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1. Introduction

This note analyses in a theoretical framework the economic consequences of the fact that the quota limits
for some species in a mixed fishery may limit the fishing of other species. This is often referred to as the
choke-species problem. This problem can play a particular role in quantifying the loss in value of quota
reductions.

As a result of the agreement reached between the United Kingdom and the EU in connection with the United
Kingdom’s withdrawal from the EU, EU fishermen, and thus also Danish fishermen, will receive reduced
quotas for a number of species fished in a mixed fishery, that is to say, a fishery where several species are
caught at the same time. This note is linked to Andersen and Andersen (2021), who refer to the choke species
problem.

A choke species in a mixed fishery may lead to an increase in the value loss of a quota reduction of the choke
species in addition to the loss of the choke species quota, if at the same time it reduces fishing opportunities
for other species. Ultimately, the absence of a quota of a choke species would mean that fishing for others
would not be possible. This is subject to the condition that there is a discard ban.

This note examines theoretical aspects of this problem in a simple model of two species, a primary species
and a choke species. It looks at the case where the quota of the primary species in the initial situation is
binding and the case where only quota restrictions for the choke species are binding. In addition, we look at
factors that can help to reduce the problem and thus the loss of value of the quota reduction of a choke
species. In the last section, we look at various aspects of changing the assumptions used in the theoretical
review, including those affecting the loss of value.

2. Model approach

In order to analyse the basic aspects of a mixed fishery with choke species, a simple mixed fishery in which a
primary species and a choke species are caught is assumed. The common assumption is that the fishery for
the two species takes place in a mixed fishery where the two species are caught in a fixed proportion, i.e. the
catch of a given quantity of the primary species results simultaneously in the catch of a given amount of the
choke species. This can also be expressed in the sense that it is assumed that it is not possible to engage in
selective fishing on one of the species alone. In economic literature, this is referred to as fishing carried out
according to a Leontief structure, that is to say, the proportion of catches (production) of the two species
remains constant. This means that if the catch of the choke species is reduced by, for example, 10 per cent,
the catch of the primary species will also be reduced by 10 per cent.

In the following, various theoretical aspects are examined in a simple model, including how the additional
loss caused by the choke species can be calculated and expressed as an additional factor to the price of the
choke species. However, the model can easily be extended to multi-species mixed fisheries. First, the
situation of a reduction in the quota for the primary species and without the existence of a choke species is
examined, then different cases of a quota reduction for the primary species and for the choke species to
varying degrees.

2.1 The case without choke species
Here we look at the importance of a quota reduction in a fishery with only one species, the primary species.

We assume that the net price, p, that is to say the price after deduction of fishing costs, is constant and where
it is initially economically rational to fish the entire quota allocated. In such a situation, it would be possible
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for an individual fisherman, as an alternative to fishing his own quota, to sell this or part of the quota as an
alternative to catch his own quota.

Notation:
g is the quantity of catches of the primary species.
Aq is the change in catch volume as a result of a quota reduction.
p is the net price of the catch, i.e. p = Pm(1 - c), where pwm is the selling price and c is the proportion of the
selling price covering the cost of catches. ¢ is assumed to be constant, i.e. we assume that costs can be
expressed by a cost coefficient, which is a constant proportion of revenue and can therefore be deducted
from the selling price.
TT is the profit, i.e. revenue less cost of catch,i.e. [T=p * q
ATT is the change in profit.
It is simply to incorporate the case where p is a function of fishing effort so that p decreases with increased
fishing activity. This means that there is an increasing marginal cost of increased catch g. In this case,

p =p (q) where p’(q) = dp/dq < 0.

In a fishery without choke species, the loss, change in profit, AT, by a quota reduction of Aq can be calculated
as follows:

(1) ATT = Ag*p

The loss is therefore the net price multiplied by the quota reduction when the quota is binding. In a fishery
with quota rights of a length of T years, the loss is calculated at the present value, cf. Andersen and Andersen
(2021). In this note, we only look at one period, but the assumption does not matter for the conclusions.

2.2 The case of choke species

Now we look at a two-species fishery, a primary species and a choke species.

Notation:

q¢is the quantity of catches of a choke species and is identical to an allocated quota, that is to say, it is
assumed that the quota for the choke species is always caught and the quota is therefore always binding.
AgC is the change in quota, and thus the change in catch of the choke species is identical to the change in
quota.

PCis the net price of the catch of the choke species, i.e. the price after deduction of variable fishing costs,
and is assumed to be constant and identical to c (see c above).

The overall profit of such a mixed fishery will depend on whether the choke species initially reduces or affects
the costs of fishing of the other species. Let’s assume initially that it does not affect. This is a relevant
simplification as we are interested in looking at the impact of a quota reduction on the primary and choke
species. This reduction may be different for the two species.

Before quota reductions, the total profit will be the sum of the utilisation of the quantities caught of the two
species, i.e.:

(2)  T=a*p+q"*p°

The change in the profit, AT], by a change in the catch of the primary species, Ag, and a change in the catch
of the choke species, AgS, can be calculated as follows:

(3) ATT = Ag*p + Aq“ *p©



2.3 The case of binding quotas for both the primary and choke species and where
the quota for both species is reduced relatively equally

We are now looking at the case where the reduction in the quota of the choke species will not be more
limiting than before quota reductions. This means that fishing for the primary species is not further limited
by the quota reduction of the choke species. In this case, the change in profit, AT], is:

(4) ATT = Ag*p + Aq“* p©

The total loss would thus be identical to the loss resulting from the quota reduction of the primary and choke
species. In this case, the reduction in quota of the choke species means that there are no additional
restrictions on the fishery for the primary species. This means that the choke species has not become more
choke/restrictive than before quota reduction.

How can this be explained? If the reduction of quotas for both species is relatively of the same size, the
limitation in choke species will not prevent further fishing of the primary species due to the quota reduction
of the choke species. Again, it should be borne in mind that this applies under the restrictive assumption that
the two species are caught in a fixed proportion (Leontief-assumption). Given this assumption, it is not
possible to reallocate the fishery so that catch is relatively less of the choke species compared to the primary
species.

Conclusion: Given these assumptions, there is therefore no additional loss of quota reductions attributable
to the choke species. This means that in this case no additional factor to the choke species should be applied
when calculating quota value losses, or, in other words, that the additional factor is zero.

2.4 The case of binding quotas for both the primary and the choke species and
where the quota for the choke species is reduced relatively the most

If it is now assumed that the quota reduction in the choke species is relatively larger than that of the primary
species and that, the quota of the primary species is fished before the quota reductions and, therefore, even
afterwards, there will be an additional loss compared to equation (4). This loss is a consequence of the fact
that fishing for the primary species is limited beyond the limitation of the quota reduction of the primary
species because there is a relatively larger reduction in the quota of the choke species.

In this case, the reduction in the catch of the primary species consists of two components:
(5) Aq = Agkr + Aqcir.

Notation:

Agkris the reduction in catch as a direct consequence of the quota reduction in the primary species; and
Aqcr is the choke quota species initiated, i.e. the further reduction in catch volume of the primary species
as a result of the reduction of the quota in the choke species.

In order to determine the additional loss, Aqcir * p, resulting from quota reductions in a fishery with a choke
species, the calculation of Aqcris the key problem.

If we again assume that the two species are caught in a fixed proportion (Leontief-assumption), the
percentage reduction in the catch volume of a reduction in fishing effort will be identical for the two species,
i.e.

(6) Aa/q = Dg/q°

This means that if the relative reduction in the quota for the choke species is greater than the relative

reduction in the quota for the primary species, i.e.
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(7) Aa/q < Aq“/q°
it will not be possible to fish all the allocated quota of the primary species.

This means that if the fishery for the two species takes place in a fixed proportion, and this is not changed by
a change in the level of fishing (i.e. the path of expansion in a Leontief production function is linear), the
additional reduction in the volume of catches of the primary species resulting from the quota reduction in
the choke species, expressed in shares of the primary species, will be the difference in the ratio between the
two, a,:

(8) o = Ag“/q“- Aa/q

The consequence of the additional tightening of the quota of the choke species is that fishing for the primary
species is reduced more than can be attributed to the tightening of quotas of the primary species.

For example, assuming that the choke species is reduced by 0,2 and the primary species reduced by 0,05,
then a would be 0,15. This means that fishing for the primary species will be reduced by 0,15 (i.e. 15 per cent)
in addition to the reduction of 0.05 % resulting from the quota reduction on the primary species.

Under these assumptions, the impact of the choke species limitation on primary fishery can be calculated
relatively simply as the additional catch limit resulting from the higher relative limitation of choke species,
namely:

(9) a*q = (Ag“/q°- Aa/a)*q

Equation (9) also shows that if relatively equal reductions are made, the choke species will not impose
additional restrictions on the fishery of the primary species.

It is now also possible to quantify the loss of value due to the limiting quota of the choke species, called the
choke-initiated change in profit, ATT®:

(10) ATT“® = a*q*p = (Aq“/q°- Ag/a)*q*p

Under these assumptions, including the fact that the two species are caught in a fixed proportion, an estimate
of the part of the loss in value of the primary species attributable to the tightening of the choke species quota
could be estimated.

If it is to be calculated as an additional factor for the primary species (supplementary price), this can be done
by linking the tightening of the choke species to the price of the primary species, i.e. the additional price that
must be charged to the primary species to cover the loss.

(11) ATT®?/ Ag = a*q*p/Aq = (Aq%/q° - Aa/q)*a*p/Aqg = p*((Ag*/q“(a/Aq) - 1)
= p*((Aq“/q%/(Aa/q) — 1) = p*(a - 1).

This means that the additional factor is the percentage change in the quota for the choke species in relation
to the percentage change in the quota for the primary species minus 1. As an example, using early figures (20
per cent reduction for choke species and 5 per cent for primary species), the supplementary price is three
times the net price, i.e. 3 * p. If the percentages are 6 and 3, the supplementary price becomes one of the
net prices. If the cost factor is 0,5, the percentage to be multiplied by the fish price shall be divided by 2.

If a factor is to be found that can be linked to the price of the choke species, this can be done with the starting
point of the above, with the change in profit related to the change in the choke species and the net price of
the choke species, p°. That is to say:

(12) ATT®/Aq° = p*(a - 1)*Aq/Ag°



With knowledge of the price of the choke species, pS, in relation to the price of the primary species, the
additional factor may be calculated for both primary and choke species, adjusting the choke species with the
relative quota adjustment.

Conclusion: In the case of binding quotas for both the primary and the choke species, it is possible, with
knowledge of the quota changes for the primary and choke species, to calculate the additional loss in fishing
of the primary species due to quota reductions of the choke species. On that basis, it is also possible to
calculate the additional factor to the price of the choke species.

2.5 The case of binding quotas for the choke species, but not for the primary
species

We now look at the more straightforward case where quotas for the primary species are not binding. Thus,

what limits fishing for the primary species is the quota limit for the choke species. When fishing for primary

species is limited by the quota base for the choke species, a reduction in quotas for the choke species will
reduce the catch of the primary species.

This means that if the quota basis for the primary species does not constitute a limitation, the percentage
reduction in quotas for the choke species will be fully passed on to the fishery for the primary species in a
fishery where the two species are caught in a fixed proportion. In other words, the following will apply:

(13) Ag = g*Aq/q©

This means that the reduction in the catch of the primary species, Aqg, is the percentage decrease in the choke
species quota multiplied by the initial catch of the primary species. If the initial catch of the primary species
is 100 tonnes and the choke species quota is reduced by 10 per cent, the decrease of the primary species will
be 10 tonnes. The economic loss in the fishery for the primary species with choke species restrictions alone,
ATTORC, can thus be calculated as:

(14) ATT“®C= p*Aq = p*q*Aq“/q°

This means that the overall economic loss in the primary fishery due to the quota reduction in the choke
species becomes the loss incurred in the primary fishery because it is reduced solely because of the quota
reduction for the choke species. If the reduction in the catch of the primary species is 10 tonnes and the net
price is DKK 20 per kilogram, the loss in primary fisheries is DKK 0,2 million.

If the loss is to be reported as a loss in relation to the quota reduction for the choke species, it would
appear as follows:

(15) ATTY®C/AQC = p*Ag/AQ© = p*g*/q° = B *p“*q*/qS,

where p = B*pS, i.e. B indicates the ratio between the net price of the primary species and the net price of
the choke species.

With knowledge of the net price of the choke species, pS, relative to the net price of the primary species, the
additional factor may be calculated for the choke species, adjusting for the choke species the ratio between
the catch of the primary species and the choke species. If the price of the choke species is the same as the
primary species, i.e. B = 1, and the quantity of the primary species is twice the amount of the choke species,
the additional factor shall be 2. Instead, assuming that the net price of the choke species is double the net
price of the primary species and the ratio in the catch of the two remains unchanged 2, the additional factor
becomes 1.

Conclusion: In the case where only the quota reduction of the choke species causes a reduction in fishing for



the primary species, the entire loss resulting from the reduction of the primary species must be attributed to
the quota reduction in the choke species. This loss per kilo reduction in the quota of the choke species can
then be converted into an additional factor to the price of the choke species.

3. Closing remarks

In this analysis, a very restrictive assumption has been used that fishing for the primary species means
simultaneously catching the choke species and in a fixed proportion. This means that the more binding the
qguota reduction for the choke species, the greater the loss in primary fisheries. This means that the additional
factor increases the more binding the quota reduction for the choke species.

It is relevant to look at situations where the restrictive assumption is not applicable. For example, if it is
possible to fish elsewhere and without by-catch of the choke species and unchanged catch of the primary
species, a quota reduction of the choke species would not result in losses in primary fisheries and the
additional factor would be zero in this case.

Similarly, if it is possible with other gears to fish selectively and thus avoid or reduce by-catch of the choke
species so that no losses occur in the catch of the primary species, the additional loss of quota reduction for
the choke species will also be zero. To the extent that there are additional costs for the purchase and use of
selective gear, there will still be a loss in the primary species fishery by quota reduction of the choke species
and thus the additional factor will be positive.

There are therefore a number of factors that justify adjustments of the additional factor to the situation by
the restrictive assumption of a fixed relationship between the catches of the primary species and the choke
species. If the restrictive assumption that the fishery of primary and choke species is carried out in a fixed
proportion is not correct, the calculations of the additional factor will be overestimated. The degree of over-
estimation depends on the extent to which selective fishing can be carried out on the primary species, either
by using selective gears — and to what extent this can be done at no extra cost — or by a change in fishing
patterns, and to what extent such change result in a reduction in the catches of the primary species or an
increase in costs. Any loss in net earnings (profit) of the primary species attributable to a reduction in the
guota of the choke species would result in the addition factor becoming positive.

Similarly, the existence of a quota market for the choke species may help to reduce the additional factor
calculated in the case of restrictive assumptions about the relationship between catches of primary species
and choke species in a given fishery. If the choke species in other fisheries is less binding, it will be possible
to lease or buy quota shares of the choke species at a price lower than the loss in earnings in the primary
fishery, and this makes it economically attractive to lease quotas or buy quota shares in order to continue
fishing for the primary species to a certain extent. However, also in this case there will be a loss for the
fisherman, but less than in the case without the quota market. This means that an existing quota market will
mean a reduction in the additional factor.
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