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CHAPTER 1

INTRODUCTION
1.1 Preamble

2.

This study has two sets of goals:

The development and documentation of a fisheries
simulator which integrates the dynamics of the
Stock-recruitment feedback system, our uncertainty as
to the exact form of this relationship, and the
economic implications for the fish purchaser as well

as the fisherman of the resultant dynamic fluctuations
under a given management policy. 1In particular, we
intend to use such a model to argue that, apart from

a few exceptional cases, fisheries management should not
and need not be based on steady-state models. Also, we
wish to demonstrate how Bayesian reasoning can be used
to incorporate uncertainties as to future recruitment
within the model.

The application of this model to the Georges Bank
yellowtail fishery.

The Georges Bank yellowtail was chosen for the initial

application of this model for several reasons:

1.

Its importance. The yellowtail is the single largest
New England finfishery in terms of revenues. Gross
landed revenues have been running about $20 million
per year.

Its relative simplicity. For all practical purposes,

this is a strictly domestic, strictly commercial
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fishery. Recreational fishing, with its attendant
data and economic valuation problems, is not important.
The fishery is, and has been for some time, exploited
almost exclusively by Americans operating for the most
part from three or four ports. Biologically, the
yellowtail is a bottom feeder whese diet consists
almost entirely of small crustaceans and mollusks,
thereby simplifying predator-prey relationships.
For the ‘last five years, practically all domestic
yellowtail landings were sold fresh and for the most
part consumed within fifty miles of the coast
between Boston and New York. Downstream processing
is not an important part of this fishery.

3. The available data base is at least as good as that
for any non-anadromous fishery.

To put 1t another way, we tackled the yellowtail first
because it was the easiest. If we are unable to obtain
useful insights from the model on yellowtail, we can be
Sure that the effort will fail on other species.

The New England yellowtail fishery is based on two stocks
which biologically are almost independent: the Southern New
England stock (sometimes designated as "West of 69°W") and
the Georges Bank stock (known as "East of 69°W"). The New
England Regional Council intends to manage these stocks as
separate entities. This report deals strictly with the Georges

Bank stock. There are two reasons for this choice:



A. The Georges Bank stock, being further offshore, is
not fished recreationally, nor by commercial day
trippers. Hence, landings and effort data are more
reliable.

B. The Southern New England stock is in such abysmal
shape that the correct management strategy is obvious:
no effort. Southern New England catches have dropped
from a high of 35,000 tons in the mid-sixties to
three thousand to five thousand tons in the last few
years. Juvenile abundance indices have dropped by a
factor of sixty in the same period--strong evidence of
a stock-recruitment dependency for this species, by the
way. In short, the Southern New England stock, from
at least the point of view of economics, has been
practically wiped out. We do not need a computer to
tell us the appropriate management strategy is zero
effort and indeed, the New England Council has ruled
that there will be :no directed yellowtail fishery
west of 69°W longitude.

The Georges Bank yellowtail fishery developed somewhat
later than the nearer-shore Southern New England fishery.
Hence, this fishery is still in a relatively salvageable, if
rather unhealthy, state. Table 1.1.1 reviews the recent
history. The catch for the last few years has been fairly
stable at about 15,000 metric tons per year. However, the
catch per unit effort has recently dropped quite

sharply from an average of 3.9 tons per day fished in
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the 1970-1973 period to 3.0 tons per day in 1974 and 2.5
tons per day in 1975. Abundance indices computed from
research vessel trawl landings also dropped by 50% in this
period. More importantly, the age composition of the catch

is much too young. The ICNAF Assessment Committee comments:

Age compositions of catches in 1975 indicate a
large contribution of age 2 fish, although survey data
did not show the increased abundance of this year-
class., In view of the abundance of this age-group in
the catches, it can be assumed that fishing mortality
‘on it approximately doubled. This is the age-group that
the mesh regulation {130 mm. manila) was intended to
conserve, because yellowtail double their weight
between age 2 and age 3. If higher yields are desired
from thils fishery, the fishing mortality on two-year-
old fish must be reduced [ICNAF, 1976al].

Current fishing mortality is double the "optimum" as computed
by almost certainly optimistic models which assume that re-
cruitment is not a function of the level of adult stock.
Worst of all, the low level and youth of the standing stock
may be affecting recruitment.
The level of recruitment assumed for 1976 and

1977 (42 million fish at age 2) is equal to the

lowest level since 1962, as estimated from pre-

liminary virtual population analysis (the mean value

for 1962-72 is 56 million fish). The lack of ade-

quate estimates of discards, both in the directed

fishery and in by-catches, make the estimation of

stock size from virtual ?opulation analysis rather
inaccurate [ICNAF, 1976a].

Even in the absence of a quota, ICNAF predicted a further
decline in the catch to 12,500 tons for the eastern Georges
Bank for 1977.

In view of this evidence that the yellowtail stock is

in a precarious state, the ICNAF Assessment Committee



recommended a 1977 TAC for the Georges Bank yellowtail of
7,000 tons. For all practical purposes, nocbody but Americans
fish yellowtail on the Georges Bank. The total foreign
catch as reported to ICNAF, including Canadians, for 1975

was ninety-two tons. Therefore, if the Regional Council

had acted on the ICNAF recommendations, Americans would have

had to cut back on their current catch by a factor of two.

Instead, the Regional Council compromised on a catch of
10,000 tons, considerably lower than earlier TACS but,
according to our analyses, not low encugh. According

to our analyses, even without a guota, at present levels

of effort the 1977 catch will be no more than 12,000 tons,

in essential agreement with the ICNAF 1976 estimates.

More importantly, our analyses indicate a catch of 10,000
tons will throw the fishery into a severely depressed state
and, unless drastic measures are taken, the catch will
dwindle to a few thousand tons or less in a few years.

The model claims that the cost of this overfishing to New
England fishermen relative to optimal management over the
next twenty-five years will be about $5 million per vear

in net income. The cost to consumers in terms of high prices
and forgone consumption will be equivalent to $6 million annual
loss over the same period, although neither group will feel
fhe real impact of such overexploitation for another year or
two. The model argues that, if these losses are to be

avoided, foreigners must continue to be excluded from the

-



tishery and present levels of domestic effort must be

reduced by a factor of two, and quickly. If entry to the

fishery cannot be restricted, then the model feels a quota
of 8,000 tons per year--rather close to the original ICNAF
recommendations--is required to prevent the stock from
declining further. However, the economic losses associated
with a quota system as opposed to'limiting entry are quite
large, as we shall see.*

In short, this report can be viewed as either an
academic exercise in further developing fisheries modelling
methodology, introducing and investigating several new techniques
in fisheries simulation: or as a stopgap attempt to lend
technical support to immediate, decisive management measures
to save a fishery which we believe to be in real trouble.

The authors, of course, would like to think of it as both.

1.2 The need to manage domestic effort

The 200-mile limit has been in force for almost half
a year now. Enforcement of the law with respect to
distant-water fishermen has proceeded smoothly for the most
part. With the exception of one or two species, which are
not the focus of this effort, it is now clear that the United
States has developed a reasonably effective system for
establishing control over foreign fishermen on its continental

shelves. 1In many circles there is a widespread belief that

*This argument assumes that a rigid quota of 8,000 tons
can be enforced. Recent experience in attempting to enforce
& quota on cod is hardly encouraging in this regard.



the exclusion of the foreigners will by itself solve the
problems facing our continental shelf stocks. This position
cannot withstand scrutiny on either theoretical or empirical
grounds. If the Georges Bank stocks are to recover and if

we are to obtain maximum economic value from the stocks,

we must not only exclude the foreigners but also develop
tight and effective control over domestic effort, at least
ﬁith respect to the high-value species. To see this consider
some recent catch statistics (Table 1.2.1).

Table 1.2.1 lists the Gecorges Bank/Gulf of Maine (ICNAF
Subarea 5) catch for 1973, 1974, and 1975 for the major
swimming species. The catch volume numbers are ICNAF figqures
as reported by the member nations. As such, they are subject
to some error. However, these figures are continually
reviewed by knowledgeable scientists of all nationalities
who have independent data on level of effort by nation, catch
per effort, and abundance indices. Therefore, it is unlikely
that for the major species these figures contain really large

errors.

Table 1.2.1indicates that in terms of overall volume the
foreigners have indeed been taking the great bulk of the total
catch. But Tablel.21 also indicates that the foreign catch
was concentrated in the pelagic species (herring, mackerel) and
to a lesser extent in hake. The American catch is focused
almost exclusively in bottom-dwelling (demersal) species (cod,

flounder). It turns out that the latter species have an
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American market value which is roughly ten times that of the
former. Current cod values are 20¢ to 50¢ per pound,
depending on season and size. Haddock is worth 35¢ to 60¢
per pound, ex-vessel round weight; flounder, 35¢ to 70¢. 1In
contrast, herring and mackerel, which have a very limited
foodfish ﬁarket in the States, are sold to fishmeal processors
at 3¢ to 5¢ per pound. A typical price for hake currently
is 5¢ to 7¢ per pound.
| In Table 1.2.1 we have combined the ICNAF catch statistics
with price data to arrive at an estimate of the gross landed
value of the catch by country and species using American market
prices. For species which are largely caught by Americans we
have used low prices; for species which are largely caught
by foreigners, we have tended to use high-side prices. For
example, the 1975 cod and haddock catch has been valued at
30¢ per pound. All 1975 flounder has been valued at 25¢ per
pound. These were roughly the lower levels achieved in the
respective categories in the market. On the other hand, hake
has been valued at 5¢ per pound despite the fact that if all
the foreign catch were landed in the States, the market price
would almost certainly be lower than this.

In any event, when one compares the total catch on
landed value basis, one reaches a very different conclusion

from that based on weight. The simple fact is that the

Americans have been and are taking 75% to 95% of the

high-value swimming species caught in the Georges Bank/Gulf

Q£ Maine area.




11

One can make an even stronger statement in terms of
economic rent. The economic rent associated with a resource
is the difference between its gross landed value (the
figures shown in Table 1.2.1) and the cost of the resources

" required to land it. The economic rent to Americans

associated with landed herring or mackerel at 4¢ per pound
is a small proportion of that 4¢. In other words, an
American can't make a great deal of money fishing mackerel
or herring at 4¢ per pound, which is, of course, the reason
Americans don't attempt to heavily exploit these stocks.
On the other hand, as we shall also see, the economic rent
associated with landing cod or flounder at 40¢ per pound can
be a very significant portion of that 40¢. To oversimplify
for the moment, the economic rent associated with landing a
pound of herring or mackeral might be (generously) 1l¢ a
pound. The economic rent associated with landing a pound
of flounder can easily be 20¢ per pound. In terms of
economic rent, the difference between the low-value and
high-value species can easily be a factor of twenty. We
shall also argue that economic rent is a better measure of
the economic value of an activity than is gross landed value.
Iﬁ short,.in terms of economiclrent at American market
prices, American fishermen were taking the great bulk of

the total economic value being derived from the swimming species

of the Bank before the imposition of the 200-mile limit.*

*The possibility of marketing heX¥ring to the much
higher-priced European foodfish market has not been examined
in this study, which is almost completely concerned with
groundfish., This possibility deserves a thorough study.
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The implications of this fact for the future management of
the fishery will be one of the central themes of this report.
To anticipate, we will conclude that the Americans
currently fishing the principal cash crop of the Georges Bank,
the yellowtail flounder, have the ability to destroy the
stock by themselves, even without any foreign effort and without
any further expansion. In fact, we will argue that current
American effort on the yellowtail must be cut back by a factor
of two if we are to preserve the stock at anywhere near its
optimal level.
Fisheries are a common pool resource. As such, it is
an economic truism that they will be subject to overexploita-
tion absent of effective management. This argument, the
tragedy of the commons, depends in no way on the nationality
of the exploiters. The central issue in American continental

shelf fisheries is no longer the foreigner; it's free entry

to a domestic resource over which private property rights

cannot be imposed.

Even if domestic effort had to expand to regenerate

the Free Entry level of overexploitation, we can be sure

absent of effective regulation that drawn by the momentary
surpluses associated with the expulsion of the foreigners

they would. However, in many cases, they will not have to
expand very far. On the contrary, in some cases including
the economically most important Georges Bank species, there
is already much too much domestic effort on our continental

shelf stocks.
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Obviously, these unhappy facts of life place a very
heavy burden on the Regional Councils. In an attempt to
lend technical support to the difficult deliberations the
Councils face in managing the stocks under their responsibility,
MIT has developed a bio-economic fisheries simulation which
we called FISHDYN], The purpose of this report is to des-
cribe this model and the results of a series of application to
the Georges Bank vellowtail fishery. However, before doing
so, we must review a little basic economics. This is the pur-
pose of Chapter 2. Chapter 3 outlines the basic philosophy
of FISHDYNI1. Chapter 4 describes the model in some detail.
And Chapter 5 describes the results of applying the model to

the current situation facing the Georges Bank yellowtail stock.

Chapter 6 summarizes what we believe we have learned from
this analysis.
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CHAPTER 2

SOME BASIC ECONOMICS RELATING TO FISHERMEN AND
FISH CONSUMER INCOME

2.1 The concept of black-box income

This report analyses the impact of a range of
alternative schemes for managing the principal Georges
Bank fishery, the yellowtail flounder, on real national income,
on real fisherman income, and on real fish consumer income. If
we are to perform an income analysis for any particular group,
whether it be fish catchers, fish consumers, or the entire
nation, we must first define just what we mean by the real

income of this group.

- One way of developing our definition of a group's real
income is to imagine that we have drawn a black box about this
group. Every member of society who is a member of the group
whose income we wish to analyze is placed inside this black
box. Any member of society who is not a member of this group
is placed outside this black box. Thus, if we are interested
in the income of a particular individual, we draw our black
box around this single person. If we are interested in nation-
al income, we draw our black box around all Americans. If we
are interested in the income of a particular state or town, we
draw our black box around the residents of that state or town
and exclude everyone else. If we are interested in the income
of a particular profession, we draw our black box around the
members of this profession and exclude everyone else.

For any black box, we define the total value of all the

goods, priced at current market prices, which the inhabitants
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of that black box can consume, to be the real income g£ that

black box.

Perhaps the easiest way of getting at the implications of
our definition of real black-box income is to imagine that the
black box Is owned and controlled by a single personage--

Uncle Eph we might call him. Suppose the black box currently
under analysis is a particular state. Uncle Eph is the not-
particularly-benevolent despot who owns this state. Uncle Eph
is iﬁterested in the total value, at present market prices, of
all the goods he can consume with the output of the rather ex-
tensive resources he controls. Uncle Eph realizes that he can
allocate his resources in an infinite variety of ways, some of
which will allow him to consume a higher total value of goods
than others. Uncle Eph, for reasons he chooses not to discuss,
would like to make this market value of his consumption as
large as possible.

His resources include not only the land and water, the
buildings and roads, vehicles and vessels of his state, but
also its present human inhabitants. We might regard this lat-
ter brand of resources as Uncle Eph's fingers, in that they
both produce and consume. Uncle Eph has no particular féelings
about his fingers. He isn't interested in whether one finger
rather than another consumes a greater share of the total value
of all the goods he consumes. He is only interested in the
total. He considers himself better off if this total value is
larger, worse off if it's smaller, regardless of the distribu-

tion of production and consumption among his fingers.
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Notice that in attempting to maximize this quantity,
Uncle Eph is ignoring the fact that any proposed change in the
allocation of his resources will almost certainly make some of
his fingers worse off and some better off. Uncle Eph simply

doesn't care. He prefers the change if the total value of the
consumption of all his fingers is higher after the change than

before. He will eschew the change if the total wvalue is less.

Our concept of black-box income ignores the distributional

effects of any proposed change within the black box.

This limitation has obvious political implications, for
what may be a net increase to the black box as a whole can
affect a particular set of losers quite adversely. For exam-
ple, real black-box income will be increased by a change which
increases the real income of 90% of the black box's citizens
by 10% and decreases the real income of 1% of the population
by 70%, wvirtually wiping out this latter group.

There is another thing to notice about Uncle Eph. His is
a provincial and basically selfish character. He only cares
about his own ability to consume. He is completely indiffer-
ent to any éffect, up or down, his choices might have on the
income of entities outside the black box--the rest of the coun-
try, for example. Any change in income to someone who is not
a member of the black box currently under analysis, no matter
how large, is given no weight at all by our concept of black-
box income.

Paradoxically, the fact that our concept of black-box

income ignores the distribution of income changes within the
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black box and ignores any income change outside the black box
is precisely the characteristic which allows us to think quan-
titatively about the economic conflicts inherent in fisheries
management. To do this we need only analyze the same policy
alternative from the point of view of a number of different
black boxes sequentially. Analyzing the same policy from the
point of view of national income (the black box equals all
Americans), then from the point of view of fishermen income
(the.black box is fishermen), and then from the point of view
of fish consumers {(the black box is all Americans less the
suppliers of fish*), will reveal both where the second and
third group have a common interest through their joint member-
ships in the first group and where they are in direct conflict.
The relationships can be illustrated by the pie analogy.
Regard national income as a pie. The size of the pie repre-
sents the amount of national income. This income is consumed
either by the fishermen or by the public (non-fishermen). 1In
general, different fisheries management alternatives will affect
both the size of the overall pie (national income) and the

relative share of this income going to the fish supplier and fish

*FISHDYN]1 is aimed primarily at the New England demersal
fisheries. Almost all of this fish is sold fresh. Therefore
the model stops at dock side. It does not simulate downstream
processing or retail distribution. Thus in FISHDYNl fisheries
are just that and the fish processor and retailer are lumped
with the fish consumer as part of the rest of the nations.

In so far as the processor and distributor have market

power over the consumer, some of the increase in consumer income
associated with landing more fish at lower prices will actually
show up in increased profits to processors and retailers.
FISHDYN1 = is unable to distinguish between increases in consumer
income and increases in processor/distributor income.
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consumers . Figure 2.1.1 schematically compares two hypothetical
alternatives. Alternative A generates a higher national in-
come than B, but B results in the fishing industry obtaining

a larger proportion of the smaller pie, so that fish supplier
income is actually higher under B than A. Obviously, both
groups can theoretically agree to jointly attempt to make the
pie as large as possible. After all, in theory a larger pie
cén always be redivided in such a way that everybody gets a
bigger piece than with a smaller pie. But the two groups are

in direct conflict when it comes to dividing up any given pie.

2.2 Fisherman surplus and the common-pocl prcoblem

The only justification for this long-winded repetition of
tautologies is that quite commonly these fundamentals are
ignored in the public debate concerning the fisheries of the
continental shelf. Sometimes this debate proceeds as if there
were some sort of comnservation principle which dictates that
the overall size of the pie is fixed, that the amount of na-
tional wealth realizable from a particular fishery resource
is given and the only question is who is going to get what
share of this fixed pie.

The fallacy in this line of thinking can be demonstrated
by a simple yield-effort diagram , Figure 2.2.1. This figure sketches
a commonly postulated relationship between the amount of fish-
ing effort and landings. The hump represents a situation in
which at low level of fishing effort, measured in say boat-
days, an increase in effort will increase yield. However, as

more and more effort is applied, more and more boats fishing



19

FISH CONSUMER
INCOME

ISH CONSUMER
INCOME

FISHERMAN

FISHERMAN INCOME

INCOME

ALTERNATIVE A ALTERNATIVE B

Figure 2.1.1--The pie analogy.
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the same stock, the increase in yield with increase in effort
drops off until at point MSY a peak yield is obtained. The
level of landings at this point is known as the Maximum Sus-
tainable Yield. Beyond this point, an increase in effort will
actually decrease total landings as the decrease in population
age and numbers associated with this additional fishing effort

more than outweighs the additional fishing effort.

Assuming a competitive landed fish market, associated with
any particular level of landings will be a market clearing
price. The demand curve in Figure 2,2,1 hypothesizes such a rela-
tionship between amount landed and the price that amount can
be sold ex-vessel. 1In the curve shown, we have postulated
lower and upper limits to prices at very high and very low
levels of landings respectively, but in between there is a

region in which moderate changes in landings can have a large
impact on price--qualitatively not unreasonable assumptions
for New England premium fresh fish markets, as we shall see.
It is a simple matter to combine Figures 2.2.1 and
2.2.2 to obtain Figure 2.2.3, which plots fisherman revenue
against fishing effort. Fisherman revenue is simply yield
times the market price at that yield. Assuming market
price decreases with an increase in landings, the revenue
curve will be steeper than the yield curve at low yields
and less steep at high yvields. Further, if the demand
curve is inelastic at moderately high landings, as the one

in Figure 2.2.2 is, then in the vicinity of the Maximum Sustainable
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Yield, an increase in landings can actually decrease fisherman
revenues. In this case we will have a local minimum in
revenues in the region surrounding the MSY point as shown.

The revenue curve can be double-humped.* There is a wide range

of combinations of yield-efforts and price-landings relationships
for which this is the case. This double hump has some very
important implications for fisherman versus fish purchaser
income, as we shall see.

The dotted line in Figure 2.2.3 is a hypothetical long-run
fisherman cost curve, total fisherman outlays as:a function of
fishing effort. This cost is assumed to be defined in present-value
terms and thus to fully include normal return to capital =
employed in this fishery. The difference between total revenue
and total cost so defined represents the excess profits of
the fishing fleet, that is, profits above the normal return
to capital. Since some people will object fo the adjective
"excess" and since some of the "profits" will, given the lay
system, actually be transferred to the fishermen themselves
in the form of earnings above what they could obtain in
alternative employment, we will relabel this difference the

fisherman surplus. This difference as a function of effort

has been plotted in Figure 2.2.4. Like total revenues, it too
can be double-humped. However, these humps will be less symmetric
than the revenue humps due to the difference in fisherman

ocoutlays between the right and left humps. The peak of the

*To our knowledge, this was first pointed out by Anderson [1973].

**This asymmetry can be increased by differences in
quality. At the right-hand hump, the individual landed fish
will be larger than at the left~hand hump, due to the older
population distribution. In many fisheries, larger fish
command a higher unit price. .
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leftmost hump we shall call the maximum monopoly profit
{(MMP) level of effort. If the fishery were owned by a single,
selfish individual, who had complete control over its manage-
ment and who wished to maximize his own income, this is the
point at which he would operate. On Figure2.2.3, it is the
left-most point where the slope of the revenue curve eguals the
slope of the cost curve.* Thus, it's always to the left of the
Maximum Sustainable Yield point.

Another point of interest is that on the right-hand side
6f Figure 2.2.4, marked FE for Free Entry. To the left of this
point, the fishing fleet as a whole has a positive surplus,
that is, it is making money above and beyond the normal return
on capital; to the right of this point, the fleet as a whole
is suffering losses. In the absence of absolutely any controls
on entry, the level of fishing effort will tend to FE, If fishing
effort is less than this amount, the boats and labor will be
earning more than they could elsewhere and more boats and people
will enter the fleet in an attempt to share this profit. If
fishing effort is greater than this amount, the fleet as a
whole will be losing money, and the weakest boats will be forced
out ©of the fishery. FE is, then the equilibrium effort and
yield under free entry.

As shown, this 'equilibrium' can be quite unstable. Le-
vels of effort slightly above the Free Entry point will gen-

erate sharp drops in yields, eventually forcing all but the

*In the fisheries economics literature, this point is often
misleadingly called the Maximum Economic Efficiency (MEE)
level of effort. This nomenclature is a result of fishery
economists' persistent refusal to include fish consumer income
in their thinking. Notable exceptions include Anderson [1973]
and Gates [1974].
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most efficient operators into bankruptcy and off the resource.
Assuming the resource is not completely wiped out, after a

time, it will recover, the remaining operators will begin
generating a positive surplus which in turn will attract new
capital and the process will repeat itself. Given the dyna-

mic response of fisheries to overfishing, the Free Entry point
can easily be a very transitory equilibrium indeed. Nonetheless,

it is a useful concept as long as we remember its limitations.

2.3 Fish consumer income

Fishermen are not the only group in whose income we are
interested. If we wish to manage the resource in such a
manner as to maximize national wealth, we must also consider
the fisherman's customers, for after alil they are Americans
too. With any particular level of effort e, there will be a
corresponding yield y(e), and price ply(e)) as shown in
Figure 2.3.2.1If effort is very low, the vield will be low and
the price high. Consumers will be consuming very little fish
and paying a high price. If the level of effort is very high,
the yield will be low, price high and once again the consumer
will be eating very little fish at a high unit price. At
intermediate levels of effort more fish will be landed (and
consumed) and the price will be lower. Obviously, consumers'
real income will be higher in the latter situation than in
the first two. ©Not only will fish eaters be able to consume

more fish but they will do so at a lower price. An approximate
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measure of the aggregate difference in consumer real income
associated with changing from a low yield situation yL(eL)

to a higher yield situation yH(eH) is the area under the demand
curve between the price in the high yield and the price in the
low yield situation. Very roughly speaking, this area is the

difference in price time the amount consumed. More precisely,

Yn(ey)

p(y(e))y(e)dy(e) - pylyyley))vyley)
0

~YL(EL)
N P(y(e))y(e)dy(e) - PL(yL(eL )y (ep)

The first term is the difference between what consumers
as a whole would be willing to pay, if they had to, and what
they will actually pay for the amoﬁnt of fish landed in the
high yield situation. The second term is the similar quantity
for the low yield situation. The first term measures how much
better off the fish consumers are in the high yield situation
in real income terms over what they would be in a no yield
situation. The second term measures how much better off the
consumers are in the low yield situation over a situation in
which no fish are landed. The difference in these differences -
then is the change in consumer real income associated with
moving. from é low yield situation to a higher yield sitﬁation,
summed over all consumers. In terms of Figure 2.3.2it is the

hatched area under the demand curve between the lower and
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higher prices.

If we are analyzing more than two fishery management alter-
natives, we will in general have more than two price-landing
points which we must consider. In this situation, we must
specify a baseline yield point against which all changes in
fish consumer income can be compared on a systematic basis.
The specification of this baseline yield is arbitrary. One
obvious candidate is the zero yield level, point z on the de-
mand curve. The increase in real aggregate: econsumer income
associated with any positive yield, Y, and its corresponding
price p(Y) relative to zero yield is the area undér the de-
mand curve to the éoﬁtﬁe&é% of (Y,p(Y)). This area is known

as the consumer surplus CS(Y) associated with Y.

es¥) = ¥ py) - ydy - p(DY
8]

While the zero yield point is an obvious baseline against
which to measure changes in consumer income with changes in
landings, it does have one practical disadvantage. It requires
that we know,or at least be able to approximate,.the demand
curve over the entire range from maximum yield down to no
yield at all. In some fisheries, where we have experienced
zero or near zero yields this may not be a problem. However,
in many cases, we will be interested in, and have empirical
data over, a much narrower range of yields running, say, from
Maximum Sustainable Yield to Free Entry Yield. In such situ-
ations, a more workable baseline may be the status quo or the
Free Entry level (which may be the same). The point is thét

it doesn’'t really matter. Since we are only interested in
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changes in consumer real income with changes in yield and prigce,
we can relate these changes to whatever baseline we find

easiest to use. Of course, once we've chosen a baseline yield

and price, we must maintain this same baseline throughout the
analysis.

In Figure 2.3.1 we have chosen zero yield as the baseline.

Figure 2.3.1shows the consumers' surplus associated with the
vield curve of Figure 2,2 1jand the hypothetical demand curve of

Figure 2,2, 2expressed as a function of level of =ffort. Notice

that in contrast to the fishermen's surplus curve the consu-
mers' surplus curve is sharply peaked in the neighborhood of
the MSY point and in fact the yield maximum and the consu-
mers’' surplus maximum occur at the same level of effort. Also,
there is a roughly anti-symmetric relationship between the
consumers' surplus curve and the fishermen's surplus curvé.
Clearly, we have a conflict between fish supplier income and
fish consumer income. Fish suppliers will maximize their in-
come at the MMP point where the slope of the revenue curve and
outléy curve is equal, while consumer incoﬁe will be maxiwmized
at the MSY level. If either the slopé of the cost curve is
high or demand is inelastic, the level of effort which maxi-
mizes fishermen income and that which maximizes consumer in-
come can be quite different. Moreover, as shown, the differ-‘
ences in fishermen and consumer wealth associated with the
differing philosophies toward management can be very large

indeed.

2.4 National income and the total pie

One way of resolving this conflict is to ask what level
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of effort maximizes the sum of fisherman income and fish con-

sumer income; that is, what level of effort maximizes national

income. In asking ourselves this question we are focusing on
the overall size of the pie rather than on the individual
pieces. Figure?2.4,1plots this sum as a function of effort for
the yield curve, demand curve, and cost curve of Figures 2.2.1, 2.2.2,
and 2.2.3. Figure2.4.1 is merely the sum of Figures 2.2.4 and 2.3.1. The
first rhing we notice is that the overall size of the pie is
very definitely not fixed. By drastically overfishing or under-
fishing the resource, everybody loses. The level of effort

at which the sum of fishermen surplus and consumer surplus is
maximized we will call the MNI (Maximum National Income) point.
This point will fall between the MMP level (maximum
fishermen surplus) and the MSY level (maximum consumers' sur-
plus). It will in fact be the point where the slope of the

cost curve equals the market price. One way of obtaining in-
sight on this point is to imagine that the fishery is divided

up into a large number of 'fishsteads'. Each individual fisher-
man has complete control over the stock on his fishstead. His
stock is somehow confined to his fishstead and no one else can
fish it. Then in deciding how much of his stock to harvest

each year, each fishsteader, in attempting to maximize his own
profits, would compare the market price with the additional

cost to him of his producing his most expensive unit, and
harvest up to the level where the market price equals this
marginal cost. 1In this situation, the aggregate level of ef-

fort would tend to the MNI point. Each fishsteader operating
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individually would, unlike a single monopoly owner of the entire
resource, regard the market price as fixed or at least out

of his control. Thus, he would not restrict output simply

to raise price. On the other hand, he would be induced to
cultivate and husband his stock in a manner to maximize his
long-term profits at the given market price, for he need not
fear that someone else will harvest the stock that he is
husbanding. This divvying up the resource and assigning
private property rights to each segment is, of course, the
solution that society came up with on land for exactly the
same resource management problem we now face in fisheries.*
Unfortunately, establishing and enforcing private property
rights to portions of a fishery is currently infeasible,

or to put it more precisely, is for most~-not all--fisheries
extremely expensive.** Therefore, if we are to manage a
fishery in such a manner as to maximize national income we
will have to come up with management schemes which simulate
the solution obtained on land by assigning private property
rights to a large number of people and fostering {or at least
not completely interfering with) competition among the

numerous suppliers so created.

*See Hardin, "The Tragedy of the Commons,” in G. deBell,
The Environmental Handbook, Ballantine Books, 1970, New York.

**This need not always remain the case. The same thing was
true of Western ranch land until the invention of barbed wire--
probably one of the most underrated inventions of all time.

The technical solution to the fishery management problem would
be for someone to invent an oceanic barbed wire. We could then
sell off the grounds, disband the Regional Councils and NMFS,
and leave the management problem to the market.
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There 1s one more insight we can garner from our simple
yield-effort, price-landings analysis. In one sense, our con-
centration on the conflict between the level of effort which
maximizes fisherman income and that which maximizes consumer
real income is completely misplaced. As we have seen, under
Free Entry, the yield will tend neither to the MMP nor MSY
levels nor anywhere inbetween but rather to the Free Entry
point which may be far to the right of either. At this point
yield is low and fisherman costs are high. Fisherman are
barely breaking even and consumers are obtaining an unneces-
arily low quantity of fish at high price. Everybody is
losing. Both fisherman and fish consumer income are lower
than they need be, possibly much lower. National income is
doubly strained by both low yield and the large amount of
resources (men, vessels, and fuel) devoted to obtaining this
low yield. 1In such a situation, it may be the case that both
sides would gain by an agreement to move to any point between
MMP and MSY. One can easily postulate situations where not only
will national income, the overall size of the pie, be increased
by such a decrease in effort but the real income of both fisher-
men and consumers increased as well.

However, it is important to point out a very major stumb-
ling block that may be in the way of such an agreement. And
That is the rightmost hump in Figure 2.2.4. Suppose, just suppose,
that we do not have completely free entry to a particular
fishery. Even with no regulation, there may be a number of

subtle and not-so-subtle limitations to entry: lack of dock
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space and imperfect markets in dock space; familial and cul-
tural nepotism in crew selection, careful husbanding of
monopolies on fishery knowledge and experience, successfully
hiding the fact that surpluses are being earned. Suppose that
under the influence of such barriers to entry, fishing effort
had stabilized at slightly below the Free Entry level, that
is, in the vicinity of the right hump in Figure 2.2.4. fThe
fishermen, if nobody else, know they're doing pretty
well. True, the situation is precariously unstable, easily
upset by natural fluctuations in population, improvements
in fishing technology, or new entrants. But it is the status
quo. If such a situation exists, then it may be extremely
difficult to get the fishermen to agree to the wholesale de-
crease in fishing effort required to adjust down to below the
MSY point. For one thing, there are many points between the
MMP level and the MSY point where fishermen income is less
than it is in the vicinity of the right hump. Fishermen as a
whole would be taking a big chance in moving from the known
benefits of the rightmost hump to the unknown world of the left-
most hump and some fishermen would have to leave this profit-
able industry entirely with a certain loss in their individual
income unless explicitly compensated.

Even if fishing effort has stabilized at the Free Entry
point where the fishermen are barely breaking even, the right-
most hump still presents a very substantial barrier to reform.

It is in the nature of reforms made in the political arena
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that it is easiest to move incrementally. 1In the case at hand,
this would involve gradual reduction in the fishing effort as
the fleet naturally attrits under old age, etc. This might
work as long as the fishermen noted that with each reduction

in fishing effort, fishermen income improved. This would be
the case while the fleet was moving from the Free Entry point
to the peak of the right hump. However, from that point on
each further reduction in fishing effort would result in a
decrease in fishermen income as the increased yields dropped
the market price. This decrease in fishermen income could

be quite substantial and would continue until fishing effort
dropped below the MSY point. Long before that happened wé
could be sure that the fishermen WOuld be screaming bloody
murder. In summary, the rightmost hump in Figure2.2.4 may not
only explain why so many fisheries have been able to maintain
a relatively stable, although grossly overfished, condition
but also presents the real world implementation of any effec-
tive resource ﬁanagement system with é very sizable political
barrier. If the combination of yield curve and demand curve
is such that a right hump exists, an incremental approach to

reducing effort almost certainly will not work.

2.6 The need for management

From the point of view of near-term American fishery
policy, perhaps the single most important feature of this
chapter is that nowhere in this discussion of fishery manage-

ment problems does the word 'foreigner' appear. It was not
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necessary to postulate foreign fishing effort to generate
gross overfishing. We required only Free Entry for domestic
fishermen. The basic problem is not the foreigner but the
fact that no individual can obtain property rights to a por-
tion of the fishery allowing him to cultivate and husband his
stock. |

If we throw the foreigners out, we would still have to come
to grips with this basic problem for the domestic fishermen's
surplus so generated will simply attract more domestic capital
and men until we have reapproached the Free Entry level of
effort and the profits disappear. The central issue is not
the foreigner, its Free Entry to a resource over which private
property rights cannot be enforced. Indeed McHugh has argued
persuasively that the actual history of the management of the
international fisheries, poor though it is, is better than the
history of management of the purely domestic fisheries such as the
soft clam, the hard clam, and the oyster [McHugh, 1972]. Even if
domestic fishing had to expand to regenerate the Free Entry
level of effort, we can be sure that drawn by the momentary
surplus associated with the expulsion of the foreigners, it
would. And for most species, as we have seen, they may not have
to expand very far. In short, whether or not foreigners are
present, both foreign and domestic effort must be managed by
a third party if we are to aveid a grievously overexploited

situation and possibly the loss of the resource.

This raises the question of how the resocurce should be
managed. In order to obtain insight on this issue, the MIT

Sea Grant Program has developed a biceconcmic model of a fishefy,
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which we have dubbed FISHDYN]l. FISHDYN]1l has been tested

rather extensively on the Georges Bank yellowtail fishery.
The remainder of this report describes this model and the

results of these tests.
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CHAPTER 3

GENERAL DESCRIPTION OF THE
MIT SINGLESSPECIES FISHERY SIMULATOR, FISHDYN

3.1 Basic premises

The model which has been developed to analyze some of
the issues raised in Chapters 1 and 2, FISHDYN1, is based on
five fundamental premises:

l. exogenous control:

2. single species;

3. dynamic rather than steady-state with the ability to
handle recruitment over-fishing as well as growth
overfishing;

4. explicit incorporation of our uncertainties about the
critically important stock-recruitment relation;

5. inclusion of fish consumer as well as fish supplier income.

3.1.1 Exogenous control

By exogenous control, we mean that the analysis assumes
that the managers of the resource--whoever they might be--
have complete and unfettered control over the exploitation
of the stock. They can impose catch restrictions, gear
restrictions, effort restrictions through time in any manner
whatsoever and enforce these restrictions. They have
control over new capital investment in the fisheries, the
amount of effort devoted to each species, and exercise
this control. 1In terms of the New England situation, we
will act as if Georges Bank Inc., an efficient, public-spirited
organization interested in maximizing the present-value
national income obtainable from the resource, owns and

operates the fishery. From the point of view of the programming,
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this implies that all the fishing effort variables {(number of
boats of each size and type category, quotas, mesh, trip length,
effort on each fishery, etc.) are specified by the users of the
program. The model does not attempt to internally simulate
the responses of individual fishermen to the actual freedom
they may have in choosing when and where to fish, how much
and what type of new equipment to invest in, etc. Rather, the
nodel assumes the individual fisherman or fishery investor
has no such freedom.

In reality, of course, there is no such thing as Georges
Bank Inc. Rather, there are several hundred individual
entities exploiting the Bank, each trying to maximize its
own income. These entities are under the loose, untested
control of the Regional Council. The Regional Council has
no direct power over investment or individual application
of effort and has limited enforcement rights. Pragmatically,
the Regional Council's control may be limited to overall
guotas and perhaps licensing arrangements which will prevent
new entrants into the fishery but do nothing with respect
to the current excess domestic fishermen. To make matters
worse, the Regional Council itself is made up mainly of
members who have a direct or indirect interest of
long standing in the regional fishing industry. It is
not clear that these individuals will impose harsh

measures on their colleagues in the industry.* Fish

*It is also far from obvious that they won't. The
Northwest Council has acted decisively in attempting to close
down the salmon trawl fishery when it became clear that
escapement goals were not being met.
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consumer interests have only token representation. One

may be forgiven for suspecting that if the Regional Councils
function effectively, it will be toward the goal of
maximizing fisherman income and not national income.

Why, then, a model which assumes away all these
political, legal realities? Our purpose is not to simulate
what is likely to happen.* Qur purpose, rather, is to
demonstrate what could be and how it could be accomplished.
Our hope is that such demonstration will place at least
some pressure on the body politic to improve the political,

legal realities.

3.3 8Single-species

FISHDYN]l is a single-species model. That is, interspecies
interactions are not simulated explicitly. This important
limitation was accepted on the following grounds.

1. Available diet data indicates that, at least for
some of the more important Georges Bank species-—-
including yellowtail, the focus of our effort at this
time~=-the interspecies relationships may be rather
weak.

2. A first-things-first attitude. It is our belief
that before moving to multi-species models, we should
push single-species models as far as we can. In
particular, we feel that it is critically important

to incorporate the stock-recruitment feedback and

*Actually, the structure of the programming is such
that it would not be very difficult to allow at lease some
of the fishery control variables (for example, new
investmant) to be endogenouslv determined.
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our uncertainty about this relationship into
dynamic fisheries models.

The principal swimming species of economic value to
American fishermen on Georges Bank are: (1) cod; (2) haddock;
(3) yellowtail flounder; (4) other flounder (winter flounder,
witch, American plaice, and fourspot flounder}:; and (5)
herring.* Our basic approach is to analyze each of these
species, one at a time. That is, in analyzing each species,
the model ignores interspecies interactions. On the
biological side (predation, competition for food), available
diet evidence indicates that these interactions may be
rather weak. Haddock and flounder feed almost exclusively
on bottom-dwelling worms, starfish, and crustacea [Wigley,
1956]. Only 2.4% of haddock diet, .8% of yellowtail diet,
and 6.6% of other flounder diet is fish. Wigley and
McIntyre [1964) report that there is plenty of bottom-dwelling
fauna on the Bank to support these species at their MSY
and better. Further, the haddock and flounder species are
geographically separated by water depth, water temperature,
and bottom type preferences [Bigelow and Schroeder, 1953].

The herring is a midwater fish which feeds on plankton.
The only possible interaction between this species and the
bottom-dwelling species listed above is herring predation on

demersal species larvae. But examination of herring feeding

*Mackerel has been left out because its migrating
pattern takes it well outside the 200-mile limit, thereby
generating a unique set of management problems. Other Bank
species of somewhat less importance which could and should
be analyzed in a similar manner are hake, redfish, and pollock.
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habits has revealed no such dependencies. Herring appear
to feed almost exclusively on minute worms (chaetognaths),
shrimp (euphausiids), and mollusks {pteropods) [Maurer,
1976].

The only real adult predator interaction involves
the cod: the cod is a considerably larger fish than the
others and is known to pPrey on all the other species.
However, the apparent proportions for the most part are
small. Maurer [1975] reports that vellowtail constitute
2.5% of the diet of cod, and other flounder 1.5%. Haddock
percentage was less than .5%, but then there haven't been
many haddock around. Fifteen percent of the diet of cod
on the Bank is herring, by far the strongest interspecies
prey relationship reported for the species under analysis.*
Young cod (5-20 centimeters) can be a very important
component of cod diets [Maurer, 1975al. But, of course,
single-species models are quite capable of describing
cannibalism.

In summary, with the possible exception of the
herring-cod interaction, the biological prey-predator
relationships between the species being analyzed appear to

be of secondary importance and will be ignored.

*Cod diets in the Gulf of Maine of 27% herring have
been observed [Maurer, 1975a]l.
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The by-catch question is not so easily begged. Even if
the effort is directed as desired, some by-catch will
necessarily be generated. Table 3.3.1 shows estimates of
current by-catch rates (tons of by-catch/ton of target catch)
in the Georges Bank fishery [Palmer, 1976]. In all our species
except cod and haddock, the by-catch appears to be a
relatively minor problem. As might be expected, the by-catch
of demersal species associated with herring fishing is
nil. Fishing directed to flounder apparently catches
relatively small amounts of cod and haddock (.03 tons cod/
ton flounder and .06 tons haddock/ton flounder), although
there has been no breakdown of the yellowtail/other flounder
relationships and all haddock figures must be viewed with
caution due to present extremely depleted condition of
the haddock stock.

The big problem once again is clearly the cod. Cod
is a relatively wide-ranging, omnivorous fish less tied to
particular depths and particular bottom types than the
other species. Hence, cod fishing generates relatively
large by-catches, particularly of haddock. An obvious next
step in the analysis is a combined cod/haddock and possibly
a yellowtail/other flounder model.* However, this was not done

due toO resource limitations.

*The present programming is designed to facilitate later
extensions to multi-species.
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Perhaps the single most important reason for our
decision to concentrate on one species at a time is our
belief that there are other phenomena which we must
incorporate in our analysis before moving to multi-species
analysis. These phenomena are discussed in the next three

sections.

3.4 A dynamic model rather than steady-state

The easiest decision we had to make in model formulation
was the choice between a dynamic model which attempts to
follow the transients associated with non-equilibrium
populations, non-equilibrium level of fishing, and
both fishing- and naturally-induced fluctuations in
recruitment, rather than a model which attempts to generate
the steady-state (equilibrium) situation associated with a
postulated level of fishing. As we have seen in Chapter 2,
it is possible to obtain some valuable insights from
steady-state analysis.* However, there is considerable
difference between insight and a concrete management plan.
Moreover, steady-state analysis ignores some critically

important phenomena.

*Chapter 2 should most certainly not be regarded as an
exhaustive exploitation of steady-state analysis. For a much
more representative example of what can be learned from
equilibrium reasoning, see Gates and Norton [1974].
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Currently, none of the Georges Bank fisheries are in
anything approaching an equilibrium state. This can be
readily seen from recent deterioration in catches,
wholesale adjustments of foreign fishing efforts both
before and as a result of the 200-mile limit, and the steep
reductions in ICNAF quota recommendations. Therefore, even
if we believed in a stable steady state, we would be faced
with the management problem of how do we get there. In so
doing, the most important information we have is the

current, non-equilibrium age distribution of the population

and current estimates of next year's recruitment, whether
these estimates be based on the population distribution or
actual trawl surveys. To throw away this data would be
foolhardy in the extreme.

Much more basically, there is little evidence that a

stable steady state for these stocks even exists and

considerable evidence that it does not. In almost every fishery

that has been documented for a substantial length of time
(several decades or more) large-scale fluctuations in
population have been noted. In many cases these fluctuations
have occurred before fishing mortality could have been

an important factor. Various attempts have been made to
relate these fluctuations to natural fluctuations in water
temperature, currents, plankton blooms, etc., with indifferent
success. But it's clear the natural fluctuations are there
and that they're extremely important. It also seems clear
that these fluctuations operate through the egqg and larval

stages rather than adult mortality and growth [Cushing, 1977].
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These stabilizing mechanisms, such as density-dependent
~ompetition for food among the larvae and cannibalism by
older fish of the same species,* can be rather weak and,

most importantly, they operate with a significant lag. The

regulation of larval and juvenile meortality is not fully
reflected in the adult stock for a period of at least a
year and, in some cases, for three or four years.

Whenever an engineer is confronted with a dynamic system,
the first thing he asks himself is: What are the lags? What
are the delays between the time the system is perturbed and the
time the restoring force becomes active? For he knows tha ¢t
these lag times will be crucial in determining whethe; a
system will quickly damp out any perturbation, or will continually
fluctuate at some natural frequency, or will become unstable and
collapse. While the crucial importance of lags in the response
of dynamic systems has been well known in physical systems for
a century or so, it wasn't until the last twenty years that
economists and managers became aware that lags play an

equally important role in economic and social systems.

Our reading of the fishery literature would indicate that
fishery management, for the most part, is still based on
equilibrium models. Equilibrium reasoning and equilibrium
models are useful only if the system is near equilibrium and
that equilibrium is stable with respect to likely perturbations
which may be placed on it. We will argue that, at least with
respect to the Georges Bank yellowtail, neither of these

conditions is even approximately met. Recent work done by

*Cannibalism can be both stabilizing and unstabilizing,
depending on one's assumptions about the form of cannibalism
and the momentary size of the adult (or predator) and
juvenile (prey) stocks.



Lett and Doubleday and their colleagues at the Atlantic
Biological Station (ABS) in Halifax has led to the same
conclusion with respect to a number of other species [Lett,
1975, Lett, 1976, Doubleday, 1976]. This group has constructed
models of the St. Lawrence cod, mackeral, and herring
incorporating both the lag in stock-recruitment relationships
and random perturbation in recruitment. These results
indicate that even without any fishing, the system is

barely stable. The natural frequencies without fishing
mortality appear to be of the order of five (mackerel)} to
twenty years (cod). The amplitude of the fluctuations in
total base from peak to trough for cod is approximately 100%
of the mean biomass. The amplitude of the natural
fluctuation in the pelagics is still higher. 1In short, no

strongly stable steady state appears to exist for these

Systems. wWe will obtain evidence that vellowtail is
susceptible to the same sort of lightly damped,

stock-recruitment driven fluctuations.

The ABS group also makes the extremely important
observation that different management alternatives—-—
sometimes regarded as equivalent—-will have drastically
different effects on such a fluctuating system. For what
should be an obvious example, limitations on effort tend
to be stabilizing while quotas tend to be destabilizing.

In the first case, the catch tends to vary with the biomass;
in the second case, a smaller proportion of the biomass

is caught when biomass is high--a time when the proportion
of the fish caught should be increased--and a higher

proportion of the biomass is caught when the biomass is

TOoww=—=a +1ime whern Fha mreramaede oo oo B o b o L4 e e m A
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In any event, given biclogical systems which at best are
weakly stable, any model which does not capture the lags in
response of the systems to a perturbation, whether it be
natural or manmade, fails to address the crux of the matter
and will yield completely unreliable results. Steady-state
analysis ignores these lags and hence in oﬁr opinion cannot

be used for managing such a system.

3.5 Explicit incorporation of uncertainty within the model

Fishery biologists are continually bemoaning their lack
of knowledge of the subject about which they are the experts.
There's sometimes an element of self-serving sales talk in
this position, but for the most part this feeling is based on
honest professional conservatism regarding our knowledge
concerning an extremely hard to observe, hard to control
set of phenomena. However, professional modesty is one
thing; using one's lack of complete knowledge as an excuse for
avoiding management responsibilities is quite another. The
fact is we know quite a bit about fisheries and the Georges
Bank fisheries in particular. There are other things we
don't know now which presumably someday we will know, such
as a better description of the stock-recruitment relationships.
There are still other things we will never know with
certainty~--such as what will be the hydrographic conditions
on the Bank during next year's spawning seasons. A
portion of our present uncertainty is caused by nature and will

always be with us. A portion of our present uncertainty
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is caused by our own ignorance and will be at least partially
corrected in the future. But the Bank must be and will be
managed now. The only question is whether we will manage
it to the best of our ability given current uncertainties
or not.

The obvious importance of our uncertainties is not an
argument for ducking responsibility; rather, it's an
argument for incorporating these uncertainties explicitly
in our analysis. This argument becomes overwhelming when
we realize that we have at best a weakly stable, lightly
damped system whose collapse is well within our power,
There is no need to detail the usual litany here--the
Baltic herring, the Downs herring, the Georges Bank haddock,
the Pacific sardine, etc. With a system which is so sensitive
to external perturbations, whether they be natural or
man-made, ignoring uncertainty in our analysis makes as much
sense as analyzing the Gambler's Ruin problem as if we knew
which numbers were going to come up on the roulette wheel.

Perhaps the one really original element in FISHDYNL's makeup

is its treatment of this uncertainty with respect to stock-

recruitment. FISHDYNl has three basic stock-recruitment modes :
A. Recruitment is independent of adult biomass and is
exogenously specified by the user through time. Under
this assumption, FISHDYNl1l becomes a conventional growth
over-fishing model. If effort is held constant, the

model will after a time go to steady-state.
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B. Deterministic, Ricker-form recruitment. In this mode,
the model uses a Ricker stock-recruitment curve. Our
approach to obtaining the parameters of this curve

has been toc apply Bayesian regression to a scatter
diagram of past recruitment versus adult biomass,
suitably lagged, obtaining the maximum likelihood
estimates of the required parameters.

C. Monte Carlo sampling of a set of recruitment
densities. The result of Bayesian regression of past
stock-recruitment data is not only the maximum likelihood
estimates of the parameters of the Ricker form but also

a set of recruitment densities conditioned on current
biomass. In Recruitment Mode C, these densities are
transmitted to FISHDYN, which then samples from them

in the course of its simulations. In Mode C,

recruitment is random, reflecting our uncertainty about
this variable. 1In this mode, it is necessary to run

the simulation over and over again to generate meaningful
statistics about the possible future of a particular
fishery under a particular level of effort. 1In return
for this added effort we have a model which does
incorporate our uncertainty about stock recruitment at
the heart of its simulation. A goodly part of Chapter 4
is devoted to discussing how this is done. Programming
for automating the entire process from raw
stock-recruitment data to output statistics has been

developed.
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3.6 Inclusion of fish consumer as well as fish supplier
income

If there is a theme to Chapter 2, it is that the fish
consumer has a stake in fishery management which can be
as large as that of the fisherman. Implicit in the chapter
was the idea that the concern of publiclmanagement of a
public resource is properly the public as a whole rather
than only the welfare of the group exploiting the public
resource. This is, to be sure, a naive idea which has
rarely been acted upon in the management of other public
resources and very possibly not in the management of the
Georges Bank fishery as well. Nonetheless, we will
persist. We will assume the ultimate objective of
fishery management is increasing national income--the
total size of the pie--rather than anybody's share. This
implies that our model must both simulate price fluctuation
associated with variation in landings and compute the
changes in consumer income associated with these fluctuations.
Thus, the model will output its estimate of the effect of
a postulated management scheme not only on fisherman income,
but on fish consumer income as well, and the sum of the
changes in fisherman in fish consumer income--the effect
on naticnal income. In a sense, FISHDYNl is neutral on the'
fishermén versus fish purchaser issue. The model computes
the present value of the fisherman's surplus, the present
value of the fish consumer's surplus, and the present value

of the sum of these surpluses:for each of the fishery
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management policies it is asked to investigate.* Therefore,
whatever one's objective function, the results will be

of interest.

*When the model is operating in the Monte Carlo
recruitment mode, it prints the sample mean and the
sample variance of each of these economic quantities.
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CHAPTER 4

DESCRIPTION OF THE MODEL PROPER

4.1 Overview and input format

The programming implementing FISHDYNL is organized as
shown in Figure 4.1.1. The model comprises a main program,
DRIVER, and three subroutines: CATCH, MARKET, and RECRUIT.
The model is designed to be used interactively. DRIVER
reads in input data from the user's terminal, refers to
user-selected files on disk for further input data, calls
the subroutines as required in the course of the simulation,
and at the end of each simulated year, prints a summary of
the results back to the user's terminal. Internally, the
model operates on a monthly interval. That is, each
month in simulated time, DRIVER refers to the CATCH
subroutine which uses the current population distribution
and the current applied effort by vessel category to
estimate the catch by age for that month. Then DRIVER
refers to the MARKET routine which estimates the monthly
price which is consistent with the level of landings
generated by CATCH. At the end of each year, DRIVER ages
the popuiation and refers to RECRUIT, which estimates
future recruitment according to Mode A, B, or C, depending
on the user's specifications.

As Figure 4.l.lindicates, input data is drawn from two
sources:

1. directly from the user's terminal interactively;
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FIGURE 4.1.1 FISHDYN OVERALL ORGANIZATION
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2. from user-selected files stored on disk.
Table 41.1 shows the input portion of a typical run. The
program first prompts for a title whose only purpose is to
identify the subsequent output. The model then asks which
species 1s to be simulated in this run. The user's response
identifies one of the species files on disk which is
thereupon read into core memory.

Each such species file has the form shown in Table 4.1.2.
The first nine lines are documentary prose which is ignored
by the model. The tenth line contains the species name,
age at recruitment, maximum age, followed by minimum
exploited age as a function of mesh size. Six different
mesh sizes are allowed. Currently, the model assumes
knife-edge recruitment at the user-selected mesh size. The
default is no mesh-size limitation.

The next five lines contain age-dependent data for the
species. The first such line merely identifies the age
columns. The second contains natural mortality rate (percent
per vear) as a function of age. The third line contains the
initial population distribution in millions of fish for each
year class. ‘The next line contains weight at age in grams.
The following line contains length at age in centimeters.
Currently, the model makes no direct use of this particular
vector and it may be left blank if desired.

The last line in the age-dependent section contains an
age price-premium factor. At each monthly increment,

the market model determines the ex-vessel price for that
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month on the basis of aggregate round-weight landings of
all ages of fish of the species in that month. In the New
England groundfish fisheries, fish of certain sizes (e.q.
large flounder, medium-sized "market cod," etc.) command
significant premiums over this "average price." The age
premiums in this line are applied to the average price as
determined by the market routine before computing fisherman
revenues and consumer surplus. This extremely ad hoc
procedure has a number of obvious limitations, both
practical and theoretical. But the alternative of generating
separate but coupled demand curves for each major age group
within a species was rejected at this time--basically on the
grounds that we must learn to walk before we can run. In
any event, if one is prepared to ignore intraspecies price
differentials with age, the age premium row can be set to
zero as shown in Table 4.1.2.

The next section of each species file contains a number
(up to six) of exogenous recruitment hypotheses. These
are used only if the model is operating in recruitment mode
A, in which case the user must specify which of these hypotheses
he desires for each particular run, or he may input an
entirely different hypothesis from the terminal. The
first line in this section serves to identify the year to
which each set ¢f numbers refers. Also, the first year and
the last year of the simulation are taken from the first
and last elements of this row, unless explicitly altered
from the terminal by the user. Each exogenous

recruitment hypothesis is given in the next six rows in
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millions of recruits per year. Recruitment for up to the
next fourteen years can be specified exogenously in this
manner.

The next section of each species file contains monthly
dependent data. The row labelled CATHCHABILITY is
designed to address seasonal differences in catchability due
to schooling during spawning, weather, etc. The CATCH
routine adjusts the monthly catchability in terms of catch
per lone effort per population by 1.00 plus the number shown.?*
If the user wishes to assume no seasonal variation in
catchability, this row should be set to zero as it has
been in Table 4.1.2.

The last four lines specify the market demand curves
fér each month for the subject species. Currently, the
nodel employs a very simple description of market demand.

As shown in Figure 4.1.2, the model assumes there is a lower
level on ex-vessel price, prs at which demand becomes
perfectly elastic. For the New England groundfish species,
this lower level is set by the landed prices at which
domestic landings would be competitive with imports in the
frozen block market. Currently, this price is about 30-35¢
per kilogram round weight ex-vessel. The frozen block market
is so much larger than current or potential landings of

Georges Bank groundfish that there is little likelihood

*Lone effort refers to the catch a vessel would obtain
if it were the only vessel exploiting the stock. See Section
4.3 for a more complete discussion of the concept.
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that these landings could affect the block price even if--as
has not happened in the last five years--domestic landed
price dropped to this level. Hence, one can make a strong
case for the elasticity of the rightmost portion of the
demand curve.

We also assume, as shown in Figure 4.1.2, that there is
an upper level on price, Py’ beyond which no one will
purchase the species, i.e. demand again turns elastic.

This assumption is more an analytical convenience than an
empirical reality.* As is argued later, all available
evidence indicates that the short-run demand for flounder,
haddock, and, to a somewhat lesser extent, cod becomes
increasingly inelastic as landings decrease. When landings
are low, all these premium species go to restaurants and
specialty fish markets serving high-income customers for
whom price is a secondary consideration. We simply don't
know just how high the price for these species would go

if the supply became low enough.

In practice, then, Py is set at or a little above the
highest price ever observed and the demand curve cut off
at this point. This also cuts off consumer surplus at this
point. However, as we argued in Chapter 2, we are only
interested in changes in consumer surplus associated with

alternative management policies. Hence, this cut-off

*A possible exception is herring. 1In this case, the
upper price may well be the ex-vessel price at which domestic
herring is competitive in the large European foodfish market,
in which case demand may very well turn elastic at this level.
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assumption will have no effect on our results as long as

landings do not drop below the level corresponding to p.-.

In the terminology of Chapter 2, Py and the corresponding

level of landings, X are the baseline against which changes

H’
in consumer surplus are measured. If in a particular
simulation, we generate landings which are lower than Xy
this cut-off assumption will result in an underestimation

of the consumer surplus effect. This will have to be kept
in mind in interpreting our results.

In any event, having established an upper ex-vessel
price level, Py’ and a lower price level, Pr,s and the
corresponding level of monthly landings, Xy and Xy the
market model assumes a hyperbolic demand curve between
these two points as shown in Figure 4.1.2. The four
numbers, (pH, xH) and (pL, xL), for each month constitute
the correspondingly labelled four lines of each
species data file. The first of these lines contains
Xy for each month in metric tons round weight; the
next contains Py in dollars per metric ton; and the next
two contain X and Py, respectively. In the file shown
in Table 4.1.2, the user has assumed no seasonal variations .
in demand. The final section in each species file
contains the recruitment information used when FISHDYNl
is operated in recruitment modes B and C. The line labeled

RICKER MLE's contains the two maximum likelihood estimators

for the Ricker-form parameters followed by the sample
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variance and the sample size of the sample of historical
stock-recruitment data to which the Ricker form was fitted.
The final two lines contain the inverse of the sample moment
matrix which is required by the Monte Carlo recruitment
sampling routines.*

Returning to the input from the terminal, Table 4.1.1,
we note that after reading in the user-selected species
file, the model asks which recruitment option the user desires
to run and then prompts for any changes to the species data.
At this point, the user may temporarily alter any element of
the species data file for this particular run.** It is at
this point that the user must specify a mesh-size limitation,
if desired.

The model has four output options:

1. TERSE. The model will perform the entire simulation,
after which it prints out a brief overall summary
such as that shown in Table 4.1.3in which only one
line is devoted to each year in the simulated period.

2. SHORT. In addition to the above, the model prints out
an annual summary for each simulated year showing the
total annual catch by age and the resulting year-end, residual
population and biomass by year class. Table 4,14 displays

a typical SHORT summary for two succeeding years. 1If there

are twenty years in the simulation, SHORT will

*211 these statistics are generated by the program RICKER,
which operates off-line from FISHDYN]l proper. This
procedure is described in Section 4.5 below.

**Tf the user wishes to make a permanent or semi-permanent
change to a species file, this is easily accomplished by
editing the file from the terminal prior to invoking the model.
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generate twenty such annual summaries.

3. LONG. 1In addition to the output provided by SHORT,
the program prints out a monthly summary for each
year, showing total catch per month, the resulting
monthly prices and monthly cash flows. Table 4.1.5
displays a typical LONG summary for a single year.

4. VERBOSE. In addition to the output provided by
LONG, the model prints out the catch by age for each
month and year. Table 4.l1.6 displays this ocutput
form for a single vear.

Returning once again to Table 4.1.1, after ascertaining
the user's desires with respect to amount of output, DRIVER
prompts for information with respect to effort. 1In so doing
it refers to the Vessel Data File (VDF). A typical VDF is
shown in Table 4.1.7. The Vessel Data File contains one
line of data for each vessel type which may (potentially)
fish the species. Current programming can handle up to
twenty vessel types. The VDF shown contains four. Most of
the entries in this file are self-explanatory. One entry
that is not is Crew Opportunity Cost (CREW OPP. COST}. This
ceolumn should contain estimates of what the crew's annual

earned income would be if the crew could not fish. Depending

on the user's alternative employment assumptions, this

could range from top blue-collar income in, say, the offshore
0il industry to near zero if one believes the best the crew
could do were it not fishing is permanent welfare. Annual
crew earnings above this amount are included in the fisherman

surplus. This definition of Crew Opportunity Cost is consistent
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with our desire to compute a total fisherman surplus in which
roth vessel owners and the actual fishermen are lumped into the
single category "fishermen". It also implies that FISHDYNI
makes no attempt to simulate how fisherman surplus is
divided between capital (the vessel owners) and labor.*

Returning once again to the terminal session shown in
Table 4.1.1 after reading the Vessel Data File into core
memory, the program asks the user a number of questions with
respect to this file and its use. First, it asks the user
to specify how many vessels of each type will be exploiting
the fishery in each year of the simulation. 1In the run
shown in Table 4.1.1, the user has responded that he wished
to see what would happen if the initial active fleet directed
at this fishery consisted of thirty full-time vessels of
category 2 (category 2 is 125 GRT stern trawlers, as can
be seen from Table 4.1.7) decreasing to twenty such vessels
in the fifth year of the simulation and remaining at that
level afterwards. No other vessel types are to be included
in this run. The relationship of this set of inputs to our
"exogenous control” premise is obvious.

Internally, the program potentially contains a number of
different effort-catch formulations, each of which is known

as a "Catch Option." Currently, only one catch option has

*In this industry, the lay system and the fact that owner
and labor are often the same person makes any such division
largely artificial. More importantly, the actual form of
this division has almost no management policy implications.
Despite this fact, much effort has been wasted in the study
of the lay system, usually attempting to prove that the lay
system is the cause of the industry's severe undercapitalization,
when in fact the industry is sharply overcapitalized, as
we shall see.
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been implemented. Catch Option 1 is a simple Carlson
vessel conflict model in which the catch of an individual
vessel if it were operating completely alone is estimated
and then total catch of a fleet obtained by assuming

that each vessel's catch is reduced by the proportion

of fish caught by others.

After obtaining the Catch Option, the program asks for
any changes in the vessel characteristics. At this point,
the user can temporarily change any of the elements in the
VDF. For example, he might ask: what will happen if fuel
prices double? Finally, the program asks for an annual
quota if any. The default is no quota. The user may enter
a different quota for each year or, as shown in Table 4.1,1,
an annual quota which will remain constant throughout the
run.

Having obtained the response to the quota query, the
program will immediately proceed to the simulation.
Ordinarily, response is practically instantaneous and total
terminal time to run a single case is of the order of a minute

or two, and costs about §$1.00.

4.2 Overall description of DRIVER

In concept, DRIVER is completely étraightforward. Most
of the code is taken up with input and output but basically
the program consists of two loops: a loop over years, and
within this loop a loop over months. At each iteration of

the monthly loop, DRIVER has available to it the current
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vopulation distribution by age in terms of numbers of fish.
It also knows the current level of effort in number of boats
of each category specified by the uéer. It transmits this
information to subroutine CATCH which responds with a CATCH
in numbers by age. DRIVER combines this fishing mortality
with the user-specified natural mortality which generates

the population at the end of the month:; whereupon the process
repeats itself.

DRIVER does have one unhappy idiosyncracy. In the model
as it now stands, all recruitment and growth are assumed to
take place once a year, on January 1. On January 1, the
population is aged a year, generating a year's worth of
individual fish growth, and the entering class is fully

recruited overnight. This implies that on a stock that's

being very heavily exploited, the bulk of the catch occurs
in the earlier part of the year. An obvious improvement would
be to have growth and recruitment occur monthly (with
perhaps seasonal fluctuations) generating a considerably
better picture of reality.

A sample of the monthly population updating process
is shown in Table 4.1.6. When the catch level for
each year class is returned from subroutine CATCH it is
converted to a monthly fishing mortality rate, F(t),
and this rate plus the user-supplied natural mortality rate,

M(t), for the corresponding age group is applied to the
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year-class population. That is, within each month we are
assuming exponential decrease in population at a rate of

F(t) + M(t) for each age group t.

4.3 Description of the CATCH subroutine

The CATCH submodel proceeds as follows.
l. First the submodel estimates how much an individual
vessel in each size category would catch in a month,

if it were the only vessel fishing the current total

adult biomass, WB.

2. The individual catch for each vessel category j is
converted to a proportion of the current stock. The
total monthly catc¢h, C, for a fleet consisting of

Nj vessels of each size category is estimated to be

N,
1-gq.) J
( qj)

The reasoning behind this multiplicative model of vessel

interference is that if one vessel catches a proportion qj

of the biomass, then two vessels will catch something less

than 2~qj. This model, introduced by Carlson [1969] and
generalized by Gates and Norton [1974] assumes two vessels
would catch qj + qj(l - qj). In other words, the second

vessel operates on only that portion of the biomass not

caught by the first. Generalizing this reasoning to Nj
vessels in each vessel category and J categories leads to

the above expression. Philosophically, the vessel interference

model in FISHDYN] is a direct copy of the Gates and Norton

interference model.
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With respect to the catch of an individual vessel
operating alone, CATCH assumes that on a given trip, the
vessel is limited either by its fish hold capacity or by the
areas which it can sweep with its net. Part of the Vessel
Data File input, for each vessel category, is the AVMAXCT
(Average Maximum Catch) variable in tons per day. This
should be set to the fish hold size divided by the days
fished on the longest individual trip for which the vessel
was designed. For our Georges Bank yellowtail exercises,
AVMAXCT has been set to fish hold capacity divided by 10.
This, then, is a measure of the potential fishing capacity
of the vessel.* To this number, the model applies a Catch
Variation factor, CATVAR, between 0.00 and 1.00. The Catch
Variation factor is an attempt to reflect the fact that
even if a vessel were fishing a bountiful stock all by
itself it could not expect to £ill its hold on every trip.
For the yellowtail exercises reported herein, the Catch
Variation factor has been set to 0.50. This is based on
conversations with owners to the effect that "in the good
old days" a captain who came in with too many half-loads
would be turned ashore. It also reflects the fact that
the coefficient of variation in random trawl surveys
has been measured at about 2. It is believed to be

conservative. Even in the "good old days," stocks

*Of course, on any given day the vessel can catch much
more than AVMAXCT.
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were limited and nc vessel was fishing by itself. And
fishermen, unlike research surveys, do not sample randomly.*
The product of CATVAR times AVMAXCT times days fished
per trip is compared with the product of area swept per
trip times average concentration of the fish (adult biomass
divided by the area of the fishery times a factor CONCENT
which is supposed to represent the Concentration fished
(as opposed to the above average concentration) times the
proportion of fish swept to fish actually caught.** The
area swept per trip is estimated from the net width and
towing speed of each vessel category as well as the days
fished per trip. For the exercises reported herein, the
concentration factor has been arbitrarily set to 5 on the
grounds that the area intensively fished for vellowtail
is roughly 20% of the area of the Bank. Obviously, this
parameter could bear more study. However, with the numbers
used herein it turns out that for all but a very few low
stock levels, the individual vessel catch operating alone
was limited by AVMAXCT*CATVAR rather than by fish

concentration.T

*Our ability to build a better CATCH model would be greatly
enhanced if we had a histogram of catch per trawl or per day for
a reasonably large sample of trips, such as the Japanese collect
[Motte and Iitaka, 1975]). Lacking this, a good deal could be
learned by analysis of individual trip catches.

**Area swept rather than volume swept was chosen for the
strictly bottom-dwelling yellowtail. FISHDYNl can handle either.

+Under our number, the concentration limit is about 1%.
That is, a vessel operating alone can never catch more than 1%
of the stock per trip. For a sixty-five foot dragger under our
numberical assumption, the average maximum catch limit works out
to about fifteen tons per trip. Therefore, the concentration
limit applies only when the adult biomass drops below 1,500 tons,
at which point the fishery is for all practical purposes wiped out.
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In summary, the catch in tons per trip of an individual

vessel of category j, Ljr is given by

Lj = MIN(CATVAR * AVMAXCT * DAYFISH * TRIPLEW,

CONCENT * AREASWP * WB/AREA BND)

where DAYFISH is the ratio of the days fished to the days

absent. This factor has been set to .67 in the yellowtail

application which follows.

At present, FISHDYN]l allocates the total monthly catch

to each fully recruited age group on a straight proportion of

age group mass basis. That is, CATCH assumes no differences

in gear efficiency for the fully recruited age groups.

4.4

Description of the MARKET routine

The function of the MARKET routine is quite simple.

Each month, it is told how much fish was landed and it

examines the demand curve to obtain the corresponding price.

The demand curves used by the model have been developed by

the following procedure:

l.

Monthly landings and prices were obtained from the
NMFS Fish Market News Reports {("blue sheets") for the
period 1973 through 1976. Aggregate New England
landings and Boston prices were used.

All prices were deflated to 1975 dollars using

the Boston Consumer Food Price Index.

Scatter diagrams of monthly landings and (deflated)

prices were prepared.¥*

*Interpreting such scatter diagrams as demand curves involves

the assumption that short-run supply is completely inelastic over
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Some of the results are displayed in Figures 4.4.1 through
4.4.5.

Several general comments are in order. For all the
demersal species, the price of imported frozen block represents
a floor. Currently, this price, translated to round weight,
is roughly 15¢/1lb or about 33¢/kg. Price cannot drop below
this level. Therefore, if enocugh fish is landed so that the
fresh-fish market is completely saturated, then the marginal
fish must go to block and the price will drop to this level.
Since domestic New England catch is very small compared with
foreign imports, there is no way the domestic catch can affect
the block price. Hence, once the price has dropped to the
block level, it can drop no further. At these very high
levels of landings, demand becomes perfectly elastic and
hence the demand curve horizontal.

As the scatter diagrams indicate, this has rarely
happened in the last four years. Almost all the high-value,
domestically landed groundfish has been sold as fresh fish.*
The reason is obviocus. For most of this period, the fresh
fish price has been well above the block price. Thus, we have
not been on the horizontal part of the demand curve. 1In fact,

as is clear from the scatter diagrams, demand becomes

the corresponding price range. This appears reasonable,
since there has been excess existing capacity throughout this
period, and given this excess, the marginal cost of cperating
a vessel has been well below the market price for the great
bulk of the fleet.

*Pollock is the only New England groundfish that is
fairly regularly sold to frozen-fish processors.
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increasingly less price-sensitive as landings drop. This
phenomenon is particularly apparent in the case of the
yellowtail flounder, Figure 4.4.1. In recent months, landings
have dropped to 500 tons per month, at which point demand is
quite insensitive to price. At these low levels of landings,
almost all yellowtail flounder is going to restaurants and
premium fish markets, where it is resold to high-income
groups. Apparently this market is willing to pay whatever
it must to obtain the small amounts of yellowtail which are
available. Prices of 55¢ per pound have become quite common
and prices as high as 80¢ per pound have been observed.

The relative inelasticity of price at low levels of
landings for premium groundfish is the explanation for the
reigning paradox of the New England groundfish industry:
the stocks have never been in worse shape but the fishermen
have never done better.

The importance of landed price to fisherman income
is illustrated by Table 4.4.1. This table estimates all
non-labor costs for a seventy-five ton, side-trawling
dragger--the mainstay of the New England yellowtail fleet
and FISHDYN] vessel category 1. At 7.5% real (equivalent
to a market interest rate of 12+%), the present value of all
these expenses for fifteen years is about one million dollars.
The cost assumptions are for the most part generous,
especially if one assumes a Gulf of Mexico-built vessel.

The bottom portion of the table indicates the annual surplus
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TABLE 4.4.1
SAMPLE ECONOMICS OF NEW ENGLAND DRAGGER
(ALL VALUES IN 1976 DOLLARS)

Vessel Characteristics

Length

Gross registered tonnage
Fish capacity

Crew

Potential catch

Economic life

Real cost of capital
Present-value non-labor cost
Initial cost

Annual insurance cost

Annual maintenance

Annual stores
Administration/overhead/miscellaneous
Fuel price

Annual fuel cost

Ice price

Annual ice cost

Catch Average

Per Year Price Present-Value

Tons $/Lb Revenue

150 .10 291,000
.20 582,000
.40 1,165,000
.60 1,747,000

300 .10 582,000
.20 1,165,000
.40 2,330,000
.60 3,445,000

600 .10 1,665,000
.20 2,330,000
.40 4,660,000

65"

75

30 tons

5

~ 900 tons/vear

7.5%
$1,013,000
$180,000
$8,000
$18,000
$13,000
$20,000
$120/ton
$50,000
$20/ton
$4,000

Annual
Surplus

-87,000
_541000
11,000
77,000

-54,000

11,000
143,000
275,000

11,000
143,000
407,000
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for this vessel as a function of annual catch and average
landed price. This surplus is the money available to be
distributed to the crew and owner above and beyond the 7.5%
real return on capital. As the table indicates, if the
vessel catches only 150 tons per year, even at an average
price of 60¢ per pound, the surplus is barely sufficient
to generate a low-income living for owner and crew.
However, if the vessel is able to catch 300 tons per
year, then the economic well-being of owner and crew is
sharply dependent on price. An average landed price of
30¢ per pound will generate a low to moderate income of
roughly $12,000 to $15,000 per head. But an average price
of 40¢ per pound generates an income of over $25,000 per
head, and at 50¢ per pound, we are talking about average
income of $35,000 to $40,000. oOf course, if the vessel is
fortunate enough to land more than 300 tons per year, the
picture is still better.

In the last few years, Americans have been landing
about 20,000 tons of yellowtail with roughly 8,000 days
of effort. That is, they have been catching yellowtail
at a rate of about 2.5 tons per day fished. At this rate,
it is quite easy for an active vessel to catch 300-400 tons
per year (which represents about one-third the vessel's
potential capacity). Recent prices have certainly averaged
better than 40¢ per pound. All of this would imply a
per-capita income well in excess of $25,000 for
approximately 200 days at sea. In short, very good

blue-collar income.
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There are a number of factors which may make the above
estimate conservative. The prices given are Boston large-lot
averages. The freshest fish, caught the last day or two of
the trip, can command a quality premium of 10¢ per pound
Or more. By custom, a portion of this premium fish is
reserved to the crew for their own use. The resulting
personal sales do not appear anywhere in NMFS statistics.

In any event, while accurate documented estimates of true
take~home income are by their nature hard to come by, the
conventional picture of the struggling American fisherman
working impossible hours for very low pay is simply not
representative of the present situation facing the full-time
Georges Bank fisherman.

And the basic reason is the increasingly inelastic
character of the demand curve at low levels of landings.

As we noted in Chapter 2, a drastically overfished situation
with conseguent low landings and high prices is not

necessarily a bad thing for the fisherman, provided it

can be maintained. We appear to have been in such a

situation with respect to at least the yellowtail fishery
over the last year or two. The other groundfish display
the same phenomenon, although to a lesser degree. Herring,
Figure 4.4.5, represents the other extreme of an almost
perfectly elastic demand curve throughout. For this

species, conventional fixed-price analysis appears appropriate.
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In order to obtain demand curves from these scatter
diagrams, a number of different functional forms were
considered. These included linear, log-linear, linear-log,
and log-log. For yellowtail, the best fit in terms of standard

eérror was obtained by the following relationship:
p=21.9 + 51.3/x

where p is the price in $/kg and x is monthly landings

in thousands of metric tons. The standard error for this
fit was 12.6¢/kg. This fit is shown as the dashed line
in Figure 4.4.1.

It is important to note that the choice of the demand
curve form determines the elasticity behavior. Furthermore,
the most commonly used forms, including the combinations of
linear and log listed above, automatically imply that
elasticity is constant or increases as price increases. If
one uses such a form, not only dces non-decreasing elasticity
with lower landings occur, but one will generate a higher
level of elasticity at the low end of landings and a lower
level of elasticity at the high end, and end up proving that
the demand for fish exhibits moderately high elasticity
throughout. Unless a wide range of functional forms are
examined, including functional forms which exhibit decreasing
elasticity with increasing price, and the best fit is a
constant or increasing elasticity form, then this proof is

an artifact of the procedure and not of the data.
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It turns out that surprisingly few simple functional
forms exhibit decreasing elasticity with increasing price.
The translated hyperbola shown above is one of those. However,
this simple hyperbolic form does not actually turn inelastic
until x goes to zero. Or to put it another way, at low
landing levels this form exhibits nearly unitary elasticity.
At these levels, the fisherman's revenue is.essentially
independent of how much he lands. As we cbtain more price
data on very low landings, we may find that we obtain a still
better fit by going to a functional form which can turn
inelastic. Such a form is the doubly translated hyperbola

p=a+b/{x - c).

4.5 Description of the RECRUIT routine

By far the most interesting of FISHDYN1l's subroutines
is RECRUIT. Once a year DRIVER calls this routine and its
role is to return the new recruitment to the fishery for
that year. As mentioned earlier, RECRUIT functions in one
of three modes, each of which is described in the following

three subsections.

4.5.1 Mode A: Exogencusly fixed recruitment

In Mode A, recruitment is supplied exogenously by the
user and is not a function of adult biomass. In this mode
there is no stock-recruitment dependency. This mode can
be used only for those species in which the user is willing

to assume that recruitment is independent of the status of

the spawning stock. In this mode, FISHDYNl is functioning as a
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classical growth overfishing model, ignoring the recruitment
overfishing problem. 1In this mode, the model will generally

go to steady state in five or six years, if effort is held

constant. It is important to note that, except in the
coincidental case that the stock is already at the steady-state
eaquilibrium for this level of effort, the model has always
taken at least two or three years to get to steady state.

This should be very disconcerting to people who attempt to

fit Schaefer models by using scatter diagrams of annual

catch per unit effort versus effort.*

It is not our purpose here to review all the arguments
against constant recruitment models. Rather, our purpose
is to display the implications of assuming that stock and
recruitment are related. Therefore, in our work, the
brincipal use of Mode A was to show how differently a model
in which recruitment is independent of stock behaves from
a model in which this feedback is represented.

4.5.2 Mode B: Deterministic Ricker using least-squares
estimates for parameters

Mode B assumes that recruitment is related to adult
biomass according to the Ricker hypothesis. Ricker posited

a relationship of the form:

*The need to hold effort constant at least one response
time has been pointed out almost as often as it has been
ignored. A model such as FISHDYN1l can be used to estimate
the necessary response time.

A still more damaging argument against this procedure
is that it will generate spurious correlations, even when
catch and effort are completely independent since the
inverse of effort is obviously negatively correlated with
effort.
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R = gqpe PP

Here R is recruitment in numbers, and P is the adult biomass in mass.
In this paper, "recruitment" refers to the number of fish

at first exploitable age. That is, if we are dealing with

a fishery in which the fish first become explcited at age 3,
then Rrepresents the number of fish produced by the biomass
which survives until age 3. This form is unimodal, that

is, it assumes that there is one level of spawning biomass
which will maximize recruitment and that as the biomass gets
larger or smaller, recruitment will fall off monotonically.
This modal level of biomass is 1/8. a can be thought of as
the number of surviving recruits per unit of spawning biomass
when the spawning biomass is quite low.

The basic idea is that at very low adult biomass, the
adults are healthy and at the same time not much of a threat
to the larval and juvenile stages and hence recruits are
produced and survive at some maximal rate per adult biomass,
. However, as the adult population grows, competition for
food begins to affect adult fecundity, larval and juvenile
growth, and the effect of cannibalism increases. 1If the
biomass becomes large enough.(1/8), a further increase in
biomass will actually decrease the surviving number of recruits,
and if infinite levels of biomass were somehow attained, the
number of recruits would drop off to zero.

The Ricker form has a number of nice attributes. It

goes to 0 at P = 0 and at P = », properties that seem
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appropriate in a recruitment function. The assumption of
unimodality also seems reasonable, although one can concoct
counterexamples. It also has some very nice statistical
properties. Suppose we have observed in the past a time
series of recruitment and adult biomass. Table 4.5.1 shows
such data for the Georges Bank yellowtail taken from Parrack
[1976]. Parrack used standard Virtual Populatién Analysis
to derive population age distribution from catch data.* The
yellowtail is a fish which is recruited late in its second
year. If one assumes the primary effect of the adult
biomass is in larvae's first year of life, then it makes
sense to lag the adult biomass two or three years, i.e.
we will assume that recruitment of two-year-olds in 1877
depends on adult biomass in 1975. The question, then, is
how do we use Columns 2 and 3 of Table 4.5.1 to fit a
Ricker recruitment relation.

An obvious approach is to make a logarithmic transformation
of the data, suitably lagged, and then use classical regression

techniques:

log R, = 1log o + log P - B log P + € t=1,...,T

t t-1 t-1 t

T is the lag, that is, the age at recruitment to the fishery.

€ is a random error variable, reflecting errors in our

data and, more importantly, fluctuations due to variables outside

*Parrack's results are in terms of number of fish at each
age. We  converted Parrack's numbers for age group 2 through
10 to weight using the growth curve of Table 4.1.2.
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TABLE 4.5.1
1963-1975 YELLOWTAIL STOCK AND RECRUITMENT DATA

Re Py
Number of Two-Year-0ld Adult Biomass
Fish Entering Fishery in Thousands of
Year in Millions Metric Tons
19632 54,2 30.2
1964° 45.0 33.5
1965 41.8 27.17
1966 41.6 19.1
1967 7.1 19.6
1968 66.7 27.6
1969 65.7 32.9
1970 60.8 33.9
1971 52.0 29.9
1972 47.0 31.0
1973 35.1 27.9
1974 39.6 20.0%
1975 45.3 14.72

8could not be used in regression due to two-year lag.
Biomass in 1961 and 1362 unknown as is recruitment in 1976 and 1977.

Source: Parrack [1976]. Adult population numbers converted
to biomass by authors.

Note: Parrack numbers are unpublished and hence under continual
revision. Recent work at National Marine Fisheries Service,
Woods Hole {also unpublished) has indicated that the sampling
process in use prior to 1974 was biased against small fish.

More small fish were being landed than indicated in Parrack
[1976]. This implies that recruitment (and young age group
fishing mortality) may have been higher than Parrack estimated.
NMFS Woods Hole is in the process of re-estimating all the
yellowtail figures and a new set of estimates is expected to

be published shortly.



93

the model (current, water temperature, other species' stock
sizes, etc.) and T is the sample size. We will assume that
the €y 's are independent zero-mean Normally distributed
random variables with unknown variance. This assumption is
necessary if we are to make use of all the statistical
thecry which has been developed for Normally distributed
random fluctuations.

At this point, another nice feature of the Ricker form
becomes apparent. In terms of untransformed variables, we
are assuming that the variance of the random fluctuations
is proportional to the size of the existing biomass. That
is, in absclute terms we would expect to see larger
fluctuations in recruitment when recruitment is high than
when it is low. This seems reasonable--at least more
reasonable than assuming the absolute fluctuations in
recruitment are the same no matter what the expected level
of recruitment is. More importantly, with proportional
errors, we never see a negative recruitment, since the error
is a fraction of the mean recruitment.*

In any event, having made the above choices, we apply
classical regression theory to obtain that log a and 8
which was most likely to have generated the observed sample.
These estimates are computed by first computing the moment

matrix N:
T
I logp . |

2
7 log Py . ¥ (log P _.)

*The quadratic recruitment relationship explored by
Doubleday [1976] does not have this property.
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where T is the number of usable samples and each summation
is from t equal 1 to T. This matrix is then inverted,

obtaining NINV. The least-square estimates are then obtained:

A T
log oo = } [(NINV{1l,l) + NINV(1,2) log P ]

lfilog R

- log P

t t-T

T

B = ] [(NINV(2,1) + NINV(2,2)*log P,_ 1[log R_ - log P
t-1 -1 t

t-T]
Note the central role played by the inverse of the moment
matrix in these computations.

These computations are carried out by the computer

program RICKER which takes as input (Rt’P ) £t =1,2,...T

t-1
and outputs, among other things, the Maximum Likelihood
Estimates for leg a and B as well as the inverse of the
moment matrix.

Figure 4.5.1 shows the results of applying RICKER to
Parrack's yellowtail stock recruitment data for the period
1963 to 1975. A scatter diagram of the data is included on
the figure. According to this data and this analysis, maximal
recruitment will occur at an adult biomass of about 14,000 tons,
at which point recruitment (two years later) will be
sixty-eight million fish.

It is obvious that the Ricker-form hypothesis is a

rather heroic assumption, for we have yet to observe recruitment

of adult stock levels at and below the peak. Unfortunately,
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we may remedy this deficiency in a year or two. But the
same basic problems of a rather narrow band of recruitment
observations confronts any choice of functional form
(including the assumption of constant recruitment--an
assumption which is almost certainly wrong, at least at
extremely low and high levels of stock).

The position of the peak (also known as the mode) in
the recruitment curve is an extremely important determinant
of the dynamic behavior of the fishery. If the adult stock
is to the right of this level, then the situation tends to
be much more stable than if the stock level is to the left
of the peak. To the right of the mode, a decrease in stock
size increases recruitment and conversely an increase
decreases recruitment. Hence, above the mode, any-perturbation
in stock size sets in motion a resﬁoring variation in
recruitment. Of course, this adjusted recruitment does not
join the adult stock for several years, so the adult stock
fluctuation may be damped rather slowly. But still the
inherent long-run stability of the system is apparent.

If, however, the adult stock drops below the peak, then
we are in a quite different situation. A further decrease
in stock decreases recruitment and vice versa. In short,
below the modal stock level, any stock variation is inherently
unstable. This does not necessarily mean that the fishery
must be wiped out. At extremely low stock levels, even
very low recruitment can generate a biomass which at
recruitment is larger than the adult stock which spawned
that recruitment. But it does mean we are on a roller

coaster. Once adult stock drops below the mode, it will keep
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dropping by itself until this phenomenon occurs, whereupon
a rebound all the way back up to the mode will occur, assuming
no fishing effort and that adult natural mortality is not
density-dependent. Continued fishing effort in this situation
will force the stock to remain at extremely low levels or wipe
it out, depending on whether or not the new recruits get a
chance to spawn before they are fished. Clearly, a basic tenet
of intelligent fisheries management is to keep the adult stock at
levels to the right of the peak in the recruitment curve.

The crucial importance of the position of the peak of
the stock-recruitment curve exposes a basic flaw in the
Ricker form hypothesis. As mentioned earlier, the mode
occurs at B_l- Hence, the parameter B8 determines the
position of the peak. Unfortunately, B also completely
determines the shape of the recruitment curve. o is merely
a linear scaling factor. 1In the Ricker form, it is impossible
to have a mode near zero without a very short tail or a
mode well above zero without a long tail. To put it another
way, Ricker-form curves with modes near zero are necessarily
very narrow with recruitment dropping off extremely rapidly
at high levels of stocks. Ricker-form curves with modes
well away from zero are necessarily very spread out with
recruitment dropping off very slowly at high stock levels.
We are informing Nature that she simply cannot have a species
which is inherently stable (peak near zero) but which can
also support substantial recruitment at stock levels
several times or more the modal level. Similarly, we are
informing her there is no such thing as a highly tuned
species~--mode well above zero but supporting substantial

recruitment only over a narrow range of stock.
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The authors see no justification for this arrogance.

An obvious generalization of the Ricker form is:

R = ouPYe-BP y > 0

This form, the unnormalized Gamma density, is unimodal,
and has the same behavior as the Ricker at 0 and «, but
allows Nature complete freedom to position the mode and
determine the spread-outness of the recruitment relationship
independently. Like the Ricker, by taking logs the
relationship becomes linear in the three unknown coefficients
(o,8,y) and ordinarily multivariate regression analysis can
be used. Since the Ricker form is a special case, if it is in
fact true, the data will begin to reveal this fact by pointing
to a vy near 1. If, on the other hand, recruitment is in
fact nearly independent of stock, as some claim, then the
data should come up with a near-zero y.* This form is general
enocugh so just about any unimodal stock-recruitment curve
which goes to zero at zero stock and infinite stock levels
can be approximated reasonably well by a member of this
three-parameter family. One can have widely spread out
curves with near-zero peaks and very narrow curves with
peak well above zero. Hence, in using this more general
form, the analyst is not really assuming anything more than
unimodality and zero recruitment at the end points.

We strongly recommend that future stock-recruitment

studies use the Gamma form. Unfortunately, we have not

*And a near-zero B. o in this situation will tend to
the unknown, fixed level of recruitment. The unnormalized
Gamma has the strange ability to be very nearly constant from
0+ to « and still drop to zero when P equals 0, which is
another argument for its use.
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followed this excellent piece of advice and all the
stock-recruitment work in this report is based on the
Ricker form.
4.5.3 Mode C: Monte Carlo sampling from posterior
recruitment densities obtained by Bayesian
regression of data

In Mode B, we took a classical view of the problem of
fitting a recruitment curve to the available data. The
aim was to obtain those estimates of the parameters o and
B which minimize the sum of the squared errors (after
logarithmic transformation). This set of least-square
estimators, 8 = exp {(log”a) and §, is also the wvalues of
the parameters which were most likely to produce the data
under the above assumptions. However, the probability that
& and B so derived actually equal the true value of o and B
is in general vanishingly small. & and 2 may be the best
estimators in the logarithmic least-squares sense but still
may not be very good in the sense that there remains a good
chance that the data was generated by an a and 8 significantly
different from these estimates.

The Bayesian approach to this problem of our uncertainty
about o and B even after we have observed the data is rather
different in philosophy from the classical. The Bayesian
regards the true values of o and Ras random variables about
which we can never be sure and attempts to develop probability

densities--not point estimates--of these random variables

from the data. If he makes the same assumptions about
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independent, zero-mean, Normally distributed errors with
unknown variance and if before he observes the sample of
stock-recruitment data he assumes he has absolutely no
knowledge about o and B,* then one can show by application
of the basic rules of probability and considerable algebra
that the posterior probability density on leg o, B, and o

the unknown error variance after having cbhserved the data,

p{log G,BﬁJ“Rt,P ),t=1,2,...T)

t=T

is proportional to

1 1 2 - ~ n ~
0'1‘+1 exp {‘ ;;5 [(T-2)s"+(log a-log a,B-B)+*N+ (log a~log o,B8-8)"]

where N is the Moment Matrix; logﬁa, é are the least-square
estimators of log o and B respectively; and 52 is the sample

variance after the logarithmic transformation

2

0
[ %]
]
-
Il ~113

(log R
1 t

~ ~
- +
(log“a BP, _.))
Conditional on o, the unknown variance of the random
fluctuations in recruitment, log o« and 8 are distributed
Normally with means equal to log a and B and covariance

matrix equal to NINV*GZ.** Although this is mildly

*In the Bayesian jargon, the prior on o,B, and the
unknown error variance ¢ before observing any data used
is Jeffrey's non-informative conjugate prior, Al/g.

**Tf all the observations of recruitment are based on
a narrow range of adult biomass, the elements of NINV will
tend to be very large. Thus, the fact that our observations
on recruitment are not spread out over the entire range of
adult biomass increases our uncertainty on a and B, as it should.
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interesting, it's of little use in practice since we don't
know o. In fact, our uncertainty about o reflects our
‘uncertainty as to the size of the random fluctuations in
recruitment being generated by all elements outside the
model: hydrographic conditions, other stock sizes, etc. One
can get rid of the troublesome parameter o by integrating it
out. This will result in a bivariate Student density in

log a and B. Perhaps, more interestingly, if one integrates
out log a and B, one finds that ¢ is distributed according

to an inverted Gamma whose variance depends on the simple

variance

plo} (R ,P,_),t=1,2,...T) = 'l"r_-”'l' exp |- E{...%).EE
o 20

So the analysis allows us to be quantitative about our
uncertainty as to the size of the random fluctuations in
recruitment.

Of course, our real goal is not a density on ¢, or even
densities on the unknown parameters of the Ricker form,
a and B. After all, o and B are only means to an end. That
end is a density on future recruitment given the current
adult biomass. However, this set of densities can be
obtained from the density on the Ricker-form parameters and
o by employing some elementary probability and some rather
tedicus algebra. Let Rn,, be the yet unknown recruitment

which will occur T years from now and let P . be the

T+1-

current biomass, the biomass upon which R depends. From

T+1
basic probability, we have
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Log of Future Present
Recruitment Adult Past Stock
Per Biomass Biomass Recruitment Data
] B ) 1 )‘ 1,2 7 1
= .o equals
P0G (Ryy ) /Poyy o) [Ppyyogr RerPe)rE=102,00T] g

f J J pl(log RT+1|PT+1—T’109 a,B,o)p{log a;Bmﬂ(Rt:Pt_T)t=er)
loga B o

The first term within the integral is the single-sample
likelihood function. The second term is the posterior

density on (log a,B,0) given the past data--the density on

the page before last.
Substituting in these densities and performing the

required integrations, one eventually finds that
p[log(RT+l/PT+l_T)[PT+1_T,(Rt,Pt_T),t=1,2,...T] is proportional to

21

15 (1-11,P 1
s

(T-2)+(log R

p+1” (109 0¥B-Pp, ;1) p+1-7) NAUG T (1 B, LT

where NAUG_1 is the inverse of the augmented moment matrix

[1 log PT#l-T

NAUG = N +
’ [}og Pry1-¢ (109 Pri1-1

)2

NAUG is just the moment matrix for all observations of

biomass including the current biomass.*

*See Zellner [1971], pages 62 through 75, for the complete
argument. The apostrophes in the above expressions denote the
vector transpose operation. Thus, in the express}on for the
probability density of log Rq,;, the matrix NAUG -~ is premultiplied

by the row vector (1,Ppi 1.} and postmultiplied by its transpose,
the column vector with the same elements.
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Despite its long-winded form, the above density is merely

a univariate student density whose mean is

mean(log Ry, |Pp ;) = log o + B Prs1-¢ ¥ 199 Ppyy o

and whose variance is

(T—2)32

L — - - '
VAR(log RT+1|PT+1_T)—(T_4) {1+(1, log Pryl-7) "NINV- (1,109 Pos1-g)’)

However, it's important to note that what we have developed
is a family of densities for future recruitment conditioned
on the current adult biomass. In order to evaluate the
probability of various recruitments 1 years from now, one
must know the current adult biomass. Recruitment still depends
on current biomass but now the dependence is stochastic in
nature. Biomass affects the probabilities of future recruitment.
It does not determine future recruitment. 1In fact, the mean
of the log of future recruitment is the straightforward Ricker
curve whose parameters are the least-square estimators of
1ogha and E.

The above aensity is still in terms of the logarithm of
future recruitment. However, a simple little antilog
transformation brings us back to future recruitment proper.

)

Performing the transformation, we find that p(RT+1[PT+1—t

equals
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1 1-2) T-1
b)2 I{(r-1)/2] (1-2) i h A —[E_]
[F] Tl(r-2)/2]R ET_Z»?'[M’;(RTHI Pre1-o)-(log °‘+B'PT+1-1)]j

where

— —— L] -l‘ .
ho=1= (1L,Pg,_)NAUG *(1,Pp )
and

I' denotes the complete Gamma integral.

This transformation results in a log-student density which
has the desirable property that recruitment cannot take on
negative values. However, being an unsymmetrical density--a
highly unsymmetric density of the ratio of its standard
deviation to its mean is not small--one must guard against
attributing Normal-like properties to it. For example, the
most likely recruitment will always be less than the mean
recruitment for a given adult biomass~--sometimes considerably
less.

Note that in order to compute the recruitment density
for any given current adult biomass, one needs the least
square estimates logAa and B, the number of samples, T, the

sample variance, 52, and the inverse of the moment matrix, NINV.
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The program RICKER computes all these statistics so that they may be
transferred to the appropriate Species Data File (see Section 4.1).
The user of FISHDYN1l is spared all the algebra inherent in the
above expression. He merely inputs the past stock-recruitment
data to RICKER.

RICKER also computes this density for a range of stock sizes.
Table 4.5.2 shows typical output from a run of RICKER. The
particular run shown is that for yellowtail flounder based
on Parrack's 1963 to 1975 data lagged two years. The program
first prompts for the number of samples and then the stock-
recruitment data. The adult population P is entered in
millions of age 2 fish. The program then prints out the
logarithmic least-square estimators, the logarithmic sample
variahce, and the transformed estimators. 1In the output, the
untransformed estimates logAa and é are called B(l) and B(2)
respectively, the transformed estimates & and § are called A
and B respectively, and the variance of the logarithmic sample
is called SSQRD. The program then prints out the moment
matrix (NMATRIX) and its inverse (NINVERSE).

The next set of output displays various parameters of
the log of future recruitment (called Y) density as a function
of present adult biomass (called X and shown in thousands of
metric tons). Information shown includes the mean, the
variance, the value of the density at its peak, which will
be when ¥ equals the mean of Y. The program also outputs the
regression line logAa + BX as a function of X as well as

the position of the peak of the density on future recruitment
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{(called R) and the value of the density at its peak. Finally,
the program actually computes the posterior density on
recruitment for eight different adult stock levels and
outputs the mean and variance of these eight densities.

Graphically, these results for yellowtail are illustrated
in Figure 4.5.2 , which shows three of these densities,
together with their means as a function of adult biomass.
We have also redrawn the transformed least-square regression
line on this figure. This line is simply Figure 4.5.1 with
the axes reversed. First, the difference between the
mean of the recruitment density conditional on stock level
and the regression line points out that & = exp(log“a)
and B are not unbiased estimators of o and B. This is
a product of the fact that the least-squares procedures has
been applied to the log of the sample data and not the
data itself. To put it another way, all the log-student
densities are skewed--possibly highly so. The mode of these
densities is always less than the mean. In all our results
so far, the mode is also less than the transformed least-square
estimator.* Hence, the least-square estimator appears to
compromise between the mode and the mean. Secondly and much
more importantly, note the considerable spread-outness of
these densities. The ratio of the standard densities to the
mean runs from .5 (at the very low and very high levels of
stock) to .95 at intermediate levels. This implies that we

can reasonably expect to observe recruitments which are a

factor of two or more away from our "best guess," whether

*This can probably be proved, but the algebra's pretty
forbidding.
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that best guess be in terms of transformed least squares,
the mean, or the mode. In short, these densities faithfully
reflect our uncertainty about future recruitment given the
assumptions underlying the analysis-—-principally the Ricker
form postulate--and the fluctuations in recruitment observed
in the data.

Actually, the yellowtail recruitment data is
reasonably well-behaved. We have applied the same analysis
to thirty yvears of haddock data taken from Clark [1977a].
Clark's data covers the period 1939 to 1973. The results are
shown in Figure 4.5.3 and they can reasonably be regarded as
a mess. The least-squares regression line has a mode at
a stock level of about 100,000 tons, at which point the
estimate of recruitment is about 50 million age 2 fish.
However, the mean of the recruitment density is just about
twice these least-square levels. The reason for this gross
difference between the mean and the maximum likelihood
estimates becomes clear when one combines these curves with
a few of the recruitment densities, as has been done in
Figure 4.5.3. Note the relationship between the mean and
the standard deviation. The standard deviation is roughly
twice the mean. This in turn is a reflection of the large
amount of scatter in the data. Now the only way we can
obtain a mean which is small with respect to the standard
deviation in a density which is restricted to positive
values is with extreme skew. As you will note, these

densities have sharp peaks at very low levels of recruitment--
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5-10 million fish--but they also have very long tails.
The mean of the density is typically ten times the mode.
With densities of such high skew we can reasonably expect
order-of-magnitude fluctuations in recruitment for a given
levél of adult stock. 1In short, the analysis is telling
us that our uncertainty as to future haddock recruitment
is very high indeed and that "best guesses” at future
recruitment, whether they be based on least squares, the
mean, or the mode, will almost certainly be quite far from
actual recruitment.?

Our uncertainty as to future recruitment is a fact
of life. It is not an excuse for not managing the fishery.
Rather, it implies the need for a model which incorporates
this uncertainty into its computations. This is the purpose
of Mode C of the RECRUIT subroutine. As mentioned earlier,
the statistics required to compute the recruitment density
are transferred from the RICKER results to the Species file
and from this file are available to FISHDYN1.** In Mode C,
RECRUIT uses this information to reconstruct the family of
recruitment densities. Then each time RECRUIT is called,
it produces a sample of the log-student recruitment density
corresponding to the current adult stock level. This sample

is produced in such a way that the probability of each such

*Part of the haddock problem may well be the overly
restrictive Ricker form. The authors will feel much more
comfortable with results such as Figure 4.5.4 when
they are based ¢on the more general Gamma form.

**The RICKER routine is not part of FISHDYN]1 proper. The
only time it is run is when one wishes to change or update past
stock-recruitment data for a particular species--perhaps once a
year. The results are transferred to the appropriate species
file manually.
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sample's occurring is the same as the probability of that
recruitment's occurring under this recruitment density.*
This procedﬁre is called Monte Carloing. Under
Monte Carlo sampling, the results of any particular run
of FISHDYN1, the recruitment, the resulting stock levels
through time, the corresponding catch, and the resulting
fisherman's surplus and fish consumer's surplus are all
random variables. In order to obtain insight on the
distribution of these random variables, it is necessary
to repeat such simulations a number of times, holding
everything but the recruitment constant. Suppose fifty
such simulations are run. The results will include
fifty different samples of present-valued fisherman's surplus.
One can then examine the histogram of these fifty samples, and
compute their average and their variance to obtain an
idea not only as to the likely values of fisherman's surplus
under the given level of effort, but also the possible fluctuations
in fisherman's income due to the possible fluctuations in recruitment.
Table 4.5.3 shows the results of a typical run of
FISHDYNL using the Monte Carlo recruitment mode. The input
portion is the same as in the earlier recruitment modes
with the exception that FISHDYN]l must be told the number
of Monte Carlo simulations desired. In this case, the
user requested twenty such runs, requesting non-specific

output for only two of these twenty.

*The rejection method based on a pair of properly
transformed uniformly distributed pseudo-random numbers is
used. See Devanney [1972) for a description of
this method.



114

L

20-342625°C T(DOT)HORYIEVA L1 =3ZIS T1dw¥S

negtll

“ON NOd DhOg02 FAWOONI "TVNOILVN “I¥d4 NI BONYHI 99LES SIWOQINI NdW4ZHSTA NT ZDNVHD  hildnal *ZHOONI dAWNSNOD NI ZTONVHD

‘AI0LS EHL JO NOTLVIIQTdXY ON OL JAILYTEd HHOONI vdd NI SIONYHD GHOTVA INZSHdd TYLIOL

ghtthy SCASNAdXT JTEVILVA ATHINOW QQO08 =SRENEdAY GEXIJ ATHINOW L9°'0 =LNUSEY SAVU d8d GHHSId SAYG 0670 =ROTIVIAVA HALVD @
2} o! 092 & "¢ 82 ¢ EL as Q2 gl ¥ ogl S 0 0 009 ¢"0 D091 06 & ot L8lo 628 6L L
GNdD SAVG VIS AvVa/l 4z (d¥3X 434 SHVTIOC GNVSNOWL) € ¢ MOL S4IW  KVG SINX  1vu SINY SNOL SNOL
HET4 HINT IV HOLVD -MO0d 34I7 1502 LSOD 1S00 LS0D LS0D LS0D 0113 /ROL *0S /NOL G4% /NCL  wudSs 3z1%8
OL dIdl SA¥G "XVW HSIJ 13§ JOV- 1IVD "dd0 NWGY INVH4SHT 1§00 FZIS "LV2 ¥ddV 714Nd ONT 4WS2 NI GYOT G'10H Xd-
LEIG XYW °NKV AV "T3d -S3A JOOW “NNV MEED NNV "NAY 'NNY LINT MAdD X¥d L3N "MOL =<M0L 7140d -KDd ¥01 HSIJ £¥4D JRE 1dd (NI
S0°0 =TVLI4YD 40 LSOD IVIDOS 00702 ={lRN/%$)dITdd DI 00°0 =(IW/%)}IS0D0 DNIGYOTIND 00°021={IW/$)30Tdd T3and
"HOLLVIAWIS SIHL d0d QAWRSSY SIILSTARIIVEVHO TISSHA
0002 o002 oogz a002 000¢ 0002 00ge oooe 0002 0002 ocoz ogoe BOLYD NO GNNOG Waddn
osn osn 05n st 0Sh oSt osh 0% 05h 05 0sh 0S5y HOIVDO NO GNNCHE 43M07
ottt OLE 144 OEE Ote ott QEE ott CLE ot O0EE (1139 d0Tad MO GNNCE 44%07
00°0091 00°0Q9L 00°009L 00°009i 00°009L 00'009L 00°009L O00°009L 00°009L 00°009L O0C°009L O0'0091L 30Tdd RO GRNOE &3ddn
HIGWAO3G JAGWIAON ¥IAOLI0 JHEWILLES  lsaodny ang INaf AV¥NH Tlddy HDEYW AdVNHHdd  RL¥ONYD

“LHDIIM QNNOE NOL JIdLEW/$ NI SUDIHd "SNOILVINDTIYD SNTENS JAWNSNOD d04 ANINISYE ST ¥ITdd WOWIXYR--SNOTLAWNSSY LaXdvid

£0-d02626°L =(Z'Z)ANIN LO-ELngLL" L= =(L'Z)ANIN={Z'L)ANIN 00+369442°C =(L*L)}ANIN :XTdIlV¥H LNIWOH 40 AS439ANT
"SEILISNEG INIWIINADEd LN3IGAIS-D0T NVISIAVE WOJJ DNITHWVS 014YD HINCH A8 GHIYIAWIS INIHIINGDHAE NI AINIVYLE9OHR
20-8202E0°L =VIGE 40 4TW LO+HEGQLE') =YHAIY 40 FTH  "GIWNSSY LNSWIINEDIE W04 433074

2890t 1 hE 98 291 9L 00LL §28¢ who%  ®OLOL LESL SSYHOTY

066 0'0 0o ] g 80 o'z g g 91l 662  6-°BY [ SaEgunN

: £121 zZillL LELL 1901 €56 gng 969 125 313 nal 0 {SHY4D)3NY 1Y Lp
20 0270 02°C 02°G G2'0 Q20 Q20 020 02*'0 02D  00°0 ALYd ‘LEOW CIVN

I¥L0L 5L wk £ 21 Ll ol ) 8 L 9 5 n £ F] ! SSY¥10 30Y

“SNOL OIWLAN KI SSYWOIE "SNOITTTIW NI NQILVINEOd "ONIOV GRI d¥3X 4AL4V J¥IA TYILINI . NYP J0 SY SNOTLIGNOD AIVILINI
€ =IddHSIA ONISJINZ DY LI =HDV WOWIXVM d4GRN0TA TTTVIMOTIAA :AWYN SATD3dS
0002 Ol 9.6iL KOWYd SNNd ROILVINWIS "lLd044d SAVA 00Zn ATHOAOY "NOd NOILONGOHd TIVIMOTITEX

CO0nL :SNOL OINIdW NI YIOAD TYANMY 4dINd

L *NOILJO viDAD 4HINZ 3SV314

PISOLIST4ILOVAVED TASSTA OL SADNVHD ANV 4HINJ 3SvaTd

B L INOILdO H2LIYD 43INT H4S¥3Td
aQ 0 0 ge

HIGEO NI X#0DELV) IZIS HOVY NI STISSHEA FATIOV 30 JIAWON d3IKE
L *NOILdQ 1d0d43 TASSIA dUINT ISVITd

10002 =XVHAVL  SHTOHS I ¥IVG SAIDE4S OL SIDNYHD ANY HILNY

Q0K INEHALINY DT

OTHYD JLNOW AZIJIOAAS ¥ISN

HOTHM NI INAQHSIA J0 NOY ITINYS
€°69 b HTEYL

‘140443 SAva 00

L &l0d1N0 (A)IS0EdEA d0 (TIONOT ‘(S}Ld0HS '(1)ISEAL INVM NOL 0g
| 2 :GUAISEG 104IN0 DIJTOIAS-NNd HOIHM 404 SNNd 40 HIGWON J3INZ
02 *SNNY 40 "ON WILNI 'GILSHUNDId NOILYVINWIS 014¥2 TLNCHW

& INQIL4O INIWIINYOSL H2IN3 dSVITd

TERAWYN SAIDES dLLNF HSVYETd

ef ATHONOY °HNd NOIIONGOAd TIVIMOTIZX:ZTLIL L40dId &4¥1INT
GQENOANI S0LYINWIS XK4¥HSIA *S3I0dds IIONIS

ASY¥ITd
“1°T'R

LNIGHSTA "ayT



AJULD dSMd: AL AUl EVLly 1dAD WU UL SEBLLY LRG amy L IVl NL DIURYHY WSl I¥FN ANaSdAdd C1¥L0LL

ZL  °*ON NDd OLllint =AWOINT TYNOTLYN VY K1 HSNYHD . HOLIE SHOINI NYWEWHSIZ NI 3DNYHED  930¢L! =IROONT GIHNSNCI NI IDHYHD
"AJ0LS FHL 40 NOILYITIGTAXS ON Ol SAIIVIZE HROONI T¥dd NI SEDNVHD GRNTIYA INN3494d 1VLIOL

il -oN NNd 09z2L02 SHWOONT TYNOILWN TvAd NI JONYHD §L2E¢ TYNOINI NUMJHHSIZ NI JONVHD L5046l 2EROONT JYWASKNOD NT HOAVHD
“A0CLS dHLI 40 NOILVLIIOTAXY ON QI HAILY24 AWOINT Iv3d NI SIONVHD GENTVA INSSHdd TYIOL

" DL ON HNd £92801 SHWOONI TYNOILYN TT¥Hd NI 3IONVHD 828t SUKOONI NIWHHHSIJS NI 2ONYHD 9L66% =dHOINI 4IWNSNOD NI FONVHD
“3001E 3HL JO NQILYIIONMXA ON Ol FAILYIZd IWOINI TTVHM NI SEDNYHD GEATVA INISHdd YLOL

£g2ntl 0 el OLLE hs22 gocnl k4 0 gl gz gz g 1242 HESH €002

RO wEEL O 23l ZLog oGl 000k 62 0 0 ai g1 £ £C5i gune 6561

KLG60L O 2glh 600k r02E 000H! g2 v} (174 H BE 3l 199¢ G6g¢< 661

R EEEL O 2alr oggt 9t L o000yt 82 0 6 tl wt F4 ikl 1222 L1661

EE0S0L O 2gLh LLlin wittr ooont g2 G 62 gn 8ir gt sy £6EL 9Eh!

20°2ktl © 2gly ftoz 24L ocont 82 ] oL Sl Gt t LEG!L gine SERL

8d ' ahdt @ ZHLR LOBR 2L5h coont ge 0 (039 431 0% £n €69y 5991 hebl

65°n91L O gt 6062 R0 sshiE ]! 82 0 9l MF) 92 L géhe oLeE £661

LZ2°060L O cgth 598t 29le ooont 8e 0 te LE LE 91 ¢HGt 9695 2661

0B L2l @ 28 inl2 141 ooonlt gz 0 Sl £z %4 < g62¢e 0gst 1661

oL-LolL 0 ZgLn Legt c00¢% 000%1 gz 0 22 13 19 fl gGEE ngES 0664

w2 Lzt Q 2gth 9RgE 1282 noontL 82 0 e 43 0t 2l zset L0264 6861

80°200L 0 418 £EL99 L299 000N ge L th ZL 2L 12z 6659 £E9LLL 2861

569011 0O 4-18 | LEES EQ0y QoohL ge o 52 ik 3 9t GLgt £bLL LBEL

63026 O gLt Gind 9EL6 00041 ¥ L 25 96 96 6hil tES0g .6gent 9g61

R 0LOL D cgln 68in 8501 ooans! gz 0 ge an Sk nt glny 2ozl Sg6|

w0*9001L 0 28Lly 1609 6Llg Qount g2 L 6t 09 g9 gt1L nGCY 0LLOL HELY

br*90LL 0 Zgly LELY g6LE oQohl az o 22 gt 13 Ll EELE ShES £861

19°286 0 2oLt 6L0L L9hs Q00h1 ge 2 Sk gl 9l £GE RoZL FLEZL €961

i 2001 0O ZeLk toze L6zl ooonL ge Z £ Bl B9 90k -1 9nez2} Lg6!

g 6E6 O ZgLn LZ20g LiGE ooont B2 4 Zh 54 h9 £E9g Lt 59 g125! 0ebl

“ 96206 0 28Lk 2Ly £nz0l 00011 ge Ll 3 99 ok Gget E6ER clegl 6L61

—_ £0" 268 0 28t zs1g LOh01 000ht Bz 9z 62 Le £n 9iig 5tLé 92152 LG4

- Bh°g88 4] Zgih £918 65701 ooont g2 LE 219 Sb 15 Si9t1 B8LE Lghu6e 1161

eg'geg  Onos ZgLy 0EGL ELGH 000xqt ge wh 12 66 o 259t eLng G8B0E  QLAL

*L'H/S$ {mm===m=m===m=g4d¥TI0G 40 SONYSNOHL-----------> (m==ec=s==gSId 40 SNCGITIIW=====D>{~~SNOL OIdLiW------=-=>
F0Tdd  INIWISEANI  SAYILNO ANNEAAY sN440S Y1000 13314 *d0d  SdIIWAN - dod INZH- SSYWOId LHEDIAM SSYKOTAE

IDVIIAY M3N ONILY43d0 NEWdAHSIA  dIWOSNCD "IVANNY FATILOY GNALYHX  HOLYD I¥ILINI 1TNEDHd GNAdYEA  HOLYD TVILINI  4v9X

h2goLl *ldQddd SAVG 0024 ATHOOOH “NNd NOILONGOdd TIVIMOTIIR JAANO0TY TIVIMOTIAR

& "CN NAd £L0EQZ =dHOONI 'IYNOILYN TTVEd NI ADNYHD L9226 ZAWODNI NIWJEHSIS NI HONYHD LSLOGL SAWOONI dUWAENQD NI FONVHD
*¥O0LS HHL 40 NOILWIICTAXS ON 01 HAILVY1dd WHOONI 71vdd NI SIONVHD CHOTIVA IN3Sddd T¥LOL

8 *ON KNd 659661 SEHOONT "TYNOILYN ¥3d NI SONVHD L22iG SHWO0ONI NAWJBHSIZ NI HONVHD EEfghl SHROINT dURASNOD NI FDNYHD
"¥201lS EH1 40 NOILYIIGTXZ ON OI FAILYI34 JHOINI Tvdd NI SHONVHD GIANTIVA LNHESHdd “TVLOL

2 ‘ON NOd LORLOZ =dHODNI “TYNOILYN I¥3d4 NI HONVED LnZes FYWOONI NIW4EHSIS KI FONYHD 09LiuGl =YWOONI d4RASNOD NI JDNVHD
*¥001S UHL 40 NOILVLIIOQTIdXE ON QL JAILVTHd FWOON1 TvEd NI SIONVHD GHANIYA INIST4d TYLOL

9 ‘ON NNd €EE21L =AWOONT TYNOTLYN “I¥Hd NI HUONVHD REQ6L =JHOONRI N4WJEHSIL NI AONYHD 66926 TAWOINT 43IWASKOD NI IDNYHD
. "¥001¢ FR1 40 NOILVLIIOTAXH ON Ol SAILIVTId HWOONI 7J¥dd NI SSONVHD GUnTIvAa INISddd TvLol

= "ON KQd £9.4902 =THOINI TTYNOTLYN T¥Ed NI BONYHD L6ZE =IWOONI NAWHEHEHSIJ NI JONVED 96126l ZAWODNT J3WOASROD NI FDNVHD
"AJ0LS HAL 4O NOTILVITOTdXA ON Ol HAILY1dd HWOONI 1v¥dd NI SHONVHD GANYA LNZS3add TVLOL

¥ "ON Knd 101202 SINCONI TYNOILYN "1v3Ad NI dADNYHD 08416 SHWOINT N4W4HHSIA NI EDNYHS  12E£061 SFHOONT JHWNSNOD NI IDNYH)
"¥O0LS FHL 40 NOIIVLIIONdXSZ ON OL HAILYTA4 AWOONI 'IvdEd NI SHONYHD GENTYA INISTdd VIOl

£ “ON Hnd 969991 =dW0ONT TYNOIIVN "T¥3¥d NI IONVH) L6838t SEWOONT NAWARHSIJ NI BONYHD OnLlLZl SHHODNL d4WNSNDD NI ZONYHD
"AD0IS IHI 40 NOILVIIOTdXE QN OL FATLIVTIHEH AWOONI I¥3d NI SHONYHD GENIVA LNISTdd “IVICL

F4 *ON NNd I66802 =gWOINT TTYROILYN Tvad NI FONYHD QS8ES *GHOONI NIWJIHSTA NI HONYHD twELwGl  =AWOONT dUWNSHOD NI ZONVYHD

R BT L ™

M el oA s Eas gt o



oz

11s

61

il

a1

al

hl

€1

gehpe 6044510640 L2264l
OLbEL EG+I0560E6" 1 gLk
Z9¢ne BO+ELEGEED 9 £ogotl

0'S JTdWVS JONVIAVA d1dKYS NVAW F1dHYS

FHOORT TYHOTLVN
JHOONT RANWGPRRSIA

Adqvsy
“Ad
‘A4

dA0ONT dJdKASNCD HET 'A'd

SATLISNAG INIWIINWOZY LKAGALS-D0T S0 13§ ONILINGIY WOdd NMYEu SHTdWYS "SISIHLOMAH INGWIINGDId=NDOLS JdNIId NO GISYE SNNE ISHHL

‘ON NME ZZ60LL

GE-gEDl
0L "nsai
02 ohil
L gLil
BL 2L
10°6iil
ZL°L0LL
Sl gLol
hhenilL

Lg onb

9g-t06
06°Q06
o Lég
£EQ°L6%
£L 988
htr-GEQ
ngteg
09°2¢8
GL- 288
9% Zg8
89-Leg
g’ 588
nt-ope
gn 6@
6L L8R
*L'H/%
327dd
FOVdEAY
n2Q0LL

‘ON RNY

“OR N

“ON NNd

"ON NNd

“ON NNd
"ON NNd

‘ON NOd

SNOLIVIORIS

=IROONT TYNOILYN TYdd NI HONYHD Z.20%h
'H201S 3JHL 40 NOILYLIIOTLAI ON Ol HAILVIEd SWOINI NV3Id NI SHSNVHED G3NIVA INASHdd IvIOL

QTd4VD 4LNOW 02

=HHOINI NAWJEHSIS NI IDNYHD 0990E1L

404 JWOONI GUNTVYA LNIAS3dd NI SEONYHD NO SOTLSIIVIS

TINQINT JIHNSNCD NI TONYHD

gope
G6EL
g661
L&&1
9661
G665
n6hL
£EE6L
Z661
1661
0661
6861
2561
LlBEL
9g61L
cgs!
1§18
£ghL
2961
t861
0661
6LEL .
gLéL
LLBL
9Lé1L

FONYHD

ADNVHD

FONYHD

JONVYHD

JONVHD

0 281y L2ES B6gh oognRL g2 0 EE 1 114 L9 nZlSG olng
0 F4-18 Leee czel 000HK! ge 0 2l gL Bl f £adll iige
0 ey glE wgee ooonlL g2 0 gl 82 ge g tg9lz g6En
o Zat Lant hWole 00GH L *F4 o nz 43 2t Ll Be0E Lybh
0 zZgun IBEE gLt2 Qoohl ¥ 0 6l LE (83 0t 6562 L2y
0 gLt Eg94E tole 000Nt 82 s} 02 44 28 . 1L neoE gnén
0 ZELh EglE LG0E 000KL g8 4] 22 19 nE Nt nERE £0GE
0 Zgin 2085 659% 000N ge L 9t 09 09 96 5634 6Zhé
0 ZBL Y [FRY: 19L5% 0QonL T4 L of 09 9% gLl hilg £ELOL
0 418 Li10g Lgnb ooonL gz L] gt 89 6n 928 L25% bELGL
0 24Lh Ly 82201l 000H!L ge 6l Sh £6 wg o0gt Lotg 16561
0 2eLh 9218 hi2dl 000n!L ¥4 nt £€ £l £y 9E6E 0206 gLE6L
0 Z8Lh bnLg 26E01 ooonl ge 62 13 th 09 hOLL 9ZL6 oogn2
0 2gLh qGlg tenol 000yt gz wE £t L6 g9 2600 £51L6 greag
0 25lt Z9lg S4h0L Iefol 21 g 62 ne ¥ ct gL6OL hglé Legge
0 2eltn 2ilig HOGOL 0aonlL gz trh oF.s né gt galgt nEze 00L&t
0 28l Lllg g92s0L 000nL ¥4 gh 44 £6 k43 2Ee6L 2536 Linlbt
0 1% Lgig 9nGgl 0Q0NL g2 0% te 21l Zh HRERZ 6926 S9LGy
0 2elf 2818 24501 000H|L g2 1L 5z gel Y wiE9z  alzé 08%Ly
0 kA %] 1gL8 gneoi 0oon! gz 6L 62 Sl 59 69452 LL26 PAR-1-1
0 F4: 1] gllg CESOL 000N *F4 6L %3 25l A LE6LE nG26 WeLEZh
0 F4:1%] Lilg §6KOL o0ont g2 g 9r gElL Lg £5991 %226 g69Gt
0 gt h EgLg L9r0L 000K 82 15 LE nel 69 L&n2t 0616 9650t
0 e8ly a9ig LLL I ooonlL 82 ne 0t 26 LS neRot nLl6 LLoge
on0s gelh 6918 69n01L 000Nl ge L 62 (13 0 FATEA] lelLa 9890F
{m=mmmmmmm=eCdVT1T0G 40 SGNYSNQHL===========> (r=========HSTd 40 SNOITTIH-=+-==-><{--SNQL DI1dIdH====~===~>
INAWISIANT  SAVILNO dNNAASd S07ddls  vLondD 13974 *d0d  SHIEWNN  *d0d INdW- SSYHWOIE IHOIAM SSYWOTS
MiN ONILYAd0 NAWLZHSIA  JAWOSNOD TVONAYV FAILOY GNMEYAR  HILYD TVILINT LINndDdd GNEAVIR  HOIVD IVILINT  «vEX
“li0ddd SAVG 002k RIHDNOd "NNd NOILDNGOLd 1IVIMOTIHA dIGRA0TS TIVIMOTIEA
Enégoz SHWOINI TYNOILYN T¥3d NI IONVHD @LEEG TEHOONT NEREIHSIE NI FONYHD §204GlL SYWOONI HIWRSNOD NI IONYHD
"ND0IS AHL 40 NOTLVIIONAXE ON Ol HAILVIYd IAWOONI T¥HY KI SUONVED GINIYA INTSHLd IVIOL
ngsloe =HHOONI IVNOILYN Tvdd NI IDNVHO GO04ES SHWOONY NEREFHSIS NI EONYHD BGEHGL =IWOINI dTWASNOD NI
‘AJ0LS BHI 40 NOILVLIIOTEXHd ON O1 HAIIYIAY FWOONI T¥dd NI SUONVHD GUNTYA INISIdd TvIoL
046402 =IWOINI "TYNOIL¥N T¥dd NI 3DNYHD 959ES TEWOONI NIH4EHEIA NI 4ONYHD hI6GESL =AHOINT JdEWASNOD KI
"ND0LS HHL 40 NOILVIIQI4XH ON O1 FAILYIIY JWOONI "¥Id NI SHDNVHD GAQIYA INISHEd TYIOL
flgloe SEWOINI TTYNOILYN T¥Rd NI FONYHD Gl2ES TEWOINI NIWJEHSIA NI 3FDNYHD REERGL SHWOJNT JAKOSNOD NI
"¥00lS HHL JO NOILVYIIOT4X3 ON Ol FATIIVTHd TWOONI T¥dd NI SIONVHD GENIVA INHSIdd TYLOL
29ngolL =IHOINI IYNOILYN T¥dd NI HONVHD 59091 SEWOINI N3W4dHSIJd NI IONVHD Lgtas =UHOONI J3WASNOD NI
"AD0LS dHL 40 NOILVLICTdXY ON Ol FATIVTIdEd EWOONI TVHL RI SIONVHD GENTVA IN3SHdd TVIOL
2E6LgL EYWOINT TYNOTILYN ‘IvEd NI FONVHD 9169y SIWOONI NEIWHIHEIA NI IDNYHD 9L0LrlL SAHOONI dIWOSNDGD NI
"¥00LS FHL 40 NOILVLIICTEXE ON Ol JAILYI3d ZWODNI TT¥8d NI SEONVHO GINTVA IN3ASHdd 1IVIOL
L£9901 =ZWOONT TTYNOILYN Tvdd KRI ADNVHD 100Gl SZHOONI NAWJEHSI NI HONVHD LEQ06 =IWQONT dIROSKOD KI

*AI0I1E FIHL 40

ROTIVIIOTdXE ON OL

JATIVTId HWODNT Y38 NI SHONVHD 43NTvaA

INggddd TYLOL

ZONYHD



117

The output is arranged as before, except that for all
but the tenth and twentieth runs only the present-value
totals are printed. The results for the tenth and for the
twentieth runs are interesting. The level of effort
specified in these runs is a little too high. It can
push the fishery into the unstable portion of the
recruitment curve, if recruitment is a little lower than
expected. But in the twentieth run, the fishery was quite
fortunate in receiving unusually high recruitment in the
third through fifth years. As a result, the fishery
didn't get into real trouble until the late 1980s. 1In the
tenth run, however, the fishery was cursed with slightly
lower than expected recruitment in the early years. As a
result, the fishery was already in very bad shape in the
very early 1980s. In terms of present-valued national income,
the resulting difference is almost sixty million dollars.

Examining the other eighteen runs, we see that the
present-valued national surplus ranges from a high of $208
million to a low of $108 million. A histogram of these
results is shown in Figure 4.5.4. The average of the
national surplus is about $179 million and the sample standard
deviation is about $38 million. These statistics are
printed at the end of the output. One is cautioned against
using these statistics as if the national surplus were
distributed Normally. As Figure 4.5.4 shows, the
distribution is clearly non-Normal. Either recruitment is

sufficiently high that the stock stays on the stable
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portion of the recruitment curve throughout the simulation,
in which case the national surplus is between $200 million
and $210 million, or recruitment falls off sufficiently to
pull the stock on the wrong side of the peak, in which case
it is a great deal less. Such a process is asymmetric in
the extreme. Nonetheless, the sample standard deviation
can be used as a very rough measure of the sort of
variability induced in the overall economic measures by

out uncertainties as to future recruitment.
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CHAPTER 5

RESULTS OF CONSTANT EFFORT GEORGES BANK
YELLOWTAIL FLOUNDER RUNS

5.1 Introduction

FISHDYN1 has been applied to the present situation
facing the Georges Bank yellowtail fishery. As indicated
in Table 5.1.1, we have made some sixty production runs using
all three recruitment modes. All these runs were for the
period 1976 to 2000. In these runs, we varied the level of
effort directed at the stock from ten vessels fishing the
stock full-time (about 225 days absent per year per vessel,
or 150 days fished per year) to fifty.* In these sample runs,
only one vessel category was employed--a sixty-five foot,
seventy-five ton sidetrawler typical of the mainstay of the
New England yellowtail fleet--and the annual level of effort
was maintained constant throughout the 1976 to 2000 period.
The characteristics assumed for this "standard vessel" are
shown in Table 4.4.1. The cost figures are based on a
variety of sources and in total are believed to be generous.
Note that the entire analysis is in real (1976 dollars) terms.
Thus, the 5% real cost of capital translates to a market
interest rate of 10%-12% given current inflation rates. Most
of the cases shown in Table 5.l1.1 were run twice, once with
an unlimited quota, and then repeated with a constant annual

quota of 10,000 tons--the current Regional Council-mandated level.

*We also modelled, for comparison, a few zero-effort
runs. A blank in Table 5.1.1 indicates that the corresponding
runs were not made.
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The initial (January 1, 1976) population growth curve
and natural mortality assumptions used in these runs are
given in Table 5.1.2. The initial population distribution
is based on 1975 ICNAF stock assessments [ICNAF, 1976]. The
growth curve is taken from ICNAF Secretariat {19761, and
the natural mortality rate, 0.2 for all age groups, is that
assumed in most ICNAF yellowtail population analyses. The
demand curve used is the dotted line in Figure 4.4.1, and
represents the best of the fits in terms of standard error
of the functional forms we studied. The stock-recruitment
time series upon which these runs were based is displayed
in Table 4.5.1. The basic source here is Parrack [19761,
but the Parrack figures for each year are in millions of
fish in each age class. We converted these numbers to adult
biomass using the growth curve of Table 5.1.2. In this
conversion, we assumed knife-edge recruitment at the beginning

of age 2 and we further assumed that all age 2 fish immediately

entered the spawning stock.* The initial adult biomass under

these assumptions is 30,886 tons.

All these assumptions, particularly the last, are
arguable but before we become embroiled in arguments over
assumptions, let us examine some of the results. At this

point, anyway, the qualitative response of the model to

*In reality, the Georges Bank vellowtail spawns in
spring, March through June. However, the age 2 year class are
not fully recruited to the exploited stock until the fall of
their third year of life. Thus, the errors with respect
to both initial spawning and initial recruitment are in
a sense offsetting. This is no excuse for not doing a better
job on seasonal spawning and growth.
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TABLE 5.1.2
BIOLOGICAIL ASSUMPTIONS USED IN YELLOWTAIL PRODUCTION RUNS

Weight Natural Initial (1/1/76}

Age at Age Mortality Rate Population
Class (Grams) (%/%) {Millions)

1 51.1°

2 154 .2 48.9

3 358 .2 29.9

4 521 .2 11.6

5 696 .2 5.5

6 B46 .2 2.0

7 965 .2 0.8

B8 1,061 .2 0.2

9 1,131 .2 0.1

10 1,172 .2 0.0

11° 1,213 .2 0.0

Arhis is January 1, 1977 recruitment in all runs.

bAssumed to be maximum possible age in fishery.
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variation in effort and recruitment mode are at least as
‘nteresting as the guantitative details of the output. Other
assumptions with respect to the above variables can, of

course, be run at will.

5.2 Results for exogenously fixed recruitment runs

Average yellowtail recruitment at age 2 over the period
1363-1975, according to PARRACK, Table 4.5.1, is 51.1 million
fish. In our first set of production runs, recruitment was
fixed at this level, regardless of the size of the stock.
The resulting biomass through time is shown in Figure 5.2.1
for a range of levels of effort. The combination of fixed
recruitment and constant level of effort in FISHDYNL
guarantees that the model will approach steady state in a
completely damped fashion, that is, without any overshoot.
However, in some cases, it can take a good deal of time
before steady state is attained--as long as twenty years.

It is clear that the present (1976) stock level is
in equilibrium only for about 3,500 days effort under this
set of assumptions. For levels of effort below this, the
stock grows. For levels of effort above this, the stock
decreases. The rather curious phenomenon at the bottom of
the figure where a large range of levels of effort leads
to the same equilibrium stock levels results from the fact
that all these effort levels are high enough to eventually
push the fishery to the point where it consists only of
newly recruited two-year-olds. Since the level of two-year-old
recruitment is assumed to be independent of stock size in
these runs, the same number of fish are entering the

fishery, whereupon they are immediately caught. If we
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FIGURE 5.2.1 ADULT BIOMASS THRU TIME
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had assumed that two-year-olds did not contribute to the
spawning stock, this point would represent virtual extinction.
At these higher levels of effort, the only difference is

how soon the fishery reaches this state.

While fixed recruitment and constant level of effort
will lead to steady state without fluctuafion in the FISHDYN1
model, it is a very narrowly stable, steady state in the
sense that small changes in level of effort can lead to
greatly different steady-state stocks. For no fishing, the
steady-state stock level is about 150,000 metric tons.

Adding just ten vessels full-time to the fishery decreases
this steady-state level some 30,000 tons. Another ten
vessels drop it another 40,000 tons. At about 3,500 days
effort, a difference of one vessel full-time (150 days
fished) is sufficient to make the difference between
moderate growth and virtual extinction. According to this
model, the difference between underfishing and overfishing
is quite fine indeed. We will have cause to refer back

to this behavior when we study the more sophisticated
recruitment models below.

The overall economic results for the fixed recruitment
runs are summarized in Table 5.2.1 and displayed in Figure
5.2.2, Since many people are uncomfortable in thinking
about present values, the various surpluses have been converted
to equivalent amount of real (1976) income received annually
for the twenty-five-year period 1976-2000 on the right-hand
scale in Figure 5.2.2. However, in using the right=-hand

scale, remember that the actual income flows will in general
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TABLE 5.2.1

SOCIAL SURPLUS, FISHERMAN SURPLUS, AND CONSUMER SURPLUS
VERSUS FISHING EFFORT FCOR FIXED RECRUITMENT YELLOWTAIL
SIMULATIONS {(ALL FIGURES ARE PRESENT VALUES IN MILLIONS
OF 1976 DOLLARS)}, 10,000 TON ANNUAL QUOTA

Fishing Effort

(Days Fished) Fisherman Consumer Social
Annually Surplus Surplus Surplus
0 0.0 0.0 0.0
1500 55.2 0.0 55.2
3000 64.8 99.3 164.0
3450 60.7 124.6 185.3
3600 59.2 130.8 190.0
3750 42.4 104.9 147.3
4500 ‘ 13.5 93.7 107.2
6000 -22.9 89.4 66.5

qpor this level of effort and only for this level of effort,
the 10,000 ton quota limited the catch, and then only in
1976, 1977, and 1978. For these three years, the actual
effort employed under the quota was 5,200 days, 5,700 days,
and 5,900 days. After 1978, the stock was in such bad shape
that the quota was no longer limiting.
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be distributed in a very non-uniform manner throughout the period
due to variations in landings, variations in price, and
periodic capital investment. For example, Figure 5.2.3 shows
the actual income flows for fishermen and consumers through

time for the twenty-five-vessel, 3,750-day effort run. The

actual annual consumer's surplus drops from $9.3 million
to $4.3 million during the period. The equivalent constant
amount is about $7 million, as can be seen from Figure 5.2.2,
Only in steady state will the annual income flows be constant.
Examining Figure 5.2.2, we note that under this set
of assumptions, fisherman's surplus will be maximized at
about 2,000 days of effort per year. 1In the terminclogy of
Chapter 2, this is the Maximum Monopoly Profit (MMP) point.
Fisherman's surplus drops to zero at about 5,000 days of
effort. This is the long-run Free Entry level of effort for
this set of runs. The fisherman's surplus curve is not guite
double-humped because our demand curve is not guite inelastic.
Consumer's surplus is maximized at about 3,600 days of effort
and the Maximum Social Surplus level of effort--the
Maximum National Income (MNI) point--isg just to the left
of this. However, any point between 3,000 and 3,600 days
of effort combines near-maximal fisherman's surplus with
near-maximal consumer's surplus. Thus, in this case there
is considerable room for agreement between fish producers
and fish buyers.
The consumer's surplus is zero for levels of effort
less than 1,500 days per year, for the resulting landings
are so low that we are on the leftmost flat portion of the

demand curve in Figure 4.4.1., That is, at these low levels
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of landings price is so high that all fish purchasers are
indifferent between buying the fish and not buying them.
The reason why the consumer surplus does not go to zero at
very high levels of effort is the present value associated
with the high catches in the period 1976 to 1980 during
which time the current stock is being virtually wiped out.
During this period, the consumer is getting the advantage
of rather high landings at low prices. Even though the catch
quickly drops to very low levels thereafter, this
overexploitation is economically preferable to no exploitation,
no catch at all at any time, which is the baseline--the zero
point--for our consumer surplus calculations. 1In this case
at least, other less drastic management strategies are much
better from both the consumer's and fisherman's points of
view.

In interpreting Figure 5.2.2, it is important to remember,
among other things, that we are comparing only an extremely
small subset of all possible management strategies--those
with constant levels of effort. Strategies in which the
effort is properly varied through time will in general be
able to do better than the best of the constant-effort strategies.
However, the proper way of determining such strategies is
dynamic programming, which has not been implemented in

the current version of FISHDYNl.* Hence, throughout this

*FISHDYN1 does have the capability of running a given
variable-effort strategy. However, determining the best of
all variable-effort strategies by trial and error using
FISHDYN1 would result in astronomical computer bills.
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report, we will be dealing exclusively with constant-effort

strategies.

5.3 Results from the deterministic Ricker-form
recruitment runs

When we move to Recruitment Mode B and allow recruitment
to depend on adult biomass according to the Ricker formulation
fitted to the -available yellowtail data, keeping all other
assumptions the same, we observe a number of new and
extremely interesting phenomena. Consider Figure 5.3.1,
which displays adult biomass through time assuming no fishing.
Clearly we now have a strongly cyclic behavior. Under this
set of assumptions, the equilibrium fallow stock is about
60,000 tons, well above the 1976 level of 31,000 tons. But
at the same time, it is almost meaningless to talk about
an equilibrium level, for in moving to that equilibrium
level, the stock overshoots its target by about as much
as the original difference between present stock and the
eventual target level. Upon overshooting, it eventually
turns around and does the same thing in the opposite
direction. The stock behaves like a pendulum. The problem
is that the correcting force--the decrease in recruitment
as stock sizes grow and increase in recruitment as stock
level drops-~-is so weak and so slow in its influence that
by the time it really starts having effect, the stock has
passed through the target level and the opposite effect is

required. The recruitment through time has also been
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plotted on this figure. Note that the recruitment is out
of phase with stock size--the higher the stock size, the
lower the recruitment,for in this figure the stock always
remains on the "stable" portion of the recruitment curve.
But the peak in recruitment lags two years behind the
trough in adult stock, representing the larval and juvenile
growth period. Further, the effect of the newly recruited
year class on adult biomass is felt only gradually, as

this class grows to full maturity. Hence, there is roughly
speaking about a four-or five-year lag between cause and
effect. By the time a particular year class reaches maturity,
the new stock level will in general be gquite different from
that which generated this year class.

The system will eventually reach steady state. Each
fluctuation is smaller than the last. But the process will
be extremely slow. 1In engineering jargon, we have a very
lightly damped, cyclic system with a period {(time interval
between peaks) of about thirteen years. The damping (the
ratio of the magnitude between succeeding peaks) is about
10%8. Hence, very roughly speaking, it will take something
like 130 years for this system to settle into steady
state. Long before that happens, of course, something else
would have changed and set up a whole new chain of
fluctuations. Such cyclic behavior is the norm rather
than the exception in the affairs of both people and
nature. As mentioned earlier, fluctuations such as those
in Figure 5.3.1 have been observed in a number of

essentially fallow fish stocks. To ignore such dynamic
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behavior in fisheries management is the height of folly.

In any event, as Figure 5.3.1 makes clear, in order to
obtain such behavior, it is only necessary to model the lag
in the feedback between stock and recruitment.

Figure 5.3.2 shows the fluctuation in adult biomass
under the assumption of rather low level of fishing effort.
A comparison of Figures 5.3.2 and 5.3.1 makes the point
that a constant level of fishing effort can be stabilizing.
The périod of the fluctuation remains about thirteen years
but the damping is over 50% per cycle. Hence, in three
or four cycles, the stock will be at its steady state at
an equilibrium level of about 50,000 metric tons. We have
also shown the total catch through time on Figure 5.3.2.
Notice that the catch fluctuates much less violently than
the stock. However, the age distribution of the catch
changes very significantly in different parts of the cycle.

Table 5.3.1 displays the age distribution of the
annual catch throughout the twenty-five year period. Under
our simple catch assumptions, the age distribution of the
catch and the (mass) distribution of the adult population
are identical. The initial population distribution is
extremely young, representing the current unhealthy and
overexploited state of the Georges Bank yellowtail stock.
The first three or four years are characterized by very high
recruitment associated with the low initial level of the

stock.* However, under the drastically reduced effort level

- *As 0f 1976 at least we _were still on the stable
portion of the Ricker curve according to our estimates.
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TABLE 5.3.1
CATCH DISTRIBUTION THROUGH TIME IN TONS FOR YELLOWTAIL.
1500 DAYS PER YEAR RUN, DETERMINISTIC RICKER RECRUITMENT.

UNDER ASSUMPTIONS GOVERNING THESE RUNS, AGE DISTRIBUTION OF CATCH AND

AGE DISTRIBUTION OF ADULT POPULATION BY WEIGHT ARE THE SAME

Age

Yead 2 3 & 5 6 7 8 9 10 11  Total
76 812 1155 652 413 183 84 20 9 & 0 3332
77 657 977 842 442 251 105 45 11 2 3336
78 553 835 779 619 295 158 64 26 6 3 3339
79 346 783 741 634 462 206 106 42 17 4 3341
80 200 542 773 671 524 359 154 77 29 12 3341
81 124 339 578 762 602 441 293 122 54 23 3342
82 97 224 384 602 725 538 380 245 99 48 3341
83 99 183 265 416 595 676 483 331 208 84 3340
84 126 192 222 294 421 565 621 431 287 181 3339
85 188 248 236 250 301 403 524 S61 378 251 3338
86 287 357 295 257 248 279 361 456 475 320 3336
87 417 509 396 301 238 215 233 292 359 375 3335
88 516 678 518 370 255 190 165 173 211 259 3335
89 523 767 631 443 288 186 133 112 114 139 3337
90 456 758 697 526 336 205 128 88 72 73 3338
91 352 681 709 599 412 247 145 87 59 48 3340
92 255 555 674 645 497 321 185 105 62 41 3340
93 190 425 580 644 565 409 255 143 74 46 3341
94 157 331 446 584 595 487 340 206 112 62 3340
95 152 285 375 485 554 530 419 284 167 91 3340
96 171 281 329 398 467 502 464 356 234 138 3339
97 213 317 327 350 385 424 440 394 294 194 3338
98 276 388 362 342 333 343 365 367 321 239 3337
99 349 484 426 365 313 286 284 293 287 250 3337
00 406 580 504 407 317 255 224 216 217 212 3337
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assumed in this run, the population then begins to age
rapidly as the stock level reaches above-equilibrium levels
and recruitment drops off. This aging process continues
until the mid-to-late 1980s, whereupon recruitment again
rises since the stock levels have dropped below equilibrium
and the younger year classes momentarily dominate and then
begin to age as the process repeats itself,although this time
with considerably less strength. It is interesting to
compare the age distributions of 1978 and 1991 with those of
1984 and 1996. All these age distributions represent stock
sizes of about 52,000 tons which is also in the vicinity of
the eventual equilibrium stock level. However, the age
distributions of 1978 and 1991 are much younger than those

of 1984 and 1996, as might be expected, since the former are
periods of peak biomass growth and the latter periods of

peak biomass decline. Neither age distribution is
representative of steady state and that is the reason for the
overshoot. *

Table 5.3.1 exhibits one other phenomenon that is
continually being observed in fisheries stocks which are out
of equilibrium, and that is the "dominant year class." 1In
Table 5.3.1 there are two dominant year classes. The first
is the year class of 1978 generated by the first recruitment
peak. This class dominates the catch of every year it is in the
fishery except the first. Twelve years later there is another

dominant year class, that of 1990, although since the fishery

*In order for a stock to be in equilibrium, it is not
sufficient for the total biomass to be equal to the equilibrium
level. Rather, each year class must be at equilibrium. Models
which are based only on total population, such as the Schaefer
formulation, overlook this point.
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is slightly closer to equilibrium, this class's strength is
somewhat reduced relative to that of 1978. A little reflection
will reveal that in any fishery in which recruitment is varying
as in Figure 5.3.2, the bulk of the fish caught will be those
generated by the recruitment peaks. Any fishery which is out
of equilibrium must necessarily be "carried” by a few peak
year-classes. 1In Table 5.3.1, catches of the dominant

year classes have been underlined.

- These variations in age distributions are occurring
despite a remarkably steady total catch. At this low level
of effort, the catch is limited by the capacity of the few
vessels fishing the stock rather than by the stock size. The
point is that total catch is a very weak indicator of where
one is in the cycle. The age distribution of the catch is
much more revealing.

The obvious next question is: if the catch in Fiqure
5.3.2 is so stable, why are the fluctuations in Figure 5.3.2
with fishing so much more highly damped than those in Figure
5.3.1 without fishing? The answer lies in the difference
between natural mortality and fishing mortality--at least
in FISHDYN1l's possibly inaccurate view. In FISHDYNl, natural
mortality is based on numbers of fish. That is, each fish
has an equal probability of dying in each year. Natural
mortality is preferentially directed against the high numbers
of fish year classes. Natural mortality affects total adult
biomass only indirectly.

Fishing mortality, however, is based directly on mass.

The CATCH routine first computes the total monthly catch in
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mass terms and then apportions the total catch among the

year classes on a mass basis. This implies that large fish

have a greater chance of being caught than small fish. It
also implies that fishing mortality is directed preferentially
against the large biomass year classes. This is exactly
what is required if a disequilibrium age distribution is to
be brought into equilibrium, for under our assumptions it is
biomass and not numbers which generates new recruitment.
Cbnversely, if we were to use a CATCH routine in which each
adult fish had the same likelihood of being caught, then the
additional damping associated with fishing evident in a
comparison of Figures 5.3.1 and 5.3.2 would not occur.
Further, if we were to assume a CATCH model in which small
fish were more likely to be caught than large--a real
possibility in certain stocks due to the smaller fish's
slower speed--then fishing effort would be destabilizing
relative to no effort. In short, from a dynamic point of
view, it can make a great deal of difference what one
assumes about the age distribution of the catch versus the
age distribution of the spawning population. We don’t
believe this point is fully appreciated in discussions of
mesh size regulation. Large mesh is stabilizing; small

mesh, destabilizing.?*

*FISHDYN1 has the capability of modelling changes in
mesh size by changing the age of initial exploitation.
However, this capability was not exercised in these initial
runs.
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Under our catch assumptions, a further increase in effort
further increases damping and also decreases the difference
between the initial biomass and the equilibrium biomass.
Figure 5.3.3 displays the results for 3,000 days of effort--
twenty "standard vessels" full-time. For this level of
effort the equilibrium biomass is about 42,000 tons and the
system is within + 4,000 tons of this level by 1985. The
phasing between the adult stock and recruitment is
particularly clear in Figure 5.3.3. Note that the average
recruitment is much higher with this level of effort than it
was in Figure 5.3.2. The reduction in average biomass has
moved us closer to the peak of the Ricker curve. One result
is that the fishery is able to sustain a catch of about
7,000 tons, roughly double the catch in Figure
5.3.2.

A further increase in effort to 3,850 days fished per
year results in the situation shown in Figure 5.3.4. For
this level of effort, the initial biomass and the equilibrium
biomass are almost the same. This, counrled with the damping
effect of the now moderately heavy fishing, results in very
little fluctuation in adult biomass. It also turns out that
this level of adult biomass is very close to the peak on the
Ricker curve. For the data we used, the peak actually occurs
at 27,000 tons of biomass, at which point the recruitment
two years later is 69 million fish. Hence, since the stock
stabilizes at about 32,000 tons, recruitment stabilizes at a

high level under the level of effort shown. This high level
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of recruitment supports a catch of about 8,500 tons per
year.

According to the model, this level of catch is just about
the maximum sustainable yield under constant effort. For
further increase in the level of effort of 150 days per year, a

single vessel, results in the picture shown in Figure 5.3.5.

Clearly, we have pushed the fishery into an entirely different

behavioral mode. At this level of effort, recruitment, even

at its highest level, is not quite able to keep up with the

catch. The stock drops to about 27,000 tons where recruitment

is at its peak. This high level of recruitment is almost

but not quite able to hold the stock constant. As the stock

level drops further, we slide onto the unstable portion of

the Ricker curve, the portion below the peak. Below this

peak, each further decrease in stock levels decreases

recruitment, and the stock, and eventually the catch, begins

an inexorable decline. By 1995, the catch and the stock

consist almost entirely of newly recruited two-year-olds.

It is interesting to note that the total catch holds up for

a remarkably long time--declining almost imperceptably

until the stock is in real trouble. This phenomenon has been

pointed out by many fishery observers. Once again, total

catch is a very poor indicator of the state of the stock.
Further increases in level of effort simply accentuate

and speed up this behavior, as Figures 5.3.6, 5.3.7a and 5.3.8a

reveal. The reason why the stock does not actually go to

zero, despite the clearly excessive effort levels, is our
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FIGURE 5.3.6 YELLOWTAIL FLOUNDER
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assumption that the two-year-olds begin spawning at the
same time as they enter the exploited stock. Hence, while
the adult fishery consists almost entirely of newly recruited
two-year-olds, some of these young fish to reproduce before
they are caught. When the stock is at such low levels,
even a small number of recruits can grow to an adult biomass
which is equal to (or greater than if effort is reduced) the
reduced spawning stock. Under the assumptions used in these
runs, it is impossible to actually wipe the fishery out.
Obviously, other possible assumptions--for example, newly
recruited fish do not spawn until six months or a year after
they begin to be exploited--would result in the fishery
going to virtual extinction in those runs.

In recent years, the level of effort on the Georges
Bank yellowtail stock has been estimated at 6,000 to 8,000
days fished. These estimates are subject to a rather large
range of error, since vessels often fish more than one
species on a single trip. National Marine Fisheries Service
uses the criterion that if the catch was more than 50%
yellowtail, the entire trip is deemed to be directed at
yellowtail. 1If the catch is less than 50% yellowtail, then
none of the trip is counted as yellowtail effort. This
arbitrary dividing point is as reascnable as any, but it does
leave us with considerable uncertainty as to how much effort
has been going to yellowtail. Be that as it may, it is
clear that if this model is at all descriptive of the real

world and if the current effort is anywhere near what NMFS
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estimates it to be, present effort is sufficient to push us
onto the wrong side of the recruitment curve and then drive
the stock to very low levels.,

The overall economic results of the deterministic
Ricker recruitment runs are summarized in Table 5.3.2 and
displayed in Figure 5.3.9. Qualitatively, these results
are rather similar to those for the fixed recruitment runs,
Figure 5.2.2. However, the peaks and valleys are more
pronounced. If the stock is managed correctly, then higher
surplus can be obtained. This is because we are operating
near the peak of the Ricker recruitment curve and obtaining
above-average recruitments. By the same token, the penalty
for overexploitation is much higher. Above about 4,000 days
effort, we are operating on the wrong side of the recruitment
peak and will obtain, at least eventually, much lower than
average recruitments. Perhaps the most striking point about
this figu:e is the narrowness of the peaks. 1In order to
obtain near-maximal social surplus from the fishing, effort
must be controlled within + 300 days of 3,600 days effort.
This is a range of only four "standard" vessels. Moreover,
the buyer-seller conflict between the fisherman and the
fish purchaser is definitelg of secondary importance. Both
groups get hurt, and drastically hurt, by overexploitation,
especially the fishermen. The drop-off in both consumer
and fisherman surplus at about 4,000 days effort is especially
startling. Prudence would dictate a somewhat lower level,
even from the consumer's point of view, at which point we

wouldn't really be that far from the fisherman's optimum.
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Examination of the foregoing results will reveal that
a constant 10,000 ton guota, the current Regional Council-set
level, has very little effect on the fishery relative to no
quota at all. Below about 5,000 days effort, a 10,000 ton
quota is never operative because the fleet can't catch
10,000 tons under our assumptions. All the results, biological
and economic, are exactly the same with and without the
10,000 ton quota. Above 5,000 days effort, a 10,000 ton
quota is not restrictive enough to keep the stock from moving
to the wrong side of the Ricker curve and subsequently entering
a steep decline. After it enters this decline, once again,
the quota is inoperative. According to our results, the
only effect of a 10,000 ton quota will be to slightly delay
the stock decline for moderately heavy (v~ 5,250 days effort)
levels of effort. At current levels of effort available
(v 7,500 days), the amount of this delay is almost negligible.
If the model is correct, a 10,000 ton guota is almost no quota
at all. The runs alsc indicate that a catch of about 8,000
tons is about the maximum sustainable under constant effort
available. Hence, it is interesting to examine what would
heppen if a quota of 8,000 tons were imposed, but effort was
not limited. The results for 6,000 days effort available
are shown in Figure 5.3.10.

Biologically, the results are not bad at all. The biomass
stabilizes around 35,000 tons, and total landings over the

period rank up with the best of the limited-effort strategies.*

*Actual landings stabilize at about 8,700 per vear, for
in FISHDYN1l, the enforcement of a quota is lagged one month.
That is, fishing is allowed to proceed through the month in
which the quota is reached. This is why the 1976 through 1978
landings in Fidgures € 2 73 ampmd £ 3 fa atve aliagh+sly ahevs 10 OGO

gy g g
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If you're going to have a quota, this is clearly a near-optimal

one. A quota of 9,000 puts the fishery into decline.
However, despite the excellent biological results, the
economic results leave something to be desired. Table 5.3.3
compares the surpluses associated with the optimal
limited-effort simulation against the optimal quota plan
with 6,000 days effort available.

The consumer loses a little bit as a result of the
quota relative to the optimal limited-effort strategy
investigated, despite the fact that total landings are about egual.
This is because the quota is caught all in the first eight
months of the year and he must do without fresh yellowtail
the remainder of the year. The decrease in prices in the
early part of the year is not sufficient to make up for the
loss of consumer surplus in the remainder of the year.* But
the real loser is the fisherman. Under the quota system, with
6,000 days effort available, he is just barely breaking even.
Hence, this level of effort is close to the Free Entry point
with this quota. The fishermen as a group are forgoing about
$4 million per year in net income obtainable if they could
somehow reach an agreement to reduce the level of effort
available from 6,000 days to about 4,000 days. The fishermen

are burned in two ways by the quota as opposed to effort

*Since we have assumed the same monthly demand curve
throughout the year, this is a product of the convexity of the
demand curve in Figure 4.4.1 , If we had assumed a linear
demand curve, the consumer's surplus associated with bunching
the landings would be the same as more evenly distributed
landings, indicating the consumer is indifferent between
consuming a lot at once at low prices or the same amount spread
out over the year at higher prices. A concave demand curve
would imply the consumer actually prefers the bunched landings.
These implications would seem to argue for demand curves shaped
as in Figure 4.4. 1.
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limitation. First, there is the cost of running 50% or more
too many vessels. Secondly, all the fish are landed in the
early months of the year, depressing prices and hence revenues.
No fish are landed in the last four months of the year when,
under the quota, such landings would command extremely high
prices.* The differential in social surplus between the two
schemes is a measure of the total loss in national income
(about $5 million per year over the twenty-five-year period)
associated with opting for the "optimal™ quota scheme versus
the optimal limited-effort scheme under the assumptions used
in these runs. By the same token, the optimal guota scheme
is some $90 million better than no regulation at all--which
is what, for all practical purposes, we may well have if the
current 10,000-ton guota prevails.

5.4 Results of stochastic simulation of recruitment based
on Bayesian regression of 1963-1975 yellowtail data

Table 5.4.1 summarizes the results of thé Mode C
recruitment runs. It is extremely important to re-emphasize
that each line in Table 5.4.1 represents twenty complete runs.
In each of these individual runs, the recruitment in each
year was obtained by random sampling from the recruitment
density corresponding to the current biomass. This density
in turn was obtained by the Bayesian methods outlined in
Section 4.5.3. In total, then, Table 5.4.1 represents 200
different simulations of the 1976-2000 period. For example,

consider Figures 5.4.1 and 5.4.2. These figures represent

*Attempts to spread the no-landings periods throughout the
year by imposing quarterly quotas really don't address the
problem because of the perishability of the commodity. In the
New England fresh fish markets, it only takes a week or two of
no landings to send prices to extremely high levels.
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two of the individual runs (Runs No. 10 and 20) for the
twenty-eight~-vessel, 4,200-day level of effort. In Run

No. 10, the fishery was quite unfortunate in obtaining
considerably less than the average recruitment for the
corresponding biomass in the late 1970s and early 1980s. As
a result, the stock was pushed onto the wrong side of the
Ricker curve almost immediately and, under the higher-than-
optimal level of effort assumed, was unable to recover
despite occasionally much higher-than-average recruitment
thereafter. In Run No. 20, on the other hand, the stock
was blessed with three vyears of much higher-than-expected
levels of recruitment in the late 1970s and hence, despite
the higher-than-optimal level of effort, was not pushed
onto the wrong side of the Ricker curve and into decline
until the late 1980s. Note that once the system gets
pushed to the wrong side of the Ricker curve, both recruitment
and biomass can exhibit a strong two-year periodicity. This
results from the fact that the adult biomass is eventually
made up almost entirely of newly recruited two-year-olds
who are caught in the same year they are recruited.

It's almost as if we have two stocks, the odd-year éﬁock
and the even-year stock--a sort of artificially generated
salmon fishery. 1In terms of social surplus, Run No. 10,

at $108.3 million, turns out to be the worst of the twenty
samples at this level of effort. Run No. 20, at $170.9
million, turns out to be slightly worse than the average

of the twenty samples, which is $197.2. 1In six out of the
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twenty runs, recruitment was high enough that the fishery
stayed on the right side of the Ricker curve through the
entire twenty-five-year period, resulting in a present-valued
social surplus of about $208 million. Figure 4.5.3 displays
a histogram of the social surpluses for the entire twenty
runs for this level of effort.

It would be extremely unwieldy to attempt to work with
the individual results of 200 samples. Hence, in Table 5.4.1
we have displayed some overall statistics of each set of
samples, including the sample average and the sample standard
deviation. However, in using this data, we caution that the
numbers shown are merely sample statistics and not the "real
values." In particular, the sample minimum and sample
maximum is not the minimum (maximum) possible social surplus
obtainable for a given level of effort, but merely the
smallest (largest) value observed in twenty samples.
Similarly, the sample mean is not the actual mean--an
inherently unobservable entity--but only an estimate of
the actual mean.*

These caveats notwithstanding, it is of interest to
compare the results of Table 5.4.1, the stochastic simulations,
with those of Table 5.3.2 for the deterministic run.

Remember the only difference between these two sets of runs

*Since the form of the social surplus density is not
known and given its highly non-Normal character, it's a little
difficult to say just how good an estimate this sample average
is. Perhaps the simplest approach would be an empirical
one. That is, repeat the twenty-sample process, say, ten
times and observe the variation in the sample averages.,
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is that in Table 5.4.1, our uncertainty as to the values of the
parameters in the Ricker form has been incorporated in the model.
Everything else is the same. 1In particular, both sets of runs
assume Ricker-~-form recruitment. Figure 5.4.3a makes this
comparison in terms of social surplus for the 10,000 ton quota
runs; Figure 5.4.3b, for the unlimited quota runs,

Below about 3,750 days effort, there is essentially no
difference in the overall economic results between the
deterministic and stochastic runs. At the lower levels of
effort, the catch is limited by the number of vessels
operating and not by the biomass. The stock always stays
safely in the stable portion of the recruitment curve. Hence,
random variations in recruitment have no effect on landings.
Thus, at lower levels of effort the mean of the stochastic
runs is almost exactly the same as the results for the
deterministic runs and there is little or no sample-to-sample
variation. This is true not only of the total social surplus
but of the fisherman and fish purchaser surplus as well, as
can be seen by inspection of Table 5.1.1.

However, as we approach the optimal level of effort, in
the vicinity of 4,000 days effort, several interesting things
Occur. One is that there is considerable sample-to-sample
variation in the stochastic results. Luck in recruitment
is now critical to how long the stock stays on the right side
of the peak in the Ricker recruitment curve. As a result,
at 4,500 days effort, the twenty-sample range of variation
is of the same order of magnitude as the twenty-sample mean.

Below 3,900 days effort, the deterministic result is slightly
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Pigher than the mean of the stochastic results. Below

3,900 days in the deterministic run, the stock always
remains above the peak in the Ricker curve, but in the
stochastic runs it is possible to be unlucky in recruitment
and end up on the wrong side of the peak with subsequent
stock decline. Above about 4,200 days effort the reverse

is true. Under deterministic recruitment, we are certain

of sending the stock into decline. However, under stochastic
recruitment there's a chance we'll get lucky, obtain high
recruitment, and stay above the peak longer, or, if we do

go onto the wrong side of the peak, there's a chance we'll
get very lucky and obtain a high enough recruitment to put

us back on the right side of the peak. Hence, if you're an
inveterate gambler you might be willing to push the stock

a little harder under stochastic recruitment than under
deterministic recruitment.* On the other hand, if you're
very risk-averse, worried about the downside possibilities,
then you would order less effort under stochastic recruitment

than under deterministic.

Perhaps the most striking result of Figures 5.4.3a and b is

that the deterministic and stochastic runs are not all that

different, at least from the point of view of management

*Actually, the chances of getting away with this are

better than they appear in Figures5.4.3a and b. The skewness of

the social surplus density implies that the probability
of obtaining higher than the mean is a good deal better
than .5. 1In fact, the mode of this density appears to be
rather close to the sample maximum, at least up to about
4,200 days effort.
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implications. Both claim a 10,000 ton quota is little better
than no quota at all. Both point to an optimal level of effort
in the vicinity of 3,500-4,000 days.* Both indicate that the
near-optimal range of levels of effort is quite narrow.

And both indicate, as can be seen in Table 5.1.1, that the
buyer-seller conflict between the fisherman and fish
purchaser is of a very secondary nature compared to the
possible variations in the overall size of the economic pie.
Another indication of this is the lack of negative
correlation between fisherman surplus and consumer surplus
for a given level of effort. Inspection of Table 5.4.1

will reveal that the standard deviation of the social surplus
is almost exactly equal to the sum of the standard deviations
of the fisherman surplus and consumer surplur. For a given
level of effort, bad luck for the fisherman is also bad

luck for the consumer, and vice versa. 1In short, all our
insights from the deterministic runs appear to carry over
into the stochastic case with remarkably little change.

This is a result that the authors, at least, would never

have predicted--at least not at near-optimal levels of effort.

*As did, surprisingly enough, the fixed recruitment runs.
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CHAPTER 6

SUMMARY

6.1 The methodological level

As mentioned at the beginning, this effort can be viewed

on two levels:

a. as an exercise in modelling technique;

b. as an attempt to speak to the immediate management

problem facing the New England Regional Council
with respect to the yellowtail flounder.

On the methodological level, a number of rather definite
conclusions can be drawn.

1. The necessity of disequilibrium, dynamic analysis.-—-

We believe that in total, the results of this effort add
another voice to the rising chorus of analyses which
indicate that steady-state fisheries models can lead not
only to quantitatively inaccurate but also to qualitatively
misleading results. The yellowtail appears to be one more
example of a stock whose current population distribution

is in a strongly disequilibrium state for just about any
level of effoft, and for whom restoring forces are weak and
lagged, leading to the possibility of large-amplitude, lightly
damped fluctuations. Such a system has no strongly stable
steady state, especially in view of the likely perturbations
imposed on it'by nature. With today's computational power,
there is simply no excuse for feeling constrained to

steady-state models in such situations.
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At the same time, it is not enough to simply "go dynamic."
We have seen that rather subtle changes in assumptions can have
a very large effect on the dynamic characteristics of these
systems. For example, it makes a big difference whether
fishing mortality is preferentially directed to the
large biomass year classes--as it is if catch is distributed
according to weight--or is based on numbers; or is
preferentially directed against smaller fish. 1In the first
case, fishing is stabilizing relative to no effort;* in the
second case, it is neutral relative to no fishing; and in
the third, it is destabilizing. The phasing of first
spawning versus first exploitation can be crucially important
in a heavily exploited situation, as is the length of the
stock recruitment lag. Finally, the position of the peak
in the recruitment curve is a prime determinant of both the
dynamic response of the fishery and the optimal level of
effort.

We are a little mistrustful of those dynamic models
which simply drop the assumption of equilibrium in a simple,
two~ or three-parameter growth curve, such as the Schaefer
quadratic model. There is no doubt that one can obtain
valuable qualitative insights from such analyses. But if
you really want to manage a fishery, in our opinion you need
at a minimum an analysis which explicitly models the
population age distribution through time, the species growth

curve as a function of age, the stock-recruitment lag, the

*Provided, of course, we remain above the peak in
the recruitment curve.
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s-ock-recruitment curve, and the age distribution of the
catch relative to the age distribution of the adult stock.
Once again, with today's computers there is no computational
excuse for not going to such a model.

The simpler dynamic models do have an important role to play
in suggesting and pointing toward optimal management strategies.
As soon as one realizes one is dealing with a system subject to
large amplitude fluctuations under uncertainty, it becomes
clear that constant level of effort policies will in general
be highly suboptimal and pogsibly disastrous. One requires
feedback between the state of the system and the management
policy. Given the instability or near-instability of
fisheries such as we have seen in Chapter 5, this sort of
adaptive control is probably crucial to the effective
management of most fisheries. It also implies a much tougher--
by many orders of magnitude--optimization problem. Therefore,
simplifications will have to be made.

For example, Palm has shown that, under some very
strong assumptions, control theory points to a policy in
which fishing effort is a linear function of the deviation
from a "target biomass" [Palm, 1975]. Such linear
policies aré obvious candidates for investigation.*

Dynamic programming can handle a somewhat wider class of
models with, unfortunately, considerable increase in
computational effort. The point is that the strategies

suggested by suchsimpler dynamic models must be thoroughly

*But they must be investigated by models whigh
explicitly describe the lag structures. The possible
instabilities inherent in such an "obvious" policy are
e e e alat ot |[FOrrester. 19611
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checked out by a model such as FISHDYNl (or better yet,
improvements on such a model) before being considered for
implementation. In any event, static, equilibrium analysis
appears to us to be completely inappropriate to most fishery
management problems, including those currently bheing

faced on the New England continental shelf.

2. Explicit incorporation of key uncertainties.--a

second methodological theme of this effort is the thought
that, if we have important uncertainties with respect to

a fishery, these uncertainties should be incorporated
explicitly in our analyses. Once again it is not enough to
say, "Let's start Monte Carloing things." What is required
is a consistent, coherent method for generating, from the
available historical data, probability densities on those
variables about which we are uncertain. We have attempted to
show by example that Bayesian regression affords us such a
method. Once we have derived such densities they can be
used in Monte Carlo simulations or, with certain computational
limitations, incorporated in dynamic Programming or control
theory algorithms. We believe that Bayesian reasoning,

based on whatever historical data we have, is the way

around the perennial objection to aggressive fisheries
management: "But we're not sure.” Under some generally
weak assumptions, the results of such Bayesian analyses

are a quantitative reflection of our present state

of knowledge, however good or bad that might be. 1In general,

these uncertainties, coupled with simple prudence, should
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point to more restrictive policies than if we had complete
knowledge about everything.

Having said this, we must again point out a basic
flaw in the example of Bayesian reasoning used in this
report. This has nothing to do with Bayesian regression
in general but rather the specific assumption of the
two-parameter Ricker form for the stock-recruitment
relationship underlying the data. In this form, the
all-important position of the mode cannot be determined
independently from the spread-outness of the recruitment
curve. The way around this probklem is the much more
general unnormalized Gamma density. This three-parameter
family of recruitment curves has all the good qualities of
the Ricker form without its key limitations. Among other
things, it contains the Ricker form and constant
recruitment as special cases. The single most important
improvement we could make to FISHDYNl is the replacement
of the Ricker form with the Gamma. We strongly recommend
that all future single-species stock-recruitment work be
based on this more general relationship which can truly be
said to assume little more than a continuous, unimodal
curve which goes to zero at zero and at infinity.

3. The importance of the consumer.,--A third theme

of our effort is that the fish consumer--or more generally,
the fish purchaser--has a stake in effective fisheries
management which is of the same magnitude as that ¢of the

fisherman. Only if landed price is perfectly elastic can
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the fish consumer properly be ignored. Our empirical
studies indicate a strong price-landings relationship for
all the species we examined except herring. Hence, changes
in real consumer income associated with underfishing or
overfishing can be as large as changes in fisherman income
for most important New England stocks. The authors believe

and at least implicitly suggest that the proper objective

of public fishery management should be the maximization of
present~value real national income (the so-called social
surplus), the sum of fisherman and fish consumer income.
However, FISHDYNl itself is neutral on this issue. It can be
used to study various policies from the point of view of
fisherman income, consumer income, or any combination that
stfikes the user's fancy.

Moreover, our specific results for yellowtail
indicate that one can easily make too much of the
fisherman-fish purchaser conflict. The yellowtail results
indicate that both the fisherman and fish consumer have a
common stake in preventing gross overfishing
and gross overfishing. Further, everywhere in the rather
narrow range where the fishery is neither being overfished
nor underfished, both fisherman and fish consumer income are
at near-optimal levels. Hence, both groups have an awful
lot in common in seeing that effort is restricted to
near-ocptimal levels. Now this way may not be true for all
fisheries, but at least it should be checked out with a model

which incorporates the consumer side.
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In order to estimate fisherman income or fish consumer
income in a situation where landed price is not perfectly
elastic, one must incorporate a demand curve (or set of
demand curves) within the model. We noted that in so
doing, analysts often assume logarithmic or linear
relationships which exhibit constant or increasing elasticity
with decrease in landings. If one has a fishery in which the
demand curve becomes more inelastic as landings decrease--as
appears to be the case in at least some of the New England
groundfish markets (which turn perfectly elastic at very high
levels of landings)--such functional forms can be seriously
misleading. The analyst should be aware that when he chooses
a functional form for a demand curve, he is also making some

very strong assumptions about the elasticity behavior.

6.2 Implications for Georges Bank yellowtail management

When we turn to the practical problem of what to do about
the Georges Bank yellowtail fishery, our conclusions will have to
be a little more guarded. Under the specific set of
assumptions used in the yellowtail production runs, the
model strongly argues (a) that the stock cannot sustain a
catch of more than 8,000 or 9,000 tons per year; (b) that
~even with absolutely no foreign effort, present levels of
American effort must be cut by a factor of two if we are
to obtain anywhere near optimal economic yield from the
fishery--from the point of view of both the fisherman and

the fish purchaser.
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How much credence can we place in these pessimistic results?
Where could the model go wrong, and how badly?

The growth curve is reascnably well established and
not, we think, a cause for serious debate. The initial (1976)
population distribution used in these runs is based on ICNAF
estimates for the 1975 standing stock. As éuch, in a
declining industry, it is inherently optimistic. More
recently, the New England Regional Council has estimated the
1976 population density [1977, p. 113]. Table 6.2.1 compares
these estimates with the ones used in the yellowtail runs.
The Regional Council estimates, which are based on more
recent data, are roughly 20% lower than the initial population
we assumed. Further, we assumed that the 1976 juvenile stock
was such that initial (1977) recruitment would be fifty-one
million fish. The Regional Council, based on up-to-date
juvenile surveys, used forty-two million fish. In short, our
initial population estimates may well be off, but if so, they
are almost certainly off on the high side.

The natural mortality rate we used, .2, could be a little

high. One author has suggested it could be as low as .1 [Lux

and Nichy, 1969]}. 1In order to determine the importance of
the natural mortality rate to our overall results, a series
of runs was made in which natural mortality was set to .1 for
all age classes. Otherwise, the assumptions were exactly the
same as in Section 5.3.2. Recruitment Mode B, deterministic
Ricker based on the 1963-1975 data, was uéed. The results

indicated that the optimal level of effort from the point
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TABLE 6.2.1
COMPARISON OF POPULATION DISTRIBUTION ESTIMATES,
YELLOWTAIL EAST OF 69°W

ICNAF Estimates® for 1975 New England Council
(Used in Chapter 5 Runs) EstimatesP for 1976
Age {Thousands of Fish) {Thousands of Fish)
2 48,900 42,000
3 29,900 21,979
4 11,600 7,689
5 5,500 4,487
6 2,000 1,527
7 B0OO 392
8 200 277
9 100
10
Total 99,000 78,341

aICNAF Secretariat [1976].

bNew England Regional Council [1977].
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of view of social surplus was about 4,500 days. The maximum
sustainable yield is just under 10,000 tons. And a fishing
effort of 5,400 days is sufficient to send the stock into
steep decline, even with a 10,000 ton quota. In short, under
this almost certainly optimistic assumption about natural
mortality, the fishery can support three or four more
"standard vessels" than it could under the assumptions of
Chapter 5. Hence, the assumption about natural mortality

is not all that important to the overall policy implications
of our results, although the 10,000 ton guota is almost low
enough to prevent the fishery from going into further decline
under this optimistic assumption about natural mortality.

The catch parameters were deliberately chosen to be on
the conservative side. Under our assumptions, the upper
bound on an individual sixty-five-foot dragger's catch is
about 330 tons per year, or about two tons per day fished.
These vessels have regularly averaged more than this in
past years. Therefore, it appears unlikely that we are
overstating the capabilities of these vessels, especially
since a significant and growing proportion of the fleet
consists of stern trawlers with inherently greater fishing
power. The assumption that catch is based on year class
weight, while it may be untrue, is an optimistic one. If
we had assumed catch based on year class numbers, the overall
results would have been more pessimistic. A catch
preferentially directed at the small fish would have

generated still sadder results. In short, on the catch side,
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we have been, if anything, overly optimistic. Most other
assumptions possible would point to still lower levels of
effort.

This leaves our old nemesis, recruitment. It is
possible that our recruitment assumptions, although they're
based on twelve years of data, are pessimistic. For one
thing, the "data" is really the result of a Virtual Population
Analysis (VPA) and not a direct observation. Hence, these
figures are subject to all the errors possible in VPA. 1In
fact, as mentioned on page 92, recent evidence indicates that
the sampling process used in developing the 1963-1975 figures
was probably biased against small fish. More young fish were
being caught than these earlier samples indicated. Such a
bias would understate recruitment (as well as fishing mortality).
Secondly, the Ricker form may be overrestrictive, as we
have argued earlier. Third, we may just have been immensely
unlucky over the 1963-1975 period. Therefore, it is

worth testing the sensitivity of our results to other more
optimistic recruitment hypotheses. To do this, we ran

three series of runs in which recruitment, 1976-2000, was
assumed to be fixed at seventy million age 2 fish, 80 million
age 2 fish, and ninety million age 2 fish respectively. The.
overall results are summarized in Table 6.2.2. In these
runs, all other assumptions were exactly the same as in
Section 5.3.1. For assumed levels of recruitment of eighty
million fish or less, a 10,000 ton quota by itself is unable
to prevent the fishery from s8liding onto the wrong side of
the Ricker curve and going into steep decline. According

to the model, in order for the 10,000 ton quota to be truly



181

*310339 Jo ST24AaT ®8Tqrssod I
103 Yimoi8 ssewoTq Ul 3ITns2i TTIm eBjonb uol OOl ®© ‘UST3] UOTTTTHM (6 JO IUSWITNIDSBI JUBRISUOD 104

q

IUSTWITNIDIL JO STIAST I2Y3ITY Yl 103J PIAIIsqo 218a 10TABYSQ STY] Jo soTdwexa maj ® 3nq po1e81i1saautg

ATy3noaoy: Jou aism saTd}Tod 310IJ3 JUBISUGI-UOU yang

*310339 3O ST3A9T 19y81Y leymowos uyelsns

TTFa UYdTym o038 ¥ ajeisuad o] afqrssod aq Aew 3T *STTym © 103 AT@3e1dmoo L19ysTj ay3 Jyo Supkey hmm

00T*S q oov ‘s 00 “T1 06

00L°g 000°9 0SZ*S 00€ ‘0T 08

008°% 008°Y osz‘y 0056 (14

0S0°‘Y 050y 009°¢ 009°¢L 16

BjONnd 2NOYITM SUTTOa(g BlOond uol, Q00°0T (paYys1d sieqg (1e9x/suol OrIlel) (Ys13g 7 =3y
da=lg ojul Lisysyg YITM SUTIT22q ' PIBRPURIG) g 110334 JUBIBUOY UOTTTIN)
pusg 03 JUSIDTIING do9i1g ojurl LIaystg 110339 30 aspun pPI=1i JUIMI TNIDAY
13I0FFF JO TIAST pusg 02 JUITITIING T9A97 wnmridp 9TqBUTEISNG WNDTXE)R Jo Taaaq
310339 FO T3A9] snyding TeId0g 000¢-946T

V SNOILJWASSY S, INAGHSIJ ¥IANN IVHI TION

"dVAX ¥dd SNOL 00£°0T 10049V O HOIVD SIIWIT ATIVALOV VIONdD NOL 000°QT

"NOLLAWANSSY INAWLIINYDTY AXI4 NI NOIIVI¥VA 404 SITIASHE TTVIFAQ

1°279 314Vl



182

effective in preserving the stock, recruitment must average
rnore than eighty million fish per year for the next twenty-five
years. Since the highest recruitment estimated by Parrack is
sixty-seven million £ish, in order to defend the 10,000 ton
guota one must assume an average level of recruitment which
is higher than Parrack's highest. In summary, while large-scale
uncertainties about recruitment remain, they cannot be used by
even the most optimistic observer as an argument against
large-scale reductions in present domestic effort, or failing
that, a steep reduction in the current quota.

One other possibility remains, and that is that NMFS's
present system of counting all trips whose landings are 50%
or more yellowtail as being entirely directed against
the species, overestimates the amount of effort being directed
against yellowtail. This is possible but unlikely. It would
imply that fishermen are spending more time looking for other
species unsuccessfully than they are for yellowtail
unsuccessfully. Since yellowtail are at or near the top
of the species list in landed price, this implies in turn
that fishermen don't know their business. Otherwise in a
fishery in which yellowtail is the dominant species, the NMFS
should work pretty well. In a more than two-species fishery
in which yellowtail is not strongly dominant, it would
understate the level of effort being directed against
yellowtail.* Since yellowtail is the dominant species in
its principal port of landing, it seems difficult to argue

that the NMFS estimate could be too far off.

*For obvious example, consider a three-species fishery
in which each trip is evenly devoted against each species
with equal results. The NMFS system would end up counting
no effort directed against any species.
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In summary, then, we can find no strong reason for
not giving the model's pessimistic results extremely careful
consideration. 1If they are ignored and prove even
approximately correct, we will lose this stock as an
economic resource. The loss in fisherman net income, as
opposed to the situation under enlightened management, will
be about $5 million per year; the loss in net national
income, about $9 million per year.

The model suggests that a quota in the neighborhood
of 7,000 to 8,000 tons will be sufficient to preserve the
stock. Now the difference between 8,000 tons and 10,000
tons may appear to be pretty small potatoes in view of all
the assumptions and uncertainties which are buried in the
analysis. However, if there is one overriding qualitative
result in our analyses, it is that the difference between
overfishing and underfishing can be quite fine indeed.
Examination of Figures 5,2.2, 5.3.9, and 5.4.3 will reveal
that the range of levels of effort at which the fishing is
anywhere near optimally managed is quite narrow. More
importantly, the costs of "slightly" overfishing are extremely
large indeed--much larger than the costs of slightly
underfishing, especially for the fisherman. In such a
situation, a guota difference of 20% or 30% can be of crucial
importance. The model claims that setting the quota 25% too
high will result in a 250% reduction in catch within five years.
Further, in view of all our uncertainties, simple prudence

would dictate that if we're going to miss, let it be on the
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low side rather than the high. This is especially true in
view of our earlier discussion indicating that most of our
arguable assumptions are optimistic rather than the reverse.

O0f course, as new and presumably better estimates of the
uncertain variables become available, they should immediately
be submitted to FISHDYN]l and these analyses repeated. The
same thing is true with respect to improvements to the model
itself. But once again we emphasize that our current
uncertainties cannot be used as an argument for delaying
firm, effective management. Each decision must be based on
whatever information we have at the time of that decision.
And right now that information clearly indicates that the
current level of effort on the Georges Bank yellowtail
should be cut drastically. 1In a rational world, our
present uncertainties coupled with simple procedure would
dictate that we overdo this cutback process rather than the
opposite, for the model is quite adamant that the costs of
overfishing are much higher than the costs of underfishing,

especially for the fisherman.
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