
proc. Int. Symp. King k. panner Crabs
Nov. 1989, Anchorage, Alaska

Our Coastal Environment: Science vs. Politics

John Costlow

Duke University Marine Laboratory
Beaufort, North Carolina USA

ll is a pleasure, as welt as a privilege, to return to Alaska, especially as part of
the Alaska Sea Grant Program. A number of years ago, while serving as a mem-
ber of the National Sea Grant review panel, I selected the Alaska program as
one of the three that I would follow during my time on the panel. Thus, I visited
here, as well as in Fairbanks, on several occasions and am looking forward to
being brought up to date on progress in research on these extremely important
species of crabs.

When Tom Shirley first approached me about participating in the meeting, I natu-
rally asked for his thoughts on an appropriate topic. He suggested that certain
areas of my own research would serve. As some of you are aware, one primary
area of my research has focused on the development of crustacean larvae under
controlled conditions in the laboratory. Initially, this was concerned largely with
the impact of such natural environmental factors as salinity, temperature, light
and diet. As techniques evolved, we began to combine two or more of these fac-
tors in the interest of exploring possible synergistic effects. Subsequently, these
studies evolved further to include the impact of anthropogenic factors: heavy
metals, pesticides, herbicides, and insect growth regulators.

In reviewing the abstracts sent to me earlier, I had the impression that many of
the topics that I might address were already being considered. The program pre-
sented a very broad spectrum of topics; e.g., reproduction, life history, feeding
and growth, mortality, population structure and dynamics, and stock assessment
and management. It occurred to me that it might be useful to concentrate on that
one basic factor which affects all of the above; i.e., the quality of the environ-
ment.



You can, quite naturally, ask why, in a symposium such as this one, I would
include "Science vs Politics" ? From my own experience, the quality of the coastal
environment is dependent upon both the science and politics realms. "Science"
is normally defined as the pursuit of knowledge, in this particular case an under-
standing of the natural environment and in what way a variety of factors, either
independently or acting synergistically, have an impact on one or more species
of organisms. Those of us in the scientific community like to pride ourselves on
the exactness and discipline involved in our studies. We talk about following the
"scientific method," or at least we used to, involving the development of a
hypothesis, the design of an experiment to test the hypothesis, the careful accu-
mulation and analysis of data from the experiment, and a discussion and com-
parison of the results relative to the original problem and hypothesis. In reality,
the degree of exactness varies considerably! In the physical sciences, exactness
is well established as exemplified by Boyle's Law. Unfortunately, when biological
research is reviewed, it is apparent that we must accept results which may repre-
sent considerable inexactness, largely due to our present inability to fully under-
stand all of the parameters involved in dealing with living organisms. For exam-
ple, I cannot provide you this morning with a complete and accurate presentation
on the overall aspects of recruitment of larvae and juveniles of any marine/estu-
arine invertebrate, primarily because we do not even know many of the interact-
ing factors involved.

For the purposes of my presentation, and accepting that many of you may have
different definitions, politics may be defined as the mechanism involved in provid-
ing guidelines for the management of society. I seriously doubt that anyone will
claim that it is a science or that it is exact, The experimental method is rarely
used and, at best, the multitude of approaches can be viewed as a variety of
shades of gray rather than either "black or "white." Incidentally, are there any
members of the political community in the audience this morning? In case any-
one should wonder as to my competence to speak to this point, I was privileged
to serve as the elected mayor of Beaufort, North Carolina for two terms and con-
sider myself somewhat of a student of the political process. Unfortunately, very
few politicians ever enter into the realm of sciencel As for the scientists, you
might agree that many of them practice a particular version known as "bio-poli-
tics," especially within the university systems and in relation to the art of grants-
manship! However, the issue of the quality of our coastal environment, for better
or for worse, is governed by input from both the scientific community and the
political community. It, too, is an issue which can be described as a spectrum of
varying shades of gray.

Let us now consider two basic questions. First, in what way has the scientific
community, through its research, contributed to an understanding of the quality of
the coastal environment and the way in which a variety of anthropogenic
changes may affect it? Second, to what degree has the political community uti-
lized the information on these impacts within the coastal environment, which has
been provided at taxpayers expense, and developed programs to intelligently
manage and conserve our environment and its natural resources? To employ
what is currently one of the several "buzz words" occasionally heard in our



nation's capital, how good is the "technology transfer" between the scientific
community and the political community?

For a number of decades, in a large number of scientific communities throughout
the world we have been accumulating vast volumes of literature describing the
quality of our coastal environment and the impact of a variety of anthropogenic
factors on many of the species found there, In preparation for my trip here I
reviewed a number of these, some of which go all the way back to the 1960s! In
1959 the fledgling Atlantic Estuarine Research Society  A.E.R.S.!, composed
largely of scientists from New Jersey, Delaware, Maryland, Virginia, and North
Carolina, adopted and submitted a resolutionto the Senate Committee on
Interstate and Foreign Commerce endorsing President Detleve Bronk, then pres-
ident of the U.S. National Academy of Sciences, and his formation of a
Committee on Oceanography, and encouraging the Committee to support
Senate Bill 2692, "Marine Sciences and Research Act of 1959" as introduced by
Senator Warren G. Magnuson and associates. Richard C. Vetter, for many years
the executive secretary of the Committee on Oceanography, circulated within the
scientific and political communities a draft document, "International and National
Organization of Oceanographic Activities," followed by the final version,
"Oceanography 1 960-1 970." Planning was initiated by a number of us within the
A,E,R.S, for the first national meeting on estuaries and it has been interesting to
review the list of participants and presented papers at the Jekyll Island, Georgia
Conference on Estuaries, April 1964. Not long thereafter, the estuarine associa-
tions, in time to represent the entire coastline of the United States, developed a
federation to meet every two years, the Estuarine Research Federation. One
particular document which I discovered in my files is of special interest, although
unfortunately it is not dated. The authors were D.W. Hood and J.J. Goering and
the title is, "Pollution Problems in the Estuaries of Alaska." It could be interesting
to invite the senior author, a friend of mine for many years and now retired, to
present his views on this topic in 1990! I would be remiss if I did not identify what
may well have been the "spark" that Ied to a general public awareness of the
degree to which society was beginning to alter the natural environment in a most
disturbing way; e.g., the book Siienf Spring, a milestone contribution which
should be required reading for any individual interest in their environmentl

A portion of my recent sabbatical leave was spent at the Plymouth Marine
Laboratory, Plymouth, England. As many of you know, they have one of the finer
libraries relating to marine research anywhere in the world. Within their section
on marine pollution, begun approximately fifteen years ago, there are 45,000
separate publications resulting from research conducted all over the world. Have
no fears, I do not intend to review even a small sample of them this morning, but
it does point out that the scientific community has contributed a considerable
body of information concerning the quality of the world's coastal environment and
the ways in which it may have an impact on a variety of species and the func-
tions necessary for survival,

Segments of our national government, and certain state governments, were also
contributing to measures intended to at least explore the impacts of anthro-



pogenic changes in our estuarine systems. I continue to treasure the volume,
Clean Water for the Nation's Estuaries, the proceedings of the North Carolina
Public meeting held in New Bern, North Carolina on July 26, 1968. It was orga-
nized by a group that many of you here today will not recognize, the Federal
Water Pollution Control Administration, the forerunner of the Environmental
Protection Agency created by Act of Congress in 1970. The reason for my spe-
cial interest in this volume lies in the number of letters and statements, many
from representatives of major industries as well as political figures, assuring all
present of their concern for the quality of the environment and the dedication of
their interests to contribute to maintaining it, an assurance which has not always
been totally evident in the subsequent years!

Thus, in all fairness, the political community, at least within North America, did
not ignore all of this information. Beginning toward the latter part of the 1960s,
individual states, as well as federal governments, became aware of the need to
be concerned by the rapidly expanding development of our coastal areas and
some highly significant legislation was enacted. It is with some pride that I can
refer to the N.C. 113:229, originally identified as the 1969 Norlh Carolina "Dredge
and Fill Act." In extremely simple language, in perhaps half of one page, it indi-
cates that if one of eleven identified species of marsh grass is found within an
intertidal area, that area is a marsh and may not be either dredged or filled with-
out a permit subject to public hearings. All of us can, or should be able to, iden-
tify the National Environmental Protection Act, the Coastal Zone Management
Act, and the more recent Clean Water Act of the Congress of the United States.

With the information provided by the scientific community, coupled with the legis-
lation enacted by state and federal governments, one might expect that this com-
bination has been extremely effective in providing for the proper conservation
and management of our coastal environment and that we can now turn our
attentions to the more global problems such as the greenhouse effect, the origin
of the cosmos, the fate of super nova, etc. There are suggestions, however, that
the task has only begun, even in those areas of the world which are generally
viewed as informed and intelligent.

At this p~int, since we are situated this morning adjacent to one type of coastal
environment which is extremely specialized, it might be useful for me to briefly
review another coastal environment with which I am personally involved and is
quite different from that found in Alaska. An overview of the coast of North
Carolina presents a broad, shallow shelf, bounded to the east by the Florida
Current or Gulf Stream. As one moves toward the meeting of the sea with the
land, one finds the barrier islands for which North Carolina is so famous in his-
tory. These narrow and extremely fragile strips of sand and specialized vegeta-
tion separate the ocean from the extensive bays or lagoons, expanses of water
of reduced salinity due to the freshwater runoff from the low-lying land honey-
combed with tidal marshes, extensive estuarine systems, and a few rivers which,
in colonial days, served for transportation and a source of fish and shellfish. As
one of the earliest areas settled by our European ancestors, it has been docu-
mented for three-and-a-half centuries as an area of high productivity and has



been utilized by society in a variety of ways.

Having established themselves in the low-lying areas, both on the barrier islands
and on the mainland itself, the early settlers undoubtedly began to harvest the
vast fisheries resources found in the shallow estuarine systems along the entire
coast. This may have been followed by farming the exlremely fertile areas which
were cleared in the process of providing George III with "naval stores"; e.g.,
spars, masts, and turpentine for the insatiable demands of his mighty navy. Once
the volume of the products derived from their fishing and farming exceeded their
own needs, one can assume that coastal shipping followed as the beginning of
commerce. At some point, considering the early use of our waterways for trans-
portation, a variety of types of industry became established. In more recent
years, with an improvement in standard of living and more leisure time, the
coastal environment was discovered by tourists who came to enjoy the waters,
the fishing, and the restful atmosphere removed from the stresses of large
municipalities. Subsequently, having discovered the area, some of these families
purchased second homes for more regular use or in anticipation of retirement. At
some point, universities such as Duke developed marine laboratories in the
coastal areas as adjunct campuses for teaching and research, and as our capa-
bility improved and financial support became available, this training and research
moved out onto the shelf and beyond in the form of oceanographic research ves-
sels. With a better understanding of the shelf environment, the oil industry devel-
oped the technology for offshore drilling for oil and gas, a process which is being
considered off of the North Carolina coast for the first time. Almost since the
beginning, various segments of our armed services have utilized porlions of the
coastal environment for fortifications for the protection of the society which was
steadily expanding over the continent.

Thus, over the years, the utilization of our coastal environment has evolved and
expanded tremendously. In 1987, the then Department of Natural Resources and
Community Development of North Carolina indicated in its annual report that
total revenues from all activities in the coastal area amounted to two billion dol-
lars! It is useful to consider what amount of dollars, in the form of "principal," one
would need to have invested at eight per cent per annum to yield such a return!
If my calculations are correct, one would have to have invested in the range of
twenty-four billion dollars! The coastal environment, therefore, represents a
major contributor to the economy of the state and, if only for that reason, some
consideration needs to be given to the current management and conservation
programs at all levels of the government involved.

As early as the end of the decade of the 1950s, some citizens were beginning to
be concerned that one or two of the established uses of the coastal environment
could become dominant to the point of eliminating other, more traditional uses
such as marine fisheries, or, as a result of by-products of these uses, contami-
nate the environment to the point that other, equally valid uses would no longer
be possible. In essence, the concern focused on that point where use becomes
"abuse"! A number of these uses have been the focus of studies by the scientific
community and, to some degree, have been subsequently considered in legisla-



tion by both state and national governments. Let me review a few examples and
then ask yourselves to what degree the research of your own scientific commu-
nity has made contributions to an understanding of the impact of certain factors
and how the political community with which you are, or should be involved has
responded,

With the discovery of the coastal area by increasing numbers of people, some
developers increased the available water-front property by dredging finger-
canals. In certain areas, both along bamer islands and on the mainland itself,
areas that had been basically pristine for centuries became the sites of construc-
tion almost overnight. In the process, protective sand dunes were bulldozed,
vegetation was removed, and little thought was given to storm over-wash neces-
sary for continued maintenance of the barrier islands or the extent to which ero-
sion would affect the property in the years that followed. In many cases, little or
no attention was paid to the existing potable water supplies, adequate for small
fishing communities but rapidly depleted by the influx of the expanding popula-
tion. In the same way, little attention was paid to the increase in volume of sewer-
age and although septic tanks initially appeared to provide a solution, frequently
the nature of the soil was totally inappropriate for adequate percolation. Under
pressure for more refined systems for collection and treatment, economic con-
siderations were frequently permitted to dictate the construction of facilities in
areas that were totally unsuitable and discharge of the secondary treated efflu-
ents occurred into small tributaries contiguous with the estuarine systems.
Whether by accident or design, all too frequently these discharges began to
result in increases in the fecal coliform bacteria counts in waters previously used
for centuries by shell-fishermen and closures became common, a necessary
result required by the Health Department to avoid hepatitis and other human dis-
eases, On occasion it has been argued that, considering the tremendous
expanse of estuarine waters and tidal marshes in North Carolina, a "few acres
lost to closures were insignificant, In fact, in North Carolina a total of 321,000
acres of estuarine waters have been closed to shellfishing in recent years.

A second problem deals with the increase of nutrients in estuarine waters, nutri-
ents derived from such common sources as household detergents, fertilizers
routinely used in agriculture, the numerous septic tanks that continue to be used,
frequently without any regular inspection, and the nonpoint runoff resulting from
clear cutting of the forests. Well established by the scientific community is the
result: the occurrence of algal blooms and the development of the unpleasant
aroma of rotting algae followed by total depletion of oxygen from the water col-
umn and subsequent death of the organisms dependent upon oxygen.

Although still not understood, changes or additions to the water column in the
past decade have resulted in increasing occurrence of unhealthy lesions on both
finfish and blue crabs, two of the mainstays of the commercial fisheries in the
coastal area of North Carolina. Concurrently, there appears to be an increase in
numbers of "fish kills" resulting in the deaths of thousands of fish of interest to
both commercial and recreational fishermen.



And finally, an example of "abuse" which is, unfortunately, of special interest and
sensitivity to you in the audience; e.g., oil spills. From a number of examples
over the past twenty years, it is apparent that crude oil can totally destroy an
estuarine environment, eliminating for some years the more traditional uses and
destroying the economic value for those who are dependent upon it for their
livelihoods.

In each of these examples, at least as they relate to the laws of North Carolina,
there is a common problem which is as yet not totally resolved. Since colonial
days, the right of individuals to own property has been firmly established. Equally
firmly established is the right of all citizens to claim the estuarine and tidal areas
as part of their "public trust," held and managed for all of them by the govem-
ment of the state. The major conflicts seem to develop when these two rights
converge; e.g., how to prevent the results of development of private property
from destroying that which is held by the state for all of its citizens.

A recent article in the Raleigh News and Observer indicates that a series of
meetings is scheduled by the Environmental Management Commission in vari-
ous locations throughout eastern North Carolina to hear citizens' views on the
recently established regulation relating to "Outstanding Resource Waters."
Those areas identified as "ORW's" would be subject to considerably more strin-
gent regulations in development, protection of nursery areas, discharges, etc. I,
as a scientist, will be watching the outcome of these public meetings with consid-
erable interest, if only because they may serve as an example of how well the
information developed on the coastal environment by the scientific community
has been transferred to the political community.

I am relatively confident that you will agree that the scientific community has pro-
vided, in many cases and in many geographical areas of the world, conclusive
evidence that the introduction of certain pollutants into the estuarine and coastal
environments will cause a variety of negative results. All of us can identify a
number of these examples, in the best tradition of "cause and effect."

Each of us may well have our own responses to the second question, however;
e.g., to what extent has the political community with which we are involved uti-
lized this information in the interest of providIng for a cleaner environment? I,
most certainly, have my own thoughts on this question as it relates to the political
establishment in North Carolina! I would suggest that you, individually, review the
question and then, if your conclusion finds your political establishment lacking in
one or more levels or areas, make your observations known, not only to them
but also to your colleagues and citizen groups to influence the desired changes.

In conclusion, the realms of science and politics need to collectively abandon
their "ivory towers" and establish better mechanisms for technology transfer as it
relates to intelligent management and conservation of our coastal environment.
The "partnership," however, urgently needs to be expanded to include aspects of
a third, dominant segment: e.g., industry. As with government, this third segment
can only operate efficiently and profitably when it reflects the consensus of those



it serves. Such a partnership can be successful only if it includes the education
of all of its members, especially the citizens to whom this valuable asset belongs,
in the hope that as we end the twentieth century, those who follow can also enjoy
those numerous benefits which we have been privileged to derive from our
coastal environment.
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ABSTRACT

The history of eastern Bering Sea crab fisheries extends back to 1930, but large-
scale commercial efforts were not undertaken until development of king crab
fisheries in the 1950s, Tanner crab fisheries were developed in the 1960s. Japan
and the Soviet Union had large fisheries before the United States mounted a
substantial effort. Foreign fisheries for king crabs ceased in 1974. Foreign Tanner
and snow crab fisheries have been prohibited under the Magnuson Fisheries
Conservation and Management Act since 1980. Eastern Bering Sea fisheries for red
king crab  Paralithodes camtschaticus!, blue king crab  P. platypus!, Tanner crab
 Chionoecetes bairdi! and snow crab  C. opiiio! have been among the most important
sources of crab in the world, Declining abundance of all stocks occurred in the
1980s and precipitated fishery closures for red king crab �983!, C. bairdi �986,
1987! and Pribilof Island blue king crab �988!. These losses were partially offset
by the development of fisheries for golden king crab  Litltodes aequispina! in the
Aleutian Islands during the 1980s. The C. opilio fishery was a minor contribution
to landings in 1980, but is now the most important U.S. crab fishery. This paper
reviews changes in resource abundance and fisheries with emphasis on events of the
last decade.

INTRODUCTION

Cominercial fisheries for king  Paralithodes and Ltlhodes spp.!, Tanner and snow
crabs  Chionoecetes spp.! in the eastern Bering Sea and Aleutian Islands  EBS/AI!
have long been among the world's most important sources of crabs. Comparison of
regional landings with the United Nation's Food and Agricultural Organization
statistics  FAO, 1989! shows that in 1987, the EBS/AI area provided 21% of the
king crabs, 52% of the Tanner and snow crabs, and over 5% of all crabs in world
landings. These fisheries were more important in U.S. landings  Department of
Commerce, 1989!, providing 87% of the king crabs, 89% of the Tanner and snow
crabs, and 33% of all crabs in 1987. Fluctuations in abundance of king, Tanner and



snow crabs have caused major dislocations in the U.S. North Pacific fishing industry.
While these fisheries remain important, note that they accounted for 12% of world
crab landings in 1977  Otto, 1981!.

While such statistics are impressive, EBS/AI crab fisheries have undergone radical
changes over the past decade. In 1978, red king crab  Poralithodes camtschaticus!
made up 92% of the king crab landings in the EBS/AI region while blue king crab
 P. platypus! made up the reinainder and golden king crab  Lithodes aequispina!
were only taken incidentally. By 1988, red king crab landings �4%! were no longer
dominant and 50%  Fig. 1! of landings were golden king crab. In 1978, landings of
all EBS/AI king crabs totaled 47,960 metric tons  t! but by 1988 they were only
9,550 t. Similarly, EBS/AI Tanner and snow crab fisheries were developed by
exploiting Chionoecetes bairdi  hereafter, Tanner crab, Williams et al., 1989! and, as
landings declined or fisheries management dictated, they later exploited C. opilio
 hereafter, snow crab, ibid!. Snow crab from the EBS are now the most important
species of crab in the United States in terms of landed value, with 1988 landings
worth $104 million or 27% of the value of all U.S. crab landings as compared to $10
million or 3% in 1978.

Figure 1. Relative contribution of red king crab, blue king crab, and golden king
crab to landings of king crabs from the eastern Bering Sea and Aleutian Islands,

My purpose here is to provide a brief overview of king, Tanner and snow crab
fisheries with emphasis on the past decade and largely regarding trends in landings
or value, Interested readers should consult previous reviews  Otto, 1981, 1982;
Fukuhara, 1985; Baglin et al., 1988; Alaska Department of Fish and Game
 ADFdrG!, 1989a! for earlier historical data or more detailed accounts. I have
chosen to include fisheries in the Aleutian Islands as well as the eastern Bering Sea
shelf because the important development of the golden king crab fishery largely took
place in the Aleutian Islands.

From the perspective of fishery management, stocks in the eastern Bering Sea and
Aleutian Islands have been considered together  North Pacific Fishery Management
Council, 1989! because the same fleet of vessels and the same segment of the
processing industry are involved. I have not mapped the geographic distribution of
various stocks in the interest of brevity. In general, my use of the term "stock" refers
simply to crab inhabiting a geographic management area  e.g., areas defined in
Alaska Department of Fish and Game, 1989b!. Such stocks are generally delineated
by the following terms: Bristol Bay �4 36' to 58'39' N, lat. and to 168' W. long.!,
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Pribilof Islands  immediately west of Bristol Bay!, St. Matthew Island  blue king
crab landings N. of 58'39' lat.!, eastern Aleutian Islands or Dutch Harbor �68' to
171' W. long.!, western Aleutian Islands or Adak �71' W. long. to the U.S.-
U.S.S.R. convention line of 1867!, and eastern Bering Sea  north of 54'36' N. lat�
east of 180' W. long.!. All EBS/AI crab fisheries are limited to harvest of males
above a given legs size which is generally designed to allow males to breed at least
once before becoming vulnerable to commercial fishing. Almost all of them are also
regulated by fishing seasons designed to promote product quality and protect stocks
durmg molting-mating seasons. King crab fisheries generally occur in the fall while
the vast majority of landings in Tanner and snow crab fisheries occur in late winter
or spring. A form of quota management is also employed.

A BRIEF HISTORY OF EBS/AI CRAB FISHERIES

Commercial crab fisheries in the EBS/AI region began in the 1930s with Japanese
exploratory efforts in Bristol Bay  Cahn, 1948; Harrison et al., 1942; Miyahara, 1954;
Kasahara, 1972!, Japanese efforts were directed at Bristol Bay red king crab but did
not develop a major fishery prior to World War II. About 7.6 million crab were,
however, harvested in the 1930s  Miyahara, 1954!. The United States began
exploratory fishing in 1940, and by 1949 all major red king crab stocks in Alaskan
waters were known, The distribution of blue king crabs had also been described.
U.S. efforts in the EBS/AI for the years 1949-1952 were sporadic and yielded about
4,200 t. In contrast to later years, U.S. fishermen were trawling for king crabs
during these years. Undoubtedly both U.S. and Japanese fishermen were aware of
Tanner and snow crab resources as well, but there is little or no mention of them
in early reports.

The Japanese renewed their efforts in Bristol Bay in 1953 and this stock of red king
crab has been continuously exploited since, except in 1983 when the fishery was
closed due to low stock abundance, The U,S.S.R. entered the fishery in 1960 and
U.S. fishermen began fishing with pots in Bristol Bay in the mid-1960s while
simultaneously developing red king crab fisheries in the Aleutian Islands. Fishing
for blue king crabs was initiated by the Japanese in 1966 near the Pribilof Islands.
Both Japanese and Soviet fisheries for king crabs in the EBS/AI region ceased in
the early 1970s. Golden king crab were taken only incidentally until directed
fisheries were initiated in the 1980s in response to low abundance of other king crab
stocks. A history of king crab landings by species and nation is given in Table 1 for
the years 1953-1978.

Japanese motherships processed Tanner crab as early as 1953 and continued to
process small amounts sporadically in the 1950s as recorded in International North
Pacific Fishery Commission Annual Reports  INPFC, 1956; Fisheries Agency of
Japan, 1959, 1960!. These processing efforts were apparently experimental and the
largest pack was of 3,457 cases �8 one-half pound, 0.23 kg, cans! while the total for
the five years in which Tanner crab were processed was 7,754 cases. Judging from
later packing statistics the annual average landings would have been about 300,000
Tanner crab during the 1950s  Otto, 1982!, Snow crab may have been processed
as well during the 1950s but judging from the grounds fished almost all of the pack
was probably C. bairdh Directed fisheries in the EBS began in 1965 through
deployment of Japanese king crab tangle nets on Tanner crab grounds. Soviet fleets
followed suit but their catches of Chionoeceres spp. remained incidental to red king
crab fishing. The Japanese developed a directed fishery for Chionoeceres spp. using
conical pots in 1967, and this fishery continued on various grounds and under quotas
negotiated through U.S.-Japan bilateral agreements until 1980. In 1980, Japanese
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Table 1. Estimated annual landings of king crabs from the eastern
Bering Sea and Aleutian Islands by nation and species for 1953
to 1978 �000's t!.

U~~a~lp ~J USSR Totals
Year Red Blue Red Blue Red Red Blue Grand

U.S, data prior to 1961 and all foreign data are from Otto
�981!, remainder are from Alaska Department of Fish and Game
Westward Region Board Reports  e,g,, ADF&G, 1989a!; years are
those in which the fishing season started, carry over to the next
year occurred occasionally.

Includes landings from Bristol Bay, eastern Aleutian Islands
 Dutch Harbor!, western Aleutian Islands  Adak!, Norton Sound and
Pribilof IslandS; traW1 CatCh priOr tO 1960.

Includes Pribilof and St. Matthew Islands �40 t, 1977 only!

pribilof Islands only,

fisheries for Chionoeceres spp. were prohibited under provisions of the Magnuson
Fisheries Conservation and Management Act. The Soviets left the fishery in 1971
when they ceased fishing for red king crab. Japanese landings exceeded 10 million
crabs in all but two years for the period 1970 to 1980, but Soviet landings never
exceeded 6,5 million crabs. United States fishermen harvested Tanner crab as early
as 1968 but landings were incidental to king crab fishing until 1975. The United
States did not begin a directed fishery for snow crab until 1979. A history of
landings of Chionoeceres spp. by nation and estimated species composition is given
in Table 2 for the years 1965-1978.

Note that foreign catches of king, Tanner, and snow crabs were reported through
INPFC and bi!ateral agreements as numbers of crabs, and that the figures in Tables
1 and 2 are approximate-especially with regard to species coinposition. Such
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1953 0.91
1954 1.06
1955 0.85
1956 0.86
1957 0.27
1958 0.00
1959 0.00
1960 1.21
1961 3,22
1962 4.36
1963 9.86
1964 16.27
1965 15.36
1966 18.02
1967 18,12
1968 17.41
1969 16.95
1970 15.54
1971 17.16
1972 23,11
1973 22.40 0,58
1974 26.78 3.22
1975 30.68 1.10
1976 33.62 3,00
1977 34.05 3.47
1978 44.15 3.80

5.16
3,67
3.94
3.77
3.88
3,69
4.28
6.28
9.90

15.94
16.39
18,45
11.07
12.66
9.83

10.46
3.06
4.51
1.61
2.01
0,56
0.40

6. 06
4. 72
4. 79
4.63
4.14
3.69

0,98 5,26
4.89 12.38
8.55 21.67
8,22 28.52
9.31 35.56

10,16 44,88
6.16 32.59

0.91 6.39 37.07
1.10 3.83 31.78
0,72 1,37 29,24
2.49 0.85 20.87
0.58 0.77 20.83
0.56 0.64 19.41
0.14 25.12
0.02 22.96
0.79 27.18

30.68
33.62
34.05
44.15

6.06
4.72
4,79
4.63
4.14
3.69
5.26

12.38
21.67
28.52
35.56
44,88
32.59

0.91 37.98
1.10 32.87
0,72 29.97
2.49 23.35
0.58 21.41
0.56 19.96
0.14 25.25
0,60 23,56
4.01 31.19
1.10 31.79
3.00 36.62
3.47 37.53
3.80 47.96



Table 2, Estimated annual landings of Tanner  Chionoecetes bairdi!
and snow  C. opilio! crabs from the eastern Bering Sea  EBS! and
Aleutian Islands by nation and species for 1965 to 1978
�000's t!

~RPRD Totals
Year Aleutians EBS bairdi opilio bairdi bairdi opildo grand

0.69
0.69
3.53
6.73
6.25
5.44
3.79

U.S. data are from Alaska Department of Fish ahd Game Westward
Region Board Reports  e.g., ADFSG, 1989!; Japanese estimates are
from FAO as adjusted for species composition given itt Otta �981!
assuming 5% C, Opi Iic in yearS priOr to 1970 except that 1974 FAO
catch data were clearly in error and 1974 catch was estimated by
applying the mean weight from 1973 to the catch in number from
1974  Otto, 1981!; U.S.S.R. estimates are catch in number
multiplied by the mean weight in the Japanese fishery on the
basis that both fleets used tangle nets attd fished similar
groultds

Totals are probably near correct but species composition is
approximate for reasons noted above and because there are no
extant species composition data for the USSR Grand total for
1978 includes 780 t U.S, catch of C. opilio.

estimates are given simply to facilitate comparison with subsequent data given
below.

KING CRABS 1979 TO 1988

At the beginning of this period, EBS/AI king crab fisheries were similar in species
composition to the previous decade, but by 1981 the historical dominance of red
king crab was waning  Table 3!. This occurred both due to declines in abundance
of red king crab stocks and the development of new fisheries for blue king crab near
St. Matthew Island and for golden king crab in the Aleutian Islands. The contrast
in species composition from the beginning, middle, and end of this period is stark
 Fig. 1!. Transitions in the fishery were violent with EBS/AI landings reaching an
all-time high of 74,290 t worth $149,5 million in 1980, falling to 6,650 t worth $40.2
million by 1984, and recovering somewhat in later years  Tables 3 and 4!. Even
with their mixed history over these years, the nominal value of EBS/AI king crab
landings retnained high largely because the unit value of king crabs has increased
as landings declined. For example, the dockside price of Bristol Bay red king crab
was $2.71/kg in 1978 and $10.00/kg in 1988. It is also noteworthy that red king crab
fisheries in Dutch IIarbor  eastern Aleutian Islands! as well as the whole Gulf of
Alaska have been c'losed from 1983 onwards due to low stock abundance. Since
blue and golden king crab fisheries outside the EBS/AI region are nearly negligible,
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1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

0,01
0.46
0.64
0.08
0.09
0. 14

0.26 2.29
0.04 3.19
0.27 10.14
0.56 23.34
0.22 30.21

1.02
1.47
8.51

21,95
16.72
15.92
12.64
13.30
8.57
9,59
4.47
3.83
2.95
1.30

0.05
0.08
0.45
1,16
0.88
1.38
1.56
0.70
4.03
3.03
3.63
4.27
6.85

10,50

1.71
2.16

12,03
28.68
23.42
22,00
16.50
13.39
8,70

12.14
7.69

14.24
26,85
31.73

0.05
0.08
0.45
1.16
0.88
1.38
1.56
0.70
4,03
3.03
3.63
4.27
6,85

11.28

l. 76
2,24

12.48
29.84
24,30
23.38
18.06
14,09
12.74
15.17
11.32
18,51
33.70
42.23



Table 3. Species composition of king crab landings
�000's t! from the eastern Bering Sea and Aleutian
Islands.

Red eln ' ~olden'
Year Catch 0 Catch 4 Catch 4 Total

Totals 171.07 72.7 30.57 13.0 33.70 14.3 235.34

Year in which season began, season sometimes extends into
following year.

Stocks contributing to landings over this time period were
Bristol Bay  854!, Dutch Harbor or eastern Aleutian Islands
�04!, Adak or western Aleutian Islands �%!, Norton Sound
�4! .

Pribilof Islands �4%! and St. 14atthew Islands �64!  see
footnote 2!.

Dutch Harbor �5%!, Adak  82%!, Bering Sea  <3%!  see
footnote 2!.

the EBS/AI area has provided virtually 100% of U,S, king crab landings in 1983 and
later years. In 1988 king crab were processed by 8 shore-based plants, 14 floating
plants, and 17 catcher-processor vessels. More than 183 catcher vessels participated
in these fisheries as well.

Stocks of EBS/AI king crabs show major fluctuations in abundance and hence their
relative contribution to regional landings. Over the past decade landings were
dominated by Bristol Bay red king crab which provided 60% of landings and 51%
of the landed value of all king crabs from the region. Next in order of importance
were Adak golden king crab, Dutch Harbor red king crab, Fribilof Islands blue king
crab, and St. Matthew Islands blue king crab. Together, these "major" stocks have
provided 93% of landings and 91% of the nominal landed value of EBS/AI king
crabs in the past decade  Tables 3 and 4!. The Dutch Harbor red king crab fishery
has been closed due to low stock abundance from 1983 onward and there is little
current information on this stock. It should be noted, however, that red king crab
fisheries in both Dutch Harbor and Adak management areas were considerably
larger in earlier times. A brief review of major king crab stocks with the exception
of Dutch Harbor follows. Data are from the ADF&G �989a! and from Stevens and
MacIntosh �989!.

14

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988

57.26
69.19
19.53

2.65
1.09
2.67
2.50
5.71
6.27
4.21

95.3 2.82 4.7 0.01
93.1 5.08 6.8 0.03
74.1 6.22 23.6 0.60
20.4 6.01 46.4 4.29

9.7 5.28 46.9 4.90
40.2 1.85 27.8 2.13
25.7 1.34 13.8 5.89
44.1 0.57 4.4 6.65
54.4 0.81 7.0 4.46
44.1 0.60 6.3 4.74

0.0 60.09
0.0 74.29
2.3 26.34

33.1 12.94
43.5 11.27
32.1 6.65
60.5 9.74
51.4 12.94
38.7 11.54
49.6 9.55



Table 4. Landed value of king crabs from the eastern Bering
Sea and Aleutian Islands in millions of U.S. dollars  not
adjusted for inflation!.

Red ~BU a G*ld*
v ' v l t value t v l a To tal

Totals 537.6 62,0 127.1 14.7 202.1 23.3 866.9

Year in which season began hence totals are not actually
annual.

Zero indicates less than $50,000.

Totals do not include small amounts of golden king crab from
the Bering Sea for which landed value is lacking.

Bris l Ba R d Kin rab

Cumulative landings from this stock represent the largest source of king crabs from
U. S. waters and are second only to western Kamchatka red king crab in the history
of world king crab fisheries. This stock produced the highest king crab landings in
Alaskan waters for the years 1968-1982 and from 1987 to present. Despite its large
contributions, the Bristol Bay stock has fluctuated widely in abundance. After a
period of fishery development in the early 1950s, stock abundance apparently peaked
in 1959-1960 as judged by catch per Japanese or Soviet tangle net  Otto, 1981!.
This peak in abundance preceded a peak in production of 29,000 t in 1964, that was
followed by gradually declining catch per unit of effort  CPUE, catch per pot lift!
and production through 1970-1971. From 1972 through 1978 stock abundance as
measured by National Marine Fisheries Service  NMFS! surveys, CPUE and
landings rose dramatically  Fig. 2!.

The past decade has been the most variable in terms of stock abundance and
landings. In 1979 this fishery produced 48,900 t or 70% of U. S. king crab landings.
By 1980 landings reached a record 58,900 t, again 70% of U. S. landings, and 56%%uo
of world king crab landings. Survey estimates of abundance, and CPUE, however,
peaked in 1978-1979 and declines were anticipated due to decreased recruitment
 Otto et al�1980!. Declines in the abundance of legal male red king crab from
1980 to 1983 were far sharper than anticipated and in 1983 the fishery was closed.
While large commercial fisheries undoubtedly caused some of the decline in
abundance of legal males, other segments of the stock also declined sharply during
this period. Declines in the population as a whole may well have been caused by
epizootic diseases and increased predation as well as poor recruitment  Otto, l986!.
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1979
1980
1981
1982
1983
1984
1985
1986
1987
1988

124. 9
139.4

68.6
18.4

7.5
14. 0
14.5
49.5
54.5
46. 3

95.3
93.3
77.0
23.8
10.4
50.5
31.7
50.8
61.7
52.0

6.2 4.7
10.0 6.7
17.8 20.0
31.1 40.3
34.9 48.7

7.4 26.6
5.4 11.9
4.3 4.4
5.9 6.6
4.1 4.6

0.0
0.1
2.7

27.7
29.3

6.3
25.7
43.7
27.9
38.7

0.0 131.2
0.0 149.5
3.0 89.1

35.8 77.2
40.8 71.7
22.9 27.7
56.4 45.6
44.9 97.5
31.6 88.3
43.4 89.1
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Figure 2, Comparison of U. S. commercial catch and crab per pot lift  CPUE! with
NMFS survey estimates of the abundance of legal male red king crab  millions!
from Bristol Bay. Note that the fishery was closed in 1983.

Bristol Bay red king crab have recovered somewhat since 1983 but average
production was only 3,600 t for 1984-1988 as compared with an average of 18,600 t
for the 1960s and 23,400 t for the 1970s. Reduced production from Bristol Bay is
a principal reason why world king crab production fell from 104,600 t in 1980 to
39,400 t in 1983 and has since averaged 48,200 t. Currently, the stock remains at
low abundance and shows no definite sign of recovery.

Pri ilf 1 lu Kin

The Pribilof Islands blue king crab fishery was developed by the Japanese in the late
1960s. Although there had been some prior exploration of the area, development
was spurred by declining abundance in Bristol Bay red king crab and decreasing
quotas negotiated through U,S,-Japan Bilateral Agreements. Landings were, in part,
incidental to Tanner and snow crab fisheries until the development of a U. S. fishery
in 1974. All landings of blue king crab shown in Table 1 were from the Pribilof
Islands until 1977 when the flrst landings �40 t! were made from the St. Matthew
Island area. For 1966 through 1978 the contribution of this stock to EBS/AI king
crab landings did not exceed 13%.

The history of the U. S. fishery and abundance estimates for legal males from the
NMFS survey  Fig. 3! are inconsistent in years prior to 1978. During these early
years catch tended to fluctuate with the number of vessels  e.g., 8 in 1973, 70 in
1974, and 20 in 1975!; however, CPUE declined perhaps indicating that stock
abundance was relatively high during the early 1970s. There is no way of
corroborating this possibility since Japanese production was very low during this
period and their landings were almost entirety incidental to snow and Tanner crab
fishing. From 1978 onward CPUE and survey statistics are consistent and indicate
stable abundance through about 1981 followed by general declines until the fishery

16



was closed in 1988. Landings peaked at a record 4,960 t in 1980, and there was a
general decline thereafter. Reasons for these declines are obscure but perhaps
parallel those for Bristol Bay red king crab. Recruitment trends in this stock have
been difficult to assess due to the rocky, untrawlable habitat of sublegal m@es and
females. As of this writing the fishery remains closed and it is unlikely to reopen
in the next one to two years.
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Figure 3. Comparison of U, S, commercial catch and crab per pot lift  CPUE! with
NMFS survey estimates of the abundance of legal male blue king crab  millions!
from the Pribilof Islands, Note that the fishery was closed in 1988.

St. Matthew Island Blue Kin r

The St. Matthew Island blue king crab fishery developed in concert with that for red
king crab in Norton Sound. Although both stocks were known in the late 1940s
there was little commercia interest in these until 1977. Trawls surveys conducted
by the NMFS as part of baseline studies related to oil exploration  Pereyra et al.,
1976; Wolotira et al, 1977! were probably instrumental in generating interest in
these northern stocks. Development was somewhat hampered by the smaller
average size of crab in the St, Matthew Island area and the consequently lower
prices paid to fisherman. For example, the annual mean size of crab landed in the
St. Ivlatthew fishery ranged from 1.8 to 2.2 kg as compared to 3,1 to 3.7 kg for the
Pribilof Islands; the price per kg paid for St. Matthew Island crab averaged 74% of
that for the Pribilofs �977 to 1987!. While landings from this stock have been
comparatively small, they achieved prominence due to low abundance in other areas,
reaching 31% of all EBS/AI king crab landings in 1982 and 38% in 1983. St,
Matthew Island landings hence contributed heavily to the dominance of blue king
crabs in regional landings during the early 1980s  Tables 3 and 4, Fig. 1!.
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The history of catch, CPUE, and NMFS survey abundance estimates  Fig. 4! is
difficult to interpret, In years prior to 1981, landings were sporadic since fishing



tended to occur as vessels returned from the brief Norton Sound fishery. Catch per
pot lift was extremely variable as well, although survey estimates tended to rise
slightly. From 1981 onward there has been consistent interest and effort in the
fishery. In 1980, for example, less than three vessels were fishing and only one
landing was made per vessel; but by 1981, 31 vessels made 119 separate landings and
more that 40 vessels have fished in each year since. Catch per pot lift generally
declined through the 1980s. Landings peaked in 1983 �,300 t! and have since
declined and stabilized at 460 to 600 t. Survey estimates of legal crab abundance
peaked in 1982 and have been closely correlated with landings since 1983, The
correspondence between survey estimates and CPUE was fairly strong from 1983 to
1987, but CPUE in 1988 was unexpectedly high. Assessment of the stock in the
trawl survey is extremely difficult due to the rocky grounds in the area. Estimates
of abundance probably reflect an unknown portion of the stock in any given year.
Most likely, this stock will remain stable but relatively low over the next few years.
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Figure 4. Comparison of U. S, commercial catch and crab per pot lift  CPUE! with
NMFS survey estimates of the abundance of legal male blue king crab  millions!
from St, Matthew Island.

Adak Golden Kin Cr

Conditions in the Adak golden king crab stock are difficult to evaluate as there have
been no surveys and commercial fisheries show few definite trends  Fig, 5!. Prior
to 1981, catches were incidental to the Adak red king crab fishery and did not
exceed 50 t in any year. Essentially, the fishery was developed in 1981 �4 vessels,
70 landings, 540 t! and 1982  91 vessels, 501 landings, 3,600 t! as many vessels
searched for alternative resources due to drastic declines in landings from Bristol
Bay. Vessel effort peaked in 1983 �57 vessels, 1,002 landings, 3,700 t! with almost
stable landings. Marketing conditions caused a 65% drop in price paid at Dutch
Harbor in 1984 and landings decreased. Variation in CPUE and tons per landing
prior to 1984 seem to be related to changes in vessel effort as many new vessels
entered the fishery. In 1984, vessel effort declined to 38 vessels and has not
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Figure 5, Commercial catch, crab per pot lift  CPUE!, and metric tons per landing
from the golden king crab fishery in the western Aleutian Islands  Adak!.

exceeded 74 vessels in any year since. The legal size limit was decreased from
165 inm carapace width to 152 rnm in 1985 which may have made more crab
available to the fishery, hence leading to the high CPUE for that year, Landings
peaked at 5,800 t in 1986, but landings and CPUE show no real trend for 1986 to
1988. The number of tons per landing peaked in 1984 and has tended to decline
in each year since, perhaps indicating that fishermen are working harder for their
catch in recent years due to increased search time or other factors unrelated to catch
per pot,

Golden king crab live in deeper water and are more difficult and expensive to catch
than blue or red king crabs  McNair, 1983; Soinerton and Otto, 1986!, For this
reason golden king crab stocks were the last North American king crab resource to
be developed. It is very unlikely that another king crab fishery of this magnitude
will be developed again, although there is some interest in the scarlet king crab
 L. couesi! which inhabits even deeper waters. Future increases in landings of king
crabs from EBS/AI, or North American waters in general, will require recovery of
stocks that are currently at low levels, While stringent management measures,
including long-term closures and reduced exploitation rates, have been implemented
by the Alaska Department of Fish and Game, there has been little sign of recovery
of king crab stocks of the EBS/AI or in the Gulf of Alaska.

TANNER AND SNOW CRABS 1979 TO 1988

For simplicity I have confined the discussion of Tanner and snow crabs to stocks in
the eastern Bering Sea  Tables 5 and 6!. The contribution of the Aleutian Islands
to these fisheries was minimal during the fisheries' development  Table 2! and
annual landings have not exceeded 720 t �982! in the past decade, The Japanese
t'ishery was terminated in 1980, ending a period of Japanese crabbing in the eastern
Bering Sea which had lasted 28 years.
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Table 5. Species composition of Tanner  C. bairdi! and snow
 C. opilio! crab landings �000's t! from the eastern Bering
Sea.

Tanner Snow'
Catch TotalYear' Catch

Tot.als 61.86 17.3 295.71 82.7 357,57

Includes Japanese catch of 1,300 t in 1979 and 800 t in
1980.

Includes Japanese catch of 13,600 t C. opilio in 1979 and
6,300 t in 1980.

In some years seasons opened in November but landings were
small until January of the year indicated.

Table 6. Landed value of Tanner  C. bairdi! and snow
 C. opilio! crab landings �000's t! fram the eastern Bering
Sea in millions of U.S. dollars  nat adjusted for
inflation!.

Tanner Snaw
Value TotalValueYear

Totals 89.17 20.7 341.45 79.3 430.62

Japanese catch in 1979 and 1980 assumed of equal landed
value to U.S. catch.

The U.S, fishery for Tanner crab had developed very quickly during the late 1970s
 Table 2! and catches fell rapidly during the early 1980s, adding to economic
pressures on the U.S. crab industry that accompanied declines in abundance of red
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1979
1980
1981
1982
1983
1984
1985
1986
1987
1988

1979
1980
198 1
1982
1983
1984
1985
1986
1987
1988

20.60
17.41
13 ' 49

4.99
2.39
0.55
1.43
0.00
0.00
F 00

23.61
19.96
17.24
11.67

6.33
1.15
4.41
0.00
0.00
4.80

42 ~ 2
41. 8
36. 0
27. 3
16.8

4.3
4.6
0.0
0.0
1.6

55.9
64.0
55.7
35.3
40.9
12.5
18 ' 2

0.0
0.0
4.4

28.20
24.25
23.93
13.32
11.85
12.16
29.94
44.45
46.22
61.40

18.65
11.23
13.72
21.43

9.14
8.04

19.80
58.79
76.43

104.22

14. 6
58.2
64.0
72.7
83.2
95,7
95.4

100.0
100.0

98.4

44 ' 1
36.0
44.3
64.7
59.1
87.5
81.8

100.0
100.0

95,6

48.80
41.66
37 ' 41
18.31
14.24
12.71
31.37
44.45
46.22
62. 40

42.27
31. 18
30.96
33.10
15.47

9.19
24.21
58.79
76.43

109.02



Eastern Berin T n

The first recorded U.S. landings of Tanner crab were taken incidentally in the
Bristol Bay red king crab fishery in 1968, but landings were less than 500 t until
1974. In 1974 landings reached 2,290 t and by 1975, 28 fishing vessels had landed
3,190 t. The U.S. fishery exceeded that of the Japanese in 1976 and developed
rapidly thereafter  Table 2!.

By 1978, the U,S. fishery had reached a record 30,200 t, which was followed by
declines in each year until the fishery was closed in 1986  Fig, 6!. Catch per pot and
NMFS survey data showed nearly identical downward trends throughout this period,
By 1981, the U.S. Tanner crab catch was less than that of snow crab  Table 5! and
by 1982 the value of Tanner crab was less as well  Table 6!. This stock was
apparently increasing in abundance during the late 1960s, declining from 1969
through 1972 and rising rapidly to record high abundance in 1975  Otto, 1981!.
Survey data and CPUE show that declines were nearly monotonic, but it is worth
noting that the U.S. fishery developed during a period of high abundance and the
decline began before catches were a large portion of the legal-size population. Since
the fishery occurs in the late winter and spring, a rough rate of utilization can be

120

100

1984 19861982 1988
YEAR

Figure 6. Coruparisoa of U. S. comruercial catch aud crab per pot lift  CPUE! urith
NMFS survey estimate of the abundance of legal male Tanner crab  millions!
from the eastern Bering Sea. Note that the flshery was closed in 1986 and 1987.

1978 19801976
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king crab stocks. While U.S. fishermen always landed a few snow crab incidentally
in the Tanner crab flshery, separate statistics were not kept until 1978 when 780 t
were landed by 13 vessels. The snow crab fishery developed rapidly due to the large
fleet that had been capitalized by record king crab landin~. In 1979, 14,600 t of
snow crab were landed by 134 vessels. Landings reached 17,950 t, worth $8,31
million in 1980, but snow crab fisheries remained a sort of sideline for the fleet due
to the high value of other species  Tables 4 and 6!. By 1986 the snow crab flshery
would become the most valuable crab flshery in the EBS/AI region. A brief review
of U,S, Tanner and snow crab fisheries follows. Data are from the ADFkG �989a!
and from Stevens and MacIntosh �989!.



calculated relative to the previous suminer's NMFS survey. For example, the
combined U.S. and Japanese catch in 1977 was about 25 million crab, or 23% of
the 109,5 million legal-sized crab estimated by the 1976 trawl survey  assuming that
such crab are 100% vulnerable to the trawl!. In 1978 the apparent exploitation rate
was 30% relative to the 1977 survey. While the fishery undoubtedly caused part of
the decline in abundance, it does not seem to have been the primary cause. The
fishery was closed in 1986 but abundance of legal-sized crab did not begin to rise
until 1987. The fishery reopened in 1988 and landings were 1,000 t. Survey
estimates increased to 8.3 million legals in 1987 and 17.4 million in 1988.
Preliminny ADFkG statistics indicate that the 1989 spring fishery produced 3,200 t
with a CPUE of 16 crab per pot. The 1989 survey estimate was 42.3 million crab,
and it appears that the eastern Bering Sea Tanner crab stock is recovering,

Ea rn B rin Se now r

Directed fishing for snow crab began in 1973 near the Pribilof Islands when quotas
and fishing areas for the Japanese fleet were modified as a result of U,S,-Japan
bilateral negotiations. In 1973 and 1974, 57% of the Japanese quota  by number of
crabs! was for areas where snow crab is the dominant species of Chionoecetes.
Quotas and fishing areas were adjusted over the remaining years of Japanese fishing
in a manner that increased proportions of snow crab in the Japanese fishery  see
Otto, 1982!. These changes fostered development of U.S. fisheries, first for Tanner
crab and later for snow crab, as the Magnuson Fishery Conservation and
Management Act of 1976 was implemented. In 1976 the landed weight of snow crab
in the Japanese fishery exceeded that of Tanner crab for the first time  Table 2!.
The United States did not begin landing snow crab until 1978. Due to the fishing
areas assigned to the Japanese fleet, the two nations rarely fished the same grounds
for snow crab. Snow crab were in high abundance in the eastern Bering Sea in the
mid-1970s but declined in a manner similar to that of Tanner crab through the
remainder of the 1970s  Otto, 1981! and the abundance of large  >109 mm
carapace width! snow crab continued to decline until about 1982  Fig. 7!. Combined
U.S, and Japanese landings increased and peaked at 28,200 t in 1979  Tables 2 and
5! when about 49 million crab were taken.

While U,S, fishermen began harvesting snow crab during the peak year of the
Tanner crab fishery �978!, development was spurred by declining abundance of
Tanner crab and red king crab, Unfortunately, abundance of snow crab was also
declining as the U,S. fishery developed. While in many respects similar, snow crab
are much smaller than Tanner crab and command lower prices. For example, the
incan size of snow crab landed by U.S. fishermen was 111 mm carapace width with
a mean weight of 0.6 kg for 1979 to 1988, while corresponding statistics for Tanner
crab were 149 rnm and 1,1 kg. Over the same period the mean dockside prices of
snow crab was $1.00/kg as opposed to $2.30/kg for Tanner crab. What they lacked
in size and price, however, snow crab made up in sheer volume, and when stocks
began to recover rapidly in the mid-1980s  Fig. 7! landings and value rose
accordingly. In 1984 the catch of snow crab exceeded the aggregate weight of all
other crabs in the EBS/AI region and by 1986 their landed value exceeded that of
any other species.

Comparison of CPUE and NMFS survey estimates showed similar trends until 1984
 Fig. 7!. In 1984, the minimum size snow crab accepted by processors became fixed
at about 102 mm carapace width, while the mean size of landed crab was about
110 mm. By comparison, the legal size was set at 78 mm for biological reasons. I
have presented survey estimates for both size categories for 1984 onwards, but
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Figure 7. Comparison of U. S, commercial catch and crab per pot lift  CPUE! with
NMFS survey estimates of the abundance of commercial-size male snow crab
 millions! from the eastern Bering Sea. Crab of 110 mm carapace width are
approximately average for the history of the fishery but processors have refused
to purchase crab smaller than 102 mm in recent years.

1986

neither corresponds well with CPUE which has remained nearly constant  Fig. 7!.
Through 1988, survey estimates remained high and preliminary ADFkG data for the
1989 season showed a record catch of 61,400 t with a record CPUE of 178. The
1989 NMFS trawl survey showed a 9% increase in cotnmercial size  >101 mm!
males and a 10% decrease in larger  > 109 mm! males. Record landings have been
achieved and superceded in every year since 1985. While abundance remains high
and there is no sign of decline, one cannot assume it is stable given the past history
of the stock.

CONCLUSION

23

The history of crab fisheries in the EBS//Al region is marked by fluctuating resource
abundance and the development of new fisheries to replace those which had
declined. Red king crab dominated regional crab fisheries from 1953 through 1980.
Bristol Bay red king crab were most important and showed peaks in landings in 1964
and 1980. As the Bristol Bay stock decflned through the 1960s, it spurred
development of Japanese fisheries for Pribilof Islands blue king crab and eastern
Bering Sea Tanner crab, Bristol Bay red king crab were in high abundance in the
mid-to late 1970s and continued to dominate EBS/AI crab fisheries, but virtually all
crab stocks in the region were in relatively high abundance during this period. The
combination of high resource abundance, preferences granted to U.S. fishermen by
the Magnuson Fisheries Conservation and Management Act, and favorable markets,
allowed the capital generated by red king crab fisheries to be used in developing
other crab resources. When all major red king crab stocks throughout Alaska
declined precipitously from 1980 through 1983, fisheries for blue king crab
intensified and golden king crab fisheries were developed. 'I'he snow crab fishery



came to dominate regional fisheries in the late 1980s as snow crab abundance rose
and the abundance of other crab resources remained low.

The past decade �979-1988! saw the greatest changes in resource abundance and
the greatest diversification of EBS/AI crab fisheries. In 1979, 108,900 t of king,
Tanner and snow crabs worth $173.4 million were landed. In 1980, these fisheries
reached record landings of 115,900 t worth $180.7 mi! lion. By 1984, overall landings
had plummeted to 19,400 t worth only $36.9 million. In 1980, red king crab
represented 60% of landings and 77% of combined king, Tanner, and snow crab
value. By 1984, red king crab were only 14% of these landings although they
accounted for 38% of value, and snow crab were 63% of landings but only 21% of
the value. In 1988 snow crab were 85% of landings and 55% of value while overall
landings had recovered to 72,000 t worth $198.1 million.

Going into the next decade, landings wifl be dominated by the still abundant snow
crab and the increasingly abundant eastern Bering Sea Tanner crab, with overall
landings remaining at high levels. Some development of fisheries for deeper water
species  Lithodes couesi, Chionoecetes tanneri, and C. angttlatus! is possible but
unlikely to have a substantial impact on regional landings. King crab stocks may
also recover but prospects are uncertain. It is clear that the future of EBS/AI crab
fisheries will depend on historically exploited stocks and their management rather
than the development of new resources.
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Tanner Crabs  Chionoecetes opilio, C. bairdi! of the
Northwest Pacific: Distribution, Biologic@

Peculiarities, and Population Structure

A,G, Slizkin
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 TINRO!
Vladivostok, USSR

The range, distribution and formation of local populations of tanner crabs have
been examined in relation to habitat on the shelf of the northwest Pacific. The
association of various groups to certain environmental factors has been shown.
Spatial geographical characteristics of tanner crab populations have been given.

Tanner crabs are included in a number of commercially important species which
are insufficiently exploited on the shelf of the Far Eastern seas. They are widely
distributed in the shelf area. The species include Chionoecefes opiiio  Fabricius!
and Ch. bairdi  Rathbun!. Data on the distribution of these species are given in
fauna reports of the Far Eastern seas and the North American West Coast
 Rathbun, 1925, Sakai, 1939; Vinogradov, 1950; Kobyakova, 'l 937, 1958;
Ushakov, 1950!.

Regular standard trawl surveys conducted by TINRO for the last two decades
have provided an opportunity to change our ideas of the distribution of the sepa-
rate species and to study many biological problems of tanner crabs and their in-
dividual populations  Novikov, Gavrilov, 1969; Slizkin, 1974, 1977, 1978, 1982.
Rodin, Slizkin, 1977; Slizkin, Myasoyedov, 1979!.

Detailed data on the distribution, migrations, biology and resources of tanner crabs
off the Asian Pacific coast were obtained during that study,

Ch. opiiia are widely distributed. The species occurs in the Bering Sea,
penetrates in the Chukchi Sea where they can be observed from Wrangell Island
to Point Barrow �0'30'N! and the mouth of the Mackenzie River  Macginitie,
1955!, are common in the northern Sea of Japan and penetrate up to the Korean
Strait  Ogata,1973!. They are highly abundant in the Bering Sea in the Pribilof-
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Table 1. Ranges and optimum summer water temperature  'C! and depth dis-
tribution  in m! of tanner crabs in the northwest Pacific.

Mature Immature Temperature and
Low High Optimum Low High Optimum Hatching PeriodArea

7.2 0.9 -1.8 6.3
530 115 12 300

-0.4
71

Northwest
Bering Sea

-0.5 2.5
Y Y1

0.5 6,0
Y YI

-1.0 10.0
Y1

00 36
Y

-1.8
20

-0.1
80

Sea of Okhotsk -1.8
West Kamchatka 36

-1.8 3.2
28 500

4.3 0.5
530 135

7.0 0.5 -1.8 7,2
460 166 20 510

-0.6
124

East coast
of Sakhalin

-1.8
18

3.0 1.3 -1.8 2.5
630 170 20 490

1.3
188

Northwest Sea -1.8
of Japan 26

Southern Part 1.0
225

5.0
400 250

0,5 3.0
220 400

9.0 12.0
IY'250

5.1 1.4 -1.1 5.0
510 89 10 355

-0.1 3.0
IY

Northwest
Bering Sea

-1.7 1.9
9215

* from T. Ogata �973!

Bristol area and also in the seas of Okhotsk and Japan  Tokado, 1964; Novikov,
Gavrilov, 1969; Slizkin, Myasoyedov, 1979; Slizkin, 1982!.

lt has been stated  Slizkin, 1974, 1977, 1982; Slizkin, Myasoyedov, 1979! that
mass aggregations of Ch. opilio juveniles are associated with standard anticy-
clonic circulation. Therefore, juveniles are concentrated more to the northwest of
the Pribilof islands, in the central Gulf of Anadyr, northwest Okhotsk Sea and off
east Sakhalin. In the deep water of the Sea of Japan Ch. opilio are widely dis-
tributed as compared to other areas  Table 1!. There they are associated with
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Ch. opilio occur everywhere in areas where cold intermediate water, with tem-
peratures of -1.8'C to 7.01'C, contacts the sea bed  Table 1!. Ch. opilio occur at
water temperature up to 10'C only in the southern-most parts of the range where
the water gets warm in the summer. At the same time, this species tolerates low
temperature, which allows it to penetrate into low arctic regions  the Chukchi
Sea!. The optimum water temperature in all areas of the habitat is lower than
that of Ch. bairdi, and the optimum temperature for immature individuals has
negative values even in the summer  Table 1!. These conditions occur in areas
where cold intermediate water contacts the bottom.



the bentho-pelagic cold water layer, homologous to the cold intermediate layer of
the northern seas  Radzikhovskaya, 1965; Yarichin, 1982!. Due to such a wide
distribution of Ch. opi!io in the North Pacific, they are regarded as a Pacific
glacial species by Ya. A. Birshtein and L. G. Vinogradov �953!. Ch. opilio can be
characterized as a low arctic, Pacific glacial species because of their penetration
into the southern Chukchi Sea.

We found that Ch, bairdi have a wider distribution off the Asian North Pacific
coast than previously thought  Birshtein, Vinogradov, 1953; Kobyakova, 1958!.

On the whole, Ch. bairdi are distributed eastward from the coast of Oregon
�43'34' N, Hosie, 1974! northward up to the Bering Sea, and eastward to the
south Kuril Islands.

Ch. bairdi are abundant in the western part of their distribution; in Olyutorskie
Bay, off east and southwest Kamchatka and off the north Kuril Islands, in areas
where the cold intermediate layer is not clearly expressed and is quickly trans-
formed in spring  Arsenyev, 1968!. They therefore occur both in warmer water
and at greater depth than Ch. opilio  Table 1!.

Ch. bairdi penetrate northward only up to Cape Navarin �2' N!. The absence of
Ch. bairdi north of the Anadyr faunistic barrier, the distributional boundary of arc-
tic species southward and boreal far eastern species northward  Andriyashev,
1939!, shows their boreal nature. They are mainly absent from the Sea of
Okhotsk except the southern and northern Kuril Islands and southern part of
West Kamchatka  Slizkin, 1974; Slizkin, Myasoyedov, 1979!. Environmental
conditions in the northern Sea of Okhotsk and east coast of Sakhalin are unsuit-
able for Ch. bairdi, because the temperatures of the winter remnant water layer
in contact with the sea bottom remain low  Moroshkin, 1966; Chernyavsky,
1981!.

Therefore, the species can be characterized as boreal by its zoogeographical
characteristics and thermal habitat.

When analyzing tanner crab distribution in the northwest Pacific, it is clear that
latitudinal distributional boundaries are primarily determined by temperature fac-
tors, while the formation of high abundance in any given area is a function of a
group of factors: the direction of larval transport by currents, the nature of the
bottom and sufficient areas for foraging are of paramount importance.

Water structure has great influence on the distribution of tanner crabs as mem-
bers of the epibenthos. To be more precise, their distribution is determined by
the contact of certain water masses with the sea bottom, thus causing a spotty
population distribution. As a rule, these species are distributed from the depth of
the summer thermocline, approximately 30-40 m, down to a depth of about 500
m  Table 1!.
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ln other words, the habitat of an overwhelming number of tanner crabs coincides
with areas where cold and warm intermediate water masses contact the bottom.
Like many other benthic animals, tanner crabs have a heterotopic life cycle. That
is why separate stages of their life cycle, pelagic larvae, inactive juveniles and
mature migrating individuals, occur in differing habitat conditions.

Their reproductive biology is the same on the whole. They all, including the
bathyi species, have planklo-trophic larvae  Pereira, 1967, Takeuti, 1968!,

It is clear from the table that tanner crab larvae in the southern Sea of Japan
hatch in April-early May, and off Cape Navaifn in late May-early June, Surface
water temperature is 0.0-12.0'C where larval metamorphosis occurs, as seen
from the data in the table. In northern areas such temperatures are observed
during the period of maximum summer warming and in southern areas during
winter and early spring,

Pelagic larval development, requiring about two months, coincides with the phy-
toplankton bloom, the most favorable period for larvae, Ch, haiti and Ch. opiiio
have many common morphological, physiological and reproductive features
 Sapelkin, Fedoseuev, 1981!; therefore hybridization takes place in areas of
overlapping range  Karinen, 1982!. At the same time ecological and specific dis-
tinctions are clearly traced among these species.

Nonmigrating Ch. bairrfi juveniles are concentrated on granular bottoms  Slizkin,
Fedoseyeve, 1989!, 75-300 m deep  Table 1! where intermediate water with
positive temperatures is in contact with the bottom. Migrating mature individuals
are selectively associated with environmental conditions. Therefore, all stages of
the life cycle of the species occur in positive water temperatures. They therefore
have a limited distribution in the northwest Pacific.

All stages of the Ch. bairdi life cycle have been found around the Koryak
[Kodiak?] coast, in Olyutorskie Bay of the Bering Sea, Kronotskie and
Avachinskie Bays of east Kamchatka and around the northern Kuril shallows and
off southwest Kamchatka. Therefore, local populations of Ch. bairdi inhabiting
these areas can be regarded as self-reproductive. Physiological and behavioral
adaptations of larvae and juveniles to vast silty and sandy bottom areas of open
sea and tolerance of the juveniles to the lowest of water temperatures  Slizkin,
1978; 1982; Fedoseyev, Slizkin, 1988! are greatly conducive to the wide distri-
bution of Ch. opiiio in the Far Eastern seas, including the most severe northern
areas. These characteristics provide the highest densities of juvenile Ch. opilio in
areas of standard water circulation, the central part of the northern Bering Sea
shelf and northwestern Sea of Okhotsk. The density of Ch. opiTio decreases and
Ch. bairdi abundance increases in areas of higher epibenthic water temperature
along the shelf off the east coast of Kamchatka and the Kuril Islands.

Self-reproductive populations are indicated by the high abundance of juvenile
Ch. opiiio in the northwest Pacific. They are: the Anadyr-Mathew population,
Korfo-Karagin, the northwest Sea of Okhotsk population, east Sakhalin and the
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north Sea of Japan populations.

Moreover, relatively small semi-dependent populations have been found off
Kamchatka and the Kuril lsiands, and off southern Primorye  Maritime
provinces!. The presence of exceptionally immature crabs in the northern part of
the range is attributed to the immigration of non-reproducing Ch. opiiio
populations: the northern Gulf of Anadyr, the southern Chukchi Sea, and
Shelikhov Bay in the Okhotsk sea.
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