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Stability and the objectives of fisheries management:
the scientific background

J. G.Shepherd

Abstract

Everyone would like more stability in fisheries, but it is difficult to achieve because of the very large
fluctuations of recruitment to most fish stocks. Maximum stability would be achieved with no fishing, when
the stocks would be large, and contain many yearclasses. Even so, there would be quite a lot of variation
inthe longer term, entirely due to natural causes.

Inmany cases we are at the opposite extreme for many stocksinthe Northeast Atlantic, with very high fishing
rates and stocks that depend on only one or two yearclasses. This both emphasises the fluctuations, and
makes itmuch more difficultto make accurate catch forecasts. If fishing effortis kept constant, the catch,
and therefore the Total Allowable Catch (TAC), will vary from year to year, just because of recruitment
variations. Forlightly exploited stocks it would be possible to keep the TAC constant, and let the stock take
the strain. However, this would mean that fishing effort would have to vary from year to year - the TAC
would sometimes be taken early inthe year, and at other times could not be taken with the usual level of fishing
effort. Thisisalsoaveryrisky strategy onahighly exploited stock, and could lead to stock collapse. The
fundamental problem s that itis impossible to have both constant catch and constant effort at the same time.
A substantial reduction of fishing intensity (around 40%) would certainly help improve stability, but the ideal
isunattainable.

The profitability of fishing depends on the catch-rate, which depends strongly on the stock size for most
demersal stocks. Tomaximise profitability would, like maximising stability, meanreducing fishing effort to
zero, to give the biggest possible stock. Thisisnotlikely to be an acceptable objective. Total yieldscan
be maximised by fishingatamoderate level, so that the death rate from fishing isnot more thanabout double
that from natural causes. Maximum Economic Yields (MEY’s), after deducting the costs of fishing, would
be attained atasomewhat lower level of fishing intensity.

Inpractice, individual fishermen can still be fishing profitably when total fishing intensity ismuch higher.
Market forces tend to drive fishing effort up to levels well beyond those which would be considered
desirable. Thisisthe ‘tragedy of the commons’, translated to the sea. These natural economic forces may
infactdrive levels of exploitation up to the point where the stocks collapse. Sustainability, too, requires
moderate levels of fishing. Thus profitability, productivity, and sustainability all require fishing effortto be
restrained.

Catching and discarding small, immature fish makes matters quite alot worse. Eliminating this wasteful
process would be the single most effective conservation measure that could be taken for stocks such as
North Sea haddock, where it is a major problem.

Finally, itisimportant to recognise that the benefits of reducing fishing effort - larger stocks, higheryields,
improved stability, and higher profitability - can only be maintained if the fishing effort is kept down
indefinitely. The reductionsrequired are permanent: the effort cannot be allowed to increase again, and no
more fishing boats will be needed, even when the stocks have beenrebuilt. The price of profitability iseternal
regulation.



STABILITY

Everybody agrees that stability in fisheries would be a Good Thing. Fish processors would like constant
supplies, and the fishermen would like constant catches (or possibly constant earnings) so that they can plan
their investments in new boats, and not get caught out on the loan repayments. The administrators would
like the same TACs from year to year so that they could justuse last year’s deal again this year, without re-
negotiating everything, and the scientists would like the stocks to stay put fora while so that they could have

abetter chance of figuring out what’sreally going on.

Unfortunately, nobody hastold the fish what they’re supposed to do, and most of the stocks in the North
Atlantic fluctuate enormously, mostly because the number of young fish recruiting to the stocks each year
isvery variable indeed. Thisisbecause only atiny fraction of one percent ofthe eggs spawned each year
survivethe firstyear of life. Any slight change inthat enormous death rate means a big change in the final
numbers of survivors. The fluctuations are believed to be due to subtle changes in the weather and currents
atcertain times ofthe year. They don’t seem to have much to do with how many bigger fish there are to
produce the little ones, or indeed to eat them up. They certainly aren’t due to anything very obvious, or
someone would have figured it outlong ago. There are still alot of people trying to find out what causes
these fluctuations, but don’thold your breath while you’re waiting for the answer.
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Figure 1. North Sea haddock: recruitment



Youcansee the sort of thing which happensin Figure 1. This shows the number of young haddock recruiting
to the North Sea stock from 1960 up to 1988. The number varies wildly from year to year; quite oftenit’s
more thandouble, or less than half, the average, and every now and then there’s areal ringer - the enormous
1967 yearclass, forexample, or the tiny one of 1987 -the smallest onrecord, the one that’s led to the scarcity
ofhaddock inthe North Searight now. Haddock stocks often exhibit more variation than most other stocks,
butthe Northeast Arctic cod provides another example (Figure 2). Here there are also big fluctuations in
recruitment, but they seemto be abitmore systematic. The number of young fishseemsto goincycles, with
aperiod of 6 or 7 years. We don’tknow the reasons for this cyclic behaviour, butit certainly seemsto be
there. In both cases there also seem to be some long-term changes, with good recruitment before 1975,
and not so good since then.

Now, whatare the consequences of these variations of recruitment?

First, they mean that the stock size varies - and if the death rate of the fish is high, so that there are few older
fish, thenthe stock sizemay varyalot. Thisisjustlike putting money in the bank; if you pay in highly variable
amounts each month, but take out and spend half of what is there every month, you wouldn’t expect your
total balance to stay constant. If, onthe otherhand, you only take out 10% each month, you will accumulate
something likeayear’s worth ofmoney. And withanice bigbalance like that, you wouldn’t notice the effects

of'the variability of the monthly amounts nearly so much.

Exactly the same is true for fish stocks - except that fish usually take a few years to grow up and join the
fishable stock, so there’satime laginvolved.
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Figure 2. Northeast Arctic cod: recruitment
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Figure 3. North Sea haddock : stock size at 30% fishing rate
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Figure 4. North Sea haddock: stock size
Upper line - no fishing; lower line - fishing rate =30%

Figure 3 shows what the fishable stock ofhaddock would have been with amoderate death rate from fishing
0f30% peryear over the period 1961-1990, based on the recruitment figures you saw before. Youcan
see thatit varies quite alot - not so much as the recruitment, because even with this death rate there are still
several yearclasses contributing to the stock at any time. Butit’salong way from being constant.
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Figure 5. North Sea haddock : stock size
Upper line - no fishing; lower line - fishing rate = 70%
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Figure 6. North Sea haddock: yield at 70% fishing rate

Withalower deathrate, you would have amuch bigger stock, and much smaller fluctuations. If youreally

wanted maximum stability for the stock, the best you could achieve, with no fishing at all, so that deaths
are due to natural causes only, is shownin Figure 4.



It’s still quite variable over long periods, though the year to year fluctuations are quite small - and that’s with
no fishing. The first picture fora30% deathrateis closerto thereal situation - in factrecently the death rate
has been even higher than that, near 70%, and the effect on the stock is shown in Figure 5. The fluctuations
are severe, and the stock crashes to very small levels in bad years - just because the death rate is so high.

Well - so whatifthe stock size does fluctuate? That’s tough for the fish, but should we care? Unfortunately,
yes, fordemersal (bottom-living) fish atany rate. The fisherman’s catchrate, inboxes pertow or whatever,
isroughly proportional to the stock size. So a variable stock means variable catch rates, and that means
variable earnings, with good years and bad years - a situation with which any fisherman will be only too
familiar. This wasalways the situation, long before TACs were implemented under the Common Fisheries
Policy,and it will stay that way.

Let’s see what thismeans for catches and TACs. Figure 6 shows what the catch would have been over the
last30 yearsitwe’d fished at the current very high rate forthe whole time. Thisisalso whatthe TACs would
have beenif we’d had them that far back, assuming we’d adopted a constant effort strategy. Youcansee
thatit’s very much boom and bust, with big variations from one year to the next. Withafairlylowlevel of
fishing, taking 30% of the stock each year, the TACs would be as shown in Figure 7 - lower in the boom
years (when there could well be marketing problems anyway), abit better in the bad years (though youcan’t
buck the long-term trend for long), but not crashing up and down nearly so violently.
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Figure 7. North Sea haddock: yield at 30% fishing rate
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Unfortunately, thatlevel of fishing corresponds to amassive 75% cutin fishing effort, and would be very
difficultand very painful to achieve, evenif spread over many years. More realistically, we can see what
would happen with a40% cutin effort - still painful, but probably achievable over two or three years, given
the will to doit. Thiswould lead to TACs like those of Figure 8. Here the good years are a bit better, and
the bad onesno worse. It’sauseful improvement on the present position, anyway, even though this year
(1989) would still be the worst onrecord. Two really poor yearclasses inarow s still enough to cause a
lotoftrouble. Atthe end ofthe day, everything still depends on the recruitment, and that’s something we
still can’t forecast before ithappens, letalone control. We canonly observeitinour surveysassoonaswe
can, and base our forecasts and advice on those estimates.

Thisisthe main cause of varying catches, and varying TACs. It’snot due to mistakes by scientists, or by
politicians - though there are afew of those, of course. The main cause is simply mother nature, aided and
abetted by all of us - scientists, politicians, administrators and fishermen - because between us we’ve let the
fishing pressure gettoo high, and made the situation worse.

Well - suppose we could get the fishing pressure down a bit. That would reduce the fluctuations, but they’d
still be there - still bigenough to give us TACsthat varied up and down by something like 30% or40% each
year, eveniffishing effort were held constant. Do youwant catches that are more stable than that, from year

toyear? If'so, there are only two ways - reduce the fishing pressure even further - and that means fewer
fishermen and fewer boats - and keep it that way. Or vary the fishing effort, with short seasons or fewer
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Figure 8. North Sea haddock: yield at 50% fishing rate
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tripsinone year and more inthe next. That’s certainly possible, but be warned - the changes of effort needed
are big - even bigger than the variations of catch ifyou keep the fishing effort constant. And you’ll be fishing
flat out to try to take the quotas in a bad year, and forced to tie up in port when the stock is high and the
fishingis good. That’s what constant catches and constant TACs mean inreality. If youreally want that,
the managers can arrange it- but don’treally think you do. Ithink you want constant catches and constant
effort-and you can’thave that. It’s not on offer: not because the scientists and politicians and managers
don’tcare, but because mother nature doesn’t work that way.

In fact we’ve recently done some fancy sums in collaboration with some control engineers at Oxford
University, to see what you would have to do if youreally wanted to minimise variations of both catch and
effortatthe same time. The answer’s pretty obvious when you think about t. Ifthe stock isin good shape,
with low fishing pressure, you can reduce fishing effort when you get good recruitment, and still get better
catches. Whenrecruitmentis poor, you have to increase the fishing effort to try to keep the catches up, in
anattempt to ‘fill inthe troughs’ in the bad years. Thatmeans you let the stock take the strain - you fishit
downeven further when it’s depressed. That’s obviously a pretty dangerous strategy, and in factis only
viable when the fishing pressure islow. Whenit’shigh-and it’s very high formost stocks in the Northeast
Atlantic - it turns out that the best you can do isto keep fishing effort constant, and hope for the best. And
that’s pretty much the basis on which most TACs have been set for the last few years. I[fwe could get the
fishing pressure down - especially on young immature fish - by a significantamount - something like a 30%
reduction as aminimum, then we’d have more room for manoeuvre. Until then, there’sno pointintrying
to be clever - we justhave to try to reduce fishing effort, ride with the natural fluctuations, and hope for the
best. If we have to ride this roller-coaster, we should at least make sure we’ve got the brakes on.

OBJECTIVES

Stability isone possible objective for fisheries management, and as we’ve seen, it’s going to be pretty difficult
toachieve. Butthere are lots of other possible objectives, and it’s worth seeing what they all mean when
we come to think about management.

First,of course, comesmoney. The profitability of a fishing trip depends on how much you catch, and that
depends onhow many fish there are in the sea. We can calculate how many fish there will be of fishable
size, fromayearclass ofagivensize, for various levels of total fishing pressure, and this is shown in Figure
0.

Notsurprisingly, the stock size goes down as the fishing pressure goes up. The fish arekilled off quicker,
sotheyaren’taround so long. Thatmeans we have asimple answer. Ifyou wantto maximise the profitability
of fishing, you should reduce the total amount of fishing to the lowest possible level. Thatmeans the last
fisherman has no competitors - so he does fine!

Butit’s pretty obvious that that’s notasensible objective. Why should one man stay in business making fat
profits when the rest are forced out? The supply of fish to the market from that last boat would be pretty
smalltoo. There’s another possible objective - fish supplies. How should we maximise those? We can
calculate thattoo - that’s shown in Figure 10.
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Figure 9. North Sea haddock : spawning biomass per recruit
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Figure 10. North Sea haddock: yield per recruit

Asyouincrease fishing effort from zero, at first the catches go up in proportion. But pretty soon you get

to astate of diminishing returns - the curve starts to level off. And pretty soonafterthat, it doeslevel off,
so you get no more fish fromthe increased effort. You’re just sharing out the same catch between more

boats. Ifyoustill increase fishing effort beyond this point, you actually get less fish from increased effort.
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Notjust diminishing returns - we’ve all heard about those - these are negative returns. So, if you want
maximum fishyield, youonly want moderate fishing pressure. Inpractice, youdon’tusually want the fishing
mortality to be more than about double the natural mortality (typically about 20% peryear). This level of
fishing, that would give amaximum yield froma givenlevel of recruitment, is described by anumber called
F__ thatyou’lloftenseeinthetablesof catch options that ICES* working groupsand ACFM ™ provide. It’s
apossible target level for management, but by no means the only one. In fact the curve is often quite flat-
topped, so you get more-or-less the same yield over awide range of fishing effort. That means there’sno
pointin fishing very hard.

However, increased fishing effort means increased costs - more boats, more men, more fuel. Obviously,
when you start getting negative returns (reduced gross earnings) in total, you’ve gone too far. Butifyou
take account ofthe costs, it’s obvious you should stop increasing fishing effort before you reach that point.
With the help ofa friendly economist, you can calculate thattoo. The point of Maximum Economic Yield
(MEY) always corresponds to less fishing effort than maximum landings or maximum earnings. Howmuch
less depends onthe balance of costs and earnings. If you can’tfind afriendly economist (quite likely these
days), you can calculate something called F | which s a substitute for MEY. It’s quite popular as an
objective of management in some parts of the world (e.g. Canada), and invariably correspondsto low values
of fishingmortality: usually roughly equal to the level of natural mortality, and certainly less thanF

From the point of view of an individual fisherman, however, this isn’t the main point. He usually cares
about his own profits, notthose of fishermenasawhole. Atalowtotal level of fishing mortality his
profitability would probably be very high. In fact, anindividual

fisherman may still be fishing profitably when the fishing pressure is way above thisMEY (orF ) level. It
may indeed still be high when fishing pressure is way above the level for maximum total earnings, and well
into the region of negative returns.

This happens, and this is why fishing pressure has increased on so many stocks, and continues to increase
while the scientists continue to say thatit’s much too high. Inanunregulated fishery this means thatmore
and more fishermen fish harder and harder, and drive the stock down to the point where fishing becomes
unprofitable, and the stock may collapse. Thisisthe ‘tragedy of the commons’ applied to the sea, and it’s
beenrepeated over and over again, all around the world. It’snot that anyone is doing anything wrong or
unreasonable. It’sjust the natural effect of market forces operating. For many industries the operation of
market forces leads to many benefits, and is generally a Good Thing. But unrestrained market forces cause
serious problems for fisheries, because these are based on a finite, and fragile, renewable resource. The
combination ofunrestrained market forces and the basic biological facts of life isalmost invariably disastrous
inthiscase. Thisnatural interplay between the biological and economic facts of life hasindeed led us to the
present position, where most fisheries in the Northeast Atlantic (notjust cod and haddock in the North Sea)
are fished atlevels of intensity way above those indicated by the F__ andF | reference points, withyields
less than the maximum obtainable, and stock sizes only a fraction of what they could be.

*The International Council for the Exploration of the Sea
+The Advisory Committee on Fisheries Management
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Whatabout the fragility of the resource? Fish stocksdo collapse. North Sea herring, Atlanto-Scandian
herring, North Sea mackerel, Georges Bank haddock ... the list is quite long, even close to home. So
sustainability of fish stocks, and the catches which they can yield, is another potential objective for
management. The processes leading to stock collapse are poorly understood. The big natural fluctuations
correspond to excessive noise, and we have trouble finding the signal inamongst that noise. We know that
zero stock means zero recruitment, but usually have difficulty deciding justhowlowa stock hasto be driven
before the risk of recruitment failure becomes serious. But there’s no doubt that in most cases, to be
reasonably sure of sustainability means aiming for a fishing mortality that’s quite low - certainly no more than
anotherreference pointcalledF . Abovethatlevel of fishingmortality the risks of collapse start getting
serious - higher than 50 : 50 in the long run. Below it, collapse shouldn’t be too much of a worry, though
nothing can be guaranteed in the natural world.

Finally, whataboutemployment? Inthe last decade unemployment has been a serious problem throughout
Europe and North America, and creating jobs has often been an over-riding objective. For fisheries this
meansincreased fishing effort, obviously. It’sapity that thisis the opposite of most of the other things [ have
considered.

To summarise, there are two possible objectives that would argue for high fishing effort: employment, and
individual earnings in the short-term. Allthe other possible objectives we have mentioned - maximum total
landings, maximum total earnings, high stability, sustainability (lowrisk of collapse), profitability, high stock
size - all these indicate low, or at most very moderate, levels of fishing effort. Thereisa genuine conflict,
and the whole questionis very complicated, and itreally doesn’thelp to pretend that there is a simple answer.
Thereisn’t. Somebody, somewhere, hasto figure out which of these objectivesis mostimportant. Then
we can try to manage in the appropriate way. Wereally need a constructive dialogue between fishermen,
scientists and managers, and up to now that’s been pretty difficultto achieve.
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Figure 11. North Sea haddock: yield per recruit
upper line - no discards
lower line - with discards
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Figure 12. North Sea haddock: spawning biomass per recruit
upper line - no discards
lower line - with discards

Before leaving the subject of objectives - what about discarding of small fish? I’'m sure everyone realises
that catching, killing and discarding young fishis very bad for the stock, and for the future of the fisheries that
dependonit. It’saparticularly serious problem for the North Seahaddock stock too. Justhow serious
canbe seen from Figure 11, which shows how much extrayield could be obtained (upper line) if it were
possible to eliminate the extra deaths of young fish entirely. One could almostdouble the yield at present
levels of fishing intensity. Figure 12 shows the effect on the spawning stock size. Thisdoesn’tlook so
impressive at first sight, butitdoes still represent almost a doubling of the present depressed stock size, for
the same level of recruitment. Of course it would be very difficult to eliminate discards entirely, but there’s
nodoubtthatalotcould be done by using more appropriate fishing gear, and avoiding times and places where
the young fish congregate. A major reduction of discards would be the single most rapidly effective
conservation measure that could be applied for this stock.

There is one other thing which is often misunderstood, that ought to be mentioned. Suppose we accept that
fishing effort oughtto be reduced, say by 30% as aminimum, to increase the stock size, improve profitability
and stability and so on. Forhowlong does the effort have to be kept down, before it can be increased again?
There isanunpleasant answer to this question: the answer is, for ever. Ifthe effortiskeptdown fora few
years, the benefits should begintoappear. The fisheries will become more profitable, and everyone will want
toincrease his effort, maybe get another boat, or one for his son. Butifthisisallowed to happen, the effort
will increase, and after a couple of years things will be back where they started. The uncomfortable truth
isthatmaintaining healthy fish stocks means permanentrestriction of fishing effort, to alevel less than market
forces would allow. It’s notjust one spoonful of bitter medicine that has to be swallowed. It’s more like
arigorous diet that hasto be followed forthe rest of your life. Thomas Jefferson said thatthe price of liberty
iseternal vigilance. For fisheries, we could say that the price of profitability is eternal regulation. Thatmay
be anunwelcome conclusion, butI’m afraid it seems to be true.
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