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CHAPTER l

INTRODUCTION

1.1 Preamble

This study has two sets of goals:

l. The development and documentation of a fisheries

simulator which integrates the dynamics of the

stack-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. In 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.

2. 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:

l. 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.

2 ~ Its relative simplicity. For all practica3. purposes,

this is a strictly domestic, strictly commercial



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 whose 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 it 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

Eng}.and 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 of f shore, 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 vill 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 l975 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 �30 mm. manila! was intended to
conserve, because yellowtail double their weight
between age 2 and age 3. If higher yields are desired
from this fishery, the fishing mortality on two-year-
old fish must be reduced [ICNAF, 1976a].

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 recx"~itment.

The level of recruitment assumed for 1976 and
1977 �2 million fish at, age 2! is equal to the
lowest level since 1962, as estimatei 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 population analysis rather
inaccurate [ICNAF, 1976aJ.

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 ICNAP Assessment Committee



recommended a l977 TAC for the Georges Bank yellowtail of

7,000 tons. For all practical purposes, nobody 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 ~Re ional Council

had acted on the ICNAF recommendations, Americans would have

had to cut back on their current. catch ~b 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 enough. According

to our analyses, even without a quota, 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 year

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

the real impact of such overexploitation for another year or

two. The model argues that, if these losses are to be



~fisher and present levels of domestic effort must be

reduced ~b 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 mana e 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. In 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
a 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

with respect to the high-value species. To see this consider

some recent catch statistics  Table 1.2.1!.

Table 1.2.1 lists the Georges Bank/Gulf of Maine  ICNAF

Subarea 5! catch for 1973, 1974, and 1975 for the major

swimming species. The catch volume numbers are ICNAF figures

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 Table 1.2.1 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 20C to 50C per pound,

depending on season and size. Haddock is worth 35C to 60C

per pound, ex-vessel round weight; flounder, 35C to 70C. In

contrast, herring and mackerel, which have a very limited

foodfish market in the States, are sold to fishmeal processors

at. 3C to 5C per pound. A typical price for hake currently

is 5C to 7C 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

30C per pound. All 1975 flounder has been valued at 25C 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 5C 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 ~sim le fact is that the

Americans have been and are takinca 79% to 9S% of the

of Maine area.



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

*The possibility of marketing herring 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.

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 4C per pound

is a small proportion of that 4C. In other words, an

American can't make a great deal of money fishing mackerel

or herring at 4C 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 40C per pound can

be a very significant portion of that 40C. To oversimplify

for the moment, the economic rent associated with landing a

pound of herring or mackeral might be  generously! lC a

pound. The economic rent associated with landing a pound

of flounder can easily be 20C 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.

In short, in terms of economic rent at American market

prices, American fishermen were taking the great bulk of

the total economic value being derived from the swimming species



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 Geozges 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 resources 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 ~entr

to a domestic resource over which private pro~er~t ricihts

cannot be ~im used.

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.



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,

NIT has developed a bio-economic fisheries simulation which

we called FISHDYNl. The purpose of this report is to des-

cribe this model and the results of a series of application to

the Georges Bank yellowtail 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 FISHDYNl- 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.



CHAPTER 2

SOME BASIC ECONOMICS RELATING TO FISHERMEN AND
FISH CONSUMER INCOME

2.l The conce t 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 ~an black box, we define the total value of all the

goods,~riced at current market prices,' which the inhahitants
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of that black box can consume, to be the real income of 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 s 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 interested 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 feelings

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 value is less.

Our cadence t of black-box income ~i norse the distributional

effects of a~n prro used ~chan e 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 907. of the black box's citizens

by 10%%u and decreases the real income of l%%u of the population

by 70%%u, virtually 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 effect, 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



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!. In

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

*FISK!YN l 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.
FISHDYNl is unable to distinguish between increases in consumer
income and increases in processor/distributor income.
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consumers. Figure 2.l.l 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

can 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 sur lus and the common- ool problem

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 conservation 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 l. 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



Figure 2.l.l--The pie ana3.ogy.
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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. In the curve shown, we have postulated

lower and .upper limits to price's 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

t'or New England preminm fresh fish markets, as we shall see.

It is a simple matter to combine Figures 2.2.l 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 yields. 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 Naximum 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.

.* There is a wide rangeThe revenue curve can be

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 to 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 @ill relabel this difference the

fishernan ~sur lus Th.is 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

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

«To our knowledge, this was first pointed out by Anderson �973].

**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 Figure 2.2.3, it is the

left-most point where the slope of the revenue curve equals 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

of 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 FK. 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 bf 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 �973]
and Gates [1974].



most efficient operators into bankruptcy and off the resource.

Assuming the resource is not completely wiped out, af ter 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 all they are Americans

too. With any particular level of effort e, there will be a

corresponding yield y e!, and price p y e!! as shown in

Figure 2.3.2.If effort is very low, the yield 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 y  e !

to a higher yield situation y  e ! is the area under the demand
H H

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,

yH eH!

s p y e!!y e!dy e! - pH yH eH!!yH eH!

yI, eL!

p y e!!y e!dy e! pr. ya<eL!!y  e

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 amount 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 a low yield situation to a higher yield situation,
summed over all consumers. Xn 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:consumer income

associated with any positive yield, Y, and its corresponding
price p Y! relative to zero yield is the area under the de-

mand curve to the southeas-t of  Y,p Y!!. This area is known

as the consumer surplus CS Y! associated with Y.

CS Y! j p y! ydy � p Y!YY

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 ar 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 narrowex 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 leve'  which may be the same!. The point is that

it doesn't really matter. Since we are only interested in
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~chan es in consumer real income with changes in yield and price,

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,

Xn Figure 2-3.1 we have chosen zero yield as the baseline.

Figure 2.3.lshows the consumers' surplus associated with the

yield curve of Figure 2.2.land the hypothetical-demand curve of

Figure 2a2.2expressed as a function of level of efforts Rotice

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 curve.

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

out1ay curve is equal, while consumer income will be maximized

at the MSY level. If either the slope 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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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 cur~e 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. In this situation, the aggregate level of ef-

fort would tend to the MNI point. Each fishsteader operating

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.lplots 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. Figure 2.4.l is merely the sum of Figures 2 ' 2.4 and 2.3.l. The

first thing 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  Naximum National Income! point.
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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, l970, 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 is 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 NSY

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. In such a situation, it may be the case that both

sides would gain by an agreement to move to ~an point between

MNP 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 Fz'ee Entry level, that

is, in the vicinity of the right hump in Figure 2.2.4. The

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

MNP 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 ceztain 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. In 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 NSY point. Long before that happened we

could be sure that the fishermen would be screaming bloody

murder. In summary, the rightmost hump in Figure>>.< 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 management system with a 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 mana ement

From the point of view of near-term American fishery

policy, perhaps the single most important feature of

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'8

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 [Mcltugh, 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 avoid a grievously overexploited

situation and possibly the loss of the resource.

This raises the question of how the resource should he

managed. In order to obtain insight on this issue, the MIT

Sea Grant Program has developed a bioeconomic model of a fishery,
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which we have dubbed FISHDYNl. FESHDYNl has been tested

«ather 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 SINGLEwSPECIES FISHERY SIMULATOR, FISHDYN

3.1

The model which has been developed to analyze some of

the issues raised in Chapters 1 and 2. FISHDYNl, 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. In 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

model 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

quotas 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.» Our 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 Sin le-s ecies

FISHDYNl is a single-species model. That. is, interspecies

interactions are not simulated explicitly. This important

limitation was accepted on the following grounds.

l. 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
investment! to he endoqenouslv 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: �! cod; �! haddock;

�! yellowtail flounder; �! other flounder  winter flounder,

witch, American plaice, and fourspot flounder!; and �!

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,

1956j. 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=dkelling 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.



41

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 prey on all the other species.

However, the apparent proportions for the most part are

small. Maurer [l975] reports that yellowtail 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 �-20 centimeters! can be a very important

component of cod diets [Maurer, 1975a]. 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].
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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 to 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.

A dynamic ~odel rather than steady-state3.4

*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].

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, nqn-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.



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-e uilibrium 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 ~stead 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 egg and larval

stages rather than adult mortality and growth [Cushinq, 1977].
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These stabilizing mechanisms, such as density-dependent

competition for food among the larvae and cannibalism by

older fish of the same species,* can be rather weak and,

regulation of larval and juvenile mortality 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 whether 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.
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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,

l975, 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. In short, no

~stron 1 stable ~stead state ~gears to exist for these

systmas. we will obtain evidence that yellowtail 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

lOW--a time Wh~n tha VrnVnrt w sn s 5 F ' 'L Ls- L e 3 L
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decreased.

In any event, given biological 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 our 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 FXSHDYNl's makeup
is its treatment of this uncertainty with respect to stock-

recruitment. FXSHDYNl 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, FISHDYNl becomes a conventional growth

over-fishing model. lf 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 to 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. In 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. In 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.



3.6 Inclusion of fish consumer as well as fish su lier
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 public management 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 national income. In a sense, FISHDYNl is neutral on the

fisherman 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 in ut format

The programming implementing FISHDYN1 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 intervaled 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 population and refers to RECRUIT, which estimates

future recruitment according to Mode A, 8, or C, depending

on the user's specifications'

As Figure 4.1.lindicates, input data is drawn from two

sources:

l. directly from the user's terminal interactively;
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2. from user-selected files stored on disk.

Table 4J..l 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 is 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.l.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 far the

species. The first such line merely identifies the age

columns. The second contains natural mortality rate  percent

per year! 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.g.

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 of 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

for each month for the subject species. Currently, the

model 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, pL, 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 30-35C

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 concepts
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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, p , 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, p 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 chanches in consumer surplus associated with

alternative management policies. Hence, this cut-of f

«A possible exception is herring. In 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 ~ion as

In the terminology of Chapter 2, p and the corresponding

level of landings, x , are the baseline against which changes

in consumer surplus are measured. If in a particular

simulation, we generate landings which are lower than x

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, pH, and a lower price level, pL, and the

corresponding level of monthly landings, x and x , 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

x for each month in metric tons round weight; the

next contains p in dollars per metric ton; and the next
H

two contain x and p 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 NLE'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.l.l,

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:

l. TERSE. The model will perform the entire simulation,

after which it prints out a brief overall summary

such as that shown in Table 4.l.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.l.4 displays

a typical SHORT summary for two succeeding years. If there

are twenty years in the simulation, SHORT will

*All these statistics are generated by the program RICKER,
which operates off-3.ine from FISHDYNl proper. This
procedure is described in Section 4.5 below.

**If 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. In 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 4.1.6 displays this output

form for a single year.

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. In 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 fours Most of

the entries in this file are self-explanatory. One entry

that is not is Crew Opportunity Cost  CREW OPP. COST!. This

column 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

oil 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

both vessel owners and the actual fishermen are lumped into the

single category "fishermen". It also implies that PISHDYNl

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. In 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 12S 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.



been implemented. Catch Option l 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.l.l,

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 $3..00.

4.2 Overall descri tion of DRIVER

In concept, DRIVER is completely straightforward. 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 user. 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 l. On January l, 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.l.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



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 Descri tion of the CATCH subroutine

The CATCH submodel proceeds as follows.

1. First the submodel estimates how much an individual

vessel in each size category would catch in a month,

if it were the ~onl vessel ~fishin 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 catch, C, for a fleet consisting of

N. vessels of each size category is estimated to be
!

J N.
C = Wa- n � � q.!

j-1 3

The reasoning behind this multiplicative model of vessel

interference is that if one vessel catches a proportion q.
3

of the biomass, then two vessels will catch something less

than 2 q.. This model, introduced by Carlson [1969] and
3

generalized by Gates and Norton [1974] assumes two vessels

would catch q. + q, l � q.!. In other words, the second
3 3 3

vessel operates on only that portion of the biomass not

caught by the first. Generalizing this reasoning to N,
3

vessels in each vessel category and J categories leads to

the above expression. Philosophically, the vessel interference

model in FISHDYNl 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 l0.

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 l.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 fill 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 AVNAXCT.
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were limited and no 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 yellowtail

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.

*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, 1975j. 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 1'4
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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Xn summary, the catch in tons per trip of an individual

vessel of category j, L., is given by

L. = MIN CATVAR ~ AVMAXCT * DAYFISH * TRIPLEW,
3

CQNCENT * 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, FISHDYN1 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 Descri tion 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.

2. All prices were deflated to 1975 dollars using

the Boston Consumer Food Price Index.

3. 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'/1b or about 330/kg. Price cannot drop below

this level. Therefore, if enough 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 obvious. 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. In 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 operating
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 SSC per pound have become quite common

and prices as high as 80C 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 FISHDYNl vessel category l. 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 DOILARS!

65'

75

30 tons

5

~ 900 tons/year

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

Per Year

Averacee
Present-Value

Revenue

Price Annual

Q/ LbTons

150 .10

.20

.40

.60

-87,000
-54,000

11,000
77,000

-54,000
11,000

143,000
275,000

300 .10

~ 20

~ 40

.60

600 .10

.20

.40

11,000
143,000
407,000

Vessel Characteristics

291,000
582,000

1,165,000
1,747,000

582,000
1,165,000
2,330,000
3,445,000

1,665,000
2,330,000
4,660,000

7.5%

$1,013,000
$180,000
$8,000
$18,000
$13,000
$20,000
$120/ton
$50,000
$20/ton
$4,000
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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 60C 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

30C per pound will generate a low to moderate income of

roughly $12,000 to $15,000 per head. But an average price

of 40C per pound generates an income of over $25,000 per

head, and at SOC per pound, we are talking about average

income of $35,000 to $40,000. Of 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 40C 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 consequent low landings and high prices is not

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

error was obtained by the following relationship:

p = 21.9 + 51.3/x

where p is the price in 5/kg and x is monthly landings

in thousands of metric tons. The standard error for this

fit was 12.64/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 does 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 obtain 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 Descri tion of the RECRUIT routine

By far the most interesting of FISHDYNl'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.l Mode A: Exogenously 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. In this mode, the model will generally

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

constant. It is important ta note that, except in the

coincidental case that the stock is already at the steady-state

eauilibrium 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

principal 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 FISHDYNl 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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-gp
R= a,Pe

Here R is recruitment in numbers, and P is the adult biomass in mass.

ln 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 exploited at age 3,

then R represents 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 l/p. 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,

u. However, as the adult population grows, competition for

food begins to affect adult fecundity, larval and juvenile

growth, and the effect of cannibalism increases. If the

biomass becomes large enough �/S!, 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 Population 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 1977

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:

g Rt log a + log P � 8 log P + ct lg ~ ~ ~ gT

*Parrack's results are in terms of number of fish at each
age. We converted Parrack's numbers for age group 2 through
l0 to weight using the growth curve of Table 4.1.2.

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
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TABLE 4. 5. l
1963-1975 YELLOWTAIL STOCK AND RECRUITMENT DATA

P

Adult Biomass

in Thousands of
Metric Tons

R

Number o f Two-Year-Old
Fish Entering Fishery
in MillionsYear

1963

1964

54.2

45.0

41. 8

41. 6

67.1

66.7

65.7

60. 8

52.0

47.0

35.1

39.6

45.3

30. 2

33.5

27 ' 7

19. l.

1965

1966

1967

1968

19. 6

27.6

32.9

33.9

29.9

31.0

1969

1970

1971

1972

27.9

20.0

14.7

1973

1974

1975

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
[1976J. 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.

a Could not be used in regression due to two-year lag.
Biomass in 1961 and 1962 unknown as is recruitment in 1976 and ]977.
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the model  current, water temperature, other species' stock

sizes, etc.! and T is the sample size. We will assume that

the c 's are independent zero-mean Normally distributed
t

random variables with unknown variance. This assumption is

$ log r

! log P !
N

  log p

*The quadratic recruitment relationship explored by
Doubleday [1976' does not have this property.

necessary if we are to make use of all the statistical

theory 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 absolute 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:
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where T is the number of usable samples and each summation

's from t equal 1 to T. This matrix is then inverted,

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

T

log a = ! [  NINV �, 1! + NINV �, 2! log Pt } [log Rt � log Pt ]
t=l

A T

[ NINV�,1! + NINV�,2! *log Pt ] [log R � log Pt }
t-1

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,Pt ! t = 1,2,...T

and outputs, among other things, the Maximum Likelihood

Estimates for log a and 8 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 restoring 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



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 remai~ 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
-l

occurs at 8 . Hence, the parameter 8 determines the

position of the peak. Unfortunately, l3 also completely

determines the shape of the recruitment curve. a is merely

a linear scaling factor. In 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.



The authors see no justification for this arrogance.

An obvious generalization of the Ricker form is:

y -5P
R=aPe y > 0

*And a near-zero 8. Ot 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.

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,,B,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 y near l. Xf, 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

enough 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



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 a and

8 which minimize the sum of the squared errors  after

logarithmic transformation!. This set of least-square

estimators, 8 = exp  log"a! and 9, is also the values of

the parameters which were most likely to produce the data

under the above assumptions. However, the probability that

a and 9 so derived actually equal the true value of e and 8

A
is in general vanishingly small. 8 and 8 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 a and 9 even after we have observed the data is rather

different in philosophy from the classical. The Bayesian

regards the true values of n and gas 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 a and l3,* then one can show by application

of the basic rules of probability and considerable algebra

that the posterior probability density on log a., B, and o

the unknown error variance after having observed the data,

p log m ~~~ l Rt p ! t=l 2 ~ ~ ~ T!

is proportional to

1 1 2 n
T + 1 e x p � 2 [   T - 2 ! s +   1 o g a � 1 o g a, g � 5 ! ~ N ~   1 o g m - 1 o g a, g - g !

0 20'

A
where N is the Moment Matrix; log a, 9 are the least-square

estimators of log o, and f3 respectively; and s is the sample2

variance after the logarithmic transformation

2 1s = 2 !  log R �  log QL + SP !!
t=l t t

Conditional on o, the unknown variance of the random

fluctuations in recruitment, log m and 9 are distributed

Normally with means equal to log a and 9 and covariance

matrix equal to NINV~O .** Although this is mildly

*In the Bayesian jargon, the prior on a,9, and the
unknown error variance cr before observing any data used
is Jeffrey's non-informative conjugate prior, ~l/a.

**If 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 cx and P, as it should.
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interesting, it's of little use in practice since we don' t

know a. 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 e and 9. Perhaps, more interestingly, if one integrates

out log a and 5, one finds that o is distributed according

to an inverted Gamma whose variance depends on the simple

variance 1  T � 2! s
2

p aj  Rt,Pt !,t=l,2,...T T-1 exp 2
a 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 o, or even

densities on the unknown parameters of the Ricker form,

u and 9. After all, e and 8 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

a by employing some elementary probability and some rather

tedious algebra. Let R be the yet unknown recruitmentRT+1

which will occur < years from now and let PT 1 be the
T+1- y

current biomass, the biomass upon which RT 1 depends. From
T+1

basic probability, we have
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Present

Adult

Biomass

Log of Future
Recruitment
Per Biomass

Past Stock

Recruitment Data

p [log R /P ! IP,  R,P !,t=l,2,...,T] equalsT+1 T+1-T T+1-t ' t t-t

r I J p log ~ IP,log a,8,o!p log u 8 ai  R ~ P !t=l,TIT+1 T+1-t' t t-l

log a 5 a

The first term within the integral is the single-sample

likelihood function. The second term is the posterior

density on  log a,g,o! given the past data--the density on

the page before last.

Substituting in these densities and performing the

required integrations, one eventually finds that

[lo  RT /P !IP , R ,P !,t=1,2,...T] is proportional to
T+1 T+1-T 7+1-v' t' t-z

 T-2!+  log R � [log a+g-P ] ! ~ � [1 P ] .N~G" l. [1
8

-1
where NAUG is the inverse of the augmented moment matrix

NAUG = N +

log P

Llog PT  log P !

NAUG is just the moment matrix for all observations of

*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 expression for the
probability density of log RT+1, the matrix NAUG" is premultiplied
by the row vector  l,PT+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

mea  log T+l PT+1 ! = log e g PT+l + log PT+1

and whose variance is

2

VAR  log RT+1 1 T+l- T-4!  l+  l, log P +l- ! -NINV- �, log PT+1-

However, it's important to note that what we have developed

is a f ~amil of densities for future recruitment conditioned

on the current adult biomass. In order to evaluate the

probability of various recruitments ~ 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. In fact, the mean

of the log of future recruitment is the straightforward Ricker

curve whose parameters are the least-square estimators of

log u and 0.

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 R 1 P l !
equals



 "!
 los  R /P 1 !  log a+9.P !

8

H'

where

h = 1 � �,PT+1- ! 'NAUG ' �,PT+l-

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 log a and f3, the number of samples, T, the

sample variance, s , and the inverse of the moment matrix, NINV.
2
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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 FISHDYN1 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 l963 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

variance, and the transformed estimators. In the output, the
A

untransformed estimates log o and 8 are called B l! and B�!

respectively, the transformed estimates a and 5 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 Y equals the mean of Y ~ The program also outputs the
A

regression line log a + HX 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.l 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 6 = exp log a!

and g are not unbiased estimators of o, and 5. 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 years of haddock data taken from Clark fl977a].

Clark's data covers the period 1939 to l973. 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-LO 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

level of adult stock. In 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 FISHDYNL.** 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 FISHDYNL 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 procedure is called Monte Carloing. Under

Monte Carlo sampling, the results of any particular run

of FISHDYNl, 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

PISHDYNl using the Monte Carlo recruitment mode. The input

portion is the same as in the earlier recruitment modes

with the exception that FISHDYN1 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.



0
t

Al
I

hl
Al
C«J
m

0 atj O
td O
XOtd 0
O x�~  d ~

E n
OZOM dO
Eal aj ~
3XOhl O
Cl ! xa
ZO
&z
ILR O

td 0z aj ~
000

C3 «�
OO r
CL I4
E td0hr t l O
XX ~
w tal 0
CRH O

R
Z Cd M
M Vj

000
m IA O
ma 0

 IJ
aj
0
C Vl 0

0

C4SC M
W IL
XB

OOO
m IA 0

0
Al 0 0

Rj
AJ

~ t/3
ZH
2 aC
~n

g

R

A

O

td bd
IA! rC
0 K X

O0O
m IA 0
me 0

N
0
0 0 At Il

92d
0

O

Cj

g a

H IU

O
JcQtd M

al a Ca.
I&cQ JM td h'

C4! CQ
O � td

00ts OrC
OX I

0 mHr

hl
X 000mifx Q

ma 0
Al

 jx Al
II

K jra
O IL
h Z

VlCQ H
Zh
C4 0
Z H
0 R.M td

X hl
CQ W

~ J
jC W
O 2
O 0
cQ l

F
Ca ta'
0 a.

2 AI

Vj
CQ

X 0 0I-I x- 0
O O

CQ O
Cd  OO Vj ~
MQ O
R.OOR. M~

mQ r-
AI 0

000
mlfl 0

0
Al

~ J
 QZ J
0z<
V COVJ

000H
O

K

AI QR'
~ m

0r

2 2
0I � I
M 02
M aC
0 X
J 0
CI
Cd xQ
0 I
2
0

OQOmif«0
ma 0

Al
2 0
H Cjx AJm -co

r 0
00

O
Jaj Al
� O
0

QQ0
m A Omd' Q

AI~ AJ AI
~ ccj

00~

h'
IIE h'

J 0
h CJ

I" «
Cxj
X 2
0
0 X

a.
M  d
J cQ
h, ts

2

V34' 2
 

Z
< O
0
0
taj C«J

!

QQ0m«A 0
mfr 0

Al
0
0 Al

dj 0Z xtj AJ

tal
0

Ifx N
hl O

0N AJ
O

r� O O~ O
Rj AJ C 000

m«rx 0
mz 0R

hl
0~ aC

a' x
OO
h X
td hc
Vj X

0 AI
xtj IAaj
Cjx Al
xa IAR3

Ea: 2
jxC 0
0 H
Z Cj

a O
0 R

I-I W

IL Jhr td
Vj ~ .
H  d
h

H
r/3 t- ~
lal
0 R
taj 0
C4  L
r/I td
Cal
0  r.
ZEH 2
r/I td

CJ
&I
VjI-I
R  d

Cj

00 0m A 0
ma 0

Al
AJ

0

0 0
QOO
m«/x 0
mw 0

AJ

Cj
Cj
Al

X R.
D Ea+
on
0 2

0~ J

R,J
Z4
0 &
H 3
f 0

n td
0 !x

M
M Vj
0 -I
J hlCal �H r/J

0 M

4
O  al

 Q

0!
h
Ea
td ! I
hl O
Vl
Cd ts
! 0

CQ
0C0 C4

0

aC
2 Cd
t/3
hj M
H 0
0 «L
hl O
� td
 «3 �

QO0r ilfx 0
0
AJ

Erj IrCf3 Cx'
h'. X
4 Oc4

 L
0  d
& K

«Q
0

0 a.
O hl

C4
0

Cj

4 Vj

0

O rQ
td

0
2 O
O
F K
«3 C

hr
O 0

0CQ
O0

X Cfj

� � C3
Ri cC
� o 0

 /I
0

 al

n a,

0 OVJH
tfl R;

J ac 0
cC JX
M O

Caj
2 0

~ C
E
0 0
CC

 /3
td

0 C3
0 R CQ «rj

c. I/3
&h:w
M ccl X

X 0
2  Q

ZZZ
000

Crl txlL fj
s

0

CJ

l 0 X

Al

M
Vj
hl

n R 0 Cj
H
tx

hl
Vl
I

0 0
h Vj

0 X

td

C l4

0 Cd
Cfj

0 Ca
CL
0

0

R.

0 CQ

lal
Cs
 al

0

0 n

I-I
0
0O Cc'
Al O
II 0

td«C
X

O
 al

vj
Vl

O Xh' CJ
�
Vj 92a

R ca,
lx' h aC
2 Z 2

hj Cd td
Ed Cr h3

cQ
laCal Cd hl I

C4 R C4 Cal

Cj I/I cQ xa
0 PA ad 'C
Z �«OCH 0

Qaj  jx amAI Ifx ~ 0
~ m  At-

H 0 N 0
M

ON VAl Al «/I
Z ~ r c j IA
~ C 0

0

IL
C3
M CQ
M hl m
R HO

I
! H hj

CQ Or- 'Z Al
Ed  A
n AJ

II
Cal M
rd 2 mM ta'
VJ X

I ~
J O Al
IL 4
X 0 Al
~te~

FAr 2 2
O ta:
I n

Cd O O
Nha I
O Cfj Ed
AI I lmo d.
0 OCQ~ J a-

t II
I I

h: Ca3 II
al aC r-

III
0 Al
CZO!
J � Z
X h

0 II
O M Al
h 4~
0 4!
CQ VJ2~ H
mOZ~ J

R. O
aC O

II 43 J.

R+ t-r «CI
J Z~
4 0 

X AJ
ta0 wm
Cal
J n

~ J r
h X!

t/3CQ  - ~
~ C 2 ~

hl 3C
E zMC«
Ea' M E-x
& IL X
H �O td W

R
O td
Caj 2 KR. HO

X
X W
R 020

Cd
R. t «Q
hj R. 4
BC td hl
Lj C3!
R

Vl
0

0 0H H
M JO
WOO

CJ
O

0 0td
vjzO
OQ 0

Vl 0
0

td aC 0
XXO
r/3
0
0 0

J 0a. H
0th 0
hh O
h'

0ta', 2 0
Vl CJ
ac� O
' h< 0

X xtj«fj

tda. 0
0+0MD
R. R; 0
R CQQ

hl x�
X tar
X

QWO.Q
W aC
XOOI 20
I aC xcj

l/1 W r
0

X
RC/3 �

rfj
0
n c, 0 cj
2222
0000al  Q Kl  cl
a. a, R. a,
Ca1 td Ed  d
�?c 3 �
CLOO �

rC Ed 4
MR C4
CJ V 0
0
VJ

2 X

O
O O'H ZZ

Oz C
KNrCX

II R
X ~2C/3
HMZZ
Vl X K M
r/l JQ& M
M m M CQ
2 Cd 2 0
QCJMD
R Ic 3 Cd
0 4 d xt
Er

td OVJ
no
td H
X Hc
Vj XO
CQ 0rx  0

~ & Cd
 Q 0 da,
O

~ J
Vj ~3  dI-I I-I 0 O

Xt ts
hl >t

LI~ C MO'Z
V VJt
~ C 0
ZC3 JRCJ tr' X

QOV3
J Z Es O

cQ ~ZO
td Ozz! J LH

n
�0

0
Ozn~ c/3 J
OMP
Arts 2
II 4

M Cal
XQ
«Q4
tal IQ

 dn ad
 sM I

x no
CQ z
la 0
z vl 0 a

C O
I CQOR
~ C CQ Al  /3

CJrC IAZ
&n ta

R
0&
I 0

0 hl
0 Cr
R cd Oaj
h'
h 0rs

AJ aC

0 !I
0 a.
C3 K
W Hm0I/3
0 a
CJ td 0

R O
GOVj Vl Ifx rcj

0 R.
O cC
W Jol/3 0 AI C/1
On h:

V3
n

& 2 C«j lalVj aC r- 4
0 Vj

0WZ«C'C
Vl I Cal
O~
CJ H
0 Vj 0CO !«
w a«am

2
 A 0

X

0 x x
2 3
OQ 0t-r W

Ia
-tfj OE

Cl R
CQE  x:

r/J
O 'd

ZHO
0rC ' Vj

vj 0 0'
2 0 R.

vj rd Cx
0ZHxdnO 4 ~ Cx'ha C'

Vj /JQ« r
nw h
C42 Cr
Vl jd

Vj I/ W
n

0
O

hlCQ 0 ~
cJ zmQ
VJE «I

0rd I
E l0 <I � I

m!



Al

~ AJ CO me ad m» o D c v Lnca v 0 0 I Cr CO AJ me z a tr!
hl 8  D 4 0 CP 4» 4 4 0 co LD Va 0 Al » CP Al Ln Al 0 m v» 0  DC!
H X C J LD N AI at Al PJ 4 4 0 0 4 Al t » m 0 D xr Al 0 m Ln 4 Al
? w  D  D o 0 m 0 CD 0 0 t- N 0 0 N 0» e 4 a m Ln m a m?-
O xfxccl cd co oa Cra 0 Va 0 0 Va» 0 PJ 0 0 m 0 m 0 m»

t

xr hl
Al 0ID  C
O?
I fd

0 Z0 2 0 2 0 2 0 20 2

2 !
Cx

IVI
m
m AJ
t

E  W 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Z I ?'
hl I Q

I Ln
I

 /! I
hl I

I
2 I
M I

I Al N AJ Al N Al PJ N N AJ N AI Al Al N PJ Al Al Al PJ Al Al Al Al AJ
Ct! O! CO  D CO CO CD LD rc! CO LD CO CO CO CO CO CO CO CO CO  D CO LO CO  CJ CO COhta.»»»»»»»t t t
'E xC ?' % ?' xr % % V N 4' ? O' Jt O N xr O O' N 4' % V % O' O' V

GO
oa 

m 0 Al

m
CO
Ln
0 N

m
Al
CO
I

N 0
Al

0

I
xf

N 0
0

AI

II

0 O

II

0

II

K 0 M
II
fd
0
O

II
fd

K 0 O Z
II
fd
K
0 O

II

0 O

II

0 O W
II

X 0 O 2
II
hl
X 0 2 2 K 0 ZC3

fh
Ral
0IZ

�
! E 

! Ch

!C  C
0 0

hl 2

ht hl
0 fh

~ W

0 0E  H
 I! E
h1 2

h Cd
0 R.

~ W
EC xc
O Z
0 0
v! E

O Ih

Id W
O Z
00E  H
Cf! E 
fd Z

~ C
h, h!
0 O

~ A

0 0M
 f! E
Cd 2
E
Ca hl
0?,

0 M 2
~ A

!d  C
O 2
00
v! E
Ecl 2
E
h hi
0 O.

!C  C
O 2
00
CQ E 
Cd Z

h tx'
O O.

~ A
O 2
0 0
E

h. Z

O h.

!d  C
00
cf! I
hl Z

0 h.

0 C/l

0

xt

C  r
h a.

0
GmNO mCP»ate met � »Lna t-Oa Qcranl 0

fd cA me ln CIJ AJ o > via tD» m a' at?' 4 o 0 m t co 0 I
0 CI an»» Q N 0» 0 t 4' me 4 4 C cd «P CP 0 I co 0 0»
2 2 P- co co co ca t- t- D 4 v c- Ln 4 mm AJ m Al z AI e» v N mCd W
! v!
Cr. O

I
I m o c rn»» cD Cr Ln e rn p- c- Ln s AI e N Cu v e S  n S

V! I » Ln 0 ~ V O e O M Ln m.a AJ AJ 0 Ln e m r- Ln t- » 0 Ln Ln
I 4 c v AI Ln N v 0 0 4 cd 0 Ln» 0 Ln r- m r- N C

J I aaGQGaat t meD OaeeNm P AJ> 4 m N
O I

II
Cf! I

II
V 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

~ C 0 0 0 0 0 0 0 0 0 0 G 0 0 0 0 0 0 0 0 0 0 0 0 0 G
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 G 0 0 0 0 00 Daavvs'aD'mauD D'aaaDD aevi'ca+t t ~ t

hl

X Cal
CO

2 Z
0 H
M E   al
K 0

M 0 X
U O
l4
!C
h! C-
O co
2 CO

m
C!

2 2
H
K O
E Z
0 X

!C
Ed
0 A 
Zm
0

z 2
0 I-I

H ~ C 0
H 0 X
2 O
 E
Ed O

O!O P-

0

z z
0 M

E  Z
O X
A O

O cd t
CD

O CP

0

Z ?;
M
K O
M tc
0 X
AO
 L
!C
Cd N

m
Oe

E

0 I-I

0

h C!
0

0 Al
Al

i H

. '0
~ 2
I X
lo

'  D

: Cn
I

2
0 HI-I
E hl
 C 0
M
0 X
AOO
Ed I

N
0 Al
2

Ln

2 20 M
M E

M tC
OX

O  D
0 Al
Z CO
0

C

  C d

C C E.

H
E Ia.
C 0E- Z

0 X
O
Ed CO
0 AJz rr

Ln
0

Z 20 I

C'I
E

O
 t
0 t'Z PJ
C!
I

fd  D  DO! CO CD CO  D COCO  D CO  D CO COCO CO  D  D CD CO COCO CD CO ID
Al N AI At AJ N  LJ AJ PJ PJ PJ AJ N AJ N Al Al PJ N Al AJ Al AI Al Al

h
h ~-
E.

E.
a

A
I

O I
0 I
CE I

I
I
ICd I
IEa' X

fd  d

0

ta

O
h C:

aa

h  f
Ea
ca

a

Ea Ia
 d hlLd 'K
a. o

M R
0 h

r/1
2 0
O

E
II

hl hl
cd r

0
ta O

f C.
O cd

Cf!
0

R Ed
O! Ex
O. O

O E O Ld
E  K

r/!
0

E ld II
td Cd
h. O
O- O
Q H

O Ix.'
E  K

tf!

0 O

hl
C/! Cxl
Cal K

O
O O

E  Cc
0 Ca
E  K

VJ
0O

E- ~
h LI
C/!
Cd X
h O
O O

E
0 hi
E X

0

Cd II
V! hlO' X
O,O
O O

O hl
E  X

0 O

? 
. hi
CA

0

Cd ?
Cfl Exihl K

0
Ot O

Ix.
0 Ld
E  K

rh
0O

Ld
Cg Ed
  r
 x, 0

O

tC
Ix.O  x.'

C/!
?:
0
O

II
'K 0
~ «!
L H

Cxl

0 C!

IICal

0 M VJ
0

x H N cd art m t cn % mN AJ me v Nad rD  neo cp N 0 m
Oa, I co md mad 0 min p- Ln O Lnincn xr Va dam~ »4 LnAJ
H t  N CP  n» AJ l c! v 0 LD Ln CIJ mN cn V 4 In Ln a 4 Ln Ihl  a cd crtoacoco I I mew tote mmAI mNN xr m AI

I
I

I/J I
Cfl I 4 4 Ln 4 4 m Ln 0 AI at mm % 0 4 0 ln mm 0 cd V

Ixdaa1PJI »Nt ot ao O reQLDcd oat 4 otAJ r
x I cd z at N N rn a pJ  D t- N min e cr e v mAJ «D D Ic
0 I 0 cPLncd LAAIN LAQt a P- Ln nm nml Nt Al ANNI mAJAI t
CO a/

a;O
fxi E
C' ~
Z O
0

'I-I H
E I-I
04 h.
U4
hl Ed

Cal

0 to
hl 'I

 C

h!

O

0

t t t Al

I II
> fd

� O H

t hl
I td
lh

1 hl
I C3
I tC

I I a
I Ln

hl
II

E  hi
AO
Ld O
td 2
fd
X Z
0 fd
OK2 I?I-I Cd
td cf!H
Ed h,CC
Z H

frl
CO LI

 C O

ID

h !
II

 C K
4 0Ld Oca
hl
O Ed
o r.
H hI
W ct!~ -I
fd htR.

W
M

h!
I/! 0
h C3 W
~  .!

0 N
tal m
0 CJ

!
II

 C K
U 0
Cx OO

Mh'
K Z
O
O K

A NH
h h
h.

H'M
I/! 0
Cd 20  "
2 X

O
O

h'
G N

IIE  ta'
K

A 0Cd O

X 2O Ld
OK2  x
M  d
M v!H
Cal hI?.
Z 'H
M
h! 0
b. 2
C3  C
Z X
~ C O

C

'H I I

W OO' O
I?
fal
0 Cd
OK

Ld
M CA C
h
2 HM
Cfl 0
Cal Z
0
 C O
O
d 4
fd
0 v

!

!
II

E  Exl
 C K
U 0
Cd O

M

0 h
O X
Z O
M hl
W  /IW
h hCC,
Z

h
Cfl 0
h

 C O
O
r,m
0 CO

h!

! Ed
Ed
K 0

Ed

I-I
 /1

tC

O C!

II
lx
K 0

O 2 K
CrIat
 /!M

h M hl

O C!

Cd

& I?  f!
OZ
h 0
h. O

v!  C
xc Z
Ci Z

0 Ed
W M
!t O

0 C920 2
0 EdIx+  x.

ZX
OO

O O
Gd
0 W

AZ

0 0
UO

O
O 2
O 0

M
Z I

I
K I
I I

Ia/
 /! /a
Cfl I

I
K  /I
QZ
 O Et

D E 4 ZAIAJQ 0E 0 000000000000w mAI

s 0  P» AJ m nAI o co AI LnmQ AJ  Arne 0 0 a a o. QCO
Al m Al me V a Al mN Ln N V N AJ Al » m» AJ Al »»

cr tn e cn m ao e 4 e 4» N pt Ln m p- e 0 Ln co a co 4 ro
ataacD4 I I t mew Crit mmpJ mptanr

0 mG vco e~ Lncne mN 0tnmt-e 0  neo? cacao
In%?eel mea Cr mt mmA mAJ nt-W»m»N

A Ence mern  cDD aae AJ? Lne t mmcoA co mo!In t-co 40 Ln mme mpx c m t-
44»NLD trim» Al

CD  

et cdotG NmNLnet aD cr 0 AtmN Ln4l ta! ot0
r- p-C t- ra coed cord D rococo CO cr a a O a cpppcp V claG
O O at at a V O a O Oa a a O a a a at a V OL~~CP O O 0

fxl
II

&0
td O
Cr
Ed
X 2
O M
OK

W V!
h- Ct

Z H
Ca'

 f! 0
la: 2
0 aC
<O

O C'.  -
cd cPG 0'
&ca

txt
! M II
E  Cai : 'X
U 0
hl «!CL
h:
O h'
O KZ O.
M h,
4 cn
fai lah'

H rd 0
h' 2
0 xC
< O

CL xr
fd 0

h:
at6  a.'

AO
ld Ocx. 2
h'
0 La'
O K
M h'
1 r/I

Ct! h

hi
C JQ
Cal 2
0  C
2 h
 . C.J
C!

C  d 0
in



~ a cd R R ln 4 a O R R m mR O 4 t-' 4 In ru ~ ad S O 0 In
N�M  t Zmad4?~4 D?t-Ooax D DZC-C Ot-SAlmmCd 4 Cl ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~
OR HXC 0 O nmNNCVmln D~r ramOAIID OxNCOO?  O
W MR. Wcocd ddaj dj ORI dj djdj Rr 0 0 0 0 R 4 ~ 0 ~ a ~ e anm

! C4 GG DCOCOIDCO D acdcoCOCdcdrD <7 Cha OO x x x ~ x AIOcc

Vj

tfl
talAJm AI

o

xil
t
o
cu

m

CO
o
cu

Cl
In
o
cu

m
co
C3

N Al

Al

K Cl
hl
ar.

II
hj

0 Cl
M

II
K
0

II
hj
X 0
CJ
2 H

c
hj

X 0 2 M
II
kl
X 0
Cl
H

IIfxl
X 0
Cl

II

X o Cl
II

K 0 2
n

I
0

ac 4
2

0 0M
IO fc

hx M
O C4

~ J
aa 4
Cl 7
00
Vj fc
MZ

QR

~ J
tc 4
Cj 2
00fc H
VI fc
kl 2

fa. kj
O V

~ J
ha cC
4j 2
0 0
Vj H
c' 2

O ct

~ J
ai 4
O Z
0 0
Vj fc
M Z

k Ia1
O R

~ J
ac 4
Cl 2
00
VJ fc
hl?

fa k
Q R

~ J
jc 4
O Z
oo
Vj fc
hj 2
X
f
L fxl
0 It,

O 2
0 0fc H
«fj f

h �
0 h'

2 2
0 H
H fc k'
~ C C3
M 4
OZ

JO VI
OO
Z4
0

0 MI-I
fc Ca1
4 C3f 2
QZ
J Cj

O4
Zm
0

Z 2
Q M

4 0

OZ
W CJ

la
CI

0 02 CO

0 f

QH
tc fxl
C C3
f ZM cC
OZ
JO

O O Ch
Z4

0 I

0 M
fc hj

M cC
OZ
J O

d hj In
0 AI2 m
0

? 2
Q H
fc fal
4 0
f O 2
J O

O~
zm

0 I

Z?
Q HI-I
l Ial

w cc
O?
JOd
M cD
O Ch
Zm
0

Q H
kc fxx
4 C3
I-I 4
OZ
J Cl

hl Al
0 N
2 O
0

Vj G'I
2 hl
OM
Gc K
CO
JR
'K
MZ
Vj 3
OLJ C'
4 VJ
Cl h-
Cx r4

Q Vj
K

ru O D~ 4 rn
C  noh

r Ico
Vj N ~ m

fx'
!

IIGc h,
4 X
J 0kj 4I
 C Z

M X 2
0 Y
O X2 It.

hj �Ct

2 H Ial
Vj C3O' 2
� ct
4 CJ
CJox
C; In

J an

fx
IIC tx1

4 X
JQM Oh'

K 2
0 kj
4I XZ L
Hh:

cc M
hl h

2

Vj O

C Cl

lal 4
�
4 x-

h1
M II
fc M
JQO' Cl
R. 2
Cx'
0 hl
Cl X
2L

J tfl
Cal Ca

2
lx'

Vj OÃ 2
0 4
2 2
CO
cl
am
M4
! O

hl
II

CK
JO
hl �

XZ0 kl
QKZLM kl
J d
CM
Cil hC4

~ -I
fa1

Vj 0txj 2
C3 cC

Cl
C'
MO

!

Cxl
M II
CX
JQM CJ
L 2

M
XZ0 Cxj
Cj X2 L
Hf
J VJ
hI h

2 H
hj

Cfl O

ZZ

Cj
C: xo
hl m
0 ru
J cr
!

M 'M I I
C K
JQM O
L 2

H
X Z
OM
O X2 R.
Hk:

CC k

2 H
laj

VJ 0

4 Cl
CJ
C  m
hj m
0 R
ct x

Cal
M II
ca X
Jo
k. CJ
JD 2
Cx'
XZ
0 fa
Cl X2 �
M fa
J rrj
C H
Cil h

I-I
CC

Cfl 0
Rl 2
C3 cC
4 CJ

n-
!m
J Inx-

hI
IIf Cx-'

J OCx' rJ
L Z
Cx'
X 2
0 kJ
O X2 R,
H M
J VJ
hj L

2 H
hl

Vj O
Ca Z
0 cC
4 CJ
Cl
C  Cu
 xj 0
J In

hlO cd
+

O t~ C
ruC- m

JC:O- ~

Crj

Cd ax
Cx 0
+M h'
Ifx
CT Cj
mc

0 Vjcu H
VJ
fal
?

h OQ
k o

OH
Cl 2
2 frI
HX

C fx: !
! R
JO
! It

I
f ZO
M P
VI 1
h cd
�
O �k'
M+
Vj C4

ZO
MC:
C3 hj

VJ
ZC
O dj

2 In

X In

I/I

cDxtx AJ
m rrJ
VI  h
& C

2
IIVj  x.

hj X
L O
O O
J H

Oh'
fc X

crj
Cj
Cl

2
hj II
Cfl h
R 0
O Cj

2J I-I

QM

0
Cl

II
fx' X
14 Cl
L O

2

O hj
Gc X

Vl
0

2
III/I  d

L 0
O O

fc It
0 h
fc 2

Vj
0
Cl

Ir rj txl
h:X
R. O
O O

W It
0 Caj
f

VJ

0 Cl

h1C/I hrO' X
R. 0
4 CJ

fc It
O kl
fc X

VJ
2Cr
CJ

 rj II
fa 'x
L 0
d 0
J M

O klfc X
Vj
0

M IIC3 Ix
MXL' O
14 O

H

0 kl
fc X

VJ
C3
LJ

Cx'

X 0 Cl
O XCJ Cj
Z Cj
M

:xl D
VJ C
h

fc Cl
2 2 'Hr ?' O4'4 I/ Chruox m'40 x a ln4 cr ax?'x m?

R � 0 R O'C VxNlnr I 4 Inm D VrhJ N O AI Chmchxnch4 O Al
CxI tc H fc N N Al N N Al AJ 0 fh In 4 4 0  rx 0 & t
0 4 M kj a 0 0 0 a a 0 a a 0 0 0 0 0 coco 4 Inmm cu mru
2 CJ 3 XI
0J Jcfj I
tx. 4 Vj I 4 t- 4 cd xr I Cr In A- CI c- cd 0 4 � Ch m cncd  O m t-ao W 0

I  O I Ifr 0 ox x Cd 4 R 0 ax 4 0 � Ox m m N 0 xr N o' Ch
JHK I ad p n4 r- D n t 4 pl4 d  n w d lnah&chmcoa
H H 0 I O cd 0 xn ru 4    n ax ln D 4 4 Ox 0x In 0 ax w o 4 4 N  D
C?H 1 mNmmzRR~ mmNNN~fc HID c/
C3
JR, 4t- DCAO~Nmwrn4t-cda O~Nmarn4t codha

t-I I n-rn CO Drat CO cd cd  O Cd O ax ax ox ax Oxax ax Oxax Ox 0
M rxr axdxch Oxdxox Ch ox Ch Ch Ch Ox ox Ox ox ax dx Ox oxax ax ah ax Ch O~ ~ ~ x x x x ~ x 92 c x ~ x c x x ~ c x AJ

fa.'

Vj
Cl

Vj Vj
O 2
f R.G'I
H hl
W Vj
ca M

C3

Cl

C3

Cj

kj
C3

Cl

M

p Cl
M C3

Cl

M C3 kxl
C3
2

Cl
! ! CI
O O

kc /x O O 0 O 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0
I 4

hl I O
X I ln

IhlVJ I
Zhl I

I2 I
I
I

C3 I AIAJAIAIAIAIAIAIAIAIAJAIAIAJ uNCuAJNAJCuAI u AIAI
Z I/I Vj co co ad ad  D  O  Dao ad cd cc' co co  D  D  o ad ad  o  D co  D  D cocox � ~ c c- ~ c
fcC 444'Ntr? DO'NANO w4'D'~at?'A??'RN? O'%
4JJ
Lkc J
hl ! 0�0 C 
0

In 0 m~ D « ru « I ru ru ln 0 4cd I-z Alrnm ~ad t-~
MMVI444t I coco DI t ujlnDN ~t 0 D4�4?mAI
X!CI Omcoc e me curn
R, Z 2 cD cD co CO cd cO  D aO cD  D cd cd aO  D  O CO 4 In rn rn mm rn N lnhI h' 4
X!VjIfl h' !
I-I � Q

I
I 0 >  D Oad N4COO lnx NR  D M Ch mme 4' Ajax

R. r/J I 4 z 4 Ch m 0 In z AI 0 In ru  hr ru  d 4 In ma C-Oco Al 0
I z z ! z ln ln In an ln rn z e m  u Al s C 4 0 t m C N Al cd

X J I 0 0 0 0 0 0 0 0 0 0 0 0 G 0 0 ch In ln m AJ cu AJ Al ~ >f !P I x � x-x-~x � c-x � x � ~ x-
R VJ It I
�2! I
fx,QVI I
h O IO' I

V 0 0 0 0 0 0 0 0 0 C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
vlcc OOOOOGOOOaooooOOooOOOOooo

OOOOOOOOOOOOOOOOOOOOoOOoa4 2 0 4 v 4 x 4 v R 4' 4 A a'?' A 4' 4' 4' D 4' R D a O' D
nZ!

40
o0 hj fAI ! hj cD co cd  O  D cO co ad cd cd ad cd cO cO cD cO cO cd ad cd cocci ad ad cd

AI AJ AJ N AI N N AJ AJ N AI N N N AJ AI AJ N N cu AJ AI N cu N
&Oh

0 CI2 Z ~ I z ?' arch 04'' ox?' ox4 ax? x 0000000
QMC4 I amln4t I t 4+zcumN
It LO I

4C4 I
I
I

! I
O CfJ I

I 0 0 t- 4 m 0 In m N In D m ln m In  D 4 4 Al 0 ax 0  O N m2 2txj 2 NmmmmtuNNru NNmmma mmmNN AJ x m
OCJCO GjHfcXH
fc C ! L
OV 2

h
C J 00 4 ~ ax Al !  D Al In Cd Cll m N In I mm a CO O 0 In AJ AJ Co CO In
R. H O. Vj O O N man w cu ~ e 0 v a 0 I- a 4 4 4 mmmm N ~ ln
Lfco?
JZM H J

3 H fc K o x ax I t 4 ax Al AJ cd N cd 0 m < ah 4 O < N x NID � cn
0 ! 2 I InxD O D 4a s mu m4 4m  O a rn4 mmmm u In

1
J�K I
til fx+ I I

noj A2 VJ I Na m wa'O' Ncd O oo'4 0444' O cd a
M 4 I  n co ch In rn Q ~ w m ln t ax 0 m o AJ
R x vj I ? m 4 ax 4 m m ax 0 0 t- 0 co co
c 0 2 cu 0 ru 4 ln 4 e Ch 4 0 a I m rn
hIHOr x x x CutuNrux x



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. In 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

S.l Introduction

FISHDYNl 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 ves'sels 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.l. 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 �976 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 5.1.1 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 S.l.l 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 [1976], 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 ~a e 2 fish

entered the ~s awnin stock.e 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 yellowtail 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

BIOLOGICAL ASSUMPTIONS USED IN YELLOWTAIL PRODUCTION RUNS

Weight
at Age
 Grams!

Initial �/1/76!
Population
 Millions!

Natural

Mortality Rate
 a/a!

Age
Class

.2154

358 2

.2521

696 .2 5.5

846 .2 2.0

965 0.8.2

.2 0.2

.2 0.1

10 .2 0.0

.2 0.0

a
This is January 1, 1977 recruitment in all runs.

b
Assumed to be maximum possible age in fishery.

1,061

1, 131

1, 172

1,213

51.1

48.9

29.9

11.6
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variation in effort and recruitment mode are at least as

.-'.nteresting as the quantitative details of the output. Other

assumptions with respect to the above variables can, of

course, be run at will

5.2 Results for exo enousl fixed recruitment runs

Average yellowtail recruitment at age 2 over the period

1963-1975, 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 �976! 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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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 fluctuation 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 �50 days

fished! is sufficient to make the difference between

moderate growth and virtual extinction. According to this

model, the difference between underfishing and overfishi;ng

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 �976! 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 ~ F I SHERMAN SURPLUS ~ AND CONSUMER SURPLUS
VERSUS FISHING EFFORT FOR FIXED RECRUITMENT YELLOWTAIL
SIMULATIONS  ALL FIGURES ARE PRESENT VALUES IN MILLIONS
OF 1976 DOLLARS!, 10,000 TON ANNUAL QUOTA

Fishing Effort
 Days Fished!

Annually
Social

Surplus
F isherman
Surplus

Consumer

Surplus

0.0 0.0 0 0

1500 0.0

3000

3450

3600

3750

4500

6000 -22.9

For 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.

55.2

64 ' 8

60.7

59.2

42.4

13.5

99.3

124.6

130.8

104.9

93.7

89.4

55.2

164.0

185.3

190.0

147.3

] 07.2

66. 5
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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. In the terminology 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 quite

double-humped because our demand curve is not quite 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--is 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.l. 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. In this case

at least, other less drastic management strategies are much

better from both the consumer's and fisherman's points of

view.

En 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

*FISHDYNl 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
FISHDYNl 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 l976 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 quite 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. ln 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%. 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.

Xn 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 period 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 of 1976 at least we were still on the stable
portion of the Ricker curve according to our estimates.
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6 7 8 9 10 11 TotalYea

413 183 ' 84 20 9 4 0 3332

105 45 ll 5 2 3336

lS8 64 26 6 3 3339

206 106 42 17 4 3341

359 154 77 29 12 3341

1155 65276 812

977 842 44277 657 251

835

783

78

79

553

346

619 295779

634741 462

80 542 773 671200 524

81 124 339 578 762 602 441 293 122 54 23 3342

82

83

224

183

384

265

725 538 380 245 99 48 3341

595 676 483 331 208 84 3340

97

99

602

416

294

250

84

85

192

248

222

236

126

188

421 565 621 431 287 181 3339

301 403 524 561 378 251 3338

86 357287 257 248 279 361 456 475 320 3336295

87 417 238 215 233 292 359 375 3335509 396 301

678 51888 516 370 255 190 165 173 211 259 3335

89 767 631 443523 288 186 133 112 114 139 3337

90 456 697 336 205 128 88 72 73 3338526

681 412 247 145 87 59 48 334091 352 599709

92 255 497 321 185 105 62 41 3340674 645

93 190 644 565 409 255 143 74 46 3341425 580

94 595 487 340 206 112 62 3340331 446157 584

95 554 530 419 284 167 91 3340285152 375 485

398 467 502 464 356 234 138 3339281 32996 171

385 424 440 394 294 194 333897 317 327 350213

98

99

276

349

388

484

362

426

342

365

333 343 365 367 321 239 3337

313 286 284 293 287 250 3337

406 504 407 317 255 224 216 217 212 333700

TABI E 5. 3. 1

CATCH DISTRIBUTION THROUGH TIME IN TONS FOR YELLOVTAIL.
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
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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." In

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. In 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 Figure

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 FISHDYNl'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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~ear 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.

Conversely, 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

size regulation. Large mesh is stabilizing; small

mesh, destabilizing.*

*FISHDYNl 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, coupled 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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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 Narine Fisheries Service

uses the criterion that if the catch was more than 50%

yellowtail, the entire trip is deemed to be directed at

yellowtail. Zf the catch is less than 50% yellowtail, then

none of the trip is counted as yellowtail effort. This

arbitrary dividing point is as reasonable 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. Xf 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 figure is the narrowness of the peaks. In 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 definitely 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 quota, the current Regional Council-set

level, has very little effect on the fishery relative to no

quota at ail' 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  < 5,250 days effort!

levels of effort. At, current levels of effort available

 > 7,500 days!, the amount, of this delay is almost negligible.

If the model is correct, a 10,000 ton quota is almost no quota

at all. The runs also 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 year, for
in FISHDYNl, 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
j-andiws in Fiaures 6 3.7a anR 6 3 A* are wl iahtlv zhn~ro 1A ADA tnnc
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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 equal.

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.l . 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 quota 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 quota prevails.

S.4 Results of stochastic simulation of recruitment based
on Ba esian re ression of 1963-1975 ellowtail data

Table S.4.1 summarizes the results of the 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 years 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 stock

and the even-year stock--a sort of artificially generated

salmon fishery. In 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. In 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 simulatiozis,

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 models

Everything else is the same. Xn particular, both sets of runs

assume Ricker-form recruitment. Figure 5 ' 4.3a makes this

comparison in terms of social surplus for the l0,000 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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? igher 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 Figures 5.4 ' 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. In 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 ail' 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. In 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 l The methodolo ical 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.

le The necessit of disc uilibrium, d namic anal sis.--

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 effort, 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.



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 cLirected against smaller fish. Xn 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

vajuab] e 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 possibly 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, 19751- guch linear

policies are 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 such simpler dynamic models must be thoroughly

*But they must be investigated by models which
explicitly describe the lag structures' The possible
instabilities inherent in such an "obvious" policy are

+ n i ntrenf-nrxr +houri ate. [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 being

faced on the New England continental shelf.

2. Ex licit incor ration of ke 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. In 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 problem 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. Ne 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 im ortance 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

strikes 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-optimal 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 Im lications for Geor es Bank ellowtail mana ement

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 reasonably well established and

not, we think, a cause for serious debate. The initial �976!

population distribution used in these runs is based on ICNAF

estimates for the 1975 standing stock. As such, in a

declining industry, it is inherently optimistic. Nore

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 �977! 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 fLux

and. Nichy, 1969]. In 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 8, deterministic

Ricker based on the 1963-1975 data, was used. 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

New England Council
Estimatesb for 1976
 Thousands of Fish!Age

800 392

200 277

100

10

Total 99, 000 78,341

ICNAF Estimates for 1975
 Used in Chapter 5 Runs!
 Thousands of Pish!

48,900

29,900

11,600

5,500

2,000

a
ICNAF Secretariat [1976] .

b
New England Regional Council [1977] .

42,000

21,979

7,689

4,487

1,527
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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 quota 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 ~u~g>er

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. In

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. Nore 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 sliding 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
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effective in preserving the stock, recruitment must av~racye

r are than eighty million fish per year for the next twenty-five

years. Since the highest recruitment estimated by Parrack is

sixty-seven million fish, in order to defend the l0,000 ton

quota 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 NNFS

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. If 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 quota 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.

Of course, as new and presumably better estimates of the

uncertain variables become available, they should immediately

be submitted to FISHDYNl 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. In 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,
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