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a b s t r a c t

The aim of this work is to measure the development of the concentration of quota holdings by harvesting
companies and harbours in Iceland. For the period 1990–2014, the analysis traces the development of
relative quota holdings of the biggest actors operating large vessels as well as firms that employ smaller
boats that are only allowed to use hook-and-line. A more detailed data set is used for the period 2001–
2014 which allows for a more thorough investigation of consolidation in both fleet segments using
Herfindahl-Hirchman Indexes, Gini coefficients and Lorenz-curves. The biggest firms in the two fleet
segments increased their share of quotas throughout the period but the quota market is though still quite
competitive. The distribution of quotas between firms has become more unequal, and there is also clear
evidence of increasing transfers between harbours, especially in the case of the quota shares of hook-
and-line boats. However, the results also indicate that spatial concentration has been much less than
consolidation at firm level during the period under consideration. This would indicate that firms have
mostly grown in size by merging with local firms or buying out smaller local operators.
& 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In the last 40 years rights-based management regimes, in-
cluding individually transferable quotas (ITQs), in fisheries have
become ever more prominent. A recent estimate puts the number
of such programs at 647 [1], representing about 25% of global fish
landings [2]. Economic theory teaches that introducing ITQs into
an overcapitalised fishery will bring about considerable efficiency
gains [3], not least through the reduction of fishing capacity as
more efficient operators will buy out those less efficient. This is
indeed borne out by experience [4,5]. For instance, studies on the
Alaskan Pacific halibut and sable fisheries [6], the British Columbia
halibut fishery [7,8], the Scotia-Fundy groundfish fishery [9–11],
the Mid-Atlantic surf clam and ocean quahog fishery [12], the New
Zealand Quota Management System [13,14], the Norwegian pela-
gic and cod fisheries [15], the Tasmanian red rock lobster fishery
[16], the Great Barrier Reef fin-fish fishery [17] and the Icelandic
fisheries [18–21,22] all reveal how fishing fleets shrank after in-
dividual vessel quotas were implemented and made transferable.

In the industrial organisation literature, various measures have
been utilised for the analysis of market structure [23]. Some of
these measures have also been employed to study consolidation in
Ltd. This is an open access article u
the fishing industries. These include the application of simple
concentration ratios (CR) [18,19,21,24] as well as the Herfindahl-
Hirschman Index (HHI) to measure market concentration [14,24–
27]. Other inquiries have made use of so-called Lorenz curves and
their numerical equivalent, the Gini-coefficient, which are fre-
quently used in studies of the distribution of income and wealth.
Palsson and Helgason [18] apply this approach to study con-
solidation in the Icelandic fisheries 1984–1994, Liew [10] to ana-
lyse concentration in Canada’s Scotia-Fundy inshore groundfish
fishery 1990–1998 and Connor [25] to examine consolidation in
the inshore, mid-depth and deep-water fisheries in New Zealand
during 1987–1998. More recently, Abayomi and Yandle [14] have
employed conditional Gini coefficients and conditional Lorenz
curves to study changes in ownership from the start of the ITQs in
1987–1990 to 2007–2009. Gini coefficients have also been used to
analyse consolidation in the red snapper fishery in the gulf of
Mexico [26].

As one of the first countries to introduce individual transferable
quotas in the 1970 s and 1980s, Iceland has over 30 years of ex-
perience with management systems based on property rights.
Individual vessel quotas (IQs) were first imposed on the pelagic
fisheries and then in 1984 on the main demersal fisheries [28,29].
By 1988, a system of ITQs was in effect for all fisheries, although an
effort quota option was still retained in the demersal fisheries.
Since 1990, a comprehensive ITQ-system has been in effect for all
vessels larger than 6 gross registered tonnes (GRT). Smaller boats
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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were managed by a complex set of rules and regulations until the
early 2000s, when this intricate management web was phased out
and the small boats were incorporated into the ITQ regime [30].,1

The small boats are only allowed to use hand-line and longline,
but no such restrictions apply to larger vessels. Quota transfers
from boats operating only hand-line and longline to larger ones
are prohibited, but transfers in the reverse direction are not.
Therefore, to a degree, these two fleet segments may be seen as
operating under separate quota systems.

In this paper, consolidation in the two fleet-segments of the
Icelandic harvesting sector is analysed using all three methods
outlined earlier; concentration ratios, HHI and Lorenz curves and
the associated Gini coefficients. Discussion first centres on the
development of relative quota holdings of the largest harvesting
companies in each fleet-segment during 1991–2014. For the larger
vessels, this covers the period since the comprehensive ITQ-sys-
tem came into effect in 1990 while for the smaller boats the study
covers the period since that fleet segment was included in the ITQ-
system in 2001. This is followed by a more thorough analysis of the
consolidation that has occurred, based on the calculation of HHI
and construction of Lorenz curves and the associated Gini coeffi-
cients. The data set used for this purpose only covers the period
2001–2014, but is more detailed and allows both for a study of
changes in the distribution of quota holdings between individual
firms as well as between communities. As before, the development
in each fleet-segment is studied separately. The spatial dimension
makes it possible to determine whether the largest firms have
grown by buying quotas from operators all over the country, or
whether consolidation has mainly occurred at a local level, leaving
the distribution of quotas between communities (districts) rela-
tively unchanged.
2. The Icelandic ITQ system

Since 1990, management of the Icelandic fisheries has been
based on the Fisheries Management Act and its subsequent
amendments [31]. At present, the ITQ system applies to fisheries
for various species that together make up 98% of landed value [30].
Quotas are assigned to individual vessels but are transferable. In-
itial quota allocations were based on previous fishing history, but
quota holdings have since changed as a result of quota transac-
tions, with many of the original holders no longer active. The
management system distinguishes between two kinds of quota in
each fishery: quota shares and harvest rights. The former are
sometimes called “permanent quotas” and the latter “annual catch
entitlements” or “catch shares”. Quota shares quantify the holder’s
entitlement to a percentage of each year’s total allowable catch
(TAC) in each fishery. A vessel may, for instance, hold a 1% share in
the cod fishery. Once the TAC has been set, the harvest rights for
the fishery in question are simply calculated as the product of the
vessel’s quota share and TAC. Each summer, based on available
data and stock assessments, the governmental Marine Research
Institute (MRI) publishes its advice on how large the TAC should be
for each species in the ensuing fishing year (September-August).
While the Minister of Fisheries does have powers to deviate from
these recommendations, it has in recent years adhered, for the
most part, to MRI’s advice. The precautionary approach taken by
MRI has generally been quite successful, notably for cod, Iceland’s
most important fishery, where the stock has rebounded in recent
years and is now considerably larger than in 1990 [32].
1 In the summer of 2009, a new small open-access fishery with a cod-cap
opened up for boats operating hook-and-line. This is discussed in more detail in
Section 2.
Currently, there are two different types of general fishing per-
mits, general fishing permit with a catch quota and a general
fishing permit with a hook-and-line quota. In what follows the
former are called regular quotas and the latter hook-and-line
quotas. Hook-and-line quotas may only be utilised by boats
smaller than 30 GRT that only use hand-line or longline. Both
quota shares and harvest rights are transferable between vessels
within each size category. Transfers from regular quota vessels to
hook-and-line vessels are allowed but quotas may not be trans-
ferred from boats holding hook-and-line quotas to vessels holding
regular quotas. Quota shares are perfectly divisible and may be
transferred wholly or in part, provided that the transfer does not
result in the quota share of the receiving vessel obviously ex-
ceeding its fishing capacity. In the case of vessel sales, municipal
authorities have first refusal on vessels holding quotas that are to
be sold to operators in a different municipality. This provision has
very rarely been exercised. The combined quota shares of fishing
vessels held by individual parties in each fishery may not exceed a
certain maximum, which is 12% of the total quota shares in the
case of cod, but 20% for haddock, saithe, Greenland halibut, her-
ring, capelin and deep-water shrimp, and 35% for redfish. Max-
imum holdings are much smaller for vessels with hook-and-line
quotas: 4% of the total quotas allocated to vessels in this category
in the case of cod and 5% for haddock. Quotas of different species
may be added together in tons or kg. using cod equivalents. These
are defined in the Fisheries Management Act as the unit value of
each species relative to the unit value of cod, the most important
fishery. The cod equivalents are calculated for each fishing year on
the basis of the average unit value of the landings of each species
during the previous May-April period. For vessels operating under
the regular quota system, the combined share in all fisheries may
not exceed 12% in cod equivalents, but the corresponding max-
imum for hook-and-line boats is 5%. While harvest rights are also
perfectly divisible, vessels must utilise at least half of their harvest
rights each fishing year or else forfeit their quota shares. This
applies to both hook-and-line boats as well as to larger ships.

When the comprehensive ITQ system was introduced in 1990,
it only applied to vessels larger than 6 GRT. Smaller vessels could
choose between entering the quota system or remaining outside
the quota system. Almost all vessel owners opted for the latter.
During the next decade, many different kinds of effort restrictions
were used to limit the catches of these “outsiders”, although the
drawbacks of continuing to use effort restrictions were plain to see
[30]. Finally, in 1999, operators of these small boats were given a
choice between effort restrictions with transferable fishing days
and a quota system that came into effect in the fishing year 2001/
2002. Over the next few years, the effort restrictions were slowly
phased out. The number of boats still under the effort restriction
system shrank from 219 at the beginning of the fishing year 2001/
2002 to 14 in 2004/2005, with the last two boats entering the
quota system two years later.

In 2009, a new coastal fishery was set up in order to open up
possibilities for new entrants and increase flexibility. All registered
boats, including those holding quotas, may join the fishery which
runs during May, June, July and August. The fishing grounds off
Iceland are divided into four areas and a pre-determined cod-cap
set for each month in each of the areas. The fishery is an open-
access fishery and fishing in each month and area is suspended
once the cap is reached. Boats may only employ hand-line and can
only fish for 14 h per day during Monday-Thursday. While popular
in some quarters, the coastal fishery fits badly into the overall
management system which has grown away from the derby-style
fisheries of old.



Fig. 1. Lorenz curves.
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3. Methodology

Concentration ratios are calculated by simply adding together
the quota shares of a pre-determined number of firms. A five firm
concentration ratio will thus show the combined quota share of
the five largest firms, but will not consider how the quota is shared
within this group of firms. This drawback can though be overcome
by calculating several concentration ratios of different sizes. In this
study, calculations are done on the quota share of the largest firm,
and the 5, 10 and 25 largest firm in each fleet-segment at the
beginning of each fishing year.

Another way of addressing this problem is to measure com-
petiveness by computing the Herfindahl-Hirschman Index (HHI)
[33,34] for market concentration. This index is calculated by
summing up the squared quota shares of the firms in question.
This index is defined as
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where si represents the combined quota share of firm i in all
fisheries and N is the number of firms included. HHI looks there-
fore more closely at the distribution of quota and the relative size
of each harvester. HHI may be presented in shares, in which case
the index will take a value between 0 and 1, or as percentages in
which case the index ranges from 0 to 10,000. The latter re-
presentation is similar to the Simpson index [35] used in ecology.
In the case of a complete monopoly, HHI takes a value of 1
(10,000), whereas a value below 0.1 (1000) indicates low con-
centration. In fisheries, HHI indexed have both been applied to
studies of quota consolidation [14,24–27] as well as to estimates of
income diversification [36]. According to horizontal mergers
guidelines issued by the European Commission (EC), a HHI below
1000 does not constitute grounds for competition concerns [37].

Note that if an industry is populated by firms of equal size, then
the inverse of the HHI-index for that industry is equal to the
number of firms in the industry. Hence, had the regular quota fleet
been populated by firms of equal size there would have been 39
firms in the fishing year 2001/2002 and 23 in the fishing year
2014/2015, a 41% decrease. Similarly, had the hook-and-line quota
fleet been populated by firms of equal size, they would have
numbered 222 in 2001/2002 and 55 in 2014/2015 or a 75%
decrease.

Lorenz curve were developed by Lorenz [38] to measure con-
centration of wealth but have since been used in numerous studies
on wealth and income distribution, as well as to estimate changes
in harvest quota holdings [10,14,18,25,26].

There are several ways to construct Lorenz curves and calculate
the associated Gini index. A basic method is simply to arrange the
data to be analysed in rank order, and write the observations as y1,
y2, …, yn, so that y1 is the smallest income and yn the highest. For
the Lorenz-curve, the horizontal scale on the figure is marked into
n equal intervals, say deciles, with the first interval representing
the 10% of the population with the lowest income and the last
interval the 10% with the highest income. The cumulative share of
income is then shown on the vertical axis of the figure. In a per-
fectly egalitarian world, all individuals would hold an equal in-
come share, as represented by the 45° line in Fig. 1. The dotted line
in Fig. 1 shows a less equal distribution that is skewed towards the
more affluent individuals.

The Gini-index was proposed by Gini [39] as a numerical index
which was defined as “the mean difference from all observed
quantities” [40]. The index may be expressed in terms of Lorenz
curves, as the area between the line of perfect equality in Fig. 1 and
the curve representing unequal distribution (area A) divided by
the total area under the line of perfect equality (area AþB). Thus,
the Gini coefficient is size of area A in relation to the combined
size of areas A and B or Gini¼A/(AþB). In the case of perfect
equality, the Gini index takes a value of zero (as area A has shrunk
to zero), while in the case of perfect inequality, i.e. where one
individual would hold all income in society, the Gini index takes a
value of unity (as the area B has shrunk to zero).

Provided yko ykþ1, the Gini index may be calculated using the
formula [41]
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Here, n refers to the total number of observations in the time
period, typically a year, while y is the variable under consideration,
in this case quota holdings.

The Gini coefficient is a relative measure which only gives a
point-estimate of equality at a certain moment of time. Two quite
different income distributions may also yield the same Gini
coefficient.
4. Data

The quota system that came into effect in 1990 was, to a large
extent, based on the quota system initiated in the main demersal
fisheries in 1984. However, during the years 1985–1990, the de-
mersal fisheries were managed by a hybrid system of effort re-
striction and quotas. Vessels operating under effort restrictions
could thus gain an additional quota, and special rules also applied
to vessels that had been out of operation during the reference
period on which initial quota allocations were based, as well as
vessels that changed hands or where a new captain had taken over
the ship. Transfers of quotas in the main demersal fisheries were
also not allowed until 1988 [42,43]. For these reasons, it makes
more sense to base the analysis only on the period after 1990,
when the current ITQ system came into effect, rather than stretch
it back into earlier years.

The data used in this analysis is supplied by the Icelandic Di-
rectory of Fisheries (DoF), a government agency charged with the
task of monitoring fisheries and the daily administration of the
fisheries management system. The data covers the period 1990–
2014, which corresponds to the time the comprehensive ITQ-sys-
tem has been in operation, and includes quotas of the following
species: cod, haddock, saithe, redfish, golden redfish, ling, blue
ling, tusk, wolffish, monkfish, greater silver smelt, Greenland ha-
libut, plaice, witch, lemon sole, dab, herring, lobster, inshore and
offshore shrimp, Norway redfish and demersal deep-sea redfish.
Quotas for some of these species were though not issued in all



Fig. 2. Quota consolidation among harvesting companies operating vessels with
regular quotas and hook-and-line quotas. Source: Directorate of Fisheries.
.
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years. For the period 1990–2001 information is only available on
quota holdings of the 25 largest harvesting companies, but for the
period after that data can be found on quota holdings of all har-
vesting companies, both those operating vessels with regular
quotas and those operating hook-and-line boats.

As noted by Palsson and Helgason [18], Lorenz curves and Gini
coefficients are mainly designed to gauge distributions among
relatively constant populations of individuals where distributional
changes result from the movement of wealth, but not people.
Therefore, when this methodology is used to analyse changes in
quota holdings, there is a risk that the inequality resulting from
quota sellouts will be underestimated, “since fewer ITQ-holders
generally means that less needs to be redistributed in order to
attain perfect equality”. To counter this, Palsson and Helgason [18]
recommend including drop-outs, the so-called “null components”.
This advice is heeded here. The panel data used thus includes
observations on firms that have sold all their quotas in previous
years. To take an example, a firm that holds quotas in the fishing
years 2001/2002–2005/2006 but then sells out completely and
does not reinvest in quotas during the rest of the period under
observation, is included in the data with quota holdings of zero set
for the fishing years after 2005/2006. While this approach is ap-
propriate if the owners of the selling firm leave the fisheries
business altogether, it may be more questionable if those selling
quotas have merged or been taken over by other firms but still
remain in partial ownership of a harvesting company. However,
the bias from including only firms with positive quota holdings is
probably greater than the bias from including all firms which have
sold their quotas, as mergers or takeovers have probably been less
common than sellouts and exits from the industry.

In addition to data on the quota allocation of individual vessels
and thus firms, DoF also publishes data on the amount of quotas
assigned to vessels registered in each harbour by ship categories,
i.e. trawlers, other large and small vessels, and hook-and-line
boats. This makes it possible to analyse the spatial distribution of
quota holdings over the period 2001–2014. The harbour data also
include the above-mentioned “null components”. As all the har-
bours in the dataset are located in separate communities, the
words harbour and community are used interchangeably in what
follows. More than one community may, however, belong to the
same municipality.

The DoF data contain information on the total harvest rights
assigned to each firm or harbour at the beginning of each fishing
year, i.e. the combined harvest rights allocated in each fishery. The
total allocation is denominated in cod equivalents. In this paper,
the quota shares are then calculated as the share of each operator
or harbour of the combined quota allocation in all fisheries,
measured in cod equivalents.
Table 1
Market concentration in the Icelandic fisheries 2001–2014 as measured by the
Herfindahl-Hirschman Index. Source: Directorate of Fisheries.

Fishing year Regular license Hook-and-line license

2001/2002 256 45
2002/2003 264 51
2003/2004 288 64
2004/2005 305 49
2005/2006 349 79
2006/2007 357 111
2007/2008 407 151
2008/2009 375 153
2009/2010 396 145
2010/2011 442 149
2011/2012 424 164
2012/2013 445 167
2013/2014 452 162
2014/2015 432 183
5. Results

In this section, attention is first paid to how the relative quota
shares of the largest harvesting companies have evolved over the
period 1990–2014, and then to measures of consolidation based on
HHI, Lorenz curves and Gini coefficients for the period 2001–2014.

At the start of the 1990/1991 fishing year, the largest harvesting
company held 4.3% of the total quota allocations within the regular
quota system, measured in cod equivalents. Ten years later, the
quota share of the largest firm had risen to 5.7% and at the start of
the 2014/2015 fishing year, its share amounted to 10.7%. The share
of the 5 largest firms had over the same 24-year period risen from
14% to 31.5%; the share of the 10 largest had more than doubled
from 21.9% to 50.5%; and the share of the 25 largest had increased
from 39.2% to 74.4%. A similar development, if not quite as pro-
nounced, has occurred among vessels holding hook-and-line
quotas. Here, the share of the largest firm has almost trebled from
2% to 5.8% over the 2001/2002 to 2014/2015 period, while the
share of the 5 largest companies has risen from 7% to 20.9%, the
share of the 10 largest from 11.8% to 33.6%, and the share of the 25
largest from 23.1% to 56.7%. These developments are traced in
Fig. 2, where time t refers to the year when the quota system was
introduced. Thus, in the case of vessels with regular quotas, t
corresponds to the 1990/1991 fishing year, while in the case of
vessels with hook-and-line quotas, t refers to the 2001/2002
fishing year.

Three things stand out. First, the quota holdings of harvesting
companies in year t are always larger for firms operating vessels
with regular quotas than for firms operating boats with hook-and-
line quotas. Second, consolidation is much faster in the first years
in the hook-and-line system. Indeed, after six years, quota own-
ership has always become more concentrated among those oper-
ating hook-and-line boats. Third, consolidation appears to stop or
only increase marginally after about 10 years for hook-and-line
boats, but after about 15 years for larger vessels.

Estimates of market concentration using the HHI are presented
in Table 1. For harvesting companies holding regular quotas, the
index takes values ranging from 265 observed in the fishing year
2001/2002 to 452 observed in the fishing year 2013/2014. The
results for firms operating vessels with hook-and-line quotas are
also quite low. The HHI value is 45 in the fishing year 2001/2002
but 183 in the fishing year 2014/2015.

As discussed above, HHI values of less than 1000 indicate low
market concentration. The HHI values obtained here are much
lower, and thus indicate that the market for quota shares is com-
petitive. This is hardly surprising, given that there are quota



Fig. 3. Lorenz curves for harvesting companies operating vessels with regular
quotas. Source: Directorate of Fisheries.

Fig. 4. Lorenz curves for harvesting companies operating vessels with hook-and-
line quotas. Source: Directorate of Fisheries.

Fig. 5. Lorenz curves for vessels with regular quotas registered in different har-
bours. Source: Directorate of Fisheries.

Fig. 6. Lorenz curves for vessels with hook-and-line quotas registered in different
harbours. Source: Directorate of Fisheries.

Fig. 7. Gini coefficients for firms and harbours operating vessels with regular
quotas. Source: Directorate of Fisheries.
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ceilings in place for both fleet segments. However, although rela-
tively small, the HHI values have increased over the period under
study; by two thirds for the larger vessels and more than three
times for the hook-and-line boats.

In Fig. 3 estimates are presented of Lorenz curves for harvesting
shares for companies that operate vessels with regular quotas. The
horizontal axis represents holders of quota shares arrayed in
deciles of ascending order, with the first decile being equivalent to
the smallest 10% of shareholders and the tenth decile equivalent to
the largest 10%. The vertical axis shows the proportion of quota
shares. Perfect equality is represented by the 45° line, while the
two dotted lines show the distribution of quota shares at the be-
ginning of the 2001/2002 and 2014/2015 fishing years. The latter is
slightly to the right of the former, indicating that the distribution
of quota holdings has become more unequal during this period.
This is confirmed through the Gini coefficient which takes a value
of 0.870 in the 2001/2002 fishing year but measured 0.957 in
2014/2015.

Results for the boats with hook-and-line quotas are presented
in Fig. 4. The Lorenz curve shows a large shift to the right, with the
increased inequality spread across all deciles. The difference is
substantial and the shift of the Lorenz curve is much more pro-
nounced in the hook-and-line system than in the regular system.
At the beginning of the 2001/2002 fishing year, for instance, the
lower 50% of quota owners held a combined 15.9% quota share, but
by the 2014/2015 fishing year, this share had dwindled to zero At
the same time, the holdings of the largest decile had increased
from 36% to 86%. The Gini coefficient measured 0.513 in 2001/
2002 but had risen to 0.909 in 2014/2015.

Whereas quota transactions can lead to increased concentra-
tion of quota ownership, they need not affect the regional dis-
tribution of quotas if the consolidation takes place at a local level.
To examine this point further, the level of spatial concentration is
analysed using Lorenz curves and Gini coefficients for the dis-
tribution of quota shares held by vessels registered in each har-
bour. The results for the vessels holding regular quotas are pre-
sented in Fig. 5. The Lorenz curves reveal how quota distribution
had become less equal in the fishing year 2014/2015 than it was in
the fishing year 2001/2002. The Gini coefficient is 0.696 in 2001/
2002 and 0.735 in 2014/2015.



Fig. 8. Gini coefficients for firms and harbours operating vessels with hook-and-
line quotas. Source: Directorate of Fisheries.
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A similar picture emerges from analysing the spatial distribu-
tion of harvesting shares of vessels with hook-and-line quotas, as
shown in Fig. 6. Here, the distribution of quotas between harbours
has become considerably more unequal. This is well reflected in
the Gini coefficient, which increased from 0.588 in the 2001/2002
fishing year to 0.729 in the 2014/2015 fishing year. The largest
changes here occurred in the years 2005–2008 when the esti-
mated Gini coefficient increased from 0.611 to 0.722. To a sub-
stantial degree this is due to the fact that the share of the largest
harbour increased from 13.5% to 19.7% between the fishing years
2005/2006 and 2008/2009. The total allowable catch of cod was
reduced from 198 thousand tonnes in the fishing year 2005/2006
to just 130 thousand tonnes two years later and remained quite
low the next three years. It was not until 2012/2013 that the TAC
was back to 195 thousand tonnes. This reduction in catches ap-
pears to have hit some of the smaller harbours particularly bad as
the combined quota share of the 50% of the harbours holding the
least quota decreased from 10.4% to 4.7%.

In order to examine further these two dimensions of quota con-
centration, it is useful to put together in a single diagram the pair of
Gini coefficients calculated for each fleet segment. Figs. 7 and 8 thus
have the calculated Gini coefficients for firms on the horizontal axis
and the corresponding Gini coefficients for harbours on the vertical
axis.

As shown in Fig. 7, both firm-level and spatial consolidation
increased quite fast in the years 2001/2002 to 2007/2008 for
vessels with regular quotas, but has since remained roughly the
same. Observations for the former period reveal a clear positive
relationship between the two Gini measures, while those for the
later period are clustered in the upper right hand corner of the
figure.

A similar development is observed for vessels with hook-and-line
quotas. Concentration within both dimensions increased quite rapidly
between the 2001/2002 and 2007/2008 fishing years, but has since
remained almost constant, as shown in Fig. 8.

As mentioned above, harvesting companies operating vessels
in the regular quota system may not hold more than 12% of the
total allotted quota in all species, in cod equivalents, and boats
holding hook-and-line quotas may not hold more than 5%. While
the largest firm holding regular quotas has so far been below this
maximum, the largest hook-and-line harvesting company was
slightly above the ceiling at the start of the 2013/2014 and 2014/
2015 fishing years. The Fisheries Management Act contains a
special provision that concerns hook-and-line firms whose quota
holdings exceeded the quota ceiling when this provision of the Act
came into effect. These firms were given until September 1st 2016
to adjust their quota holdings so that they would meet these legal
requirements. The firm in question has now sold off part of its
quota.
6. Discussion

All the measures employed indicate that considerable quota
consolidation has occurred in the Icelandic fisheries. The share of the
largest firm holding regular quotas increased from 4.3% at the be-
ginning of the fishing year 2001/2002 to 10.7% at the beginning of
the year 204/2015, while the share of the 25 largest firms increased
from 39% to 74% over the same period. The largest boat holding
hook-and-line quotas held a 2.0% share in 2001/2002, but by 2014/
2015 this share had almost trebled to 5.8%. The CR of the 25 largest
firms increased from 23% to almost 57% over the same period.

This is a much lower level of concentration than observed in
the New Zealand fisheries where in 2006 the 20 largest firms
owned between 80% and 99% of the quota in different fisheries
[24]. Connor [25] reports that in 1998 the ten largest firm held a
combined 49% share in the New Zealand inshore fisheries, but the
share was 90% in the mid-depth fisheries and 92% in the deep-
water fisheries. For rock lobster, the CR-10 ratio was 26%.

Although the calculated HHI values indicate that market con-
centration in the Icelandic fisheries is still weak and that the
market is quite competitive, the index has increased for both fleet
segments. In the fishing year 2014/2015 HHI measured 432 for the
large vessels but 183 for hook-and-line boats. These results are
similar to the HHI value of 330 reported by Connor [25] for the
New Zealand inshore fishery in 1998, but much lower than Con-
nor’s estimates for the mid-depth and deepwater fisheries, 1360
and 1601. In another study on the New Zealand fisheries, Stewart
and Callagher [24] reveal HHI estimates of 865–2761, depending
on the species involved. Haynie [27] shows that concentration for
companies utilising lease rights in the Western Alaska Community
Development Quota program had increased, and reports a HHI
value of around 350. A study on the red snapper in the Gulf of
Mexico found HHI scores of up to 192.

The distribution of quota holdings as measured by Lorenz
curves and Gini coefficients has become more skewed through the
years. According to Palsson and Helgason [18], the Gini-coefficient
measured 0.769 in 1992 and 0.799 in 1994, while the estimates
presented here yield a value of 0.870 in the fishing year 2001/2002
and 0.957 in 2014/2015. The hook-and-line vessels have experi-
enced a similar development. The Gini-coefficient measured 0.513
in 2001/2002 but had increased to 0.909 in 2014/2015. Con-
solidation in Iceland is on par with developments in New Zealand.
The Gini index for the mid-depth fisheries was 0.969 in 1998, but
slightly lower, or 0.802 and 0.879 for the deepwater and in-shore
fisheries. In the rock lobster fishery it measured 0.581 [25].
Abayomi and Yandle [14] report Gini-coefficients ranging between
0.440 and 0.810 in the period 1987–1990, but consolidation in the
various New Zealand fisheries had by 2007–2009 increased to
0.64–0.95. Estimated Gini-coefficients for Canada’s Scotia-Fundy
inshore groundfish fishery are somewhat lower, or 0.831–0.898,
depending on the type of fishing gear used [10], and even lower in
the red snapper fishery in the Gulf of Mexico, or 0.747–0.812.

The consolidation in the Icelandic fishing sector has led to a
decrease in both the number of harvesting companies and the
number of vessels. At the beginning of the 2001/2002 fishing year,
582 firms were operating vessels with regular quotas and 496
firms operated boats with hook-and-line quotas. By 2014/2015,
only 174 firms owned vessels with regular quotas (a 70% decline),
while the number of hook-and-line operators had shrunk to 307 (a
38% decline). The fleet of vessels holding regular quotas has
dwindled from 870 to 258 (70% decline), and hook-and-line boats
from 810 to 318 (61% decline). The figure for the hook-and-line
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boats in 2001/2002 includes 219 boats operating under effort re-
strictions, most of which later entered the quota system. If these
boats are excluded the reduction in the small boat fleet amounts to
46%. It should be noted that these figures only refer to the number
of vessels, both large and small, that held quota allocations at the
beginning of each fishing year. The number of active vessels in the
Icelandic fishing fleet is larger.

The performance of the Icelandic fisheries has improved con-
siderably since the introduction of the quota system in Iceland’s
main demersal fisheries in 1984, and the more comprehensive
management system in 1990. Thus, Arnason [22] shows that
profits in the industry increased in the 1990s and Eggert and
Tveterås [44] that labour productivity increased fast in Iceland
during the 1990s, but the total factor productivity, adjusted for the
stock size of the main species harvested, was lower in the period
1990–2003 than in 1973–1990. Better profits and higher labour
productivity are probably due to economies of scale, which as
noted by Stewart and Callagher [24], is one of the driving forces
behind consolidation in fisheries. In their analysis of longline
fishers in Hawaii, Pradhan and Leung [45], demonstrate that the
probability of a vessel to stay in a fishery increases as profits in the
fishery rise, but boats are more inclined to exit if the fleet is large
or if stocks of the major target species are declining. The Icelandic
fishing fleet was much too large when the quota system came into
effect and this fact has no doubt encouraged some firms to leave
the industry. Eggert and Tveterås [44] also reveal that Iceland’s
main demersal stocks declined during the period 1973–2003. This
development may also have urged exit from the harvesting in-
dustry in the 1990s Smaller stocks will reduce profits as the cost of
harvesting will increase, while at same time reducing each fishing
years’ harvest rights. Both effects will encourage exits.

Quota consolidation can also be explained in terms of risk
aversion. Having access to quota of different species becomes es-
sential if stocks of some harvested species decline while the status
of others stays the same or even improves. As demonstrated by
Kasperski and Holland [36], fishing is a risky business and the
ability to move between fisheries is crucial for profit-maximising
harvesters. In the Icelandic fisheries, this can be done by either
trading for quotas or engaging the various existing catch-quota
balancing mechanism [46].

The effects of the ITQ system on the regional distribution of
fishing rights have been hotly contested in Iceland ever since the
management regime came into effect [18,20,47–49]. Clear evi-
dence is found of transfers between harbours and a growing
consolidation between communities with regard to the quota
shares of hook-and-line boats. The spatial distribution of quota
shares of larger vessels appears to have changed less during the
period under consideration. However, results from this study also
indicate that spatial concentration has been much less than con-
solidation at firm level. This would indicate that firms have mostly
grown in size by merging with local firms or buying out smaller
local operators.
Acknowledgements

The research leading to these results has received funding from
the European Union's Seventh Framework Programme (FP7/2007–
2013) under grant agreement no 613571 – MareFrame.
References

[1] C.A. Grainger, C. Costello, Distributional effects of the transition to property
rights for a common-pool resource, Mar. Resour. Econ. 31 (2016) 1–26, http:
//dx.doi.org/10.1086/684132.
[2] R. Arnason, Property rights in fisheries: how much can individual transferable

quotas accomplish? Rev. Environ. Econ. Policy 6 (2012) 217–236, http://dx.doi.
org/10.1093/reep/res011.

[3] R.Q. Grafton, Individual transferable quotas: theory and practice, Rev. Fish Biol.
Fish. 6 (1996) 5–20, http://dx.doi.org/10.1007/BF00058517.

[4] F. Asche, M.T. Bjørndal, T. Bjørndal, Development in fleet fishing capacity in
rights based fisheries, Mar. Policy 44 (2014) 166–171, http://dx.doi.org/
10.1016/j.marpol.2013.08.018.

[5] C. Chu, Thirty years later: the global growth of ITQs and their influence on
stock status in marine fisheries, Fish Fish. 10 (2009) 217–230, http://dx.doi.
org/10.1111/j.1467-2979.2008.00313.x.

[6] M. Hartley, M. Fina, Changes in fleet capacity following the introduction of
individual vessel quotas in the Alaskan Pacific halibut and sablefish fishery, in:
Shotton. R. (Ed.), FAO Fish. Tech. Pap. No. 412, FAO, Rome, 2001, pp. 186–207.

[7] K.E. Casey, C.M. Dewees, B.R. Turris, J.E. Wilen, The effects of individual vessel
quotas in the British Columbia Halibut Fishery, Mar. Resour. Econ. 10 (1995)
211–230.

[8] R.Q. Grafton, D. Squires, K.J. Fox, Private property and economic efficiency: a
study of a common-pool resource, J. Law Econ. 43 (2000) 679–714, http://dx.
doi.org/10.1086/467469.

[9] D.P. Dupont, R.Q. Grafton, Multi-species individual transferable quotas: the
scotia-fundy mobile gear groundfishery, Mar. Resour. Econ. 15 (2000)
205–220.

[10] D.S.K. Liew, Measurement of Concentration in Canada’s Scotia-Fundy Inshore
Groundfish Fishery, in: R. Shotton (Ed.), Use Prop. Rights Fish. Manag, FAO,
Rome, 2000.

[11] J.N. Sanchirico, D. Holland, K. Quigley, M. Fina, Catch-quota balancing in
multispecies individual fishing quotas, Mar. Policy 30 (2006) 767–785, http:
//dx.doi.org/10.1016/j.marpol.2006.02.002.

[12] Q. Weninger, Assessing efficiency gains from individual transferable quotas:
an application to the Mid-Atlantic Surf Clam and Ocean Quahog Fishery, Am. J.
Agric. Econ. 80 (1998) 750–764, http://dx.doi.org/10.2307/1244061.

[13] T. Yandle, C.M. Dewees, Consolidation in an individual transferable quota re-
gime: lessons from New Zealand, 1986–1999, Environ. Manag. 41 (2008)
915–928, http://dx.doi.org/10.1007/s00267-008-9081-y.

[14] K. Abayomi, T. Yandle, Using conditional Lorenz curves to examine con-
solidation in New Zealand commercial fishing, Mar. Resour. Econ. 27 (2012)
303–321.

[15] R. Hannesson, Norway’s experience with ITQs, Mar. Policy 37 (2013) 264–269,
http://dx.doi.org/10.1016/j.marpol.2012.05.008.

[16] K.G. Hamon, O. Thébaud, S. Frusher, L. Richard Little, A retrospective analysis
of the effects of adopting individual transferable quotas in the Tasmanian red
rock lobster, Jasus edwardsii, fishery, Aquat. Living Resour. 22 (2009) 549–558,
http://dx.doi.org/10.1051/alr/2009039.

[17] J. Innes, O. Thébaud, A. Norman-López, L.R. Little, Ecology and society: does
size matter? An assessment of quota market evolution and performance in the
Great Barrier Reef fin-fish fishery, Ecol. Soc. 19 (2014).

[18] G. Pálsson, A. Helgason, Figuring fish and measuring men: the individual
transferable quota system in the Icelandic cod fishery, Ocean Coast. Manag. 28
(1995) 117–146, http://dx.doi.org/10.1016/0964–5691(95)00041–0.

[19] B. Runolfsson, Regional impact of the individual transferable quotas in Iceland,
in: L. Jonas, M. Walker (Eds.), Fish or Cut Bait! Case Individ. Transf. Quotas
Salmon Fish. Br. Columbia, The Fraser Institute, Vancouver, 1997, pp. 65–89.

[20] E. Eythorsson, A decade of ITQ-management in Icelandic fisheries: Con-
solidation without consensus, Mar. Policy 24 (2000) 483–492, http://dx.doi.
org/10.1016/S0308–597X(00)00021-X.

[21] B. Runolfsson, R. Arnason, The effects of introducing transferable property
rights on fleet capacity and ownership of harvesting rights in Iceland’s fish-
eries, in: Case Stud. Alloc. Transf. Quota Rights Fish., FAO, FAO Fisheries
Technical Paper 412, Rome, 2001, pp. 28–43.

[22] R. Arnason, Property rights in fisheries: Iceland’s experience with ITQs, Rev.
Fish Biol. Fish. 15 (2005) 243–264, http://dx.doi.org/10.1007/s11160–005–
5139–6.

[23] J.A. Bikker, K. Haaf, Measures of competition and concentration in the banking
industry: a review of the literature, Econ. Financ. Model 9 (2002) 53–98.

[24] J. Stewart, P. Callagher, Quota concentration in the New Zealand fishery: an-
nual catch entitlement and the small fisher, Mar. Policy 35 (2011) 631–646,
http://dx.doi.org/10.1016/j.marpol.2011.02.003.

[25] R. Connor, Consolidation in an Individual Transferable Quota Regime: Lessons
from New Zealand, 1986–1999, in: Case Stud. Alloc. Transf. Quota Rights Fish.,
FAO, FAO Fisheries Technical Paper 412, Rome, 2001, pp. 151–185.

[26] Gulf of Mexico Fishery Management Council, Red Snapper Individual Fishing
Quota Program 5-year Review, 2013.

[27] A.C. Haynie, Changing usage and value in the Western Alaska Community
Development Quota (CDQ) program, Fish. Sci. 80 (2014) 181–191, http://dx.
doi.org/10.1007/s12562-014-0723-0.

[28] R. Arnason, The Icelandic individual transferable quota system: a descriptive
account, Mar. Resour. Econ. 8 (1993) 201–218.

[29] T. Matthiasson, Closing the open sea: development of fishery management in
four Icelandic fisheries, Nat. Resour. Forum 27 (2003) 1–18, http://dx.doi.org/
10.1111/1469-8219.00065-i1.

[30] T. Matthiasson, S. Agnarsson, Property rights in Icelandic Fisheries, in: R.
Q. Grafton, R. Hilborn, D. Squires, M. Tait, M. Williams (Eds.), Handb. Mar. Fish.
Conserv. Manag, Oxford University Press, Oxford, 2009, pp. 299–309.

[31] Lög um stjórn fiskveiða [Act on fisheries management], Althingi [Icelandic

http://dx.doi.org/10.1086/684132
http://dx.doi.org/10.1086/684132
http://dx.doi.org/10.1086/684132
http://dx.doi.org/10.1086/684132
http://dx.doi.org/10.1093/reep/res011
http://dx.doi.org/10.1093/reep/res011
http://dx.doi.org/10.1093/reep/res011
http://dx.doi.org/10.1093/reep/res011
http://dx.doi.org/10.1007/BF00058517
http://dx.doi.org/10.1007/BF00058517
http://dx.doi.org/10.1007/BF00058517
http://dx.doi.org/10.1016/j.marpol.2013.08.018
http://dx.doi.org/10.1016/j.marpol.2013.08.018
http://dx.doi.org/10.1016/j.marpol.2013.08.018
http://dx.doi.org/10.1016/j.marpol.2013.08.018
http://dx.doi.org/10.1111/j.1467-2979.2008.00313.x
http://dx.doi.org/10.1111/j.1467-2979.2008.00313.x
http://dx.doi.org/10.1111/j.1467-2979.2008.00313.x
http://dx.doi.org/10.1111/j.1467-2979.2008.00313.x
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref6
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref6
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref6
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref6
http://dx.doi.org/10.1086/467469
http://dx.doi.org/10.1086/467469
http://dx.doi.org/10.1086/467469
http://dx.doi.org/10.1086/467469
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref8
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref8
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref8
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref8
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref9
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref9
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref9
http://dx.doi.org/10.1016/j.marpol.2006.02.002
http://dx.doi.org/10.1016/j.marpol.2006.02.002
http://dx.doi.org/10.1016/j.marpol.2006.02.002
http://dx.doi.org/10.1016/j.marpol.2006.02.002
http://dx.doi.org/10.2307/1244061
http://dx.doi.org/10.2307/1244061
http://dx.doi.org/10.2307/1244061
http://dx.doi.org/10.1007/s00267-008-9081-y
http://dx.doi.org/10.1007/s00267-008-9081-y
http://dx.doi.org/10.1007/s00267-008-9081-y
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref13
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref13
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref13
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref13
http://dx.doi.org/10.1016/j.marpol.2012.05.008
http://dx.doi.org/10.1016/j.marpol.2012.05.008
http://dx.doi.org/10.1016/j.marpol.2012.05.008
http://dx.doi.org/10.1051/alr/2009039
http://dx.doi.org/10.1051/alr/2009039
http://dx.doi.org/10.1051/alr/2009039
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref16
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref16
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref16
http://dx.doi.org/10.1016/0964�5691(95)00041�0
http://dx.doi.org/10.1016/0964�5691(95)00041�0
http://dx.doi.org/10.1016/0964�5691(95)00041�0
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref18
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref18
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref18
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref18
http://dx.doi.org/10.1016/S0308�597X(00)00021-X
http://dx.doi.org/10.1016/S0308�597X(00)00021-X
http://dx.doi.org/10.1016/S0308�597X(00)00021-X
http://dx.doi.org/10.1016/S0308�597X(00)00021-X
http://dx.doi.org/10.1007/s11160�005�5139�6
http://dx.doi.org/10.1007/s11160�005�5139�6
http://dx.doi.org/10.1007/s11160�005�5139�6
http://dx.doi.org/10.1007/s11160�005�5139�6
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref21
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref21
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref21
http://dx.doi.org/10.1016/j.marpol.2011.02.003
http://dx.doi.org/10.1016/j.marpol.2011.02.003
http://dx.doi.org/10.1016/j.marpol.2011.02.003
http://dx.doi.org/10.1007/s12562-014-0723-0
http://dx.doi.org/10.1007/s12562-014-0723-0
http://dx.doi.org/10.1007/s12562-014-0723-0
http://dx.doi.org/10.1007/s12562-014-0723-0
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref24
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref24
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref24
http://dx.doi.org/10.1111/1469-8219.00065-i1
http://dx.doi.org/10.1111/1469-8219.00065-i1
http://dx.doi.org/10.1111/1469-8219.00065-i1
http://dx.doi.org/10.1111/1469-8219.00065-i1
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref26
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref26
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref26
http://refhub.elsevier.com/S0308-597X(16)30223-8/sbref26


S. Agnarsson et al. / Marine Policy 72 (2016) 263–270270
parliament], n.d. 〈http://eng.atvinnuvegaraduneyti.is/media/acts/Act-no-116–
2006-on-Fisheirs-Management.pdf〉 (accessed 27.01.16).

[32] Marine Research Institute, Nytjastofnar sjávar 2014/2015 og aflahorfur fisk-
veiðiárið 2015/2016 (State of Marine Stocks in Icelandic Waters 2014/2015 and
Prospects for the Quota Year 2015/2016), 2015.

[33] A.O. Hirschman, National Power and the Structure of Foreign Trade, University
Of California Press, Berkeley, 1945.

[34] O.C. Herfindahl, Concentration in the U.S. Steel Industry (unpublished dis-
sertation), Columbia University, New York, 1950.

[35] E.H. Simpson, Measurement of diversity, Nature (1949), http://dx.doi.org/
10.1038/163688a0.

[36] S. Kasperski, D.S. Holland, Income diversification and risk for fishermen, Proc.
Natl. Acad. Sci. USA (2013), http://dx.doi.org/10.1073/pnas.1212278110.

[37] European Commission, Guidelines on the assessment of horizontal mergers
under the Council Regulation on the control of concentrations between un-
dertakings (2004/C 31/03), J. Eur. Union (2004).

[38] M.O. Lorenz, Methods of measuring the concentration of wealth, Publications
of the American Statistical Association 9 (1905) 209–219, doi:10.2307%
2F2276207.

[39] C. Gini, Variabilità e Mutuabilità. Contributo allo Studio delle Distribuzioni e
delle Relazioni Statistiche, C. Cuppini, Bologna, 1912.

[40] L. Ceriani, P. Verme, The origins of the Gini index: extracts from Variabilità e
Mutabilità (1912) by Corrado Gini, J. Econ. Inequal. 10 (2012) 421–443, http:
//dx.doi.org/10.1007/s10888–011–9188-x.

[41] F. Cowell, Measuring Inequality, 3rd ed, Oxford University Press, Oxford, 2011.
[42] R. Arnason, The Icelandic Fisheries. Evolution and Management of a Fishing

Industry, Fishing News Books; Oxford, 1993.
[43] B. Runolfsson, R. Arnason, Initial allocation of ITQs in the Icelandic fisheries,

in: R. Shotton (Ed.), Case Stud. Alloc. Transf. Quota Rights Fish, FAO, Rome,
2001, pp. 24–31, FAO Fisheries Technical Paper 412.

[44] H. Eggert, R. Tveterås, Productivity development in Icelandic, Norwegian and
Swedish fisheries, Appl. Econ. 45 (2013) 709–720, http://dx.doi.org/10.1080/
00036846.2011.610751.
[45] N.C. Pradhan, P. Leung, Modeling entry, stay, and exit decisions of the longline

fishers in Hawaii, Mar. Policy 28 (2004) 311–324, http://dx.doi.org/10.1016/j.
marpol.2003.09.005.

[46] P.J. Woods, C. Bouchard, D.S. Holland, A.E. Punt, G. Marteinsdóttir, Catch-quota
balancing mechanisms in the Icelandic multi-species demersal fishery: are all
species equal? Mar. Policy 55 (2015) 1–10, http://dx.doi.org/10.1016/j.
marpol.2015.01.004.

[47] A. Karlsdottir, Not sure about the shore! Transformation effects of individual
transferable quotas on Iceland’s fishing economy and communities, in: M.
E. Lowe, C. Carothers (Eds.), Enclosing Fish. People, Places Power, American
Fisheries Society, Bethesda, MD, 2008, pp. 99–119.

[48] K. Benediktsson, A. Karlsdottir, Iceland: crisis and regional development -
Thanks for all the fish? Eur. Urban Reg. Stud. 18 (2011) 228–235, http://dx.doi.
org/10.1177/0969776411402282.

[49] K. Benediktsson, Nature in the “neoliberal laboratory, Dialog-. Hum. Geogr. 4
(2014) 141–146, http://dx.doi.org/10.1177/2043820614536340.
Glossary

CR: Concentration ratio;
EC: European Commission;
DoF: Directorate of Fisheries;
GRT: Gross registered tonnage;
HHI: Herfindahl–Hirschman index;
ITQ: Individually transferable quotas;
MRI: Marine Research Institute;
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