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Abstract: In this study, a single xanthic case of the Mediterranean horse mackerel Trachurus mediterraneus is
reported. The individual, with a total lenght (TL) of 306 mm, was captured off Sines (Portugal) in March 2018,
by a local fishing boat, using a seine net. This represents the first record of xanthism for this species and for
any species of mackerel. The specimen is described here and compared with those of normal pigmentation.
Considerations about the paucity of records for this or similar species are presented here, and the possibility of
this condition being more frequent than previously thought is discussed

Résumé : Le maquereau doré : premier signalement d’un chinchard méditerranéen xanthique Trachurus
mediterraneus (Steindachner, 1868) de Sines, Portugal. Cette étude décrit une forme xanthique de chinchard
de la Mediterranée Trachurus mediterraneus. L'individu, d’'une longueur totale de 306 mm, a été capturé au
large de Sines (Portugal) en mars 2018, par un bateau de péche local, a I'aide d'une senne. Il s’agit du premier
signalement de xanthisme pour cette espéce ainsi que pour toutes les especes de maquereau. Lindividu est
décrit et comparé a ceux de pigmentation normale. Des considérations sur la rareté des signalements pour
cette espece ou espéces proches sont présentées. La possibilité que cette forme soit plus fréquente qu’on ne le
supposait auparavant est discutée.
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Introduction

Xanthochromism (also known as xanthochroism or
xanthism) is a genetic pigmentary anomaly in which
the melanophores are missing, though other pigment
is present, typically producing a golden-orange colour
(Colman, 1972). Individuals can either present partial
or full xanthochromism (xanthic phenotype) (Pawar &
Jawad, 2017; Jawad & Ibrahim, 2018).

Several fish groups have shown variable cases of
xanthism including members of the marine families
like Batrachoididae (Lewis, 1968), Sebastidae (Cripe,
1998), Pomacanthidae (Luiz-Junior, 2003), Gadidae
(Quigley et al., 2017) and Carangidae (Jawad &
Ibrahim, 2018).

The xanthic phenotype in particular is rare and
generally assumed to reflect magnified predation risks
that attend conspicuity (Carson, 2011); this supposition
is indirectly supported by Endler (1980), who found
in both laboratory and field experiments on wild-type
guppies that increased conspicuousness is associated
with elevated predation risk.

The genus Trachurus (horse mackerel) is widely
distributed along tropical and temperate seas
(Cardenas et al., 2005). It is an important source of
income for local economies and, in the northeast
Atlantic and Mediterranean Sea, it is common to
find shoals with different Trachurus species, namely
Trachurus mediterraneus, T. trachurus (Linnaeus,
1758) and T. picturatus (Bowdich, 1825) (FAO, 2020).
Horse mackerel is caught mainly with pelagic and
bottom trawls and purse seines (Abaunza et al., 2003),
but is also a common catch in small-scale fisheries,
using gill-nets and long-lines (Erzini et al., 1996 &
2003).

Overlapped morphological characters between
different species and controversial phylogenetic
relationships (Cardenas et al., 2005; Gurlek et al.,
2016) make horse mackerel taxonomic identification
difficult. In addition, their interspecific genetic
similarities (Landi et al., 2014) also requires the use
of alternative markers for DNA barcoding. Cardenas et
al. (2005) showed the usefulness of the mitochondrial
control region (D-loop) to unambiguously discriminate
these species.

The objective of this study is to report a case of
xanthochromism in a horse mackerel specimen
collected at Sines, Portugal. The taxonomic identity
of the anomalous specimen was confirmed both by
morphological traits and DNA barcoding. This study is
important as the report of this case of colour anomalies
is the first for T. mediterraneus.

Materials and Methods

Sampling

On March 4" 2018, one abnormal xanthochromic
specimen of Atlantic horse mackerel was captured at a
depth of 35-40 m, by a local fishing boat, using a seine
net, off Sines (37°55'44.2’N-8°51°57.1"W), Portugal.
The specimen was deposited in the fish collection of
the Museu de Histéria Natural de Lisboa (MUHNAC)
under the donation number 05/2018.

DNA extraction, amplification and sequencing

Total genomic DNA was extracted with the REDExtract-
N-Amp Kit (Sigma-Aldrich) following the manufacturer’s
instructions. A 412 bp fragment from the mitochondrial
control region (CR) was amplified using primers L-pro1
and H-DL1 (Ostellari et al., 1996). The DNA sequence
was edited with Codon Code Aligner (Codon Code
Corporation) was deposited in GenBank (submitted/
waiting to be assigned).

DNA barcoding assignment

DNA barcoding was performed with a NCBI Blast
search to check for highly similar DNA sequences
available in Genbank. In order to confirm these
results, DNA sequences from additional Trachurus
species available in GenBank were aligned with
Clustal X 2.1 (Larkin et al., 2007) and a phylogenetic
analysis including the xanthic form of the specimen
described in this study was performed with PAUP
4.0b10 Win (Swofford, 2002). Bootstrapping was used
to determine robustness of the nodes in the trees with
1000 replicates for maximum parsimony (MP) and
neighbour joining (NJ) and maximum likelihood (ML).

Results and Discussion

The xanthic specimen was compared with a specimen
having normal colouration (Fig. 1).

The xanthic fish dorsal side, head and fins were
bright orange in colour. The orange tone decreased
gradually from the upper part to the lower part of the
body, eventually turning silver on the ventral side.
The eye colour was normal (black), which is typical in
xanthic animals. It measured 306 mm TL and weighed
340 g. The normally coloured specimen followed
the description by FAO (2020): a normally coloured
specimen has the upper part of body and top of head
dusky to nearly black or grey to bluish green; lower
two thirds of body and head usually paler, whitish to
silvery; caudal fin yellowish.
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Figure 1. Trachurus mediterraneus. Mediterranean horse mackerel. A. Lateral view of xanthic specimen. B. Lateral view of

xanthic specimen (top) and normal specimen (bottom). C. Dorsal view of xanthic specimen (top) and normal specimen (bottom).

Considering the xanthic form of the specimen
described in this study, the closest DNA sequences
assigned by NCBI Blast search correspond to
T. mediterraneus (Genbank accession number
EU246429) with 99.7% similarity. Other Trachurus
species presented similarity values below 97.0% (e.g.
T. japonicus (Temminck & Schlegel, 1844) FJ914984
with 96.93% similarity).

The phylogenetic tree (Fig. 2) unambiguously
assigned the xanthic form of this horse mackerel
to the T. mediterraneus clade (> 90% bootstrap)
independently of the inference method used.

This specimen represents the first reported case of

xanthochromism for T. mediterraneus and for any
species of mackerel worldwide.

Endler (1980) refers the impact that xanthism can
have on the survival of the individuals, which are more
visible to predators, but this is also true for their prey, as
these can more easily detect the presence of a xanthic
predator than a normally coloured conspecific, and,
therefore, avoid being eaten. As such, and according
to Quigley et al. (2017), this condition may be more
frequent in wild populations than the current paucity of
records would indicate, but the survival rate for these
individuals is considerably lower than for normally
coloured ones.
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92/87/95

Trachurus sp. (xanthic form)
Trachurus mediterraneus (eu246429)
Trachurus mediterraneus (eu24637g)

Trachurus mediterraneus (eu2aeaa1)

-/-/83 Trachurus japonicus (apoo30s1)
{ Trachurus japonicus (apo03092)
100/100/100 Trachurus picturatus (eu2asaes)
_: Trachurus picturatus (avs33a77)

98/88/100

Trachurus declivis (avs33a76)
Trachurus trachurus (avs3sas)

Trachurus trachurus (eu2aesos)

Trachurus capensis (avs33480)
Trachurus capensis (avs33as1)

Decapterus maruadsi (mx294734)

Figure 2. Phylogenetic tree obtained for the Dloop rDNA comparing the xanthic specimen sequenced in this study with other
sympatric congeneric species whose sequences are available in Genbank (reference numbers from https://www.ncbi.nlm.nih.gov/
genbank/). Decapterus maruadsi was used as outgroup. Bootstrap values for each node are shown as percentages for maximum-
parsimony, maximum-likelihood and neighbour-joining, respectively. Parsimony analysis parameters: tree length = 187; consistency
index = 0.77; retention index = 0.68. Only bootstrap values above 80% are shown.

Considering Trachurus spp. play an important role
in its area of distribution as one of the prey items for
larger fish (Massuti et al., 1998; Battaglia et al., 2012),
marine mammals (Silva, 1999; Meynier et al., 2008)
and seabirds (Valeiras, 2003), it is intriguing that this
specimen was able to thrive and reach adulthood.

A closer collaboration between fishers and
researchers, eventually in parallel with other ongoing
studies (e.g. tag-release programs), would eventually
result in a higher number of “abnormal” specimens
reported and, consequently, a better understanding of
the incidence and nature of these abnormalities.
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