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Abstract. The blackspot conger, Paraconger macrops (Giinther, 1870), is a Macaronesian endemic species,
hitherto known for Madeira and Azores. This work, based on by an extensive classical and molecular systematic
study of one specimen captured by scuba-diving at El Hierro, provides evidence of its presence in the Canary
Islands. A comparative study of the Paraconger species inhabiting the eastern Atlantic is presented.
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INTRODUCTION

The genus Paraconger was described by Kanazawa
(1961) and it presently includes a total of 7 species (Froese
and Pauly 2018). Only three of them are recorded for the
eastern central Atlantic (Smith 2016): the margintail conger,
Paraconger caudilimbatus (Poey, 1867), the blackspot
conger, Paraconger macrops (Glnther, 1870), and the
Guinean conger, Paraconger notialis Kanazawa, 1961.
These species have warm-temperate or tropical affinities,
because, until recently, P. macrops had been considered an
endemic species of the Azores and Madeira and P. notialis is
known to inhabit waters from Senegal, through Cabo Verde
Islands, to Angola (Blache 1976, Saldanha 1981, Brito et
al. 1999, Smith 2016). Paraconger caudilimbatus inhabits
predominantly the western Atlantic. Wirtz et al. (2007),
however, reported the presence of several specimens of
this species in the Sdo Tomé and Principe Islands (Gulf of
Guinea, eastern Atlantic). According to previous reports,
the earlier mentioned three species inhabit sandbanks
below the 20-m isobath, being buried during the daylight
and hunting preys during the night (Blache 1976, Bauchot
and Saldanha 1986, Brito et al. 2017). The three species can
be easily separated from each other thanks to a series of
morphological and meristic characters (Table 1).

Recently, Brito et al. (2017) reported for the first time
the presence of a Paraconger species at El Hierro (Canary

Islands) based on a photograph taken in one sandy-bottom
locality in the spring of 2017. This individual was then
tentatively identified as a Paraconger cf. macrops, based
on its general appearance, and in this paper, we show the
outcome of an extensive taxonomic study of one specimen
captured at the same locality in October 2017 and confirm
the presence of this species.

MATERIAL AND METHODS

One scuba-diving survey was carried out on 31
October 2017, during the daylight at El Desierto
(27°40.74'N, 18°01.92'W, near the external border
of La Restinga-Mar de las Calmas Marine Reserve,
El Hierro).

Two specimens of Paraconger macrops from the
Museu de Historia Natural do Funchal (MMF) and the
only specimen of P. caudilimbatus collected in Sdo Tomé
by Wirtz et al. (2007) from the Staatliches Museum fiir
Naturkunde Stuttgart (SMNS) were used for comparison
(Table 1).

Specimens were measured to the nearest 1 mm
(Kanazawa 1961). In order to identify the species, the
main characters used were the presence of supratemporal
pores, the number of pores in the lateral line anterior to
the anus, the total number of vertebrae, the presence of
one black spot at the beginning of the dorsal fin, and the
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Table 1

Diagnostic characters of Paraconger caudilimbatus, Paraconger notialis, and Paraconger macrops, based on the
presently reported study and published data

P. caudilimbatus P. notialis P. macrops
Character
SMNS 25228 REF A REFB MMF 27154 MMF 5251 TFMCBMV/01956
TL [mm] 85.5 289-605 245-449 345 347 402
LL pores anterior to anus 45 3444 48-53 48 50 49
Vertebrae (Total) — 132-137  144-147 145 145 141
Supratemporal pore Present Absent Present
Black spot at beginning of 1st Absent Absent Present
dorsal fin
Position of upper edge of gill
opening (in relation to pectoral Not above Not above Above

fin base)

REF A = Kanazawa (1961) and Blache (1976), REF B = Kanazawa (1961), Saldanha (1981), Blache and Bauchot (1976), SMNS 25228,
MMF 27154, MMF 5251, TFMCBMV/01956 are specimens examined in the course of the presently reported study; TL = total length,

LL = lateral line.

position of the upper edge of the gill opening in relation
to the pectoral fin (Kanazawa 1961, Blache 1976, Smith
2016). X-ray images of the specimens were taken to count
the vertebrae.

DNA was isolated from pectoral fin tissue using the
phenol-chloroform protocol (Sambrook et al. 1989). The
amplified sequence corresponded with the 5’ region of the
coxl gene from mitochondrial DNA using the designed
primers by Ward et al. (2005):
FishF1-5'-TCAACCAACCACAAAGACATTGGCAC-3'
FishR2-5'-ACTTCAGGGTGACCGAAGAATCAGAA-3’

PCR amplifications were performed with a thermal
regime consisting of an initial step of 2 min at 95°C
followed by 35 cycles of 0.5 min at 94°C, 0.5 min at
57°C, and 1 min at 72°C, followed in turn by 10 min at
72°C and then maintained at 4°C. PCR products were
visualized on 1.5% agarose gels. The sample was purified
and sequenced with Stabvida (Oeiras, Portugal).

DNA sequences were edited and assembled using
MEGA v.7 (Kumar et al. 2016). Sequence alignment was
performed using CLUSTAL W (Thompson et al. 1994)
as implemented in MEGA. jModelTest 2.1.10 (Darriba et
al. 2012) was used to identify the appropriated nucleotide
substitution model employing the Bayesian information
criterion (BIC) (Schwarz 1978). Phylogenetic relations
were studied by maximum likelihood (ML) analysis using
RAXML 7.2.8 (Stamatakis 2006) and Bayesian analysis
implemented in MR.BAYES 3.2.1 (Ronquist et al. 2012)
with the online platform Mobyle SNAP Workbench
(Monacell and Carbone 2014). The visualization and
edition of the tree was developed with FigTree v1.4.0.

RESULTS

A total of six specimens of Paraconger macrops
(Fig. 1A) were spotted during the survey; all of them
were completely buried in the sediment or only partially
showing the snout (Fig. 1B). All specimens were found

“ Rambaut A. 2009. FigTree, ver.1.4.0. http.//tree.bio.ed.ac.uk/figtree/.

sharing habitats with the brown garden eel, Heteroconger
longissimus Giinther, 1870. One individual was captured
at the depth of 20 m and 23°C ambient temperature.

Diagnostic characters employed in the meristic and
anatomic study were highly informative. Paraconger
macrops from the Azores and Madeira (MMF 27154 and
5251) clearly showed the upper edge of the gill opening
over the pectoral fin, one black spot covering the first rays
of the dorsal fin and many pores in the lateral line anterior
to the anus from 48 to 50 pores (Table 1). These characters
matched those of the specimen captured in El Hierro (Fig.
1A, 1C), while P. caudilimbatus had a lower number of
pores in the lateral line and its gill opening was at the same
level as the upper part of the pectoral fin base. Additionally,
it did not show the black spot in the dorsal fin.

X-ray images were taken from all Paraconger
macrops specimens, but it was not possible to do it with
P caudilimbatus due to its small size. The number of
vertebrae was the same for the specimens from Azores and
Madeira, being slightly lower for the fish from the Canary
Islands (Table 1).

All the fish showed one supratemporal pore exactly in
the middle point between the first pores of the lateral line
(Fig. 1C).

Out of the 4 specimens under examination (Table
1), it was only possible to sequence the eel captured in
El Hierro, and the information was deposited in GenBank
(accession number: MH428009). Paraconger macrops
from the Azores and Madeira probably had been fixed in
formaldehyde so the DNA was corrupted, and it was not
possible to extract enough tissue from P. caudilimbatus
without damaging it considerably.

After sequencing our sample for the mitochondrial gene
coxl (639 bp) we constructed a matrix of sequences with
eighteen additional sequences from GenBank (fourteen
belonging to P. caudilimbatus, three to P. notialis, and
one to H. longissimus as outgroup) in order to determine
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the relations of our specimen with the other two species
occurring in the eastern Atlantic Ocean—~Paraconger
notialis and P. caudilimbatus. However, P. macrops had
not been sequenced before and therefore the purpose
of these analyses was to know whether our specimen’s
characters matched those of the other species, included
in the phylogenetic tree. If they did not match it would
suggest that we dealt with a different species.

The phylogenetic trees obtained by Maximum-
Likelihood and Bayesian analyses recovered the same
topology (Fig. 2) with two strongly supported clades
corresponding to the eel captured at El Hierro (BI posterior
probability/ML bootstrap % = 0.99/100%) and the second
one with the 3 specimens classified as Paraconger notialis
(1/100%), both clearly differentiated from outgroup
H. longissimus. Sequences from P. caudilimbatus were
grouped together but it was only slightly supported by
the Bayesian analysis (0.85) (Fig. 2). Consequently, with
the phylogenetic trees we determined that the studied
specimen from El Hierro was a different species than
P, notialis and P. caudilimbatus.

DISCUSSION

Paraconger macrops can be easily separated from the
other Atlantic species belonging to the genus Paraconger
(see Kanazawa 1961) thanks to a series of meristic and
morphological characters (Table 1). Paraconger guianensis
Kanazawa, 1961, also an Atlantic species, was not included
in the comparison as it is readily separated from the other
three Atlantic species by its lower number of lateral line
pores prior to the anus (31-36) and of vertebrae (127-131).

However, the X-ray image of the whole specimen
allowed us to count a total 141 vertebrae (Table 1); this
number slightly differs from the values usually found in
P. macrops—from 144 to 147 (Kanazawa 1961, Blache
1976, Saldanha 1981). On the other hand, in P. notialis
and P. caudilimbatus the number of vertebrae ranges from
131 to 138 and 120 to 127, respectively (Kanazawa 1961,
Blache 1976, Robins 1989). It is possible that the value
range found in published sources was based only on 13

specimens of P. macrops and, therefore, its variability may
be currently unknown.

Finally, we assessed the phylogenetic relation of our
specimen with all available sequences in GenBank. The
resulting phylogenetic tree separated our Paraconger
specimen from all the remaining species. Fortunately,
despite the lack of available sequences of the majority of
the species belonging to this genus, P. caudilimbatus and
P, notialis have previously been sequenced, allowing us to
disregard them during the identification process, especially
because these species were the other possible species.

In the light of the results of this study, there is a
significant evidence of the morphological and meristic
characters to support the identity of our specimen as a
Paraconger macrops. 1t is reasonable to assume that this
species inhabits the Canary Islands waters since it is a
Macaronesian endemic species previously reported for
the Azores and Madeira (Kanazawa 1961, Blache 1976,
Saldanha 1981). This species-specific behaviour (Bauchot
and Saldanha 1986) (Fig. 1C) could be one explanation
for why it has gone unnoticed over the years. The follow-
up studies should focus on the presence of P. macrops in
the remaining islands of the Canarian Archipelago and
compare our specimens with fresh P macrops from the
Azores and Madeira through molecular analysis. This
way, the origin of P. macrops from the Canary Islands and
its relation to the surrounding population will be clarified.
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Fig. 1. Paraconger macrops; entire specimen from El Hierro (TFMCBMVP/01956) (A); two different individuals
sighted during the submarine survey (B) featuring a close-up of the snout (left corner), and the black spot in the
beginning of its dorsal fin first section of the body of the other specimen; a close up of the anterior part of the body
(TFMCBMVP/01956) (C); An = anus, BS = black spot, GO = gill opening, STP = supratemporal pore
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Fig. 2. Phylogenetic relations within the genus Paraconger using the cox1 region; for each branch, numbers at the
left represent the posterior probabilities for Bayesian inference and at the right the bootstrap values obtained for
ML (only values around 70% or higher) are indicated; Hlongi = Heteroconger longissimus (used as outgroup); Pcau
= Paraconger caudilimbatus, Pnot = Paraconger notialis, Psp = specimen from El Hierro
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