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The franciscana dolphin (Pontoporia blainvillei) is considered the most threatened
cetacean in the South Western Atlantic due to bycatch in gillnet fisheries of Argentina,
Uruguay, and Brazil. As gillnet fisheries operate in the same areas inhabited by dolphins,
methods and strategies to reduce bycatch require particular attention. This study
investigated the potential of switching gillnets to bottom longlines to reduce franciscana
bycatch rates while maintaining economic returns in a small-scale artisanal fishery
in Argentina. Trials were conducted in Bahía Samborombón and Cabo San Antonio
between October 2004 and January 2007, in cooperation with artisanal fishermen
who simultaneously fished using bottom longlines and gillnets. Target and non-target
catch composition, fishing yield, catch size distribution and quality of catch, as well
as bycatch of dolphins, sea turtles, and interaction with sea lions were compared
between the two fishing methods to assess the profitability of switching fishing gears.
Hauls of both gear types deployed simultaneously in the same locations showed similar
fish catch composition and catch size with both gears but reduced catch of juvenile
fishes in longlines. Bycatch of franciscana in bottom longlines was limited to only
one dolphin in three consecutive years of trials, and no direct interaction between
turtles and hooks were recorded. The economic analysis showed financially acceptable
perspectives under a 5-year scenario. Reducing gillnet effort by switching to bottom
longlines appears a practical approach to creating a sustainable fishery that could result
in significant mitigation of current bycatch of franciscana dolphins in Argentina. However,
implementation requires acceptance and compliance by the artisanal gillnet fishery.

Keywords: artisanal gillnet fishery, dolphins, incidental capture reduction, marine conservation, South Western
Atlantic, sustainable fishing

Frontiers in Marine Science | www.frontiersin.org 1 August 2020 | Volume 7 | Article 699

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://doi.org/10.3389/fmars.2020.00699
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fmars.2020.00699
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2020.00699&domain=pdf&date_stamp=2020-08-27
https://www.frontiersin.org/articles/10.3389/fmars.2020.00699/full
http://loop.frontiersin.org/people/905001/overview
http://loop.frontiersin.org/people/1048139/overview
http://loop.frontiersin.org/people/1004804/overview
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-07-00699 August 27, 2020 Time: 11:56 # 2

Berninsone et al. Switching Gillnets to Longlines

INTRODUCTION

Incidental capture of non-target species during fishing operations
(bycatch) is a major source of mortality to many marine animals
that form critical parts of marine food webs. It has been identified
as the most immediate threat to the survival of many endangered
marine mammals, elasmobranches, sea turtles, and seabirds
(Lewison et al., 2004a; Werner et al., 2006; Goldsworthy and
Page, 2007; Read, 2008; Anderson et al., 2011; FAO, 2018a).
Cetacean bycatch is particularly serious given their inherent
low reproductive rates, long life span, and later maturation
age (Lewison et al., 2004a), all of which limit their ability for
rapid population recovery. A number of approaches have been
implemented to mitigate cetacean bycatch including changing
fishing practices, limiting fishing effort by implementing time-
area closures, modifying fishing gear and using technological
devices such as acoustic alarms (‘pingers’) (Hall, 1996). Some
progress has been made in mitigating this problem in commercial
fisheries located in developed countries (Dawson et al., 2013;
Northridge et al., 2017). On the other hand, there are only a few
examples from small-scale non-industrial fisheries in developing
countries (Mangel et al., 2010; Bielli et al., 2020).

The majority of bycatch of small cetaceans is believed to occur
in gillnets (Read et al., 2006). Gillnets, which are one of the most
popular fishing gears worldwide (He, 2006) are widely used in
small-scale coastal artisanal fisheries because they are relatively
inexpensive, require little infrastructure, and can be deployed and
retrieved easily on land or using small boats. An approximation
of the significance of the artisanal sector using FAO (2018b)
information on the global fishing fleet is that 86% of all fishing
vessels have a length of 12 m or less and are mostly undecked.
Small-scale fisheries are important to local economies, involving
more than 90% of the world’s fishing workforce, producing
about half of global annual fish catches and also providing most
of the fish for human consumption in the developing world
(Berkes et al., 2001).

Bycatch of franciscana dolphins (Pontoporia blainvillei) in
artisanal gillnet fisheries has been identified as the primary
conservation threat throughout most of its range in Brazil,
Uruguay, and Argentina (Reeves et al., 2012). Franciscana reach
sexual maturity between 2 and 4 years -one of the earliest
age ranges of maturity reported for any cetacean- and have
a maximum life span of approximately 20 years (Kasuya and
Brownell, 1979; Danilewicz, 2000; Panebianco et al., 2012; Negri
et al., 2014). As a result of this short life span and low reproductive
potential the species has a limited ability to recover from current
high levels of bycatch across its range (Cappozzo et al., 2007;
Negri et al., 2012; Prado et al., 2013, 2016; Szephegyi et al., 2015;
Cremer et al., 2016). Based on a projected range wide decline of
more than 30% over three generations, franciscana is classified as
a “vulnerable” species (Reeves et al., 2012).

Four “management areas” have been proposed for the
species based on a combination of morphological, ecological,
and genetic differentiation; two inhabiting coastal central
Brazil, one in southern Brazil and Uruguay, and one in
Argentina (Secchi et al., 2003). The species’ distribution in
Argentine waters is mainly restricted to coastal Buenos Aires

Province, where bycatch of franciscana has been estimated
at 360–650 individuals per annum (Pérez Macri and Crespo,
1989; Corcuera, 1994; Bordino and Albareda, 2004; Cappozzo
et al., 2007; Negri et al., 2012). Franciscana abundance in
Argentina has been estimated at about 14,000 individuals
(Crespo et al., 2010), with 2.6–4.6% removed each year by
gillnets. Annual bycatch rates that exceed ∼2% of a population
size are generally considered unsustainable for small cetaceans
(Perrin et al., 1994). This estimate of the proportion of the
population removed by bycatch is based on the assumption of
a single Argentinean population; however, genetic data indicate
subpopulation structure in the region (Mendez et al., 2008;
Gariboldi et al., 2015) that occur in environmentally distinct areas
(Mendez et al., 2010). Although dolphins are considered highly
mobile marine animals, franciscana show restricted movement
patterns (Bordino et al., 2008; Wells and Bordino, 2013).
The identification of subpopulations within a relatively small
geographic area further underlines the importance of reducing
the impact of bycatch on this species.

The multi-fleet coastal fishery of Northern Buenos Aires
targets a coastal demersal association of about 30 fish species
called ‘variado costero,’ using demersal trawls and bottom set
gillnets. The gillnet sector of the fishery is a small-scale fishery
that is economically vital to local coastal communities (Lagos,
2001; Garcia, 2010). Despite its importance, many aspects of
the fishery, including management options, have not been
comprehensively studied. The increase in fishing effort by
trawlers in this region (Carozza, 2010), a decrease in the average
catch size, an increase proportion of juvenile catch in the area
(Ruarte and Aubone, 2004; Aubone and Lagos, 2007; Carozza
and Hernandez, 2007), and the intensification of gillnet effort
are directly linked to an increase in both bycatch risk and
competition with marine mammals for prey species (Crespo et al.,
1994; Weiskel et al., 2002).

A range of strategies to reduce franciscana bycatch in the
gillnet sector of the fishery have been trialed, including the
use of acoustic deterrent devices (ADDs) (Bordino et al., 2002,
2004) and testing the effectiveness of chemically modified gillnets
(Bordino et al., 2013). The use of time-area closures to mitigate
bycatch in the fishery are not considered a viable management
option owing to the anticipated lack of infrastructure and support
for monitoring and enforcement.

While the use of ADDs (pingers) resulted in a reduction in
franciscana bycatch rates (Bordino et al., 2002, 2004), widespread
adoption of these devices is hampered by the financial cost of
purchase, unit maintenance and enforcement. There are also
concerns that the repeated use of ADDs may result in habituation
and/or habitat exclusion (Dawson et al., 2013). As ADDs are the
only bycatch reduction technology so far shown to be effective
with franciscana, additional investigation on how to reduce their
cost and ruling out any unintended ecological consequences
should be continued. Even though recent studies have shown
that bycatch of small cetaceans can be reduced by LED devices
(Bielli et al., 2020), this technology has never been tested in the
area due to the characteristic murky waters. In the meantime, it
is important to evaluate other fishing techniques that may offer
incentives for fishermen to adopt them.
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The following study was conducted to investigate if changing
fishing gears in a small-scale artisanal fishery could reduce
franciscana bycatch rates while maintaining comparable
economic returns. Specifically we recorded total catch,
comparative bycatch rates and commercial catch between
gillnet and bottom longline operations fished concurrently,
including target and non-target catch composition, fishing yield,
catch size frequency distribution, discards, and quality of catch.
An economic analysis of the fishery was performed to assess the
potential profitability of switching fishing gears.

MATERIALS AND METHODS

Study Areas
The experiment was conducted in the artisanal gillnet fisheries
of Bahía Samborombón (BSB) and Cabo San Antonio (CSA),
in northern Buenos Aires Province (Figure 1). The BSB and
CSA are important reproductive and spawning areas for several
fish species (Lasta and Acha, 1996; Acha et al., 1999; Acha and
Macchi, 2000) but vary in both static and dynamic environmental
features. Usually, around 80 small artisanal gillnet boats and
120 trawl vessels have licenses to operate in these two areas.
Gillnet fishing is conducted using small inflatable and fiberglass
boats 5–8 m in length, powered by 40–120 HP outboard
engines, and operating at 0.5 to 7 km from the coast in depths
ranging from 3 to 12 m. Gillnets consist of 50 m panels of
white monofilament (diameter 0.50–0.60 mm) with a height
of 3–6 m and a hanging ratio of 0.25. Stretched mesh sizes
range from 90 to 140 mm. In general, each fisherman deploys
400 m of gillnets at a time consisting of 100–200 m strings
separated from each other. Occasionally, some fishermen use
up to 2000 m of gillnets in response to competition with local
trawlers for what they consider an overfished resource. While
approximately half the vessels fish year round, the majority of
fishing effort occurs between September and April. At BSB there
is a natural harbor (San Clemente del Tuyú), with fishing activity
restricted by tidal state, while at CSA boats are launched from
the beach using trailers and 4 × 4 vehicles. In both areas,
the fishery is highly dependent on the wind especially in the
austral spring and summer limiting the operational days (Lagos,
2001; Garcia, 2010). The two main target species of the fishery
are Whitemouth croaker (Micropogonias furnieri) and Stripped
weakfish (Cynoscion guatucupa). Landed catches are sold to
local restaurants and tourists during the summer season, or to
intermediates for exportation to Asia, Africa, Europe, and Brazil.

Fishing Gear Evaluation
The experiment was conducted between October 2004 – February
2005 at both study areas, and between October 2005 – February
2006 and November 2006 – January 2007 at BSB only due to
logistical problems at CSA. The first fishing period involved ten
fishermen (five fishermen at each study area) simultaneously
fishing with bottom longlines and gillnets, while the second
and third fishing periods involved five fishermen at BSB only.
Fishermen used standardized fishing gear provided to them for
the experiment. Gillnets were new and of the same dimensions

commonly used by fishermen, all rigged identically, with 120 mm
mesh size and monofilament 0.6 mm diameter. Each fisherman
used one string of 100 m length and 3.5 m high. The experimental
bottom longline consisted of 180 m of 5 mm ground line
and 2 mm flat nylon drop lines (snoods) attached with knots
approximately every fathom (1.8 m). Buoys were placed at each
end and along the ground line every 27 snoods, and 1000 g of
weight was placed every 14 snoods. Additional weight (100 g of
tubular lead units) was placed every 6–7 snoods corresponding
with buoy positions to control the depth of gear operation.
Each bottom longline was rigged with 80 medium size J-shaped
hooks (Mustad 2330 N◦7). The design of the experimental
bottom longlines was previously discussed with local fishermen
and is shown in Figure 2. Each fishermen fished with one of
these bottom longline units in addition to the gillnet string.
During the first trial, hooks were baited with approximately
10–15 g pieces of fresh Brazilian menhaden (Brevoortia aurea),
Argentine conger (Conger orbignyanus), or frozen Argentine
shortfin squid (Illex argentinus), with a single bait type randomly
assigned to each haul. Brazilian menhaden and Argentine
conger, which are abundant and considered non-commercial
species locally, were caught using the experimental gillnets
and longlines, while Argentine shortfin squid was provided to
fishermen. Gillnet strings and bottom longlines deployed by each
boat were anchored in close proximity (approximately 100 m
apart), in depths ranging between 4–12 m. Each fishing boat
carried an independent observer who was rotated among boats
throughout the course of the experiment. Observers recorded
geographic position, soak time, type of bait, and biomass of
fish caught by each fishing gear, as well as environmental
conditions and bycatch.

The presence of and/or any interaction between marine
mammals, seabirds and sea turtles with the fishing gear were
also recorded at the beginning and at the end of each fishing
haul, as well as the condition of every baited hook and the
presence of any damage to gillnets. After hauling, the daily catch
from gillnets and bottom longlines were separated by species and
weighed. Discards of commercial fish in unsellable condition and
non-commercial fish species were also recorded.

An index of commercial fish species occurrence (Isp) was
calculated by the equation:

Isp = (ni/N) × 100 (1)

Where,
ni: number of times any given commercial species was caught
by each fishing gear; and
N: total number of fishing sets per gear.
For each fishing gear type, all commercial species with

Isp ≥ 50% were considered to be common species, while
Isp > 75% and Isp < 25% were considered to be very common
and rare species, respectively.

Total length (TL), measured to the nearest half centimeter
was recorded for a random subsample of commercial fish
species from each fishing haul. The selectivity of each fishing
gear type was calculated from the catch size distribution by
species, assuming that the selection range of the fishing gear
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FIGURE 1 | Location of the study areas, Bahía Samborombón (BSB) and Cabo San Antonio (CSA).

is narrower than the stock size distribution. Thus, selectivity
presented from TL frequencies of the catch, ignoring the stock
size distribution, should be interpreted with caution as it provides
only a rough estimate of the selection curve, and is therefore
useful only in the context of this experiment comparing gear
types. The TL frequency distributions by species were compared
between fishing gears using Kolmogorov–Smirnov test (Siegel
and Castellan, 1988).

The quality of the commercial fish catch was graded into four
classes: (1) Fish in perfect condition (red gills or alive), (2) Fish
in good condition (pink gills), (3) Fish partially deteriorated due
to predation by sea lions, and (4) Fish in bad condition (gray gills
and/or extensively depredated). Fish graded as class 3 or 4 were
considered discards.

Fish catch per unit effort (CPUE) was used to assess the
influence of factors such as fisherman, area and year on fishing
yield. For gillnets and bottom longlines, the CPUE was calculated
as kg of fish/m2/hr, and kg of fish/80 hooks/hr, respectively,
for each set. The relative fishing performance between fishing
gears was defined by CPUE of bottom longlines/CPUE of gillnets
as a way to evaluate if any gear was more efficient than other
throughout the trials. The number of bottom longline hooks
required to obtain the average catch of 100 m of gillnets was
estimated using the ratio between fish biomass (kg) caught per
gillnet haul/fish biomass (kg) caught per bottom longline haul.

The effect of bait type on the relative fishing performance
of bottom longlines was analyzed using the CPUE and bait loss
rate. The bait loss rate was calculated as the number of unbaited
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FIGURE 2 | Bottom longline experimental design showing both ends.

hooks/number of baited hooks with no catch at the end of each
haul. Due to the smaller sample size from CSA, analysis of the
effect of soak time on catch rates in gillnets and bottom longlines
was restricted to data collected at BSB.

As units of fishing effort were different for the two gear types,
the bycatch per unit effort (BPUE) for dolphins, sea turtles and
seabirds were calculated as the number of individuals captured
per total biomass (kg) of commercial fish catch for each fishing
gear type. To allow comparison with previous studies in the
fishery BPUEdolphins in gillnets was recalculated as the number
of bycaught dolphins per km net−1 hr−1.

South American sea lion (Otaria byronia) depredation on both
gear types was calculated as the number of attacks/kg of total
fish catch (APUE). An attack was recorded when a fisherman
determined, based on experience, that observed damage to fish
and/or the fishing gear had been caused by sea lions, as opposed
to sharks. Multiple attacks within a single fishing operations were
assumed to be the same event.

Independence among fishing gear hauls was assumed
for both gears. The daily CPUE in gillnets and bottom
longlines were analyzed with Kruskal–Wallis non-
parametric test once assumption for normality was not met
(Cohen and Fowler, 1990).

Economic Analysis of the Fishery
To determine the economic effect of switching from gillnets to
bottom longlines economic analyses were conducted using data
collected through interviews from 21 local artisanal fishermen
at BSB (5 of them were also involved in the trials). Information
provided by the fishermen included the following: cost of
manufacturing and maintaining fishing gear, depreciation of
fishing gear, fuel consumption and labor (usually either fixed
or as a percentage of daily fishing production). The average of
these costs were used for the analysis. All costs were valued in
kg of fish as this is the way that many local fishermen estimate
their costs and using this metric avoids expressing any monetary

value that would be highly variable as affected by local economic
conditions. The average commercial fish catch rate for gillnets
recorded during this experiment was compared to a combination
of historical catch rates obtained by interviews with local artisanal
fishermen and records from the Coast Guard. The analysis
assumed that the fleet is homogeneous in terms of average cost-
per-unit-effort, and that market price is not affected by landing
volumes. Effort was set as an average of 80 operational days per
fishing season. Due to the smaller sample size, economic analysis
was not conducted for CSA.

The total gross revenue (TGR) was estimated as the
average seasonal biomass of commercial fish caught per
fisherman. The operational cost (OC) included fuel gas and
oil, boat maintenance, insurance, taxes, and fishing gear and
manufacturing. Gross value added (GVA) was calculated as the
TGR minus OC. Labor cost (LC) was calculated as crew personnel
cost including hooking bait and cleaning. Gross cash flow (GCF)
was calculated as GVA minus LC. The economic profit (EPR) was
calculated as the GCF minus depreciation (D) of manufactured
fishing gear. The gear depreciated at 100% over the duration of
the study period for gillnets, and was calculated at 25% of the
initial cost for bottom longlines. It was assumed that D was not
a function of maintenance (M). Depreciation on boat and engine
and the interest on owner’s capital were not considered. The profit
margin (PRM) and the return on investment (ROI) were defined,
respectively as:

PRM = EPR × 100/TGR (2)

ROI = EPRx100/Totalassets (3)

where total assets represent the value of the initial investment
including a used boat with a 60–90 HP outboard engine, fishing
gear (considering the comparative gillnet and bottom longline
effort determined during this experiment), annual insurance
and taxes, cost of fuel, labor crew, and bait cleaning hooks.
The economic performance, based on the commercial fish catch
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rates obtained during the trials at BSB was estimated for three
scenarios: 100% gillnet effort, 100% of bottom longline effort,
and a hypothetical combination of 50% gillnet and 50% bottom
longline effort.

An additional comparative economic analysis was conducted
using a residual approach, which allows evaluation from an
investor’s perspective to decide if a project is financially
acceptable or not. The evaluation was made using a financial
model considering the risk of investment by the variables:
(a) biomass of commercial fish caught for sale, and (b)
their local market price. This risk was analyzed through the
Hertz Simulation Model (Hertz, 1964). The analysis used the
Incremental Internal Profitability Rate (IRP) because the scale
of the investment is dependent on the type of fishing gear
used. The Hertz Simulation Model is one of the most frequently
used in financial evaluations, providing a probability function
to the IRP, which is built from the probability functions of
the aleatory variables. The model selects the variables of higher
influence associated with income, market, investment and costs,
and assigns them probabilities according occurrence to ranges
of variation. If these ranges are combined, different possible
alternatives are established which will have a return rate and a
value determined by the associated probability. The result is a
function of probability for IRP, and the model will then produce
the probability of reaching or overcoming a determined IRP.
To determine if the project is viable or not, it is necessary to
define a minimum acceptable revenue level. The advantage of
this model is that investors may define their own minimum
expectations for profitability. In this analysis, the model used
the nominal monthly interest for deposits at the Banco Central
de la República Argentina1 in 2007, which was 0.89%. Although
this is the rate used for the current study, it will not be static
and may not reflect the actual interest rate that should be used
at a given point in time. Different scenarios for 1 and 5 years
were tested, considering initial investment for boat and type of
fishing gear, as well as basic expenses such as fuel, oil, crew,
maintenance, insurance and taxes. To define the combination of
the independent aleatory variables, probabilities were assigned
to the total fish catch and the price range assuming a normal
distribution. The following assumptions were made in the model:
(1) All catch of commercially targeted species is sold in the
market at homogeneous price range; (2) Fish catch and quality
are the same for both gear types; (3) The price range is distributed
normally in seven categories represented by 3.5%, 10%, 19%, 35%,
19%, 10%, and 3.5%; (4) The costs for crew, fuel oil and boat
maintenance is independent of the fishing gear used; (5) There
is a minimum of 80 fishing days per fishing season regardless of
gear type used; (6) Each fishing gear is hauled only once a day; (7)
The gillnetting fleet has a common cost structure, and; (8) The
skill of skippers and crew is homogeneous and fishing capacity
can be extrapolated to the fleet.

Ethical Approval
The experiment described in this paper was carried out in
accordance with the current laws of the country regarding

1www.bcra.gov.ar

artisanal fisheries practice. Fish were taken from the fishing gears
that artisanal fishermen fish legally on a daily basis. Data was
obtained by counting and measuring normal fish catch and no
manipulation of live animals was done. No additional permits
were required but there was a consensus from the researchers to
stop the project if the new fishing gear had higher rates of bycatch
than the normal rate. Information regarding income, expenses
and profit for performing the economic analysis included in
this manuscript was obtained through a series of interviews to
the fishermen which were carried out by the local conservation
NGO, AquaMarina.

AquaMarina used a semi-structured interview format with
fishermen who also participated in the fieldwork. None of the
organizations that funded this work required an ethics review
for these interviews. Nevertheless, AquaMarina adopted some
standard protocols cognizant of important ethical considerations.
Interviews were carried out by students hired by the project
who received orientation about its objectives and interview
protocols. Consent was received from all participants prior
to conducting the interviews. The interviews were performed
individually to each fisherman at the beach sites were they usually
launch their boats on a daily basis for going out fishing. Prior
to each interview, the objectives of the project were restated
for the fishermen who were afforded the opportunity to ask
any clarifying questions about the study or interviews. The
names of respondents were recorded but their responses kept
anonymous. There was no commercial or other use for the
information recorded except for this study. That being the case,
the project was carried on normally and thus exempt from
ethical approval.

RESULTS

Fishing Gear Evaluation
Locations of gillnet and bottom longline hauls are shown in
Figure 3. Mean depth of fishing operations was 5.2 ± 2.1 m
at BSB, and 7.2 ± 2.3 m at CSA. The mean soak time
(mean ± standard deviation) at BSB was 23.3 ± 2.9 h and
3.1 ± 0.93 h for gillnet and bottom longline, respectively, and
20.8 ± 2.1 h and 3.0 ± 0.89 h, for gillnet and bottom longlines,
respectively, at CSA. Although in some cases both gears at both
areas had soak times of up to 75 h due to adverse weather
conditions that prevented fishermen from retrieving gear earlier,
these hauls were not considered for the analysis. There was no
significant difference in depth or soak time for each gear in
gillnets or bottom longlines throughout the three consecutive
fishing seasons at BSB (P > 0.05, Kruskal–Wallis test, pair-
wise comparison with Dunn’s test). A summary of fish catch
by fishing gear type is presented in Tables 1, 2. In total, 13
fish species were caught with both fishing gear types at the
two study areas, nine of which were local commercial species,
with eight and seven commercial species caught in gillnets and
bottom longlines, respectively. Of the very common (Isp > 75%)
and common species (Isp ≥ 50%) being targeted, gillnets and
bottom longlines caught three and four species, respectively, that
dominated the catches of both gear types (Table 3). The two
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FIGURE 3 | Location of gillnets (black) and experimental bottom longlines (white) hauls in Bahía Samborombón (BSB) and Cabo San Antonio (CSA).

main target species were Stripped weakfish and Whitemouth
croaker, which represented 80% and 52% of the total biomass
caught in the pooled study areas (excluding discards), in gillnets
and bottom longlines, respectively. Parona leatherjack (Parona
signata) and Mullet (Mugil liza) were caught only in gillnets,
and Argentine conger (Conger orbignyanus) was only caught in
bottom longlines and was also the most frequently caught species
at CSA. Among all commercial species with the highest value in
the local market, Brazilian codling (Urophycis brasiliensis) and
Catfish (Genidens sp.) represented only 1.5% and 31% of the
total catch (excluding discards) in gillnets and bottom longlines,
respectively. Mullet and Catfish were exclusively caught in
BSB, while Patagonian smooth-hound (Mustelus schmitti) was
only caught in CSA.

No significant differences in the CPUE among fishermen
with gillnets or bottom longlines were found at BSB or CSA
(P > 0.05, Kruskal–Wallis test, Pair-wise comparison with Dunn’s
test), and therefore the CPUEs were combined at each study
area. Preliminary data analysis for the first trial (2004–2005)
showed a significantly higher CPUE for commercial species with
gillnets at CSA than BSB, and with bottom longlines at BSB
than CSA (P < 0.001, Mann–Whitney test). These differences
were confirmed by the relative fishing performance of bottom
longlines to gillnets which was 19 at BSB and 8.5 at CSA
during the first trial. This relative fishing performance of bottom
longlines was 14.3 and 13.8 in the second and third trials,
respectively, at BSB. Considering only the data set from BSB, the
CPUE in gillnets or bottom longlines were similar during the
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TABLE 1 | Summary of commercial fish catch and discard in gillnet hauls.

Gillnets Total FE (m2 × h) Targeted species Catch (kg) % (kg) CPUE

BSB 04–05 1262532 Cynoscion guatucupa 4815 62.8 3.8 × 10−3

(N = 135) Micropogonias furnieri 827 10.8 6.5 × 10−4

Parona signata 569 7.4 4.5 × 10−4

Genidens sp. 177 2.3 1.4 × 10−4

Mugil liza 102 1.3 8.1 × 10−5

Urophycis brasiliensis 31 0.4 2.5 × 10−5

Subtotal 6521 5.2 × 10−3

Discard 1137 14.8 9.0 × 10−4

Total 7658

CSA 04–05 882185 Micropogonias furnieri 2623 34.7 3.0 × 10−3

(N = 138) Cynoscion guatucupa 1931 25.5 2.2 × 10−3

Mustelus schmitti 1605 21.2 1.8 × 10−3

Parona signata 250 3.3 2.8 × 10−4

Subtotal 6409 7.3 × 10−3

Discard 1152 15.2 1.3 × 10−3

Total 7561

BSB 05–06 1001204 Cynoscion guatucupa 3822 57.1 3.8 × 10−3

(N = 118) Micropogonias furnieri 807 12 8.1 × 10−4

Parona signata 622 9.3 6.2 × 10−4

Macrodon ancylodon 286 4.3 2.9 × 10−4

Urophycis brasiliensis 68 1 6.8 × 10−5

Subtotal 5605 5.6 × 10−3

Discard 1089 16.3 1.1 × 10−3

Total 6694

BSB 06–07 412121 Micropogonias furnieri 1540 36 3.7 × 10−3

(N = 61) Cynoscion guatucupa 1382 32.3 3.3 × 10−3

Macrodon ancylodon 411 9.6 1.0 × 10−3

Parona signata 186 4.3 4.5 × 10−4

Urophycis brasiliensis 54 1.2 1.3 × 10−4

Subtotal 3573 8.7 × 10−3

Discard 706 16.5 1.7 × 10−3

Total 4279

FE, fishing effort; N, number of hauls.

three trials (P > 0.05, Kruskal–Wallis test, pair-wise comparison
with Dunn’s test), although the CPUE was more variable in
bottom longlines than gillnets (Figure 4). The mean daily catch
rate of bottom longlines at CSA was 0.19 ± 0.06 kg/hook, and
0.31± 0.05 kg/hook at BSB.

The range of catch sizes of the two main targeted species,
Whitemouth croaker and Stripped weakfish, overlapped with
no evidence of differences in size frequency distribution
between BSB and CSA in either gillnets or bottom longlines
(P < 0.05, Mann–Whitney test). The pooled total length
frequency distributions for gillnets and bottom longlines were
similar for each paired species caught by both fishing gear
types (P > 0.001, Kolmogorov–Smirnov test, Figure 5). Six
percent of Whitemouth croaker and 2% of Stripped weakfish
caught in gillnets were below the minimum allowable catch
sizes, as were 3% of Whitemouth croaker and 2% of Stripped
weakfish caught by longlines in pooled study areas. Over 85%
of the commercial fish catch was of the two highest quality
classifications (perfect condition/alive and good condition)
when caught by gillnets or bottom longlines, although bottom

longlines had a higher percentage of fish hauled in perfect
condition/alive (Table 4).

There was a significant difference in both the CPUE and catch
composition in bottom longlines in relation to the type of bait
used (P < 0.05, Kruskal–Wallis test, P < 0.001, Kolmogorov–
Smirnov test). The results of the first trial at BSB and CSA showed
that the use of Brazilian menhaden resulted in higher CPUE and
a lower bait loss rate than the other two baits used (Figure 6).
Consequently, Brazilian menhaden was used as the sole bait type
during the subsequent trials.

Discards comprised commercial fish in poor condition or
depredated by Southern sea lions or unidentified sharks. Within
the pooled study areas, average discard in gillnets represented
15.7% of the total catch, while in bottom longlines it was 7.5%.
From the pooled data set from BSB and CSA, sea lion interaction
in gillnets and bottom longlines was recorded in 36% and 19%
of hauls, respectively, with average depredation by sea lions
occurred on 3% and 5% of commercial fish catch in gillnets
and bottom longlines, respectively. The most frequently caught
non-commercial species in gillnets was Brazilian menhaden,
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TABLE 2 | Summary of commercial fish catch and discard in bottom longline hauls.

Bottom longlines Total FE (hooks × h) Targeted species Catch (kg) % (kg) CPUE

BSB 04–05 32506 Cynoscion guatucupa 1058 31.1 0.032

(N = 138) Micropogonias furnieri 692 20.4 0.021

Genidens sp. 666 19.6 0.020

Urophycis brasiliensis 434 12.8 0.013

Conger orbignyanus 368 10.8 0.011

Subtotal 3218 0.099

Discard 178 5.2 0.005

Total 3396

CSA 04–05 28687 Conger orbignyanus 540 27.1 0.019

(N = 121) Cynoscion guatucupa 484 24.3 0.017

Urophycis brasiliensis 384 19.3 0.013

Micropogonias furnieri 204 10.2 0.007

Macrodon ancylodon 158 7.9 0.005

Mustelus schmitti 95 4.8 0.003

Subtotal 1865 0.062

Discard 126 6.3 0.004

Total 1991

BSB 05–06 30101 Cynoscion guatucupa 744 29.8 0.025

(N = 112) Micropogonias furnieri 594 23.8 0.020

Urophycis brasiliensis 374 15 0.012

Genidens sp. 324 13 0.010

Conger orbignyanus 241 9.6 0.008

Subtotal 2277 0.08

Discard 221 16.3 0.007

Total 2498

BSB 06–07 11174 Micropogonias furnieri 369 23.9 0.033

(N = 44) Cynoscion guatucupa 358 23.2 0.032

Urophycis brasiliensis 270 17.5 0.024

Genidens sp. 211 9.6 0.019

Macrodon ancylodon 148 1.2 0.013

Subtotal 1356 0.12

Discard 186 12 0.017

Total 1542

FE, fishing effort; N, number of hauls.

while in bottom longlines were Skate (Raja flavirostris), Angel
shark (Squatina argentina), and Brazilian flathead (Percophis
brasiliensis). Although these three species are occasionally sold as
low value species, there was no local market for them at the time
the experiment was conducted, and as a result catches of these
species were excluded from the economic analysis. Three species
of gastropods, Black volute (Adelomelon brasiliana), Fine volute
(Zidona dufresneyi), and Rapa whelk (Rapana venosa) were
also occasionally caught in bottom longlines but not considered
in the analysis.

The average commercial fish catch in gillnets, excluding
discards, was 48.3 kg/haul (BSB 04–05), 46.4 kg/haul (CSA 04–
05), 47.5 kg/haul (BSB 05–06), and 58.6 kg/haul (BSB 06–07).
The average commercial fish catch in bottom longlines, excluding
discards, was 23.3 kg/haul (BSB 04–05), 15.4 kg/haul (CSA 04–
05), 20.3 kg/haul (BSB 05–06), and 30.8 kg/haul (BSB 06–07). For
the scale of this experiment, the relationship of commercial fish
catch between gillnets and bottom longlines was 2.0 (BSB 04–05),

3.4 (CSA 04–05), 2.4 (BSB 05–06) and 2.6 (BSB 06–07), indicating
that the bottom longline fishing effort would be roughly increased
by 2.5 times to have equivalent catches as gillnets. A conservative
estimate would be to use a minimum of 200 hooks to catch
similar amount of commercial fish than 100 m of gillnets at
BSB. Based on the catch rates recorded, it is then expected
that each fisherman operating any daily string combination of
400 m gillnets would catch around 15,200–18,752 kg assuming
80 workable days per fishing season at BSB. This result is based
on a linear relationship between catch abundance and length
of longline which may not necessarily always be the case given
variable target fish distributions and potentially other factors.

Comparative dolphin, sea turtle, and sea lion interactions
with each gear type are shown in Table 5. No interactions
with seabirds were recorded for either gear during the trials.
In total, 85 dolphins were bycaught in 452 gillnet hauls from
71 bycatch events compared to one dolphin bycaught from 415
longline hauls. The dolphin was hooked by the pectoral fin

Frontiers in Marine Science | www.frontiersin.org 9 August 2020 | Volume 7 | Article 699

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


fmars-07-00699 August 27, 2020 Time: 11:56 # 10

Berninsone et al. Switching Gillnets to Longlines

TABLE 3 | Combined species occurrence index (%) showing species most
commonly caught by both fishing gear types.

Targeted species

Common name Scientific name Gillnets
(%)

Bottom
longlines

(%)

Stripped weakfish Cynoscion guatucupa 86.6 58.5

Whitemouth croaker Micropogonias furnieri 72.6 56.5

Parona leatherjack Parona signata 59.2 4.2

Brazilian codling Urophycis brasiliensis 37.5 50.5

Mullet Mugil liza 26.4 0

Catfish Genidens sp. 15.2 53

Patagonian smooth-hound Mustelus schmitti 8.8 30

Conger Conger orbygnianus 0 36.3

King weakfish Macrodon ancylodon 4.1 1.8

The species with ≥50% were classified as common species.

and entangled in the snood and mainline and necropsy results
showed that this individual had drowned. Seventy-seven green
turtles (Chelonia mydas), three loggerhead (Caretta caretta), and
two leatherback turtles (Dermochelys coriacea) were incidentally
entangled in gillnets. Seven green turtles were released alive,
while the remaining 75 turtles were found dead. Sea turtle
entanglements in bottom longlines involved three green turtles
and one leatherback, with all individuals caught either in the
main or anchoring line. Two of the three green sea turtles were
found alive and subsequently released, while the leatherback was
suspected to have died before the entanglement, which was later
confirmed by necropsy. No direct interaction between turtles and
hooks were recorded.

Economic Analysis of the Fishery
Information on the most relevant cost indicators and total assets
for artisanal fishing operations in BSB is shown in Table 5.
A preliminary analysis showed that the commercial fish catch
rate in gillnets during this experiment was significantly lower
than the historical commercial fish catch rate estimated by
combination of interviews with fishermen and records from the
Coast Guard (Mann–Whitney test, P < 0.05). The estimated fish
catch rates and probabilities assigned for the economic analysis
are shown in Table 6. The analysis of the economic indicators
shows that the profit margin (EPR), as well as the return on
investment (ROI), is higher when operating 400 m of gillnets
than 800 hooks in bottom longlines (Table 7). When using 50%
of gillnet fishing effort (200 m) in combination with bottom
longlines (400 hooks) simultaneously, the ROI would be about
8–10% lower than using gillnets alone when considering the
estimated catch rates during this experiment and the combined
data from interviews, respectively. The IRP was calculated from
a total of 21,875 combinations of the aleatory variables: fish
catch, and price. These combinations give IRP values between
5% and 27.8%, and between −33% and 29.8% for 5- and 1-
year scenarios, respectively (Figure 7). These values indicate
acceptable perspectives for economic and financial return of
the investment under a 5-year scenario in 100% of the cases.

However, for a 1-year scenario the values are acceptable in 30.2%
of the cases only.

DISCUSSION

In order to evaluate the effectiveness of the bottom longlines
as a potential alternative fishing gear, we discuss its fishing
performance, bycatch mitigation effectiveness and economic
implications in contrast with gillnets.

Fishing Performance
The process of a fish encountering a fishing gear is different
for gillnets and bottom longlines as it depends on random
movements and swimming activity of fish and visual/olfactory
stimuli from bait. The fishing gear’s efficiency can vary with time,
location, environmental factors and the presence of competitors,
natural prey, or predators that influence fish behavior. Water
temperature, light level, current velocity, turbidity, ambient prey
density and intra- and inter-specific competition are likely to
have the largest effects on fish catchability in the performance of
baited fishing gear (Stoner, 2004). Daily activity rhythms, feeding
motivation, sensory and locomotory abilities of fish also play an
important role in the effectiveness of baited fishing gear.

Bait type is considered one of the most important factors
that determine effectiveness in longlines. Bait choice involves
trade-offs between quality, effectiveness and cost. In both study
areas, Brazilian menhaden bait was effective at catching the
two main targeted species, producing the highest catch diversity
of commercial species and showed less bait loss rate. As it
is usually caught as a discard species in gillnets, the use of
Brazilian menhaden does not represent an additional cost for
local fishermen. Although during the first trial there were bottom
longline hauls baited with less effective bait as Argentine conger,
no significant differences were observed in the CPUE throughout
the second and third trials at BSB. Argentine conger presented a
relative low catch rate and a higher bait loss rate which could be
related to rapid deterioration over time and a greater probability
of attacks by scavengers. The Argentine squid was a highly
effective bait, especially for Whitemouth croaker, but the relative
high cost limits its utility in a small-scale artisanal fishery.

Selectivity in bottom longlines can be affected by variables
such as the gear design, type of hook, hook size, fishing operation
and type and size of bait (Løkkeborg and Bjordal, 1992). Fish
behavior and morphology will also directly affect the selectivity
of fishing gears, if hook size is the sole factor determining
selectivity then the selection curve should be sigmoidal in shape
(Hovgard and Lassen, 2000). A more thorough analysis of the
selectivity of different fishing gears is beyond the scope of this
study. However, the analysis of the catch size frequency is useful
in determining the potential efficacy of experimental bottom
longlines to catch appropriate fish size. The catch size frequencies
in bottom longlines were not described by a unimodal curve,
except for the Brazilian codling, indicating that more than one
factor was likely involved in selectivity during our experiment.

The CPUE recorded in relation to soak time in bottom
longlines suggests that the most effective haul duration was
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FIGURE 4 | Variability of CPUE and SE in gillnets (black triangle) and bottom longlines (white circle) in BSB. THE CPUE for bottom longlines is expressed as CPUE-1.

around 3 h. The maximum number of fish that can be caught
by a longline is directly related to the number of hooks available.
Over time, as an increasing number of hooks are occupied

the fishing power of the gear is reduced. This decrease in
fishing power can be described by an exponential decay model
(Rotschild, 1967), and may also decline over time if bait is

Frontiers in Marine Science | www.frontiersin.org 11 August 2020 | Volume 7 | Article 699

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


fmars-07-00699 August 27, 2020 Time: 11:56 # 12

Berninsone et al. Switching Gillnets to Longlines

FIGURE 5 | Pooled fish catch size length (TL) distributions for commercial fish species caught with both fishing gears in BSB and CSA.

TABLE 4 | Summary of quality of commercial fish catch in relation to fishing gear.

Gillnets Bottom longlines

BSB CSA BSB CSA

Fish quality kg (%) Kg (%) Kg (%) Kg (%)

1 2794 (17.8) 1070 (16.7) 4158 (60.7) 809 (43.4)

2 1105 (70.4) 4685 (73.1) 2172 (31.7) 973 (52.2)

3 597 (3.8) 314 (4.9) 144 (2.1) 30 (1.6)

4 1256 (8) 340 (5.3) 377 (5.5) 52 (2.8)

Total 15699 6409 6851 1865

1 = perfect condition; 2 = good condition; 3 = some predation; 4 = gray gills or
extensive predation. See text for more details.

removed from the hooks. Additionally, it has been found that the
release rate of attractants from baits is initially high and declines
rapidly, affecting effectiveness throughout time (Løkkeborg,
1990; Furevik and Løkkeborg, 1994). The durability in water and
quality of the bait used may allow local fishermen to operate more
than one haul a day, potentially increasing their catches with
bottom longlines.

The experimental design of the longline gear could be further
tested to see if the fish catch rate is improved. Although previous
studies have shown that monofilament ground lines have many
advantages (Bjordal, 1989; Sainsbury, 1996), the strong currents
in this study area require a multifilament ground line for a better
handling and fishing operation unless boats are equipped with
winches. In many fisheries, circle hooks have proven to be more
effective than traditional “J” shaped hooks (Quinn et al., 1985;
Bjordal, 1989; Bolten and Bjordal, 2005; Kersteter and Graves,
2006), probably due to a lower escape rate of hooked fish. Circle
hooks have also been shown to reduce the bycatch and increase
the post-hook survival rates of sea turtles in some fisheries (Cooke
and Suski, 2004; Watson et al., 2005; Minami et al., 2006: Read,
2007; Sales et al., 2010). However, their use might increase the
catch of sharks and rays in pelagic and coastal fisheries (Afonso
et al., 2011), including currently threatened species such as the
Patagonian smooth-hound currently endangered (Massa et al.,
2006). Increasing bottom longline effort by implementing 800
hooks to make it comparable to 400 m of gillnets does not
seem to bring an issue for local fishermen as long as it results
in an increased or comparable revenue to that from gillnets.
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FIGURE 6 | Commercial fish catch in relation to bait type and bait loss with bottom longlines in BSB and CSA. CPUE (black circle, full line), Bait loss rate (white
triangle, dotted line).

The analysis of fish catch rates showed no significant difference
between individual fishermen, suggesting that although this was
a new fishing method for them, fishermen were equally able
to operate the experimental bottom longlines although they
reported concerns about getting hooked.

Similar catch size frequencies for all targeted species were also
recorded in both fishing gear types at BSB and CSA, indicating
relative high size selectivity by both gears. The bimodal curve
obtained with bottom longlines might be due to recruitment of
different year classes into the population (Millar and Holst, 1997),
influenced by fish behavior and catching process. Although baited
gear has been reported to catch bigger fish than gillnets (Hovgard
and Lassen, 2000; Santos et al., 2002; Stergiou and Erzini, 2002;
Erzini et al., 2003), no significant differences were found in this
study. However, bottom longlines were more effective at catching

species with the highest local market prices such as Catfish and
Brazilian codling. The catch size frequencies of the most common
species recorded with both fishing gears showed that this coastal
fishery mainly targets mature individuals (Macchi and Acha,
1998; Bezzi et al., 2000; Macchi et al., 2003). The most important
commercial and heavily exploited fish in coastal Buenos Aires
is Whitemouth croaker (Lasta and Acha, 1996). The proportion
of juvenile Whitemouth croaker caught by gillnets (6%) or
bottom longlines (3%) in this experiment was significantly lower
than the average 33% reported for trawlers operating in BSB
(Carozza and Lorenzo, 2011), indicating the high selectivity of
gillnets and bottom longlines in areas where juveniles of several
fish species are present (Lasta, 1995; Lasta and Acha, 1996;
Acha et al., 1999; Acha and Macchi, 2000; Macchi et al., 2003;
Militelli, 2007).
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TABLE 5 | Summary of interactions with franciscana dolphins, sea turtles, sea lions in relation to gear type, number of hauls, catch, and fishing effort.

Gillnets Bottom longlines

BSB CSA BSB BSB BSB CSA BSB BSB

04–05 04–05 05–06 06–07 04–05 04–05 05–06 06–07

Total number of hauls 135 138 118 61 138 121 112 44

Total FE (km−1 hr−1) or (hooks hr−1) 1262.5 882.2 1001.2 412.1 32506 28687 30101 11174

Total commercial fish catch (kg) 6521 6409 5605 3573 3218 1865 2277 1356

Number of bycaught dolphins 35 17 22 11 1 0 0 0

BPUEdolphins (fishing effort) 0.028 0.019 0.022 0.027 3.1 × 10−7 0 0 0

BPUEdolphins (kg of fish catch) 0.0054 0.0026 0.0041 0.0031 0.00031 0 0 0

number of bycaught sea turtles 35 3 31 13 4 0 0 0

BPUEsea turtles (fishing effort) 0.028 0.0034 0.031 0.031 0.00012 0 0 0

BPUEsea turtles (kg of fish catch) 0.0054 0.00047 0.0055 0.0036 0.0012 0 0 0

Number of sea lion attacks 172 108 81 54 47 42 34 14

Number of attacks/haul 1.3 0.8 0.7 0.9 0.3 0.3 0.3 0.3

% of hauls with attacks 31% 38% 33% 38% 19% 14% 17% 21%

APUE 0.026 0.017 0.014 0.015 0.015 0.022 0.015 0.010

FE, fishing effort; CPUE, catch per unit effort; APUE, number of attacks per unit effort.

Although the majority of fish caught by both gear types were
of good quality, bottom longlines caught a higher proportion of
top quality catch (perfect condition or alive), particularly of the
two main targeted species. Bottom longlines seem to be more
efficient in BSB than CSA as measured by the relative fishing
performance recorded.

Bycatch Mitigation Effectiveness
Total biomass was also used to compare relative bycatch rates of
dolphins and sea turtles as well as sea lion interaction rates with
the two types gear.

Bycatch in artisanal fishing gillnets has been recognized
as the main threat for the franciscanas (Reeves et al., 2012).
Previous studies of mortality rates and abundance estimation
have demonstrated that the level of bycatch is considered
unsustainable for the FMAIV (southernmost franciscana
population) (Perrin et al., 1994; Crespo et al., 2010; Negri
et al., 2012). Information from genetic analysis (Mendez
et al., 2008; Gariboldi et al., 2015) and movement patterns
(Bordino et al., 2008; Wells and Bordino, 2013) indicate that
franciscanas might be aggregated in subpopulations along
the distribution of the species. In terms of conservation, each
subpopulation is considered as a relevant evolutionary unit that
should be protected.

Franciscanas with satellite linked tags of BSB have shown
that they do not move down south to CSA (Bordino et al.,
2008), suggesting that there is a subpopulation of franciscanas
in BSB and another one in CSA, which correlates with the fact
that one population inhabits an estuarine system whereas the
other one is inhabits an open sea area. This leads to a difference
distribution of fish relative abundance and thereby on the fishing
practices. According to those differences, conservation measures
should be adapted to a local level considering the range of
the fishing community practices and the ecological implications
for the species.

Conservation strategies are not based on a single method but
on a compliance of different techniques involving technology
applied to the local traditional fishing methods (e.g., pingers, led
lights, reflective gillnets) and alternative fishing methods such as
fishing pots or longlines (FAO, 2018a). Switching fishing gears
implies a challenge for traditional fishermen that can only be
attempt after evaluating the bycatch potential reduction of the
alternative fishing gear.

In the present study, dolphins were bycaught in gillnets at
both study areas. The BPUEdolphins in gillnets (km net−1 h−1)
obtained is consistent with previously estimated ranges for the
same fisheries (Bordino et al., 2002, 2004, 2013; Bordino and
Albareda, 2004), indicating that the incidental bycatch remains
over sustainable levels when fishing with gillnets and suggesting
that management actions for mitigating the incidental bycatch
are required urgently.

In contrast, only one dolphin was bycaught in bottom
longlines, accidentally hooked by a pectoral fin at CSA. Previous
interviews with local artisanal fishermen in the study area did
not report any interaction with franciscanas when using hooks
(Weiskel et al., 2002). However, entanglement and death in
unbaited and rolling hooks was documented for the Baiji (Lipotes
vexillifer) (Zhou and Li, 1989; Zhou and Wang, 1994; Zhou
et al., 1998; Reeves et al., 2000) and up to 15 odontocetes
species have been recorded bycaught on pelagic longline hooks
(Hamer et al., 2012). Therefore, the possibility of increased
bycatch risk and/or depredation of bait by franciscana in this
fishing gear should be monitored. Nevertheless, the present
study has proven that longlines can be an effective alternative
fishing gear for franciscana bycatch mitigation, although its
implementation is not solely based on the mitigation potential
but also on a benefit for the fishermen, from a cultural and
economic point of view.

The use of fishing lines, especially pelagic longlines, has been
widely reported to result in the bycatch of seabirds, sea turtles
(e.g., Cherel et al., 1996; Barnes et al., 1997; Lewison et al., 2004b)

Frontiers in Marine Science | www.frontiersin.org 14 August 2020 | Volume 7 | Article 699

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


fmars-07-00699 August 27, 2020 Time: 11:56 # 15

Berninsone et al. Switching Gillnets to Longlines

FIGURE 7 | Incremental Profitability Rate (IRP) profiles for BSB at 1- and
5-year scenarios.

and marine mammals (Szteren and Páez, 2002; Donoghue et al.,
2003; Hamer et al., 2012). However, no seabirds were caught
in bottom longlines or even gillnets during this experiment,
and have not previously been documented as bycatch in this
artisanal fishery.

Sea turtle bycatch was relatively common in gillnets but rare in
bottom longlines. Given the relatively low soak times of bottom
longlines it is possible that incidentally bycaught sea turtles
would be found alive and might of survived following release.
In addition to the soak times the use of different hook types
could further reduce the risk of serious injury or mortality on
entangled sea turtles.

In this study, South American sea lions interacted with
both bottom longlines and gillnets, and depredated fish without
resulting in an entanglement. Such opportunistic behavior seems
to be more evident in gillnets than bottom longlines as indicated
for the comparative proportion of hauls with evidences of
depredation and the APUE. Although the predatory behavior of
pinnipeds in fisheries is a cause of concern due to the potential
cost to fisheries (Marsch et al., 2003), during this experiment

TABLE 6 | Estimated unit cost (in kilograms of fish equivalent) for operational
gillneting considering the average fishing effort, the catch rate for each gear during
the experiment, and comparable fishing efforts between gears in BSB (400 m
gillnets and 800 hooks).

Average 400 m 800 hooks

Item Cost (kg) Gillnet Longline

Used boat and fishing permit 6000 6000 6000

Used 60–90 outboard engine 5500 5500 5500

Gillnet unit (100 m) 200 800 0

Bottom longline units (80 hooks) 100 0 1000

Daily labor crew 40 3200 3200

Daily hooking + bait + cleaning 40 0 3200

Daily gas and oil 65 5200 5200

Annual boat maintenance 380 380 380

Annual taxes and insurance 550 550 550

Total assets (kg) 21630 25030

depredation represented less than 5% of the commercial fish
catch. In addition to depredation of fish, sea lion interaction
also resulted in some small losses of snoods and hooks, and
holes in gillnets which can result in efficiency reduction. Damage
to gear rather than catch loss is a primary concern for local
fishermen. The intensity of sea lion interactions is likely to be
influenced by a number of factors including the presence of
entangled or hooked fish, the number and motivational state
of sea lions around the gear, the gear location, environmental
conditions and even the presence of predators such as sharks
or killer whales (Harcourt, 1992; Hückstädt and Antezana, 2004;
Vila et al., 2008). The depredation or damage to gear recorded
during this study does not seem to be responsible for significant
variations in fish catches.

Economic Implications
Economically, bottom longline gear was relatively cheaper
because it lasted longer over several fishing seasons, had the same
selectivity, caught species of higher quality and value in the local
market and required shorter soak time than gillnets. However, the
additional expense of bait and labor for hooking and cleaning the
gear increase the operational cost, resulting in a lower revenue
compared to the gillnets.

Caution must be taken when interpreting the results of the
economic profitability analysis because the price of the fish in
the local market is difficult to predict since it is usually driven by
the productivity of the trawler fleet operating in the same areas
affecting supply and demand. Demand is the main factor directly
influencing fishing effort in this coastal fishery (Lagos, 2001).
Incomplete knowledge of possible changes in the values of some
of the variables used, typical in many developing countries, can
also affect the analysis. The economic analysis performed only
provides an overview of the profitability using data obtained from
a relatively small-scale experiment.

In addition, this analysis did not consider the economic
advantage of using bottom longlines from increased value of the
fish caught, which yielded a better quality of catch and/or catches
of commercial species with higher values than Whitemouth
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TABLE 7 | Analysis of the economic indicators (in kg of fish equivalent), based in fish catch rates recorded during this experiment and combined from interviews and
Coast Guard reports.

BSB (this experiment) BSB (combined)

400 m 800 hooks 200 m gillnet 400 m 800 hooks 200 m gillnet

Economic indicator Gillnet Longline +400 hooks Gillnet Longline +400 hooks

Average total gross revenue (TGR) 16976 16976 16976 22953 22953 22953

Operational cost (OC) 6930 7130 7030 6930 7130 7030

Gross value added (GVA) 10046 10246 9946 16023 15823 15923

Labor cost (LC) 3200 6400 4800 3200 6400 4800

Gross cash flow (GCF) 6846 3846 5146 12823 9423 11123

Depreciation of gear (D) 800 250 525 800 250 525

Economic profit (EPR) 6046 3596 4621 12023 9173 10598

Profit margin (PRM) 35.6% 21.2% 27.2% 52.4% 39.9% 46.2%

Return on investment (ROI) 27.9% 14.4% 19.8% 55.6% 36.6% 45.4%

croaker or Stripped weakfish, or the possibility of more than
one haul per day. As such, this analysis indicates a minimum
expectation of profitability. The conservation status of the
franciscana will be addressed only after the amount of fish and
money coming in is stable and fishermen can be reassured that
conservation measures will not jeopardize their ability to support
household economy (Weiskel et al., 2002).

In general, gillnets and bottom longlines had a relatively
similar efficiency/selectivity rate, but technical reasons, biological
variables, environmental changes, or even cultural rather than
economic aspects would also determine what gear might be used.
As far as we know, the comparative advantages and disadvantages
between gillnet and bottom longlines have not been examined
for most coastal fisheries in Argentina. The present study shows
strong potential for the use of bottom longlines as a viable
alternative fishing gear for, at least, BSB. While a number of
studies have compared fishing gear types in terms of catch
composition, catch rates and selectivity, few studies have been
based on the comparison of gear operating simultaneously in
the same fishing grounds (e.g., Hovgard and Riguet, 1992; Engas
et al., 1993; Huse et al., 1999; Hallyday, 2002; Santos et al.,
2002; Stergiou and Erzini, 2002; Erzini et al., 2003; Eckert and
Eckert, 2005). Bottom longlines in BSB seem to be favorable in
terms of the sustainable use of living resources due to minimal
capture of undersized fish, low discard and limited bycatch of
non-target species.

Considering the necessary increase in bottom longline effort to
catch the same amount of fish than gillnets established during this
study, the net economic return remains favorable for this small-
scale fishery. A hypothetical simulation where 50% of gillnet
fishing effort is switched to bottom longlines resulted in only a
profitability rate reduced by 6–8% when compared to only using
gillnets in BSB. Accounting for costs and associated profitability,
reducing gillnet effort by switching to bottom longlines appears
to be a practical option involving a relatively low cost that
could result in a significant reduction of current bycatch rates of
franciscana in Argentina.

Even if bottom longline effort is increased by 2.5 times to
catch an equivalent amount of fish as gillnets, the expected
franciscana bycatch rates would still be 90% lower than the

average recorded in gillnets in these fisheries. However, this
estimate assumes a linear relationship between bycatch rates
and bottom longline fishing effort. Subsequent studies should
examine variability in catch as a function of soak time, longline
length, and hook spacing.

Further work is recommended to increase the scale of
the field trials before any attempts are made to promote the
use of bottom longlines in this area. The effectiveness of
any bycatch mitigation strategy may be reduced by a lack
of compliance or inappropriate use of the gear among other
factors. Moreover, a decrease in efficacy between experimental
and fleet-implementation results may have serious consequences
for the conservation of bycaught species, especially in the
absence of an effective monitoring program (Cox et al.,
2007). The evaluation of circumstances other than profitability
is needed to determine the prospect of fishermen adopting
this alternative gear. Such a change would similarly need
to address how the cultural and social context bears on
transitioning over to new fishing gear and can help shed light
into how the interplay of these variables influence changes in
artisanal fisheries.
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