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Berthe M. J. Vastenhoud'

! Section for Ecosystem Based Marine Management, National Institute of Aquatic Resources, Technical University
of Denmark, Lyngby, Denmark, 2 Danish Pelagic Producers Organization, Axelborg, Denmark

Mesopelagic fish species represent a large potentially unexploited resource
for the fishing industry and the fish meal, oil, nutraceutical, and pharmaceutical
production. However, thorough investigation on ecological sustainability and socio-
economic viability are fundamental prerequisites for potential exploitation. The current
study explores the economic viability of a potential mesopelagic fishery investigating
minimum catch rates, under the assumption of previous assessments of biological
sustainability of such exploitation. We analyzed fishery data from the North-East Atlantic
fisheries of the Danish large pelagic fleet from 2015 to 2019, by comparing the combined
data on fishing dynamics and cost-structures with data from interviews of key pelagic
producer organization representatives to develop scenarios of profitability. The results
show full year-round fleet occupation with the ongoing fisheries, exposing the need
of switching from existing activities, or investing into new vessels for conducting potential
mesopelagic fishery. Economic analyses revealed that the minimum revenue to break
even (zero profit) by trip varies among métiers between 60,000 and 200,000 euro
showing strong positive correlation with vessel sizes. High profitability was discovered
for herring, Atlantic mackerel and blue whiting fisheries while low profitability was
observed for the Norway pout fishery. Due to the lack of mesopelagic fishery data,
different scenarios of profitability were investigated as informed by the pelagic catch
sector stakeholder perceptions of prices and costs and compared to current economic
dynamics. A high break-even revenue per trip was forecasted given the increased
perceived costs for fuel, modifications of gears and on-board processing methods
and potential new vessel investments. High profitability may be reached if the catches
exceed 220-1,060 tons per trip depending on costs and vessel storage capacity.
If the conservation methods are improved from current refrigerated sea water,
fishing trips could last longer than 5 days, being the major limiting economic factor
for potential mesopelagic fishery. Future investigations on realistic mesopelagic catches,
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trip durations and spatio-temporal distribution of fisheries in relation to location, resource
abundance, fishing rights, storage and conservation methods will be essential to test
the robustness of the scenarios proposed in this study, and will in turn benefit of the
economic requirements evaluated herein.

Keywords: catch and effort dynamics, cost structures, economic break even point, fleet occupation, fisheries
economics, fishing equipment, pelagic fishery dynamics, potential mesopelagic fishery

INTRODUCTION

Capture fishery represents an estimated global value of USD
151 billion corresponding to roughly 97 million tons of wild
caught fish per year (FAO, 2020). Approximately 3.3 billion
people are dependent on this food source for 20% of their
daily intake of animal protein, and more than 38 million people
have direct employment in fisheries activities in 2018 (FAO,
2020). The models by the United Nations Food and Agriculture
Organization (FAO) show that around 66% of exploited fish and
shellfish stocks are currently fished sustainably and around 34%
are fished above biological sustainable limits in 2017 (FAO, 2020).
However, due to a growing human population, the demand for
human food, resources, and employment continues to increase
(Costello et al., 2020).

Mesopelagic (200-1,000 m depth) marine living resources
in the world oceans represent a large unexploited biomass
(St. John et al.,, 2016). Preliminary investigations suggest that
there may be a potential for capture fishery exploitation of
some mesopelagic species, specifically targeting the Myctophid
Benthosema glaciale (Glacier lanternfish) and the Sternoptychida
Maurolicus muelleri (Mueller’s pearlside). Both species are small
(50-80 mm) and perform diel vertical migration (Ishihara
and Kubota, 1997; Sutton et al, 2008; Eigaard et al., 2012;
Hudson et al.,, 2014; Prellezo, 2019; Grimaldo et al., 2020).
The high levels of lipid and fatty acid contents found in
B. glaciale and M. muelleri (Phleger et al, 1999; Lea et al,
2002; El-Mowafi et al., 2010; Koizumi et al., 2014; Grimaldo
et al., 2020) make the species commercially and economically
interesting for industrial, neutraceutical, and pharmaceutical
purposes (Gjosaeter and Kawaguchi, 1980; Gjosaeter and Tilseth,
1983; Gjosaeter, 1984; Johannesson, 1991; Lamhauge et al.,
2008; Tacon and Metian, 2009; Irigoien et al, 2014; Olsen
and Torrisen, 2015; Grimaldo et al, 2018, 2020; Davidson
et al., 2019). Some trial fisheries and surveys on mesopelagic
species have already been conducted in different parts of
the world; in the Gulf of Oman, the Indian Ocean, the
California Current, and the Northeast Atlantic (Valinassab, 1998;
Lamhauge et al., 2008; Sebastine et al., 2013; Davison et al.,
2015; Grimaldo et al., 2018, 2020; Malvarosa et al., 2019).
But before such potential large-scale exploitation the ecological
and the economic sustainability of the fishery needs to be
thoroughly assessed.

A comprehensive investigation of the ecosystem and
biological sustainability is necessary, evaluating the potential
target and by-catch stocks, food web interactions, and
biodiversity to assess whether such exploitation is at all
ecologically precautionary and sustainable, also in the long-term

(Hall, 1999; Branch et al., 2010; Hilborn et al., 2015; Gascuel
etal., 2016). Among other, the effects of mesopelagic exploitation
on the ecosystem functioning have to be considered. The
mesopelagic community provides several essential ecosystem
services: the community inhabiting this layer is part of the
marine food chain with significant supply to the epipelagic
trophic levels and ecosystem, it represent high biodiversity,
its extensive biological production and distribution of
biomass in the sea, and finally, its important role in carbon
sequestration and transportation of carbon to the deep ocean
(Gartner, 1993; Ishihara and Kubota, 1997; Lea et al.,, 2002;
Sutton et al.,, 2008; Branch et al., 2010; Hudson et al., 2014;
Irigoien et al., 2014). As such, the resilience of the stocks to
future harvesting and climate change scenarios needs to be
evaluated as well.

If there is a biomass that could be exploited, such
potential exploitation will need assessments of options
to sustainably manage and govern the exploitation to
establish robust governance systems. Here, the complexity
and key interactions of the ecological, economic, social,
and governance systems involved needs to be understood
(Holling, 2001; Garcia and Rosenberg, 2010; Nielsen et al,
2018). The social acceptance in potentially exploiting new
mesopelagic resources will depend on the biological and
ecosystem sustainability herein, but it will also depend on
analyses of the economic, social, governance, and biological
trade-offs and risks involved in mesopelagic exploitation
and management (Holling, 2001; Mullon et al, 2009
Ostrom, 2009; van Dijk et al, 2013; Hicks et al, 2016;
Soma et al., 2018).

Similar to the ecological sustainability, the economic
sustainability of the potential fishery needs to be thoroughly
assessed to investigate if the fishery is at all economically viable
(Valinassab et al., 2007; van Putten et al., 2012; Malvarosa et al.,
2019; Prellezo, 2019). Adaptations or new developments in
catch and processing methods will be necessary to efficiently
exploit the potential resource, including vessel investments,
and gear modifications (e.g., Grimaldo et al., 2018, 2020).
The design and development of new fishing methods fit
for mesopelagic resource harvesting may lead to efficient
fishery, but thorough investigations in fishing patterns and
the needed and investments are crucial as it will influence
the fishing costs (Grimaldo et al, 2018, 2020; Bigné et al,
2019). Investments into the fishery will among others be
more profitable on-board processing methods to deal with
the high fat content of the species and their fast deterioration
after harvest (Olsen and Torrisen, 2015). This makes the
catching methods, catch handling, on-board processing, and
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conservation methods essential to assure a cost-efficient
yield of high-value components (El-Mowafi et al, 2010;
Vang et al., 2017).

Pilot studies have been done to investigate the economic
viability of a potential mesopelagic fishery, focusing on the
fishing costs of such potential fishery compared to current
fisheries (Valinassab et al., 2007; Prellezo, 2019). But to date
detailed analyses of the economic performance of current
large-vessel pelagic fisheries and the economic preconditions
necessary for the implementation of a potential mesopelagic
fishery have been lacking. Here we investigate the economic
performance and dynamics of the current large scale Danish
pelagic fishery, and compare it to evaluations of the economics
of the potential exploitation of M. muelleri and B. glaciale
according to different scenarios of cost and price dynamics and
fishing trip length.

The overall objective of the present study is to analyze current
fishing patterns, activity levels, and economic performance
in the Danish large vessel pelagic sector to investigate the
potential of a mesopelagic fishery, either by using new vessels
or switching activities from pelagic fisheries to mesopelagic
fisheries in the future. We analyze and describe (i) the economic
performance and dynamics of the current Danish large vessel
pelagic fisheries based on existing fisheries economic, catch
and effort data and (ii) evaluate the economic performance of
a potential future mesopelagic fishery according to different
likely scenarios. The second part of the analyses links the
analyses of current fishery to interview investigations conducted
under this study. The interviews with main representatives
of the Danish Pelagic Producers Organization (DPPO), cover
the broader pelagic catch sector and industry perceptions
of the key drivers in the current pelagic fishery and the
necessary conditions and changes with focus on costs,
prices, trip duration and needed equipment for a potential
mesopelagic fishery.

The study investigates the following zero hypotheses:

e The large pelagic vessel fleet does not have time available
and is fully occupied to perform additional mesopelagic
fishery without switching from other fisheries;

e All current pelagic fisheries are economically efficient;

e The expected increased costs compared to likely
prices/earnings and thus the expected larger break-even
points (BEP) of mesopelagic fishery are too extensive

o to obtain an adequate profitability to switch to or
conduct new, additional mesopelagic fishery with
current fleet, i.e., to fill in no activity periods (gaps)
of current large pelagic fishing fleet or substituting
current activities with mesopelagic fishing;

o or to obtain an adequate profitability to invest in new
vessels to initiate a mesopelagic fishery;

given different scenarios of economic BEPs (covering among
other prices, catch amounts, and costs per unit of effort).

MATERIALS AND METHODS

Analysis of Current Danish Large Vessel

Pelagic Fleet and Fisheries

Data Extraction on the Current Danish Large Vessel
Pelagic Fleet

The extracted data covers the time period from 2015 to 2019.
Only data for larger vessels were selected to cover the pelagic
fishery with potential to switch to offshore, mesopelagic fishery.
We selected only Danish vessels larger than 24 m which have been
involved in pelagic activities (i.e., which have conducted typical
pelagic métier fishery) at least once during 2015-2019.

Data of fisheries dynamics of the Danish fleet used in this study
originates from the merging of logbooks, sales slips and Vessel
Monitoring System (VMS) databases hosted and made available
by the Danish Fishery Directorate!, following the standards
of the EU CFP Data Collection Framework (EC, 2016, 2017).
Vessel specific information is obtained from the Danish fishing
vessel register’, the Danish logbook database, the Danish Sales
Slips database and through the national VMS logbook-coupled
fisheries data (see text footnote 1). The distribution of vessel-
specific effort was coupled to the catches following the procedure
given in Bastardie et al. (2010).

Data on the economics of the selected vessels was obtained
from the EU Scientific, Technical and Economic Committee for
Fisheries (Scientific, Technical and Economic Committee for
Fisheries (STECF), 2018a,b). This database provides information
on the economics of the Danish fleet segment selected in this
study: the fleet segment capacity (number of vessels), effort (total
fishing days, days at sea, and fishing trips), and total expenditures
and incomes divided into categories informing individual vessel
features (see details below and in STECF AER Economic and
Transversal data tables in https://stecf.jrc.ec.europa.eu/reports/
economic).

Data Description

The selection included 37 large demersal trawlers, pelagic trawlers
and purse seiners, active to different extents between 2015 and
2019 with vessel sizes between 27.7 and 90.5 m, corresponding
to an engine power range from 514.7 to 5431.7 kW. An average
of 26 vessels was active each year. The selection covered 3,722
fishing trips during the 5-year period for a total of 21,557 days
at sea (Table 1). On average 744 £ 91 number of trips and
4,309 £ 222 days at sea were spent each year, for an average
of 29,910 =+ 2,456 fishing hours per year. The overall mean trip
duration of large scale pelagic fisheries was 5.79 =+ 2.90.

The logbooks are a compilation of individual vessels, fishing
trips and fishing operations logged with unique ID and spatio-
temporal information. Each fishing trip of an individual vessel
performed during a certain year is registered with vessels features
(length, tonnage, and engine power), starting date and harbor,
landing date and harbor, and combined with a disaggregated
fishing operations list. Each operation (haul) is cataloged with
start-end time stamps, start-end coordinates, ICES statistical

Thttps://fiskeristyrelsen.dk/
Zhttps://fiskeristyrelsen.dk/erhvervsfiskeri/krav- og- reguleringer/fiskefartoejer/
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TABLE 1 | Fleet capacity and effort allocation of the selected fleet obtained from
logbook information and VMS analyses.

TABLE 2 | Classification of fishing activities into 9 métiers according to gear
and target species.

Year No Days at No trips Mean trip Fishing Métier Gear/s Mesh size range  Dominant
vessels sea duration hours (mm) (target)Target
(days) + SD species

2015 27 4,694 828 5.67 £ 2.89 27,843 OTB Demersal  Otter bottom 16-120 Demersal mixed

2016 29 4,149 797 521+ 277 28,651 fish species  trawl species

2017 26 4,245 797 5.33 4+ 2.63 29,973 OTB Sandeel  Otter bottom 10-16 Sandeel (Ammodytes

2018 25 4,267 688 6.20 + 2.80 28,097 traw spPp.)

2019 26 4101 612 6.86 + 3.20 34.084 OTB Norway  Otter bottom 16-31 Ngrvvay pout ‘
pout trawl (Trisopterus esmarkii)

Total 37 21,557 3,722 5.79 £ 2.90 149,236 .
OTM/PTM Mid-water 16-69 Sprat (Sprattus
Sprat trawls, pair sprattus)

. . . pelagic trawls

r?ctangle, gear, mesh size, 'landmg catches, and Prices Per  omy pichard  Mid-water 16-31 Pilchard (Sardina

kilogram. Timestamps and latitude and longitude coordinates are trawls pilchardus)

informed by the VMS present onboard of every operating vessel  omm/ps Mid-water 16-69 Herring (Clupea

above 12 m in length which continuously records the location of ~ Herring trawls and harengus)

the fishing operation and the spatial coverage of the entire fishing purse seine

trip. The information on total catches and revenues derived from OTM/PS Mid-water 82-69 Atlantic mackerel

each trip are collected at the sales auction after landing and are Allantic trawls and (Scomber scombrus)

. . . . . mackerel purse seine

registered in sales slips merged with logbook events. Sale slips .

. K g OTM Horse Mid-water 32-69 Horse mackerel
recorded each s.pec1e.s weight (kg) and price (€/kg) landed at t.he mackerel trawls (Trachurus trachurus)
end of each fishing trip. The data from the logbook and sales slips 57y glue Mid-water 3069 Blue whiting
databases are available from the Danish Fishery Directorates web  whiting trawls (Micromesistius
site as dynamic tables’. poutassou)

We formed groups of 3 to 4 vessels with similar physical
characteristics (e.g., vessel size and engine power) and similar
fishing patterns and behavior for confidentiality reasons
(Supplementary Table 1). The resulting grouping was used to
describe the fishing units in all further analyses. Similarly the
dataset was classified according to métier. The set of fishing
activities were grouped into 9 métiers identified by the target
species and the observed gears and mesh sizes (Table 2 and
Supplementary Table 2). The trip métier and the target species
are inferred from the dominant species landed in the logbook
(Table 2). The métiers were used as units in all the analyses
and comprise fisheries for industrial purposes and fisheries for
human consumption.

The data from logbooks, sales slips, and VMS were combined
in R (Bastardie et al., 2010; RStudio Team, 2020) to assess: (i)
the temporal occupation of the Danish large vessel pelagic fleet
in terms of fishing operations among seasons and years; (ii) the
spatial coverage of the fleet activities among the ICES ecoregions;
(iii) the effort allocation of the fleet in time and space; and (iv) the
fishing patterns (métiers) and the catch composition of current
Danish pelagic fisheries.

Methods for Economic Analyses

The sales slips gave incomes from landings per trip and prices per
species. When the catches are destined for industrial processing,
the landings are not sorted, and the same price per kilo is
applied to any non-targeted landed species. When the catches
are destined for consumption, prices per kilo are informed per
species. We estimated the average catches per métier, and we
considered the observed maximum catches per métier as a proxy

3https://fiskeristyrelsen.dk/fiskeristatistik/dynamiske- tabeller/

for maximum vessel storage capacity. Fish price fluctuations over
a 5 years period could be observed per species. Trip landing
revenues were calculated from the product of the volume of
catches and prices per species.

The EU STECF database provides the information on total
yearly costs (fixed and variable costs) together with the fleet size
and total trips and days at sea, although the information was not
available for all. We considered the costs of demersal trawlers
between 24 and 40 m, demersal trawlers above 40 m, and pelagic
trawlers above 40 m, and assumed the costs of pelagic trawlers
between 24 and 40 m to be similar to the demersal trawlers
between 24 and 40 m and the purse seiners to have similar costs
as the pelagic trawlers above 40 m. As a single cost estimate was
available for any vessel above 40 m, a posthoc correction was
applied to scale fixed and variable costs proportionally to the
vessel lengths for all vessels > 40 m using simple linear regression
models:

Fixed costsors, wip = @ + b x Vessellengthrp g, (1)

Fixed costsorm, pT™, PS, trip = ¢+ d

* Vessel lengthqry; pr ps, trip (2)
Variable costsorp, day = € + f * Vessel lengthqypp 40, (3)

Variable costsornm, pTm,ps,day = & + 1

* Vessel lengthOTM’PTM’PS’ day (4)
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With linear regression parameters a-h being vessel specific. Fixed
costs (i.e., costs that do not vary along the year or the effort
deployed) cover the consumption of fixed capital, the repair
and maintenance costs, the value of unpaid labor, and other
non-variable costs. We evenly dispatched the annual fixed costs
among trips to assume a fixed cost per trip. Variable costs
are proportional to fishing effort and cover the payment of
quotas, the energy consumption, the personnel costs, and other
variable costs. We estimated the daily variable costs from the
annual variable costs over the total number of days at sea. The
same procedure was applied to fixed and variable sources of
income which are not coming from landings. Following this, total
costs, total revenues, and profits are expressed at the trip level
as:

Total costsyrip = Fixed costsyip

+ (Variable COstsqay * Days at seamp) (5)

Total revenuesyip = Landing revenues,;,

+ (Fixed incomeip + (Variable incomeg,y

* Days at seamp>) (6)

Profity, = Total revenuesy,—Total costsyip (7)

The BEP was estimated for each métier, except for the pilchard
fishery (because the pelagic species is an occasional catch only)
and the demersal mixed species fishery (whose target species are
variable and do not fall in the intent of the study). The BEP
represents the minimum revenue and catch per trip necessary
to cover the trip-based costs and obtain a zero profit trip,
corresponding to the crossing point of the revenue and cost
regression functions (Figure 1A). The area for which each
meétier conducts a profitable fishery is deduced by projecting
the BEP on the demand-supply trade-off graph (Figure 1B).
Figures 1C,D show the theoretical BEP and profitability for a
very profitable fishery, and Figures 1E,F show the theoretical
BEP and profitability for a very costly fishery. The BEP may
derive from an infinite combination of prices per kilo and
harvested resources, but we expect that only a certain range
of prices will be observed on the market in accordance with
interview information. We also expect the volume of resources
harvested during one trip to be limiting, lowering the possible
profitable area. Hence, the BEP curve was obtained as follows:

BEPyip, species = Landing weighttrip * Price per kgSpecies (8)

Analysis of the Economic Performance
of Potential Future Mesopelagic Fishery
Based on Scenarios of Price, Cost, and
Activity Dynamics

Sources of Information for the Analyses

To investigate the economic performance of a potential
mesopelagic fishery, we developed and analyzed several future

scenarios. We used the parametric dataset and analyses from
the current Danish pelagic fleet described in section “Analysis
of current Danish large vessel pelagic fleet and fisheries,” and
supplemented this information with additional assumptions
about the perceived changes and conditions necessary for a
potential mesopelagic fishery. The mesopelagic scenarios and
assumptions were based on interviews with the director and the
chief scientific advisor of the DPPO, who are representatives
of the Danish large vessel pelagic fleet. The DPPO represents
10 recently-built large pelagic trawlers out of the 37 selected
pelagic vessels and purse seiners. The members of DPPO account
for one-third of the Danish fish landing values, and hold the
majority of the Danish quotas for key pelagic and industrial
target species. On this basis, the DPPO is a valid representative
of the Danish pelagic sector, and it has a well consolidated role
with insight in the economy of the sector. The organization also
represents a key potential investor into a mesopelagic fishery
and the DPPO has explicitly expressed interest herein. The
interviews followed a pre-prepared questionnaire which covered
(1) the structure, the patterns and the behavior of the current
fishing activities, and (2) the technical, economic and social
challenges that the potential mesopelagic fishery would bring to
the sector. A summary of the topics discussed can be found in
the Supplementary Table 3. The questions were covering the
following main topics:

e Current spatial coverage of pelagic fisheries, the
maximum physical range covered within a trip and
factors affecting trip duration.

e Current fishing depths,
achievable catch volumes.

e Current storage, processing, conservation methods, and
capacity on board.

e Reasons for the
mesopelagic fishery.

e Perceived drivers of fishing patterns, spatial coverage, and
catches of a mesopelagic fishery (e.g., distance to fishing
grounds, behavior and conservation of target species,
market demands, and prices).

e Fishing depths, number of hauls per day, maximum
achievable volume per haul, and minimum needed catch for
the profitability of a new mesopelagic fishery.

e Expected prices per kg of mesopelagic resources given
conservation methods and comparison with possible
similar fisheries.

e Cost structure of a mesopelagic fishery, including
additional costs due to fuel consumption changes, gear
adaptations, storage, processing and conservation changes,
in comparison to possible similar current fisheries.

number of hauls, and

investment in or switching to

Methods and Parameters for Economic Analyses

We built potential profitability scenarios for mesopelagic
fisheries, informed and constrained by fishermen perception of
potential mesopelagic fishery fishing costs, fish prices, maximum
catches achievable per trip and trip feasible durations dependent
on the conservation method adequate for mesopelagic species.
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A Trip revenues
and costs (€)

Revenues
Total costs
PROFIT
Break-even | BEP
revenue Variable costs
LOSS
Fixed costs
Trip landings
Minimum catch to (kg)
break-even
c Trip revenues
and costs (€) =
evenues
Larger
prices per
kg
PROFIT
Total costs
BEP,
Break-even Variable costs
revenue
LOSS
Fixed costs
Trip landings
Minimum catch to (kg)
break-even
E
Trip revenues
and costs (€)
Revenues
PROFIT
Increased
total costs BEP Total costs
Break-even
revenue
Variable costs
LOSS
Fixed costs
Trip landings

Minimum catch to
break-even

(kg)

F Trip landings

FIGURE 1 | Graphical representation of the economic performances of a fishery. (A) Theoretical break-even point (BEP) derived from the intersection of revenues and
costs functions over landing weight at the trip level. (B) Theoretical profitability identified as the area exceeding the break-even function and constrained by observed
prices and storage capacity of the vessel. (C) Theoretical early break-even point (BEP) for the case of a very profitable fishery where revenues far exceed the costs.
(D) Theoretical profitability of a very profitable fishery with a lower break-even function and a larger area of profit. (E) Theoretical break-even point (BEP) for a costly
fishery with increased costs and limited profits. (F) Theoretical profitability of a costly fishery with a higher break-even point (BEP) and a shrunk area of profits.

B  Trip landings
(kg)

Observed price range

Maximum storage
capacity per trip (kg)

PROFITABLE
AREA

BEP = Landing weight + Price per kg

Price per kg
©)

D Trip landings
(kg)

Observed price range

|
[ |
Decreased Maximum storage
break-even capacity per trip (kg)
revenue
PROFITABLE
AREA

Increased

price per kg

Price per kg
©®

Observed price range

(kg)
Maximum storage
PROFITABLE capacity per trip (kg)
AREA
Increased costs
and break-even
revenue
Price per kg
©)

The average minimum landing per trip necessary to break-
even was estimated from the intersection of the BEP revenue
curve and the range of price selected. We investigated three
BEP values that represent the minimum, the average and the
maximum BEPs that were observed as the range among the
current pelagic fisheries analyses; the smallest BEP represents

the current sprat fishery; the intermediate BEP represents
the current herring fishery for human consumption; and the
highest BEP represents the current blue whiting fishery. The
mesopelagic fishing costs were perceived similar to the current
blue whiting fishery (the fishery with the highest BEP observed),
but two scenarios were added to account for the range of

Frontiers in Marine Science | www.frontiersin.org

6 August 2021 | Volume 08 | Article 720897


https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles

Paoletti et al.

Economic Viability of Potential Mesopelagic Fishery

BEPs estimated for the current large scale pelagic fisheries.
Because the cost structure of the new fishery is unknown
we forecasted a 50% increase and a 100% increase in both
fixed and variable costs from the baseline scenarios within
perceived realistic ranges of fish prices and landing amounts.
Further details on the economic analyses are given in section
“Outcomes from the interviews with representatives from the
DPPO.”

RESULTS

Evaluation of Current Danish Large

Vessel Pelagic Fisheries and Fleets

Fishing Patterns, Activity Levels and Behavior

All vessels in the different vessel groups are highly occupied all
year round during the 5 year period (2015-2019; Figure 2A).
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FIGURE 2 | Timeline of fishing activities along 5 years period of time (2015-2019). (A) Temporal distribution of fishing trips among vessel groups by métier.
(B) Temporal distribution of fishing operations (haul-to-haul basis) by métier.
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Main fisheries in the pelagic sector according to yearly occupation
are sprat and herring fisheries (Figure 2B) which are performed
all year round differently from the other fisheries that have
strong seasonal patterns and are undertaken in specific quarters
of the year. The largest vessels of the selection are grouped
in Group 1, 2, and 3, and are extensively involved in herring
fishery, interspersed with blue whiting fishery, horse mackerel
fishery, and Atlantic mackerel fishery, which are not performed
by any of the smaller vessels. Most of the other vessels
displayed a seasonal alternation among sandeel fishery, sprat
fishery and Norway pout fishery. Only the smallest vessels of
the selection engaged in some demersal mixed species fishery
in alternation with pelagic fisheries. The yearly, seasonal and

geographical patterns in the behavior of the different groups are
described below.

Trip Duration and Seasonality

A range of trip duration from 1 to 16 days and maximum
trip length between 13 and 16 days were observed among all
métiers during 2015-2019. Specific mean trip durations were
highlighted by métier (Figure 3). Among the métiers using
bottom trawl gears the sandeel fishery had an average trip
duration of 7 days, the Norway pout fishery had an average
trip duration of 8 days, and the demersal fish species fishery
had an average trip duration of 4 days. Among the métiers
using mid-water trawls for industrial purposes, an average
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FIGURE 3 | Fishing effort allocation among vessel groups by métier with (A) fishing effort as fishing hours among quarters and years by métier during the period
2015-2019, and (B) seasonal allocation of fishing hours by trip duration intervals in days.
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trip duration of 6 and 8 days was found for the sprat and
the blue whiting fishery. Among the métiers for consumption
purposes, average trip durations of four, 4, 10, and 5 days
were observed for the Atlantic mackerel, the horse mackerel,
the pilchard and the herring fisheries, respectively. However,
the trip duration was mainly dependent on catches and storage
capacity (Figure 3A).

When looking at the distribution of trip durations per métier,
86% of the time, fishing for blue whiting was during trips lasting
6-11 days. Furthermore 89% of the time fishing for Atlantic
mackerel was at trip durations below 5 days, and 70% of the
time, fishing for pilchard was during trips longer than 13 days.
Similarly, 60% of the herring fishery was emplaced in trips less
than 6 days, and 60% of the time, fishing for horse mackerel
was during trips less than 5 days. In the sandeel fishery 63%
of the effort was emplaced in trips between 6 and 12 days.
The sprat and the Norway pout fishery had the fishing effort
distributed over two-thirds of the trip duration range, with 94%
of the sprat trips between 1 and 12 days, and 89% of the Norway
pout trips between 6 and 16 days long. Finally, the demersal fish
species fishery had fishing effort distributed evenly in trips no
longer than 11 days.

Fishing for Norway pout, sandeel and blue whiting constituted
seasonal distinct fisheries as shown by the seasonal allocation
of the fishing hours (Figure 3B). The Norway pout fishery
was mainly conducted in the fourth quarter of the year while
the sandeel fishery was designated to the second quarter of
the year where the sandeel fishery typically is associated to
the sandeel feeding period. Sprat and herring were harvested

all year round, less extensively during the second quarter of
the year. Both blue whiting and horse mackerel were targeted
during the first quarter of the year, while Atlantic mackerel
is mainly harvested during the fourth quarter of the year.
Fishing effort distribution by ICES ecoregion is displayed in the
Supplementary Figure 3.

Spatial Fishing Patterns

The spatial coverage in the North East Atlantic of the Danish
large vessel pelagic fleet is quite widespread and the full, extensive
geographical coverage expressed as haul observations per vessel
group and fishing effort distribution expressed in fishing hours
are shown in the Supplementary Figures 1, 2. The geographical
distribution of the métiers in main sea areas by vessel group
is shown in Figure 4. The majority of the activities took place
within the Greater North Sea area and the Baltic Sea. However,
the three largest vessel groups regularly engaged in fisheries that
took place in distant ICES regions such as the Norwegian Sea,
the Celtic Sea and the West of Scotland sea, and sometimes down
to the Bay of Biscay (Figure 4). The geographical distribution of
the métiers and their concentration in specific quarters of the
year are to a large extent driven by distribution and densities
of the targeted species (Figure 5), but also by access to third
country EEZs and specific geographical regulations, i.e., closures
such as the sprat box (ICES, 2020a,b) and the Norway pout
box (Bigné et al, 2019). The blue whiting fishery, the horse
mackerel fishery and the Atlantic mackerel fishery were located
furthest away and were consequently undertaken only by the
three largest vessel groups.
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Species Targeting and Catch Composition

The relative species composition in the catch derived from
landings and sales slips for each of the métier performed by
the Danish large vessels pelagic fleet is shown in Figure 6
for the period 2015-2019. Besides the demersal mix species
métier which targets multiple species, the other métiers
had catch compositions dominated by the single target
species, except for the sprat and herring fisheries which
showed mixed catches of herring and sprat, respectively.
Another noticeable mixed fishery and by-catch percentage
was within the horse mackerel fishery which often harvested
Atlantic mackerel and other collateral species (mainly boarfish;
Caproidae).

Economic Dynamics and Performance in Current
Pelagic Fisheries

The analyses of the sales slips displayed that the dominant
species in landing weight were sprat, herring, and sandeel
(Figure 7A). However, different market prices make herring,
Atlantic mackerel and sprat the most important harvested species
in terms of landing revenues (Figure 7B). The comparison of
catches and revenues among the 5 years period of time (2015-
2019) revealed a certain price fluctuation over the years for most
of the species which indirectly appears from Figure 7 as well.
According to the insights from the DPPO interviews (see also
section “Evaluation of economic performance of potential future
mesopelagic fishery”) the price fluctuations for industrial species
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FIGURE 6 | Relative species composition in the catch of each métier by year during the period 2015-2019, distinguishing main targeted species from other
collateral species.

relate mainly to fluctuations in world market demands and price
variability for soya beans, another resource for livestock feed
(Rana et al., 2009).

The fishing trip BEP, defined as the minimum revenue
to break-even the cost, was estimated for each métier
from the intersection point of the revenue and cost linear
functions within each métier (Figure 8). Linear regressions
between costs, revenues and landings were made for different
resolutions of vessel categories selecting the top three
represented vessel groupings by trip number in Figure 8.
The specific BEP estimates for size classes (vessel lengths)
and estimates of average trip BEP by métier are shown in the
Supplementary Table 4, specific BEP estimates for different
vessel groups and years are given in the Supplementary
Tables 5, 6. A strong linear proportionality between the
BEP and the size of the vessel was demonstrated with high
correlation coefficient (Supplementary Figure 4). This positive
vessel size dependency in the BEP also appears by métier
(Supplementary Table 4).

As both fixed and variable costs increase with vessel size
and catch volume, the net profit showed more variability across
size classes. The total estimated profit over the selected 5-
year period indicated that the métiers targeting herring and
Atlantic mackerel for consumption were the most profitable in
the Danish large vessel pelagic catch sector. The métiers targeting
sprat, sandeel, and blue whiting displayed similar profitabilities,
however, the Norway pout fishery was indicated as only a
marginally profitable métier.

The demand-supply graph highlights the estimated profitable
area for each métier (Figure 9). The shape and the distance
to the origin of the trade-off curve between catches (kg) and

prices (€/kg) determine the size and shape of the profitable
area, and hence the profitability of the given métier. The trip
catches and prices are averaged per métier over the 5-year
period (2015-2019). Prices of target species vary both between
seasons and years and is included in the vertical price range
limit per métier in the graph. The observed prices vary according
to the landing site, the processing plant, the quality of the
catch and their oil/fat content. Larger scale price variability is
also driven by demand of fish meal and soybeans and world
market prices in general. The economy portrayed for each
métier were in accordance with what observed in the BEP
graphs (Figure 8). Average catches well above the trade-off curve
generate revenues above the break-even value by trip and are
linked to métiers that have positive net profit for every trip
undertaken. This was observed especially for the blue whiting
and the Atlantic mackerel fisheries. On the other hand, average
catches closer to the trade-off curve lead to zero profit trips
and to a smaller overall net profit as was observed for the
Norway pout fishery.

Evaluation of Economic Performance of

Potential Future Mesopelagic Fishery
Outcomes From the Interviews With Representatives
From the DPPO

The interviews provided insights, perspectives, and factual
economic information into which will be the main challenges,
factors, and incentives influencing the potential switching to
or the initiation of new mesopelagic fishery activities for the
Danish large vessel pelagic fleet. The difference in fishing effort
(days spent fishing) among current pelagic métiers that we
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FIGURE 7 | (A) Total landing weight and (B) Total landing income from landings by targeted species in recent years from 2015 to 2019. The yearly relative
differences between the two panels reveal price variability.

observed above were explained as being linked to the targeted
species distribution and its conservation possibilities. Potential
mesopelagic fisheries will likely be performed by the métiers
that make fishing trips of approximately five fishing days. The
interviewees informed that exploratory trips in distant areas
(e.g., up to East Greenland or along the African coasts) can
occasionally and will likely occur.

The DPPO representatives indicated that mesopelagic
resources are particularly interesting because of their perceived
relatively high fatty contents, which has been supported
by experiences from previous Norwegian and Icelandic
experimental fisheries for Maurolicius muelleri. By experience,
the prices will increase with higher relative fat content of the
resources (Rana et al, 2009). Landing prices will likely be
similar to summer herring prices landed for industrial purposes
because of a similar fat content, and hence would head toward
the upper end of the current observed prices range for pelagic
fish resources used for industrial purposes between 3.5 and 6

NOK/kg (corresponding to 0.30-0.55 €/kg). The price depends
not only on the total high oil content and relative amount
of lipids in the resources, but also upon the composition
of the fatty acids (omega three acids) which will determine
the price for fish meal and fish oil. In 2019-2020, prices in
Norway have been between 3.5 and 4.5 NOK (corresponding
to 0.30-0.40 €) for landed Maurolicus in trial fisheries which
is better paid than blue whiting also used for meal and oil
production. Such economically interesting resources with high
fat content will according to the fishers inevitably bring new
opportunities and challenges. None of the selected vessels
currently owns any parts of or in the fish processing industry,
neither for the purpose of consumption not fish mean/oil
production. Thus, there is no ownership or membership
that could influence the behavior of the fishery sector and
its willingness to invest into a potential mesopelagic fishery,
even at a lower expected profit. The DPPO representatives
expressed that the behavior observed in the current pelagic
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FIGURE 9 | Potential profitability of main pelagic métiers for the Danish large vessel pelagic catch sector during the period 2015-2019 delimited by the

bio-economic variables, with (A) OTB Norway pout, (B) OTB Sandeel, (C) OTM/PTM Sprat, (D) OTM Blue whiting, (E) OTM/PS Herring (consumption), (F) OTM/PS
Herring (industrial), (G) OTM Horse mackerel, and (H) OTM/PS Atlantic mackerel.
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fisheries and the willingness to invest into a new activity are
driven by its biological sustainability and profitability within
the catch sector.

Conservation is, however, a main issue. With the current
conservation method (RSW), the trips where the duration
between the day of first catch and the first landing needs
realistically to be 3-5 days before losing significant quality
of the stored resources on board. This observation is also
supported by experiences from previous Norwegian and
Icelandic experimental fisheries for Maurolicius. That is the
period from the first catch being taken on board to the actual
landing in harbor. Trips with longer steaming time and shorter
concentrated fishing time are possible, but once the first catch
is stored it will need to be landed within 3-5 days when
using refrigerated sea water (RSW), which is the dominating
conservation method on board in current fishery. In accordance
with the literature results given in the introduction, the interviews
also put emphasis on that the conservation method is inversely
proportional to the fat content of the targeted species. If the
method is improved to conserve species with high fat content,
e.g., freezing, or the vessel adds, e.g., a fish meal processing
facility on board, the fishing trip duration may be increased and
become comparable to other current pelagic fisheries. Among
new conservation methods the silage production, freezing, acids,
thermic separation, and enzymatic hydrolysis may be considered.
Consequently, the trip duration is not only dependent on the
storage capacity, but also on the concentrations (densities) of the
resources in relation to the fishing capacity, i.e., needed fishing
time to fill the storage, but also on the distance between the fishing
areas and landing harbors with necessary processing facilities
determining the needed steaming time for landing in relation
to a trade-off in quality - and accordingly prices - of the catch.
Currently all ten large pelagic vessels organized by the DPPO
have RSW systems on board where species are cooled down and
maintained in sea water between 0 and —1 degrees to preserve the
best quality. The storage capacity depends on the vessel length,
where currently the largest pelagic vessels store up to 3,000 tons
per trip. Landings by the DPPO occur both in national and
foreign harbors, including Norway, Scotland, the Faroe Islands,
and Germany besides Denmark.

From the interviews it appeared that fishing patterns and trip
cost structure would mostly resemble the blue whiting fishery
among the current large pelagic vessel fisheries which is also
a small meshed deep sea trawl fishery. As such, it would be
a relatively heavy fishery, fishing at large depths that require
high fuel consumption and extensive engine power due to the
large, small meshed trawl gears hauled and filtering large water
masses through fine mesh sizes, as well as heavy weight gear from
among other the long wires used. However, no avoidance reaction
to the fishing gear is expected by mesopelagic species contrary
to traditional blue whiting fishery. The interviews confirmed
that schooling species are targeted with shorter duration but
more frequent fishing operations, where the fishermen skills
and expertise come extensively into force (e.g., the blue whiting
fishery), while non-aggregating species were targeted with longer
duration hauls deployed fewer times (e.g., the Norway pout
fishery). Mesopelagic species undergo a diel vertical migration as

observed by the DPPO at sonars and echosounders at around
dawn and dusk, which vertical migration patterns are also
supported by literature (Ishihara and Kubota, 1997; Sutton et al.,
2008; Hudson et al, 2014). A fishing pattern conducted by
two long tows per 24 h diurnal period will likely be most
efficient to target species with such diurnal migration. That is,
1 day haul and one night haul, and then heaving and setting at
dusk and dawn when the resources are migrating and changing
depth distribution. According to the DPPO perception, then
catch amounts per tow will most likely resemble the sandeel
fishery, with tow weights typically ranging between 200 and
500 tons per haul.

Based on the interviews, additional costs could not be
quantified precisely before further investigation in the DPPO
databases was conducted, but according to the DPPO it would
surely include the development of new gears and storage facilities.
With respect to new gear, it would be central to find the right
relative proportion of mesh sizes of the different panels down
through the trawl to the very fine mesh sizes in the cod end in
order to increase catch and reduce fuel costs. That is, to increase
catch rates according to fish behavior and at the same time
reduce fuel costs by not pushing unnecessary much water by the
trawl, i.e., to reduce the water resistance. Under all circumstances
there will be an increased fuel consumption compared to the
current small meshed pelagic fisheries for industrial purposes
conducted by the DPPO. Investments in the construction of a
new vessel were also considered very realistic by the DPPO also
considering the current activity levels of the existing fleet and
in order to quickly establish historical fishing rights according
to future quota allocation. This should according to the DPPO
certainly be considered in relation to the fishery break-even and
profitability considerations.

Economic Performance of Potential Mesopelagic
Fishery Integrated From Current Fishery Analyses
and Outcomes From the Interviews With
Representatives of the DPPO

Potential profitability scenarios by trip for mesopelagic fisheries
were developed given the information obtained from the
interviews (Figure 10). The first row of scenarios was established
using approximations of the smallest (sprat fishery; ~90,000 €),
the intermediate (herring fishery for consumption; ~150,000
€), and the largest (blue whiting fishery; ~200,000 €) BEP
revenues estimated among the current strictly pelagic fisheries
and represent a realistic range for potential mesopelagic fisheries.
Current observed price ranges of 3.5-6 NOK/kg (0.30-0.55 €/kg)
for pelagic resources as explained above vertically delimited the
profitable areas, while the maximum expected catch per trip as
perceived by the DPPO delimited the areas horizontally. The
maximum expected catch per trip was estimated as follows:

Max. catchyip = Max. catchiow * Number of towSqay
* Fishing days,;, )

where realistic indications according to current conservation
and storage possibilities were considered 500 tons of maximum
expected catch weight per tow, two number of tows per day, and
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FIGURE 10 | Potential profitability scenarios by trip for mesopelagic fisheries as perceived from current Danish large vessel pelagic fish sector activities and results
from interview investigations of the DPPO representing this catch sector. Dotted lines indicated the current maximum storage capacity, solid lines indicate realistic
future storage capacity, e.g., new vessels. (A) Different BEP scenarios were chosen to build the trade-off curves and display the corresponding profitable areas
under current costs similar to the blue whiting fishery. (B) BEP and profitability changes under costs scenarios increased by 50%. (C) BEP and profitability changes
under costs scenarios increased by 100%.

four effective fishing days, for a maximum expected catch per
trip of 4,000 tons. Two other rows of scenarios displayed the
changes in BEPs and profitability when, respectively, a 50% and
a 100% increase in both fixed and variable costs are considered
(estimated) from the cost-structure of the perceived most similar
current pelagic fishery, i.e., the blue whiting fishery.

The break-even revenues gradually increased given increasing
total costs (Figure 10) because of the lifting and steepening of
the cost function in relation to the revenue. The increase in the
break-even revenue lifts the demand and supply curve from the
origin and drives the shrinking of the potentially profitable areas.
For all scenarios developed, the results indicate a maximum profit
between 1,560,000 and 1,208,000 euro (€) per trip given current
maximum storage capacity of 3,000 tons for a trip of 3-5 days
(limit set by the dotted line) but may be higher if the storage
capacity is improved and the catches are maximized to 4,000
tons per trip (limit set by the solid line). The range of maximum
potential profits can be estimated as the maximum potential
revenue of 1,650,000 € (right corner at the limit set by the dotted

line) subtracted of each scenario specific BEP. Within a trip the
range of minimum catches to break-even goes from an average of
220,982 kg (average of the bottom corners of green area in the first
panel) to 1,060,093 kg (average of the bottom corners of green
area in the last panel). The highest break-even revenue forecasted
is 432,000 € (last panel).

DISCUSSION AND PERSPECTIVES

In this study, detailed information of fishing effort, catches,
revenues, and costs of vessels and métiers of the Danish
large vessel pelagic fleet over the period 2015-2019 were
investigated and integrated with information and perspectives
from interviews with key stakeholders. Interviews with main
representatives of the DPPO, including the director and their
chief scientific advisor that represent an important part of
Danish pelagic fishing vessel owners, gave insights into necessary
changes, potential revenues, and additional costs in a potential
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mesopelagic fishery. Based on this information we have analyzed
the current fishing dynamics, providing new insights into
the pelagic fisheries at national level, and into the economic
conditions and incentives related to the development and
investment into a new potential mesopelagic fishery in the
North East Atlantic.

The majority of the activities of the Danish pelagic fishery
takes place within the Greater North Sea and the Baltic Sea.
However, large vessels also engaged in fisheries in more distant
areas such as the Norwegian Sea, the Celtic Sea and the West
of Scotland sea. Most métiers mainly focused on one single
target species. Exceptions are the demersal mix species métier
which targets multiple species, the sprat and herring fisheries and
the horse mackerel fishery, which often also harvested Atlantic
mackerel and other collateral species.

The initiation of a new fishery will most likely require
switching from on-going fisheries and activity patterns or need
for fleet expansion, since the temporal distribution of the fishing
activities of the current Danish pelagic fishery showed that each
vessel group is managed and organized to be fully active and
occupied year round for all vessel groups. Seasonal métiers are
currently alternated, and reveal no major gaps in the fishing
activities performed by the full fleet capacity. Accordingly, we
cannot reject our zero hypothesis that the large pelagic vessel fleet
does not have time available and is fully occupied to perform
additional mesopelagic fishery without switching from other
current métiers.

We evaluated the economic efficiency and sustainability of
the current métiers based on economic BEPs and profitability
(Prellezo, 2019), to investigate the switching possibilities in more
detail. The Norway pout fishery showed the smallest window
of profitability and estimated net profits, likely due to high
costs because of long distance fishing grounds and long hauling
times, and should be considered when contemplating potential
switching from existing activities. The high average trip catches
and prices in the Atlantic mackerel, blue whiting, herring and
sandeel métiers results in larger windows of possible profitability
which may generate economic possibilities for new investments
into new vessels, equipment and processing facilities. According
to those results we cannot reject the zero hypotheses that all
current pelagic fisheries exemplified by the Danish large vessels
pelagic fleet are economically efficient and would not have
incentives to switch to mesopelagic fishery. In the Norway pout
fishery for some trips the costs were higher than revenues,
resulting in a negative net profit. However, over the entire time
frame the Norway Pout fishery is still profitable when all the
trips are summed up.

The interviews indicated that the potential revenues and
costs associated to fishing trips targeting mesopelagic resources
would likely not differ extensively from the current economics
observed for ongoing pelagic métiers. They were specifically
foreseeing similarities between the current herring fishery for
industrial purposes and the potential mesopelagic fishery in terms
of revenues because of the relative high lipid/fatty acid contents
of the mesopelagic resources, with a similar order of magnitude
as summer herring (Phleger et al., 1999; Lea et al., 2002; Hamre
et al., 2003; EI-Mowafi et al., 2010; Koizumi et al., 2014).

Fishing costs will likely be similar to the current blue whiting
fishery as this is also a mesopelagic resource and is fished
with large small-meshed trawls. However, considerable additional
costs might arise with needed vessel modifications or investment
into new vessels to conduct an efficient mesopelagic fishery.
These modifications include storing capacity, conservation and
processing methods, as well as changed fishing gear. Sustainable
trawling praxis and methods have to be developed to conduct
both deep fishing (day fishing) and shallow fishing (night
fishing) according to the vertical distribution patterns of
mesopelagic species (Grimaldo et al, 2020) and sustainable
herding mechanisms to improve the catch rates and to reduce
by-catches. New trawls and fishing methods will be developed
to ensure the methods are applicable to a larger fleet and to
reduce the energy consumption and costs during mesopelagic
trawling in relation to drag resistance of the small meshed fishing
gears (trawl cod-end mesh size <10 mm; Valinassab et al., 2007;
Lamhauge et al., 2008; Eigaard et al., 2012; Sebastine et al., 2013;
Trenkel et al., 2013; Grimaldo et al., 2020). This is much smaller
than for typical trawls used in the current small meshed pelagic
fishery for industrial purposes (Eigaard et al., 2012; Bigné et al.,
2019). Furthermore, trawl design and fishing methods will adapt
in relation to species-specific behavior of target species and their
response to herding methods (Grimaldo et al., 2018, 2020). With
respect to the latter different frequencies and intensities of light
and ultrasound could also be considered as alternative herding
methods for concentrating mesopelagic fish. Also, introduction
of continuous cod-end pumping systems to minimize trawl
setting and heaving time and operations could be considered.

Given the necessary technical upgrades vessels and the
full-time occupation of the current Danish pelagic fleet, the
interviewees confirmed that it will likely be necessary to invest
into building new vessels dedicated to a potential mesopelagic
fishery. Nevertheless, the additional starting and investment
costs were not necessarily perceived as a deterrent for this
investment. The initial establishment phase of the fishery would
likely be free of quota costs, allowing the investor to cover the
costs and reach the BEP in shorter time. A strong incentive in
participating in the start of a new fishery is to achieve historical
fishing rights and accordingly perceived quota rights. There
are naturally alternatives to such “olympic quota allocation”
in relation to establishing historical fishing rights, however,
some competition among fleets on the access to the resources
can be foreseen. Therefore the governance of mesopelagic
resources needs investigation prior to potential exploitation
(Standal and Grimaldo, 2020).

The BEPs estimated for the new potential mesopelagic fishery
highlighted different scenarios of profitability. For all scenarios
investigated, the results indicate a maximum profit between
1,560,000 and 1,208,000 € per trip given current maximum
storage capacity of 3,000 tons for a trip of 3-5 days but
may be higher if the storage capacity is increased and the
catches are maximized to 4,000 tons per trip. That means that
per trip an average of 150,000-200,000 € of revenue should
be made with a minimum average catch of 220-1,060 tons.
High profitability may be reached if the catches exceed 220-
1,060 tons per trip depending on costs and storage capacity.
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This could be economic feasible; mesopelagic trial fisheries in
Southwest Iceland in 2009-2011 indicated catch rates between 5
and 25 tons/h dependent on the season (MFRI, 2020, personal
communication). Larger vessels with better on-board processing
and conservation facilities may increase the upper horizontal
constraint given by the vessel maximum storage capacity and the
limit in conservation duration.

With the current RSW conservation method, fishing trips
targeting mesopelagic resources may not be able to last longer
than 3-5 days from the first harvest being stored without
compromising the quality of the catches. However, with the
introduction of new on-board conservation methods, e.g.,
freezing, silage production, thermic separation, and enzymatic
hydrolysis, fishing trips could last longer. Mesopelagic species
deteriorate easily after harvest, a process dependent on tissue
degradation caused by endogenous enzymes and autolysis
releasing low amino acid, nucleotide, and fatty acid contents,
i.e, promotion of microbial degradation (Samuelsen and
Oterhals, 2016; Vang et al., 2017). Future investigations on
spatio-temporal mesopelagic resource abundance, fishery effort
allocation, catches, trip durations, and fishing rights, together
with more investigations on storage and conservation methods,
will be essential to test the robustness of the proposed scenarios,
and will in turn benefit of the economic requirements evaluated
in current study. Furthermore, realistic prices for mesopelagic
resources are still not fully known and may increase given the
perceived high percentage of fatty acids. The prices do not only
depend on the relative fatty acid and lipid content but very much
also on the fatty acid composition (FAO, 1986).

Consequently, based on the current studies, we can reject
the third hypothesis that expected increased costs (compared
to likely prices/earnings), and thus the expected larger BEP of
mesopelagic fishery, are too extensive to obtain an adequate
profitability to conduct potential mesopelagic fishery with either
current fleet or investment into new fleet capacity given different
scenarios of economic BEP (covering among other prices, catch
amounts, and costs per unit of effort). The current results
indicate relatively high profit in most of the current pelagic
fisheries as well as similar level of profits in potential mesopelagic
fishery. There may be adequate profitability and a potential
economic interest in either switching mesopelagic fishery from
certain current fisheries or to investing into new vessels to
conduct mesopelagic fishery based on the economic indicators
considered in this study.

The above evaluations have not included potential impacts
of the effects of other European management measures such
as Brexit on the fishing patterns of the Danish large vessel
pelagic fisheries, as it is currently impossible to predict
how Brexit exactly will influence both the existing fishing
patterns and the development of potential new mesopelagic
fishery. Brexit measures might cause changes in current quota
shares and induce a potential trade of quotas between vessels
and countries, which we have not included here. Besides
the unknowns in relation to fishing rights and quota trade
between vessels and countries caused by Brexit also the
fishing distribution and seasonal changes herein might change
according to the United Kingdom EEZ and the EU EEZ of

the different pelagic resources, and accordingly national/EU
specific quota settings.

CONCLUSION

In conclusion, our study investigated the viability of a
mesopelagic fishery within the Danish pelagic sector exclusively
from an economic point of view, assuming that thorough
investigations on the biological and ecosystem sustainability
of such activity have priorly set the base for its existence.
Therefore, based on the conducted scenario analyses, the
expected increased costs in relation to the revenues and, thus,
the expected larger BEP of mesopelagic fishery will not be too
extensive to partly obtain an adequate profitability to conduct
additional mesopelagic fishery with the current fleet. However,
we can reject that potential new mesopelagic fishery will fill in
activity periods (gaps) of current large pelagic fishing fleet or
substitute current profitable activities with mesopelagic fishing.
Our results indicate that potential new mesopelagic fishery
would likely be profitable to invest into new vessels - or
switch from the least profitable current fisheries - to initiate
such potential new fishery, ie., expand the capacity of the
Danish large vessel pelagic fleet given the different scenarios of
economic BEP we investigated taking into account pelagic fishers
perceptions and results from investigations of ongoing pelagic
fishing activities.

However, as explained in the introduction of the current paper
the ecological sustainability of potential mesopelagic fisheries first
of all have to be investigated in relation to the target species role in
among others biodiversity, ecosystem functioning and ecosystem
services before starting to conduct such potential fishery. This
concerns not only the mesopelagic target species, but also as
the potential by-catch species. Since fine-meshed trawl gears will
be used, potential bycatch includes vulnerable species as well
as other juvenile fish that might have commercial importance.
Accordingly, the distribution patterns and overlap of potential
target species with other species need thorough investigations to
assess and predict catch compositions more precisely taking the
selective properties of the gears into consideration.
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