-Brunswick. The

increase in the size of vessels in Quebec after 1974, by

allowing the use of a greater number of traps per unit, seems

to have been responsible for a greater fishing effort  Fig. 2!.

The number of vessels fishing actively also rose considerably

in Quebec, after 1974.

In Quebec, in 1975, only 2 vessels out of 12 measured

more than 15,1 m and in 1978, 9 out of 27. Finally, in 1981,

22 vessels out of 45 in Quebec measured more than 15,1 m.

Larger vessels can carry more traps and reach fishing grounds

with higher yields further offshore.

Since 1974, the major displacement of large New-Brunswick

vessels from the ground fishery to the crab fishery, always

kept, the proportion of crabbers of more than 15,1 m above

50%, in this province  Table 2!. Some of the vessels from

New-Brunswick fishing for crabs also participate every year

in the ground fishery. Quebec boats remain in the crab fishery

during all the season.
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Catch er unit of effort

Before 1972, high CPUE values were rather usual, since

new fishing grounds were still being discovered. CPUE

variations between 1974 and 1980 were analysed in a previous

document  Lamoureux, 1981!. From 1972 to 1975, CPUT values

dropped from 42,2 to 13,7 ki!ograms per trap haul  Table 2!.

However, from 1975 to 1980, although there was a major increase

of the fishing effort, CPUE values went from 13,7 to 34,9 kilo-

grams per trap haul.

The effects of ex loitation

Po ulations size structure

Port sam lin between 1975 and 1980

Between 1975 and 1980, a total of 59257 male crabs were

sampled in various ports of the Gaspe peninsula and on Magdalen
Islands. As far as possible, the sampling covered all the crab

fishing grounds visited by boats from Quebec on the west side
of the Magdalen Islands  in the southwestern Gulf of St.Lawrence! .
But, it was only after 1978 that vessels from Quebec started

visiting more regularly grounds near Bradelle Bank, thus allowing
us to sample the regions 3 and 4. Three sampling periods we
defined during the fishing season, the first being May-June,

the second, July-August and the third, September-October.

Size frequency distributions are given in figure 3 for
the whole southwestern Gulf. As we are dealing here with port

sampling only, we don't expect to find modes below the minimum
legal size of 95 mm. Because of this, most of the time we will
be in the presence of unimodal size distribution. From l975
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to 1978 the modal class size oscillate between 97 and 102 mm.

The size classes between 92 and 122 mm are heavily represented.
From 1979 and on, there is a progressive reduction of size

classes above 102 mm. The strict enforcement of the 95 mm

legal size regulation in 1980, managed to eliminate most of

the smaller crabs from the landings  Fig. 3!.

Size frequency distributions for each of the 6 specific

regions sampled in the southwestern Gulf are shown in figures
4 to 8. Remarks made above on the southwestern Gulf as a vhole

holds true for most of the 6 specified regions: we observe

the same gradual reduction of higher size classes after 1978

and the disappearence of sublegal size crabs from the landings
in 1980.

At-sea sam lin

In 1976 and 1981, at-sea sampling was done using respec-

tively 70 and 50 mm mesh size traps.

The Baie des Chaleurs  regions la and lb! size frequency

distributions given for 1981 in Fig. 9, show major pre-recruit-

ment peaks at 72 mm  region la! and at 92 mm  region 1b!. The

data from 1976 are not abundant enough to allow for such obser-

vations.

On Orphelin Bank  region 2!, pre-recruitment was relatively

scarce in 1976 compared with 1981. In fact, more than 54% of

the 838 males sampled during the May-June period of 1981, were

below 95 mm. A mode appears at 72 mm  Fig. 10!. Harvesting

of legal size crabs would be responsible for the increased

abundance of pre-recruits �4,6%! during the July-August

sampling period of 1981.
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The crab population on West Bradelle Bank  region 3!

shows a similar trend as the one on Orphelin Bank  region 2!:

few pre � recruits in 1976, and their major increase in 1981,

with 70,5% of the crabs being concentrated around a first

mode at 67 mm  Fig. 10!. There is a second mode at 97 nrem.

On East Bradelle Bank  region 4!, we also observe a

similar mode for pre-recruits in 1981, although only 36,5%

of the crabs were below 95 mm  Fig. 10!.

Size of crabs and CPUE

From 1975 to 1976, the mean size of crabs sampled in

ports fluctuate around 105 mm  Table 3!. It then increase

to 109,8 rnm in 1977. It drops from 105,8 to 96,6 rnrn from

1978 to 1979. Following the strict enforcement of the legal

size limit in 1980, the mean size of landed crabs remains

close to 100 rom. In the future, with the strict enforcement

of the legal size limit and the disappearance of larger crabs,

we can expect that the mean size remains close to 100 mm.

Each of the specific regions show the same trend as the

whole southwestern Gulf: a mean size increase in 1977,

followed by a gradual decrease until 1980  Table 3!.

Figure 11 shows annual CPUE values in parallel with mean

size of crabs from port sampling, for the southwestern Gulf,

between 1974 and 1980. Figures 12a and 12b give a similar

comparison between CPUE and mean size for pooled. data of
regions la and lb, and for region 2 respectively. In all

cases we observe the same trend: an important CPUE increase

accompanied by a major reduction of the mean size of male crabs.
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Relative abundance of soft and intermediate-shelled crab

Soft and intermediate-shelled crab and fishin effort

Molting cycle is important when studying the snow crab

populations in the southwestern Gulf, because of its impact

on the fishery. For Baie des Chaleurs  regions la and 1b!

and Orphelin Bank  region 2!, we observe that the abundance

of crabs with soft and intermediate shell fluctuates and

shows a net. reduction from 1979 on. During the same period,

the fishing effort increases steadily, at least until 1980.

The real fishing effort being unavailable for these regions

 la, lb and 2!, we can only evaluated it indirectly by using

the number of vessels of size less than 15,2 m  table 4!.

We know that these vessels can not fish further east than

region 2 and larger vessels don't contribute to a significant
proportion of the landings from these regions. From 1975 to

1981, there were no changes in the New-Brunswick fleet while

there were some in the Quebec fleet. In fact the number of

Quebec vessels of size less than 15,2 metres increases from

7 in 1975 to 27 in 1980 ' In 1981, it goes down to 24. So,

the hypotheses that a greater fishing effort causes an increase
in the abundance of soft shell crabs in landings does not seem

to hold, at least not for Baie des Chaleurs and Orphelin Bank.

Moltin c cle and CPUE

Figure 13 shows fluctuations of crabs with soft, and inter-
mediate shell and CPUE values at the beginning, in the middle

and at. the end of the fishing seasons of 1975 to 1981. Those

two parameters fluctuate, either in or out of phase, in such
a way that there is no statistically significant relationship
between the two variables  p p, 05, Kenda ll rank correlation! .
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< 50' �0,2 m!Year

1975 10

141976

1977

1978 18

1979

271980

241981
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Table 4. Nurser of vessels of size less than 15,2 m �0'!

engaged in the snow crab fishery, areas 1 and 2.
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CPUE variations study between 1975 and 1980 allowed us

to demonstrate the occurrence of winter molting for snow

crab in the southwestern Gulf of St.Lawrence  Lamoureux, 1981!.

Figure 13 sums up those results for the Baie des Chaleurs and

Orphelin Bank regions together. We notice that CPUE values

at the beginning of a fishing season are always higher than

values at the closure of the previous one. Thus, since 1975,

winter molting always contributed to recruitment.

Figure 13 shows also that in 1976, 1977 and 1979, CPUE

increases from the first to the second sampling period. This

suggests that recruitment. may have resulted from molting

during the fishing season. In fact, during these three years,

we observe a major increase in the percentage of crabs with

soft and intermediate shell from the first to the second period.

In 1980, although there was an important increase of the propor-

tion of crabs with soft and intermediate shell, we note a CPUE

decrease between those two periods of sampling  Fig. 13!. This

can be explained by the important slow down of the fishery

followed by an early closure in August 1980. In 1978, the

increase in percentage of crabs with soft and intermediate shell

from the first to the second sampling period seemed to have had

no significant impact on CPUE levels  Fig. 13!.

Thus, from 1976 to 1981, it seems that summer molting did

not occur with the same intensity and regularity.
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DISCUSSION

The exploitation of southwestern Gulf of St.Lawrence

snow crab stocks by Quebec's fleet could be divided into

two periods: a period of exploration and a period of

expansion. During the exploratory phase, catch .levels

showed important fluctuations, which could be related to

the learning of the fishing techniques, as well as to the

extension of the fishing area. In addition, recruitment

levels were then relatively modest.

The expansion period is characterized by an increasing

importance of the whole fishery. Catch levels increase

continuously and a slight extension of fishing area was

observed up to 1977. Since then, one can state that all

snow crab fishing grounds available to the fishery in the

southwestern Gulf have been explored  Lamoureux, 1981!.

Marked increase of catch levels during this period could be

partly explained by greater fishing effort, through important

changes of the fishing capacity of the fleet. Also, recruit�

ment levels were relatively high during this period  Fig. 5

and 6!. These could be related to the decrease in abundance

of cod stocks in NAFO subareas 4T-4Vn, as hypothesized by

Bailey  l981!. Since 1975, increase in catch levels exceeds

the relative increase in fishing effort, thereby showing a

rise in CPUE levels. CPUE levels can be considered as a

valuable index of abundance. Thus, a real increase in the

abundance of the crab stocks is observed in the southwestern

Gulf area.

The effects of intensive exploitation of southwestern

Gulf snow crab stocks were mainly observed on size structure

of the populations, particularly since 1977. Between 1975
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and l977, mean size of landed crabs showed a slight increase,

which corresponds to the final phase of extension of the

fishing area. In addition, one could state that important

arrival of new recruits during that period exceeded their

removal by the fishery, thereby allowing a larger proportion

to reach larger size modes. In l977, one observes a marked

increase of fishing effort in the whole southwestern Gulf,

including Baie des Chaleurs and Orphelin Bank  Table 2!.

Since then, we note a sharp decrease in mean size' of landed

snow crab  Fig. 12!. Moreover, data obtained at sea in

1976 and 198l show greater relative importance of pre-recruit

size classes in catch following removal of larger individuals

through exploitation. Thus, through the years, removal of

larger individuals by the fishery implies that snow crab

fishery in the southwestern Gulf now depends almost exclusi-

vely on newly recruited individuals. We now have the follow-

ing situation: relatively abundant stocks  increase of CPUE

levels! composed mainly of newly recruited individuals. The

success of the fishery for a given year is now intimately

linked with the success of the recruitment.

Recruitment of individuals of commercial size takes place

twice during the year: on a regular basis during winter  at

least since l975! and, more sporadically, in summer. Lack of

precise data on landings for each of the 6 regions specified

makes comparison of those two levels of recruitment impossible.

However, based on its regular appearance from year to year, we

could state that winter molting contributes for an important

part. of the annual recruitment in the southwestern Gulf snow

crab stocks.

The lack of relation between exploitation intensity and

proportion of soft and intermediate-shelled crab in the catch

seems to indicate that the "white crab" problem may not be
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directly related to exploitation, but rather to the biology

of the species itself. The hypothesis through which those

two factors are related states that higher fishing effort,

by removing larger individuals, leaves only the smaller ones

with higher molting frequency, thereby increasing the proba-

bility of catching soft-shelled crab. However, one could

verify this hypothesis only if molting period remains constant

from year to year for the exploited molting group. Thus, if

summer molting is somewhat reduced, as seemed to have happened

in 1981, one would find a small proportion of soft,-shelled

crab in the catch, even though exploitation level is high.

Despite the lack of relationship between yearly exploi-

tation levels and abundance of soft and intermediate-shelled

crab, we observed, particularly in l981, that the "classic"

pattern of appearance of soft-shelled crab disappeared. Indeed.,

through the years, we observed that soft-shelled crab abundance

peaked during mid-summer. ln l98l, it. showed. a continuous

decrease since the beginning of the fishing season  Table 5!.

In fact the exploitation-related abundance of soft-shelled

crab hypothesis states that higher fishing effort, by removing

larger individuals, leaves only smaller ones on the grounds.

It seems that, according to the molting group to which

they belong, crabs of different size will molt at different

time of the year  Ito, l970!. Thus, in a heavily exploited

population where larger individuals have been removed, it is

possible that incidence of soft-shelled crab be noticeably

reduced during the main fishing season. The timing of molting

for smaller crabs may be different but it may also be spread

over a longer period of the year.
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Table 5. Frequency of appearance of soft  Dl! and intermediate-shelled
 D2! crab for regions 1 a, 1 b and 2 during the fishing season
of 1975 to 1981.

Year Percentage of 01-D2 in samplePeriod

1975

1 976

1977

1978

1979

1980

1981

476

M-J
J-A
S-0

M-J
J-A

S-0

N-J

J-A
S-0

M-J
J-A

S-0

M-J
J-A

S-0

M-J

J-A
S-0

M-J

J-A
S-0

58,0
77,6

40,1
81,5

30,7
60,5
31,8

44,5
66,5
52,1

69,4
84,2
78,3

38,3
69,1

39,5
21,6

7,8
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Appendix I. Criteria for determining shell hardness stage for snow

crab.

Stage 1.  soft-shelled!

1! Claw easily broken by thumb pressure

2! Appendages contain mainly liquid and a small quanti-

ty of flesh

3! Col or of carapace

Borsa1 side : very light brown

ventral side: usually white

4! Cal careous growth: absent

Stage 2.  intermediate-shelled!

1! Claw less easily broken by thumb pressure

2! Appendages contain less liquid; more flesh pink-

colored

3! Color of carapace

dorsal side : light brown

ventral side: white towards pink

4! Calcareous growth: sometimes present

Stage 3.  hard-shelled!

1! Claw impossible to break by thumb pressure

2! No liquid in the appendages. Flesh of consistent

structure

3! Color of carapace

dorsal side : dark brown

Ventral side: white-yellowish, often hairy

4! Calcareous growth: often present
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ABSTRACT

Snow crab exploitation in the southwestern Gulf of St.

Lawrence started in 1968. Historical development of the

fishery could be divided in two periods: a period of explo-

ration �968-75! and a period of expansion �975-81!. During

the 1968-75 period, extension of the fishing area and learning

of new techniques could explain the important fluctuations

of catch levels. From 1975 to 1980 the CPUE increased gradually

from 13,7 to 34,9 on fishing grounds visited by vessels from

Quebec. This increase is due chiefly to the heavy input of

new recruits to the fishery, but also to changes in the fishing

capacity of the fleet following an increase in the size of

vessels.

Between 1975 and 1980 there was a gradual decrease of the

mean size of landed snow crab. After oscillations between 104

and 109 mm in 1975 and 1976, it decreases from 110 mm in 1977

to near 100 mm in 1980. The mean size decrease after 1977 was

accompanied by a gradual reduction in the number of size clas-

ses above 100 mm. This is the result of a sustained fishing

effort on the fishing grounds in the southwestern Gulf of St.

Lawrence. Following the strict enforcement of the minimum

legal size limit, smaller crabs disappear from landings after

1980.

Recruitment of individuals of commercial size through

molting occurs twice during the year: regularly in winter

and, more sporadically during the fishing season. Also, no

relationship was found between the intensity of exploitation
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and the relative abundance of soft and intermediate-shelled

crab. The effects of exploitation on the abundance of soft-

shelled crab and on the molting cycle during the fishing

season are discussed.
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ABSTRACT

The recruitment of snow crabs  Chionoecetes o olio! to the

dependent on previous abundance of cod  Gadus morhua! ~ A strong
statistical relation was found when snow crab catch in a given year was
correlated with the average biomass of cod present 3 to 6 years before.
Snow crabs recruit to the fishery at an age of approximately 6 years
old, and are subject to predation mostly during the first 3 years of
their life's Increased catches of crab in recent years are explained by
an improved recruitment which results essentially from a decrease in
abundance of cod in the mid-70's. If the same relationship holds,
catches of crab should decrease in a near future.

INTRODUCTION

Since 1967, snow crab  Chionoecetes ~o ilio! has supported an
important fishery in the southwestern Gulf of St.Lawrence  Figure 1!.
Kxploitation has been particularly intensive since 1973, with over 60
boats fishing regularly from May to October.

It is generally accepted that this crab fishery does not affect
stock fecundity nor larval production. The minumum size limit for male
crabs is 95 mm  carapace width!. This is approximately three molt
increments  Miller and Watson 1976! above the average size at maturity
of 57 mm  Watson 1970!. A11 mature males are thus protected from the
fishery and available for reproduction, for the time it takes them to
grow from maturity onset to recruitment. It has been demonstrated that
the males are polygamous  Watson 1972!, and that the females can breed a
second annual batch of eggs without further mating  Watson 1970! ~ All
these conditions are favorable to reproductive success' In fact, 99-8X
of the mature females captured in research surveys in 1980 were berried.
The females are too small to be exploited and their numbers are probably
not smaller than under unexploited conditions' Recruitment to the
fishery should then be independent of stock size. It would rather
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depend partly on larval survival under given environmental conditions,
and partly on survival of pre-recruits, which in turn is affected by
abundance of predators.

A recent study  Waiwood et al. 1980! on food habits of cod in the
southwestern Gulf of St ~ Lawrence has indicated that brachyuran crabs

They accounted, by weight, for 4-38X of the total food intake depending
on cod size. Calculated from the preliminary data presented by Waiwood
et al. �980!, 19,25S tons of crab �.4X of the total food! were con-
sumed by cod in 1978 in the study area, which contained approximately
37K of the total estimated southern gulf cod population. This consumed
biomass exceeds the total landings of commercial crabs from the same
area.

Because cod appears to be an important predator of snow crab
juveniles and could then be a major controlling factor for recruitment,
an attempt was made to relate the annual yield of the snow crab fishery
to cod abundance in previous years. If such a relationship were availa-
ble, it could be used for the purpose of snow crab catch prediction.

MATERIAL AND METHODS

Cod in the southwestern Gulf of St. Lawrence is part of a stock
which migrates between NAFO Division 4T in summer and Sub-division 4Vn
in winter  Figure 1!. Annual fishable biomass, as obtained from cohort
analysis, was reported by Beacham �980! for 1967 to 1979  Table 1! ~
Since there is no information available on fishable biomass of snow crab

in the southwestern Gulf, the total catches were here used under the
assumption that they are proportional to the fishable biomass.

A preliminary model for growth of snow crab in the Gulf of
St.Lawrence was described by Watson �969!. It was based on observa-
tions of crabs molting in the laboratory, on modes present in the size
frequencies of samples taken at sea, and on data published by Kon. et sic
�968! on growth of snow crab in Japan. According to the model, it
takes approximately 6 years for a crab to reach the size of recruitment
into the fishery-

Consequently, a lag of 6 years was used in regressions between crab
catches and the cod biomass. Since predation by cod is directed on
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4TVn cod
f i shab le biomass   t!

Snow crab
catches  t!

Year

171 112

174 772

188 524

207 320

198 512

192 489

152 387

125 070

103 255

104 024

122 741

182 156

225 909

397 633~

1581967

1968 3 758

7 1451969

1970 5 482

1971 5 388

1972 4 896

1973 6 744

1974 6 620

4 6301975

1976 7 384

9 4501977

1978 10 344

14 908

14 757

19 651

1979

1980

1981

From Beacham �980! ~

Projection
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Table l. Annual cod fishable biomass in Division 4TVn and snow crab
catches from the southwestern Gulf of St.Lawrence ~



juvenile crabs as well as crab young-o f-the-year  K- Waiwood, pers.
comm.!, other regressions were fitted with the averages of cod biomass
over a various number of years following the initial lag of 6 years.
This would tend to measure the average mortality by predation over more
than 1 year. For instance, in a first regression, the 1973 snow crab
landings would be related to cod biomass in 1967 ' In another regression
cod biomass would be averaged over 4 years, with the 1973 snow crab
landings related to the average biomass of cod for 1967 to 1970 inclu-
sively.

The following exponential equation was used for the regressions:

-bx
y-a e

where y crab catches, and x cod biomass. Such a curve was selected
because it has a positive y-intercept, representing the crab population
at a maximma when cod biomass is 0. Theoretically, this would corre-
spond to some maximum carrying capacity of the ecosystem. On the other
hand, the curve never reaches the x-axis but tends to level off. Thus,
increasing abundance of cod would reduce the abundance of crab available
to the fishery, but never eliminate it. At low crab abundance, cod
would presumably shift its predation pattern toward other available
species. A change in the diet, associated with a reduction in abundance
of a prey, was reported by Ponomarenko and Yaragina �978! for Barents
Sea cod, and by Waiwood et al. �980! for Gulf of St.Lawrence cod. In
absence of alternative prey, cod would probably decline in abundance.

RESULTS

Three series of six regression analyses were carried out with snow
crab catch data, and different cod biomass values averaged over 1 to 6
years  Table 2!- The first series was calculated with snow crab data
for the years 1973 to 1979 ' Predicted annual catches up to 1982 were
estimated with these regressions. The same calculations were repeated
with snow crab data for 1973 to 1980, and 1973 to 1981  Figure 2! .

In the three series, the best regression fit is obtained with cod
biomass averaged over 4 years, the coefficients of determination  r~!
being 0.89, 0.91 and 0.87 respectively. This indicates that snow crab
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Figure 2. Relationships between annual �973 to 1981! catches of snow crab in
the southwestern Gulf St Lawrence and average 4 TVn cod biomass .



catch in a given year seems to have been influenced mostly by the
population of cod present 3 to 6 years earlier.

The 4-year average regressions in each of the three series, namely
1973-79, 1973-80 and 1973-81, predict similar crab catches for 1982 of
9,304, 9,199 and 9,625 t. The same consistency holds for the 3-year-
average and 5-year-average regressions which in all cases have values
for r~ l 0.71. Their predicted 1982 catches are 13,429, 12,322 and
12,829 t for the 3-year averages, and 4,846, 4,736 and 4,826 t for the
5-year averages.

In the analysis using the 1973-79 crab catch data, predictions for
the 1980 crab catch overestimated the actual catches of 14,757 t by
25.2X for the 3-year-average regression  at 18,477 t! and by 10.9X for
the 4-year-average regression  at 16,372 t!. The 5-year-average
regression underestimated it by 13.3X at 12,800 t. The predictions for
1981 underestimated the actual catches of 19,651 t by 4.6X for the 3-
year-average regression., 30.5X for the 4-year-average regression and
49.1X for the S-year-average regression. Using the 1973-80 crab catch
data, the predictions for 1981 were again underestimating the actual
catches by 16 ' 1X, 32.8X and 47.8X respectively for the 3-year-average,
4-year-average and 5-year-average regressions.

All regressions, particularly those with the best fit  high r~
value!, predict a reduction in the catches of crab for 1982 ' This
reduction would be associated with the increase in cod abundance since
the mid-70'st

DISCUSSION

The best relationships of crab catches to cod biomass, obtained
with the average biomass of cod 3 to 6 years before the corresponding
crab fishing season, suggest that predation by cod is mostly directed at
crabs up to 3 years old ~ Predation on older crabs is probably not as
important since the corresponding regressions show a decline in the
coefficients of determination  Table 2!. According to Watson's �969!
growth model for snow crab, a 3-year old crab is 40 to 6S mm in carapace
width. This corresponds well with the observation that the largest
crabs found in the cod stomachs were approximately 50 aaa  K. Waiwood,
pers. coram.!.
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cod abundance and crab catches has
the last 3 years. According to the stable
catches, using the different series of
relationship between cod and crab has not

The relationship between
remained fairly consistent in
predictions for the 1982 crab
regressions, the trend in the
changed from 1979 to 1981.

One assumption of the simple model presented here is that 1! the
initial number of juveniles, or the number of larvae successfully
settling on the bottom, is the same each year; or at least that 2! cod
predation reduces the abundance of juvenile crabs to a number
proportional to cod abundance' Although the correctness of this
assumption cannot be demonstrated, evidence has been presented in the
introduction suggesting at least that larval production is not reduced
by exploitation of the stock.

In the regression analysis, a direct measure of recruitment would
have been preferable to the annual catch data. However, the necessary
assumptions that the catches reflect the abundance, and that the
population is composed of a significant portion of recruits seem to have
some support. The catch rates reported by fishermen in the last years
have increased  Lamoureux 1981!, although the effort may have slightly
increased too, and higher abundance is the best explanation for higher
total catches. The size range of recruits in the catches is
approximately 95 to 115 mm since, after one molt, the largest pre-
recruit of 94 mm would increase in size by 18.6X  Miller and watson,
1976! to approximately 112 mm. Crabs within this size range represented
approximately 60X of the size composition of the catch in 1977, from 60X
to 80X in 1978, and over 90X since 1979. Although it is possible that
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The model also assumes that the pattern of predation on crab is
stable and that the abundance of other prey species does not affect too
seriously the relationship between the abundance of cod and the amount
of predation on crab. Nevertheless, it is probable that a large
increase in the abundance of pelagic fishes, such as herring and
capelin, or a major shift in the size composition of cod would result in
reduced predation on juvenile crabs. Cod seems to have a preference for
pelagic prey when available  Brunel 1963; Kohler and Fitzgerald 1969!.
Abundance of other predators on the other hand may result in higher
mortality of crabs. The relationships between cod and crab can thus be
affected by outside dynamic elements. The importance of these elements
will determine the goodness of fit of a direct relationship ~ The strong
coefficients of determination found in this study are indications that
these elements have been marginal or constant during the period of
analysis �973-1981! ~ But this does not necessarily mean that the same
relationship will hold as strongly in the future.



not all the crabs in that size range were recruited in the same year,
their relative increasing abundance suggests that a major part of the
snow crab catch in composed of recruits. The size of the catch should
then be a measure of recruitment success'

The predictions of annual catches calculated with the regressions
are values expected under average conditions experienced during the
years considered in the analysis. These estimates will then have a
statistical probability of error attached to them. For instance, the
predictions for 1980 and 1981 with the 4-year-average regressions were
off by 10.9X to 32 ' SX of the actual catch data.

In conclusion, it seems premature to use the statistical relation-
ships between cod abundance and crab catches to predict exact yields for
the fishery. However, it may prove very useful in indicating future
trends in the annual catches.
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INTRODUCTION

The intricacies of a predator:prey interaction may be
further complicated if either or both the predator and prey
are commercially exploited. Such a situation exists in the
Gulf of St. Lawrence where important fisheries exist for the
cod, Gadus aorhua, and its snow crab, Chionoecetes ~oil in,
prey. Each spring, the cod migrate into the southern Gulf of
St. Lawrence  NAFO Division 4T! after overwintering in the
Sydney Bight  Fig. 1! . In the southern Gulf, during summer and
fall, cod is the major commercial groundfish with recent
catches of approximately 40,000 MT  Sinclair and Maguire 1981! .
There has been a snow crab fishery in the Gulf of St. Lawrence
since 1966 and current landings are in excess of 20,000 tons
  Elner 1982! .

Early investigations into the diet of 4T cod have shown
that herring, capel in and flatf ish were major prey items
 Corbeil 1953, Powles 1958, Kohler 1964! . However, Waiwood et
al. �980! and Waiwood �981! suggest that diet composition has
changed in recent years with decapods, particularly snow crab,
contributing a higher proportion of the diet. Cod stomachs
have been analysed on fall groundfish surveys in the southern
Gulf of St. Lawrence during 1959-73 and 1979-81  Waiwood et al.
1980; Waiwood 1981, Waiwood and Majkowski, unpublished
manuscript!. The object of this paper is to interpret these
data with regard to the impact of cod predation on crab species
in general and on snow crab in particular. Specifically we
consider: historical patterns of crab predation in relation to
location, variation in the contribution of crabs to the diet of
cod, and predator-prey size relationships for cod-snow crab.
The biomass of crab consumed by various age classes of cod  for
a restricted period and area! are also estimated over the time
series using data on diet composition and estimates of numbers-
at-age and total food consumption-at-age.

M ETHODS

Geographic and year-to � year variation in the dietary
contribution of snow crab were evaluated from cod stomach
content data collected on groundfish surveys during 1959-73 and
1979-81. During this period, over 14,000 stomachs  non-empty!
were examined. Both sampling design and procedures for stomach
analysis varied during the time series. In the period 1959-63,
stomach data were collected on standard, f ixed-station fall
surveys in the southwestern Gulf of St. Lawrence and on
exploratory surveys which covered other areas in the Gulf .
During 1964-70, sampling was mainly restricted to the above
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f ixed station fall survey but, af ter 1971, a stratified random
fall survey was added to the historic fixed-station survey.
This survey was also expanded to include the entire southern
Gulf. The locations of sampling stations occupied during
1959-73 and 1980 � 81 are shown in Fig, 2a,b. In order to
standardize year-to-year comparisons in the diet of cod, we
have only used data from fall cruises  September! and from a
def ined area   see Fig. 1! . Th is area is approximately 9500 km
and corresponds to the more restricted coverage during 1964-68
as well as overlapping commercial snow crab f ishing grounds.

Before 1980, stomachs were analysed at sea as a standard
sampling procedure. Cod length, weight, sex and maturity were
recorded. Total stomach volume was estimated by visually
matching the contents with plasticine models of known volumes.
The contributions of individual prey groups were estimated as
parts of ten. In 1980 and 1981, whole stomachs were removed,
wrapped in gauze or tied, preserved in 10% Formalin and
returned to the laboratory for analysis. The total stomach
contents were weighed, then sorted into taxa which were then
weighed to the nearest 0.01 g. Items were identified to
species level where possible. Carapace width of each crab prey
was measured to the nearest 1 mm using vernier calipers.

The dietary fractions attributable to the various prey
groups were calculated on a per weight basis. If only volumes
were available, a density of one was assumed. The average
percentage dietary contribution of snow crab was adjusted by
assuming that the composition of unidentified remains  e.g.
unidentified crabs, decapods or invertebrates! was not
different from that of the identified fraction. Empty stomachs
were not analysed.

The percentage  by weight! of crabs in the diet was calcu-
lated for different weight categories of cod each representing
a specific age group. Weight categories representing ages 9-10
and ll � 15 were combined. Weights-at-age for the time series
were taken from Beacham � 980!, and Sinclair and Naguire
�981! .

The evaluation of the food biomass consumed by cod of
different age-groups was based on an application of Ursin's
growth theory which relates food consumption to growth  Ursin
1967! . The model uses empirical growth data for cod, values
for the required physiological parameters and the appropriate
numbers-at-age as described and tested by Majkowski and Waiwood
�980! and Waiwood et al. �980! . Input values for the
physiological input parameters of the model are presented in
Table l.
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The average numbers-at-age  Ni! in each year were
calculated using the following equation from Ricker �975!:

Noi l-e >!

Z g

where Zi was the sum of fishing mortality, Fi  Table 10C
in Sinclair and Maguire 1981! and natural mortality  Mi! which
was given the value of 0.2 for all ages and years. The starting
numbers-at-age  Noi! were taken from Sinclair and Maguire
�981! .

The biomass of food consumed by cod in area 4T  R4Ti!
was calculated as the yearly food biomass minus the biomass of
food eaten in area 4Vn  Sydney Bight! where the latter value was
estimated to equal one third the yearly maintenance ration  see
Majkowski and Waiwood 1980, 1981! . The biomass of crab eaten by
cod during each September  Rhi! and in the defined area was
calculated as follows:

Rh i = Pqri NiR4Ti �!
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where p  = 0.125! was the proportion of the time spent in 4T
represented by the month of September, q  = 0.35! was the
fraction of the population inhabiting the defined area  Wai>ood'
et al. 1980!, ri was the fraction of the food biomass
represented by the crabs, Ni was the yearly average
number-at-age <Table 2! and R4Ti was the average Eood
biomass eaten in 4T by cod of the i-th age- Tn this calculation
it was necessary to assume that in Septemter food consumption
rate in the def ined area was identicaL to that estimated for the
total residence  June to December! in 4T. Since variation in
total food consumption undoubtedly occurs among months and
areas, differences among years in the fraction of the total
population inhabiting the defined area and the values for total
and individual crab biomasses consumed by cod, in the defined
period and area, should be considered as approximate estimates
of absolute consumption.
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RESULTS

Contribution of Crab to Cod Diet

Figure 3a,b shows the geographic distribution of snow
crab, as found in cod stomachs, from the southern Gulf of
St. Lawrence for September in the years 1959-73 and 1980-81.
During the period 1959-73, cod predation on snow crab appeared
largely restricted to the Iaurentian Channel slope edge and
the area off Gasps. In 1979-81 predation on snow crab was
more general throughout the Gulf.

The dietary importance  percent of stomach contents by
weight! of the three crab prey categories for eight age classes
�-10 yrs! of cod caught in the defined area in September of
each sampling year are shown in Fig. 4. Generally, the prey
category 'All Crabs'  composed of the rock crab, Cancer
i rroratns, in addition to majid crabs, Chionoecetes ~o zlio and

hence, larger cod ~ The differences in diet attributable to
predator size are even more apparent for the prey categories
'Majidae' and 'C. ~o ilio'. The highest dietary levels of snow
crab occurred in the early 1960's and 1980-81 in cod � years.
Snow crab was relatively unimportant in the diet of all age
classes of cod between 1965-68. To determine predator: prey
size relationships, carapace widths of snow crab prey were
plotted against the length of their respective cod predators
 Fig. 5!. Generally, prey size increases with predator size;
however, the variability about the regression line suggests
that cod above a threshold length of approximately 55 cm are
able to handle a greater snow crab size range than cod below
this threshold.

Crab Biomass Consumption

Estimates of the biomasses of the three crab prey cate-
gories consumed throughout the defined area in September by the
various cod age classes are shown in Fig. 6. Considerable
year-to-year and age-related variation in the consumed bio-
masses of the various prey categories was observed. Compar-
isons of prey consumption patterns with diet composition
patterns  Fig. 5! strongly indicate that prey biomass consumed
is more influenced by the number of cod-at-age than by the
respective diet composition values. Thus, the relatively small
,numbers of older cod with a high dependence on crab prey do not
necessarily account for a larger crab consumption than more
numerous younger cod with a low dietary dependence on crab. In
1981 the strong year class of age 8 cod coupled with its high
reliance on snow crab appears to have resulted in a massive
consumption of snow crab. September consumption, in the
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Fig. 3. Distribution of sampling stations where stomachs of
cod caught contained snow crab, 1959-73 and 1980-81.
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Relationship between the carapace width of snow crab
prey and the length of the respective cod predators.

g
4E 3 3

O I

t3 I~ ~
~ }

o 30 40 t2060 80
COd Length �th!

511



0 Cl.
a Il

V  e
~:0
C

      dnajg eey  q poonouog laid

t
l a d

  lg o a o 0 o  
 g e! dead  ede Ae pawnooog  ojd

IE:

 e

 . j.lg a o o o II o a a aIo o o a g ~ y a m o

  w  dao    odr � pawn nag Aped

512

e 4

CJW 8

0 C

C
gJ Q,w

0OO

Q Ql fg
  t 

4 0
CP C
4 U

8'0 0
a 0

0 W
0

W ~
004

 I  e 5!
ul
e we
fJ3A
0 C4

Q!
8 cQ

I 5~
wmO

C W
0

W Q tg
0 $

9!  L 
Q

COO
g

.r I Q -r  
AWW
u!   t O
w om

a $ a ! o    o ~ O f    Il o II n    O ! o a a o

ic > ii I I I I'

Jllii I I I



defined area, of the various crab prey categories by all age
classes of cod combined are shown in Fig. 7. The biomass of
snow crab consumed by cod is seen to have reached a record
high level in 1980-81 compared to 1959 � 73. Comparison of the
biomass consumption patterns for the 3 crab prey categories
indicates that although consumption of the general "All Crabs"
category was high during the period 1959-63, consumption of
Najidae and snow crab was correspondingly low. Thus, a high
consumption of Cancer crab probably accounts for the large
"All Crabs" biomass eaten during the 1959-63 period.

DISCUSSION

Our findings indicate that the magnitude 6f cod predation
on snow crab is not a simple relationship reflecting merely the
abundance of the predator. The data presented demonstrate that
the consumption of snow crab is profoundly influenced both by
the age structure of the cod population and the dietary impor-
tance of snow crab for each age class of cod. Both cod age
structure and diet composition appear to vary from year to
year. Variations in the age structure of the cod population
may be attributable to commercial exploitation patterns as well
as environmentally-controlled fluctuations in year-class
strength. The dietary importance of snow crab may be expected
to vary as a fraction of changes in the availability of alter-
native prey species as well as the abundance of the size range
of crabs that particular sizes of cod are able to handle.

If September is a typical month and our defined area is
representative of the southern Gulf as a whole, snow crab do
not appear to have been a major food source for cod during
1959-73. However, during 1980-81 both the dietary importance
of snow crab to most cod age classes and the biomass of snow
crab consumed in the defined area in September appear to have
increased markedly. A major part of the increase in predation
pressure on snow crab is due to the strong year class of age 8
cod coincident with their relatively high dietary dependence on
snow crab. Comparison of survey sites where snow crab were
found in cod stomachs reveals that, in tandem with the
increased consumption of snow crab in l980-8l, there has been a
broadening of the areas over which cod predation on snow crab
occurs. Such a distributional change in the cod:snow crab
interaction could be due either to an increase in the
availability of snow crab, within the size ranges eaten by cod,
or a decrease in the availability of other, more preferred,
prey species. There is evidence that both phenomena have
occurred simultaneously. Waiwood �982! has shown that the
dietary occurrence and population consumption by fish in
general and of herring, in particular, have declined in recent
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Estimates of the biomass of the three crab prey
categories consumed by all age groups of cod �-15
years! combined in the defined area for September of
each sampling year.
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years. This would be expected given the concurrent decline
in abundance in herring  Clearly 1981! . The change in diet
from fish to decapods has been interpreted as indicating
sub-optimal feeding conditions  Daan 1973, Grosslein et al.
1980! . On the other hand, catch rates in the snow crab
f ishery have increased consistently since 1977  Bailey 1981!
suggesting strong recruitment in recent years.

The question of the impact of cod predation on snow crab
recruitment is complicated by the regulation that only male
crabs of 95 mm carapace width and above can be landed.
Female crabs are not fished as they undergo a terminal moult
to maturity below the legal minimum size. As cod seldom feed
on crabs above 70 mm carapace width  Fig. 5!, they prey
largely on female and sub-legal male snow crabs. The impact
of such a preference on either recruitment to the crab
fishery or the reproductive potential of the crab stocks is
unknown. However, Bailey �981! suggested that the
recruitment of snow crabs to the fishery in the Gulf of St.
Lawrence has a strong negative dependence on the cod biomass
3-6 years before. The hypothesized mechanism is that cod
exert a strong control over the numbers of small crab, in a
relationship directly proportional to cod biomass, and,
hence, determine the numbers of crab that grow to legal size
3-6 years later. There are several weak assumptions in this
model. Firstly, the consumption of snow crabs by cod is
assumed to be a simple function of cod biomass. However,
Fig. 7 indicates that snow crab consumption varies
tremendously from year to year often being undetected in
years of relatively high cod biomass. We suggest also, that
crab consumption will depend on the age structure of the cod
population and on the abundance of more preferred prey.
Secondly, Bailey's model presumes that snow crab landings are
an indicator of snow crab biomass. However, Fig. 8 indicates
that crab landings in the Gulf of St. Lawrence have increased
largely as the result of increased fishing effort  in numbers
of traps!. Since effort was not constant over the time
series, catch-per-unit effort would be a more appropriate
indicator of snow crab biomass. We have not found any
relationship between catch-per-unit effort  catch/estimated
number of traps! and previous cod biomass.

An alternative hypothesis to Bailey � 981! is that cod
have not been a major influence on snow crab landings and that
the 1980-81 upsurge in cod predation on snow crab is a
functional response by cod to the increased availability of
small crabs and a decline in preferred prey. We propose that
prior to the establishment of the snow crab fishery, the Gulf
of St. Lawrence snow crab stocks were in a saturated,
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' stagnant' phase with larger, old crab monopolizing niche space
and, by competition, restricting the resources available to
smaller crabs. If so, the growth of the smaller crabs  upon
which cod feed! would have been reduced. In such a situation,
cod predation on snow crab in the pre-fishery and early fishery
periods would have been low and would have occurred within
limited areas of the Gulf. However, once the commercial fishery
started to remove the large, old crabs, interpreted to be
responsible for inhibiting population growth, we hypothesize
that the snow crab population was released from a 'stagnant'
phase into a dynamic, high growth phase. We presume that
sudden availability of space and food resources led to
increased growth, greater numbers of small crab, and enhanced
recruitment. In response, increased cod predation on the small
'preferred size' of crab as well as the increased numbers of
soft-shelled vulnerable crab would have resulted. Such a shift

is evidenced by the increase in cod predation on snow crab
during 1980-81 and the broadening of the areas over which cod
predation on snow crab occurs. Increases in catch rate
experienced by the commercial snow crab fishery since 1977
 Bailey 1981! also suggest that crab abundance has increased
over the recent post-fishery period. Furthermore, since 1977,
crab catch size frequency profiles have shifted to include a
greater proportion of smaller sizes; a phenomenon which can be
explained both by the fishery removing larger individuals and
an improvement in growth and recruitment  Bailey 1981!. Given
that our scenario is correct, cod predation in the post-fishery
period up to 1981 has served only to crop the abundant supply
of small crabs, and has had only marginal effect on crab
landings. Indeed, cod predation may have enhanced the growth
rate of smaller crab by decreasing intra-specific
competition.
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ABSTRACT

Recent �980, 1981! and historical �959-1973! data on
the diet of cod  Gadus morhua! from the southern Gulf of dt.
Lawrence are analysed with reference to the occurrence of snow
crab  Chionoecetes ~o ilio!, Majidae and all crabs. The
dietary contribution from each crab category varied as to cod
size, geographic location, and year. Snow crab prey size
increased with cod predator size. Estimates of total biomass
consumed for each crab category in a defined area during
September of each year show that historic levels of snow crab
consumption were low compared to recent levels. We hypothe-
sise that commercial exploitation of snow crab has stimulated
increased growth and recruitment in the population and that
cod have, hitherto, not impacted the snow crab fishery.
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ABSTRACT

Crabs of the genus Chionoecetes are one of the most com-
monly taken benthic prey in the northern Pacific Ocean, Bering
Sea, and western Atlantic Ocean. Feeding studies conducted
throughout their range have shown Chionoeceies to be prey for
at least seven species of invertebrates, twenty-six species of
fishes, and four species of marine mammals. All references to
predation are for C. api Zio, C. opilio eZongatus and C. bairdi.
Little is known about predation upon larval Chionoecetes. Domi-
nant predators are Chionoecetes, king crabs  Para2ithodes camt-
echatica!, Alaska skate  Baja parmifera!, Bering skate  B. inier-
rupta!, wattled eelpout  Lycodes paZeari s!, Pacific cod  Gadus
macrocephaZus!, Atlantic cod  Gadus morhua!, sculpins  Myozo-
cephaZ~s spp., Hemilepidotus jordani, MaZacocottus sonarus, Dasy-
cottus setigez!, Pacific halibut  BippogZossks stenoZepis!, and
rex sole  GZyptocephaZus sachirus!. Heavy predation on commer-
cially-important C. baiz di and C. opiZio occurs in the southeast
Bering Sea by the Alaska and Bering skates, wattled eelpout,
Pacific cod, and four species of sculpins. Large  > 40 mm cara-
pace width! C. bairdi examined near Kodiak Island were more can-
nibalistic than small  < 40 mm! individuals. Chionoecetes bairdi
was the most frequently occurring species of food found in more
than 4,000 Pacific cod examined near Kodiak Island. These crabs
occurred in nearly 40% of the cod. The average number of crabs
occurring in cod feeding on C. bairdi was 3.3; up to 32 crabs
were found in a single cod stomach. The size of crabs from cod
stomachs ranged from 1.8 to 70 mm carapace width; 78% were
between 7 and 23 mm. The sex ratio of the crabs consumed was
l:l. Approximately 52% of the sculpins, MyozocephaZus spp.,
examined near Kodiak Island also contained C. bairdi. Nearly
23% of the crabs consumed by these sculpins were ovigerous
females.

INTRODUCTION

The broad range and great abundance of the genus Chionoe-
cetes are reasons this genus may receive the greatest preda-
tion pressure of any commercially exploited genus of crab.
Among commercial crustaceans, it is probably second only to
pandalid shrimps  genus Panda2us! in terms of receiving the
greatest pressure from predation. The genus Chionoecetes
is comprised of five species  C. opi Zio, C. baizdi, C. tannezi,
C. japonicus, C. anguZatus! and one subspecies  C. opi Zio
eZongatus!. Their range extends from approximately 30' to
72' latitude N to depths of 2,980 m in the eastern Pacific
Ocean from Bering Strait east and south through the Aleutian
Islands to the United States-Mexico border, in the western
Pacific Ocean from Bering Strait west and south to the Sea of
Japan, in the Alaskan and Canadian Arctic, and in the western
Atlantic from the west coast of Greenland to the Gulf of Maine
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 Fig, 1!  Rathbun 1904, 1925; Garth 1958; Squires 1969; Watson
1969; Hosie and Gaumer 1974!. Species of commercial importance
include C'. kairdi in the Bering Sea and Gulf of Alaska; C,
opilio in the Bering Sea, Okhotsk Sea, Sea of Japan and along
the north Atlantic maritime provinces of Canada; C'. opilio
e2ongat~a in the Okhotsk Sea and Sea of Japan; and C. japonicus
in the Sea of Japan, Chionoeoetes opilio from the western
Atlantic are commonly known as snow crabs, whereas C. opilio
and C. bai2 di of the eastern Pacific Ocean are known as Tanner
crabs.

The following accounts of predation on Chionoeoebes from
various parts of their range have been assembled through a
literature review and personal communication with various
investigators. This review includes all references known to
the author, however, it is not meant to be exhaustive,

GENERAL

A total of 37 predators are known to prey upon Chionoe-
oetes from various regions  Table 1!. The predators include
at least seven species of invertebrates, twenty-six species
of fishes, and four species of marine mammals. The known
targets of predation are the commercially-important, shallow-
water species, i.e., C. opilio at 5-377 rn  Rathbun 1904!, C.
opi2io elongates to depths of 2,223 m  fished at shallow depths!
 Garth 1958!, and C. bai~di from shoal depths to 474 m  Rathbun
1925!. Most reports on predation are on the juveniles; few
reports on predation of larvae and adults exist. No reports
are available on predation of the deep-water species i.e.,
C. japonious at 411-2,745 m  Watson 1969!, C'. ta~nt..2"i at 53-
2,973 m  Rathbun 1925!, and C. angulatus at 90-2,974 m
 Rathbun 1925!.

The habitat of juvenile C'. haik di in the Gulf of Alaska
has been identified by SCUBA diving observations and trawling
studies, Garth �958! described the habitat of Chionoeoetes
spp. as that of green and black mud and fine gray-black sand
and shell. Large numbers of early post-larval and larger ju-
venile C. haik di near Kodiak Island have also been observed
on open substrate composed of green mud and fine gray-black
sand and shell material. Additional observations near Kodiak
Island revealed that juveniles were occasionally found among
dense patches of epiphytic growth such as hydroids and bryo-
zoans. Larger C. bai|.di have been observed to be partially
buried in a mud-sand substrate  Powell and Jewett, pers.
obser.!. Trawling studies in lower Cook Inlet revealed a C.
bairagi nursery area in which large numbers of juveniles were
found among dense clusters of sponge-like material  Jewett
and Feder, pers. obser!.
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DOMINANT INVERTEBRATE PREDATORS

Among the seven invertebrates known to prey on Chionoe-
cetes, Chionoecetes themselves are most frequently reported
predators  Table 1!. Large  > 40 mm carapace width! C. haik'di
examined near Kodiak Island were more cannibalistic than small
 < ~40 mm! individuals. Among 857 large crabs containing food
15,8/ were preying on their own kind; only 4.5/ of 449 small
crabs containing food were cannibalistic  Jewett and Feder,
in prep.!. A similar frequency of cannibalism occurred in
adult, feeding C. bairdi from Port Valdez, Alaska  Feder and
Matheke 1979!. Yasuda �967! reported that C. opiTio eEongatus
was "abundant" within the stomachs of adult C. opilio elonqatus.
Cannibalism has also been reported in other crabs  e.g., lined
shore crabs Pachygxapsus czassipes, Hiatt 1948; red king crabs
Pazalithodes camtschatica, Feniuk 1945 and Kulichkova 1955;
and green crabs Carcinus rrraenas, Elner 1981! but does not appear
to be an important feeding strategy.

Four reports of the red king crab PazaLithodes camtschatica
preying on Tanner crabs are included in Table 1. All reports
are from different geographic areas where the distribution of
C. opi2io and/or C. bai~di overlaps that of red king crabs.
The greatest percent frequency of occurrence of predation of
Chionoecetes by red king crabs exists near Kodiak Island where
14.2%%u of the king crabs > ~65 mm carapace length contained ju-
venile C. baizai  Jewett and Feder 1982!. The percent fre-
quencies of occurrence of Chionoecetes within feeding king
crabs from the southeastern and northeastern Bering Sea were
7.8 and 9.6/, respectively  Feder and Jewett 1980; Hoberg et
al. in prep.!.

DOMINANT FISH PREDATORS

Of the 52 accounts of fish predators taking Chionoecetes
from various areas, 23 accounts �4/! are from the Bering Sea
and 23 are from the Gulf of Alaska. Most of the information
on predation of Chionoecetes in the Bering Sea comes from the
work of Mito �974! who examined feeding relationships among
benthic fish populations in the southeastern Bering Sea. His
investigation was carried out in October and November 1972 on
the walleye pollock �'heragz'a chalcogwamma! fishing grounds
near the 200 m isobath �80-330 m!. He examined the stomach
contents of 25 species of fishes from 36 stations and found
C. opilio and/or C. bairdi to be prey for 17 species. Tanner
crabs were dominant prey for nine species, yielding between
18 and 54/ of the wet weight of food for each species  Table 1!.

A total of 779 Bering skates  Rajya interrupta! were
examined from 64/ of Nito's stations. He found that Tanner
crabs accounted for 40.4'/ of the total food weight of these
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skates. He also examined a small number  85! of Alaska skates
 R. pazmife~a! and wattled eelpouts �4!  Ipcodes pa2eawis!
and found that nearly 30/ of the wet weight of food taken by
each of these species consisted of Tanner crabs.

Mito �974! examined 737 Pacific cod  Gadus mac~ocepha2us!,
some from each of his 36 stations. The percentage of the food
weight attributed to Tanner crabs was 18.4/. No other quanti-
tative feeding data are available for Pacific cod, elsewhere,
however, qualitative feeding data from the Gulf of Alaska
showed that Tanner crabs are frequently taken by cod there
 Jewett 1978; Feder and Jewett 1981!. Cod examined near Kodiak
Island in May, June and February had similar percent frequen-
cies of occurrence of C'. baizdi in each month examined  X =
28.4/!  Feder and Jewett 1981!. In another study, more than
4,000 Pacific cod examined near Kodiak Island during June and
July contained C'. baiz ai at a percent frequency of occurrence
of approximately 40/  Jewett 1978!. Chionoecetes haik di was
the most frequently occurring prey found in these cod. The
average number of crabs occurring in those cod feeding on Tanner
crabs was 3.3; up to 32 crabs were found in a single cod stom-
ach. The sizes of crabs ranged from 1.8 to 70 mm carapace
width; 78/ were between 7 and 23 mm. The sex ratio of the
crabs consumed was 1:1. The highest rec'orded percent frequency
of occurrence of bai~2i in Pacific cod, 66/, was found in Cook
Inlet during October  Feder et al. 1980!.

Atlantic cod  Gaaus morhua! are also known to be a major
predator on snow crabs  C. opi2io! in the Gulf of St. Lawrence
 Majkowski and Waiwood 1980; Waiwood et al, 1980!,

Mito �974! also found that Tanner crabs were important
prey for four species of sculpins  Cottidae!, The percentage
of the weight of food from each of these species that was
Tanner crabs was 54.1'/ for the yellow Irish lord  Hemi2epidotus
j ordani!, 40.5/ for the great sculpin  Mpoxocepha2us po2yacan-
thocepha2us!, 36.3/ for the sculpin  Ma2acocottus sona~us!, and
29.1/ for the spinyhead sculpin  Dasycottus setiper!, Frequency
of occurrence feeding data on yellow Irish lords and great
sculpins from the Gulf of Alaska also show that Tanner crabs
are important prey there. The percent frequencies of occur-
rence of Tanner crabs in yellow Irish lords and great sculpins
from the Kodiak Island area were 17.8 and 55.0/, respectively
 Jewett and Powell 1979!. Nearly 23/ of the crabs that were
consumed by the great sculpins were ovigerous females.

The only member of the family Cyclopteridae that contained
Tanner crabs was the polka-dot snailfish  Sipa~is cyc2ostigma!.
The quantity of crabs consumed by this species was 24.5/ of
the food wet weight  Mito 1974!.
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Mito �974! also examined six species of flatfishes
 Pleuronectidae! and found Tanner crabs in five species  Table
1!. Among these five species the greatest percentage of the
weight of food that was attributable to Tanner crabs �0.3%%u!
was found in the rock sole  Lepidopsetta bi Eineata!,

DONINANT MARINE I9QIKV. PREDATORS

Among the four species of marine mammals that are reported
to prey on G'hionoecetes the bearded seal  Zrignathua ba2batua!
is the only major predator  Table 1!, Only a small proportion
of the bearded seal population ranges into the southeastern
Bering Sea where Tanner crabs are most abundant, thereby mini-
mizing their impact on the valuable crab resources in that
area  Lowry et al. 1,979!. Tanner crabs are especially impor-
tant as prey of bearded seals in more northerly areas of the
Bering Sea  Johnson et al. 1966; Lowry et al. 1980!.

PACIFIC COD PREDATION ON TANNER CRABS

8.3 x 10 crabs eaten by 1.5 x 10 crabs
total crab pop, at any time = eaten annually

by total cod pop.

183 individual
cod stomach x
flushings/
year
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An estimate of the annual Tanner crab mortality that is
attributable to Pacific cod predation is presented for the
Kodiak Island area. Based upon demersal fish surveys  April-
October 1973-76! Ronholt et al. �978! estimated that the
standing stock of Pacific cod near Kodiak Island was 6.9 x 10
fish. The mean size of these cod was 38 cm. In a Pacific cod
feeding study near Kodiak Island  June-July 1973-75! Jewett
�978! found an average of 1.2 C. bai2 d~ in the cod he examined
�,133 fish!. Given the average number of crabs found in
Pacific cod �.2 crabs/fish! and an estimate of the total cod
population �.9 x 10~ fish!, 8.3 x 10~ crabs are present in
the stomachs of cod at any one time. Studies conducted on
the rates of digestion in the Atlantic cod  Gadu8 morhua! sug-
gest that various species of crustaceans are passed through the
stomach in an average time of 48 hours  Tyler 1970; Daan 1973;
Jones 1974!. Feeding is continuous throughout the year, except
for the spawning period  Tyler 1970!, after which time feeding
briefly intensifies  Daan 1973!. Assuming a constant rate of
predation for the entire year Pacific cod 530 cm total length
empty their stomachs approximately 183 times each year. There-
fore, the number of times cod empty their stomachs per year
�83! times the instantaneous crab mortality due to predation
by the total cod population  8.3 x 10~ crabs! yields an esti-
mate of 1.5 x 10 crabs consumed by Pacific cod each year



4.6 x 107 adult crab pop.

4.1 x 10r~ eggs annually
x 100 = 0.001/

In other words, 99.999%%u mortalit:y occurs from eggs to adults.
Assuming that larval survival is only 1/, then the juvenile
population is 4.1 x 10 crabs

�.0 x 10 x 4.1 x 10'~ 4.1 x 10ro!

Therefore, the percentage of the mortality of juvenile crabs
that is attributed to Pacific cod predation is 37%%u

1.5 x 10r crabs eaten annuall b total cod o . 1QQ 37/x 100 = 37 .
4.1 x 10' juvenile crab pop.

However, the estimated annual consumption of Tanner crabs
by Pacific cod �.5 x 10rG! is actually 326 times the estimated
adult crab population �.6 x 107!.

In order to more accurately address cod � Tanner crab and
other fish - Tanner crab interactions the following specific
data needs must be met: 1! current stock assessments of adult
Tanner crabs; 2! determination of the predators of larval crabs;
3! stock assessments of dominant crab predators; 4! seasonal
examination of the dominant crab predators; 5! quantification
of crabs within predators; and 6! determination of the digestion
rates and feeding frequencies of the major crab predators.

In a study involving the predation of snow crab  C.
op~L~o! by Atlantic cod it was concluded that cod appeared
to be a major controlling factor of snow crab recruitment
to the fishery and subsequent catches  Bailey 1981!. The
conjecture is that a multispecies management approach may be
practical in the context of Chr,orroecetes spp. and their domi-
nant: predators.
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In order to obtain an estimate of the importance of pre-
dat:ion by Pacific cod on the total Tanner crab population an
estimate of the total Tanner crab reproductive output  fecun-
dity! is needed. Ronholt et al. �978! estimated that the popu-
lation of C. hairdos near Kodiak Island was 4.6 x 107 individuals.
Based upon the mean crab weight from Ronholt et al. �978!, this
population estimate is primarily for adult crabs. Therefore,
assuming a female to male sex ratio of 2:1  Hilsinger 1976!,
30.8 x 106 adult females were present in the area. The average
number of eggs per female C. bar'r di just prior to hatching is
13.3 x 10"  Hilsinger 1976!. Given the number of adult females
�0.8 x 10 ! and the average number of eggs per female �3.3 x
10"!, the total fecundity is 4.1 x 10' eggs annually. The per-
centage of the total number of eggs that reach adulthood is only
0.0012/
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The' frequent occurrence of a pigmented fungus on the exoskeleton of
the Tanner or snow crab, Chi onoecetes bairdi, has been known for many
years. The surface encrustations, commonly called black mat syndrome
 BMS!, are unsightly and processors are reluctant to accept crabs with
the condition. The fungus was thought to be restricted to the exoskele-
ton and, therefore, eliminated on molting because no pigmented hyphae were
seen when internal tissues of crabs with BMS were examined. Van Hyning
and Scarborough �973! identified the fungus as Phoma fimeti, a cordon
soil fungus, from cultures of material taken france surface encrusta-
tions. Although they noted that they never observed it in internal tis-
sues and stated that it apparently has no deleterious effect on the crab,
Van Hyning and Scarborough did postulate that in extreme cases damage to
the eyes and mouth parts of females that had undergone their terminal
molt could cause premature death.

Subsequently, histopathological studies have demonstrated that all
crabs with the syndrome contain non-pigmented hyphae in internal tissues.
In a preliminary study of 11 infected crabs, Sparks and Hibbits �979!
reported that the fungus readily perforates the cuticle, invades and pro-
liferates in the epidermis and subepidermal layer, and then invades a
number of deeper organs and tissues. They stated that heavily infected
crabs are probably unable to molt and suggested that the disease is
eventually fatal.

Additional study of numerous crabs with a wide range of exoskeleton
involvement, and also without the syndrome, provi ded more information on
the identity of the fungus, the probable progression of the disease and
the histopathological effects on the host. The fungus proved to be a
previously undescribed genus and species of marine Ascoopcete and was
described and named Trichomaris invadens by Hibbits et al �981!. Nix
and Sparks   1980! reported that infected crabs had a marked increase in
the percentage of eostnophllic granulocytes in infected crabs, and that
the differential shift progressively increased as more internal organs
were invaded. After examination of all organ systems of 53 C. bairdi
with varying degrees of surface encrustations and internal invasion,
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Sparks  in press} described rmre fully the histopathologica1 effects and
probab'le progress1on of the disease.

Histopathology and Probab1e Course of Infection

Examination of fresh, unstained squash preparations of the epidermis
and subepidermal tissues of crabs with external BMS clearly reveals the
presence of masses of internal, unpigmented hyphae, Sections of exo-
skeleton and underlying epidermis and subepidermal tissues stained with
Hematoxylin and Eosin  H8|E! clearly show the external hyphae and fruit-
1ng bodies while the epidermis and subepidermal layer has the appearance
of an amorphous, eosinophi lie mass lacking all or most of the normal
epithelium, muscles, nerves, connect1ve tissue and other structures.
In addition, Grocott's Methenamine Silver  GMS! preparations reveal that
the hyphae readily penetrate the thick chitinous cuticle and, even in
light to moderate external encrustat1ons, proliferate to 1nvade, destroy,
and v1rtually replace all tissue components in the epi dermis and sub-
epidermal layer throughout the body  Fig. 1!.

As the subepidermal layer becomes packed with proliferating hyphae,
deeper tissues and organs are progressively invaded. The invasion occurs
primarily via the connective tissue but also involves the major muscles
at thei r attachment to the 1nner surface of the cuticle. Eventually,
major blood vessels, the hemopoietic tissue, the spongy connecti ve tissue
wall of the heart, and the wall of the components of the digestive tract
are invaded. In cases studied to date, cardiac muscle of the heart,
hepatopancreas, reproductive organs, antennal gland and brain and thoracic
ganglion have not been invaded. However, the ovary of crabs which have
heavy infections in the connective tissue adjacent to the ovar1an capsule
typica11y contains necrotic and dis1ntegrating ova.

Hyphae and fruiting bodies  perithecia! frequenctly occur on the
external surface of the eyestalk and virtually all infected crabs have
eyestalk invasion. The progression of the d1sease is like that in the
cephalothorax with invasion and destruction of the epidermis and sub-
epidermal layer and major muscles. Hyphae also grow along the basement
membrane of the retina, then invade and destroy the retinular cells of
the rhabdomes and f111 up the spaces between the rhabdomes. In advanced
cases, the crystalline cones are invaded and disrupted. At th1s stage
of the infection, the architectural integrity of the retina is completely
destroyed; only fragments remain 1n a mass of proliferat1ng hyphae, heavy
infi'ltration of hemocytes and, occasionally, melanized lesions.

External encrustations somet1mes occur on the gill stem and lamellae
and are always accompanied by 1nvasion of internal tissues. The normal
architecture of the gill lamellae is completely replaced by a solid mass
of proliferat1ng hyphae. Infections of the stem of the gill result in
invasion of the connective tissue, tegmental glands and podocytes.
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Figure 1. Subepidermal layer of C. bairdi completely filled with a mass
of invasive proliferating hyphae of T. invadens. Note the total destruc-
tion of all normal tissue components. 9'lS. 7'%3X,
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Possible Role in the Population Dynamics

Because the new exoskeleton is produced by the epidermis and struc-
tures in the subepidermal layer, massive destruction of these tissues in
a crab would prevent production of new cuticle. The affected individual
would be unable to molt even though sufficient molting hormone was pro-
duced. Examination of random samples of the epidermis and subepidermal
layer of crabs with moderate to heavy surface BMS reveals massive des-
truction of these tissues throughout the cephalothorax and eyestalk and
provides strong circumstantial evidence that encrustations of this
magnitude prevent molting. Support for this premise is provided by the
fact that none of the more than 50 crabs without surface BMS contained
any evidence of internal hyphae. These crabs were collected from the
same localities as those with BMS; it seems highly uniikely that, if
infected crabs could molt, none having done so would have been co'llected
from areas of high incidence of the disease . This hypothesis, of course,
should be confi rmed in the laboratory. Crabs of various sizes with a
range of external encrustation should be held for a sufficient time to
test this hypothesis.

If the disease does, indeed, prevent molting, it would have a sub-
stantial effect on the population structure of C. bairdi and on the fish-
ery. Infected sublegal crabs would never attain legal size and would
remain in the population until removed by predation or by death from
other causes. Infected immature females would not undergo their molt to
sexual maturation and, therefore, would not mate and contribute to normal
recruitement to the population. Histopathologi cal studies have shown
that even though invasion of the reproductive system has not been obser-
ved, developing ova in heavily infected female crabs are typically
necrotic and undergoing degeneration. Supporting evidence for a serious
deleterious effect on recruitement by BMS is the recent report by D.M.
Hicks  this Symposium! that egg clutch size is reduced in infected female
crabs and that more than 90 percent of barren females had BMS.

The widespread invasion of internal organs and tissues, accompanied
by massive proliferation of hyphae and destruction of tissues, and an
almost total absence of successful host defense mechanisms is also highly
suggestive that BMS is a fatal disease. David Hicks' recent survey  this
Symposium! and casual observations that recent declines in C, bai rdi
populations have been accompanied by decreasing incidences of BMS support
this conclusion. Clearly, however, the potential lethality of the dis-
ease should be investigated under controlled laboratory conditions.
Should it prove fatal, determination should be made of the stage of
external encrustation at the time of death, the extent of internal inva-
sion in fatal cases, and the length of time between initial infection
and fata! termination.

If laboratory investigations substantiate the hypothesized lethality
of Tri chomaris invadens infections, past and present high incidences of
infection strongly in&reste that BMS is a significant cause of C. haindi
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mortality. Although fishing mortality and predation are clearly of major
importance, fungus disease may well have been a significant factor in
recent declines in C ~ bairdi abundance.
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INTRODUCTION

The commercial crab industry in Alaska has
experienced some problems due to poor condition of tanner
crab, Chionoecetes boil cfi, also referred to as snow crab.
These problems include low vigor/low meat yield crabs, soft
shell, lack of ability to molt, poor growth, and the
presence of shell lesions. The presence of dark shell
lesions which pitted the exoskeleton, were first reported in
l960  Bright et al.!. The phenomenon was termed "rust"
disease. By use of infected shells or artificial injury the
disease was induced in non-infected cxabs. Later the
disease was shown to be caused by chitin-digesting or
chitinoclastic bacteria  Sinderman and Rosenfeld, 1967!.
Similar lesions characterized by softening, pitting and
blackening of the exoskeleton have been found in Oregon
tanner crabs, Chionoecetes tanneri  Baross et al., 1978! .
Chitin-digesting bacteria were found in all lesions examined
from the Oregon crabs and 47! of the isolates were found to
be Photobacterium sp..

In l976, the Fish Pathology Section of the Alaska
Department of Fish and Game began to study the crabs to
assist in finding answers to the crab disease problems.
Preliminary studies involved looking at the bacterial flora
and tissues of normal tanner crabs. This was followed by
pathogenicity testing of common bacterial isolates on live
tanner crabs.

MATERIALS AND METHODS

Baseline Study

A sample of tanner crabs was received from the King
Cove area. Crab gills, muscle and hepatopancreas were
homogenized in a blender and then spread. on a nutrient media
for enumeration and identification. Media utilized included
blood agar, sea water cytophaga agar, and bromthymol blue
Teepol agar which is a differential media for vibrios.
Bacteria were identified using standard methods similar to
those appropriate for shellfish  Grischkowsky, 1973!.

Histological specimens were immediately fixed in
Bouin's solution and processed according to standard
procedures  Galigher and Kozlof f, 1971! . Hematoxylin
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and eosin staining was used.

Pathogenicity Testing

Adult tanner crabs, from Resurrection Bay, were
maintained in sea water tanks with continuous flow at the

Institute of Narine Science in Seward. There were three

separate trials of the pathogenicity testing. For the first
trial, the three most frequently isolated bacteria; a
Pseudomonas sp., a coccobacci1li  Moraxella sp. !, and a
Flavobacterium sp. were grown separately in nutrient broths.
Characteristics of the pseudomonad are Gram negative, oxidase
positive, motile rod which is levan positive. It forms gray,
mucoid colonies and exhibits hemolysis on blood agar. An
alkaline reaction is seen in the Hugh and I eifson's 0/F
media. It was presumptively classified as being a
"Pseudomonas stutzeri - l ike" organism but no final
identification has been made. The Moraxefla sp. is a Gram
negative, oxidase positive, coccobacilli. There is no
reaction in Hugh and I.eifsons 0/F media. The organism is
sensitive to penicillin. The Flavobacterium sp. forms
smooth, round, opague, glossy, yellow colonies. It is a Gram
negative, non-motile, oxidase positive rod. No reaction
occurs in 0/F media.

For the first trial, four groups of crab were
established. Three groups of 6 or 7 crabs were each injected
with one of the bacterial cultures. Concentration of the
inoculum for each crab was 10 - 10 9 organisms. A fourth
group was injected with sterile broth. The injection site
was between the left cheliped coxa and the second periopod
coxa. Mortalities were monitored daily. When crabs died we
performed bacterial and histological analyses of muscle,
hepatopancreas, and gill tissues. We analyzed survival data
using 2 x k contingency analyses and arcsine transformation
for the difference of two percentages.

Procedures for the two subsequent trials were the same
with the following changes: the second trial utilized only
the pseudomonad and the Moraxella sp.; and the third trial
tested the effect of lower doses and utilized a more frequent
monitoring of mortality. One dose was the same as used in
previous experiments, the other was one-tenth of that, both
using the Moraxella sp. and the Pseudomonas sp. Crabs were
checked every 6 hr for mortalities.
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RESULTS

Baseline study

bacterial counts were high, with means ranging from 1.91
x 10 bacteria/gm to 3.21 x 105 bacteria/gm  Table L! .
Bacteria isolated were able to grow both at 25 C and at 5 C
which is close to the water temperature in which the crab
lives. Types of bacteria isolated included pseudomonads,
aeromonads, flavobacteria, coccobacilli, and one Vibrio
alginolyticus. Chitinoclastic bacteria were rarely isolated.

Histopathology indicated substantial coverage of gill
filaments with debris, the presence of interlamellar
myxobacteria-Like organisms, bacillary involvements in
musculature and open carapace lesions.

Pathogenicity testing

For the first trial, mortalities are summarized in
Figure l. All crabs injected with the pseudomonad died
within 24 hours. No other statistically significant
mortalities occurred although 6 of the 7 crabs in the
Nforaxella group died. Bacteria were found in the tissues of
live crabs as well as dead crabs, but only the bacteria which
were injected. The organisms were not transferred from one
group to another. The crab gills, hepatopancreas, and muscle
appeared normal with the exception of an abundance of debris
on the gills of most of the crabs.

In the second trial, there were five crabs in each
group. Within 24 hours all crabs injected with the
pseudomonad died. Four injected with Moraxella died and none
in the controls. Statistical analyses are summarized in
Table 2. This time, both organisms were pathogenic.

Mortalities for the third trial are summarized in Table

3 and 4. Significant mortality occurred in the pseudomonad
injected crabs at both dosages  Table 5!. Total mortality
was not significant in the Moraxella injected crabs but
mortality for a 6 hr period was with the higher dose only.
Again, death was of a very acute nature. Of the mortalities
that occurred, 100/ of them were within 12 hr. Injected
organisms were isolated more frequently from the high dose
crabs than from the lower dose ones.

DISCUSSION

Considering the relatively high bacterial counts and the
open carapace lesions, which allow access to the hemolymph,
it appears that the tanner crab is continuously exposed to

551



Table 1. Quantitative enumeration of bacteria isolated from
C. bairdi from the King Cove area. Counts are
numbers of bacteria/gram of tissue,

96 hr counts, 25 C

Medium

Grou BTBBA SWC

144 hr counts, 5 C
Medium

Grou BTBSWC
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Normal A

Normal B

Mean

Normal A

Normal B

Mean

2. 13 R 10
5

1.69 x 10
5

1.91 x 10
5

5.03 x 10
5

3.54 x 10
5

4.28 x 10
5

5.05 x 10
5

1.38 x 10
5

3.21 x 10
5

5.46 x 10
5

2.56 x 10
5

4.01 x 10
5

2.15 x 10
5

3.74 x 10
4

1.26 x 10
5

2.83 x 10
5

4.54 x 10

1.64 x 10
5



U 1 Cl
LJ
0

00

t 0
~ V

o

a. g

~ I

LO < vC t«0« ~ WO

553

g0 i «0 �.- «a



Table 2.

Comparison P Accept H0 Accept HA

control > PsevdomonasPsevdomoncrs

vs

Control

4.97 < 0.0003

control > Moraxe//aMor axe//a
vs

Control

3.50 < 0.0003

Psevdomonas

vs

Moraxellcr

1. 45 0. 0735 +
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Tabulation of equality of two percentages by
arcsine transformation for survival of tanner
crab in the second pathogenicity trial. The null
hypothesis, Ho, is equality of the percentages.
The alternate hypothesis, HA, is that there was a
difference in survival of th'e two groups.



Table 3. Cumulative mortality per total number by 6-hr.
periods for tanner crabs injected with 10 ml
inoculum.

Time  hrs.!

In ection rou 12 18 36

Moraxella 0/10 7/10 7/10 7/10 7/10 7/10

Control 0/10 2/10 5/10 5/10 5/10 5/10

Pseudomonas sp. 0/10 9/10 10/10 10/10 10/10 10/10



Time  hrs.!

24In ection rou 12 18 36

Pseudomonas sp. 0/4 3/4 3/4 3/4 3/4 3/4

0/3 1/3 1/3Aforaxe/lo 1/3 1/31/3

0/4 0/4 0/4 0/4Control 0/4 0/4
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Table 4. Cumulative mortality per total number by 6-hr.
periods for tanner crabs injected with 1 ml
inoculum.



For 10 bacteria inoculated �0 ml!9

Accept
H

0

Accept

HAComparison T
8

3.512 <0.0003Pseudomonas

vs

Control

Moroxella

vs

Control

0.13791.087

For 10 bacteria inoculated � ml!:
8

AcceptAccept

HAComparison H
0

Pseudomonas
vs

Control

<0.00152.96

Mar axe/la

VS

Control

0.05371.61
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Table 5. Tabulation of equality testing of cumulative
percentage mortality using arcsine transformation
f or inj ected tanner crabs. The null hypothesi s,
H~, i s that mortality was equal f or both groups.
The alternate hypothesis, H �, is that mortality was
not equal.



bacterial challenge of some type, These observations,
coupled with the extensive amount of debris on the gills, may
account for some of it's reduced vigor. Gill debris reduces
oxygen exchange area and therefore the crabs metabolic
capabilities and may limit it.s' dwelling range.

Both organisms tested in the second pathogenicity trial,
the Pseudomonas sp. and Moraxella sp., fulfilled the
requirements of a pathogenic agent. These requirements,
known as Koch's postulates, include isolation of the agent
from a diseased host; injection into a healthy host;
expression of the disease; and reisolation of the agent.

In the third pathogenicity trial, some crabs did not die
when injected with the higher dosage and others could not
survive even the lower dosage, although the organisms have
previously been found in healthy crabs. The susceptibility of
a particular crab is probably due to a number of factors
including it's overall health. Crabs injected with lower
doses were able to eliminate the bacteria but it probably
places considerable stress on the crab and may relate to it' s
susceptibility to the disease.

When death occurred, it followed injection very rapidly.
This points to the possibility of a toxin being elaborated by
the bacteria while it is growing in broth. Additional
experimentation using washed cells or a supernatant would be
useful to determine if this is the case.

Since bacteria vere not transmitted from one crab to
another, this raises the question of how the disease is
transmitted in the wild. Perhaps bacteria are not released
until the crab dies and decomposes.

At this point we know that both the pseudomonad and
Moraxella can be lethal under certain conditions. Neither of
these organisms is chitinoclastic. Darkly pigmented lesions,
which may be similar to those found in tanner crab, are seen
in Gulf Coast shrimp, Penaeus acCecus and Penaeus setiferus.
A dense population of bacteria was seen in the lesions and
investigatiors were able to initiate lesions consistently
with the lipolytic organisms they isolated but not always
with the chitinoclastic forms  Cipriani et al, 1980!. They
suggested that a variety of organisms may be involved in
causing the lesions. This may also be the case in tanner
crabs since we also isolated a variety of organisms during a
study of lesions from king crab. A combination of bacteria
may be more detrimental to the crab than individual
organisms.

There are several unansvered questions such as; by
what mechanism are the crabs killed, what makes a crab
susceptible to the disease, what is the extent and
distribution of the pathogenic organisms, how is the disease
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transmitted and how can stocks be managed to minimize future
loss.
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ABSTRACT

In Alaska, problems with the tanner crab Chionoecetes
bairdi have included population fluctuation, reduction of
return to fisherman, low vigor and low meat yield crabs,
soft shell, poor growth, and the presence of shell lesions.
En 1977, we began collecting data on the microflora of C.
bairdl. Numbers of bacteria found in crabs from the King
Cove area were high, 4Q-5$ logarithms per gram. The
bacterial counts at 5'C were equivalent to those at 25'C
suggesting these isolates were active at a temperature which
approaches that of crab habitats off Alaska. Most of these
crabs had brown to black shell lesions thought to be caused
by chitinoclastic bacteria. Microscopic examination of
these lesions showed the presence of many Gram negative
bacilli. Histopathology indicated substantial coverage of
gill filaments with debris, the presence of interlamellar
myxobacteria-like organisms, bacillary involvements in
musculature and open carapace lesions. Bacteria selected
for pathogenicity testing were the most frequently
represented in the crabs sampled. They were "Pseudomonas
stutzeri-like", Moraxella sp., and F avobacterlum sp..
Three pathogenicity experiments were conducted to determine
which of the isolates may be involved in causing lesions,
mortalities or poor crab condition. Adult crabs were
maintained in seawater tanks with continuous flow. For the
first experiment, the three bacterial isolates were
seperately inoculated into crabs while the last two
experiments didn't utilize the Flavobacterlum sp. due to its
initial lack of pathogenicity. The pseudomonad was highly
pathogenic during the first experiment with acute
mortalities resulting. Aforaxella sp.produced greater
mortalities than the control treatment but results were not
significant. The second experiment used P. stutzerl and
Moraxella sp. isolated from crabs which died in the first
experiment following injections of those organisms. Both
organisms were pathogenic and fulfilled requirements of a
disease causing agent: being isolated from a diseased host,
causing expression of the disease following injection into a
healthy animal, and being reisolated from it. The third
experiment tested the effect of a lower injection dose and
was monitored more frequently. Significant mortality
occurred in the pseudomonad injected crabs at. both doses.
Total mortality was not significant with the use of
Moraxella but was at six hours with the higher dose. All
mortalities occurred within 12 hr. In these investigations,
the presence of large numbers of bacteria and the
pathogenicity of two of these types was demonstrated but the
relationship of these findings to naturally occurring
mortalities and poor condition has not been established.
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ABSTRACT

A total of 38,394 male and 8,160 female Tanner crab, Chio~ecetes baixdi,
were examined for the presence or absence of Black Mat Syndrome  BMS!, rricho-
mxzis invadena, an infectious marine fungus. Crabs were obtained by various
methods from the northwestern Gulf of Alaska. The Kodiak area exhibited the
highest incidence. The percent infection for males ranged from zero in most
of the bays sampled to over 65.0% in some of Kodiak's offshore northeastern
schools, i.e., the outer Marmot GulIy. Samples from the 1981 commercial
fishery indicated a higher incidence of the disease offshore than inshore
for the entire 1981 commercial fishery and was highly significant at the .005
level. The Chignik and South Peninsula areas sampled showed lower infection
rates for males than Kodiak. Only 4.9% of the Chignik area males caught by
trawl and O.BX of the South Peninsula area males caught by pots were infected
with BMS. The incidence of BMS is higher among old and very oldshell Tanner
crabs than in newshell crabs. Natural skip molting frequency may be intensi-
fied if the disease prevents ecdysis. Female Tanner crab caught in pots have
the highest incidence of the syndrome; 50.15 and 34.8X of all females caught
in the 1980 and 1981 Kodiak pot surveys had BMS. Egg clutch size of females
may be reduced due to BMS. As much as 94.7% of al1 the barren females
captured on the 1981 Kodiak pot survey also had BMS. The possibility that
BMS may inhibit molting has management implications for the commercial
fishery.

I'NTRODUCT ION

An ascomycete, 2'2ichomaxia invadens, has been known to infect certain
crab species of the genus Chionoecetes, since the Alaskan fishery began. This
disease has been commonly named Black Mat Syndrome  BMS! and is found primarily
on stocks of Chionoecetes bairdi in the Gulf of Alaska. There is evidence
that it exists on C. opilio and C. ta~~exi from the Bering Sea and Gulf of
Alaska  Figure 1!, respectively  Bob Otto, personal communication!. The first
real description and identification of this encrusting microfungus was by
'stan Hyning and Scarborough in 1973 when they incorrectly identified it as a
soil born microfungus, Phov<x fane'. Before the first identification of BMS,
Ralph Brown, then a biologist for the Alaska Department of Fish and Game  ADFIEG!
wrote about the disease in an informational leaflet �971!. In this publi-
cation Mr. Brown cites BMS as one of the four factors contributing to the
poor market conditions for C. bairdi at that time in the expanding fishery.
Mr. Brown also conducted a limited study of the incidence of BMS on C. baizdi
around Kodiak Island and in the Shumagin Islands. He sampled 1,000 crab from
four distinct areas and found 7.0% to 75;OX of the crabs to be infected.
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Until recently the only known problem that this fungus brought forth was
that the black tarlike nodules would break off into the crab meat while being
processed, producing an aesthetically inferior product and often a reduced
price to the fishermen. The disease was known to be highly area specific so
it could be avoided if necessary. It is now evident from the research of Drs .
Sparks and Hibbits �978! that the fungus is debilitating, potentially a molt
inhibitant and highly suspect of being fatal to the animal. This recent
finding concerning the possible lethality of the disease and its potential
impact on the population dynamics of the animal has led to an ongoing study
on the relative abundance and distribution of BMS by the ADFSG.

MATERIALS AND METHODS

Three separate collection methods were used to sample 46,554 Tanner crabs
for the presence or absence of BMS.

Initially random samples were obtained from comnercial catches in Kodiak
as the vessels delivered to the processors. This method of selecting legal
size male Tanner crab from different areas around Kodiak Island was used in
the 1980, 1981 and 1982 commercial seasons when 1,400, 7,340 and 5,743 crabs
were examined, respectively. During the 1981 commercial season 103 crabs
were also sampled from the Chignik area  Table 1 and Figure 1!.

Another method of obtaining study specimens was from the annual ADFAG
king and Tanner crab population index surveys. These samples were obtained
by fishing 2.1 x 2.1 m commercial style crab pots in various research areas
of the Westward Region. Collections in the Kodiak area were made during the
1980 and 1981 surveys; however, in 1980 only one of the two research vessels
participating in the survey recorded BMS data. The 1980 Kodiak survey ob-
served 4,484 male and 798 female Tanner crabs while 7,001 male and 775 female
crabs were sampled during the 1981 Kodiak survey. Pot surveys were also
conducted in the South Peninsula and Eastern Aleutians areas in 1981, however,
only the South Peninsula survey made observations on BMS, involving 3,812
male and 303 female crabs.

The third and final source of data on BMS was from the 1980 and 1981
Tanner crab trawl surveys. Crabs were captured in bottom tows made with a
400 mesh eastern otter trawl which was towed for 30 minutes at each station
fished. The 1980 survey was limited to the northern Shelikof Strait area of
the Kodiak district where 3,234 male and 2,455 female Tanner crabs were
sampled. The 1981 trawl survey was expanded to include the northern Shelikof
Strait and Chiniak Gully areas of the Kodiak district where 2,860 male and
2,738 females were collected. Additionally the l98l trawl survey included
the Chignik distri ct where 2,517 male  Table 1! and 1,091 female Tanner crabs
were sampled. The trawl method of collecting crabs probably best samples the
population as a whole as all sizes of crabs are caught whereas large males
are the main size group taken in pots. The smallest crabs captured on any of
the pot surveys was about 60 mm  carapace width! compared to 9 mm in the
trawls.

Tanner crab were noted as having BMS if the black tarlike nodules of the
fungus, T~chom~s invaders, were observed anywhere on the external sur face.

567



C92I
CQ
m

0

I I

w m p! oI ~CQQLL/anC SQ
O I I

I IQ
II I Qa

SI

CLI
C1

CDIo
CD SI

0
0

Vl

D 0 rS

0

~ o
o

~ -Do QaDG . oCQ Qa CQ/- CLI P!
I InI'

CaI
E E
0

LCaI D I oa/l L/l
oI 'ni OLP O nC OL/IOC/rLCI all Lll LCI O D L/a F!CLI CQ CD LD

L/aD DI ' ' I D I
p I o

0
oO ooI Oo I OQ IC92I Cal

o o0

0 L
ul
C1

0 0

IJ
'/ I

ISVl
Ln D

0 CCQ rLICL E
Cn-/S /S

0 nr 0ChXI�

0
FSlDa rSrS
L 0

C rar CIS 0l IS Crn
0~0 0CnWnl 0 'Q 0rSK  XILrSQr ~4J Iu0-L an

%0 V 0 SI2 I/l LC Z 2

0
0

0

ul
nl
0 0

0
I/I

CJ D

568

0 0LD 0a0 dl
Vl 't3
IS nl
X 3

SI

IZ1 SI
4J

0
SI .
00 ulSI 4J
L 0
0 4�

SI
0 «7I4/0
Sl 0L5- ESI /SCl ulII

nC DP P!nCCQCDID LQDoh
n L/I Dc/ILQN Dt / DO CLCLI P! «/ CLI

LQt7h OCDLQCLID Cal&Onn ca/ caI Qa nC LQ I cJr aQ O LQ ICan Cal CCr Qu ID nC w

l/a I L/a I/I l/l O I/I
PP O ca/ O ct LCICal Lll r CLI I/I I/I

I I I I I I I I I I I I I

I I I I I O I I I I I I I IQa

I I I I I I I I I I I I I I

I I I I I I I I I I I I I I

cal D cCI D QI c/I Qa P nt
CLI nt raC CLI CQ I ID nC CaI

n-OLD&~a � OO IDCQI/Ior I/Iacloulo I O I OCQIQ

oo o o oI ~ I I ~ I I I ' I
O LCI LA IX! MLQ LCI C92I

DO O D DI I I OO I I O I I I DD ICLI CLI CLI

LCILQQIDcunCNIDC/ro caIO nc a/a cQQro hlI caI cu ILI p! Fl I/I nl 6 ul T/ nc nc

LLC I- 4l VlVl Cll ulrsc 0 n-I cJ/u n1 cCl ~ M nl I/I O M rS/S E D rSO SI ++0CD 0 L CQ 0 C 'K antu CL I-r VrCQ rs IQ L IQ ID vl3C gM D IS '0 Vl 0 ul CI%rn I-I rS nl CQ � ~ In 3 na
0 92- CIW I/I Sr nl L nl jc E ID ccutu ana P- 0n/~0nl VIL E 00 E3 C/a rS 0 ~ 0 0 M CJL/1 OCDI GLL/ZnCVIL/I/lr Vl



RESULTS AND DISCUSSION

MALE TANNER CRAB

The kodiak area can be d1vided into various sections and schools that
comprise each section which a1ds the discussion of BMS 1nc1dence  Figure 2!.
The Northeast section of Kodiak has had a comparatively high incidence of
BMS for all years sampled. Outer Marmot Gully, school 12, and Chiniak Gully,
school 14, stand out as two of the highly infected schools of the Northeast
section  Table 1!. School 12 samples were obtained f'rom the pot survey in
1981 and from the commercial catches in 1980, 1981 and 1982. Black Mat
Syndrome was observed on 65.0X of the 100 crabs from the initial comnercial
sample in 1980  Table 1 and Figure 3!, Commercial catch samples from the
same school in 1981 exhibited a 29.04 incidence of BMS wh1le only 2.0X of
the crabs were infected in 1982. School 12 was not heavily fished in the
1982 commercial season due to low abundance. The 2.04 BMS incidence for
the 1982 commercial sample from school 12 only represented 51 crabs  Table 1!.
In 1981 the pot survey of school 12 produced 46.4l infected crab, but this
also was a very small sample  Table 1 and Figure 7!. Chiniak Gully, school
14, was also heavily infected wi th BMS according to all sample sources.
Observations on the pot survey revealed school 14 had 53.55 infected crabs
in 1980 and 34.85 in 1981  Figures 6 and 7!. The sample sizes were 690 and
296 crabs, respectively  Table 1!. School 14 samples of 805 and 101 crabs
from the 1981 and 1982 commercial catches showed 33.0% and 8.9'5 infection
rates, respect1vely  Figures 4 and 5, Table 1!.

The southern end of Kodiak Island is another area where BMS is prevalent.
School 22, South Tr1nity Islands  Figure 2! exhibited 54.0% and 40.0$ in-
fected crabs on the 1980 and 1981 pot surveys  Figures 6 and 7!. Sample
sizes were 193 and 400 crabs, respectively  Table 1!. A commercial catch
sample from school 22 in 1980 was observed to have 58.0l of the crabs infected
with BMS  Figure 3!. Only 106 crabs were sampled from school 22 during the
1982 season, due to low abundance and little fishing effort. The two samples
obtained in 1982 from school 22 indicated;B occurrence was only 4.7X.
School 30, Compass Rose, accounted for some of Kodiak's best fishing in 1982
but also had the highest incidence of BMS this year, 12.4% of the comnercial
catch sampled  Figure 4 and Table 1!.

The offshore schools of the northeast and southern sections of the Kod1ak
area showed the highest incidence of male Tanner crabs with BMS. Other
sections and schools of the Kodiak area exhibit very little disease, parti-
cularly 1n the bay areas  see schools 5, 17, 21 and 40, Table 1!. The same
predominance of the disease in offshore crabs existed for the ent~re Kodiak
district during the 1981 corlirercial fishery and was highly significant at
the .005 level.

The North Mainland, school 41, and Hest Afognak, school 42, were sampled
by trawl in 1980 and 1981. In 1980, male Tanner crabs from the North Mainland
were observed to have 2.3% infected crab while the 1981 survey had 3.5$  Table
1!. Sample sizes from the trawl surveys were 2,922 and 2,309 crabs in 1980
and 1981  Table 1!. A commercial catch sample of 1,216 crabs from school 41
in 1981 1ndicated 5.3X had BMS  Figure 4!. Both sampling methods exhibited
a relatively low incidence of the disease in school 41.
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Of the three data collection methods utilized in the Kodiak area, the
pot surveys and commercial catch samples tended to show the highest incidence
of infected crab. One possible reason the trawl caught crab had a lower
incidence of BMS is that trawls tend to catch all sizes of crabs. About 50.0%
of the crabs from the trawl surveys were less than 92 mm carapace width.
These very small Tanner crabs molt so frequently that the syndrome may not
have time to manifest itself. There may be other biological reasons why
smaller Tanner crab do not have the same degree of infection as the larger
crab. These questions need to be addressed. All sizes and sexes of crab
show BNS to some degree but the old and very oldshell crabs have the highest
incidence of BNS. The 1980 Kodiak trawl survey revealed 12.21 of the o' ld-
shells and 18.2% of the very oldshell Tanner crabs have BNS. Only 0.9% of
the newshell crabs from the same survey had visible signs of BNS. The 1981
Kodiak trawl survey results were similar with old and very oldshell crabs
having 60.2$ BNS while newshells had only 1.9X HNS. It must be noted that
aging Tanner crabs is somewhat arbitrary and differences between old and
very oldshell crab in particular are not clear cut.

The Chignik area was sampled by trawl in l981 and one commercial catch
sample was taken during the 1981 fishery. The commercial sample from Chignik
consisted of 103 crabs of which 4.91 had BNS  Table 1!. The 198l trawl survey
sample of 2,517 male Tanner crabs produced a 2.5/ incidence  Table 1!, Old-
shell crabs were found to have the highest occurrence of BMS on the 1981
Chignik survey with 71.4X of the total crabs infected. The Chignik area is
not divided into schools so all data is area wide. The overall incidence of
BNS in the Chignik area does not seem to be as high as it is in the Kodiak
region.

FEMALE TANNER CRABS

Female Tanner crabs were studied in the Kodiak area by pots  Tables 2
and 3! and trawls in 1980 and 1981.

The Kodiak pot surveys showed a much higher proportion of the females
to have BMS than any of the trawl surveys, Gf the 798 female Tanner crabs
captured on the 1980 pot survey, 50.1K had BNS  Table 2!. The following year
�981! the pot survey showed 34.8% of the females to be infected  Table 3!.
The sample sizes for both years were similar. Virtually all of the female
crabs that were recorded as very oldshells had BNS and as much as 94.74 of
all the barren females captured on the 1981 pot survey had BNIS.

The 1981 Kodiak trawl survey which samp'led northern Shelikof Strait
observed 8.7'X of the females to have BNS. In 1981 the trawl survey again
sampled northern Shelikof Strait and 9.2% had BNS. Sample sizes for the
females on the 1980 and 1981 trawl surveys were 1,455 and 2,697 crabs,
respectively. It is important to note a very high percentage of these
infected females were either old or very oldshel'I animals.

The Chignik area trawl survey in 1981 made observations on 1,091 female
Tanner crabs and only 1.3X were infected. The incidence of females infected
in the Chignik area was similar to the percent of males found infected with BNS,
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Female Tanner crabs were also examined during the 1981 South Peninsula
pot survey. Of the 303 females captured 8.9C had the disease.

Egg clutch size of female Tanner crabs are also recorded on the pot and
trawl surveys  Colgate and Hicks 1982!. It is interesting to note that about
half of all the females recorded as having zero egg clutches, also had BNS.
A relationship seems to exist between reduced egg clutch size and the extreme
presence of BNS. Whether BNS causes the reduced egg clutch is not known.
Egg samples and spermathecae of some heavily infected females with reduced
egg clutches have been sent to interested pathologists for study.

SUMMARY

There are some important statements that can be made from this study
concerning BMS:

l. There is a marked difference in the incidence of BNS for legal size
males in the Kodiak district, varying from 0.0% to 60.0$ between schools.,
To date sampling indicates the disease is more common in the Kodiak
distri ct than in the more western Chignik and the South Peninsula areas,

2. Black Nat Syndrome in the Kodiak district occurs more frequently in
offshore schools than inshore schools. Most of the bays of Kodiak
are virtually devoid of crabs wi th BNS.

3. There are differences in incidence rates between trawl caught and pot
caught crabs from the same localities. In almost all cases the pot
caught crabs exhibited a higher incidence of BNS than trawl caught crabs in
the same region. One possible reason for this difference in incidence
between the two survey methods is the size of the animals that the
sampling gear selects for.

4. A hi gh proportion of the barren female Tanner crabs captured also had
BNS. Whether this barrenness is a matter of senescence or a direct
cause of the BNS is yet to be explored.

5. A large percentage of the old and very oldshell age crab had BMS. A
high degree of skip molting naturally exists in the Tanner crab popu-
lation, but there may be a correlation between the syndrome and a
greater frequency of skip molting, If so, prerecruit one crabs �15-
139 mm carapace width! that had BNS might not be recruited into the
fishery and the management strategy and predictive population estimation
procedures would want to take this into account.
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ABSTRACT

The study is presented in two parts: an examination
of the organization of crab and. groundfish communities
in the eastern Bering Sea, and an evaluation of the
roles and potential importance of fish predation on
crab. Numerical classification analyses of bottom
trawl survey data provided further documentation and
elaboration of what appear to be major faunistic
provinces and regional communities on the continental
shelf and slope. These are interpreted as the habitat
areas and species for many important biological inter-
actions. Based on literature review, relationships
between 22 benthic fish predators and 9 crab prey are
summarized in the form of a food web matrix. Ten
potentially important predator populations are then
examined for their abundance relationships, and
variations in abundance, during 1971-8l.

INTRODUCTION

The major crab populations of commercial interest in the
eastern Bering Sea are embedded in a complex, multispecies
ecosystem composed of numerous invertebrates, fish, and marine
mammals. Some of these associated species, or their products,
are used as food resources; some are predators or potential
food competitors; others, with no apparent trophic relation-
ships, may interact and be members of the same ecological
communities for numerous other environmental reasons.

The purpose of this study is to report the results of a
new examination of the organization of crab and groundfish
communities in the eastern Bering Sea and, within the context
of these biological relationships, to evaluate the roles and
potential importance of fish predation on crab. The examina-
tion of community organization is based upon numerical classi-
fication  i.e., "cluster" ! analyses of bottom trawl data from
an exceptionally large sampling survey conducted in 1979. The
evaluation of fish predation is treated in two steps: 1!
connections between fish and crab reported in the literature
are summarized in the form of a food web matrix, and 2! the
relative abundance and dynamics of some of the important
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predator populations during the period 1971-81 are compared.
Relationships between crab larvae and fish in the pelagic
environment. are also discussed to a lesser extent'

Another objective of the study is to bridge some of the
gaps between other recent descriptions of major biological
systems and their community organization, structure, and
function in the eastern Bering Sea. Toward this end, efforts
have been made to 1! extend the analyses of, and further detail,
the recurrent species groups of fish and rnacroinvertebrates
described by Pereyra et al. �976: fig. IX-25! and Smith and
Bakkala �982: fig. 22!; 2! provide comparisons of the major
faunal domains, species groups, and large-scale distribution
patterns described for the benthic invertebrate infauna
 Haflinger 1981! and macrofauna  Stoker 1981; Jewett and Feder
1981!; and 3! provide more detailed descriptions of the organi-
zation of the large-scale multispecies system, emphasizing
groundfish and crab, so as to allow better interpretation of
feeding relationships such as those described by Feder and
Jewett �981!.

METHODS

Numerical Classification Analyses

Objectives of the numerical classification analyses were
to 1! define areas of similar species composition on the Bering
Sea continental shelf and slope, map these areas, and describe
their characteristics; and 2! measure interspecific associations
and define groups of species based on the similarity between
distribution patterns.

Data Collection

The data that were analyzed were obtained from a bottom
trawl survey conducted by the Northwest and Alaska Fisheries
Center  NWAFC! in the eastern Bering Sea during 22 May to
22 August 1979. The geographic region covered by the survey
ranged from Unimak Pass  lat. 54 20'N! to St. Lawrence Island
 lat. 63 30'N!, from inner Bristol Bay  long. 158 00'W! to the
continental slope, and included a total area of about 649,000 km
Bottom depths that were sampled ranged from ll to 732 m.

Of the 682 trawl samples collected by the survey, the
classification analyses were applied to a subset of 566 samples
that had relatively even geographic spacing: 472 of these were
taken on the continental shelf  depths 11-183 rn! using a 400-
mesh Eastern trawl  Wathne 1977: fig. 9!; and 94 hauls, taken
along the continental slope  depths 183-732 m!, were collected
using a Nor'Eastern trawl with roller gear  Gunderson and
Sample 1980: figs. 2-4!. Both types of nets were used with
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32 mm mesh cod end liners.

Samples and biological data were collected following the
procedures described by Smith and Bakkala �982!. At each
station the fishing gear was towed on the bottom for 30 min at
5.9 km/h �.2 kn!. The area of bottom "swept" by the trawl was
estimated from the distance towed  determined by loran-C or
radar fixes!, multiplied by the effective path width  Alverson
and Pereyra 1969!, and was generally about 20,000 m . Fish and
invertebrates were sorted by taxa, identified to the lowest
reliable taxonomic level, weighed and counted.

Of the 287 total fish and invertebrate taxa recorded among
the 566 trawl samples, only the catch data for a subset. of 80
taxa was used for the grouping analyses  Table 1!. Species in
this subset were considered to have been reliably identified
throughout the survey and occurred in at least 2%, of the 566
samples. These included 62 benthic and benthopelagic fish
species  and polyspecific taxa! distributed among 19 families
and 18 major invertebrate taxa. Despite being a subset of the
species list, the 80 taxa accounted for over 86% of the total
faunal biomass.

Data Analysis

The data matrix used for classification analyses consisted
of the catch data for the subset of 80 taxonomic entities at
the 566 trawling sites. Catch data were used as the weight per
unit area trawled. A log n+1! transformation was applied to the
data matrix to reduce the importance of high density values and
increase the importance of low values.

The resemblance between sites or species was measured using
the Bray-Curtis dissimilarity coefficient  Clifford and
Stephenson 1975!. To measure the resemblance between two sites
 i.e., in a "normal" classification! the coefficient is computed
as

where D k can range in value from zero  no dissimilarity! to 1
 complete dissimilarity!, and xi~ and xik represent the trans-
formed density values for the j.th species  of n total! at the
jth and kth stations.
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Table l. List of fish and invertebrates used in the analyses
of species and site groups, 1979 Bering Sea trawl
survey.l/

TaxonTaxon

Agonidae
A~onus aci enserinus
As ido horoides bartoni

Cottidae
Artediellus spp. �!

H 1 d t spp. �!

Reinhardtzus hx o lossoides
Rajidae

~Ra'a spp. �1!
Scorpaenidae

Sebastes alutus

Sebastolobus alascanus

H. jordani
H. '1'

H t bolini

Xcelus spp. �!
Malococottus kincaidi

Stzchaeidae

~Lum enus maculatus

~Tri lo s spp. �!
Unid. cottids

Cyclopteridae
C melanurus

L. sacaitta
Unid. stichaeids

Trichodontidae

Trichodon trichodon

Zaproridae
~Za rora silenus

Zoarcj dae
Bothrocara brunneum

C. rastrinus
~Li aria spp. �3!
Unid. cyclopterids

Gadidae

E~le inus gracilis
~Lcodes ~brevi es
L. concolor

L. palearis
Unid. zoarcids

Caridean shrimp
A~r is spp. �!
Pandalus spp.  ca- 4!
Scl ro ra on boreas

Hexagrammidae

H. stelleri
Pl mono ter gius Xds

Macrouridae

2�

586

Ocella dodecaedron

0. verrucosa

Sarritor frenatus
Unid. agonids

Ammodytidae

Anoplopomatidae

Bathymasterzdae

Clupeidae
~Clu ea ~haren us pallasi

Myctophidae
~Dig hus theta
Unid. myctophids

Osmeridae

Mallotus villosus

Osmerus mordax

Pleuronectidae

Atheresthes spp. �!

Limanda ~as era
e""-"

Pleuronectes uadrituberculatus



Table l. Continued.

Taxon

Anomuran crabs

Paralithodes camtschatica
P. platva>us

Brachyuran crabs

C. baxrdi

C. ~pi lip
C. bairdi x ~o ilio  hybrid!
Erimacrus isenbeckii
~Has spp. �!
Orecronia gracilis

Echinarachnius parma
Gor onoce halus ~car i
Stron locentrotus droebachiensis

l/ Values in parentheses indicate the number of species
possibly represented in polyspecific categories.
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To measure the resemblance between species distributions
 i.e., in an "inverse" classification!, dissimilarity is
computed using the same equation but xij and xik are the density
values for the ith station  of n total! for the jth and kth
species.

Following determination of the matrix of dissimilarity
coefficients between all sites or species, the categories were
clustered using the group average agglomerative method  Boesch
1977!. For the purpose of this study, sampling stations that
clustered together as areas of similar species composition are
called "site groups" and species that showed association because
of similar distribution patterns are referred to as "species
groups."

The data and computer programs used for these analyses were
from the fisheries survey data-base system described by Mintel
and Smith �981!.

Evaluation of Fish Predation

Objectives for the evaluation of fish predation were to
1! summarize observations reported in the literature of Bering
Sea fish feeding on brachyuran and lithodid crabs so as to be
able to appraise the various roles, prey overlaps, and potential
importance of the predator/prey relationships; and 2! "ummarize
and compare the relative abundances, and. variations in abundance,
of the important predator populations during recent years.

Data used to describe fish population abundance on the
eastern Bering Sea shelf were obtained from the NWAFC Crab-
Groundfish survey time series  Pereyra et al. 1976: Section
VIII!. A central 159,100 km2 core area  Fig. 1! had been
surveyed using uniform bottom trawling methods during approxi-
mately 1 June to 15 August, of each year from 1971 to 1981-
Field methods throughout the series have been essentially the
same as those described in the preceding section.

RESULTS

Classification Analyses

Species Associations

Figure 2 shows the relationships found between the 80 fish
and invertebrate taxa that were included in the analysis of the
1979 Bering Sea trawl survey. Brief interpretations of some of
the associations and apparent species groups follow.
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NWAFC index area  shaded! for annual eastern
Bering Sea crab and groundfish population
assessment surveys. Dots indicate routine
sampling locations.
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l. The snow  Tanner! crab Chionoecetes opilio showed. highest
affinities to the following: walleye pollock, T~hera ra

turbot, Reinhardtius hi o lossoides; wattled eelpout, ~L codes
palearis; and the basketstar, Gor onoce halus ~car i . This
species group was broadly distributed throughout northern,
midshelf regions of the study area.

2. The snow crab C. bairdi had highest affinities to the
following: flathead sole, Hi o lossoides elassodon; the flat-
fish Atheresthes spp.; and skates, ~Ra a spp. This group occurred
primarily along the outer continental shelf.

3. Red king crab, Paralithodes camtschatica, showed highest

uadrituberculatus; and yellowfin sole, Limeade ~as era .This
species group was a dominant part. of the macrofauna in the middle
shelf region.

4. Korean horsehair crab, Erimacrus isenbeckii, had highest
affinities to the following: yellow Irish lord, H 'l 'd t
jordani; and hybrid  C. bairdi ~ C. ~oilio! snow crab. This
group predominantly showed as a rare central shelf group.

mordax; Pacific herring, C~lu ea h~aren us ~allasi; and saffron
cod, Z~le inus gracilis. This species group occurred along
northern inshore regions.

6. The two ~H as crab species showed highest affinities to the

and longhead dab, I. proboscidea. This group was also a northern
coastal group.

7. Blue king crab, Paralithodes pla~t ~us, had highest affini-
ties to the following: the eelpout ~L codes concolor; snailfish
in the genus L~i aria; unidentified eelpouts and snailfish; and

~ 2 � '
found in the northern, midshelf region.

affinities to shortspine thornyhead, Sebastolobus alascanus;

and twoline eelpout, Bothrocara brunneum. This group occurred
at continental slope depths of the study area.
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Site Groups

Figure 3 summarizes the relationships observed between the
566 sampling locations on the basis of similarity of species
composition. Additional characteristics of the major site
groups are described in Tables 2 and 3.

To illustrate the patterns in which stations clustered,
the results for this section are summarized and compared at
several levels of dissimilarity. The iterative process of site
clustering begins with fusing the most similar pair of stations.
Through further fusion cycles additional stations, pairs of
stations, or groups are then added at increasing levels of dis-
similarity until all stations form a single cluster. Major
site groups and their associated faunas were compared at the
three values of dissimilarity shown in Figure 3. level 1,
0.75; level 2, 0.65; and level 3, 0.55.

In part, this approach represents an attempt to describe
the results in terms of operational groups at different geog-
raphical scales that, on the basis of subjective analysis, seem
to have biological reality. Additional, less positive, reasons
were the arbitrariness of selecting a "significant" level of
resemblance and. the difficulty of applying significance tests
between groups  Clifford and Stephenson 1975; Boesch 1977!. We
begin at a high level of dissimilarity, where the study area is
divided into the largest site groups, and proceed in the direc-
tion of less dissimilarity to evaluate subdivisions of these
groups.

At level 1, the highest level of dissimilarity, the 566
sampling locations organized into three major site groups
 Fig. 4!: northern coast  group 1!, continental shelf  group 2!,
and continental slope  group 3!. Species dominating the fauna
of the northern coast group were  in order of relative abundance!
yellowfin sole, asteroids, saffron cod, the starfish Asterias
amurensis, and longhead dab. The continental shelf fauna was
dominated by walleye pollock, yellowfin sole, snow crab  C.
o~ilio!, Pacific cod, and asteroids. The continental slope
fauna was predominantly composed of Greenland turbot; giant
grenadier; the flatfish Atheresthes spp.; northern rockfish,

At. level 2, the intermediate level of dissimilarity, the
566 stations formed five major site groups  Fig. 5!: northern
coast  group 1, same as at level 1!; central shelf  group 2A!,
outer shelf  group 2Bi!, St. Matthew Island  group 2Bii!, and
continental slope  group 3, same as at level 1!. Groups 2A,
2Bi, and 2Bii were regional subsets of the extensive continental
shelf group that formed at the higher level of dissimilarity,
level L. Species that dominated the faunas of the newly-formed
groups were: 1! central shelf--yellowfin sole, walleye pollock,
Pacific cod, snow crab  C. o~ilio!, and asteroids; 2! outer
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Table 2. Summary of site group characteristics, 1979 Bering
Sea trawl survey.

Mean faunal
density
 kg/ha!

Site 1/
group

Number of Bottom depth  m!
stations Mean S.D. Range

15-3833 90-526

40.4

41.9

43 ' 0

187-732

187-563
439-732

507

417

601

51

26

25

135

81

114

3

3A

3B

1/ See Figure 3.

2

2A

2Ai
2Aia

2Aib
2Aii

2B

2Bi
2Bia
2Bial

2Bia2
2Bib
2Bii

468

236

223

129

94

13

227

202

153

87

66

49

25

87

57

56

66
42

74

120

127

115

113
117

166

63

44

17

17

13

12

12

40
37

28

33
19

35

14

11-274

11-93

11-91

40-91
11-68

48-93

38-274

59-274
59-274

59-274
68-152

99-241

38-93

195- 8

274.7

287.5

307.1

225.3

246.5

184.3

197.0

200.3

187.7

200.9

118.3

103.6
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shelf--walleye pollock, snow crab  C. o~ilio!, Pacific cod, red
king crab, and Greenland turbot; and 3! St. Matthew Island--
snow crab  C. o~ilio!, butterfly sculpin, unidentified eelpouts,
the eelpout ~L codes concolor, and walleye pollock.

Eight regional site groups were formed at level 3, the
lowest level of dissimilarity  Fig. 6!: middle shelf  group
2Aia!, shallow central shelf  group 2Aib!, Pribilof Islands
 group 2Aii!, northern outer shelf  group 2Bial!, southern
outer shelf  group 2Bia2!, deep outer shelf  group 2Bib!, upper
continental slope  group 3A!, and lower continental slope  group
3B!. Groups 2Aia and 2Aib were regional subsets of the central
shelf group formed at level 2. Group 2Aii apparently represents
a distinct Pribilof Islands environment. Groups 2Bial, 2Bia2,
and 2Bib were regional subsets of the outer shelf group formed
at level 2. Groups 3A and 3B were apparently the result of
depth zonation within the continental slope group formed at
levels l and 2.

Species that dominated the communities of the groups formed
at level 3 were  see Table 3! l! middle shelf--yellowfin sole,
walleye pollock, snow crab  C ~o idio!, and red king crab; 2!
shallow central shelf--yellowfin sole, Pacific cod, asteroids,
and rock sole; 3! Pribilof Islands--Pacific cod, snow crab

e � i

pollock, snow crab  C. ~o ilio!, Pacific cod, and Greenland
turbot; 5! southern outer shelf--walleye pollock, red king crab,
and snow crabs  C. o~ilio and C. bairdi!; 6! deep outer shelf--
walleye pollock, Pacific cod, the flatfish Atheresthes spp., and
Pacific ocean perch, Sebastes alutus; 7! upper contz,nental
slope--Greenland turbot, Atheresthes spp., northern rockfish,
flathead sole, and skates; and 8! lower continental slope--
Greenland turbot, giant grenadier, the macrourid Cor haenoides
cinereus, and sablefish.

Fish Predation on Crab

In the Benthic Food Web

Table 4 summarizes the relationships between Bering Sea
benthic fish predators and crab prey  megalops, juvenile, or
adult stages! found from a review of the available literature.
Following the conventions of Cohen  l978! a l in the matrix
indicates an observed feeding relationship, a -l indicates an
inferred relationship, and a zero indicates no apparent rela-
tionship. Inferred relationships were decided on the basis of
the predator's documented prey  i.e., food preferences and
capabilities of food selection!, and the degree of geographic
overlap between predator and prey populations  i.e., contact
and opportunity! as documented in the fisheries survey
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literature  Pereyra et. al. 1976; Smith and Bakkala 1982!.

At least 22 fish species and genera from 8 families have
been observed to feed on some, or many, of the 9 major crab
species. Of these, 4 fish taxa were observed or thought to
feed on some benthic life history stage of all 9 crab species,
6 were recorded as feeding on two crab species, and ll were
recorded as feeding on only one.

Fish predators of crab that seem to be important because
of their cosmopolitan distributions and broad diets are Pacific
cod, Pacific halibut, and sculpins in the genus M oxoce halus.
These fish have large mouths and are large-bodied as adults.
Other fish on the list may be important in more specific areas
and at times of high relative abundance. For example, walleye
pollock shares dominance  on a weight basis! of the outer shelf
community with the snow crabs C. ~o ilio and C. bairdi; skates
 Raja spp.! are common, large-bodied members of the outer shelf
and upper continental slope communities where they may be impor-
tant grazers of epifaunal invertebrate populations; and eelpouts
 particularly Lycodes spp.! and shellfish  especially ~Li gris

Pribilof Islands.

Many of the crab prey had numerous fish predators: snow
crab  C. opilio!, probably because of its small adult size and
high abundance, was recorded as being fed upon by at least 18;
snow crab  C. bai.rdi], 14: ~H as crabs, 5; decorator crab
 ~Ore one.a gracilrs!, 5; red king crab 5; ,blue king crab, 4;
Telmessus crab, 4; and Korean horsehair crab, 4. For lack of
field observations, all of the relationships of the latter
three crab species were inferred.

In the Pelagic Environment

Although larval  zoeae and megalops! stages of crab are
potentially exposed to substantial grazing by fishes during
their months in the plankton, this is an area of study that has
received little attention. Potential predators include approx-
imately 20-30 non-salmonid and salmonid fish species  Macy et
al. 1978; Straty 1981!, and those among the benthic and bentho-
pelagic fishes that feed from the epibenthic layer and water
column. Some of these species have large and abundant popula-
tions. A few examples of relationships that may be important
follow.

to be major, but highly migratory and transient, components of
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the Bering Sea shelf pelagic community  Straty 1981!. Of these,
sockeye salmon has been found to feed on crab zoeae and decapod
larvae  Straty 1974; Nishiyama 1974!, although the significance
of this linkage as a potentially large and variable source of
mortality remains to be evaluated.

Walleye pollock and yellowfin sole may also be found to be
important predators of crab larvae because of the dominance of
their populations among the outer and middle shelf faunas; both
species also seem to have the capability and opportunity for
such interactions. Small planktonic crustaceans are a major
part of the diet of walleye pollock, particularly of juvenile
pollock  ages 1-2 yr! because of their pelagic behavior and
generally higher distribution in the water column than adults
 Smith 1981!. Small planktonic and epibenthic crustaceans
similar to crab larvae--mysids, amphipods, euphausiids, and
caridean shrimp--are common prey items for yellowfin sole
 Feder and Jewett 1981: fig. 69-6!.

Variations in Predator Abundance

Based on the results of the literature review, 10 predator
 and, in the case of yellowfin sole, potential predator! popu-
lations were examined for their abundance relationships, and
variations in abundance, in the 1971-81 NWAFC Crab-Groundfish
survey time series  see Fig. 1! . Table 5 summarizes the mean
annual abundances that were observed, also graphed in Figure 7-
Brief interpretations of these results follow.

The abundance measures for the 10 populations covered 5
orders of magnitude of weight density  actually an index of
catch-per-unit-effort!. Throughout all years, yellowfin sole
and walleye pollock exceeded all other species in abundance.
Populations of intermediate abundance over the 11-yr period
included rock sole, Pacific cod, flathead sole, sculpins, and
eelpouts. Least abundant were skates, Pacific halibut, and.

To aid interpretation of the time order of the observations,
a run test  Tate and Clelland 1959! was applied to the vector
of mean annual abundances for each population. Observations
were scored as either less than, or greater than, the overall
ll-yr mean. The null hypothesis was that scores occurred in
random sequence.

Neither yellowfin sole or walleye pollock showed any clear
trend or patterns in abundance in the time series. However,
these results conflict with catch and effort statistics from
the commercial trawl fisheries that indicate, for the effective
fishing areas, that walleye pollock may have declined in
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Figure 7. Variations in the abundance of ten benthic fish
populations in the eastern Bering Sea, based upon
the data in Table 5.
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abundance from 1969 to 1980  Bakkala et al. 1981: 4! and
yellowfin sole abundance may have increased during the same
period  ibid, page 45!.

Populations that showed fairly clear trends of increasing
abundance during the 1971-81 time series were Pacific cod,
Pacific halibut, searcher, and to a lesser extent, skates. The
substantial increase in Pacific cod abundance that occurred
from 1978 to 1981 was apparently due to the emergence of an
exceptionally strong 1977 year-class  Wespestad et al. 1982!.

Two composite populations showed patterns of abundances
peaking near the middle of the time series: sculpins were most
abundant during 1975-77; and eelpouts, 1974-77.

Rock sole and flathead sole showed patterns of abundances
alternating between low and high values at intervals of 2-4 yr.

DISCUSSION

As emphasized by Wiens �981!, interpretations of community
organization and large-scale patterns based on the results of a
single-year survey should be viewed with some caution and skep-
ticism because of the lack of knowledge of the importance of
temporal or spatial variations. This warning seems particularly
appropriate for studies of fish and epifaunal invertebrate
communities in the eastern Bering Sea: because of the high
latitude of the region and continental sea exposure, temporal
variations of populations are likely to be accentuated by the
strong climatic differences between seasons and years  Niebauer
1980! and steeply pulsed events in the biological production
cycle. In addition, one major cause of spatial variation is
seasonally driven population migration. During the seasonal
cycle many Bering'Sea fish populations appear to migrate between
overwintering regions in deep water, spawning locations, and
shallow summer feeding areas  Smith and Bakkala 1982!.

In recognition of these considerations, a second phase of
investigations has recently been examining the mean community
structure and variations in community organization over multiple
years. Comparable classification analyses were run on the NWAFC
Bering Sea summer trawl survey data from the 4 years, 1978-81.
To briefly summarize the pertinent results--although the bound-
aries between major site groups showed some variations, the
basic communities recurred rather consistently and showed simi-
lar species composition between years  Walters and McPhail
pers. commun.!.

It appears, then, that the major faunistic zones and
regional crab and groundfish communities described in this study
have some biological reality. These results are also qualita-
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tively similar to what are proposed to be basic hydrographic
provinces  see Fig. 6! and benthic invertebrate domains
 Stoker 1981; Haflinger 1981! of the eastern Bering Sea shelf.

An aspect of the food webs in these faunal areas is that
there are a number of fish predators that feed on crab. The
importance of these relationships to crab population dynamics--
and the qualitative and quantitative changes in predation rates
that result from variations in fish  and crab! population
abundance--are essentially unknown, however, for lack of data.
The time series illustrated in Figure 7 indicates that even
though large temporal variations occur in the abundance of
specific predators, some potential predators will nearly always
be present for one or more life history stages of vulnerable
crab species. To improve our understanding, practical steps
would be to 1! more thoroughly identify the predator/prey
relationships of interest, geographic areas of important contact,
and seasonal timing; 2! begin to quantify predator feeding rates
and resultant crab death rates  relative to other sources of
crab mortality! so as to enable measures and comparisons of
importance; 3! evaluate the significance of size-selective
predation, where it occurs; and 4! emphasize studies of young
developmental stages of crab, since it seems likely that
intensity of fish predation will vary inversely to body size.
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and One Possible Remedy
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Introduction

The ability to accurately assess the population of a species which is
the target of a commercial fishery is essential if the goal of those managing
that fishery is the long-term optimum utilization of the resource. For crab
fisheries this ability should include assessment of 1! the legal sized popu-
lation of crabs available to the fishery annually, 2! the female portion of
the population, and 3! the population of male crabs one to several years
away from entering the fishery. The latter two are necessary for monitoring
the reproductive health of the population and predicting future recruitment
trends. Making adequate early predictions of recruitment can be important
to an industry which is capital intensive and a high risk venture.

Since 1973 the Department of Fish and Game  ADFM! has assessed the
annual abundance of a number of Tanner crab, chionodoetes bai2 di, stocks in
the Gulf of Alaska. The method uses king crab pots to sample both Tanner and
king crab on a single survey. Sampling design and methodology was primarily
concerned with surveying king crab stocks due to the greater value of the
king crab as compared to that of Tanner crab and the earlier development of
the king crab fishery. Unfortunately, funding for crab assessment work has
fluctuated significantly forcing the department to prioritize the crab
stocks it could assess from year to year. Because of this, a number of
Tanner crab stocks have received little, if any, effort on the annual crab
assessment surveys. After several surveys a number of problems with the
application of the method to Tanner crab became apparent from the data.
Mhether due to the locations fished or the fishing characteristics of the
pots, few female Tanner crabs are captured on the pot surveys. Similarly
few crabs two or more molts away from attaining legal size are captured.
More importantly prerecruit crabs are not captured in predictable numbers on
successive pot surveys. Thus, information on two of the three main groups
of crabs we need data on is poor or lacking using the current pot assessment
method, Me do seem to obtain usable data on the relative abundance of legal
size crabs from the pot survey; at least the harvest levels derived from the
relative changes in the abundance of legal crabs seem to be borne out during
the commercial fishery  in terms of catch per unit effort over the course of
the fishery!.

1n the 1ate 1970's a heightened interest developed in the possible use
of trawls to assess crab stocks in the Gu1f of Alaska. Using trawls had
proven to be a successful method of assessing crab stocks in the Bering Sea
by the National Marine Fisheries Service  Reeves 1979!. However, much of
the continental shelf in the Gulf of Alaska is untrawlable and it was
assumed that surveying crab stocks with trawls would be unfeasible. Upon
examining the historic Tanner crab fishing grounds and the available hydro-
acoustic data  IPkN 1964! it became evident that a sizeable portion of the
Tanner crab habitat might be accessible to trawls. Tanner crab tend to
inhabit relatively soft bottom areas.

An experimental program was initiated in 1980 to test the feasibility
of' using trawls to assess the abundance of Tanner crab stocks in certain areas
of the Mestern Gulf of Alaska. Funding was increased in 1981 and the survey
effort was expanded. The following is a preliminary evaluation of the experi-
mental trawl program.
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Methods

The 1980 trawl survey was limited to northern Shelikof Strait between
the Kodiak Archipelago and the Alaska Peninsula. In 1981 the areas surveyed
inc'tuded northern Sheli kof Strait, Chiniak Gully, the Semidi Islands region
and the entire Chignik Management District  Figure 1!. Sampling took place
in late June to early July in 1980 and from mid-July to mid-August on the
1981 surveys.

Samples were collected with a 400 mesh eastern otter trawl. Each
station consisted of one 30-minute tow. Station selection was based on a
systematic grid pattern and tows were placed at the center of a station
unless bottom or weather conditions dictated that it be placed off center.
The number of tows made per stratum during the 1981 survey in northern
Shelikof Strait was determined by optimal allocation  Cochran 1977! prior to
the survey. The allocation was based on the legal size male component of
the 1980 survey catches.

Upon retrieval of the net, all Tanner crabs were separated by sex,
counted, aged, and in most cases, measured  carapace width for both sexes
and abdominal width for juvenile females!. Observations were made on egg
clutch size  as percent fullness of the brood chamber!. Upon returning to
Kodiak catches were standardized to 1.85 km tows. Population estimates were
generated for various Tanner crab size groups using the area swept technique
for stratified data  see Appendix!.

Using the resulting population estimates, predictions were made for the
number of legal size crabs that would be available during future commercial
seasons. These predictions assumed an annual natural mortality rate of 20%.
Because ot the high incidence of skip molting in prerecruit one Tanner crabs
�15-139 cm CM! predicting recruitment to legal size  > 140 mm CW! is not
straightforward. In order to take skip molting into account the following
formula was used to define subsequent recruitment:

Recruitment Coefficient  RC! Newshell <'s l40-164 mm
Newshell w s 140-16 mm i Oldshell <'s 115-139 mm

Recruitment = RC x A

where A = population estimate of 115-139 mm males times
0.72  or l-l/2 years survival with an annual
mortality rate of 20%!.

RC = recruitment coefficient  from above!.

Results and Discussion

e2o

Sampling intensity and Tanner crab catch data are summarized for each of
the areas surveyed on the 1980 and 1981 trawl surveys  Table 1!. Since north-
ern Shelikof Strait is the only area for which we have more than one year' s
data, only the results from that area will be discussed herein.
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Table 1.--Summary of sampling effort and total Tanner crab, Ch~onoecetee ba~rdi,
captured on the l980 and 1981 trawl surveys in the Kodiak and Chignik
areas.

Sampling
No. Intensity Total Total Total

Year Tows  km' towj Males Females CrabsArea

Kodiak:

3,466 3 161 6.627

1,790 1,793 3,533

Shelikof Strait l980 44

Shelikof Strait 1981 25

106

163

67 29Chiniak Gully

Semi di Is 1 ands

61

Ji

704 2,3601,656Chignik: 205

� none of the tows were successful
i/

Table 2.� Number of male Tanner crabs, c'h~onoeeetes bairn~, captured per
1.85 km by size group and percent total male catch in northern
Shelikof Strait, 1980 and 1981 Kodiak area trawl surveys.

1981
No.

l980
No.Size Grou

22.335. 5

25.9

18.4

]8.7

l5.8

19.4 19.5

10.2 63 746.8 183230

2.03.5 35 33122

1.730 120.4
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> Fours,   69

Threes, 70-91

Twos, 92-114

Prerecruit Ones
115-139

Recruits
Newshell
140-"164

Postrecrui t Ones
Old and Very Oldshell
140-164

Postrecrui.t Twos
> 165

Total Legal > 140
Total Male Crabs

No. of Tows

1981 10

1981 3

1981 55

1,232

647

549

672

366 10.6

3,466 100.0

44

400

463

330

349

248 13.9

1,790 100.0

25



The waters sampled on the two northern Shelikof Strait surveys lie
between 58' 07' 00" and 58' 52' 00" North latitude, west of the 152' 30' 00"
West longitude to the Alaska Peninsula  Figures 1 and 2!. This represents an
area of approximately 5,650 km'. Strata were selected on the basis of depth
and whether a station was located in the eastern or western half of the strait
 Figure 2!. The latter criterion was based on the apparent paucity of Tanner
crabs of any size on the eastern side of the strait indicating a lack of suit-
able habitat. During both surveys tows were not made in Stratum I. Most
of this area is unsuitable for trawling due to a combination of vessel draft,
bottom type and proximity to land. Forty-four and 25 tows were compIeted on
the 1980 and 1981 surveys, respectively. In 1980 the area considered surveyed
comprised 4,652 km' or 82~ of the potential habitat. This represented one tow
per 106 km'. The area considered in 1981 was 4,064 km' or 72'5 of the potential
habitat. Thus, sampling intensity was one tow per 163 km'. Stratum V was
dropped from the 1981 survey because no legal size crab were caught in the
three tows made in that stratum in 1980. The allocation of samples among
strata should have resulted in a 1981 survey which was comparable to the
1980 survey,

A total of 6,627 Tanner crabs were captured on the 1980 survey while
3,533 crabs were caught in 1981. Of these, in 1980, the male portion of the
catch was 3,466 crabs or 52K while males accounted for 1,790 individuals
or 51$ of the total catch in 1981. Females comprised 3,161 crabs or 48% of
the 1980 catch and 1,743 individuals or 49/ of the catch in 1981  Table 1!.
The proportions of the various size groups of male crabs was similar in both
survey years with two exceptions  Table 2!. The drastic reduction in the
number of males < 69 mm CW in 1981 was probably due to the growth of 56 mm
to 69 mm CW crabs  the prerecruit four component! in 1980 into the subsequent
size group �0 mm to 91 mm CW or prerecruit threes! in 1981 which can be clearly
seen in the width frequency distribution from the two. surveys,  Figure 3!.
Another possibility is that the reduction in the proportion of the 1981
catch that was   69 mm CW was partially due to sampling bias introduced by
allocating stations among strata on the basis of the legal size portion of
the 1980 catch alone. These types of observations on small size Tanner
crabs are not possible with our current assessment program using pots.

Within the legal size crab groups, the proportions changed significantly
between surveys. The proportion of legal size crabs that were recruit and
postrecruit two crabs increased from 1980 to 1981 while the proportion of
legals that were postrecruit one crabs showed a decline  Table 2!. The
latter change does not seem to be related to differences in tow locations as
all areas which produced good numbers of postrecruit one crabs in 1980 were
fished in 1981. It may be due to the fact that the percent of postrecrui t one
crabs in the 1980-81 commercial fishing season doubled from that observed in
the 1978-79 and 1979-80 fishing seasons. If fishing was particularly heavy on
this group last year in relation to the legal size male population as a whole
and there was poor recruitment to legal size the previous year, the result
would have been the observed decline in the proportion of legal size post-
recruit one crabs on the 198'I trawl survey, Of course, the change could
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Figure 2.--Area of northern Shelikof Strait in which trawl surveys were con-
ducted in 1980 and 1981 with strata used in copulation estimations.
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Stratum

Stratum

Stratum

Stratum

I - Shore to 36.4 m depth contour  east and west sides of strait!

II � 36.5 m to 146.1 m depth contours west of midline of strait

III - 146.2 m depth contour east to midline of strait

VI � I'midline of strait east to East 201.0 m depth contour

V � East 201.1 m depth contour east to 36.5 m contcur



60

VERV OLn40

0

0

0 200

VERV aLO40

0

200

Fiqure 3.--Width frequency of male Tanner crab, Ch~'rnoec;etc.;, ba;'.rem, captured
on l980 and 198f trawl surveys in northern Shelikof Strait.

~ 20
0
Z

g20
Z

50 100 150

C A RA PA C E WIOTH  mNI!

50 100 150

CARA PACE WIDTH  mM!



have different origins such as heavy recruitment to legal size after the 1980-
81 fishery coupled with a high natural mortality. rate in the.postrecruit one
group for some reason. Another possibility could be the growth of post-
recruit one crabs into the postrecruit two group in 1981. This may have been
responsible for some of the 19K decline in the proportion of legals that
were postrecruit one crabs in 1981 and can be seen in the corresponding in-
crease of 8'4 in the proportion of legal size crabs that were postrecruit two
crabs in 1981  Table 2!.

Observations on the reproductive health of the female population were
accomplished by examining the relative egg clutch size of the adu1ts measured.
In northern Sheli kof Strait females with full egg clutches  90% to 1'OOX full!
accounted for 53.5% and 68.9X of the total adult females measured on the 1980
and 1981 surveys, respectively  Table 3!. However, if those females that
carried partial egg clutches are included, 94.8X of the 1980 survey females
measured had egg clutches and 94.7% of the 1981 survey females measured had
egg clutches. There was no significant difference in the percent of females
that were barren on the two surveys. Of the adult females with no egg
clutches, 30% had active ovaries in 1980. Barren adult females captured in
1981 were saved, but unfortunately, a few were 1ost and we haven't any data
from those stations. However, the majority of the barren females �4 of 71
individuals! came from one tow. Among those individuals, 14K had active
ovaries and 85K had inactive ovaries. All of these individuals either had
old sperm in their spermathecae or empty spermathecae and old grasping marks
showing that none of them had mated after the spring hatching of the previous
year's eggs. Ne do not know whether oldshell or very oldshell barren females
that seem to have active ovaries can produce viable eggs if mated.

Population estimates were calculated using the standard area swept
technique for stratified data  Table 4!. The estimates are not presented
for comparison, but to show that, for the most part, the percent errors
 See Appendix! around the estimates from both surveys are within an accept-
able range for management purposes  about 25%!. In comparison to the pot
method of population assessment it should be noted that since we don't know
the effective fishing area of pots, Tanner crab population estimates cannot
presently be derived from the pot method of assessing the population alone.
Of course, such estimates can be generated using an effective mark/recapture
program  as in the case of king crab!. However, we have not been able to
develop such a program for Tanner crab.

In order to form a preliminary judgment of the effectiveness of the
trawl method we made several predictions of future populations from the
1980 survey data and checked these predicted population levels against the
results of the 1981 trawl survey, and Leslie popu1ation estimates  in
Ricker 1975! generated from the 1980-81 and 1981-82 comrercial fisheries.
The comparisons are made for the North Hainland section of northern Shelikof
Strait which is comprised of the strata west of the midline of the strait
 Figure 2!. The North Nainland section was used due to our having good
fishery performance data from that area. It should be pointed out that 94.3X
of the legal size  > 140 mm! males captured on the 1980 trawl survey were
from the North Nainland section while 94.6K of the same group were captured there
on the 1981 survey. In order to have a time reference all comparative esti-
mates have been generated for the start of the 1980-81 or 1981-82 comnercial
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Table 3,--Number of adult female Tanner crab, Chionoeeete8 bairagi, measured
and percent fullness of egg clutch fn northern Shelikof Strait
1980 and 1981 trawl surveys.

, � Percent fullness of egg clutch
I

0 1-24 25-49 50-74 75-89Sur ve

94.8

25 927

1.9 68. 9 94.7
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l 980 Number 47 20
l Total 5.2 2.2

1981 Number 71 25
X Total 5.3 1.9

32

3.6

128 190

E4. 3 21.2

63 235

4.6 17.4

I
Percent

90-100 wi th e s

480

53.5



Table 4.--Population estimates for female and various size groups of
male Tanner crabs, c'hianoecetes baizCh, in northern Shelikof
Strait 1980 and 1981 Kodiak area trawl surveys.

Population estimate  number of crabs! + percent error

Size Grou  1981

1,105,582 + 32.2%822,573 + 25.1%

Male Postrecruit
Ones - Old and
Very Oldshell
140-164

216 075 + 29.2%455,611 + 29

Male Postrecruit
Twos > 165 160,255 � 27.0'X

1,521,526 + 26.9X

53,601 + 38.5%

l,364,771 + 20.4%Total legal > 140
Males

Total Males 12 580 950 + 16 8%13,602,350 + 11.85
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Juvenile females

Adult females

Total females

< 69 males

70-91 males

92-114 males

115-139 males

Male Recruits
Newshell 140-164

7,112,474 + 'l6.2%

5,110,674 + 40.6X

12,223,148 + 20.0X

4,844,729 + 19.4%

2,729,541 + 17.4%

2,109,003 + 23.ll

2,560,491 + 25.5%

6,581,276 + 25.7%

6,584,877 + 23.9l

13 166 152 + 23 15

3,048,454 + 20.5%

3,493,208 + 32.6X

2,429,040 + 19.3%

2,086,921 + 21.0X



fishing seasons  February in both years!. The population of legal size crabs
expected at the start of the 1980-81 fishery was estimated to be 1,158,627 +
21.2X  Table 5, ¹1!. The upper limit of the estimate is 1,404,256 crabs.
A Les'tie population est~mate generated from the 1980-81 fishing season
revealed 1,536,182 crabs at the start of the season  Figure 4a and Table 5,
¹2!. This estimate is 24,6% higher than the midpoint of the trawl derived
estimate  8.65 higher than the upper limit!. This suggests that the 1980
trawl survey estimate of the total legal size crabs was from 9X to 25% too
low. As has been suggested by previous work in the Bering Sea  Fugita and
Takeshita 1981!, population estimates derived from trawl data probably need
to be refined by using catchability factors since the net probably does not
capture 100% of the crabs it encounters on a tow. Suggested catchability
factors in the Bering Sea have ranged from 0.3 to 0.6  Fugita and Kawasaki
1981! which are lower catch rates than the 0.7 shown by the fishery performance
data and the trawl survey estimate from northern Shelikof Strait. It should
also be noted, however, that population estimates derived from fishery per-
formance data are frequently erroneous.

The population of legal size crabs expected at the start of the 1981-82
commercial season was estimated to be 1,295,626 + 28.1% from the 1981 trawl
survey  Table 5, ¹3!. The preliminary Leslie population estimate from the
season data revealed 1,268,000 crabs at the start of the fishery  Figure 4b
and Table 5, ¹4! which is very close to the midpoint of the survey derived
estimate �.1X lower than the midpoint!. These estimates would suggest that
we do not need to apply a catchability factor to the 1981 trawl survey estimate
of legal size crabs. Since the trawl estimate was actually lower than the
Leslie estimate, though only slightly, it might suggest that the effective
net width  path swept! of I2.19 m used to calculate the population estimates
in 1981 was smaller than the actual path swept. This would tend to inflate
the population estimates derived from that survey. We definitely need to
conduct gear mensuration work to determine how our net fishes under various
circumstances before we can come to any definitive conclusions regarding
population assessment using trawls in the gulf of Alaska. The Leslie esti-
mates calculated from the 1980-81 and !981-82 commercial fisheries are
encouraging in that they compare quite well with the expected populations
derived from the respective trawl surveys. It is interesting that both
Leslie estimates were generated using five comparable weeks of fishery data
and fishing effort was essentially the same both seasons �3,081 and 23,047
pot lifts, respectively!. Such comparable data are probably unusual and we
cannot rely on obtaining such information on an annual basis.

Fishery managers are keenly interested in the extent of recruitment of
sublegal individuals into the commercial fishery. Thus, we wanted to compare
the population of prerecruit one �15mm - 139 mm! crabs in 1980 with the popu-
lation of recruit �40mm � 164 mm, newshell! crabs in 1981. However, we
cannot measure the growth of the prerecrui t one crabs directly because of the
common phenomenon of skip molting in these, and larger, crabs. We used a
recruitment coefficient  Table 5, ¹5! which estimated the proportion of pre-
recruit one crabs that had molted into the recruit class prior to the 1980
survey. The recruitment coefficient was then applied to the population
estimate of prerecruit one crabs in 1980 to determine the number of crabs
that could be expected to molt into the recruit class for the 1981-82 fishery.
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Reference no.

from text! Factor Po ulation Estimate  for North Mainland stock!

Tota'I legal crab  > 140 mm CW! from 1980 survey = 1,158,627 + 21.2$

Leslie estimate of legal crab  > 140 mm CW! at start of 1980-81
commercial season = 1,536,182

Total legal crab  > 140 mm CW! from 1981 survey = I,295,626 > 28.1X

Leslie estimate of legal crab  > 140 mm CW! at start of 1981-82
commercial season = 1,268,000.

Recruitment coefficient generated from 1980 survey = 0.56.

Recruit crab  newshell, 140-164 ma CW! in 1981 from 1980 survey
data  using recruitment coefficient! = 938,886.

Recruit crab  newshell, 140-164 mm CW! in 1981 from 1981 survey
data  using survey population estimate! = 992,270 + 31.5X.

Total legal crab  > 140 mm CW! expected at start of 1981-82
season from 1980 survey estimate minus 1980-81 commercial catch
plus recruitment  using 1980 recruitment coefficient! = 1,246,752

Recruitment coefficient generated from 1981 survey = 0.69.
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Table 5.--Factors and population estimates used to evaluate the pre-
dictive capability of the trawl survey method of assessing the
Tanner crab, chionoecetea hairdos, population in one area of
the Gulf of Alaska.
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Figure 4.--Leslie population estimates for legal size Tanner crabs, Chionoecetes
bai~di, from a! 1980-81 commercial catch data, and b! 1981-82 commer-
cial catch data.
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The resulting number of recruits was 938,886 crabs  Tab'le 5, ¹6!. For
comparison the population estimate of recruit crabs at the start of the
1981-82 fishery from the 1981 trawl survey was 992,270 crabs  Table 5, ¹7!.
Since we da not know how precise aur recruitment coefficient is, the agree-
ment between these f i gures i s encouraging.

Looking at the total legal size crab population in the North Mainland
section of northern Shelikof Strait, we deducted the number of crabs caught
during the 1980-81 commercial fishery from the population estimate of total
legals derived from the l980 trawl survey and added the expected recruitment
as calculated fram the 1980 survey  see abave!. Th resulting population
estimate of legal size crabs at the start of the 198f-82 fishing season was
1,246,752 crabs  Table 5, ¹8!. Notice how close this estimate is to both
the estimate derived from the 1981 trawl survey �,295,626 crabs! and the
Leslie estimate calculated from the 1981-82 commercial fishery �,268,000
crabs!  Table 5, ¹3 and ¹4!. It would be convenient if the crude recruitment
coefficients we use ta calculate recrui tment prove acceptable and we are
looking forward to the 1982 survey in order to test the recruitment coefficient
derived from the 1981 trawl survey data  Table 5, ¹9!.

Conclusions

Tanner crab stocks have been assessed using pots since 1973 in certain
areas of the Gulf of Alaska. It has become apparent that the pot method of
population assessment does not provide adequate informai ton on females and
prerecruit Tanner crabs.

An experimental trawl program to assess Tanner crab populations in the
Gulf of Alaska was initiated by the ADFSG in 1980. The survey was repeated
in northern She'likaf Strait in 1981 and was expanded to other areas that year.
The results of the two population assessment surveys in northern Shelikof
Strait using trawls are encouraging. A large portion of the crab catches
was comprised of females and prerecruit two  and younger! males. Neither of
these groups are captured by the current population assessment program using
pots in significant numbers. Population estimates from the trawl survey data
compare well with estimates derived from the comnercial fishery and with
expected growth of particular crab size groups. Recruitment predictions
calculated from the prerecruit one male population estimate using a recruit-
ment coefficient ta take skip molting into account seem to be confirmed by
subsequent survey and commercial fishery data.

More work needs to be done before definitive conclusions can be made
regarding the effectiveness of trawls as a population assessment method in
the Gulf of Alaska, We particularly need to conduct gear mensuration work
and define the catchability of Tanner crabs under varying substrate conditions.
We also need to continue surveying areas of the Gulf of Alaska which are more
complex in terms of bottom topography than northern Shelikof Strait  the
Chi gnik Management District is an excellent example!. Such sampling will
provide the data necessary to decide whether we can apply the trawl method
to most of the Gulf of Alaska Tanner crab stocks.
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APPENDIX

For stratified data the population estimate is:

PE = 6076 . CT . AT
W

where PE

6076
C
AT

T

W

For stratified data, the mean catch, T, is "weighted" to reflect the
cri teria of each of the particular strata selected in the following manner:

h
C.. A.

c

= mean catch
= mean catch fry the i straturr
= area of the i stratum
= total area

= number of strata

The standard error of the mean catch, s.e.T, is derived from stratified
data as follows:

s.e.T =

where

number of strata

The standard error of the mean catch was then used to calculate the per-
cent error.

Percent Error = ' 'T x 100

CT
standard error of the mean catch
mean catch

where s.e.T
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where CT
C.

A

AT
h

s.e.T
s.d. ~

A.

AT
n�.

h

= population estimate in numbers of crabs
= number of feet in one nautical mile
= mean catch per mile
= total area surveyed in miles squared

= effective net width in feet

s tandard er ror of the mean catch
standard deviation of the ith stratum
area of the ith stratum
total area
number of tows in the ith stratum



A8S TRACT

The chief problem facing management biologists involved with the Gulf
of Alaska Tanner crab, C'hionoeoetee ba&d~, commercial fishery is with accurately
assessing the crab population. Joint king/Tanner crab population assessment
surveys using crab pots have been conducted in areas of the Gulf of Alaska
since 1973. Although the pot method of assessing the population seemed to work
satisfactorily for king crab, the pot surveys have not produced the data needed
to estimate future Tanner crab recruitment or monitor the female portion of the
population.

A program to evaluate the use of trawls in assessing Tanner crab populations
in the Gulf of Alaska was initiated in 1980. Trawl surveys were conducted in
northern Sheli kof Strait in 1980 and 1981. Preliminary results from the surveys
are encouraging. The portion of the male catch that was two or more molts
   92 mm CW! away from attaining legal size averaged 51% of the male crab
captured on tHe two surveys. This seems to be providing data necessary to
estimating future recruitment trends. Size frequency relations%i'ps and population
estimations from the surveys and data from the subsequent comnercial fisheries
tend to confirm the trawl survey method as a viable means of assessing the
Tanner crab population in northern Shelikof Strait. We need to do more research
in such areas as gear mensuration, Tanner crab catchabili ty and the perennial
problem of shell aging to determine what refinements shou'Id be applied to our
survey method on population estimating procedures.
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ABSTRACT

Fluctuations in the abundance of male Tanner are discussed.

According to population surveys starting in 1974, the population of legal
male Tanner crabs was fairly stable from 1974 to 1977. Survey catches of
legal males at that time averaged over 20 crabs per pot. Abundance of
pre-recruit males peaked in 1976, then started a five year decline.
Starting in 1978 the population of legal males declined as a result of
poor recruitment. A one year lag time between the decreasing pre-recruit
and legal populations was noted. By 1980 the legal male population was
down to approximately 10 percent of its pre-1977 level. Since the
commercial fishery exploitation rate was relatively low prior to 1979,
commercial CPUE did not begin declining until the year after the survey
CPUE started to drop. SinCe that time commercial and survey CPUE have
fluctuated in a similar manner.

INTRODUCTION

South Peninsula District includes all waters south of the Alaska

Peninsula bounded by the longitude of Scotch Cap light on the west and
bounded on the east by a line from Kupreanof Point to Castle Rock and
extending southeast from Castle Rock  Figure 1!.

Tanner crab  Chionoecetes bairdi! fishing in the area started in
1967 with a commercial harvest of 5,000 pounds. Catches steadily
increased until the 1973-74 season when 9.5 million pounds were landed.
Since that time catches have fluctuated between 3.3 and 11.2 million

pounds  Table 1!. Currently about 65 vessels participate in the fishery,
catching 3 to 6 million pounds total.

Management of this fishery is carried out from Sand Point, a city of
about 800 persons. Data collected during an annual population indexing
survey as well as commercial fishery performance data are used to
estimate relative population size and determine optimum harvest levels.

This paper illustrates how Tanner crab populations have fluctuated
in the area and how that fluctuation has affected the commercial fishery.

MATERIAL AND METHODS

Abundance of Tanner crabs is estimated from data collected during
annual surveys of the area which started in 1974. Crabs are captured in
7 foot by 7 foot crab pots. Pots are fished in strings of three in the
bays and strings of ten in open ocean areas. Spacing of pots is
approximately one-fourth mile. Stations are oriented generally east-west
according to an established grid pattern  Donaldson and Hicks, 1980!.
Pots are baited with herring only and are retrieved the day after
setting, weather permitting.

All crab measurements are of carapace width, measured to the nearest
millimeter. Male crabs less than 138 millimeters are considered

sub-legal pre-recruits. Males 138 millimeters and greater are considered
to be legal size.
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Table 1. commercial Tanner crab catch statistics in the south Peninsula area

1973-74 through 1980-81.

Crabs

Caught
Pounds

~Cuu ht
Pots

Lifted
Avg.

Wt.

Avg.

Width CPUESeason

1973-74

1974-75

1975-76

70,047

38,153

59,377

2.4 152.5

2.5 153.7

2.5 153.8

54

75

2.7 157.4 401976-77 63,143

1977-78

1978-79

402.6 155.5

402.7 158. 1

1979-80

1980-81

2.7 156.1 27

1,274,539 3,294i106 212.6 155.7

Table 2. Summary of monthly Tanner crab catch data for South Peninsual District
1979-80 season.

Pounds

Caught

Crabs

Caught
Average

Weight
Pots

Lifted

Average

Width CPUEMonth

160.5 242.9November

183.0December

2.8January

2 8February

2.7March

2.6April

2.2May
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3,981,135

2,053,530

4,434,381

2,524,565

2,847,948

3,267,122

2,581,544

48,161

21,357

357,714

579,657

867,529

533,116

174,010

9,503,366

5,195,800

11,201,941

6,773,838

7,446,270

8,684,408

6,961,251

141,946

64,071

1,015,829

1,610,656

2,331,962

1,406,871

389,916

70,587

82,374

96,989

59,560

1,982

1,170

10,911

20,242

35,307

20,650

6,727

162.6 33

159.8 28

157.5 25

157,1 25

152,6 26



Commercial catch sampling is carried out as the vessels unload their
catch. Catch-per-unit-effort is recorded as crabs per pot lift and is
determined from operator interviews and fish tickets, Size and age
composition of the commercial catch are determined from samples of 50
crabs taken from each vessel. Interviews and catch samples are obtained
for as many deliveries at as many locations as possible.

RESULTS AND DISCUSSION

Average catch per pot of sub-legal males  Figure 2! on the survey
provides the basic data for predicting population fluctuations. Because
of gear selectivity, the sub-legals captured will generally be recruited
to the fishery the following year  Donaldson and Hicks, 1980; Donaldson,
et. al., 1981! . During the years of the survey, the sub-legal population
reached its peak abundance in 1976. Subsequently the sub-legal
population declined, reaching its current low level in 1978. Presently
this population is about 15 percent as large as it was in 1976.

cPUE of legal males on the survey  Figure 2! began to decline in
1978, one year after the sub-legal CPUE declined. With little
recruitment to offset natural mortality and removals by the commercial
fishery, the legal population decreased steadily until 1980. Legal male
Tanner crab abundance reached a low of about 10 percent of its 1974
level.

Performance of the commercial fishery has reflected the declining
population trends noted on surveys. Commercial CPUE  Table 1! started at
57 crabs per pot for the 1973-74 season and has declined steadily. As a
result of relatively low exploitation rate prior to 1979, the commercial
CPUE has declined more slowly than the survey CPUE. In 1975-76 increased
CPUE was probably the result of an artificially low harvest the previous
year due to extended price negotiations. Lowest commercial CPUE of 21
crabs per pot in 1980-81 corresponds to the lowest levels of catch and
population abundance.

First indications of any recovery for the stock came in 1981.
Slight increases in abundance were noted both on the survey and during
the fishery. In addition reports of very large numbers of sub-legals
were received from fishermen in many areas. As a result of this
increased abundance, commercial catch was allowed to increase by 40
percent, approximately half of the estimated 86 percent population
increase.

Results of commercial catch sampling have revealed a relationship
between abundance of pre-recruit crabs in one year and the average size
of commercial crabs the following year. with increases in abundance of
pre-recruits in 1976, for example, the average size of the 1977-78
commercial catch declined by over 2 millimeters and one-tenth pound
 Table 1, Figure 3!.
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Average size of crabs harvested during the 1979-80 season should
have increased based on the decreasing pre-recruit population in 1978.
Average width and weight by month for the 1979-80 season  Table 2! shows
the average size was quite large early in the season. Average size of
crab was 2 8 pounds and 160 9 millimeters for the first. four months of
the season  November through February! . These crabs were primarily
post-recruits with some areas containing as low as 10 percent recruit
crabs.

By May the average weight had declined to 2.2 pounds and catches
were primarily of recruit crabs. Crabs recruited during the 1977 season
would have passed through three seasons in the fishery A very low
average weight at the end of the 1979-80 season as well as the low
population abundance in 1980 indicated the 1977 year class which
supported the fishery must have been harvested or died due to natural
causes.

Starting with the 1980-81 season, the Tanner fishery became heavily
dependent on annual recruitment. This was demonstrated in 1981 when the
harvest was boosted, partially as a result of improved recruitment.
Emergency order closures which allowed greater carry over of
post-recruits also contributed to this improving fishery.

Utilizing the relationship between average size of catch and
recruitment, it is possible to speculate about the population prior to
the 1974 survey. Average carapace width for the 1973-74 season was 152.5
millimeters, smaller than in any subsequent year. Pre-recruits must have
been relatively more abundant in 1972 than in subsequent years. As a

result the legal population in 1973 must have been larger than in 1974,
when survey CPUE was at its highest level. Commercial
catch-per-unit-effort data supports this speculation. CPUE during the
1973-74 season was 57 crabs per pot lift, slightly higher than the 54
crab per pot in 1974-75.

Sub-legal male Tanner crabs have apparently been declining in
abundance, at least since 1972. Current low levels of abundance for
legal males are the result of low survival rates causing poor
recruitment. Although this trend may have started as early as 1972, it
became most apparent in 1977 when the sub-legal male population began to
decline severely.

In order to help slow the decline and prevent biological damage to
the stock, the commercial fishery has been closed by emergency order for

the past three seasons. Current survey data and fishermen's reports
indicate recruitment may improve again next season. Therefore, stable or
increasing harvest is expected.
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STATE, FEDERAL AND INTERNATIONAL REGULATION OF
TANNER CRAB HARVESTS IN THE BERING SEA

The primary harvest areas for tanner crab operations in the
Bering Sea extend into the area of the high seas well beyond
national sovereignty. Traditionally, the area of the high seas
beyond the three mile territorial sea has been subject to fish-
eries regulations only through the voluntary, cooperative agree-
ments of parties interested in preventing of overfishing so as
to assure a sustained harvest opportunity for their fishermen.
In addition, individual countries such as Japan, the Soviet
Union and the United States have established and enforced their
own controls on national vessels. For example, the Japanese
management program established quotas and provided that ripe
female crab were not to be retained. The government's role was
primarily restricted to a limited entry program for Japanese
national vessels that involved the issuance of permits to the
distant water vessels. The Minister of Agriculture was respon-
sible for issuing permits, but seasons and other conditions of
the fishery were largely established by mutual agreement with
the fishermen. Thus, seasons were directed towards times of the
year that maximized the fullest meat content, a particularly
important goal for a crustacean that does not produce as much
meat as the larger king crab.

Although individual states of the United States have not
historically extended their local regulations beyond the
three-mile limit of the territorial sea, Alaska has not hesitat-
ed to regulate the activities of U.S. residents who land catches
of tanner crab at Alaska processing facilities. In particular,
since the inception of the king crab fishery in the late 60's
and the subsequent development of the tanner crab fisheries, the
state has imposed conservation regulations on the harvest
through the powers and authorities granted to the Alaska Board
of Fisheries pursuant to AS 16.05.251 a!. This section provides
that the board may establish harvest levels, seasons, areas of
fishing, and methods and means.

Until passage of the Magnuson Fishery Conservation and Man-
agement Act, 16 U.S.C. $ 1801 et ~se ., the United States gov-
ernment did not regulate domestic ~is ing on the high seas. In-
stead, U.S. efforts focused on regulating harvests of foreign
vessels through cooperative international agreements. The
MFCMA, however, established, for the first time, a system of
regulatory controls that not only apply to foreign vessels, but
also have the potential for regulating the fishing of all U.S.
vessels in a Fishery Conservation Zone extending from the terri-
torial sea at the three-mile designation to the edge of the Zone
at 200 miles. At the same time, the State of Alaska has
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continued to enforce fishing regulations that govern U.S. fish-
ermen.

Alaska's legal authority has been exercised in this area
beyond three-miles for more than a decade under the local police
power authority embodied in the United States Constitution.
Since the constitution does not specifically provide that this
power extends beyond territorial limits, there has been consid-
erable dispute over the years regarding the state's actual au-
thority to manage fishery resources beyond three miles. Howev-
er, two important decisions of the Alaska Supreme Court have
considered state jurisdiction affecting fisheries management
matters beyond three-miles and both have concluded. that such
controls are legitimate police power functions. In addition, a
three judge federal court panel spelled out conditions that, if
applied to the king crab fishery, would allow extra territorial
state jurisdiction over that species.

In H'elle v. Brooks, 377 Fed. Supp. 430 �974!, the three
judge pane o t e . . District Court in Anchorage enjoined
enforcement of state regulations in the area beyond three-miles.
The ruling came at a preliminary stage in the proceedings, and
suggested that the fishermen's group would prevail in invalidat-
ing existing extraterritorial regulations. In addition, it did
not appear that continued fishing would jeopardize the sustained
yield of the resource. The panel acknowledged the possibility
that a pending trial on the merits might establish a legal nexus
between the king crab resource and the associated fishing activ-
ities to state interests. If so, this would justify the state' s
regulations. However, before that issue could be decided., the
state adjusted the shellfish regulations to provide for a
seaward biological influence zone beyond three miles. The new
regulations emphasized the nexus between extraterritorial fish-
ing interests in conserving the resource. 5 AAC 34.001 et ~se

These new regulations were challenged in State v. Bundrant,
546 P.2d 530  Alaska 1976! and reviewed by t e as a upreme
Court. That decision remains today as the legal articulation of
extraterritorial jurisdiction over fisheries matters by states,
In summary, the court concluded that Alaska has a legitimate
interest in king crab and in the king crab fishing industry that
justifies extraterritorial regulation of crabbing. This case
was appealed to the United States Supreme Court, but the court
declined to review pending a final decision. On remand, the
state district court found difficulty with ambiguities in the
state's definition of the Bering Sea fishing area, and dismissed
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the charges because the area was not clearly described. State v
Uri, Alaska District Court No. 71-12228  Feb . 28, 19771.~rnce
ttte regulatory area had been redefined by the Alaska Board of
Fisheries, the case was not appealed. In addition, the fish-
ermen had not received any windfall benefit for deliveries of
crab taken from the closed area.

The Bundrant case was decided on January 19, 1976. Just
four days~ear ter, on January 15, 1976, the king crab fishing
vessel F/V AMERICAN EAGLE was seized in Pelican and charged with
violating state regulations in an area beyond the territorial
sea near Dutch Harbor. Again, the fishermen challenged the
state's authority to adopt extraterritorial regulations but the
state supreme court did not reverse its earlier opinion in the
Bundrant case. The ANERICAN EAGLE case presented a different
sttuatton from the Bundrant violations because evidence gathered
by state and federaI investigators from the Alaska Department of
Fish and Game, the state's Division of Fish and Wildlife Pro-
tection, United States Coast Guard, National Marine Fisheries
Service and an international fisheries observer indicated more
than $100,000 of king crab had been taken in a five-day opera-
tion. See F/V AMERICAN EAGLE v. State, 620 P.2d 657,  Alaska
1980!. TEis or esture ecx.sx.on was appealed to the United
States Supreme Court but the court declined to accept the appeal
due to a lack of a "substantial federal question". See 102 Su-
preme Court 85 �982!.

The United States Supreme Court did not indicate a specific
reason for rejecting the vessel owners' appeals, However, pos-
sibly a primary reason for not reviewing the state's supreme
court's decisions regarding extraterritorial regulation on crab
fisheries was the fact that on March 1, 1977, the Magnuson
Fishery Conservation Management Act went into effect. That law
makes it unnecessary for states to establish the resource and
industry nexus between extraterritorial fishing and state inter-
ests in o~der to justify extraterritorial regulations over
fisheries. In 16 U.S.C. 5 1856 the Act provides that " N!o
State may directly or indirectly regulate any fishing which is
engaged in by any fishing vessel outside its boundaries, unless
such vessel is re istered under the laws of such State."  Tmp1i-
asz.s a e . n t e uture, t ere ore, xt wx not e necessary
to establish these factual nexi, but the state's regulations
will be applicable to vessels that are registered under its
laws.
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There is one passible intervening factor that might preempt
such continued state regulation of its vessels beyond three
miles. Since federal law is the supreme law of the land under
the U.S. Constitution, states are not able to enact legislation
or adopt regulations that prevent the application of federal
rules. Accordingly, the general counsel to the National
Oceanographic and Atmospheric Administration has opined that as
long as state regulations affecting fishing beyond three-miles
do not conflict with federal regulations in the FCZ, state con-
trols must be followed by all vessels registered under the laws
of that state. NOAA General Counsel for Fisheries opinion dated
January 29, 1981. In such conflict cases, the United States
Supreme Court has indicated that if the conflicting state regu-
lations are so contrary to the federal rules that their opera-
tion is impossible, the state laws must fail. Ra v. ARGO, 435
U.S. 151 �978!. State regulations that are not zncons stent
with federal laws will be allowed to coexist, and can be en-
forced by the state. The exact degree of inconsistency that is
required before a state regulation is invalidated is not capable
of being reduced to precise formula but is the subject of a
case-by-case analysis. Further, the background of the provision
regarding vessels registered under the laws of a state in $ 1856
is unclear and a state could. argue that this section affirms a
state's historical responsibility to regulate all its vessels no
matter what federal law provides.

These conflicts and ambiguities in existing federal/state
authorities render determining which regulatory agency has au-
thority over UPS. crab vessels as difficult as speciating C.
bairdi and C. ~o ilio hybrids. It leads to considerable, and
~o ten unnecessary, confusion when dissimilar or seemingly con-
flicting regulations are adopted by the respective agencies
since only the court can officially determine which rule should
prevail. It can also generate unnecessary animosity toward the
responsible fisheries agencies by fishermen who are affected di-
rectly by the conflict.

In order to avoid uncertainty in a situation where two
agencies have been granted management authority, the North
Pacific Fishery Management Council has been establishing a pro-
cedure in the king crab fishery where the state, council and
UPS. Secretary of Commerce are considering a federal framework
plan that approves the state's regulations. The result would
be a single set of regulations that can be enforced by both
state and federal agencies.
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Whether this procedure will ultimately result in measures
sufficient to establish an orderly, efficient tanner crab
fishery in Alaska will depend on whether or not fishermen can be
convinced that the regulations will assure a sustained yield
harvest, and fair, equitable fishing opportunity for all parti-
cipants. The best way to assure such cooperation and under-
standing will be for the federal and state governments to evi-
dence sincerity in a cooperative approach that will eliminate
duplication and conflicting regulations. Such a foundation will
allow the regulatory agencies, and the fishermen, to focus on
fundamental responsibilities of management and harvesting the
resource on a sound biological basis.
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Characteristics of the Snow Crab,
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Fishery off Cape Breton Island
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INTRODUCTION

Exploitation of the snow crab resource around Cape
Breton Island, Nova Scotia, Canada, was started in 1966 by
inshore boats from Cheticamp operating in the 'gully' region
off the NW coast  Fig. 1!. Offshore boats from the
provinces of New Brunswick and Quebec began to fish in the
same area soon after' Between 1977 and 1979, landings rose
markedly in phase with effort and the expansion of the
fishery to approximately 180 inshore vessels operating
around most of the Island's coast  Table 1!.

Between 1976 and 1978, six inshore areas were defined
around Cape Breton Island   Fig. 1! for exclusive exploita-
tion by inshore boats under 45 ft �3.7 m! in length. One
hundred and fifty snow crab licenses were issued to inshore
boats to fish these areas in 1981. Additionally, 28
licenses were allotted for inshore boats to fish area 7 off

the SW coast; area 7 is also open to the New Brunswick and
Quebec offshore snow crab fleets.

Currently, the Cape Breton Island fishing season for
snow crab is approximately 9 weeks in duration, extending
from mid-July through September in most areas. The
relatively short season is in contrast to the remainder of
the Atlantic snow crab fishery  Elner 1982! and in accord
with the goal to develop this particular fishery as a
stable, supplementary fishery with a large number of
participants. Total Allowable Catch  TAC! restrictions,
enforced in several areas since 1979, have been in an
attempt to maintain a large, stable stock  based, where
possible, on a strategy of permitting only the harvest of
biomass equivalent to the calculated growth and recruitment
additions for the previous year! until population parameters
can be modelled to permit more optimal exploitation. Other
measures, such as division of TAC's into individual boat
quotas and strictly limiting the number of licenses in an
area, promote an equitable distribution of resource benefits
among the fishermen.

The major concentrations of snow crab around Cape
Breton Island are in area 1; 57%  913.4 NT! of the total
�611.4 MT! snow crab landings for Cape Breton Island were
caught here in 1981. The 'gully' in area 1 has probably
produced a higher sustained mean catch per unit of effort
 CPUE! than any other known snow crab ground in Canadian
waters. In comparison, since 1980, fishermen on the
Atlantic side of Cape Breton Island  areas 2-6! have been
largely confined to exploiting scattered low-density pockets
of snow crab.
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Inshore boats exploiting the snow crab resource around
Cape Breton Is land are generally 9. 2-13. 7 m in leng th.
Traps are set singly on soft, mud bottom at depths ranging
from 48-256 m and are usually hauled daily. The most
commonly used traps are l. 5 x 1. 5 x 0.5 m steel frames
covered in 76- to 131-mrn mesh, with two f ishing heads.
However, Japanese-type conical traps and wooden traps
predominate in NE Cape Breton. Regulations limit the
maximum number of traps per boat to 30.

Regulations for all Atlantic snow crab fisheries
confine exploitation to male crabs of 95 mm carapace width
 CW! and above. This size is well above the 80 mm CW size
of 100% maturity for males  Watson 1970!. Female crabs are
effectively excluded from the fishery as they undergo a
terminal molt to maturity below the legal minimum size
limit. Most mature females examined during the 1981 season
were berried, indicating that the reproductive potential of
the stock is being maintained.

Since 1977, the Cape Breton Island fishery has been
monitored through sales-slips, port and at-sea catch
sampling, and fishermen' s log records. Tagging programs
have been carried out around the Island since 1978 to
determine commercial stock biomass, exploitation rate,
movement and growth. Utilizing the various monitoring data,
annual stock assessments have been produced by Bailey �978!
and Elner and Robichaud �980, 1981!.

Based on the annual stock assessments, this study
compares the snow crab fishery and stock dynamics in area 5,
representative of east. coast, Atlantic-side grounds, with
area 1, representative of the west coast, Gulf-side grounds.
Areas 1 and 5 are comparable in that they have similar
numbers of licensed snow crab boats: 27 boats vs 26 boats,
and a similar area: 2750 km vs 2059 km

M ETHODS

Since 1978, Cape Breton Island snow crab fishermen have
been required to ma inta in logbooks   Klner 1982 ! . To improve
trap location information, fishermen were given grid maps
 Fig. 2! in 1980 and 1981 and requested to indicate the grid
number s! corresponding to their f'ishing area s! .

Biomass estimates were made by Leslie analysis,
plotting cumulative catch  x-axis! at weekly intervals
against mean CPUE  kg.trap haul !, from logbook data
 Ricker 1975!. The slope of the linear regression gives an
estimate of the catchability  q! of the gear. The intercept
of the regression line on the x-axis gives an estimate of
the total biomass  B0! above legal minimum CW available
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Fig. 2. Grid map utilized by Cape Breton Island snow crab
fishermen to indicate trap positions in their
logbooks.
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for the f ishing season. Assuming that natural mortality is
not significant during the relatively short fishing season
  i.e. a type I f ishery, Ricker �975! !, the rate of
exploitation   u! is given by:

~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~   1 !

B0

where Y i s the total catch.

If q is assumed to be constant throughout the f ishing
season, it is possible to calculate the biomass  Bt!
present at any given time, knowing the CPUE value at that
time, f rom:

CPUEt
�!

Equation �! makes it possible to estimate biomass
increases from growth and recruitment, through molting,
during the fishing season. Significant molting periods are
detectable by in-season rises in mean CPUE and simultaneous
increases in the observed frequency of soft-shelled crabs in
commercial catch samples.

Ricker �975! gives a detailed account of possible
sources of discrepancy in Leslie analyses.

Tag returns from mark-recapture studies were analyzed
by Leslie and Peterson techniques to provide supplementary
biomass and exploitation rate estimates  details of the
various tagging studies are given by Bailey �978!, Klner
and Robichaud { 1980, 1981! ! .

In area 5, a total of 2010 male snow crabs of legal
size and above were marked with spagetti tags and released
prior to the 1979 fishing season. A spagetti tag consists
of a coded, yellow vinyl tube tied around the carapace of
the crab. Although spagetti tags are not retained through
ecdysis, they can provide short-term information on
population size, exploitation rate, and movement.

In area 1, 3951 crabs were marked with spaghetti tags
in 1978. Prior to the 1980 fishing season, 2500 and 251
crabs of legal size and above were marked with t-tags and
spaghetti tags, respectively. The t-tags were injected
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Port and at-sea samples of commercial landings have
been taken through the fishing season in each area since
1977 to assess catch size-frequency distribution and shell
condition.

RES UK TS

The catch rate for the 1981 season in each grid area
f ished by inshore boats around Cape Breton highlights the
differences between the east and west coast of the Island

 Fig. 3! .

NW Cape Bretan Island  Area 1!

A quota of l,406 MT was set in area 1 during 1979,
based on an assessment of biomass addition during the
previous season. Similarly, based on the assessment of the
1979 season, a quota of 980 MT  80,000 ib/unit x 27 boats!
was set for the 1980 season. This quota was subsequently
raised to 1224 MT following high catch rates in the initial
weeks of the season. The 1981 quota, based on inter- and
intra-season biomass additions in 1980, was placed at 1002
MT but was not reached due to poor market conditions and a
consequent reduction in fishing effort.

Port and At-Sea Sampling

widths from port and at-sea sampling of
since 1977 are compared in Fig. 4. Mean
the at-sea samples are smaller than
samples as the at-sea samples include

11 sizes of male crabs trapped, before
f sublegal size. No sustained trends are

the at-sea or port samples.

Mean carapace
commercial catches

carapace widths in
corresponding port
measurements for a

culling of crabs o
apparent in either
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through the posterior suture line and designed to be
retained through ecdysis  however, none of the tagged crabs
recaptured to date appeared to have molted and grown! . In
1981, 3005 crabs of legal size and above were tagged with a
modified t-tag. Fishermen were relied upon to return all
the tagged crabs found. A reward was offered the finder for
each tag returned with details of how, where, and when the
capture was made.



Fig. 3. Distribution of fishing effort and catch rates
around Cape Breton Island during the l98l season,
as derived from logbook data.
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Historical monthly mean carapace widths for male
snow crabs from port and at-sea sampling of
commercial catches in area l, NW Cape Breton
Is land.

Fig. 4.
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Fig. 5. Historical percent frequency of occurrence of shel l
states for male snow crabs in commercial catches
for area 1, NW Cape Breton Island.
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At-sea observations on the shell condition of crabs in

commercial catches during 1981   Fig. 5! showed an increase
in the frequency of occurrence of soft- and intermediate-
shell states towards the end of August, indicating that
molting was occurring and, hence, a pulse of growth and
recruitment was coming into the system. However, catch
rates  Fig. 6! failed to show an obvious synchronous rise to
reflect a significant biomass pulse into the commercial
stock. In contrast, molting peaks detected during
July-early August in 1979 and 1980 did appear to influence
catch rates.

Logbooks

As an example of how logbook data  Fig. 6! were
analysed by the Leslie method, the following is the
treatment of 1981 data from area 1: CPUE declined steadily
throughout the fishing season and a linear regression
through all data points gives an estimate, at the intercept
on the x-axis, of the total available stock of commercial-
size crabs  Bo! for the season as 1,689.7 NT  95% confidence
limits: 1452 and 2084 MT!. Subtracting the total 1981 catch
 Y! for area 1 �95.8 MT, as derived from logbooks! from Bo
gives the amount of commercially available stock left on the
grounds at the end of the 1981 fishing season as 894 MT.
Assuming that natural mortality was not a significant factor
during the fishing season, the exploitation rate  u! in 1981
was 47%  95% confidence limits: 55% and 38%! and the instan-
taneous rate of fishing mortality   F! was 0.63 �.80-0.46!.

During the first week of the 1981 fishing season in
area 1, the mean catch rate was 78.54 kg per trap haul,
giving an estimate for the then available stock   Bl! as
1649.8 MT  from Bl = CPUE1/q!. Given that 1688.7 MT
was B0, the total available stock for the season, then,
subtracting Bl, the net stock increase from growth and
recruitment during the season can be estimated as 39.9 MT.
The biomass increase represents only 2.4% of the initial
available biomass  Bl! and is 380 NT less than observed
during the same period in 1980.

Based on the 1980 Leslie analysis of logbooks for area
1, 733 NT of commercial stock was estimated to remain on the
grounds at the close of the fishing season. Thus, a
substantial stock difference of 917 MT �24.8% of the stock
left at the end of 1980! is presumed to have been added to
the fishing grounds between the end of the 1979 season and

the opening of the 1980 season. Table 2 summarizes the area
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E'ig. 6 ~ Hi stOriCal trends Of catch rate Over I umU Lat i ve
catch in area 1, NW Cape Breton Island, frot~
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13.

Table 2. Biomass and catch estimates  MT! for the area 1,
NW Cape Breton Island snow crab stocks, 1977-81.

1! Biomass at start
of season 1, 827 1, 449 1, 418 1, 650

1,189 790 420 40

3! Total exploitable
biomass �+2! 3,016 2, 239 1,838 1,690

5! Biomass at end
of season 1,075 848 733 894

374 570 917

Management-imposed TAC: 1,406 1,224 1,002

670

2! Growth and
recrui tment

during season

4! Catch  logbook-
derived!
 exploitation
rate!

6! Growth and
recruitment
between seasons

1977 1978 1979 1980 1981

516 1,941 1,391 1,105 796
�4%! �2%! �0%! �75!



1 biomass history since 1977 from Leslie estimates based on
logbook data and shows that the 1980/81 interseason biomass
increase is 347 NT more than the interseason increase in

1979/80. However, on balance, the large interseason biomass
pulse in 1980/81 is offset by the smaller in-season pulse in
1981 compared to previous years.

Figure 7 shows the available biomass in area 1, for
f ishing seasons 1978-81 and illustrates the year-to-year
stability of the stock despite considerable landings  Fig.8! .

Tagg ing

A summary of analyses of tag returns in 1978, 1980 and
1981 is presented in Table 3. Generally, biomass,
exploitation rate, and catchability parameters estimated
from tagging data are similar to those estimated from
logbook information.

SE Cape Breton Island  Area 5!

A preemptive quota of 943 NT  80,000 lb/unit x 26
boats! was set in area 5 during 1980. In the 1981 season, a
quota of 41 MT �,477 lb/unit x 26 boats!, equal to an
estimated between-season biomass pulse in 1979-80, was
imposed in an ef fort to stabilize the rapidly diminishing
stock.

Port and At-Sea Sampling

Comparison of catch size-frequency distributions since
1978 indicate a trend for increasing mean CW   Fig. 9!.
Overall, the trend may reflect a lack of recruitment into
the stock and an increasing dependence by the fishery on
older animals.

The low incidence of soft-shell crabs  Fig. 10!
suggests that molting and subsequent growth and recruitment
was not prevalent during either the 1980 or 1981 fishing
seasons. No obvious molting pulses are detectable in catch
rate data from 1978-81 logbooks although there was a high
incidence of soft-shelled crabs in September 1979.

Logbooks

Because of the depressed nature of the fishery in 1981,
only 10 out of the 26 licensed fishermen in area 5 set their
traps. A biomass estimate, by Leslie analysis of logbook
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data is impractical as the catch rates remained at a
constant low level throughout the fishing season  Fig. 11!;
hence, no measurable decrease in commercial biomass was
apparent. The phenomenon possibly reflects the collapsed
nature of the stock and is due to the small numbers of

fishermen continually moving their gear from crab 'pocket'
to crab 'pocket' to sustain their catch rates; hence, the
stock was never sufficiently depleted to register a decline
in CPUE. The possibility that CPUE was sustained by
continual growth and recruitment equal in magnitude to the
harvest is obviated by the lack of soft-shell crabs in the
catch samples.

By using the 1980 catchabil ity   q! value of 1 ~ 2098 x
10 4 and the initial CLUE, an estimate of biomass at the
start of the 1981 season of 213 MT is obtained. This
biomass estimate is 5 MT lower than the commercial biomass
estimated to remain on the fishing grounds at the end of the
1980 season. This would indicate that there was no
significant growth and recruitment in the commercial stock
between the 1980 and 1981 seasons.

Comparison of CPUE during the last 4 years of
commercial fishing  Fig. 11! indicates that present catch
rates are among the lowest ever experienced. Estimated
biomass  Fig. 12! and catch by weekly period  Fig. 13! since
1978 also reflect the collapsed nature of the area 5 snow
crab stock. The history of the area 5 fishery is summarized
in Table 4.

Tagg ing

Biomass and exploitation rate estimates from the 1979
tagging study in area 5 are presented in Table 3 and compare
favorably with estimates derived from logbook data.

DISCUSSION

When area 5 and adjacent east coast areas of Cape
Breton Island were opened to snow crab f ishing in the late
1970's, exploitation was based, no doubt, on accumulations
of virgin biomass. Initial catch rates and landings were
high. However, within four fishing seasons catch rates and
the commercial biomass in area 5 has collapsed, as have the
fisheries in the remaining four eastern areas. In contrast,
although exploitation in area 1 has been continuous since
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1978* 1979 1980 1981

1! Biomass at start
of season 440 1,185 543 213

2! Growth and
recruitment
during season

3! Total exploitable
biomass �+2! 440 1, 185 543 213

4! Catch  logbook-
derived!
 exploitation
rate!

250 683 325 82

�7% ! �8% ! �0% ! �8% !

5! Biomass at end
of season �-4! 190 502 218 131

6! Growth and
recruitment

between seasons

41 -5995

943 41Management-imposed TAC:

"With caution
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Table 4. Biomass and catch estimates  MT! for the area 5,
SE Cape Breton Island snow crab stocks, 1978-81.



1966, the catch rates and commercial biomass have remained

relatively stable since monitoring began in 1978. The
substantial dif ferences in historical landings between areas
1 and 5 appear more remarkable given that the areas are of
approximately equal size, have had similar numbers of
fishermen, and are separated by less than 160 km of
landmass. Furthermore, with the existing, generally adhered
to, minimum legal CW of 95 mm, the number of snow crab eggs
being released annually into the Atlantic is assumed to
equal pre-fishery levels and, hence, decreases in egg
production are unlikely to be a factor in the collapse.

Evidence from stock assessments over 4 years indicates
that area 5 and the remaining east coast snow crab grounds
are unproductive in terms of growth and recruitment.
Possibly, the eastern areas, being at the southern edge of
known commercial snow crab concentrations in the Atlantic,
represent marginal grounds in terms of habitat. Thus,
although comparisons of biomass, growth and recruitment
levels, as well as catch rates and size frequencies for area
5 reveal apparent recruitment failures, it may be that the
situation represents the normal pattern of growth, Thus,
the eastern Cape Breton Island snow crab grounds were
probably built up over time through trickles of movement,
growth, and recruitment. Such a scenario would account for
the initially high catch rates and landings on the grounds,
the lack of resilience of the stocks to exploitation, and
the subsequent devastation of biomass and catch rates after
only a few fishing seasons.

In contrast to the east coast, the management by
'stable-stock' policy appears to have succeeded in area 1 on
the west coast. The magnitude of overall annual biomass
additions in area 1, although variable in periodicity, have
appeared relatively large and consistent since 1978. This
consistency, despite high exploitation rates of 47-64%, has
conferred resilience to the area l stock and has facilitated

management. Given that stability has been achieved in area
1 at the expense of curbing effort and landings, the
long-term sustainable yield for the fishery appears to be
approximately 1,000 MT per annum.

Between 1978 and l980 biological advice for a cautious
approach to exploitation of snow crab stocks was ignored,
due mainly to the initially high catch rates. Now, the
biological problems are compounded by excessive potential
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effort threatening future prospects for recovery in the
f ishery. In 1982, management acknowledged that the general
strategy for snow crab exploitation in Atlantic Canada was
not applicable to eastern areas of Cape Breton Island. As
the reproductive potential of the resource is protected by
minimum size regulations, management has dropped catch
controls for the east coast areas and, from 1982 onwards,
plans to allow fishermen to exploit snow crabs on a largely
opportunistic basis.

In summary, the Cape Breton Island experience
highlights the problems associated with attempting to
optimize a fishery without adequate biological information
on recruitment patterns. To avoid similar problems in the
future, elucidation of the various mechanisms governing
success of the various snow crab life history stages and the
eventual magnitude of recruitment pulses into the fishing
grounds must become a prime research concern.
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ABSTRACT

Commercial crab  Chionoecetes ~o ilio! meat from Newfoundland,
Canada is often contaminated with dark, ovoid cocoons of the
marine leech, Johanssonia arctics. The latter is an ectocommensal
organism on the crab. It feeds rn the blood of several species
of marine fish but uses the crab as a substrate for cocoon de-
position. Cocoons occur mainly on the first and second pairs
of walking legs of recently molted crabs with hardened shells.
Although C. o~ilio is widely distributed in the N.W. Atlantic,
the leech's distribution appears more restricted as it lives
at -1 to 2 C. Heavy fishing pressure in an area 5-8 km east
of the Avalon peninsula resulted in a reduction of large old
crabs and increased numbers of molting animals in summer ~ Coin-
cidentally, leeches and cocoons have also increased in this
area. Contamination of crab meat with cocoons probably occurs
during processing.

INTRODUCTION

At least four ectocommensal organisms are associated with
the spider crab, Chionoecetes o~ilio, in Newfoundland. These
include a leech, Johanssonia arctics  Meyer and Khan 1979!,
a turbellarian platyhelminth  Flemrng and Burt 1978! and an
unidentified barnacle and bioluminescent polychete  Khan,
unpublished data!. The leech is the most prevalent organism,
occurring primarily on the first and second pairs of walking
legs of intermolt crabs  Khan l982 in press!. The leech feeds
on fish and not on the crab, which is used as a substrate for
cocoon deposition and dispersal. Cocoons, which contain fer-
tilized eggs, are deposited on the ventral surfaces of the legs.
The initial golden-brown colour becomes progressively darker
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with age and following emergence of the young, the empty
cocoons remain for varying periods. Commercial crab meat,
during processing, invariably becomes contaminated with co-
coons. The present study provides information on the dis-
tribution and prevalence of the leech and the factors which
affect, its incidence.

MATERIALS AND METHODS

Leeches were obtained from spider crabs caught in Japanese
conical and large square �.8x1-8x0.8m! traps as well as gill
nets. In Newfoundland, the depth varied from 170 to 350 m
 water temperature, -0.1 to 2.0 C! while in the Gulf of St.
Lawrence, it extended from 95 to 160 m  -0.3 to 4.0 C!.
Muddy bottom prevaled in most areas. Observations from 1972
to 1981 were made as often as possible  monthly! on research
vessels or commercial catches shortly after arrival in port
and included shell dimension, shell condition  vide Miller
1975!, leech and cocoon abundance.

In a study, conducted in Conception Bay to determine
leech and cocoon prevalence on crabs at varying depths,
Japanese conical traps were used  Miller 1975!. The latter
were set at approximately 60, 120 and 180 in groups of 6,
each trap was about 35 m apart. Shell condition, carapace
width, leech and cocoon abundance were recorded for each
crab. Bottom temperatures were also determined.

DISTRIBUTION ON CRABS

Leeches were observed initially on spider crabs as well
as on toad crabs  H~as coarctatus! and occasionally on lob-
sters  Homarus americanus!, bivalve shells and stones. More
leeches were observed on recently molted crabs with a harden-
ing carapace  Table 1, stages II and III!, than on newly
emerged or older crabs that were darker and sometimes en-
crusted with barnacles. The majority �0%! of leeches attached
to the ventral, femoral surfaces of the first and second
pairs of walking legs than on the other appendages  Table 2!.
Moreover, the leeches appeared to frequent the second pair of
legs �2%! in contrast to the first leg �8%! or other ap-
pendages. This was also reflected in the abundance of co-
coons, as approximately 60% were deposited on the same second
pair of legs while about 88% of the total were attached to
femoral surfaces of the first two pairs of legs. No cocoons
have ever been observed on the internal surface of the exo-

ske le ton.
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Table l. *Prevalence of the leech, J. arctica and its co-
coons on the crab, C. ~o iiio, at different stages of cara-
pace hardness.  n=100!

x Cocoon

Number
x Leech

Number
Stage No. Carapace

Condition

5.4 + 2.1 0

15s2 + 10.7 55.6 + 46 ~ 1

22.5 + 20.0 139.4 + 134.3

Newly emerged
Recently emerged
Hard, pale red
shell, no barnacles
+Hard, dark shell with
barnacles

I

II

III

13.3 + 10.1 175.0 + 146.2IV

+More than 70% o f the cocoons were empty.
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Table 2. Prevalence of the leech J. arctica and its cocoons
on the appendages of the spider crab, C. a~ilia+.

*A enda es Nalkin Le s
Claw

Data based on ll0 crabs taken in February 1981 in Conception
Bay, Newfoundland at 185 meters; water temperature was -0.5 C.

*Includes both pairs.

ese

x no. leeches 2.6

x no. cocoons 0

9.0

45.7

13.8

102.3

5.6

13.9

1.6

6.0



GEOGRAPHICAL DISTRIBUTION

Leeches were observed on the legs of crabs taken from
several areas adjacent to coastal Newfoundland, Labrador,
Nova Scotia  Table 3! and the estuary of the Gulf of St.
Lawrence. The greatest number of leeches were observed on
crabs taken in Conception Bay and 5 to 15 km east of St.
John's  East Avalon!. Crabs in other areas with substantial
numbers included Bonavista and Notre Dame Bays. Fewer
leeches and cocoons were observed on crabs in White, Fortune
and Placentia Bays and off the Labrador coast. Numbers
were extremely low off Cheticamp, Nova Scotia and south east
Newfoundland. No leeches or cocoons were observed on crabs
at Port au Chois area  northern Gulf of St. Lawrence! ~

While samples were being obtained from commerical catches,
it was noted that fewer leeches and cocoons occurred on crabs
as the distance from shore increased. They appeared more
abundant on crabs taken from the "Cordelia deeps", an area,
5-8 km offshore from St. John' s, that was heavily fished for
the last 8 years. Estimates of the crabs sampled indicate
that leeches and cocoons were most abundant on crabs 5-8 km

that at l5, 50 or 85 km offshore  Table 4!. Moreover, the
number of leeches and cocoons were substantially greater on
crabs taken in 1981 than in 1974  Table 5!.

TEMPERATURE EFFECTS

Crabs, harbouring leeches, were held in the laboratory
in a flowthrough system in ambient sea water to ascertain
the effect of temperature on survival. Both crabs and leeches
were active at -1.0 to 2.0 C. The crabs fed regularly when
offered fish and some survived for periods up to 3 years
when the water temperature was kept cold   1 C! continuously
Despite regular feeding and continual low temperature, however,
only two of the several hundred crabs held over the years,
molted in the laboratory. The leeches fed on the blood of
fish and subsequently attached to the crabs. Both leeches and
crabs became progressively less active when the ambient tem-
perature exceeded 4 C. Adult  >15 mrn! leeches did not feed
or deposit cocoons and many died within a month at 4-5 C,0

After holding crabs over winter in the laboratory for the last
10 years at the ambient  -l. 0 to 2. 0 C! from November through
May, it has been observed that mortality is still high as
the sea water temperature rises to 5 C or more despite the
long period of acclimation �-6 months! and gradual rise
subsequently of the ambient. water temperature in late spring.
Small �0-80 mrn! hard shell crabs survived longer than all
other stages or sizes  >80 mrn!.
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Table 4. Prevalence of leeches and cocoons of J. arctica
on the spider crab, C. ~o ilia at varying distances~rom St.
John' s, Nfld. Samples were obtained during August 1981
at depths 175-210 m.

x Leech no. x Cocoon no.Distance offshore  km!

689

5 � 8

15

50

85

42 + 28

20 + 13

23 + 15

4 + 2

300 + 185

116 + 47
117 + 33

23 + 14



Table 5.. Prevalence of the leech, J. arctica, and its co-
coons on crabs , taken 5-8 k- off St. John's in August 1974
and 1981.

x cocoon No.x Leech No.Date

Data based on stages II and III crabs.
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1974

1981

6.4 + 2.3

42.1 + 27.6

116.1 + 95.9
300. 0 + 185. 2



To determine whether temperature affected leeches to the
same extent. in nature, collections were made at various depths
in Conception Bay. Generally the crabs were less abundant,
progressively smaller, older and harbored fewer leeches and
cocoons at shallow �0 m! depths than at intermediate �20 m!
or deeper �80 m! levels during the winter  Table 6! . In
summer, no leeches or cocoons were observed on crabs taken
at 60 m  WT=8.2 C!, while few were observed at 120 m but were
numerous at 180 m. While cocoons were observed on crabs taken
at 60 m  WT=2.5 C! in November no leeches were present.
However, both leeches and cocoons were present on crabs taken
at 120 and 180 m and the numbers were slightly greater than
in February and June.

DISCUSSION

Results from the present study provide evidence of in-
creasing abundance of leeches and cocoons on spider crabs
collected 5 to 8 km northeast of St. John's over arr 8-year
period. It is known that the leeches deposit their cocoons-
on recently molted crabs and rarely on old crabs especially
when encrusted with barnacles  Khan 1982! . In the population
of crabs exploited commercially since 1973, the fishery con-
centrated on the older animals. Landings in this area have
increased from 473 to 6,870 metric tons between 1974 and 1979
 Taylor 1981!. From records of Fisheries and Oceans, it

was estimated that the percent of recently molted crabs
�973-74! in a normal catch was less than 10 percent during
summer. In newly exploited areas soft shelled crabs constitute
5-10 percent of the catch  Brothers 1976!. As the fishing
pressure increases, however, it removes most of the large,
old crabs and results in a significant reduction in size
 Watson and Simpson 1969!. Coincident with this change
occurs an increase of molting crabs up to approximately 60
percent  Miller and O'Keefe 1981! . Presumably, as a population
becomes depleted by fishing pressure, more food becomes avail-
able and increased feeding is reflected in a greater percen-
tage of molting animals. This increase of molting crabs
provides the leech population with additional sites for cocoon
deposition which previously was unavailable' Consequently,
leeches and cocoons have increased on crabs in commercially
exploited areas. The prognosis for the future is for in-
creasing numbers of leeches and cocoons on the spider crab
in areas of continual high exploitations

Since the majority of J. arctica have been observed on
spider crabs, it can be assumed that the distribution of the
leech probably coincides with that of its symbiote. From
reports of observers on Federal and Provincial Fisheries'
surveys for spider crab stocks  unpublished observations!,
it appears that. J. arctica is distributed up to 170 km east
of the Avalon Peninsula but rarely to the south of this area.
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Table 6. Effect of depth and temperature on the distri-
bution of the leech, J. arctica on the spider crab, C.

'1'

x crab size x leech no.Date

1.4

ll. 6

37.7

4.1

45. 0

20. 5

49. 3

+ n = 25
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10. 3. 81

10. 3. 81

10. 3. 81

10. 6.81

10. 6.81

10. 6.81

22.11 F 81
22.11.81

22.11.81

60
120

180

60

120

180

60

120

180

-0. 1

-1. 5

-l. 2

2.3

0.2
-0 7

0.9
-1.0

-1.0

56.5
76.9

94.2

47.8

62 ~ 1

91.8

49.1

96.1

113.8

+ 3.4

+ 12.0

+ 13.2

+ 14.4

+ 17.1

+ 16.3

+ 17.4

+ 8.2

+ 4.3

+ 1.2

+ 7.0

+ 16.2

0

+ 2,3

+ 16.7

0

+ 9.7

+ 14.2



Along the northeast coast, the distribution follows the 183
m depth contour line to approximately 120 m depth of the
coastline and also along the Labrador coast as far north
as Hawke Channel up to 125 km offshore. The distribution in
the Gulf of St. Lawrence is limited to the Cheticamp area,
north and south of Anticosti island in the vicinity of the
l83 m depth contour and in shallower areas in the estuary
of the St. Lawrence River  Bailey, personal communication!.
In areas where bottom temperatures exceed 5 C during summer
months, survival might be low as temperature appears to be
a major limiting factor. Since C. opilio is the main sub-
strate for attachment and cocoon deposition, it is likely
that the absence of C. o~ilio  Watson and Simpson 1969!
can be correlated with that of J. arctica. Such areas
include the southern Grand Bank, St. Pierre Bank, the region
between Hermitage Bay and Port aux Basques, and the Scotian
Shelf. Overall distribution in the N.W Atlantic might
be limited by the 4-5 C summer isotherm.
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INTRODUCTION

The red king crab  Paralithodes camtschatica! fishery in
Alaska has developed over the last three decades into a
highly valued United States fishery operated by technically
modern harvesters and processors. The fisheries are managed
with a combination of regulatory measures, including prohibi-
tion on the landing of females, minimum size limits, and
catch quotas. Production centers are located at Kodiak
Island and in the Bristol Bay section of the eastern Bering
Sea, where Japanese and Russian fisheries predominated until
their exclusion in the early 1970s. Distribution of produc-
tion for 1981 is shown in Figure IA. Historical production
from the main areas is shown in Figure 1B. During the
1960-1979 period, most production came from Bristol Bay,
especially during the 1970s, when production around Kodiak
dropped significantly. The catch of red king crab in Bristol
Bay dropped markedly in 1981, thus tending to equalize
production from the two main areas.

The National Marine Fisheries Service has monitored the
condition of the Bristol Bay red king crab stock annually
since 1968. This trawl survey provides a continuing series
of abundance estimates by sex and size, which is important to
the management of the stock. The abundance trends estimated
from the surveys are shown in Figure 2  inset!. The increase
in stock during the rnid-seventies was the result of several
strong year-classes. The current, drop in stock abundance is
associated with weak recruitment.

This report describes a model for management of the
Bristol Bay red king crab stock and its application. The
model has been jointly adopted by the Alaska Board of Fish-
eries and the North Pacific Fishery Management Council as
part of the Fisheries Management Plan for Bering Sea and
Aleutian Islands king crab stocks  NPFMC 1982!. In present-
ing this model, emphasis is placed on its use for identifying
high priority research areas for biological management. Data
requirements pertaining to aspects such as unit stock defini-
tion, multiple-species management, predictions of future
production, and socioeconomic factors will not, be covered.
Rather, the model deals with establishing quotas, exploita-
tion rates and minimum size limits for male crabs on an
annual basis, taking into account data. on spawning stock and
recruitment, the effect of male removal on reproductive
success, and abundance of harvestable stock.

DESCRIPTION OF THE MODEL

The king crab management model is based on three main
components: �! a spawner-recruit relationship, �! effects
of male removal on female fertilization, and. �!
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determination of quotas based on spawning stock condition.
The model assumes that a spawner-recruit relationship exists,
at least in the lower part of the range of stock abundances.
A further requirement is the concept that there is a minimum
level of fertilized female stock which is required for
successful reproduction and future recruitment to the har-
vestable stock. This threshold level is used to determine

the intensity of harvest. The removal of male stock will
influence reproduction since the fertilization rate of
females may decline as the minimum size limit on males is
lowered and/or the rate of exploitation is increased. Thus,
the allowable catch will fluctuate depending not only on the
abundance of harvestable stock but also on the abundance of
fertilized females relative to the threshold abundance.
These three components are now discussed in more detail.

The Spawner-Recruit Relationship

Theoretically, the spawner-recruit relationship can take
many forms, but from a practical management standpoint, two
basic forms can be distinguished: �! where recruitment
drops off at high spawning stock densities  Figure 3A!, and
�! where recruitment is independent of spawning stock

density above a certain level  Figure 3B!. Within these two
basic forms, the spawner-recruit relationship can still
theoretically take on a variety of shapes, but again for
practical management considerations, the most probable curves
can be limited to a few  numbered 1, 2, and 3 in Figure 3!.
The vertical dashed lines represent spawning stock levels
which will, on the average, produce the highest recruitments,
i.e., the spawning level to be maintained, as far as possi-
ble, by management. The solid straight replacement line
represents the abundance of recruits that will maintain  or
replace in the future! the current level of spawning stock.

The spawner-recruit data at hand for red king crab in
Bristol Bay  Figure 4! suggests that we are dealing with a
curve similar to form Al of Figure 3. Here, abundance of
5-year-old males is related to abundance of fertilized
females six years earlier. The six-year lag is used because
mated females carry fertilized egg clutches for approximately
one year prior to releasing hatched larvae. Nale crabs
recruit to the fishery at age 8 or 9, but recruit to survey
trawl gear at age 5 consistently enough to provide at least a
reliable index to relative abundance from year to year.
Abundance estimates of age 5, rather than age 8, males are
used to provide additional data for the spawner-recruit
relationship.

A fit of the Ricker �954! model to the Bristol Bay data
available through 1981  again, Figure 4! indicates that a
maximum in recruitment occurs at an abundance of 20 million
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fertilized females. However, at this relatively early stage
of knowledge, other forms of the king crab spawner-recruit
relationship cannot. be ruled out. In fact, it may be expect-
ed that as annual points are added to the data the estimates
of the fertilized female stock producing maximum future
recruitment, may change. As time goes on, the shape of the
relationship may also change.

In order to anticipate these potential changes, esti-
mates of recruitment one and two years into the future are
attempted from survey estimates of abundance of 3- and
4-year-old males  Reeves 1982!. When, for example, such
estimates for 1982 and 1983 are added to the 1968-81 data and

the Ricker model fit to the new data set, a different esti-
mate of the fertilized. fernale stock which maximizes future
recruitment is obtained. The results of such an analysis are
shown in Figure 5  dashed curve! and indicate that the
fertilized female stock which maximizes recruitment may
increase in the next few years. The inclusion of projected
recruitment estimates in the analysis enables a range to be
established for the spawning stock level which maximizes
future recruitment.

This range may be defined as the threshold region. In
the case of the Bristol Bay king crab stock, the main func-
tion of the spawer-recruit analysis is to estimate this
threshold region. When the spawning stock is within this
region, there may be a higher probability of obtaining strong
recruitment in the future. More importantly, however, this
region represents a zone of caution which, when occupied by
the spawning stock, should signal the need for precautionary
management measures to prevent weakened future recruitment.
Thus, at this stage of knowledge of the Bristol Bay king crab
resource, the spawner-recruit relationship must be considered
a precautionary model delineating the spawning stock thresh-
oLd rather than a prognostic model for recruitment.

Effect of Male Removal on the Spawning Stock

The single-sex fishery for king crab can be expected to
impact the reproductive potential of the stock by altering
the ratio of mature males to mature females. Information
exists  Powell, James and Hurd 1974! indicating that males
are polygamous, but data on sex ratios required for mating
and fertilization of all mature females under various natural
conditions are lacking. Powell, Shafford and Jones �973!
have further pointed. out that the size ratio of mature male
to mature female may be an important factor in mating and
fertilization of the female stock since mating pairs observed
under natural conditions were usually characterized by male
size dominance. Powell's studies have shown that, in par-
tially controlled underwater environments, successful mating
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and fertilization can result from female:male sex ratios as
high as 10:1 and male:female size ratios of less than 1.
However, the extrapolation of these results to conditions on
the mating grounds in any given year remains a problem.

As a starting point in the study of this problem, a
simulation modeling exercise was conducted employing the
model of Reeves and Marasco �980! and incorporating Powell's
data. Fertilization of mature females was modeled as a
theoretical function of the ratio of mature males:mature
females and the mature male:mature female weight ratio during
the mating season. Percent fertilization declined when the
sex ratio exceeded 4;1 and when the weight ratio dropped
below 1.7  Figure 6!. The effect of a range of exploitation
rates and minimum size limits on the fertilization rate of

females was then simulated, providing a theoretical matrix of
fertilization rates as a function of exploitation rate and,
size limit  Table I!. The lower portion of Table 1 depicts a
matrix of spawning stock sizes, obtained by scalar multipli-
cation of the fertilization rate matrix by the estimated
abundance of mature females in any given year. The scalar
used to derive the spawning stock matrix is the estimated
abundance of mature females on the spring mating grounds,
projected using growth and mortality data from estimates
obtained from the research survey of the previous summer
 summer of 1981 in the example of Table 1!.

The lirre superimposed on the spawning stock matrix
corresponds to the upper boundary of the threshold region
determined from the spawner-recruit analysis. The upper
boundary was chosen as a cautious estimate of the spawning
stock threshold level, in light of the relative paucity of
spawner-recruit data and the apparent propensity of the
relationship to change with time. Elements of the matrix
above the threshold line are considered safe spawning stock
levels relative to the threshold region, as are their corre-
sponding exploitation rates and minimum size limits.

Annual Allowable Catch Based on Spawning Stock Condition

Estimates of potential catches in any given year are
based on area-swept estimates of abundance from research
surveys conducted each suromer. As indicated in Table 2,
estimated selection curves in the form of percentages avail-
able at various minimum size limits and estimated average
weight per crab are applied to numerical estimates of abun-
dance of male crabs by size groups. The result is an esti-
mate of the poundage of crabs available on the grounds for a
range of size limits. A range of annual exploitation rates
is applied to abundance values for each minimum size limit.
This gives a matrix of yields as a function of size limit and
rate of exploitation  Table 3!. Superimposition of the
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Size

Limit

 inches!

Ex loitation Rate

~ 3 .4 .6 ~ 7 «8 «9 1.0

Estimated Percent Fertilized Females

100 1007 «00 l00 100 98 97 95 93

1006«75 98 97 9296 90 87 85

6.50 100 96 96 96 7986 7682

6 ~ 25 93 8l89 78 72 67

73 596«00 86 82 77 70 64

5.75 Bl 77 72 68 65 62 60 55

77 615 ' 50 73

72 515.25 68 63 59 56 53 46

Estimated 1982 Spawning Stock
 Nillions of Fertilized Females!

53 51 50 4953 53 527 «00 53

52 4651 51 486 ~ 75

404253 51 51 46 436.50

6.25

6.00

5.75

5.50

2730 28315.25 38 36 33
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Table 1.--Estimated rate of female fertilization  top! and female spawning
stock  bottom! as a function of minimum size limit and rate of

exploitation for Bristol Ba~ red king crab.
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Exploitation RateSize

Limit

 inches! .7 1.0.6~ 3 .9.8

3021 38 433426137.00

526.75 473121 37 422616

56504331196.50 37

65 72585143366.25 2922

8366 7558506.00

857557 665.75

1009080705.50 60

10685 9553 7464325.25 42
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Table 3.--Estimated yield matrix  millions of pounds! for Bristol Bay red
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spawning stock threshold line on the yield matrix serves to
define a set of biologically safe catches. The choice of
yields within the upper part of the matrix is based on
non-biological considerations, while yields below the thresh-
old line are to be pursued only at some potential risk to the
reproductive maintenance of the stock. However, associated
with these potentially riskier positions in the yield matrix
is the greater likelihood of obtaining additional information
on the effects of higher yields on the reproductive capacity
of the stock.

Delineation of the reproductive threshold region is a
key element of the model. The position of this region within
the long-term range of spawning stock sizes can be expected
to change annually until such t,ime as the spawner-recruit
relationship becomes well defined and reasonably stable.
Accordingly, that portion of the yield matrix considered as
biologically safe can be expected to vary from year to year .
as new data are added to the spawner-recruit relationship,
until stability is achieved.

The female fertilization rate matrix is another key
element of the model but is largely theoretical at the
current state of knowledge regarding the effects of fishing
on fertilization. Empirical deviations from these theoret-
ical rates, which are expressed as functions of minimum size
limit and exploitation rate, can also cause shifts in the
position of threshold line within the yield matrix. Thus,
the biologically safe region also can be expected to change
as information regarding the fertilization rate matrix is
added to the model. New informat.ion will be more readily
obtained if regulations allow variation in size limit and
rate of exploitation from year to year. However, even
without such flexibility, information on within-cell varia-
tion  for any given size limit-exploitation rate combination!
will be obtained.

DATA REQUIREMENTS FOR THE MODEL

Examination of the foregoing model elements leads to the
delineation of parameters which must be accurately estimated
if the model is to be successfully applied to management of
the resource. The key data requirements may conveniently be
divided into stock and fishery parameters.

Stock Parameters

Abundance  or indices of abundance!, growth, and mortal-
ity estimates are of course essential to the assessment of
any stock-fishery interaction. In the context of the king
crab model, abundance information by size, and in some cases
by age, is required for the spawner-recruit relationship, the
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spawning stock matrix, and the yield matrix. Growth and
length-weight. information are needed to determine abundance
of recruits for the spawner-recruit relationship and for
converting the yield matrix to a. weight basis. Information
on growth and natural mortality is required to project
research survey abundance estimates to expected abundance
during the next mating season.

The single-sex nature of the crab fisheries necessitates
additional focus on the important reproductive parameters.
Maturity schedules for females by size are required for the
spawner"recruit relationship and the spawning stock matrix
and should also be obtained for males for more detailed
studies of the fertilization rate matrix as a function of
mating size and sex ratios. Mating behavior as it affects,
and is affected by, such factors as required sex and size
ratios and timing of the molt between sexes, is important to
determination of the fertilization rate matrix. Clutch size
and viability are also key parameters to this matrix.

Fishery Parameters

Selection curves for minimum size limits of interest are
required to obtain estimates of the exploitable population,
which forms the basis of the yield matrix. Annual estimates
of the rate of exploitation are required to determine the
current position within the yield matrix. Recent events in
the Bristol Bay king crab fishery have indicated that an
additionally important fishery parameter may be the so-called
handling mortality, incurred by the capture and discard of
the non-marketable part of the catch. Such mortality of
female and sub-legal males may be a function of minimum size
limit and exploitation rate and in turn may affect the
fertilization rate matrix by altering required sex and size
ratios. Handling mortalities exerted on females will have
additional implications for the spawning stock matrix.

While major aspects of king crab life history may differ
from those of tanner crab, the general features of their
respective stocks and fisheries are similar enough that the
king crab model may serve as a guideline for data required.
for the management of tanner crab stocks. Table 4 provides a
summary of parameter requirements, organized by major model
components.

FUTURE MODEL STUDIES

The deterministic nature of the king crab management
model is clearly unrealistic. Future work should include
studies on the stochastic properties of model parameters'
Such studies should lead to a better perception of the
model's ability to discriminate between the results of
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different management strategies, e.g., the magnitude of
change required in the minimum size limit on exploitation
rate to significantly change the rate of female fertilization
or level of spawning stock abundance. Presumably, as random
error measure is incorporated into the model, cells of each
component matrix could to some degree become indiscriminate
from adjacent cells, thus simplifying and, at the same time,
making the matrix more realistic.

Beyond the incorporation of stochasticity, specific
environmental parameters should be examined for their inter-
action with the model. The spawner-recruit analysis should
include oceanographic, climatic, and ecosystem variables,
such as temperature, currents, wind, predation, and competi-
tion. It is highly probable that several factors other than
spawning stock abundance are affecting the recruitment
process. Environmental factors may also affect the rate of
female fertilization to an equal or greater extent than
fishery removals.

Abundance estimates are highly important to the mode.
Thus, it is desirable that these annual estimates be verified
by other independent or semi-independent methods. Several
analyses could be performed for Bristol Bay king crab.
Catch-effort analysis by Leslie-DeLury techniques, catch
composition analysis by virtual population methods, sex or
size ratio analysis using change-in-ratio techniques, and tag
release-recapture studies could provide the needed verifica-
tion.
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WORKSHOP ON DATA NEEDS FOR MANAGEMENT

The workshop was led by a panel of symposium partici-

pants consisting of: Richard Bailey and Robert Elner  Depar-

tment of Fisheries and Oceans, Canada!, Steve Jewett  Unive-

rsity of Alaska, U.S.!, Jerry McCrary  Alaska Department of

Fish and Game, U.S.!, Robert Otto and Jerry Reeves  National

Marine Fisheries Service, U.S.!, and Dave Somerton  Univers-

ity of Washington, U.S.!. The panel's initial comments were

in response to a presentation by Jerry Reeves  this sympo-

sium! on data requirements for the management of crab fish-

eries based on the experience with the red king crab

 Paralithodes camtschatica! fishery of Bristol Bay, Alaska.

Following initial discussions, audience members from Canada,

Japan, and the United States were asked to comment upon data

needs for management.

Several points were raised on the economic components of

management of the Chionoecetes fisheries. One person stated

45/B/l 719

that in Alaska management has tended to be conservative and

that user groups have not been asked just what kind of

fishery they want in terms of economics. Another stated that

we need to optimize the economics of the industry since crab

is not a major source of protein and is more vulnerable to

market fluctuations. All agreed that the economic side of



the fishery management equation is important. However, the

predominant opinion was that our job as biologists is to

provide the information necessary to manage the fishery from.

a biological perspective. A number of individuals pointed

out that most research biologists are not sufficiently

familiar with fishery economics to give informed opinions on

management from the economic perspective. It was suggested

that any future symposium on Chionoecetes should include

fishery economists to broaden our perspective on management.

Discussion followed on a number of areas which various

individuals felt should be targeted for future research. A

consensus seemed to agree that more work is needed on the

juvenile portion of Chionoecetes populations: what is their

populations, particularly future recruitment and the length

of time recruits remain in the fishery. Development of a

permanent tag was seen as critical for obtaining the neces-

sary data.

45/B/2 720

lifestyle and what environmental factors are of primary

importance to the survival of year classes. Some individuals

emphasized describing substrate preference for juvenile crabs

as an important area of study. Careful definition of stocks

was considered important for increasing our ability to manage

the fisheries accurately. We also need to obtain better

information on mortality factors and the frequency of the

molt if we are to understand the structure of Chionoecetes



Some individuals expressed an interest in monitoring

physical parameters in the environment more closely on a

continuing basis. It was generally agreed that this research

was needed but difficult to justify to funding agencies on a

cost effective basis.

The point was also raised that we could put considerable

effort into studying the environment and the lifestyles of

juvenile Chionoecetes and find that we know much about

factors we cannot do anything about. The suggestion was made

that we prioritize our research efforts so that we first

obtain data that can be used directly in our annual manage-

ment strategies, with less initial effort on aspects of

Chionoecetes biology that are more remote from the fishery.

72145/B/3

A considerable amount of time was spent on the predation

component of natural mortality, especially predation by cod.

Data suggest that, from egg extrusion to the adult stage,

over 99 percent of the crabs are lost through a variety of

factors. Cod predation may account for as much as 37 percent

of this mortality. Xn order to better understand these

predator/prey relationships, it was felt that we need to

examine crab predation seasonally and work on digestion and

feeding rates of major crab predators. Related comments

indicated the need to define the role of competition with

other crab and fish species.



It was suggested that refining basic population assessment of

the adult and near-adult portions of the population is what

fishery managers need most urgently from the research commu-

nity.

Regionally, interest was expressed in varying aspects of

Chionoecetes biology. In Japan, the egg clutch incubation

period in C. ~o ilio was considered to be a high priority for

future work, while in maritime Canada more work is needed on

the molting cycle in C. ~o ilio due to the perennial "soft

crab" problem in the commercial fishery. In Alaska, aside

from population estimation, interest was expressed in defin-

ing the .role of disease, particularly black mat syndrome in

C. bairdi  and C. ~o iliol population dynamics.

It was also recognized by the group that, the priority

categories are mutually exclusive, and that significant

45/B/4 722

The remainder of the workshop session was devoted to

compiling a prioritized list of research objectives for those

working on the biology of the genus Chionoecetes. The

resulting list is presented below. All items on the list are

considered to be areas where knowledge needs to be acquired.

Each item was rated by group consensus as high, medium, or

lowest priority in regards to the need for immediate study

relative to the other items on the list.



interactions between the items of the categories probably

exist.

Research Needs Chionoecetes spp.

Medium PrioritHi h Priorit

Fishing Mortality

Disease  Pacif ic
area only!

Mortality Estimation Stock-Recruitment

Stock DelineationMolting Season
 Atlantic only!

Energetics

Biomass Evaluation

Forecasting

Incubation Period

 Japan only!

The following list of management considerations was also

identified by the group and when more fully explored may

modify the above list of research goals.

45/B/5 723

Growth-Molting
Frequency

Development
Permanent Tag

Distribution,
Migration
Juveniles

Predator-Prey
Relations

Fishing Mortality
 Pacific!

Mating Behavior

Incubation Period

Environmental Factors

Affecting Mortality

Molting Season
 Pacific only!

Multispecies
Management



Economics Restraints  costs-benefits!

Implementation of Biological Management

Management Goals

Enforcement

45/B/6

Management Considerations
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