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Part 1.

HARVEST CONTROL
SYSTEMS FOR
COMMERCIAL MARINE
FISHERIES MANAGEMENT:
THEORY AND PRACTICE



THEORY-——A PROVISIONAL DEFINITION
OF HARVEST CONTROL

Phillip R. Mundy

When discussing harvest control systems the first step is to define our terms. The first
lecture, and perhaps some of the second, will be devoted to a provisional definition of “har-
vest control.” The definition is designed for a general audience, since it has been developed
through my interaction with administrators, attorneys, and harvest contro) biologists in state
and federal agencies over the past seven years. The term provisional is an appropriate modi-
fier because harvest control is an active area of research in which new concepts are continu-
ally being tested.

The second logical division of the lectures is a provisional definition of the system for
harvest control. Perhaps there is 2 single conceptual framework within which we can under-
stand fisheries as diverse as the adult salmon fisheries of Alaska and Puget Sound and the
shrimp fisheries of North Carolina. Again the intention is to develop the provisional definition
in language comprehensible to a general audience.

In the third lecture the application of the concepts of harvest control and a system to
deliver the objectives of harvest control 1 a living resource will be illustrated by work from
the Yukon River, Alaska. The gillnet fishery for chinook salmon in the waters of the river delia
has been studied by my research group since 1980, and it will demonstrate the pitfals in-
volved in translating theory into practice.

Before entering the first lecture a word of caution is necessary. Students frequently
find my concept of harvest control depressing on first hearing because it seems to deny the
basic, literal interpretation of conservation of natural resources to which most biologically
educated people subscribe. Of course I believe that conservation is the primary objective of a
harvest control system. The misunderstanding occurs because I must emphasize, over and
over again, that the political state, not the biologist, has the prerogative to determine the exact
meaning of the term conservation.

Ultimately the message of these lectures is one of hope, not despair. For if the harvest
control biologist is frequently frustrated by inability 1o achieve conservation of the resource.
then the path around frusiration lies in understanding how the system can be manipulated to
a purpose. Such understanding may be found in the precise, vet readily generalizable, defini-
tion of harvest control and of the system which delivers the objectives of harvest control.

Preliminaries

Three references offer material supplementary to the definition of harvest control.
Wright (1981), Neilsen {1976}, and Royce (1983). Sam Wright is a former head of harvest
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management for the Washington Department of Game. His article is a serious effort to trans-
late his experience into a coherent body of knowledge. I do not necessarily agree with the
opinions of Wright, however he has certainly chosen the correct topics for discussion, and the
value of his experience cannot be ignored.

The philosophical basis for harvest controt spans many years of thought, and the
quick, concise presentation of Nielsen (1976} provides a painless entry to the literature. The
motivation for the development of harvest control within the fisheries profession and its aca-
demic environs is discussed by Royce (1983).

Harvest Control

[n April 1976 I took my first job in commercial marine fisheries management of
Puget Sound. Int the seven years since then I have observed and participated in harvest control
operations for salmon in many parts of Alaska, in both marine and freshwater areas. During
the past three years I have directed research on harvest control methods for brown shrimp
(Penaeus aztecus) in North Carolina, and for the past year harvest control methods for the
blue crab (Callinectes sapridus) have consumed part of my research time. With the ample
opporturity for observation during the past seven years, | have come {o understand that the
term fisheres management does not have a specific meaning but is all things to all biolo-
gists. Indeed it is not clear whether anyone can offer a definition of fisheries management
which could be relevant for the majority of commercial marine fisheries, or even for the
majority of fisheries on adult Pacific salmon. Fisheries management is a general term akin to
the terms medicine and law, within which can be defined a myriad of specialties. Unfortu-
nately there is a pronounced tendency among fisheries scientists to use this term as if it had 2
specific meaning.

In Alaskan salmon fisheries, the specialty of harvest control is most often referred 1o
as fisheries management, and in commercial marine fisheries it is my experience that harvest
control is usually referred to as fisheries management. The term, *'Real-Time Salmon Manage-
ment,” is synonymous with "harvest control of salmon.” My current research is directed
toward the definition of harvest control as a fisheries management specialty.

The search for a fisheries management specialty which is essential to most commer-
cial marine fisheries has led me back time and again to the need to direct the operation of
fishing gear to achieve some specified harvest objective: harvest control. Harvest control is a
fundamental requirement for any fishery which is said to be managed. If there is a single
concept which can unite the fisheries management of Pacific salmon, brown shrimp, and blue
crabs, T believe it would be the design of a rational system of harvest control. Indeed the need
to establish overall principles of harvest control with respect to the numerous species explo-
ited is very important to the development of fisheries as a profession. During my employment
on the east coast of the United States, [ have frequently been introduced as a “salmon biolo-
gist,” or, worse yet, as a “salmon person,” by well meaning colleagues. The same colleagues
wonder why a salmon person would be interested, or even qualified, to study brown shrimp
or blue crabs. It is obviously essential to demonstrate that sound principles of harvest control
do not respect phylogenetic harriers.



A Provisional Definition of Harvest Control

Harvest control is a set of procedures. an algorithm, for the interpretation of infor-
mation used in directing a commercial fishing operation toward some objective. The objective
varies bul the central challenge in the conduct of any commercial marine fishery is the proper
division of the relevant biological population into two categories: dead and ative. The catego-
ries go by various names, catch and escapement, or vield and stock, but the partition is always
into two sets. Within the course of a year or a season, harvest control consists of a series of
decisions to harvest or not to harvest, and no decision can be recalled since fish do not rise
from the dead (except in federal court). Harvest control is the rate-limiting step among all the
activities called “fisheries management,” and all the efforts focused to determine the proper
level of harvest count for nothing if the fishing operation cannot be directed to achieve that
specified level,

Thus two compelling reasons for the study of harvest control have been reached.
Research on the design and implementation of methods capable of achieving any specified
level of harvest is essential (1} to cut across the primarily artificial phylogenetic barriers
which divide the conduct of commercial marine fisheries and (2) as the rate limiting step of
fisheries management.

A third reason is touched by Royce (1983) in his inquiry into the status of fisheries
science. The regulatory process is the interface between the fisheries profession and the
general public. If the harvest control process is inept, then the profession appears to be inept.
If the regulations have little or no rational basis, then the profession is perceived to be irra-
tional. Obviously appearances are important, because fisheries science hardly exists outside
of federal, tribal, and state agencies and the consulting firms which depend upon these gov-
ernmental entities for sustenance. As most of us are now aculely aware, the funding to these
agencies depends on how the public perceives the need for fisheries science, which in turn
depends on how the public perceives fisheries scientists.

A Provisional Definition—The Objectives

Harvest control may be defined in termus of its objectives and the information neces-
sary to achieve those objectives. One objective has been frequently mentioned already: the
specified level of harvest. Such a level has been variously called the maximum sustainable
vield (MSY), the optimum sustainabie vicld (O8Y), the guidetine harvest level, the total allow-
able caich (TAC) or as the complement of some catch level, an escapement goal. The general
term for the primary objective of harvest control is conservation. However. be immediately
warned that conservation should never be accorded its literal, or popular, meaning in the
context of harvest control. Perhaps the most difficult lesson for a new harvest control hiologist
is the meaning of the conservation objective. The harvest level—the embodiment of conserva-
tion in a practical, tangible sense. is not necessarily set by fisheries biologists, but by the agent
of the proprietor, or owner, of the resource, the political state. 1t comes as a great shock to
some biologists to tind that they do not own the resource.

That the proprietor’s agent is often a bivlogist causes confusion, not satisfaction.
Fisheries biologists may contribute information refevant to the approgriate harvest level, a
fisheries professional may even write the regulations. hut the harvest level is ultimately set by
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the political process. Certain enlightened political entities, such as the State of Alaska, permit
fisheries biologists broad privileges in interpreting and implementing salmon harvest levels.
However, a Fisheries Board of concerned citizens and the Commissioner of Fish and Game
are ultimately responsible o the public for the actions of the biologists. Other political enti-
ties, such as the Commonwealth of Virginiz. determine the harvest ievels in the marine fish-
eries by defanlt, allowing the traditions and inefficiencies of 350 years of history, and contem-
porary market conditions, to set the harvest level for blue crabs and most fin fishes.

Thus the primary objective of a harvest control operation is not set by biologic or
economic factors as evaluated by fisheries biologists or economists: they are set by the owner
of the resource, the political state. This is a bitter pill for many fisheries biologists 10 swailow,
but it may cool the fever of their frustration in trving 1o carry out the objectives of conserva-
tion. These frustrations are nothing new. Among the most accurate forecasts of catch by
species ever made for any commercial fishery were those given to the International Whaling
Commission by ils scientific committee for the Antarctic whale fisherv (see Mcvay 1966). The
names of the committee members are internationally known in fisheries circles: Douglas
Chapman, Kay Allen, Sidney Holt, and, later, John Gulland. Even after the committee's under-
standing of the population dynamics of the fishery was confirmed by subsequent catches, 1he
political process prohibited implementation of the harvest goals by species as recommended
by the committee. The quotas by species were set higher than conservation demanded until
the fishery collapsed. It is a classic pattern: conservation measures are implemented only after
the demise of the fishery even in the face of compelling scientific evidence. The Antarciic
whale fishery offers a chilling example of the inability of resource management professionals
to influence the outcome of a harvest control operation even when armed with adequate
information and astute analysis of both the dynamics of the populations and the behavior of
the fleet. The history of the IWC is knowledge basic to anvone who would be a resource
management professional.

Unfortunately, adeguate data are rarc in commercial marine fisheries, and asune
analysis of the existing data is even less common. The lack of consensus among fisheries
scientists which results from inaccurate and incomplee data is another circumstance which
may preclude a harvest objective consistent with conservation of the resource and fishery. In
the face of disagreement among the experts, the political system is ready and waiting to
impase its own solution which will be consistent with legal and social concerns., if not with
conservation requirements.

In any event it should not be the responsibility of the harvest control biologist to
dispute any particular harvest objective at the level of professional responsibility. The profes-
sional requirement is to deliver the harvest objective as accurately as available data permit.
Therefore in a professional harvest control sense. conservation is a number, total allowable
catch (TAC), total allowable foreign fishing (TALFF), or even maximum or optimum sustain-
able yield (MSY or OSY}. On occasion a harvest rate may be specified as a percentage of the
individuals available for harvest. If the harvest level is repugnam. the biologist can work
through the political system as an informed citizen to effect change.

The concept of conservation in harvest control must also be understood to contain 4
responsibility to the harvester. In some heavily politicized fisheries, harvest control biologists
may tend to favor harvesiers over fish {sec Wright 1981). The opposite favoritism has oc-
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curred in Alaska, where conservative harvest control procedures have at times generated
smaller salmon catches than dictated by the escapement objectives in order to be absolutely
sure that adequate escapement was obtained. Relying on counting towers located well up the
rivers from the harvest areas to ascertain the escapement, the control agents often found a
surplus escapement between fishing districts and the counting towers by the time the fisheries
were opened.

For the harvest control specialist the responsibility to both resource and harvester
precludes having either as a “client.” The resource is not the client and neither is the harves-
ter; the reponsibility is to obtain the specified harvest level and thereby to serve both resource
and harvester. If either is abused by the harvest objective, then let the agents of resource or
harvester take what remedy is available from the political system.

The term “conservation™ is still approprizte to the primary objective of harvest con-
trol, since federal, tribal, and state laws in most cases require that conservation be served
before harvest can occur. Fisheries professionals in all specialties must necessarily defend
literal conservation and the laws which to some extent protect the right of a species to exist
The only US. law which specified the right of a species (other than human) to exist, the Rare
and Endangered Species Act (federal), has been neutralized through the efforts of Tennessee
Senator Howard Baker and the Tennessee Congressional delegation. The law once read ap-
proximately, “Thou shalt not destroy a species.” but it now reads approximately, “"Thou shait
not destroy a species unless thou hast a good reason " The persistence of the law in its
original form could have made life much easier for harvest control hiologists caught in a
conflict between harvest objectives and conscience.

The two remaining objectives of harvest control are relatively ohscure in fisheries
education, but they are important nonetheless. Public safety s the second vbjective of harvest
control, in order of priority. Public safety requires that fishing regutations are written with
concern for the physical well being of the harvesters, Fishing areas should not contain militar-
ily restricted areas, such s naval torpedo ranges, or other avoidable hazards. Even if such
restricied areas and hazards are clearly indicated on charts, the public may interpret the
fishing regulation to mean that permission is granted (o transit the restricted area for the
purpose of fishing, Scheduling openings duting severe weather conditions should be avoided
if possible. Such a precaution is particularly applicable in short-term intensive operations
such as adult salmon fisheries. & harvester may have only a half dozen, or fewer, opportuni-
ties to make a vear's income, so to open the fishery during hazardous weather conditions is to
tempt him to risk his life.

The fina! objective is also of primary concern in short-term intensive fisheries: prod-
uct quality. In herring roe and salmon fisheties, for example, the unit price of the product is
a function of time. Inappropriate scheduling of fishing periods can lead 1o the loss of millions
of dollars of product, or to the delivery to the consumer of less than a premium quality
product. In adult salmon fisheries an optimistic sign for product quality considerations is the
provision of escapement goals as a function of time, not just as a single numerical value for
the year. The sockeye salmon fishery of the Copper River delta, Alaska, is regulated to meet an
escapement goal by time interval, and excesses, or deficits, of escapement in one time interval
are nol credited to, or subtracted from, escapements in any other time interval. Such a
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premeditated system of achieving a more equitable distribution of catch (and escapement)
through time is highly desirable (see Mundy 1982h).

Insummary, harvest control regulations must properly divide the stock into catch
and escapement, must not threaten the physical well being of the harvesters. and must con-
sider the welfare of the processing sector. Since those three objectives of conservation, public
safety, and product quality may be mutually exclusive, priorities must e established before
the fishing season starts and even before the regulations are written.

Information Requirements—
The Provisional Definition Continued

The minimum information necessary to achieve the objectives of harvest control can
be divided into the categories of spatial distribution, temporal distribution, and abundance.
The information requirements are best remembered as the answers to the questions, Where,
when, and how many?,” with respect 1o each identifiable stock of fish, and fishing gear type,
under the jurisdiction of the harvest control authority.

At this point in the definition of harvest control it is not necessary to tatk about the
sampling problems involved in obtaining those answers. Sampling considerations for a com-
mercial marine fishery are addressed by Terry Quinn in another paper in this series. Regard-
less, however, of ot the answers to **Where, when, and how many?” can be obtained, the
possession of that minimum information is a valid test of whether a fisheries management
agency is actually performing its legislatively mandated function. Assume this agency is
charged with achieving some objective, such as conservation, which is defined in the enabling
legislation: of the agency. One could look merely at annual vields, escapement levels, the status
of eritical habitat, and at any other category of data which might describe the status of the fish
stocks under the jurisdiction of the agency. If the stocks are in good shape, as judged by the
legal definition of conservation, then the agency might be said to be in performance of its
duties, while if the stocks are below conservation levels, the agency might be charged with
dereliction of duty.

Such arguments would, of course, be superficial. The slatus of the stocks could well
be independent of any actions taken by the agency. Indeed, the activities of other agencies and
of the public at large might be the primary determinants of stock status in the management
area, How can one tell if the stock status is due to the activitics of the agency?

While it may not be possible to determine if the stock status is the direct result of
agency efforts, it is relatively easy to tell if the agency has the capability to fulfill its mission. If
the agency cannot produce the minimum information necessary for harvest control, then it
cannot possibly be exerting any rational influence on the operation of the fishery. Thus end-
less arguments about the status of the stocks, the appropriateness of escapement goals, the
condition of critical habitat, and other difficult issues are avoided. If the agency does not
command the answers to “Where, when, and how many?” for each identifiable stock and gear
type in its areas, then harvest control is void. In plain language, it is possible to determine
whether the agency is managing, or just keeping score.
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The extent to which the agency can define the abundance of stocks and gear types by
area and time interval determines the ability of the agency to direct the fishing operation to
achieve any given objective. A perfect command of such information will rarely, if ever, he
found within any single agency. But if such knowledge is entirely lacking, if the budget of the
agency contains ne provision for mastering such information, then clearly the agency cannot
control the harvest. The lack in itself can identify an agency which is incapable of managing its
resource for the public trust,

On the basis of the preceding criteria, one might question the harvest control capa-
bilities of most resource management agencies. Given the realities of budgetary constraints
within most agencies the application of such ahsolute criteria might not be considered *fair.”
The purpose here is not to be fair, but to forge in general terms an objective definition of the
information required 1 manage a fisheries resource. It is intended to pave the way for a
general theory of harvest control which can unite the principles on which the regulations of
commercial marine fisheries are based.

9



THEORY AND PRACTICE—
SHRIMPING IN NORTH CAROLINA

Phillip R. Mundy

Recapitulation

Recall that “real-time salmon management™ has been termed *harvest control of
salmon” and 2 definition of the objectives of harvest control has been offered. It has also been
argued that the management of commercial marine fisheries is all things to all people, but
usually it refers to harvest control. In general terms harvest control is directing the operation
of the fishery o achieve some catch level set by the proprietor of the resource. Unfortunately
life is never so simple, and harvest control has many dimensions, including not a few facets
which lie on the dark side of human nature. The following quote of a former administrator of
fisheries in Washington State of over 60 years ago is a vivid illustration of the source of most
complexity in harvest control operations.

At the end of eight years, I realize what a thankdess task il is to try 1o pre-
serve a great natual resource for a country. To him who tries to stand
between the greed of those to whose private interest it is to destroy a great
natural resource and the state which owns that resource, there is reserved a
most umpleasant portion. [n the Senate Chamber in £919, at a public hear-
ing on the fisheries code, which I prepared and which would have curtailed
the fishing for bath mature and immature salmon, one of the spokesmen for
one of the fishermen’s organizations declared that any person who would
put forward a proposal for curtailing fishing should be beheaded. (Parwin
1921 in Wright 1981, p.29)

Advances in technologies change the appearance of human societies fairly rapidly,
but behind the technological facade human nature never changes.

The elementarv formal definition of harvest control is departed when one says that
the control is undertaken to achieve the three objectives of conservation, public safety, and
product quality. To achieve these objectives it is necessary to answer the questions of “Where?
when? and how many?” for each identifiable stock and gear type in the fisheries.

Preliminaries
Three references provide supplementary information and an entry point to the litera-
wre: Holling (1978), Mundy and Mathisen (1981). and Mundy (1982b). Two other sources,

Babcock and Mundy, and Matylewich and Mundy have beer accepted for publication in 1985
by the North American Journal of Fisheries Management.

10



Shrimping in North Caroling

A Provisional Definition—
The Harvest Control System

Harvest control systems have been specified in rigorous form by a number of authors (see
Peterman in Holling 1978), however I believe that harvest control systems are constrained to
be no more complex than is justified by the educational backgrounds of the people who maust
operate the system. This is not to say that the best available data and analytic tools are not to
be applied to the development of the systems but, rather, that the system will fail if the results
of the system cannot be interpreted to the public and its elected representatives.

In the Alaska adult salmon fisheries, decisions on the disposal of tens of miltions of
dollars of product are made every twelve hours over a period of several weeks, and under
enormous pressure, The system must be trusted to function under such conditions, and to be
trusted it must be understood. In some areas of Alaska harvest control biologists are accus-
tomed to spending the summers managing the fishery and the winters in court answering suils
filed by processors and harvesters. Only trusted, well-tested methods will be used by people
who are subject to such intense public and legal scrutiny.

The elements which I include in a harvest control system are a performance curve
and a set of rules for the use of the performance curve in setting harvest regulations. The
performance curve specifies the cumulative proportion of the catch, catch per unit effort
(CPUE), or total abundance which will occur within a fixed geographic reference frame. The
term performance curve is a synonym for “cumulative time density' which I have used in past
publications and which was derived by analogy 10 a probability density function in the time
domain. But the term “performance curve' has intuitive appeal and it is highly descriptive of
the use to which such constructs are put.

Very simply, the performance curve is an image of the cumulative percentage points
of the fishery in a specific iocality. When the locality is 2 small, well-defined area through
which a single life history stage of the target stock migrates, the performance curves are likely
to vary little from year to vear, as reflected by the catches from a well-established fishery. If
the area is geographically very broad {e.g. the North Pacific), and if the catch is not divisible
by life history stage, then the performance curves will probably vary a great deal from year to
year. Obviously the cases amenabie to the type of harvest control system discussed here are
those in which the annual performance curves are quantitatively similar for each application.

The time series of catch in a fishery is the result of the distribution of the stocks and
gear in time and space. The performance curve is an atiempt to wrest simplicity from a
complex situation by fixing the spatial domain, while allowing time to vary. Since the balance
of the lectures will be concerned with variation in the cumulative proportion of catch as 2
function of time, let me note in passing that a performance curve can be written as the
cumulative proportion of catch (or CPUE) as a function of space on a time interval, For
example, if harvest control needs to track a migration along a body of water such as a river,
or inlet, the comulative proportion of CPUE {or its first derivative) on each time interval can
be used to track the “center of mass™ of the migration. The spatial domain is composed of the
various statistical areas aligned along the axis parallel to the path of the migration from the
point of entry to the destination of the migration.

H.
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Performance curves in the time domain have broad application in harvest control of
well-established fisheries with long-standing statstical reporting areas. But other methods
which rely on the concept that catch is proportional (o total abundance (in the vein of Bara-
nov) may also be applicable 1o these situations. When only 4 limited number of years of data,
or no data at all, are available, the performance curve may be the only rational basis for
harvest control.

The claim that a performance curve can serve harvest control in the absence of any
historical data needs to be explained. In 1977 while working for the Point No Point Treaty
Council at Kingston, Washington, [ was faced with the need to write fishing regulations for a
set gillnet fishery for coho salmon (0. kisu#ch) on the Elwha River, just west of Port Angeles.
The Elwha was dammed only a few river miles from its entrance into the Strait of Juan de Fuca
about 1912, consequently no native coho salmon populations existed in the river in 1977. But
in that year a harvestable surplus of coho salmon returning to the Elwha River was anticipaled
due to the release of smolts from a rearing channel on the river operated by the Washington
Department of Fisheries (WDF). A gillnet fishery at the mouth of the river was justified to take
any surplus, but how could the level of surplus be determined and the desired level of escape-
ment be achieved with no historical performance data to guide the formulation of regulations?
Waiting for the fish to accumutate in the river would have meant a substantial loss in the value
of the harvest due to the decline in quality of maturing fish, and there was no sure method 1o
enumerate the fish even after they had accumulated in the river. In the end the success of the
opetation would be judged when WDF personne! attempted to recover brood stock from the
river.

The smolts which had been released from the Eiwha River had originated at the WDF
hatchery on the nearby Dungeness River, and catch records from a gill net fishery at the
mouth of that river were available. A performance curve based on Dungeness catch was used
10 set harvest regulations on the Elwha River under the assumption that the timing of the
transplanted salmon would not change. A further assumption was a 100 percent exploitation
rate, and the cumulative percentage points of the performance curve were used to give a very
conservative estimate of the total return of coho for the yeat: the cumulative caich of a date
was then divided by the expected cumulative proportion specified by the performance curve
on that date. The appropriate harvest level for the season is continually updated by subtracting
the escapement goal of WDF from the estimated total return on each time interval. In 1977
and 1978 the WDF channel operation received its escapement requirement with not more
than a 20 percent surplus of spawners, and the gill net harvesters received top doliar for river
caught fish. The fishery ended after 1978 because WDF had ceased releases of coho, since the
fishery was operated by a treaty Indian tribe, the Lower Elwha Klallam.

To iflustrate the application of performance curves to a specific fishery, 1 have cho-
sen some work from North Carolina (Babcock and Mundy, in press, and Matylewich and
Mundy, in press). Catch and nominal effort data have been available for this trawl shrimp
(Penaeus spp.) fishery on a weekly hasis only since 1978, however monthly catch data extend
back to 1966, Prior to the declaration of the exclusive economic zone, EEZ, by Mexico abowt
1976, the penaeid shrimp fisheries had the highest dollar value to United States fishermen of
all commercial fisheries. Even now that landings are primarily limited 1o catches from 1.5.
waters, the shrimp fisheries are leaders in economic value in U.S. fisheries. The brown

12
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shrimp (. aztecus) is usually the most valuable commercial species in North Carolina, al-
though blue crab (Callinectes sapidus) landings have occasionally eclipsed those of the
brown shrimp in recent years. Landings of brown shrimp from a single area, Pamlico Sound,
usually account for the majority of the state’s brown shrimp landings.

To determine the similarity of the annual performance curves over all years of record
we examined the mean of the time series of percentage caich (the first derivative of the
performance curve—the time density; see Mundy 1982b). While the variances of the annual
time series of percentage catch would not be comparabie between monthly and weekly data,
the means are comparable. The mean date of the North Carolina brown shrimp catch
(1966—1980) has fluctuated over a range of about one month, with the center of the range
falling at the end of July or beginning of August (Fig. 1). Based on past experience with
salmon fisheries, | felt the results looked promising. Using the weekly data and the catch for
only a single major statistical area (Pamlico Sound, 6354), performance curves of weekly
catch data of 1978-1981 were constructed (Fig. 2). The close similarity of the annual perfor-
mance curves of caich, and the even more striking resemblance of the performance curves
for catch per boat hour (Fig. 3) for the same years, demonstrate the applicability of perfor-
mance curves (o harvest control. If the best available approach to answering the questions of
temporal and spatial distribution and abundance is 1o say that the proportionate time series of
caich, or CPUE, or total abundance (combined catch and time lagged escapement) by statisti-
cal area in the current year will resemble that time series of past vears, then performance
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curves provide a means of displaying those arguments in a quantitative fashion. The estima-
tion of total annual yield for the brown shrimp fishery is accomplished on each time interval
by dividing the cumulative catch of the time interval, R(1), by the expected cumulative propor-
tion of catch (or CPUE), B(1), w(t} = R(1)/P(1). An estimate of the variance of this estimator
is given by Walters and Buckingham {1975});

2 2

2 R'Gf’r 2,52
. =___{|+2zop.fp]
i P4 !

!

The important points to note about the variance of this estimator are (1) it
approaches zero as the percentage of catch approaches 100, and (2) it is directly
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proportional to the variance of the camulative proportion of total catch (CPUE) on the time
interval. As one would expect, once the season is over, it is possible 0 estimate the yield with
almost perfect accuracy, but as may not be obvious, the variance of cumulative proportion
increases from zero at the heginning of the season 10 a maximum near the mean of the lime
density, and then it decreases 10 zero at the end of the season,

Using a system of estimation in which the average performance curve of three years is
used 0 estimate the to1al CPUE of the fourth yvear, the error of estimation quickly settled down
to the plus or minus 20 percent range (Fig. 4) for brown shrimp in Pamlico Sound. The
expected cumulative proportion of CPUE can be used 10 estimate either the total catch or the
total CPUE for the season, depending or which is of interest. To judge how soon the
information will be available to management during the course of the season, note from
Figure 3 that by week 30 about 30 percent of the total annual CPUE has been expended, so
that by the 30 percent point in the season, the harvest control biologist could be in a position
1o estimate the total catch per unit effort for the season within 20 percent.

Of course more years of data will probably add more variability 1o the estimator, and
the methods employed here can be considered only as a simulation of the real world. But the

sof
L0
30_ f
20} 4
S é
10F ¢ @
» ] ’ ° . o o !
0 2 v ¥ H L ® ., '_”
1o} oaa I IR
- s F Y 'y A a 'y
-20f . * 1981
_30: = 1980
I . a 1979
~40r » 1978
-50f 1 k
25 30 35 40 L5
WEEK
Figure 4.  Percent error in estimates of iotal annual brown shrimp GPUE for Pamlico Sound, 19781967,

15



Fisheries Dynamics
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accuracy of the estimator in simulation, the similarity of the annual performance curves of
catch and CPUE (1978-1981), combined with the stability of the mean date of catch (Fig. 1).
are sufficient to make the point that a performance curve harvest control system would be
appropriale for regulating the harvest of brown shrimp in Pamlico Sound.

The extension of methods developed in the salmon fisheries of Alaska and British
Columbia to brown shrimp harvest in North Carolina was relatively easy because the life ovcle
of the brown shrimp is a mirror image of the life cycle of the salmon (Fig. 5). The adults

-spawn in the Atlantic Ocean, and the young develop through several stages to become the
mysis, which is returned to the nursery areas in the mouths of rivers by Ekman transport and
other physical processes which are exploited by the behavior of the mysis and postlarva. As
the postlarvae grow into juveniles, they start the movement back into the estuary where the
transition to adult starts, The fishery acts on the maturing shrimp in the estuary as they return
to the ocean. Once the maturing shrimp reach the ocean they are not targeted by a fishery.
The geography of the North Carolina situation (Fig. 6) completes the analogy, Juvenile shrimp
from the Neuse and Pamlico rivers, and other nursery areas, migrate into Pamlico Sound
where a fishery is directed on them. As they begin to mature, the shrimp migrate through the
passes hetween the barrier islands into the Attantic Ocean. Once in the ocean the shrimp are
free of the fishery.

The Control of the Fishing Operation

The basic concept of harvest control and the performance curve being understood,
there remains a question which has been answered only implicitly so far. 1t is essential to ask,
“What means are available to achieve the objectives of harvest control, assuming adequate
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information is avatlable?” Harvest control is normally achieved through enforcement of legal
restrictions on the time of fishing, the area of fishing, and the gear for taking fish—
abbreviated as time, area, gear (TAG) restrictions,

Far harvest control operations which are direcied on a daily basis (i.e. real-time
salmon management) the means of control most frequently available is the time restriction.
Area control is frequently available, however it is never as flexible as the time control. Fishing
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areas have 10 be defined in legal terms before the start of fishing, and if the area cannot be
readily defined by geographic landmarks and visual navigational aids such as channel
markers and lighthouses, then the management agency will have to provide the markers.
Purchasing and deploying area markers can entail tens of thousands of dollars in expenses fo
the harvest control program. Once statistical reporting areas are long established, there are
compeling economic, legal, and mathematical reasons for leaving them undisturbed. The
least Bexible means of controlling the fishing operation is by gear restriction. Typically
inefficiencies are legislated into fishing gear by prohibiting the application of emerging
immovations in marine architecture. Once a standard vessel has been defined, and once large
numbers of people have invested in the standard vessel, changes are difficult to effect. The
amount of fishing gear; the length, depth, and mesh of nets; and the total number of hooks,
pots, or other appliances can be altered, but enforcement problems are directly proportional
1o the pumber of vessels and appliances in the fishery and the area over which the Beet is
dispersed. The volume of fishing activity can be ascertained rapidly, from the air for example,
but the amount of gear actually being fished usnally must be determined by on-board
inspections. Furthermore, changes in vessels or fishing gear can thwart attempts to define a
standard unit of gear for the purpose of estimating abundance from arguments of the
proportionality of catch to effort and abundance (e.g. Baranov: Leslie, and others).

Consequently the most effective, and common, means of directing the fishing
operation is by opening and closing a fixed area to fishing by a predictable number of units of
effort. It is precisely for this type of situation of control that the performance curve is
appropriate. If the primary means of achieving the objectives of harvest control is the time
regulation, then the primary critetion for determining the status of the binary switch—
fishing/no fishing—in a given area will be the current performance as interpreted within the
context of the historical performance of the fishery in that area. My argument is that the
record of historical performance of choice is the cumulative proportion of catch, CPUE, or
total abundance as a function of time, the performance curve.

Summary and Conclusion

In harvest control the operation of a commercial fishery is directed to achieve the
objectives of conservation, public safety, and product quality, where the precise meanings of
the objectives are determined by the proprietor of the resource, the political state. The
obijectives cannot be achieved, except possibly by chance, without information on the
distribution and abundance of the resource, and gear, in time and space. A convenient
summary of the necessary information is the performance curve, the cumulative proportion of
catch or CPUE as a function of time in a fixed locality. When annual performance curves are
similar, the performance curve forms the rational basis for opening and closing the fishery
within its reference frame by serving to scale current performance by historical performance.
If the annual performance curves differ radically, it is not likely that any system of harvest
control is appropriate to the fishery. This is true because the time series behavior of the
performance curve of the fishery is unstable and there is consequently no basis to evaluate the

18



Shrimping in North Carolina

relation of the catch on a given time interval to a specified seasonal management goal such as
aquota (i.e., TAC or TALFF) or annual spawning escapement goal. In a fishery with an
unstable performance curve, for example, it would not be surprising for the seasonal catch
quota to be exceeded in a single harvest period due (0 unpredictable behaviors of the target
species and the harvesters. In 2 salmon fishery where the time series behavior of the
performance curve is unstable, escapement goals will be routinely missed by substantial
margins. The key concept is that the level of uncertainty about the behavior of the fishery is
directly proportional to the magnitude of the variability associated with its performance curve.
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ractice—Salmon Fishing in Alaska

Phillip R. Mundy

Preliminaries

In tracing the literature on the development and use of performance curves in the
salmon fisheries of Alaska, [ have found wo distinct lines, one of which is rather shert. The
short line is the Bureau of Commercial Fisheries research in southeastern Ataska which cul-
minated in the work of Elizabeth Vaughan (1954}, Vaughan characterized the migration of
pink satmon by a generalized probability density fuitction which could assume various forms
depending on the parameter values. The analogy between migration in  fixed reference frame
and a probability density function in the time domain was an important conceptual achieve-
ment, since in one stroke it removed the variability of fluctuations i abundance and estab-
lished the relevance of a body of literature in mathenatical statistics 1o the study of migeation,
I used the same approach in my dissertation work (Mundy 1979), however 1 was ignorant of
Vaughan's work until it was pointed out to me by M. Alexandersdottir in 1980.

The longer line of research is the work of members of the Fisheries Research Inst-
tute, FRI, University of Washington. which is exemplified by W F. Thompson's ohservations on
the shift in timing of Columbia River chinook salmon (€2 tsheareyischen catches from May and
June toward July and August with 2 concomitant loss s productivity fron the entire system.
Thompson attributed the decline in caiches to differing reproduciive potentials of the various
timing segments of the migration and the differential exploitation of the timing segments by
the fishery. Thompson's influence is seen in the work of the International Pacific Salmon
Fisheries Commission. IPSFC, which he directed for many vears (Thompson 19-40; sce also
Schaefer 1951; Killick 1955: Gilhousen 1960; Henry 1961} and in the work of faculty and
students of FRI: Bevan 1962: Sheridan 1962: Royee 1965: Narver 1966: Dahtherg 1968 Math-
isen and Berg 1968: Roberson and Fridgen 1974 Mundy 1979: Mudy and Mathisen 1981
Hornberger and Mathisen 1982; Brannian 1982; Alexandersdottir and Mathisen 1982,

Both lines of research have merged in the current dissertation work of Alexanders-
dottir; the work is focused on the extension of concepts outlined by Vaughan for pink salmon
of southeastern Alaska, and ivis being direcied by Mathisen. a student of Thompson, Perfor-
mance curves are now in use, or under development. for hanest control of adult salman
fisheries on Puget Sound and in Alaska from Dixon Entrance to Kotzebue, and in every case
such work is logically descended from the concepts of W.F, Thompson. Fhe texts for this
lecture are Mundy (1982a and 1982b),
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The Chinook Fishery of the Lower Yukon River

In june of 1980 | first visited the Alaska Department of Fish and Game, AIF&.
facility at Emmonak on the Yukon debta (Fig. 1, The Yukon is a vast drainage basin of
330,000 square miles, about two-thirds of which are in the United States. Some chinook travel
over 2100 river miles to spawn in Canadian arcas which lie ooly a few hundred miles exst of
Juneau, Alaska. Chinook are harvested at various points along the river, but the majority are
taken by the subsistence and commercial fisheries of the lower river.

The fishery is smail by Alaskan standards, taking annually about LHL.000 chinook
from set and drift gill nets. including those catches from two statistical areas above the delia
1o Old Paradise Yillage which lies about 300 river miles from the mouth. The majority of the
catches of the lower river come from the delta arca. Initially the research project examined
catch and effort records from all of the lower river (Mundy 1982a}, but iy remarks wiil he
confined to an analysis of the records from only the fiest 03 river miles, die delta proper
which ends a1 the Anuk River.

The harvest control objective is to deliver a guideline harvest level set by
the Board of Fisheries. The harvest level for the lower river is an approximaie historical
average of catch. and T interpret it to be that level of catch which, on average, will do no harm
to the stock since populations have borne that exploitation over a long period of time without
heing perceptibly diminished. Considerations of stock and recruitment are difficult 1o include
in setting the harvest comrols because data are Lacking: no quantifiable estinaies are available
for escapenient to the many spawning areas to which stocks caught in the Yukon delta are
bound. Harvest controls are implemented by the opening and closing of lishing periods and
by restricting the mesh size of gillnets in the chum salmon fishery which follows the chinook
salmon migration,

The proportion of the available stock remaved by d unit of effort in 2 unit of time
(boathour) has probably changed upward during the past ten to twelve vears. During the first
ten years of ADF&G control over the fishery (1960-1969), commercial fishing operations and
cquipment were relatively unsophisticated, as were the processors who bought the fish. The
prices paid for chinook were quite low, $4.60fish in 1969, and no one was seriously inter-
ested in buying the chum salmon which could be caught during and after the chinook season.
Tn the following decade the rapid rise in prices paid to harvesters (§20.32/41sh in 1977}, a
development of interest in chum salmon egys. and increased competition among processors,
hrought about substantial changes in the fishery. Investment of increased income by the
harvesters and processors has most probably increased the rate at which the unit of effort
takes chinook due to (1) decreased delivery time. (2) increased tender capacity. (3} in-
creased vessel capacity, and () improved communications among hurvesters with respect ot
fish locatior. A fifth factor of interest is the inceeased incidental harvest of chinook in July due
i the increased effort on chum.

It is no surprise that the time open to chinook fishing has been steadily reduced in an
attempt Lo counler the perceived increase in the efficiency of a unit of gear, In 1963, chinook
fishing was authorized for 24 davs while in 1980 only 12 davs were open. Such reductions in
fishing time are cotnmon in the evolution of commercial fisheries, and these reductions are of
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61 18.0 18.1
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stratundid notdifferfromthoseof theharvesimanagemebtologistvhohasviorkedin the
area or overfifteenyearsWhilethe performanceurvedid nobetterthanthebiologistit is
obviousl successiubansfpassinglongtate-of-the{aarvesontrotothenext
generation,

Theuleattachad theperformancearveéodetermingpeningandclosingare
apparentiitesimpldf thecumulatieatchsconsisteniththeguideiinearve stvel,
thenthepredeterminegatterrof openingsvill becontinuedForexamplén 1987the
patterwadixedat 12-hounpeningsnMondaysdrridaysjncehisamourtdfelforat
averagmpulatidevelsvagxpecteddelivetheguidelinbarvestévellf thecumulative
catchis overor belowthelevelconsistenwiththeharvesbbjectiveit is a questionfthe
magnituadthedeficibrexcesssumirthathetimindhaseeradequatalgtegorized,
a defictouldmeam lowevebfabundanemdishingnayecurtailedAnexcegsroba-
blymeana migratiamhiclismoreabundatitaraveragsothatheguidelinearvest
levelactrrally rangefappropriatearvestsiaypeexceedethusheapparesimplicity
oftherulesanrapidlylecaintoa compleseriesfvalugudgmentghictarecharacteris-
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tfcofmostommeraiariniearvesontrgirograrmmyexperienttisherehathe
Yukoresembkegergthecommerdishergndd depafbrmorgeneradpics,

The Practice of Harvest Control

Mosbfthecomplexitfformulatinglesaroundheperformancervearbe
defeatda) I! carefullgvaluatinehaivesibjectivemdherelativeneribfthedata
categorlefortheheadftheseas@nd! refusirtgmakanynajolljustrnenis
theagreed-upagicharvesbntraysterdurindieseasof furtheecessgs
pastmortenexaminatiofitheharvesiontroprogramwithira fewveekaftetheendof
theseasogeriousistakan judmertiava wagfappearingsandesseriouastime
goebyuntithesamegeriousistakasrepeatedasa@iteseasas'standaogerat-
ingprocedure.'Clearlysoineformalreviewmechanisnfor theconunuaévaluationf har-
vestontroprogramsnecessary.

Oneapproattthanstitutioevaluatiamdenewadharvesbnti pro-
cedureghichanatteinptitajmplemdnilaskatoestabliahcoinpuppgrain
eachreavhickervesthalepositagpdhowcasalharvesvntrgirocedurasd
theassociatiatasuchgperformamave€omputarsnoinagipanaceaaal
scientificoblems theofterutagndhevesompromislogiothighdevetorn-
putelanguaiptheperfechediumwhickodescriltiedasitorthalisposattensf
millionsfdoUaddfisherigsoducemcheasohtbftheobjecticemponeoithe
harvespntrgirograarénthecomputprogramndhesubjectis@mponeats
outsidaerograr@onfusioreatdatheatteinpojustifsociangoliticalbjectives
intermafthehistoricperformarafthdisherngeaxlfecognizatkliminatéds
easyoseavherasciencendandoolicybegingdt isalseasyodistinguidietweamneU
foundehlypothesasdhosevhicmeednorevorkwhentcometimetocodehecon-
ceptintocomputetanguage.

EvaluatiamdenewarereadilaccompUshextausmyonehadesire®
guestiotiheharvestontroprocedureargeexacspecificatioasdoerformancerves
froithecomputprograandittendatdtéilesReseanp@rsonreelprepasnaly-
»edorpresentatiatthgpostmortemandpotentiampaatarbetestedh simulation.
Ultimatetlreindividuatesponsibier theconsequenoétheregulatiomsustieciden
therenewalfoldconceptndtheincorporatiafnewconcepts.

Thesimulatioaspealscopenspa nil horizoim fisheriesfucatiorifthe
harvestontroprogramsndiatebasenanagemervt»teraredesigngdmimiche
actuglerformarmftheisherthetyrelativetyinomodificatithregarbeuseds
traininglevice®rnevharvesiontrobiologistSuclimanagemdnyATARR!" would
aflova trainempithisor herskdlagainstll ofthehistoricahformaticavailablfera
fishetyrelivingnosofthecriticabxperiencda veterananagénthecoursefa few
weeksExperienoevebeforavailabtleveteramanagecsuldegainedl! thetrainee
if thesimulatioprograrhactheabilityo createnigratiimaithdiffererdombinationg
meaandrarianc&hicialithirtherealnofpossibihrgyethougimevebeforseeim
a particuldishenSucla prograwfinstructiomouldorovidexperienaediscerning
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thdlimitationsffisheriedatan a particulareafinteresgndngenerarlherialand
errormethodftrainingpprenticésthetechniqueshatvestontrolvouldhotbeelimi-
natedyuttheprocessouldedrasticalghortened.

Summaryand Conclusion

Thebasisimplicitgfa harvesbntrosystewomposerda performanoave
anda sebf rulesfor its interpretatioris intellectuallpppealingandit isalsoanaccurate
refiectioofthewayharvestontrohowoperataa mo»tommerciadarinéisherieét
presentheperformanceurvemaysimplyhecarriedin themindof anexperiencetiarvest
controlpractitionerandthe rulesmaybe unwrittertradition butwherevefishingoperations
areactuallgirectetb achieveomebjectiveucha systeaxistsLhechallengsto
describendguantifiheharvesontrosystersothaknowledgarheadvanceldfish-
eriesnanagemeantdn particulatheharvestontrobfcommerciisheriessevetobe
morehara cottagadustrgtaffedysomewhgiftecamateurthenheprocessfdefin-
ingandinterpretinghe harvestontrol»~ternto generahudiencemustgoforward.Mathe-
maticatomplexitys no substitutéor facingthehardquestionsurroundingontemporary
harvestontrol.lt remaingo identilythosereadilycomprehende@lementatbuildingblocks
whicltaruniteandsustaitheprofessiafharvestontrobfcommerciadarindisheries.
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AMPLING CONSIDERATIONS

Terrance). Quinn |l

Fisherismnagenisatathéroadoncegimbracidgtaollectidainoni-
torboththefishpopulatioandhefisherydataanalysteestimafgopulatioparameter»,
andlecision-makigpohtheanalyticgakultBeneralthegoalsflisheri@sanage-
menaretoconsetwhefishresourcégcontrofisherieswheroverexploitatisa proh-
iemaridomaximiaeoptimizkeyieldrontheesouraetermefbiologicabciolog-
icalanetcononmparametdédecaudataollectiamdamplipgogransachieve
thesgoalmayftedimitedrimpropedgsignédeonceptsamplingsigo
providmanageniefirmaticeguirgaorattentithamabeegiveititheast.

Previodscturemthisseriehaverovided comprehensivervieaftech-
nigueseidsalmonanageni@émndhdinalkecturathiseriewlshithéocu»
tomanagenwnbnanadromasnishpopulaticarsdinparticularthePacific
halibutesourc&hidectursvillbedevotesamplingchniquésrthedataollection
phasaffisheriesanageineitte mphasisthenonitoriefpopulatiabundance.
ThaeubsequemaptényDr.RichaBlDeri»wifipresequantitatieehniques
analysiflisheri@sformatiandheletectiofpopulaticesponserelatioun>
fisheriesnanagement.

Therarethreamajoisa<nplipgoceduraesedbytheinternationBlacifitlalibut
CommissiodAHCfor<nonitoripgpulati<amundance:

I, Collectio<iof catch and effort statisticsfrom fishermen,
2,SamplinfjuveniEnadulpopulatiamsingtatioorgricsurvapproaches,
3.Samplifpageompositioithecommeraiakchffishermen.

inthigpapethecurrersamplipgograisdescribéateachrocedusdth
emphasisassumptiandimitationsinterpretitigdatasa measwfahundance,
SamplipgpgrarasaeviewadnualbylPHEtalkodeteclelicienci€belevelop-
mendfsample-sizquiremeistiiscussiadermesfreducingriabilivfextimation.
Finallgertaie»timatE#Fabundarasbtaindxtheproceduascontr~»ted.

Background

A comprehemsigeriaithePacilicalibygopulatidisherieamana<iage-
meni»foundn IPHCf978!. ThePacihbalibuisa long-liveldottom-dwellimgigrator!
llatfisivingpa maximoiid yearand maximwraiglaf50@oundBacilicalin<n
arefoundromCaliforniaorthwarthtotheBeringeaFiguré !. Adulbaiihutolderthan
ag@8! migraseasonditynmspawniggoundswinteiofeedirgroundissummer.
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110 100 110 100 100
Figur€l. PH regianSegulatOCayea&ndorincipasamplingorts.

Eggarespawnédd deepvaterandeggand arvaarecarriechorthwarandvesbvaid
thePacilicOceanluvenilesnigraten theoppositedirecuon presumablio counteracthe
larvaldriftandto replenisttheadultpopulation Skud1977!. Thespeciegxhibitssexual
dimorphismin growth,maturityandmortalib.withfemalegrowingo largersizeandolder
age,

SeveréikherieaffecthePacifibalibupi>puiatiofs.longlindvook-and-line!
Fisheonadulthaoperatecbntinuousdincehe BB !Bell 9B1provides good
descriptiarftheearlffisherandtsdevelopineothepresenEixed-hogeahaseen
mostprominenin thelonglinefisherywith hooksattachedi thegmundlinevithgangions
ata fixetlook-spacintheproportionfothebyesoflonglingear sna@ndauti>rnatic-
baidnggear!hasincreasedn recenyearshecausthesecanhe usedvitha smallecrewto
reducdishingcosts Theavailabilitpf easier-to-usgearandtheadvenof limitedentrvor
reductioimfishingeasonsfisherie®rothesspeciesuctassalinohagesultetha
greatincreasén the numberof vesselfishingfor halibut By 1985thisincreasén fishing
elforthadreducedhe seasotengthto fivedaysn southeasterlaskaandsevemavsn the
Gulfof Alaskawithfurtherreductiondikelyin 98'.

incidentafisherieslsohavea largampacibon Pacifichalibutandincludeforeign,
domesticandjoint-ven urdottomtrawling shriinptrawling,andcrablishingwith poLs,
HalibutaughtiththesgeatypearenotaUowed bere ainedyutmortaliftomcap-
turehasresultedn estimate@nnualosse®f 10to 20million poundsBecausthehalibut
caughtncidentaUgregeneraUymalfishageneto sixyearsthelossalectstheamiiunt
of Fistavailabldéor cominercialonglinecatch.Recentlyincidentatatchlossehaveac-
countefbr $0to Srercerdftheestimatadtasurplugroduction,
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Sporfishindorhalibubhasbecoinamcreasinghppulamyitha currergnnual
coastwideatchof atleastonemiihonpounds IPHC1982!.IPHOntendgo monitorthis
rapidlyncreasirfgsherglosely,

IPlIChasmanagethePacifichalibutresourcesinceabout19.!Zwith responsibili-
tiedorbothresearchndregulatioRrincipdPH regionandregulatogreaareshown
in Figurd. Itsregulatoractivitiehaveincludedmpositiorof catchlimits,time-and-area
closuresminimumsizeHmitsJicensingfvesselLgearrestrictionsandothercontroLs

IPHC 19~8!.

TheNorthPacifidrisheryanageme@<iuncih theU.Shasresponsibilitfor de-
velopingnianagememiansfor manyfisheriesn the Gulfof AlaskaandtheBeringSeaand
hadeernstrumentaldevelopirrgstrictiormincidentaktriofhalibutrheCouncil
mayalsodevelom limitedentryprogramfor theiiniied Statefalibutfisher!. Thellepart-
ment of Fisheriesand Oceansservesa similar role in Canada.

Catchand Effort Sampling

A descriptiofithecollectioandprocessimjcatctandefforstatistiassedy
IPHdsgiverbyMyhreetal. 977!, alongwithdetaileccatchandeffortinformatiorsince
1929 Theestimatiofirameworlandmethod®f combiningatchandelfortdataovergeo-
graphicegionaregivetyQuinretal. 987!, togethavithreferende datacuffection
ss>temaf otherorganizations.

ThecoHectiafcatctandeffortlatasdirectetbwardwogoalsiecordintpe
totabmoundffishcaughginddevelopimgtimategcatctperunitofeffort CPUEsan
indexof populatiorabundanceTlhelirst god is achievethroughtherequiremenbyother
agenciethataHfishprocessorfill outa fishticketcontainingatchandpriceinformation
foreachandingffish AHishticketnformatiois eventuatbffecteaylPH@ersonnel.

Thesecondjoalis achievethroughtherequirementhatafffishermerogtheir
dailycatcheffortandocationffishingNotaHnformatidnomloghooksarbeciiffected
or usedhecaugberaretoomanyishermemanijnremotéocationgnfterthe
informatiorprovideds inadequate&Samplingf catchandeffortdatais necessarilgpportun-
istic:IPH(personnestationea@tportswherea largenumberof vessellndfishattempto
obtaimsmanjogsaspossibl&iguré showmanyfthes@ortsAtpresentnlyogs
froinvesselwitha fixedhookspacingre usedn the CPLIEBdex,hutlogsarecoffected
froinothergeart les aswell. Effortinformations standardizelbasedn thespacingf
hooksCurrentlysableginformatioiortheCPlindexs samplefdoinZ oercerdf
thetotalcatchin Canadal4percenin southeasteralaskaand50to sO percenin theGulf
of AlaskandBeringSea,

CPUEBestimatdtbmcatchC! andstandardizetfort E,!l'roneactiogbook
i! usinga ratioestimator Quinnetal, 1982!

CPUE XC/XE,
TotatatchClisknowriromfishprocessoecordsandotakffectiveffort E! isesti-
matedoy

E= 'ICPUE
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Thedistributioof CPUBfrequentskeweithfisherieshere feshshermen
catcla largeguantitgffishtharthemajorityrurthermorneestimataftotakffective
efforhasCPUiA thedenominatevhichmakeg glistributionncertaimhus;carenust
hetakenvhemakingtatisticaiferencesbou€CP iBrtotakffectivaffort.

Theprincipassumptregardi@iP Ughatatchabffibgorobabilit!»f
catchirgfish»8tmaunibfefforisconstaovespacertimeCPUga validdenf
fisldensithethigssumpistnuenthesenseaitdarge-saraptenastows
thesameendslensitisampdeesnotargthethevariahiftC P Ukastill
precludisutilitasanindextoPacifitalibdatapnestudguggestedif thecoeffi-
cierdfvariatiofCPéceedefercetiiethsamplatevermadequate

Quinnetal. 19112!.

OnegroblemittCPURhagareasffishingoncentratinaghifovetime,
ThE€P Uiitlexilbebiasaathisasenlessshermstribubemselyesgraphi-
callyrelatiadfiisldensi@nsolutidothiproblesiostrati§PIdathyregion
andoweiglgtackt PUsthebottomreaccupidgthepopulatioQuinat«].1982!
Howevarcomparisdeffort-weiglaadirea-weigt@&dU EisinBacifttalibut
datahowetbessentdifferendesrendsuggestihgthigpr<>blerapohema-
jor.

Anotheproblerwithinterpretati@iCPI'felatanvolveheentrefsubstantial
numbenfnevAshermiaetdhePacifitalibdisheriloonharenangfthenmex-
periencdleypftetishwitrsmalleressalsingnap-aeandiffereateaharnhe
morexperiendeshermesingxed-hogéaandargeresseBevemoblemgh
theanalysfCPUkgthaveesultdtbnthisncreasetforEirsthdengtbfthe
seasdraseconseibstantialgrtenmostegionheffedfa shorteeasanav
haoincreaSe Wi ¢otheggregadiffisiinspitetdcalepletitrthgopulation.
Secondbypblenofgeacompetitiarithmoreessealperatingouldctolower
CPUEhirdheelativamounfcatcHueofixed-hogkanasliecreasedpeciailty
southeastlaskacreasitigvariabilityCPUE.studgdetermittesstandardiza-
tiorfactdiorsnap-aeahadeenompletddyhranduinrl, 98 showirnlhat
fixed-hoakdsnap-geahavequabciencitgcatchimacifitalibuth>waver,
resulfsomogboakatéaveotbeenonsistamongarsegionsrmontherwith
experimestaldieShus pressitmncerfiorlPHStodevel@psetfselection
criteridorlogboolataoassurthequalitgontrobfinformation.

Eveiithdormethre@roblenasalealviththeassumpudoonstardtcha-
bilityssubjetaquestioBnvironmerseblogicatbiologicictomrepri>hahly
involvetheesporafishohook-and deandherobabibfihéargepecies.
suclashalibutyeingaptureththepresenasf othespeciesorPacifibalibutsubstan-
tiakvidensaggethsitatchabilgpotonstanvetimerareaRecenthgtimates
coastwidwmlibuabundanbavéncreasegbout- perceperyeanwhileestimates»f
CPUtavincreasé@o20perceperyearmnalysidCPUtataising delav-
differenoeodeDeris@9NIDerisanpublishgdbduceshnuaktiinatefsatcha-
bilitywhickartonsideratetime Figur2! especidlyeceriimegrexampoé
potentighangesatchabiltCanadscurrentindestudogfigitopufati<aras
currentlyathighlevelsyhileCPUBf halibuthasnotincreasedin contrasto otherareaslf
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Figure2. Estimatesannuatalchabilityasednappicatiomfthedeiay-differemoedeo sellineatcland
effortlatdor halibubfthenortheastePacifi©cean.

doglishrecaughtythegeabeforéhegeareachdbebottomherCP Igfhalibuis
underestimat@thepotentiaffectefothespeciesnhahbu PUBuchasfeeding
satiatioar nicheseparatioarenotweHinderstoo@husinterpretati@iCPU&sa
measureof abundancemust be madewith caution.

Surveysampling

Analternativenethodo commerciahshenstatisticéor monitoringabundancesto
desigacientifisurveyafthepopulatiogenerallysing collectimfstationgyidsor
transectsrer fishingrounar regiomfinteresthessurveysarnbeciassihda/ife-
slagand/opurposeggandarvaguvenilgdultspawmrmgoundeedinground,
taggingeatestingtc Surveysindrawheaarefrequentlysedormonitoringbun-
danced comprehensiskimefpaperselatetbtrawkurveglesigandanalysksas
beemompletedoubledandrivard 981! TrandurveyerPacifibalibujuvenilese
describdayBesandHardmar®82! . l.onglinsurveysrPacifibalibuadultarede-
scribecbyHoagetal, 980! .

interestinglmlyoneeggandarvasurveljaheerarriedutbylPHGindthat
wasnthel19505ThompsandvanClevu®365kudl9'?!. Thessurveyarequitexpen-
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sivandakenanyea®completeyrthermagggandarvaarenoeasifpund,
becaubegrearriggteatistancedeepwatemeniSmirgjspawnmgvar!
annuallandnsomeareasuchasBritislColumbgpawningpncentraticasdificultto
findfthestudyouldepropedgsigremtinonaveravailalde)esurvefeggs
andarvasoultheextremdiglpfuhunderstandingemopulatidgnamicthali-
but.

Trawdurveg§uvenilelibutavbeenonductsthcd 963PHBasnnually
surveyfrdnfivaéotemmajoregiorfsonCanadatheBerin§ed ravgeaisselective
fosmdishageméeosixhntiendgspreferationgligedoisurveyjmgeniles.
Someegionhavefishorstationsyhictaresurveyedthtrawl®f9 Immmesifior $0-
minutéowsandtherdhavinshorstationshicharesurveyedthtrawl®f42mmmesh
for! S-minutewsl henajopurpos#thguvenigurvagtoforecasituradult
abundanegétfsubsidigryrposefieterminigpwtisexancdigeompositiand
migration BestandHardmari 982!,

Thenajoproblemithjuvenikurveighaendenefjuvenilasaggregate.
Abowd0percenffistspeciesdounthschootguvenilas®Opercenbntinue
schoalsadultsBurgeaadShad979!Adutialibetreprobalyoréerritoriaind
eventistributdubjuvenilandencarecasigosampl€P\fEbntrawdjeais
actuaklymeaswfeoncentratiathethambundanbecautedatgeneratipnot
indudseardimenfishinglfortQuind980therefotieaesulferscho<ilingen-
ilesardhighlyariablEurthermarencentratidjoivenilesayarpveseavitime,
andegiomeflectitigedistribuuofieinperatysatteriiddee pwateirrentand
probab!yotherenvironmentalonditions BestandHardmarL 982! Theséactorsaaredis-
cultohandiaexperimemtesigiPHBasattemptweaccoufdrthigproblemthe
BerinGeayherguvenilesresampledntheshallovlatsBecaugheconcentration
appeats beteinperature-dependantplinigntheHatss continueith onedirectiim
untihgjuvenilasfoundBesindHardmar®825tillihanierpretatmitrawCPUE
dataemaingroblematiauetovariability,

Anotheroblemithjuveniturvedatésthatheestimatesyobea reliable
forecasffuturabundanbe-igure jkvenilePURtheBerin§eandheG ulbf
Alaskaplottedvetimel henediaag®fsurvgyvenilesmbouhregearsience,
thesestimat&souldecorrelatadtitheestimatadmbefeight-year-Gitgears
laterThigstimatedmberhiclsfairiaccurageceporthdastewobservatioss,
derivddonupdatedhonalysi®uinatal. 1984andsplotteith Figur@ovetime.
Contrapintuitiotheresa negatifany;orrelatiforeitheregiohetwesuarvey
CPUindhbundandablé . Itheestimatefeight-year-aldsotaggethecorrela-
tionaresignificaamgositivdablé. Thesmorrelatiomshiologicadiyincut
interprePerhamvailabilibffishoverallagesnayeaffectelayenvironmentahdi-
tionsandhuscatchabilibfbothonglinandirawheawouldeaflectedvetimeDue
loprobleraéthisorta thorougiivestigatditd PH{Tiveniturvagbeingon-
ducteoyC Schmit¥l, SrisheridgesisiniversiyVashingtompreparation!.

ThedubktagefhalibutadeeramplétiwdndexegiongieKodialkegion
intheGulbfAlaskendheCharlottegiomCanadgigurk!, I'hdirssebfsurve!»
wasompletiedl 96%19&6dndudedtheregioremnvellhuihesurveysere

discontinued.
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Table$Spearmamborrelationsrv&PUEihderngpaB SindutitA laskaAtitestimated
numbeeight-year{difioroohahalysifiaumbeeight-yearigidg egtiveeansthdirst
analygisquatear-claasestigelatset3 haumbeight-yearisldiaggatiesecoadalysis
to suggestalchabilitgtlects,

FIRSTANALYSIS SECONBNALYSIS
Lagged! Untaged!
Yearsf
Surveyndex 1963-1977 19681982
Yearst
CohorEstimates 1963-1982 1963-1982
Correlatiaot
BSandGA 052 0.61
P-value! .023! ,002!
Correlatioot
BSandNB 0.11 0.83
P-value! ,347! .001!
Correlahant
GAandNB 0,60 0.62

P-value! 009! .002!
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TheneetbramalternatiestimatéabundamnaseaffirmeégiPlIurinthe
populatiateclinefthe1970sandheKodiakndCharlotwurveysavéeeronducted
alinostiveryeasincd 976Hoagtal.1980In 1982hesurvey>~temagxpanded
includhesShumagindoutheastdaskagiorasvellTheurvagstandardibgd
usingnlyixed-hotdnglingeafishinthesamstatiomachieamandeepirbe
sameettirgndaul!rechedulmitypandrderinghhookandwhepossiblieme
ofyeaThsurvéas'th@imanyoabfobtainimgunbiasediernfCPURatsnot
influenceglistributioffishingfforbrothegear-relatadtorgurthermahe
surveptaingormatmitheizeagandexomposit@aichabskincluding
thoskelowhaminiinusizémiforcommeraatcheSegkompositmithecoinmer-
ciaicatchcannobeobtainedbecaus¢hefishareevisceratedi sea.

Somefthesam@roblemsfcatchabilitiatffeactommerci@lP UkiHalso
affecsurve€PUEuUrthermorteamoundfsurvefyshingffoiti»farlowetharm the
commerdiahetandhdowesampkzeindoubteitigreasesriabiTitgstimated
CPUérnhethehandhecarefuesigrfthesurvesfiminateyangthecatchability
factorspthasurveyPURayurroutobea heltémdegfregionabundance.

Thavailabdatahoywromisedeterminicigaracterisbitisecatctalthiiugh
theshottimeseriesfsurvajatatpreseptecludesbstantaaklysistheCharlotte
survegPUBmuclowetharcominerc@PUFigud!, becauparofthesL e!
extentieyormbmmerdiahingroundRecentheCPUBrbotsurveandommer-
cialCPUBE®mveeersomewhimwetharinthe1960sndodidatsetsincel 96 have
showmotrendn populaticabundanc&verageeightffishin the»urvesatcthasbeen
betwe@sandb5poundmdhepercentarfiemalésibeenoughB80to90percent
byweighthg@ercentagffemaldégnumbéslowegboldltii 70perceriecause
averafpmaieeighishigheTheexnformatibadeeparticu!adgefuhexplain-
ingthelowCPUR Charlotia recentimesAnalysaf survegndcominerciahtcliata
hasuggesthda changegheminimusgizéimiin 193»hifteeffofromground»
wittsmaHeraldalibubgroundeitiHargeiemalealibutvitrenimpacinreproduc-
tivavalueffemaleBeri»anduinf@85! Withaimesurvedatahishypothesisuld
havebeen difficuh to examine.

IntheKodialegiosurveyP UahcommerdiP UHavbeefairlglosever
tiineandothhavimcreasgrbatbincd 976Figurg!. Averdigweigluf<Co pO
poundshighahaintheCharlottegioandeasonabbnstamtetimeT hgercent-
ageffemalésabo@0to90percebyweighsjmilaiotheCharlodarvey.

Samplingpr AgeComposition

A comprehensiwlimefpaperselatetbsamplingf cuinmcrciabtcheer
ageompositisradeerrompletedoubledayndrivard 98.5'Athorougheviewfthe
samplingfcoinmerci&acifibalibutatchésfoundn Quinretai, ! 98.'ialanda
shortummanicurrergamplinigsigspresenteduinatal. 98!b!. Thepri-
marygoabfthessainplingrogramisto analyzberatchbyagewhichthercarbeusnl
toinferhepopulatioagestructureQuinrelal. 1984!Theprimargamplingpproactor
ageompositiostwo-stagamplingyhereia lengtfrequensampleffishistakerin
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thefirststageanda subsamitishfromlhelengtisampliestakerioragingnthesecond
stage.

FoPacilicalibuthesampligsigmbeenarefultpnstruct8dmplirgg
donatporLthateceiva largporliorofthecatchFigurel!. Theraretwoimportant
samplingpnsideratiogis portwhictvessets samplandhowmanyishfromeach
vessdébsamplé/esseklectiofollows stratifiedndordesigrinthavessetgecho-
serrandomlyutaccording stratdasednlandingizeSmalldandingaregenerally
associatedbsmattaresselshichmayishdi8'eregroundtharargevesselSamplers
areablaodetermintesizeoflandindgpeforsamplinpecausevesseiakea "hail"
uponarrivalin port.

Thesamplingffishfroma vesstlllows systematimdordesigrialibuare
unloaddidoma vesskllargeargmelsrsling-A samplémrows dieandsamples|
hsHromtheslingviththastartingumbeandeversisttslinghereafteBystemasiam-
plingdistributesfforthroughotiielandingndprtscutssampldriasThesamplingites
1/18.6 percentdfthefishfronvesselandingrleast.00@oundatsampleglorts,
whichimnslatéatoanoverakbamplingteof 4 percemtherdatdromunsarnpledrLs
andsmalleandingarcaddeth Quinretal. 19%al

ThemechaniofsamplingrequitesimpleThesamplespentheleftauditory
capsulefa halibutremovesgheotolith earbone! andstorest in a container.Vother
measuremendgsetaken becausthelengthandweighof thefishcanbeestimateffomihe
weighofitsotolithinthelPH@boratorg, subsampifotolithordeterminatiofage
israndombelecteavcomputen proporiiomothefrequenofestimatdengthsfthe
tish,

Estimatiafageompositiaabasednthregrincipedassumptions:

i. Thatheestimatiasflishlengtiandveightromotolithésunbiased;

?.Thatthesampledengthfrequencys representativaf thecatch;

.hThathesubsampleraging choserandomly.

Firstcatchn numberG isestimatdd/

C= TW,
whereT istheweightof all vessdlandingsn theregionofinteresandW istheaveragef the
predictedeightsfotolithéromsamplaakernntheregionAlthoug¥ isnthedenomi-
natorof C thevarianceof W isgenerallysmall obviatinglistribudonaproblemsSecondh,
theproportioofagek fistinthecatclokisesumatday

ok ~ t+ioilk
WhemiStheprOpOrti@hiSinlengt@ategifyonthdirSEtageSamplimagd-~I,
istheproportionof agek lishin lengthcategory fiom lheagingsubsampléd=inallycatchat
ageCKortheregionsestimatexy/

C Co
Otheformulatragecompositiorariancestimatasethodsf combiningataand
samplesizerequirementaredetailedn Quinnetai. 98!a! . ForPacifichalibutatleast
600otolitharecollecteftfomeacimonth-regiatratumf possiblégra reasonable
estimatef agecomposition.



A potentiptoblenwithiPHC'samplingrograrforageoinpositiaathereli-
anceon predicuorof fishlengthandweighffrotnotolithweight,Thepredictivaelationships
weralevelopedthdatacollectenth thepasandnaynotapplyocertainegionseasons,
oryearsConsisteamhancemerithedatebaséordevelopimmg monitoringredictive
relationshipss essentidbr thevalidityof theprocedureputthecoUectionf thesalatais
oftendi5cult to carryoutin practice.

Logisticploblemalsaarisen translatingesamplindesigimtopracticel he
distributiorof landingshangesvertime,inakingit di5cult to obtainsuScientsamplingn
certaimegioner seasonkandingperatiomaaychangatsom@ortsmaking diScult
tosamplatthespecifiedhtesf atall,Fortunatetiiecurrensamplindesigfor Pacific
halibutis fairlyeasyto carryout, sotheseroblemsareconsideredninor.In oiherfisheries,
theraresubstantishmplingroblemis practiceDoubledayndRivard985!.

Finallythevalidityof age-determinatiageachniques animportantonsiderauon.
Formanyfishspeciesno suchvalidtechniquénascurrentlybeerdevelopedr thereis
controversyetheappropriatechnigue use E.BestiPH(ersonabminunication!,
Althougérrorsn ageesumatiarenotconsidereédbea majoproblenforPacific
halibuéxcedbrolderagesanoxytetracycliradidatiostudysin progregeassuage
Controversy.

Theinajorscientifigprobleinwith samplindor agecompositioris theestimatioof
populatiorsizefrom catch-agdata,HoagandMcNaughtorf78!  appliedcohortanalysito
catch-agkataoestiinateistoricalbundanoéPacifibalibuandtheygivea goodeview
ofitsassumptioasditnitationslistoricallpgbundaneedCPUghowhesamérends
overtime,althougtthereareshort-terndiscrepanciedHoagandMcNaughtoh978Deriso
andQuinrl983Quinretal.1984!. Th@roblerfobtainingecentstimatesabundance
byupdating-ohortanalysihiasbeernstudiedby manyauthors Doubleday976; Quinnetal.
1984severgapers1DoubledandRivard 983!putseverainresolvegntoblemare
stillpresenfy newnethodfusmauxiliarinformatioerisoQuinnandNeal 985!
resolvesomefthes@roblems.

Cond usions

Thispaperhasreviewedheassumption$imitationsandapplicatiorio Pacifichali-
butdatafthreesamplingchniquésrdeterininiranindesor estimatgfabundance.
Samplinytheuseofdatancatctandefforinvolvassuesfconstanofcatchabilityf
fishandvessehggregatiomndof datalimitationsSurvegamplindnvolveshesdssuess
welbghos®fscopandimitationsfsurvegiesigrBamplirfigragecompositiomvoles
issuesf thevalidityof samplinglesignpf agingvalidauonandof statisticaésdmatioriNo
onetechnigueanbejudgedsuperiorto anotherpbecauseachhasits peculiarstrengthand
lindtation€ross-validati®probablihebestvaytoestablistonfidendethes¢hree
samplindechniques.
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Results and Discussion of Estimates
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