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pecies  misidentification  in  mixed  hake  fisheries  may  lead  to  overexploitation
nd  population  bottlenecks
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a  b  s  t  r  a  c  t

Accurate  species  identification  is  required  for  stock  assessment  to monitor  exploited  species.  Genetic
tools  are  useful  for species  identification;  employing  SNP  (single  nucleotide  polymorphisms)  as  markers,
here we  describe  two  cases  of  species  misidentification  which  may  lead  to  inaccurate  estimates  of  stock
ixed fisheries
pecies-specific markers

size and  adversely  affect  sustainable  hake  fisheries  management  in  the Atlantic  Ocean.  North  American
hakes  and  African  hakes  show  evidence  of  erroneous  labelling  that  may  obscure  exploitation  estimates  of
the species  caught  together  in  mixed  fisheries  (Merluccius  albidus  and  Merluccius  bilinearis,  and  Merluccius
capensis  and  Merluccius  paradoxus  in  North  America  and  Africa  respectively).  Use  of  genetic  methodology
for  species  identification  is  recommended  for improving  accuracy  of  stock  estimates  in  these  two  pairs
of hakes.
ntroduction

Industrialized fisheries typically reduce community biomass by
0% within 15 years of exploitation and as a consequence, large
redatory fish biomass today is only about 10% of pre-industrial

evels (Myers and Worm,  2003). Depletion of marine stocks is due
o many different factors, some of them anthropogenic. For exam-
le, exploited natural populations are in decline in many marine
reas due to factors which include climate change, pollution and
verfishing (e.g. O’Brien et al., 2000), as well as illegal fisheries
e.g. Baker and Palumbi, 1994). Inaccurate stock size estimates

ay  also lead to incorrect management decisions and endanger
xploited populations in the long term. When eggs and larvae are
orrectly identified, methods based on egg production are useful
or estimating stock sizes in marine species and can provide accu-
ate estimates of sustainable catches, that is, a level of catch that
oes not endanger the self-sustaining capacity of a population. The
roblem is that eggs and larvae are not always easy to identify. Eggs
nd larvae of different species with overlapping spawning areas are
ften morphologically similar, and methods of species identifica-
ion in addition to visual identification are needed for accurate stock
ssessment (Fox et al., 2005; Perez et al., 2005; Von der Heyden and

ipinsky, 2007).

Mislabelling can also mislead estimates of exploitation rates
hen they are based on reported catch data. In some cases, such as
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in some sharks, mislabelling is not a problem and high concordance
between trade and specific names allows the use of market records
for monitoring exploitation rates (Abercrombie et al., 2005). But
this method cannot be generalized. Sometimes the adults of two
species caught simultaneously, for example in trawl fisheries, are
so similar that it is difficult to identify them and mislabelling may
occur. Once mislabelled at landing, the error persists along the
entire seafood chain to the consumer, who  buys a marketed prod-
uct which does not correspond to the species marked on the label.
Mislabelling not only defrauds consumers but could also adversely
affect estimates of stock size if it influences the reporting of catch
data that are used in fisheries management (Marko et al., 2004).

Genetic methods for species identification can help from the
beginning (egg production) to the end (commercial label in stores)
of the fisheries lifespan. DNA offers many possibilities from the
technical point of view (e.g. Rasmussen and Morrissey, 2008;
Teletchea, 2009). The potential utility of species-specific markers
in assessment of real fisheries has been explored in some cases. For
example, illegal whale hunting was detected employing mitochon-
drial DNA markers (Baker and Palumbi, 1994). Egg identification
in plankton surveys is carried out by means of molecular markers
for stock assessment of cod, whiting and haddock in the southern
North Sea (Taylor et al., 2002). Another example is sharks, for which
trade data in combination with species-specific genetic identifica-
tion are a good fishery-independent estimate of worldwide catches

(Clarke et al., 2006).

The aim of this study was  to analyze in detail two cases of
mixed hake fisheries where application of species-specific markers
to fisheries science seems necessary because the species are mor-
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Table  1
Reference samples employed for testing species-specificity of the markers assayed.
Year, sampling year; NL, number of sampling locations; N, total sample size.

Species Year NL N

Merluccius albidus 2004 10 30
M.  bilinearis 2004 10 30
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Table 2
Nucleotides found for each analyzed species at the surveyed SNPs. Sites are
nucleotide positions within the mitochondrial control region. Positions yielding
differences useful for differentiating the two species within a pair are marked in
bold.

Sites 105 145 157 269 280 370 411

Merluccius albidus A T A C T G A
M.  bilinearis A G A C T C A
M.  capensis 2001 6 96
M.  paradoxus 2001 6 65

hologically similar. Species misidentification has been reported
or the North American M.  albidus and M.  bilinearis (Garcia-Vazquez
t al., 2009), and also for juveniles of the South African M.  capensis
nd M.  paradoxus (Von der Heyden and Lipinsky, 2007). In this study
e have identified genetically products of these two mixed hake
sheries, and assessed the possible consequences of inadvertent
rrors for long-term sustainability of hake stocks.

aterials and methods

amples analyzed

Reference samples for each species (Table 1) were obtained from
esearch cruises for the European Project MARINEGGS (M. capen-
is, M.  paradoxus),  and from the NMFS NEFSC bottom trawl survey
Azarovitz, 1981) (M.  bilinearis and M.  albidus;  Garcia-Vazquez et al.,
009). The specimens were obtained from at least four different

ocations covering roughly the Atlantic distributional range of each
pecies and identified by local experts in fish taxonomy: scien-
ists from the Northeast Fisheries Science Center (NMFS, USA), in
harge of North American hake samples; and Dr. Robin Tilney in the
epartment of Environmental Affairs (Cape Town, South Africa) for
outh African samples. The species was determined based on mor-
hological characteristics, mainly by the number of gill rakers for
orth American species (Chang et al., 1999), and by differences in
igmentation of the gill rakers as well as pectoral fin shape (Van
ck, 1969) for South African species. Inada, 1981) for Cape hakesA
iece of gill or muscle tissue (about 3 g) was taken from each spec-

men and stored in absolute ethanol. The reference samples are
eposited in the laboratory of the research team at the University
f Oviedo.

Spain was chosen for the survey of commercialized hake
ecause it is the largest hake market in the world and imports all
ake species (Alheit and Pitcher, 1995). Marketed products of all
hese species, labelled with species names, were directly purchased
rom markets from five different Spanish regions (Catalonia, Gali-
ia, Asturias, Valencia and Madrid) between 2005 and 2010. A total
f 89 commercial sample lots were analyzed for North American sil-
er hakes (imported from USA providers), and 88 for South African
eep-water and shallow-water Cape hakes (imported from Namib-

an providers). Three specimens (or fillets) were analyzed per lot.
orth American hakes were whole fish and Cape hakes were frozen
llets. A piece of tissue (approx. 3 g) was taken from each sample
nd stored in absolute ethanol until analysis.

NA analyses

DNA extraction was  carried out employing the resin Chelex
Estoup et al., 1996). For species identification, we  employed seven

itochondrial SNPs (single nucleotide polymorphisms) (Machado-
chiaffino et al., 2008). The SNPs are in the mitochondrial control
egion and the method is a two-step (nested) amplification

pproach, in which the control region is amplified first, followed
y the SNP assay.

The control region for each sample was PCR amplified using the
rimers Mmer Hk01 and MmerHk02 (Lundy et al., 2000) on reac-
M.  capensis T G A C T G A
M.  paradoxus T T A C C C A

tion mixtures containing approximately 50 ng of extracted hake
DNA template, 10 mM Tris–HCl pH 8.8, 1.5 mM  MgCl2, 50 mM KCl,
0.1% Triton x-100, 40 pmols of each primer, 1 Unit of Taq DNA Poly-
merase (Promega, Madison, WI)  and 250 �M of each dNTP in a final
volume of 40 �L. PCR was  performed using the GeneAmp PCR sys-
tem 9700 (Applied Biosystems) with the following conditions: an
initial denaturing step at 95 ◦C for 5 min, followed by 35 cycles
of denaturing at 95 ◦C for 30 s, annealing at 53 ◦C for 30 s and an
extension at 72 ◦C for 30 s, ending with a final extension at 72 ◦C for
10 min. Products were quantified in 2% agarose gels using a Low
DNA Mass Ladder (Invitrogen). SNaPshot multiplex system (ABI
PRISM) was  employed to amplify seven SNPs, based on determi-
nation of fragment sizes and fluorescent label identity by capillary
electrophoresis at multiple SNP sites. PCR SnaPshot assays were
carried out on reaction mixtures containing approximately 3 �l of
control region amplicons (0.2 pmol), 5 �l of SnaPshot reaction mix
(Taq Polymerase, Buffer and fluorescently labelled ddNTPs), 1 �l
of primers mix  (final concentration 0.5 �M)  in a final volume of
10 �l. PCRs were performed using the GeneAmp PCR system 9700
(Applied Biosystems) with the following conditions: an initial dena-
turing step at 96 ◦C for 3 min, followed by 25 cycles of denaturing
at 96 ◦C for 10 s, annealing at 50 ◦C for 5 s and an extension at 60 ◦C
for 30 s, ending with a final extension at 60 ◦C for 1 min. After SNP
amplification, a treatment with Alkaline Phosphatase (Calf intesti-
nal, CIP) was applied in order to remove phosphoryl groups from
non incorporated labelled ddNTPs. PCR products were incubated
with 1 unit of CIP (New England BioLabs) at 37 ◦C for 1 h followed
by 15 min  of inactivation at 75 ◦C. The amplicon size and its flu-
orescent label were determined with an ABI PRISM 3100 Genetic
Analyzer (Applied Biosystems). SNPs were scored employing the
GeneScan software (Applied Biosystems).

Results

Species-specificity of the markers assayed

Species-specificity of the markers, already validated by
Machado-Schiaffino et al. (2008),  was  confirmed here with more
individuals of the two  species pairs. The seven SNPs analyzed
in the control region exhibited species-specific nucleotide differ-
ences (Table 2). Three sites were informative for differentiating
the species within a pair. The sites 145 and 370 allowed us to dis-
tinguish M. capensis and M. paradoxus, and also M.  bilinearis and
M. albidus. The site 280 served to differentiate M. capensis and M.
paradoxus (see Fig. 1).

Mislabelling in Atlantic North American hakes

The level of mislabelling for silver and offshore hakes (Fig. 2) was
20.2% in total, with 12.2% of lots erroneously labelled and 8% incom-

plete. All of these analyzed North American hakes sold in Spain had
been named M.  bilinearis (or just “North American hakes”), although
12.2% were really M. albidus (Table 3).
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Fig. 1. Map showing fishing areas of the market samples of the two  pairs of species
analyzed in this study. Dotted – overlapping area and dark grey, North American
h
a
(

M

l
w
p
i
M
i
t
p

D

s
N
e
n
k

V

F
(
n
h

Table 3
Percent of commercial lots of each species within a group (Atlantic North American
hakes Merluccius bilinearis and M.  albidus, 89 lots; South African hakes M.  capensis
and M. paradoxus,  88 lots), identified from market labels and from genetic markers.

Species Identification
based on labels

Identification
based on
genetics

Merluccius bilinearis 100 87.8
M. albidus 0 12.2
akes Merluccius albidus (south) and M.  bilinearis (north); white – overlapping area
nd  light grey, South African hakes Merluccius capensis (north) and M. paradoxus
south). The species in each pair overlap in these areas.

islabelling in African Cape hakes

The proportion of commercial lots of Cape hakes correctly
abelled (as M.  capensis or M.  paradoxus)  was 39.4%. Almost 31%

ere incompletely (Merluccius spp.) or ambiguously (M. capensis/M.
aradoxus, “African hake”) labelled, and 29.4% were commercial-
zed under incorrect species names (Fig. 2). From labels (Table 3),

. capensis represented 54% of the African hakes commercialized
n Spain while M.  paradoxus comprised the rest (46%). However,
he great majority (85%) of marketed Cape hake was actually M.
aradoxus.

iscussion

The level of mislabelling was different in the two groups of
pecies considered in this study, higher in African and lower in
orth American hakes. However the potential implications for fish-
ries science are similar, because in the two cases there was a

oticeable difference between estimated catches and actual mar-
eted products.

Mislabelling in these hakes is likely accidental (e.g. Garcia-
azquez et al., 2009), as the species in each pair are morphologically

ig. 2. Mislabelling in marketed seafood of the two groups of species considered
Spanish markets). Percent of lots with correct, ambiguous or incomplete, and erro-
eous labels for species name/s, for each group of species. North American and Cape
ake pairs are represented in grey and white, respectively.
M. capensis 53.9 14.6
M. paradoxus 46.1 85.4

similar and often difficult to separate by visual inspection. Although
probably inadvertent, this type of mislabelling could produce seri-
ous errors in stock estimates and should be considered for purposes
of fisheries management. Stock size estimates for Atlantic North
American hakes are based on landings and on annual NMFS NEFSC
bottom trawl surveys (Azarovitz, 1981) where specimens are tax-
onomically identified based on morphological traits and some
misidentification has been recently found (Garcia-Vazquez et al.,
2009). On the other hand, Cape hake stock sizes have been esti-
mated by diverse methods that include catch rates (e.g. Punt, 1994).
It is evident that errors will be introduced in such estimators if
catches are not well identified. If a similar level and direction of
misidentification found in our modest sampling (Table 3) occurred
in the total catch of each pair of species, the divergence between
declared and actual catches would be thousands of tons. Applica-
tion of species-specific molecular markers in catch estimates and
population surveys should be therefore considered for more accu-
rately estimating stock sizes of the two pairs of species studied
here. This re-estimation is even more important when signals of
population depletion have already been detected, as in the case of
M. paradoxus (Von der Heyden et al., 2007). Those signals had been
detected based on genetic markers, which imply that a population
bottleneck occurred in the past and cannot be directly attributed to
current overfishing; in any case, warning signals reinforce the need
for accurate population estimates for improved management.

The implications of much larger landings for M.  albidus and M.
paradoxus than expected are negative for these two  species, and
may  be positive for the other species caught with them in mixed
fisheries. For the most exploited species within a pair, if such trend
is sustained over time, reduced population size would encompass
losses of genetic variability, likely inadvertent selection for size and
other adverse effects of overfishing (e.g. Myers and Worm,  2003).
In contrast, the other species in the pairs that, in response, experi-
ence a lower fishing mortality (M. bilinearis and M. capensis) would
exhibit population recovery. In a hypothetical long-term situation
of mixed fisheries, increasing the catch of such recovered (and more
abundant) species would in turn imply diminished catch of the for-
merly more fished species, and so on. Theoretically, such mixed
fisheries would reach a cycle of alternate higher exploitation of
one or the other species. However, if catches are inadvertently
too unbalanced, one species may  decline drastically and lose vari-
ation, and may  even collapse. Lost diversity cannot be recovered
unless new variants come from neighboring populations or arise
by mutations—an expectedly much longer time frame for fisheries
management.

Genetic identification of specimens in landings is even more
important for species like the ones studied here, where aquaculture
production is not forecast in the short-term. As demersal species,
their cultivation is difficult. The main challenges for hake produc-
tion in captivity are rearing conditions and establishment of feeding

(Bjelland and Skiftesvik, 2006). Thus, although aquaculture seems
to be a solution for obtaining seafood protein at a global scale, as
in other marine species production of hake at a commercial scale
will likely rely on extractive fisheries in the forthcoming years
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Goldburg and Naylor, 2005). However, stock evaluation based
n catch records will require application of genetic markers for
mproving its utility for sustainable exploitation of these valuable

arine species.
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