
Frontiers in Marine Science | www.frontiers

Edited by:
Esteban Avigliano,

Consejo Nacional de Investigaciones
Cientı́ficas y Técnicas (CONICET),

Argentina

Reviewed by:
Juan Martin Diaz De Astarloa,
Institute of Marine and Coastal

Research (IIMyC), Argentina
Ana Laura Ibañez,

Autonomous Metropolitan University,
Mexico

*Correspondence:
Gonzalo Machado-Schiaffino
machadogonzalo@uniovi.es

†These authors have contributed
equally to this work

Specialty section:
This article was submitted to

Marine Fisheries, Aquaculture and
Living Resources,

a section of the journal
Frontiers in Marine Science

Received: 23 December 2021
Accepted: 07 March 2022
Published: 29 March 2022

Citation:
Blanco-Fernandez C, Erzini K,

Rodriguez-Diego S, Alba-Gonzalez P,
Thiam N, Sow FN, Diallo M,

Viðarsson JR, Fernández-Vidal D,
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Accuracy in reporting captures is a key element to achieve fisheries sustainability.
However, identification of the catches might be a challenge when two or more species
are morphologically similar and caught jointly, like the mixed fisheries of black hakes in
East Atlantic African waters. Black hakes (Merluccius senegalensis andM. polli) are tough
to differentiate without previous training due to their high morphological resemblance. The
two species are managed as a single stock, although the biological differences between
them suggest the need of a separate management. In this study, a total of 806 black
hakes were visually identified by fishers on deck of fishing vessels operating in Mauritania
and Senegal waters, then assigned to a species by sequencing 450bp of the
Mitochondrial Control Region. Comparing the results with visual identification we found
31.4% of the total catch were incorrectly labelled on board by the fishermen. The accuracy
of the fishers’ identification depended on the depth of capture and on fish size, larger
individuals caught from deeper waters being more correctly assigned to M. polli.
Mislabelling biased to M. polli suggests that M. senegalensis, already catalogued as
endangered, is being underreported, which could endanger the conservation of this
species and threaten the sustainability of black hake fisheries. Our results highlight the
need for separate evaluation of the stocks in mixed fisheries for morphologically similar
fish. Thus, monitoring through DNA barcoding in the very first step of the seafood chain
surveys would improve accurate species delimitation and reduce its impact on the correct
assessment of the stocks.
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INTRODUCTION

Many threats challenge the goal of a sustainable fishing. Most
notably, many stocks continue to decline due to overexploitation
(Worm, 2016). Over 30% of stocks are overfished, while many
others lack sufficient data to be correctly evaluated (FAO, 2020b).
Although a correct assessment of the stocks and records of
captures are essential for fisheries sustainability, mislabelling
often hinders the reliability of these data worldwide and in all
kinds of seafood resources (Luque and Donlan, 2019).
Mislabelling – reporting a species under a wrong name - is
often intentional to obtain fraudulent financial gain or mask IUU
(Illegal, unreported and unregulated fishing) products that
cannot be legally commercialized (Helyar et al., 2014; Muñoz-
Colmenero et al., 2017; de Carvalho et al., 2020; Blanco-
Fernandez et al. , 2021a). In other cases it is likely
unintentional, like mistakes in species identification that do
not imply economic gains for the producer or seller (e.g.
Ardura et al., 2010). It could be also applied to those cases of
generic labelling that allows for more than one species to be sold
under an umbrella term (Garcia-Vazquez et al., 2011; Cawthorn
et al., 2018; Agyeman et al., 2021).

Mislabelling happens in all the different steps of the seafood
supply chain, from the fishing vessel to the final selling point.
Studies suggest that it is higher in early and late steps of the
chain, such as at landings (Crego-prieto et al., 2010), restaurants
(Muñoz-Colmenero et al., 2016) and mass caterings (Pardo et al.,
2018). The earlier the point, the more difficult solution; it seems
obvious that an error, deliberate or inadvertent, at the beginning
of the supply chain will be spread along the chain, leading to
compounded mislabelling. In Spain, Gordoa et al. (2017) found
tuna substitutions beginning at suppliers (wholesalers),
increasing at fishmongers that are the next step in the chain,
and reaching its maximum at restaurants (up to 62%mislabelling
at the end of the chain). Shehata et al. (2019) found a similar
pattern in Canada, where the increase of mislabelling rates
between the importers and the retailers, more than double in
the latter, emphasizes the role of distribution and repackaging in
seafood mislabelling.

Mislabelling in early steps is not always intentional; it is often
the result of inadvertent substitution between morphologically
similar species that are fished together (Crego-prieto et al., 2010;
Iglésias et al., 2010). Misidentification of captures has negative
consequences in the sustainable management of the stocks, as the
misrepresentation of the actual catch leaves one of the species
underrepresented while the other is overrepresented (Cawthorn
et al., 2018; Giovos et al., 2021). However, despite the enormous
importance of controlling the early steps, mislabelling on board
has been rarely studied. Pardo et al. (2016) point at an important
sampling gap in early steps of the supply chain, as the majority of
studies focused sampling on retailers and restaurants. Barendse
et al. (2019) reported two instances (0.1% of a long list of
barcoded MSC-certified and non-MSC samples) where
substitution was inferred to occur at point of capture or during
onboard processing, but without a direct evidence of mislabelling
onboard the fishing vessels. It is therefore urgent to cover the gap
Frontiers in Marine Science | www.frontiersin.org 2
in early checkpoints, where mislabelling, even unintentional,
may greatly affect the sustainability of seafood resources.

Hake (Merluccius spp.) are commercially important species:
landings of hake account for over 140,000 t/year in Europe
(EUMOFA, 2021), amounting to over 400 million €/year,
making it a highly consumed fish and a valuable marine
resource (EUMOFA, 2021). The genus Merluccius includes 12
species distributed along the Atlantic coasts, the east Pacific coast
as well as the coasts of New Zealand (Pitcher and Alheit, 1995).
Species belonging to this genus are morphologically similar,
making their identification difficult for non-experts (Pitcher
and Alheit, 1995). Furthermore, many of these species have
overlapping distributions, like Merluccius bilinearis and M.
albidus; M. paradoxus and M. capensis; M. polli and M.
senegalensis (Pitcher and Alheit, 1995). Therefore, it is
common to catch more than one species in mixed fisheries.
Often, the products of these captures are either not identified to a
species level or have a high degree of mislabelling. When
misidentifications show a directionality, the underreported
species may be overfished. This has been widely reported for
the highly exploited Cape hakes (Garcia-Vazquez et al., 2012;
Helyar et al., 2014; Blanco-Fernandez et al., 2021a), and
suggested for the northwest Atlantic species M. albidus and M.
bilinearis (Garcia-Vazquez et al., 2009).

Here, we will focus on a pair of species poorly studied in the
literature. “Black hakes” is the common name that includes both
Merluccius senegalensis and M. polli. The distribution of M.
senegalensis is reported from 33°N to 10°N (Fernández-Peralta
et al., 2017), while the distribution of M. polli is wider, ranging
from 25°N to 18.30°S (Fernández-Peralta et al., 2017). Thus, the
two species overlap for over 2000 km, where they are fished
jointly in a mixed fishery. There is also an overlap in their depth
range: Merluccius polli is reported from 50 to 1,100 m; and M.
senegalensis from 15 to 800 m (Froese and Pauly, 2021). For both
species, females are bigger than males (Lloris et al., 2005; Rey
et al., 2015). However, there are small differences in the
maximum and average sizes of both species, probably as a
consequence of their different ecological strategies (Rey et al.,
2015):M. polli is slightly smaller, reporting average sizes of 38 cm
(across adult males and females) and a maximum reported size of
80 cm, while the average size forM. senegalensis is 42 cm and the
maximum size reported is 81 cm (Cohen et al., 1990; Lloris
et al., 2005).

Both species spawn in the cold season during a similar
spawning window: September to March in M. senegalensis and
October to March in M. polli (Martos and Peralta, 1995;
Fernandez-Peralta et al., 2011). M. senegalensis has been
reported to spawn along the southern coast of Morocco and
northern coast of Mauritania, and to the north of Cape Verde,
whileM. polli spawning areas include the Mauritanian coast and
the gulf of Guinea (Martos and Peralta, 1995); thus their
spawning areas overlap in Mauritanian waters. These overlaps
in spawning areas and time would theoretically enable windows
for interspecific hybridization.

In addition to their overlapping distributions, these species
are morphologically similar, which may make both species hard
March 2022 | Volume 9 | Article 841667
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to distinguish based solely on exterior characters (Fall et al.,
2018). Some distinctive traits [see Cohen et al. (1990), the species
entries in Fishbase Froese and Pauly (2021), and Lloris et al.
(2003; 2005)] are described next. M. senegalensis has a longer
head in relation to the standard length thanM. polli. In addition,
M. polli scales are easily shed – not so easily in M. senegalensis,
and their number of lateral scales varies: in M. senegalensis they
range from 124 to 155, and inM. polli, from 98 to 127. Scales are
present in M. polli lacrimal bone but absent in M. senegalensis.
The gill rakers also differ between both species in number: in M.
polli with 8 to 12 in the first branchial, while M. senegalensis has
10 to 17 gill rakers. The caudal fin is white-edged in M. polli but
not inM. senegalensis (Fall et al., 2018). Finally, in large adultM.
polli individuals, pectoral fin tips do not reach the origin of the
anal fin like in M. senegalensis, although this trait is not
developed in smaller juvenile M. polli individuals where
pectoral fin tips can reach the origin of anal fin tip as in M.
senegalensis; thus this is not a strong diagnostic feature.

Black hakes are an important fishery resource. FAO (FAO,
2020a) reports of black hake captures in the east central Atlantic
(FAO zone 34) amounted to 29,547 tonnes in 2017, the last year
with available data, of which 18,843 t were reported as M.
senegalensis, 4,677 t as M. polli and the rest (6,027 t) not
specified. As one of the biggest importers, Spain reported a
total of 13,847 t landings in 2019 (Eurostat, 2021): 8,389 t of M.
senegalensis, 5,456 t of M. polli, and the remaining 2 t not
specified. Reports show that most of the landings of these
species to the continent from both Mauritania and Senegal
arrive at Spain (Fall et al., 2018; Fernandez-Peralta et al., 2019;
Eurostat, 2021). Furthermore, all fresh black hakes landings enter
to Spain through the port of Cadiz (Opromar, 2017), where the
prices differ from one species to another: currently M. polli (2.16
€/kg as of 2020) appears to be more highly valued in relation to
M. senegalensis (Idapes, 2021). However, while M. polli is
currently the main declared species, data shows a shift in the
landings reports in 2015-2016. This shift is also accompanied by
an analogous change in the price of both species (Supplementary
Figure S1).

For their conservation status, Merluccius senegalensis is
catalogued as endangered in the International Union for
Conservation of Nature –IUCN- Red List of Threatened
Species (Iwamoto, 2015b), while M. polli is globally considered
of least concern (Iwamoto, 2015a).

M. senegalensis is commercialized by its scientific name
(Blanco-Fernandez et al., 2021b), while in European markets
M. polli is often found only as an unreported substitute in
commercial samples (Garcia-Vazquez et al., 2011; Blanco-
Fernandez et al., 2021a; Blanco-Fernandez et al., 2021b). Until
now, it was not possible to disentangle if such mislabeling is
unintentional or, on the contrary, is a deliberate use of IUU
products. Because of this, and given the general lack of data
involving black hake fisheries, there is an urgent need for
assessing the accuracy of identification of these species.

To our knowledge, this is the first study of mislabelling in the
first checkpoint of the hake supply chain. Using a self-sampling
approach (e.g. Roman et al., 2011; Kraan et al., 2013),
Frontiers in Marine Science | www.frontiersin.org 3
collaborating fishers identified black hake catches on deck as
they do normally, and took tissue samples for further validation
of the species from DNA. Mislabelling was determined
comparing de visu and genetic identification, and possible
factors contributing to erroneous hake identification
were inferred.
MATERIAL AND METHODS

Sampling
We employed self-sampling i.e. direct sampling of real catch by
cooperative fishers themselves [e.g. Kraan et al. (2013)]. As the
objective was to assess current mislabelling of black hakes on
board, training on species identification was not offered.
Training was limited to an explanation of the data needed,
sample coding, and how to collect tissue samples and label the
tubes to ensure sample traceability. Fishers agreed to take part of
this study on a voluntary basis. They did not take any additional
identification training or receive researchers’ instructions about
how to recognize the species previous to this sampling. They
were asked to identify the hakes as they normally do in their
regular fishing operations, and to record some additional data:
fishing date, time, location and depth of the haul. Fishers also
recorded total length and sex of the individuals. Sex was
determined by examining the gonads in mature individuals.
Individuals were thus classified as male or female adults, or
juveniles (not sexed by fishers). A fin clip of 1 cm2 was cut and
stored in 100% ethanol, then sent to the University of Oviedo for
DNA analysis. A total of 806 hakes were processed, of which 474
were adult females, 186 adult males and 146 juveniles (all
collected data can be seen in Table S1).

Samples of black hake (M. senegalensis and M. polli) were
caught in Mauritanian and Senegalese waters (ranging between
latitudes 20.762°N and 14.95525°N, within their overlapping
distribution range) between November 2019 and June 2020.
Sampling in Mauritania was carried out by three Spanish
(operating under Sustainable Fisheries Partnership Agreement)
trawlers from OPROMAR company. In Senegal, sampling was
done from one trawler from the Spanish-Senegalese company
Soperka S.A. and from small artisanal longline vessels (Figure 1).
Vessels targeted different areas (Figure 1) and depth ranges
(Figure 2). Artisanal vessels fished in the Kayar canyon at
shallower depths and with the narrowest range (all catches
were done between 250 and 300 m depth, average = 296 m
depth), while industrial vessels fished from 80 m to 695 m depth.
In total, 76 hakes were taken from the northern area, 287 from
the central part and 462 from the southern one.

DNA Analysis
DNA was extracted with DNeasy Blood & Tissue kit by QIAGEN
following the instructions of the manufacturer. The
mitochondrial Control Region was chosen as molecular marker
for its accuracy in species identification within the Merluccius
genus (Machado-Schiaffino et al., 2008).
March 2022 | Volume 9 | Article 841667
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Primers MmerHk01 (5′- GGGGGGGCCGACAGAG
TTATA-3′) and MmerHk02 (5′-CCCGCTAGACTTGCT
TACTAA-3′) (Lundy et al., 2000) were used to amplify a
fragment of 450 bp within the Control Region. PCR
amplification was performed using 10 pmol of each primer, 1.5
mMMgCl2, 0.25 mM dNTPs, 1x Buffer GoTaq®Promega, 0.15 µl
of GoTaq®Polymerase (5U/µl) and 2 µL of the sample DNA in a
final volume of 20 µl. PCR conditions were an initial denaturing
step at 90°C for 5 min followed by 35 cycles with a 30”
denaturation step at 95°C, annealing at 53°C for 30”, and
elongation step at 72°C for 45”, plus a final elongation step of
15 min at 72°C. Amplicons were sequenced at Macrogen, Spain,
using Sanger sequencing. The resulting sequences were edited
using Lasergene Seqman software by DNASTAR.

All individuals sampled for this study were assigned to a
species from the sequences using BLAST (Basic Tool Alignment
Search Tool). BLAST results over 98% similarity identities
were considered.

Statistical Analysis
Samples were sorted in four different classes according to the
species assigned by fishermen (two first letters) and determined
from DNA (two last letters): MP/MP, MP/MS, MS/MS or MS/
MP; where MP=M. polli, MS=M. senegalensis. MP/MS and MS/
MP represent mislabelled individuals (visual ID/DNA ID).
Frontiers in Marine Science | www.frontiersin.org 4
PAST (Hammer et al., 2001) software was used to perform
Contingency Chi-square tests for differences between the
distribution of mislabelling in both species and among the
vessels. Logistic regression was performed in R v.3.6.1 (R Core
Team, 2019) to determine possible associations between the
classification of an individual and other variables such as sex
and size, latitude and haul depth. For this, the labelling classes
(dependent variables MP/MP, MP/MS, MS/MP and MS/MS)
were transformed to dummy variables (1=belonging to a class,
0= not belonging to a class). The geographical distribution of
samples was represented using QGIS v.3.4.14, and ggplot2 was
used for data visualization (Wickham, 2016).
RESULTS

Overall Mislabelling on Deck
Fishermen identified 813 hakes on deck, of which a total of 806
individuals were successfully assigned to a species based on
control region sequences. Fishers labelled 63.5% of those
individuals as M. polli on deck (#512). DNA sequences 450 bp
long were obtained, and after inspection and manual revision
were submitted to GenBank where they are available with the
accession numbers MZ703314-MZ703406.
A

B C

D E

FIGURE 1 | Distribution of catches by labelling and DNA identity along the coasts of Mauritania and Senegal. a-e, Sectors and sampling points are proportional to
the number of samples caught in each zone. (A) General proportion of global mislabelling. (B) Distribution of samples labelled as M. polli and DNA-assigned to M.
polli (MP/MP). (C) Distribution of samples labelled as M. polli and DNA-assigned to M. senegalensis (MP/MS). (D) Distribution of samples labelled as M. senegalensis
and DNA-assigned to M. senegalensis (MS/MS). (E) Distribution of samples labelled as M. senegalensis and DNA-assigned to M. polli (MS/MP).
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Individual DNA identity and data compiled during the survey
on deck can be found in Supplementary Table S1. DNA revealed
that in reality only 45.7% of the 806 individuals analysed wereM.
polli (#368 vs. #438M. senegalensis), this implying that manyM.
senegalensis were unreported substitutes of M. polli (#144). As
expected from these global figures, mislabelling was not balanced
in the two species. Out of the 512 hakes labelled asM. polli by the
fishermen, DNA sequences of 314 best-matched with M. polli in
GenBank (MP/MP), while 199 (38.9%) were genetically assigned
to M. senegalensis (MP/MS). In contrast, 240 of the 294 hakes
identified on deck asM. senegalensis were genetically assigned to
M. senegalensis (MS/MS), and only 54 (18.4%) were assigned to
M. polli from DNA. Altogether, the proportion of samples
mislabelled was 31.4% (Table 1). Differences in mislabelling
between the two species were significantly different, M.
senegalensis individuals being more likely to be mislabelled on
deck (that is, classified as M. polli) than the other way round
(X2 = 36.442; p-value=1.57e-09).

While generally high, mislabelling frequency was not uniform
across fishing vessels (Table 1). Significant differences were
found between the vessels participating on the sampling (X2 =
78.05; p-value=4.5e-16). Mauritanian trawler 1 and 2 fishing in
Mauritania (northern part of the sampling area, see Figure 1)
labelled all hakes as M. polli, although 13.45% and 27.85% of
their respective catch was actually M. senegalensis. Mauritanian
trawler 3 had the lowest proportion of mislabelled samples of all
Frontiers in Marine Science | www.frontiersin.org 5
the vessels; only two individuals identified by fishermen as M.
senegalensis were classified as M. polli from DNA, while the
remaining 79 individuals were correctly classified (66 M. polli
and 13 M. senegalensis). In Senegal waters, both the Senegal
trawler and the artisanal ships labelled some individuals as M.
polli and others as M. senegalensis (Table 1). However, DNA
revealed only M. senegalensis in the catches belonging to the
artisanal fleet (40.6% mislabelling), and an even higher level of
mislabelling in vessel 4 (46.3%).

Factors Associated with Mislabelling
Latitude and haul depth were highly correlated to each other
(r=0.54; p-value = 2.2e-16). This can be explained because the
vessels operating in different locations aimed at different depths,
hence the relation between latitude and depth can be considered
spurious. Latitude was thus excluded from the multiple
regression analysis.

The multiple logistic regression showed significant prediction
of several labelling categories from haul depth and also from
hake size (Table 2). Correctly labelled M. senegalensis, class MS/
MS, would occupy shallower waters (negative regression on
depth) than correctly labelled M. polli, class MP/MP (positive
regression on depth). M. senegalensis misidentified as M. polli
(MP/MS) would occur in shallower waters (negative regression
with depth), and M. polli misidentified as M. senegalensis (MS/
MP) would be generally smaller (negative regression over size).
FIGURE 2 | Boxplots showing the distribution of the depth of the catches (in meters) for the different vessels.
March 2022 | Volume 9 | Article 841667
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It is clear that the four classes occurred generally at different
depths (Figure 3),M. polli being caught at deeper waters thanM.
senegalensis. When caught in shallower waters it was frequently
misidentified as M. senegalensis (see MS/MP in Figure 3). The
association of the different classes with size (Figure 4) shows that
MS/MP were shorter than the rest of classes. In the two classes of
misidentified individuals, small hakes were generally labelled as
M. senegalensis and large ones asM. polli (Figure 4). Altogether,
on-deck labelling errors were mainly due to the assumption ofM.
polli being bigger and inhabiting deeper waters, and the opposite
in M. senegalensis.
DISCUSSION

High level of misidentification of black hakes on board were
detected in this study. More than 30% of misidentification in the
first step of the commercial chain of these species is really
important, for two reasons. First, labelling accuracy in further
steps is already compromised from the very beginning. Second,
asymmetric mislabelling may endanger the most frequent
substitute that is M. senegalensis.

Misidentification of species at catch is perhaps the most
dangerous failure in the control of seafood commercial chain,
because mislabelling can only increase along the supply chain
(Gordoa et al., 2017; Shehata et al., 2019), especially when the fish
are already processed, and morphological identification is no
longer possible. A mistake in the species label is a problem for the
consumer when the substitute species is cheaper (economic
problem) or less nutritive/more polluted (health problem), but
it does not seem to be the present case because the black hakes
are similar fish, caught from the same waters. Thus, the main
problem is that the sustainable management of the species is
Frontiers in Marine Science | www.frontiersin.org 6
undermined; the underreported substitute species may be
inadvertently overexploited if misidentification is systematically
directional. From our results this seems to be the case of
black hakes.

Di rec t iona l i t y in the mis labe l l ing , po in t ing to
overrepresentation of Merluccius polli in the total sampling and
underreporting ofMerluccius senegalensis, has been found in our
data. Species misidentification leads to faulty assessments of
stock sizes which could have a negative repercussion on the
underreported species, and has been reported in other hake
species with overlapping distributions (Machado-Schiaffino
et al., 2008; Garcia-Vazquez et al., 2009; Garcia-Vazquez et al.,
2012; Cawthorn et al., 2012). Although black hakes are managed
together as a single stock, traditionally, M. senegalensis has been
the species targeted in this fishery over M. polli (Martos and
Peralta, 1995). However, more recently this situation has shifted,
and M. polli has become the main catch of this fishery,
accounting for over 90% of the landings (Fernandez-Peralta
et al., 2019). The activity of this fishery has been growing in
the last decade, with landings increasing from 9,000 t in 2006 to
17,000 t in 2016 (FAO, 2018). The state of these fisheries was
categorized as not fully exploited in 2016 (FIRMS, 2016), but
only one year later, it was considered fully exploited (FAO, 2018).
Taking into account that the two species are considered together,
from the results of our study it is possible that M. senegalensis is
overexploited now. Several pieces of evidence support this idea,
as stocks of M. senegalensis are declining (Fernández-Peralta
et al., 2017) and the species has been catalogued as endangered in
the IUCN Red List of threatened species (Iwamoto, 2015b), while
M. polli remains as Least Concern but is marked as “Research
needed” and its current population trend is unknown (Iwamoto,
2015a). Furthermore, the distribution of M. polli has expanded
northwards in the last 30 years, likely in relation to an increase of
temperatures, and has become the most abundant species in
Mauritania, overM. senegalensis (Fernández-Peralta et al., 2017).
The case of black hake is not unique, this can be seen in other
overlapping Merluccius hakes; for example, deep Cape hake M.
paradoxus is the current dominant species in areas where M.
capensis used to be the most abundant species, likely due to
overexploitation of the latter (Wilhelm et al., 2015).

The causes of mislabelling are likely not economic. While
there is a difference between both species, prices upon landings
seem to fluctuate artificially in relation to which one is more
commonly reported at that moment (Supplementary Figure 1).
This, in addition to the intrinsic difficulties of morphological
differentiation – the two species are quite similar to each other-
TABLE 1 | Total number of samples per vessel categorized according to their label and DNA identity.

Labelled as M. polli M. senegalensis N % Mislabelling

DNA identity M. polli M. senegalensis M. senegalensis M. polli

Mauritanian trawler 1 103 16 0 0 119 13.45
Mauritanian trawler 2 114 44 0 0 158 27.85
Mauritanian trawler 3 66 0 13 2 81 2.47
Senegal trawler 30 23 57 52 162 46.30
Artisanal fleet 0 116 170 0 286 40.56
TOTAL 313 199 240 54 806 31.39
March 2
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TABLE 2 | Multiple Logistic Regression with label categories as dependent
variables, and haul depth and hake length as independent variables.

Labelled as M. polli M. senegalensis

DNA Identity M. polli M. senegalensis M. senegalensis M. polli

Intercept -8.445 -1.745 3.455 1.927
(<2E-16) (0.081) (0.001) (0.054)

Haul depth 13.285 -4.273 -11.059 1.826
(<2E-16) (1.93E-05) (<2E-16) (0.068)

Length 0.998 2.031 2.469 -6.068
(0.318) (0.042) (0.014) (1.29E-09)
Significant z-values appear in bold (p-value in parentheses).
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would rather point towards an intentional error linked to fishers’
expectations as a more probable explanation. There are
ecological differences between both species (Rey et al., 2015;
Fernández-Peralta et al., 2017) which determine the probabilities
of finding one rather than the other. Depth range is partially
different (Martos and Peralta, 1995): M. senegalensis has a
preference for shallower depths, while M. polli is the dominant
hake species at deeper waters, but indeed they overlap. Fishers
were told to classify the catch as M. polli or M. senegalensis, thus
a priori they could expect to find individuals of the two species,
although from the depth range preference they would expect M.
polli in deep waters and M. senegalensis in shallower ones.
Fishers working in vessels #1 and #2 operating in Mauritania
at relatively greater depths expected to find M. polli and so
labelled all catch as the latter, although a proportion of the
catches, generally from the shallower waters fished, was
M. senegalensis.

Regarding differences between vessels, hake identification was
almost entirely correct in the Mauritanian trawler #3 while
practically random in the Senegal trawler #1. This may suggest
Frontiers in Marine Science | www.frontiersin.org 7
different levels of fishers’ expertise regarding hake classification
at a species level. The error in the Senegal trawler#1 could be
based on a wrong interpretation of the relative length of pectoral
fins as a general distinctive trait in M. polli. Pectoral fins do not
reach the origin of anal fin only in large, but not in small,M. polli
individuals, while they reach the origin of anal fins in M.
senegalensis at any size (Cohen et al., 1990). Samples
mislabelled by this vessel as M. senegalensis but DNA-assigned
toM. polli (MS/MP) were significantly smaller than the rest, thus
their pectoral fins were probably similar to M. senegalensis’. All
mislabelled MS/MP in our study were caught by vessel #4 in the
same area (Figure 1E), thus this particular error was exclusive of
fishers working on that vessel. Perhaps they had less experience
as fishers, although we cannot confirm it because we have no
specific information about this point. In their review of methods
utilized in fully documented fisheries, Mangi et al. (2015)
identified potential biases and lack of accuracy as main
concerns about self-sampling programmes. Here, we can
confirm that such a lack of accuracy can really happen
regarding species identification. In this case, the objective was
FIGURE 3 | Distribution of samples by labelling categories and depth. MP/MP: samples labelled as M. polli and DNA-assigned to M. polli (orange); MP/MS: samples
labelled as M. polli and DNA-assigned to M. senegalensis (red); MS/MS: samples labelled as M. senegalensis and DNA-assigned to M. senegalensis (light blue); MS/
MP: samples labelled as M. senegalensis and DNA-assigned to M. polli (blue).
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precisely to determine if it is happening in real fisheries, thus self-
sampling was the most realistic way to detect and quantify hake
identification biases.

From the considerations above, the results of this study point
towards the need for the assessment of each black hake species
separately to ensure the fishery ’s sustainability. The
implementation of self-sampling strategies as a sampling
resource could be useful for data deficient fisheries, functioning
as a cheap solution which also adds the involvement of the fishers
in the conservation of the stocks (Roman et al., 2011). However,
the high risk of mislabelling observed here shows that an effort in
fishers training is still required to improve hake identification
skills. This could be complemented with the implementation of
regular DNA-identifications, or morphological identification by
experts, to check periodically the accuracy of visual
identifications. The combination of self-sampling routines by
fishers with the use of molecular tools or expert checking could
result in a reliable and relatively cheap way to determine the
composition of fish catches, enabling more sustainable fisheries
and the conservation of these valuable resources.

Management and
Research Recommendations

i. Specific training in catch species identification is
recommended for fishers and fishing industry, to improve
the accuracy of labels from the beginning of seafood
commercial chain, and for setting up an effective national
sampling programme.

ii. Managing Merluccius pol l i and M. senegalensis
independently, or at least evaluating separately their stocks,
Frontiers in Marine Science | www.frontiersin.org 8
is strongly recommended for fishery sustainability and
conservation.

iii. The use of self-sampling strategies as done in this study
could be recommended to investigate mislabelling in origin
of other species fished together, like Cape hakes M. capensis
and M. paradoxus, North American hakes Merluccius
albidus and M. bilinearis, megrims Lepidorhombus boscii
and L. whiffiagonis, and others.

iv. DNA barcoding could be applied for the control of species
identification on board and in landings, through COI
analysis of random catch samples in order to validate
discrimination between species.
CONCLUSIONS

The high mislabelling risk found highlights difficulties in the
identification between these two similar hake species that leads
to a threat to the sustainable exploitation of this resource.
Furthermore, this is one of few articles to tackle the risk of
mislabelling in the first stage of the supply change (accidental
mislabelling on board). The same problematic is likely to occur
in other species. Mixed fisheries are especially vulnerable to
these practices: Different species must be assessed separately.
This is especially relevant under the current scenario of global
change, as the combination of changes in biology, ecology and
distribution of species and overexploitation may increase the
vulnerability of the underreported species (e.g.M. senegalensis).
Establishing DNA barcoding monitoring tool upon landing is
FIGURE 4 | Box and whiskers plot showing sample sizes (individual length) in each labelling category. MP/MP: samples labelled as M. polli and DNA-assigned to M.
polli (orange); MP/MS: samples labelled as M. polli and DNA-assigned to M. senegalensis (red); MS/MS: samples labelled as M. senegalensis and DNA-assigned to
M. senegalensis (light blue); MS/MP: samples labelled as M. senegalensis and DNA-assigned to M. polli (blue).
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key to avoid significant misidentifications affecting fisheries
management decisions.
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Pardo, M.Á., Jiménez, E., and Pérez-Villarreal, B. (2016). Misdescription Incidents
in Seafood Sector . Food Control . 62, 277–283. doi : 10.1016/
j.foodcont.2015.10.048
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