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An analysis of the genetic data used in the paper by Cadrin et al. (2010) indicates that they do not disprove the hypothesis of the
existence of a single population of S. mentella in the Irminger Sea.

Keywords: depth, fisheries management, selection, stock structure criteria.

Narrative
Saborido-Rey et al. (2004) provides a convincing scientific argu-
ment based on combined biological, parasitological, and genetic
data of the hypothesis of a single population of Sebastes mentella
inhabiting the Irminger Sea. However, at the Workshop on
Redfish Stock Structure (WKREDS) arranged by ICES in
January 2009, participants disagreed on the population structure
of S. mentella in pelagic waters of the Irminger Sea (ICES, 2009).
Some argued that the species in the Irminger Sea comprised two
stocks separated by depth, whereas others argued that there was
only a single stock.

The arguments supporting the two-stock hypothesis were sum-
marized by Cadrin et al. (2010); the central argument was based on
recently published surveys of genetic variation among redfish
populations. However, despite the valuable information summar-
ized in that paper, it should not be used to draw conclusions about
stock structure, because the collection of samples and analyses of
the data did not satisfy five criteria generally established to
define stocks, enumerated below.

Criterion 1. If the aim is to substantiate the existence of two
stocks of S. mentella in pelagic waters of the Irminger Sea (those
living above and below a depth of 500 m), studied (compared)
samples need to be collected adequately above and below 500 m
(ICES, 2009). However, in many of the studies cited in the over-
view of redfish, individual fish were selected by the morphological
criterion rather than by depth for the statistical comparisons
(Johansen et al., 2000; Danı́elsdóttir et al., 2008; Pampoulie and
Danı́elsdóttir, 2008). The collection method is therefore methodo-
logically unacceptable because it may have biased the conclusions
of a stock boundary assessment or be inadequate for defining a

stock. For example, five of ten “deep-sea” type samples were col-
lected at ,500 m (Johansen et al., 2000).

Criterion 2. Fish samples are determined to belong to different
populations only if statistically significant differences in their traits
are found between two groups of samples (Weir, 1990). Balloux
and Lugon-Moulin (2002, p. 157) describe a test to determine
whether the boundary between groups of populations was drawn
correctly: “As long as samples from the same deme are pooled
together, no significant change in FIS is expected. However,
when a sample from a different breeding unit is incorporated in
the pooling strategy, a significant increase in FIS should occur”.
This test was not used by the authors of genetic work on
Irminger Sea redfish, but the genotypic data of Danı́elsdóttir
et al. (2008) can be used to conduct such a test. The mean inbreed-
ing coefficient, FIS, was 0.182 for the “deep-sea” S. mentella pheno-
type and 0.178 for the “oceanic” phenotype. The FIS value for the
pooled sample was 0.163 after the two groups were pooled. This
absence of an increase in the value for the pooled sample indicates
at least that the border between “deep-sea” and “oceanic” groups
of S. mentella was drawn incorrectly.

Criterion 3. In population studies, special attention needs to be
paid to the temporal stability of allele frequencies at the diagnostic
loci used to differentiate supposed populations (Waples, 1998).
However, the studies arguing for a difference between “deep-sea”
and “oceanic” groupings used microsatellite and allozyme
markers as diagnostic loci, and for both these markers,
year-on-year differences in allele frequencies between samples col-
lected at the same depth have been demonstrated (Schmidt, 2005;
Melnikov et al., 2007).
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Neither Danı́elsdóttir et al. (2008) nor Stefansson et al. (2009)
found significant differences in the allelic frequencies of microsa-
tellite and allozyme genes between the samples they collected over
3–7 consecutive years. However, such a period is too short for
analysing data on such a long-lived species as S. mentella, whose
lifespan can exceed 30 years (Stransky et al., 2005). The temporal
stability of allele frequencies was not tested in other studies
(Johansen et al., 2000; Johansen and Dahle, 2004; Pampoulie
and Danı́elsdóttir, 2008).

Criterion 4. If diagnostic loci are to be used to identify indepen-
dent demographic units, they should not be influenced by natural
selection (Beaumont and Nichols, 1996), at least during the span
of a single generation. The gradient in depth-related variation in
allele frequency at the MEP* locus (Melnikov et al., 2007) miti-
gates against the hypothesis of two stocks. A frequency cline is
strong evidence that selection operates on S. mentella cohorts
over a single generation, because maturing fish migrate deeper
in the Irminger Sea. This variation in frequency at the MEP*
locus appears to be related to selection for resistance to infestation
by the copepod Sphyrion lumpi (Makhrov et al., 2010). Moreover,
the study by Pampoulie and Danı́elsdóttir (2008) presents evi-
dence that selection affects four of nine microsatellite loci in
redfish (genus Sebastes).

Cadrin et al. (2010, p. 1621) argued against the selection
hypothesis: “Assuming that most spawning would be achieved
by the larger, older fish in the deep layer, there is no reasonable
explanation for the maintenance of high frequencies in the juven-
iles of the alleles that are selected against after the movement to the
deeper layer. Therefore, variation at the MEP locus between
oceanic and deep-sea phenotypes is more parsimoniously
explained as the result of adaptation to different environments
by two diverging populations”. However, age-specific selection,
in which the direction of selection changes with age, is well
known (Mitton, 1997, and references therein) and may also
occur in S. mentella. Moreover, genetic differences between
samples of S. mentella collected at different depths can be
explained not only by selection, but also by differences in vertical
migration among individual fish with different genotypes. In par-
ticular, individual Atlantic cod (Gadus morhua) carrying an allele
of a protein-coding locus have show different vertical migration
behaviour than individual cod carrying another allele
(Pampoulie et al., 2008). Also, Atlantic salmon (Salmo salar) car-
rying different genotypes of the MEP-2* locus have different dur-
ations of feeding at sea (see references in Artamonova, 2007).
However, possible behavioural differences in vertical migration
in S. mentella with different genotypes were not taken into con-
sideration by Cadrin et al. (2010).

Criterion 5. The possibility of interspecific hybridization influ-
encing allele frequencies at diagnostic loci must be ruled out. This
criterion is important, because it has been demonstrated that
S. mentella and S. fasciatus hybridize at a large scale in other
areas of the North Atlantic (Roques et al., 2001). Additional obser-
vations indicate that S. mentella hybridizes with S. marinus
(Pampoulie and Danı́elsdóttir, 2008) and with S. viviparus or
S. fasciatus (Makhrov et al., 2010) in the Irminger Sea. Sebastes
viviparus has been found in the Irminger Sea (Hureau and
Litvinenko, 1984; Johansen, 2003; Pampoulie and Danı́elsdóttir,
2008), although just 18 S. fasciatus were found in the area by
Hureau and Litvinenko (1984).

Interspecific hybridization can affect the frequency of the
IDHP-1*60 allele, which is more often found in S. marinus than

in S. mentella (Johansen, 2003). Along with the haplotype
common to the “deep-sea” and “oceanic” samples, work has
revealed the presence of a specific haplotype in “deep-sea”
samples that is absent from “oceanic” redfish, but this haplotype
is typical of S. marinus (Johansen and Nævdal, 2004) and its
carriers are, most probably, hybrids of S. mentella and S. marinus.

Conclusion
In our opinion, close examination of these five criteria for defining
a stock indicates that none of the papers cited as describing the
genetic structure of S. mentella in the Irminger Sea provides suffi-
cient evidence to conclude with high probability that the hypoth-
esis of two pelagic populations (stocks) of redfish (,500 and
.500 m) in the Irminger Sea is correct. Analysis based on the hol-
istic approach to population studies and available long-term data
from ecological and population investigations of S. mentella
(Saborido-Rey et al., 2004) demonstrate the presence of only a
single population/stock of the species in the Irminger Sea and
adjacent waters. Genetic differences between several samples of
S. mentella collected at different depths are likely to be linked to
the presence of interspecific hybrids in some cases and to selection
at certain loci. Therefore, those differences cannot disprove the
concept of a single stock of S. mentella in the area.

References
Artamonova, V. S. 2007. Genetic markers in population studies of

Atlantic salmon Salmo salar L.: karyotype characters and allo-
zymes. Russian Journal of Genetics, 43: 221–233.

Balloux, F., and Lugon-Moulin, N. 2002. The estimation of population
differentiation with microsatellite markers. Molecular Ecology, 11:
155–165.

Beaumont, M., and Nichols, R. 1996. Evaluating loci for use in the
genetic analysis of population structure. Proceedings of the Royal
Society of London, Series B: Biological Sciences, 263: 1619–1626.

Cadrin, S. X., Bernreuther, M., Danı́elsdóttir, A., Hjörleifsson, E.,
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Johansen, T., and Pampoulie, C. 2008. Population structure of
deep-sea and oceanic phenotypes of deepwater redfish in the
Irminger Sea and Icelandic continental slope: are they cryptic
species? Transactions of the American Fisheries Society, 137:
1723–1740.

Hureau, J-C., and Litvinenko, N. 1984. Scorpaenidae. In Fishes of the
North-eastern Atlantic and the Mediterranean, 3, pp. 1211–1229.
UNESCO, Paris

ICES, 2009. Report of the Workshop on Redfish Stock Structure
(WKREDS). ICES Document CM 2009/ACOM: 37.

Johansen, T. 2003. Genetic study of genus Sebastes (redfish) in the
North Atlantic with emphasis on the stock complex in the
Irminger Sea. Thesis for the partial fulfilment of the Doctor
Scientiarum degree, University of Bergen, Norway.

Johansen, T., and Dahle, G. 2004. Discrimination among species of the
genus Sebastes in the North Atlantic by random amplified poly-
morphic DNA. Sarsia, 89: 478–483.
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