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Abstract: The constellation fish, Valenciennellus tripunctulatus, is a small mesopelagic teleost typically
found in equatorial and temperate waters worldwide, although the species has been also rarely
recorded in the Mediterranean Sea (less than 20 specimens from the available literature since 1918).
The Mediterranean records have been documented for the Strait of Messina, the southern Tyrrhenian
Sea, the Ligurian Sea and the Adriatic Sea. The present paper offers an updated review on the
occurrence of V. tripunctulatus in the Mediterranean basin and provides data on three new specimens,
collected in the Strait of Messina between April 2010 and March 2024. Furthermore, we also report
information from two individuals found in March 1992 and February 2017, respectively. Overall, the
standard length of these specimens ranged from 24.1 to 28.2 mm, whereas weight varied from 0.18 g
to 0.20 g. Morphometric and meristic data were reported, and this analysis revealed few differences
between examined individuals in the number of PV (ventral series anterior to pelvic fin base) and
AC (from anal fin origin to caudal fin base) photophore series. The relationship between total length
and standard length (SL = 0.75 x TL + 2.98), total length and head length (HL = 0.17 x TL + 1.47)
and standard length and head length (HL = 0.23 x SL + 0.88) showed high correlation values.
Considering the lack of data on this species in the Mediterranean, updating morphometric, meristic,
biological, ecological and distribution information is very important for taxonomic purposes and
useful in understanding the characteristics of the regional population and eventual differences
between Mediterranean stock(s) and those from other oceanic areas.

Keywords: mesopelagic zone; hatchetfish; Osteichthyes; deep sea; morphometry; meristics; Mediterranean
Sea; review

Key Contribution: The present study reports new records of the uncommon mesopelagic fish
Valenciennellus tripunctulatus and presents an updated review of the occurrence of the species in
Mediterranean waters. A comparison of the morphological and meristic data from the collected
specimens and information available in the literature revealed few differences in the number of
photophores forming the AC series. Morphometric relationships have also been calculated.

1. Introduction

The constellation fish Valenciennellus tripunctulatus [1] is a mesopelagic teleost be-
longing to the family Sternoptychidae, order Stomiiformes. The species was discovered
for the first time at the end of the XIX century thanks to the capture of two specimens,

Fishes 2024, 9, 397. https:/ /doi.org/10.3390/ fishes9100397

https://www.mdpi.com/journal/fishes


https://doi.org/10.3390/fishes9100397
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/fishes
https://www.mdpi.com
https://orcid.org/0000-0002-5358-5159
https://orcid.org/0000-0003-1822-7775
https://doi.org/10.3390/fishes9100397
https://www.mdpi.com/journal/fishes
https://www.mdpi.com/article/10.3390/fishes9100397?type=check_update&version=1

Fishes 2024, 9, 397

20f12

one off Madagascar (Indian Ocean) and the other in the North Atlantic, between Iceland
and Greenland [2]. When the species was first described, it was placed under the genus
Maurolicus [1], but later Jordan and Evermann [3] established the genus Valenciennellus,
characterized by the particular arrangement of the photophore ventral series from anal fin
origin to caudal fin base (AC), grouped in clusters of no more than four and spaced apart.
A full description of the anatomical features of this species was given by Weitzman [4].
Overall, this genus currently includes two species [5]: V. tripunctulatus and V. carlsbergi.

Valenciennellus tripunctulatus occurs in all oceanic waters from equatorial to temper-
ate [5], but it is rare in the Mediterranean [6,7].

Valenciennellus tripunctulatus is a rather small teleost and has a compressed, slightly
elongated body, silvery anteriorly and hyaline posteriorly, having numerous melanophores [8]
scattered throughout the body along the lateral line (Figure 1a). The snout is slightly shorter
than the diameter of the orbits and the mouth is oblique and narrow and has teeth arranged
in a single row, whereas they are absent from vomer, tongue, palatines and pterygoids [6].
The dorsal fin starts from the median portion of the body and consists of 7-10 rays, whereas
the anal has 22-25 rays, the pectoral has 12-17 rays, the pelvic has 6-9 rays and the caudal
has about 20 primary rays [5,6,9-11]. There is also a small adipose fin that is located well
behind the dorsal fin [6]. Head photophores include one orbital (ORB), three opercular (OP)
and six branchiostegal (BR) photophores. The ventral series (IC) has 37 to 44 photophores:
IP (ventral series anterior to pectoral fin base) = 3 + 4; PV (ventral series anterior to pelvic fin
base) = 15-18. The remaining photophores are arranged in the following series: OA (lateral
series) = 5; VAV (ventral series between pelvic fin base and anal fin base) = 5; AC (ventral
series posterior to anal fin origin) = 3 + 3+2 + 4 [6,9,10,12] (Figure 1b). The photophores
begin their development at about 8 mm SL (standard length), and the first to appear are PV
(ventral series anterior to pelvic fin base) and BR (on the branchiostegal membranes) [13],
which are fully formed at 17 mm SL [6,12]. The presence of several photophores on the
ventral margin of the body, which are used for counter-illumination, suggests the species’
adaptation to life in mesopelagic waters [14].

Biological and ecological information is scarce and mainly based on specimens
caught in the Pacific [15-17] and Atlantic Oceans [18-24] or collected in the Strait of
Messina [6,9,10,25,26]. While V. tripunctulatus is listed as among the most abundant com-
ponents of some mesopelagic fish assemblages [16,19,24], many studies only report on its
vertical distribution. Most diel studies of vertical distribution suggest that V. tripunctulatus
may not migrate or may undertake a limited vertical migration at best [15,17,18,21,23].

Reproduction takes place throughout the year, and the species reaches sexual maturity
at approximately 25 mm SL [12,16]. According to the few studies carried out in the Atlantic
Ocean that investigated the feeding habits and trophodynamics of this species [21,22],
V. tripunctulatus has a daytime feeding behaviour and zooplanktonic organisms are the main
component of its diet. Analysis of the entire digestive tract revealed that V. tripunctulatus
mainly preyed upon copepods, in particular Pleuromamma spp. [19,21,22].

The aim of this paper is to improve the knowledge of this poorly investigated species
by providing new data (e.g., morphometry, meristic) obtained by the collection of some
fresh individuals from the Strait of Messina. Moreover, we present here a brief review
on the occurrence of V. tripunctulatus in the Mediterranean basin, using information from
bibliographic sources on previous findings.
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Valenciennellus tripunctulatus

Figure 1. (a) Specimen of Valenciennellus tripunctulatus (Val_pun_01) found stranded in Strait of
Messina on 10 April 2010. (b) Photophore placement in Valenciennellus tripunctulatus (Val_pun_03).
ORB = orbital photophore; OP = opercular photophores; BR = photophores on the branchiostegal
membranes; OA = lateral series; IP = ventral series anterior to pectoral fin base; PV = ventral
series anterior to pelvic fin base; VAV = ventral series between pelvic fin base and anal fin base;
AC = ventral series posterior to anal fin origin (AC ventral series is not fully shown in this image).

2. Materials and Methods
2.1. New Records

Overall, we report here 3 new records of individuals belonging to the species V. tripunc-
tulatus. All specimens were found stranded on the shores of the Sicilian coasts of the Strait
of Messina (Figure 2), Western Mediterranean Sea. The first specimen was collected on
20 February 2004, whereas the others were found on 13 December 2023 and 10 March
2024. Moreover, we provide new data on two individuals found in the same location and
previously mentioned by Spalletta et al. [25] and Battaglia et al. [26], respectively, although
these authors did not report any morphometric and meristic information. Sample collection
took place in the morning, before and at sunrise, to avoid predation on samples from
seabirds, damage from ants and wasps and also the sun’s drying effect [27,28]. Taxonomic
identification was made according to characters described in the work of Badcock [12].
Fresh individuals were photographed and weighed to the nearest 0.01 g, and then morpho-
metric (to the nearest 0.1 mm) and meristic data were recorded. All measurements were
taken following Agger et al. [29]. The specimens were preserved in 80% ethanol solution.
Our morphometric data were integrated with information available in the literature [10]
and used for building relationship equations between total length (TL), standard length
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(SL) and head length (HL), with the aim to provide useful tools for rebuilding fish length
from a known measure during studies on population structure or trophic ecology.
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Figure 2. A map of the records of Valenciennellus tripunctulatus in the Mediterranean Sea: (1) [9,10,25,26,30],
present paper; (2) [31]; (3) [32]; (4) [33].

2.2. Historical Records

In order to review the occurrence of V. tripunctulatus within the Mediterranean Sea, we
collected information through a bibliographic search on published records of the species.
For this purpose, we used both academic literature search engines (Google Scholar, Web of
Science) as well as other web search tools, such as biodiversity databases and collections
(e.g., Fishbase, World Register of Marine Species—WoRMS, Biodiversity Heritage Library,
Ocean Biodiversity Information System—OBIS). For those publications in which a Mediter-
ranean record of V. tripunctulatus was reported, we annotated the date, area, location name,
catch methods and length of the individuals, when available. We also plotted location
data on a map using the software QGIS 3.28.6-Firenze, to show the updated occurrences of
V. tripunctulatus in the Mediterranean Sea.

3. Results
3.1. New Records

The “pristine’ condition of our three specimens suggests that stranding occurred shortly
before collection. Morphometric and meristic data obtained from our three new specimens
are compared with information available for specimens in the studies of Spalletta et al. [25]
and Battaglia et al. [26] (Tables 1 and 2). Total length ranged from 29.0 mm to 33.2 mm, but
this measure was not available for specimen ‘Val_pun_03’ since the caudal fin was quite
damaged. Standard length varied from 24.1 mm to 28.2 mm, while the weight range was
0.18-0.20 g. The analysis of meristic data showed that both the dorsal fin and pelvic fin
always consisted of 7 rays, the anal fin rays varied from 23 to 25 and the pectoral fin rays
from 12 to 13, whereas the caudal fin had 18-22 primary rays. The number of photophores
(Figure 1a) had a little variability in the PV ventral series (17 in Val_pun_01, Val_pun_02 and
Spalletta et al. [25] against 16 in Val_pun_03 and Battaglia et al. [26]). Moreover, the specimen
in the study of Spalletta et al. [25] had one additional AC photophore (i.e., 16 photophores
grouped as 3 + 3 + 3 + 3 + 4, against 15 in other specimens: 3 + 3 + 3 + 2 + 4) (Table 2).
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Table 1. Morphometrics (mm and proportions) and weight (in grams) of five specimens of Valenciennellus tripunctulatus stranded on the shore of the Strait of Messina.
Lim—range of variation (in grams for weight and in mm for measurements); X + st.err—mean and standard error. Measurements follow Agger et al. [29].

Code Number Val_pun_01 Val_pun_02 Val_pun_03 Spalletta et al. [25] Battaglia et al. [26] Lim X &£ sterr.
Date 14 April 2010 13 December 2023 10 March 2024 5 March 1992 20 February 2004
Total weight (g) 0.20 0.18 0.20 0.19 0.18 0.18-0.20 0.18 +0.01
Total length 33.2 31 broken tail 314 29.0 29.0-33.2 31.15+0.77
Standard length (SL) 28.2 25.2 24.1 26.9 25.0 24.1-28.2 25.88 £0.73
In % SL:
Caudal fin length 17.7 23.0 broken tail 16.7 16 4.0-5.8 4.82+0.34
Head length (HL) 25.2 27.0 26.6 264 25.6 6.4-7.1 6.76 +0.16
Operculum-posterior margin 74.8 73.0 744 73.6 73.2 17.7-21.1 19.06 + 0.61
of caudal peduncle distance
Predorsal length 49.2 52.7 47.7 51.6 48.8 11.5-13.9 12.96 £ 0.48
Prepectoral length 20.5 222 21.9 23.4 21.2 5.3-6.3 5.66 +0.19
Preanal length 439 52.3 45.6 50.1 47.6 11.0-13.5 12.40 £ 0.45
Preventral length 41.1 44.8 39.8 423 42 9.6-11.6 10.88 £ 0.37
Pectoral fin length 25.5 25.7 broken 26.0 26 17.9-23.3 6.80 = 0.16
Pelvic fin length 5.3 9.1 5.8 6.6 5.2 6.5-7.2 1.66 +0.18
Base dorsal fin 6.3 6.7 49 8.5 6 1.3-2.3 1.70 £ 0.18
Base anal fin 41.1 39.6 40.6 38.6 40.4 12-2.3 10.38 £ 0.32
Body depth at posterior 23.0 261 244 241 224 9.8-11.6 622 +0.19
margin of operculum
hMelirg‘ﬁ?“m caudal peduncle 9.2 8.7 10.7 8.1 8.8 5.6-6.6 2.36 + 0.09
Body depth at anus 17.7 17.0 20.7 19.3 17.2 2.2-2.6 476 £0.19
In % HL:
Preorbital length 32.3 323 35.9 323 343 43-52 2.26 4 0.02
Posterior margin of the 29.6 27.9 25.0 33.8 26.6 22-23 194 £0.14
orbit-operculum distance
Horizontal eye diameter 38.0 39.7 39.0 33.8 39.0 1.6-2.4 2.56 £ 0.06

Vertical eye diameter 43.6 42.6 35.9 40.8 453 24-2.7 2.82 +£0.13
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Table 2. Meristic data of five specimens of Valenciennellus tripunctulatus stranded on the shore of the Strait of Messina. ORB = orbital photophore; OP = opercular
photophores; BR = photophores on the branchiostegal membranes; OA = lateral series; IP = ventral series anterior to pectoral fin base; PV = ventral series anterior
to pelvic fin base; VAV = ventral series between pelvic fin base and anal fin base; AC = ventral series posterior to anal fin origin. Lim—range of variation; X +
st.err—mean and standard error.

Code Number Val_pun_01 Val_pun_02 Val_pun_03 Spalletta et al. [25] Battaglia et al. [26] Lim X = sterr.
Date 14 April 2010 13 December 2023 10 March 2024 5 March 1992 20 February 2004

Dorsal fin rays 7 7 7 7 7 7 7.0 +0.00
Anal fin rays 25 23 23 25 23 23-25 23.8 £0.49
Pectoral fin rays 13 13 12 13 - 12-13 12.75 £ 0.23
Pelvic fin rays 7 7 7 7 7 7 7.0 +0.00
Caudal fin primary rays 22 22 21 18 20 18-22 20.6 £0.75
Head photophores

ORB 1 1 1 1 1 1 1.0 £ 0.00
or 3 3 3 3 3 3 3.0 £0.00
BR 6 6 6 6 6 6 6.0 £0.00
Lateral photophores

OA 5 5 5 5 5 5 5.0 £ 0.00
Ventral photophores

P 7 7 7 7 7 7 7.0 £0.00
PV 17 17 16 17 16 16-17 16.6 £0.24
VAV 5 5 5 5 5 5 5.0 £0.00

AC 15 15 15 16 15 15-16 152 +£0.20
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The relationships between total length and standard length (Figure 3a; SL = 0.75 x TL +2.98,
R? = 0.93), total length and head length (Figure 3b; HL = 0.17 x TL + 1.47, R? = 0.81) and
standard length and head length (Figure 3c; HL = 0.23 x SL + 0.88, R? = 0.85), obtained
from both bibliographic data and our observations, were always positive and showed high
R? values (Figure 3).
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Figure 3. Linear relationships between (a) total length (TL) and standard length (SL); (b) total length
(TL) and head length (HL); (c) standard length (SL) and head length (HL). Black dots refer to individuals
measured in present paper; white dots refer to fish measurements reported by Potoschi et al. [10].
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3.2. Historical Records

Here, we report a description of all known historical records of V. tripunctulatus in
the Mediterranean basin. These data are summarized in Table 3, and records are shown
in the map (Figure 2). The first reliable report of V. tripunctulatus in the Mediterranean
Sea was provided by Torchio, who in 1960, during the reorganisation of the fish collection
of the Milan Museum of Natural History, examined a specimen that had been stored by
L. Gianferrari as Maurolicus tripunctulatus [9]. Torchio [9] re-catalogued the individual and
guessed that the species had never been reported before in the Mediterranean. This fish, in
good condition but having a damaged caudal fin, measured 25 mm SL [9]. According to the
provenance reported in the label, the specimen refers to a capture made by Mr. Arena in the
Strait of Messina. Later, in a new paper, Torchio [30] reported additional information on the
catch of V. tripunctulatus from the Strait of Messina, again obtained by Arena, who caught
the largest specimen (about 70-75 mm in the period 1918-1920) at the Messina harbour
and five individuals in April 1922, but he did not mention the exact sampling location [30].
Information on other individuals from the Strait of Messina was provided by Potoschi
et al. [10], who examined three old individuals preserved at the Thalassographic Institute
of Messina. The first two specimens measured 25 mm and 29.50 mm TL and were collected
in April 1922, whereas the last one (29 mm TL) was found in March 1948 [10]. Curiously,
the individuals collected in 1922 had the same date of specimens found by Arena, so it
is plausible that these samples belong to the same fish pool mentioned by Torchio [30].
Indeed, most mesopelagic fish found by Arena had been stored in the collection of the
Thalassographic Institute of Messina. In addition, Potoschi et al. [10] also described a fresh
specimen (27 mm TL) found stranded along the coast of Capo Peloro in January 1980.

Table 3. Historical records of Valenciennellus tripunctulatus in the Mediterranean Sea.

Reference Year/Date Length Area Location Catch Method
[9] Unknown 25 mm SL Strait of Messina Unknown Unknown

[30] gjf;j:fyo_March) 70-75 mm Strait of Messina Messina harbour Unknown

[30] 1922 (April) / Strait of Messina Unknown Unknown

[30] 1922 (April) / Strait of Messina Unknown Unknown

[30] 1922 (April) / Strait of Messina Unknown Unknown

[30] 1922 (April) / Strait of Messina Unknown Unknown

[30] 1922 (April) / Strait of Messina Unknown Unknown

[10]1 1922 (April) 25 mm TL Strait of Messina Capo Peloro Stranding

[10]1 1922 (April) 29.5 mm TL Strait of Messina Capo Peloro Stranding

[10] 1948 (March) 29 mm TL Strait of Messina Capo Peloro Stranding

[10] 1980 (January) 27 mm TL Strait of Messina Capo Peloro Stranding

[31] 1985 / Southern Tyrrhenian Sea  Capo Cavala-Capo Gallo  Bottom trawl net
[25] 1992 (March) / Strait of Messina Gangzirri Stranding

[32] 1975 (May) 28.4 mm TL Adriatic Sea Southern Adriatic IOSN international net
[33] 2003 (September) / Ligurian Sea South of Genoa IKMT net

[33] 2003 (September) / Ligurian Sea South of Genoa IKMT net

[26] 2010 (April) 33.2mm TL Strait of Messina Strait of Messina Stranding

! The individuals collected in 1922 and described by Potoschi et al. [10] had the same date of specimens mentioned by
Torchio [30]. They were both preserved at the Thalassographic Institute of Messina, so it is plausible that these authors
reported information on the same fish. IOSN = Indian Ocean Standard Net; IKMT = Isaac-Kidd Midwater trawl.

Another interesting catch, which confirmed the presence of the species in the south-
ern Tyrrhenian Sea (northern Sicily), was obtained using a bottom trawl net during the
1985 fishing campaigns between Capo Calava and Capo Gallo [31].

Spalletta et al. [25] provided information on a fresh V. tripunctulatus stranded at
Ganzirri in March 1992, but they did not describe morphometric and meristic characteristics
of this individual. We had the opportunity to examine this specimen in the present paper,
and data are reported in Tables 1 and 2.
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The presence of V. tripunctulatus in the Adriatic Sea was confirmed during an experi-
mental cruise in May 1975, when a specimen of 28.4 mm TL was collected at 100 m depth
in the southern Adriatic [32]. This material was collected using an IOSN international net
(250 pm mesh, 113 cm in diameter and 350 cm in length).

In September 2003, two specimens of V. tripunctulatus were collected in the Ligurian
Sea (off Genoa), using an Isaacs-Kidd Midwater trawl (IKMT), having meshes 2 X 2 mm in
the cod-end [33].

The most recent bibliographic record dates from Battaglia et al. [26], who found a
33.2 mm TL specimen stranded in the Strait of Messina in April 2010, whose meristic and
morphometric data are here provided (Tables 1 and 2).

4. Discussion

The present paper reports new data on the mesopelagic fish V. tripunctulatus and
provides for the first time a review of the occurrence of this rare species in the Mediterranean
Sea. The presence of V. tripunctulatus in the Mediterranean was first hypothesized by
Pietschmann [34], who caught a teleost of 110 mm in the Adriatic Sea [11]. However, later,
Karlovac [35] and Sojan [36] confirmed that there was a misidentification and attributed this
individual to the species Maurolicus muelleri, another sternoptychid commonly occurring
in the Mediterranean Sea. The first confirmed record of V. tripunctulatus was reported
by Torchio [9,30], who examined and described a specimen that was caught in the Strait
of Messina. To date, only 19 individuals of V. tripunctulatus have been recorded in the
Mediterranean, including ones reported for the first time in the present paper, and the
paucity of these specimens suggests that this species is quite rare here. Our observations and
literature analysis highlight the importance of the Strait of Messina as the main occurrence
area for V. tripunctulatus in this basin. Overall, analysing the available literature, it is
evident that most data on V. tripunctulatus belong to individuals caught or beached in
the Strait of Messina, where the recurrent stranding of mesopelagic and bathypelagic
fish fauna is due to upwelling conditions and environmental factors, like wind and the
lunar cycle [26,37-39]. The most favourable period for the collection of V. tripunctulatus
was winter and early spring, in particular February, March and April, as confirmed by
the specimens caught by Arena from 1918 to 1922 or stranded later. The presence of
V. tripunctulatus in surface waters of the Strait of Messina during February—April is helped
by the wintering homeothermy as well as by the upwelling regime of this area, which also
brings non-migrating fauna in the upper water layers [26,40]. According to Hopkins and
Baird [21], V. tripunctulatus lives in a limited bathymetric range (about 200-550 m) both
during day and night, with highest densities occurring between 290 and 460 m. Then,
it can be considered a non-migrating or very weak migrating species. The exact date of
collection is available for only six individuals stranded in the Strait of Messina (Val_tri_01,
Val_tri_02; Val_tri_03; Potoschi et al. [10]; Spalletta et al. [25]; Battaglia et al. [26]), and an
analysis of correspondent lunar cycles confirms that they were all found during the new
moon phase. Moreover, the available data regarding the environmental conditions during
their stranding reports a strong wind blowing from the south-east in all cases. The new
moon phase in conjunction with the south-east wind are recognized as the best conditions
for the stranding of mesopelagic and bathypelagic fauna in the Strait of Messina [26].

All individuals here examined are adults, and the maximum length of this species is
still debated. The largest V. tripunctulatus caught in the Pacific Ocean measured
33 mm SL [41], whereas Atlantic specimens reach 35 mm SL [21] and, generally, Mediter-
ranean individuals do not exceed 33.2 mm TL (ranging from 25 to 33.2 mm TL). However,
Torchio mentioned a specimen caught in the Strait of Messina having a length of about
70-75 mm [30]. Torchio never examined this large individual, but was only alerted by Mr.
Arena, who captured the animal. This specimen probably has not been preserved or has
been lost, so its identity and length cannot be verified. The linear relationships TL-SL,
TL-HL and SL-HL calculated in the present paper will be useful in future population
studies or for reconstruction of total length from other known measures (SL, HL) when the
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caudal fin is damaged as sometimes occurs during sample collection of fragile mesopelagic
fishes. These kinds of relationships are often useful in dietary studies for reconstruction of
prey size from stomach contents.

The taxonomic features of the examined individuals are consistent with the descrip-
tions of V. tripunctulatus reported by various authors in previous papers [1,6,9,10,12,30].
Meristic analysis in Mediterranean specimens revealed minor differences in the number of
photophores, some (e.g., the AC series) that have never been reported before. Comparing
the meristic descriptions of previous authors, there are few differences in the number of
photophores of the PV series: Torchio [9] and Dul¢i¢ [32] counted 16 photophores in the
respective specimens analysed, while Potoschi et al. [10] observed a total of 15 photophores
on the specimen found on 18 January 1980. According to Jespersen [42], the number of PV
photophores could vary from 16 to 17, while Bini [6] reported a range of 15-17 photophores.
The only Atlantic individual examined by Banon et al. [43] had 15 PV photophores. In
our specimens, three individuals (Val_tri_01; Val_tri_02; Spalletta et al. [25]) had 17 PV
photophores, but the other two (Val_tri_03; Battaglia et al. [26]) had 16. The ventral AC
series, according to previous descriptions [6,9,10,32], was composed of 15 photophores
divided into groups of 3 + 3 + 3 + 2 + 4, while the individual found by Spalletta et al. [25]
had one more photophore (3 + 3 + 3 + 3+4). Therefore, this variation in the number of some
photophore series observed here should be considered when identifying sternoptychid
fishes. According to the few data available for the Atlantic Ocean, provided by Banon
et al. [43], the main photophore series are made up as follows: VAV: 5; PV: 15; OA: 4;
AC:3+3+3+2+4;IP: 3 +4. The main differences between Atlantic and Mediterranean
individuals are the number of OA (4 in Atlantic fish and 5 in Mediterranean specimens)
and in general the number of PV (15 in Atlantic fish and generally 16-17 in Mediterranean
ones) photophore series. This variation could indicate a potential difference in the fish
population of the two basins, although further investigation should be performed.

The results of the present study highlight that V. tripunctulatus is quite rare in the
Mediterranean basin, but it is also true that very few research surveys have been conducted
in this region with the aim to describe mesopelagic fish assemblage, using appropriate
sampling tools such as an Isaac-Kidd midwater trawl and similar nets (e.g., [33,44-47]). In
addition, sampling V. tripunctulatus is probably made even more difficult by the behaviour
of the species, which does not carry out extensive vertical movements and seems to
concentrate in a quite narrow water layer (generally 250-500 m depth).

Considering the lack of data on this species in the Mediterranean, updating morpho-
metric, meristic, biological, ecological and distribution information is important to better
understand the characteristics of regional population(s) and potential differences between
Mediterranean stock(s) and those from other oceanic areas.
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