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According to the most recent taxonomical revision, the deep-sea dogfish genus Deania
encompasses four species. Three of them, D. calcea, D. profundorum, and D. hystricosa,
occur in the North Atlantic. Whilst D. profundorum can be identified by the presence of a
subcaudal keel, the other two species are not easily visually distinguished. Uncertainties
over identification raises concerns over stock units and whether management plans are
adequate. In this study we compared onboard visual identification of Deania specimens,
with morphological inspection of skin denticles under stereo microscope and with
independent molecular taxonomical assignment using two molecular markers. Particular
emphasis was paid to specimens identified as D. calcea and D. hystricosa in the
NE Atlantic where these species potentially occur sympatrically and may be easily
confused. In the past the species have been discriminated on the basis of the size of
skin denticles (skin roughness), but our study showed that the crown length of skin
denticles covaries with size (and sex), irrespective of species, and therefore this is not
a reliable morphological character and should not be used to discriminate between the
two species. Phylogenetic analyses did not indicate that D. hystricosa to be a distinct
lineage from D. calcea. Interestingly, however four individuals (specimens from: UK,
Azores Is., Madeira Is. and Seine seamount) formed a well-defined sub-clade nested
within the D. calcea clade, possibly a signature of a past vicariance event or a result of
coalescent stochasticity.
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INTRODUCTION

The vulnerability of sharks to commercial fishing pressure has been well-documented (Baum
et al., 2003; Myers and Worm, 2003) and it is widely acknowledged that deep-sea sharks (>200 m
depth) are some of the most vulnerable species to fishing pressure (Garcia et al., 2008). Deep-sea
sharks have slow growth rates, long life span with late maturation, very low fecundity, and long
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each image corresponds to 1 mm.

FIGURE 5 | Images of dermal denticles belonging to different Deania species from the NE Atlantic (A) Dermal denticles from D. profundorum; (B) D. calcea2 MAD115
(see Figure 2), a female with TL = 93.5cm; (C) D. calcea MAD117, a male with TL = 83.7 cm; (D) D. calcea MAD110, a female with TL = 83.6. The white mark in

The original description of D. hystricosa, refers to the type
specimen that was a female captured off Japan (Garman,
1906). Half a century later, with the revision of several species
belonging to the suborder Squaloidea, Bigelow and Schroeder
(1957) revised the classification of Deania species based on
the shape of their teeth. The D. hystricosa type specimen was
lost, but from the detailed original description the authors did
not find any support to maintain the status of distinct species
for D. hystricosa, considering it a synonym of D. calcea. A
few decades later, Compagno (1984) resurrected the species
name after revising the description of D. mauli (Cadenat and
Banche, 1981) from Madeira Island. This newly reported species
presented large denticles compared to those of D. calcea, but very
similar to the ones reported for D. hystricosa (Garman, 1906).
Therefore, D. mauli was synonymised with D. hystricosa, and no
further revision on this genus has been made since, adopting as
discriminant character between D. calcea and D. hystricosa the
size of their dermal denticles (e.g., Ebert and Stehmann, 2013).

In our study the specimens genetically identified as D. calcea
exhibited skin denticles with a large variety of patterns (e.g.,
slender/wide, extra spines, etc), including similar to the ones
reported in Cadenat and Banche (1981) described as D. calcea
and D. mauli. We did not find distinctive patterns or size ranges
to be attributed to either D. calcea or D. hystricosa. Moreover,
the only denticles available for D. calcea2 (MAD115, Figure 5B)
were among the smallest compared to those measured in D.
calcea specimens of similar total length (Figure 6). According
to our findings, denticle crown length increased accordingly to
the size of the specimen (Figure 6) strengthening the doubt on
the validity of considering D. hystricosa as a nominal species.
In this respect, our findings are in agreement with Rodriguez-
Cabello et al. (2020) although they scrutinized a limited number
of specimens. Our results also suggested that crown length was
marginally correlated with sex, contrarily to the findings of
Rodriguez-Cabello et al. (2020). Although in D. calcea, as in many
squaloid sharks, females attain bigger sizes than males (Irvine
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FIGURE 6 | Crown denticle size plotted against specimen total length for D. calcea, showing the regression lines and respective 95% confidence intervals calculated
by the model and data colour coded by sex. * = MAD115, specimen belonging to the D. calcea2 subclade.

et al., 2012; Rochowski et al., 2015), the results shown by the
regression lines, mean that for specimens of the same size, in
general females had slightly bigger crown lengths compared to
males, suggesting some degree of sexual dimorphism in denticle
crown length. While positive correlation between denticle and
body size in sharks is commonly reported (e.g., in deep-sea
sharks: Weigmann et al., 2015), evidence of sexual dimorphism
in denticle morphology is rarely described (e.g., in Scyliorhinus
canicula: Crooks et al., 2013). Sexual dimorphism associated with
larger denticles in females has been suggested to be an adaptation
to male biting during mating (Crooks et al., 2013) that in extreme
situations may cause severe wounds on the female partner (Ritter
and Amin, 2019).

According to the crown length diagnosis, most of the females
were identified as D. hystricosa, while the majority of males were
identified as D. calcea. In our dataset (n = 149) we found that
those specimens with an average crown length >0.85mm (as
a proximity to the definition of “very large—around 1 mm”
and therefore attributable to the classification as D. hystricosa),
resulted to be mainly females with only few males (58 vs. 4%,
respectively). We found that crown length could not be used
as a diagnostic character (either 0.5 or 1.0 mm), since it was
impossible to draw a boundary to distinguish either one or the
other species. Moreover, denticle size varies within individuals
according to region of the body (Rodriguez-Cabello et al., 2020),
leading to the conclusion that this is not a good identification
character for discriminating between D. calcea and D. hystricosa.
Although shape and size of dermal denticles are useful to
distinguish between families or genera (e.g., Centrophorus vs.
Deania), there are cases in which dermal denticles go through
marked ontogenic changes from juveniles to adults that could

resemble denticles belonging to distinct taxa (e.g., White et al.,
2013; Verissimo et al., 2014; Centrophorus spp.).

Targeted fishing of deep-water sharks is prohibited in
European waters, although by-catch is still allowed in certain
circumstances and limits (quota; Reg. UE 2018/2025) and is
likely to be a threat for this long lived species. Biological and
catch information are fundamental to assess species vulnerability
and for a sustainable fisheries management, and at the base of
this information is an accurate species identification. A better
knowledge of the species diagnostic features and molecular
taxonomy, will reduce the level of taxonomic uncertainties
and misidentification, improving fisheries management and
promoting species conservation. In European waters, the long
snouted deepwater dogfish is captured as a by-catch of deep-
water fisheries that started to be exploited during the early 1960’
(Gordon, 2001), when the traditional fisheries on the continental
shelf declined (Koslow et al., 2000).

Current conservation assessments and fisheries management
consider D. calcea and D. hystricosa as separate species, at least
in the NE Atlantic. According to our analyses, past datasets
reporting them separately, should now be merged and any time
series or stock assessments adjusted accordingly. The landings of
D. calcea in Portugal were around 120 tons/year in the last decade
(DGPA, 2010). Similarly, the IUCN red list reports D. calcea as a
species of least concerned (LC) and D. hystricosa as data deficient
(DD) species. The IUCN red list assessment should likewise be
revised to reflect the fact that these are the same species in the NE
Atlantic. Lumping of species is likely to result in a more favorable
assessment of conservation or stock status, but it should be born
in mind that this species, like most deep-water sharks, is still
highly vulnerable to exploitation. Despite protection in the form
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of landings prohibition and an EU wide trawling ban at depths
>800 m, bycatch by longline and trawler vessels remains a threat.
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