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Fleet diversity in thélorwegian sea codshery
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large scale vessels at high smartness levels in open access or when F = 0.4, this port experiences a decline in
catches for s-values beyond 2 or 3, while the catches of other ports increase. is result probably reflects a
more northerly distribution of the stock at high fishing pressure and increasing ability to target the most
profitable fishing grounds.

e e ect of amore northerly distribution may also explain the extended season lengths at high s-values
and high levels of exploitation which are shown in Figure 15. At the highest level of smartness (s = 10) there
is also a considerable fishing in the fall when no management is in e ect (the case of pure open access).
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Figure 9

Dendrogram of the e ect on
cod stock of di erent fishing
exploitation and  smartness
patterns.

Di erent  combinations  of
exploitation (F = 0.1 to F = 0.4
and open access) and smartness
(s=1 10)forthedi erenttemporal
and spatial distributions of NEA
cod biomass over the simulation
period are shown. Agglomerative
hierarchical clustering (Lukasovk,
1979) level four is shaded and
the horizontal axis measures the
dissimilarities between clusters
in terms of squared Euclidian
di erences.

doi: 10.12952/journal.elementa.000110.f009

Figure 10

Dendrogram of the e ect
on the cod stock of di erent
combinations of fleet features.

e di erences, which include
the range of exploitation rates
considered in previous figures
and selected smartness values,
follow two dimensions: small and
large vessels (SL) and southern
and northern fleets (SN). e
latter dimension places Svolv r
and Tromst into the southern
fleets, while Hammerfest and
Vardt constitute the northern
fleets (Figure 5). e numbers
following the SL and SN labels
give the two s-values related to
the two letters, respectively; for
example, SL:2/5 represents the
combination of small vessels
with smartness parameter value 2
and large vessels with smartness
parameter value 5. Agglomerative
hierarchical clustering (Lukasov,
1979) level four is shaded and
the horizontal axis measures the
dissimilarities between clusters
in terms of squared Euclidian
di erences.
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Discussion

Assumptions in this study on cost patterns, production equations (including stock-output elasticities), entry-
exit dynamics of the fishing fleet and the distribution of quota rights all clearly influenced the results of this
modelling e ort. e study shows, however, how one possible initial fleet composition and distribution in
combination with realistic f leet parameters, leads to varying fleet patterns and prof itabilities in the Norwegian
NEA cod fishery, which also depend on temporal and spatial variations in the stock. Except for the case
of an unregulated fishery (pure open access), the applied management regimes followed the principles of
precautionary approach, assuming di erent precautionary fishing mortality rates (F = 0.1, 0.2 and 0.4).

F leet diversity, profits and stock distributions

e results show that fluctuations in fleet diversity and profits increase when exploitation rates are increased
at higher values of the smartness parameter (s) (Figures 6 and 7). Increased temporal fluctuations in fishing
e ort by increased fish-finding ability is a general finding, although it is not obvious that this phenomenon
manifests itself in the seasonal pattern.

Figure 7 indicates that the fishery provides substantial profits on all investigated levels of utilisation. High
fleet diversity linked to periods of high total profits may mask low and negative profits for specific fleet
segments during the same periods. Variations in fleet activities are linked to stock fluctuations, providing large
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Figure 11

Monthly centres of gravity of
total fishing e ort for di erent
management  regimes  and
varying smartness.

Monthly centres of gravity
(Expression 11) are shown over
the simulation period 2012 2052,
where data for the first year (2012)
are shown by blue dots and, for
the last year (2052), by red dots;
green dots show the centres of
gravity for the intervening years.
Management regimes range from
F=0.1to F=0.4and open access;
smartness values (s) range from
1 to 10. Each square represents a
cell in the model (80 km x 80 km;
see Figure 5).
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profits in some periods and low profits in others, depending on type of fleet and geographical placement.
Quasi rent is typically generated during such periods, particularly when the marginal changes in stock size
exceed the rate at which the fleet size and activities adjust to the stock situation (Eide, 2007, 2008).

e results support the contention that increased ability to track large fish concentrations leads to increased
catches and may sustain a higher fishing e ort in an open access fishery than what is the case when the
common assumption of uniform distribution of e ort is made. Cost of transport between fishing ground
and homeport e ectively leads to a higher exposure of local fishing grounds, even when fish densities are
higher elsewhere. e biological e ect of this higher exposure is not obvious for highly migratory species,
as positive spillover e ect from the less exposed areas may or may not compensate for heavy seasonal
exploitation of local fishing grounds.

e cluster analyses of Figures 9 and 10, showing stock e ects of di erent exploitation rates and smartness
parameter values, both indicate that the development and distribution of the cod stock under a low exploitation
rate (F =0.1) di er the most from other stock patterns. In the case where all fleets enjoy the same smartness
(Figure 9), the exploitation rate clearly is the main clustering dimension. When smartness varies between
fleets along either of two dimensions fleet size or homeport (Figure 10), for higher exploitation rates,
di erences in smartness tend to be the dominating clustering dimension in both cases.

As seen from Figure 2 the carrying capacity centres of gravity of 2012 and 2052 follow almost the same
path. e stock distribution depends on a number of factors, however, in particular exploitation level and
temporal and spatial distribution of fishing e ort; the latter is displayed in Figure 11. When interpreting
the maps in Figure 11 one needs to bear in mind a number of di erent factors. Low exploitation levels
(e.g. F = 0.1) lead to short seasons (Figure 15), and the fishery takes place mainly in the spawning area. A
higher exploitation level leads to longer seasons if the smartness level is not too high. In such cases, there is a
tendency of northward moving centres of gravity of the fishing e ort. Such tendencies are only found under
these conditions, however, and not at higher exploitation levels and/or higher smartness values.

It may be di icult from Figure 11 to find similarities in the distribution of centres of gravity, and the
sequences in time are not visible (only maps for the first and last year are shown). Figure 12 shows the clustering
patterns of the 24 combinations of management regimes and smartness parameter values, identifying three
major clusters. Low exploitation levels (F = 0.1) and medium exploitation levels (F = 0.2) at high smartness
values make up the most distinct cluster. A minor cluster is found for the three medium smartness values
(s=1.5,2 and 3) of medium exploitation level, while the third cluster includes the remaining combination of
F =0.2 and s =1, together with all cases of F = 0.4 and open access fishery. e similarities in centres of gravity
of e ortdistribution for di erent exploitation levels and smartness values do not give the full picture, however,
as the distribution of e ort obviously becomes more concentrated when the s-value increases for all cases.
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Figure 12

Dendrogram of the degree of
similarity between di erent paths
of centres of gravity.

e centres of gravity of the total
fishing e ort for the di erent
management regimes (F = 0.1
to F = 0.4 and open access) and
smartness values (s = 1 10) are
shown in Figure 11. Agglomerative
hierarchical clustering (Lukasov,
1979) level three is shaded and
the horizontal axis measures the
dissimilarities between clusters
in terms of squared Euclidian
di erences.
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Figure 13

Spatial distribution of total
standardised e ort for the last
year of the simulation period
(2052).

Exploitation rates range from
F=0.1to F=0.4 and open access;
smartness values (s) range from
1 to 10.
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