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Abstract

The Strait of Messina (Central Mediterranean Sea) has always been known for the stranding of marine
organisms, especially during the spring. We came across an extraordinary event of mass stranding in
April 2025, with 453 specimens of Macroramphosus sp. found through a single night. A total of 571
post-larvae and juvenile individuals stranded between February and May 2025 were examined for
this study. Clear morphological differences related to the size, especially in post-larvae were
highlighted. The relationship between Body Length (BL) and other morphometric measurements,
such as Dorsal Spine Length (DSL), Snout Length (SNL), and Body Height (BH) were studied with
the aim of identifying without any doubt the species Macroramphosus gracilis. A slightly negative
allometric relationship between length and weight shows that it grows faster in length and slower in
weight. This study aims to improve the state of knowledge on slender snipefish M. gracilis, and
particularly on the somatic features of different post-larval development stages. All these
morphological changes could give us a hint at the ecological adaptation to the habit shift related to
the development. Larvae and post-larvae of M. gracilis under 36 mm SL appear to be more linked to
the epipelagic/hyponeustonic habitat, while adult individuals seem to prefer benthopelagic habits.
Our results support the hypothesis that the Strait of Messina represents an exclusive and crucial zone
for the reproduction and growth of M. gracilis.

Keywords: Macroramphosus gracilis; slender snipefish; post-larvae/juveniles; morphometrics;
development changes; ecology; Strait of Messina; Mediterranean Sea

1. Introduction

Both sympatric species, Macroramphosus gracilis (Lowe, 1839) (Figure 1), commonly known as
slender snipefish, and Macroramphosus scolopax (Linnaeus, 1758), known as long-spined snipefish, are
broadly distributed throughout all the world’s oceans [1]. The two species differ mainly in body
shape [2-5], growth patterns [2,6], feeding behaviours [1-3,5,7,8], and on the basis of morphometric
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data [1,5,6,9-11]. Much of the available information on presence, geographical distribution, and
depth primarily refers to Macroramphosus scolopax, as reported in fish checklists for most
Mediterranean areas [12-18]. A study on the biometry and distribution of M. scolopax was done in the
Adriatic Sea [19] while the presence of larvae between the surface and 60 m was reported in the
northern Ionian Sea and southern Tyrrhenian Sea [20,21]. Both species have no commercial value,
since M. scolopax is frequently captured as bycatch in commercial fishing in the Tyrrhenian waters,
ending up discarded [22]. No nutritional importance as human food is known for M. gracilis in Italian
waters either.

Figure 1. Seven specimens of Macroramphosus gracilis (Lowe, 1839) from our collection (photo by Andrea Geraci).

Macroramphosus gracilis was for a long time mistaken for the juvenile stage of M. scolopax. So, its
occurrence data are very scarce and refer mostly to the Eastern Mediterranean Sea, as Cyprus, Israel
and Aegean Sea [23-26]. More recently, [27] confirms its presence in the Eastern Mediterranean Sea,
reporting data on the biometry, taxonomy, distribution, biology and ecology.

Due to its hydrodynamic and biological characteristics, the Strait of Messina has been considered
a peculiar upwelling ecosystem in the Central Mediterranean Sea. For this reason, August David
Krohn (1803-1891), a zoologist of German origin, was the first to define the Strait of Messina as “the
paradise of zoologists”, referring to its high biodiversity and the ease of finding meso- and
bathypelagic fish stranded in excellent conditions, often still alive. The stranding phenomenon was
studied for the first time by Anastasio Cocco (1829) from Messina, who also gave the name to many
new species [28]. The first systematic list of stranded meso- and bathypelagic species is due to [29],
followed by [30], who updated both the biodiversity, the places and periods of stranding, relating
this phenomenon to the synergy between currents and winds speed-direction. Up to more recent
times, updates and in-depth studies on the role of mesopelagic fish in the deep pelagic food web
followed, both on larval and juvenile stages and adults of many species, also in relation to the lunar
phases e.g. [31-33].

Available data on Macroramphosus in our study area are quite confusing, as is not listed by [29,30]
and [34] among the deep-sea fishes stranded in the Strait of Messina. Then, for the first time, [34-36]
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reported massive strandings of Macroramphosus gracilis along the Messina coast of Faro and Ganzirri
sites, even if the same authors considered the individuals as juvenile stages of M. scolopax. As
mentioned earlier, this misidentification has been quite common in less recent papers, as [37]. More
recent works, as [38], and in particular [39], reported both species stranded in the Strait of Messina
between 2015 and 2016, with the macroscopic difference that only one specimen of M. scolopax was
collected in October 2015 while a total of 375 specimens of M. gracilis stranded in 2016 during the
months of February (3 specimens), March (30 specimens), April (137 specimens) and May (205
specimens).

This study aims to improve the state of knowledge on slender snipefish M. gracilis, and
particularly on the somatic features of different post-larval development stages, contributing to the
knowledge about this long-neglected fish.

2. Materials and Methods
2.1. Study Area
2.1.1. Physical Features

The Strait of Messina represents one of the most productive pelagic ecosystems in the
Mediterranean Sea. Its unique characteristics are determined by geomorphological conformation of
the seabed, the opposing tidal phases of the two neighboring seas, the northern Ionian and the
southern Tyrrhenian, and the different physical and chemical characteristics of their water masses.
Its funnel shape, with the widest and deepest part facing south towards the Ionian Sea (2000 m in
front of Capo d'Armi) and the narrowest part (about 3 km) and less deep towards the northern
Tyrrhenian entrance (about 75 m on the threshold that rises between Punta Pezzo-Calabria and
Ganzirri-Sicily, Figure 2 and 3), determines complex and turbulent hydrodynamic processes [40-44],
characterised by the formation of advective vortices and strong horizontal current cuts, generally
located close to the most prominent capes (Capo Peloro, Sicily and Punta Pezzo, Calabria). The lunar
phases influence the tidal currents, which can reach speeds of 300 cm s during the new and full
moon, speeds that can increase up to 500 cm s in conjunction with other factors such as wind drift,
meteorological waves, atmospheric pressure and turbulence [45]. Two stationary tidal currents
alternate regularly every 6 hours (semi-diurnal), called "montante” (ascending current, Figure 2)
which flows from the Ionian Sea to the Tyrrhenian Sea causing an upwelling of colder and saltier
Ionian deep waters especially from the mesopelagic zone (200-1000 m) and "scendente” (descending
current) which flows superficially from the Tyrrhenian Sea towards the Ionian Sea dragged by the
surface cyclonic circulation [40—44,46]. The first is the most important from a biological point of view,
as on the one hand it mixes the nutrient-rich Levantine Intermediate Waters (LIW) with the surface
waters of the Atlantic, enriching the euphotic layer for the benefit of the entire food chain (Figure 2).
On the other hand, depending on the prevailing wind, it determines the stranding of meso- and
bathipelagic organisms both along the Sicilian coast of Messina (southern sirocco winds) and along
the Calabrian coast (northern mistral winds).
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Figure 2. Section of the Strait of Messina with upwelling current (S-N).
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Figure 3. Details of the area where the stranded Macroramphosus gracilis specimens were collected.

2.1.2. Biological Features

The continuous supply of nutrients due to upwelling currents (Figure 2) makes the Strait of
Messina a highly productive ecosystem, resulting in high biodiversity at all levels of the pelagic food
chain, from micro-phytoplankton to zooplankton, up to micronekton (such as euphausiids, pelagic
decapods and mesopelagic fish [47,48]. Maximum fluorescence values have been recorded during the
spring season in the southern area of the Strait [49,50]. It has also been known for a long time [48]
that in some particular areas of the Strait there are “accumulations” of zooplankton organisms, many
of which, considered rare in the Mediterranean Sea, reach significant concentrations of individuals
[47,52-54]. Upwelling currents also cause the regular stranding of mesopelagic and bathypelagic
organisms [30,32,55]. Consequently, this upwelling system attracts predators from different trophic
levels [47,56] constituting feeding areas for both top predators such as tuna (Thunnus thynnus),
swordfish (Xiphias gladius), albacore (Thunnus alalunga), and for many marine mammals that cross
the Strait of Messina during their migrations [57].

2.2. Samples Collection

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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A total of 571 Macroramphosus gracilis specimens stranded from the first half of February 2025 to
the first half of May 2025 were collected from the Sicilian coast of the Strait of Messina (Figure 3). The
samplings were always made before dawn on the beach of Capo Peloro to avoid the competition of
seabirds, ants and wasps and the sun's drying effect. In Figure 4 it is shown the individual number
of M. gracilis collected stranded in the four months from February to May, in relation to some
variables such as the lunar phases and the direction and speed of the rising current (5-N). A
progressive increase in stranded organisms is evident from February to May, with a maximum of 477
individuals collected in April with a current of 3.0-3.4 kn. In particular, we came across an
extraordinary event of mass stranding when 453 specimens of Macroramphosus gracilis found through
a single night, on April 3 2025, during waxing crescent lunar phase.

u Sea Current flow speed (kn)

MAY

3,20

300 400 S0 600

0 100 200 0
Number of collected specimens .
7 N 7 o
Figure 4. Number of Macroramphosus gracilis stranded in relation to the months. For each month, upwelling

current speed (5-N) and linked lunar phase (under x axis) for each sampling event are shown.

In Table 1, zooplankton, micronekton and other deep fish stranded together with M. gracilis were
listed. A total of 110 teleosts were collected, 63 in March and 47 in April. Of these, 11 species belong
to mesopelagic fishes, including juveniles and adults (4 species), juveniles (3 species), and adults (4
species). Adult Hygophum benoiti was the species with the highest number of stranded individuals in
both March and April, followed by Argyropelecus hemigymnus, Cyclothone braueri, and Vinciguerria
attenuata (only in March). In order of species abundance, amphipods follow with 4 species and 1genus
(24 individuals) in March and 1 species and 1 genus (2 individuals) in April. 45 individuals of the
euphausiids Thysanoessa gregaria and 1 of Euphausia krohni (only in March) were found. No other
organisms were found stranded together to M. gracilis in May.

Table 1. Number of individuals of the species collected stranded together to Macroramphosus gracilis.

Species February March April
Teleosts  Argyropelecus hemigymnus -- 11 --
Argyropelecus hemigymnus 3
juv.
Conger sp. juv. -- 1
Cyclothone braueri -- 6 --
1
2

Diaphus metopoclampus juv. --
Electrona risso juv. --
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Engraulis encrasicolus -- 1 --
Hygophum benoiti -- 25 36
Hygophum hygomii juv. -- -- 2
Maurolicus muelleri -- -- 1
Myctophum punctatum -- -- 1
Microstoma microstoma -- 1 1
Microstoma microstoma juv. -- -- 4
Nansenia oblita -- -- 1
Nansenia oblita juv. -- 1 --
Vinciguerria attenuata -- 6 --
Vinciguerria attenuata juv. -- -- 1
Amphipods Lestrigonus schizogeneios -- 6
Phronima atlantica -- 4 1
Phronima sp. --
Phrosina semilunata -- 2
Scina crassicornis -- 1 --
Euphausiids Euphausia krohni -- 1
Thysanoessa gregaria -- 45 --
Mysids Siriella sp. -- -- 1
Pteropods Cymbulia peronii 1 --

[
[

2.3. Data Analysis

According to [1,3,5,10], a primary laboratory sorting of the specimens based on five characters
as colour and body shape was made (Table 2). This, coupled with an assessment of morphometric
ratios (see below), allowed us to assign all collected specimens to M. gracilis. Each specimen was
measured to the nearest 1 mm (Standard Length, SL) using a ruler for larger individuals and graph
paper for smaller ones and weighed to the nearest 0.01 g (Wet Weight, WW). These data were then
used for statistical analyses. In addition, further morphometric measurements in accordance with the
methods outlined by [1,3,5,10] were taken. These measurements included SNL (Snout Length, also
referred to as beak length, measured from the tip of the snout to the front edge of the eye orbit), DSL
(Dorsal Spine Length, commonly known as Spine Length), BH (Body Height, the maximum depth of
the body), and DSFD (Dorsal Spine Fin Distance, the distance between dorsal spine and second dorsal
fin origin; see Figure 5 and Table 2).

Figure 5. Schematic drawing of Macroramphosus gracilis (modified from [10]) with highlighted points of

morphometric measurements, as pointed out by [3,5] (see also following table).

Table 2. Morphometric measurement of Macroramphosus spp. [5] (see previous figure).

M. gracilis M. scolopax
1 fil
Yentra body' pro 1 € Straight Notched
in larval and juvenile
Dark dorsally, Red-orange with few
Body colour oy .
with silver sides melanophores dorsally
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Posterior margin of dorsal
fin spine (spike) in

specimens larger than 50 Smooth Serrated with spinules
mm SL
Relatively short: Long:
17.9-32.6% BL. 23.7-46.2% BL.

Lenght of dorsal fin spine
(DSL, Dorsal Spine
Length; 4-5)

62.4-138% distance between 98.9-231% distance between
dorsal spine-second dorsal dorsal spine-second dorsal fin
fin origin (DSFD, Dorsal  origin (DSFD, Dorsal Spine Fin
Spine Fin Distance; 4-7). Distance; 4-7).
Relatively slender: 20.9-
30.8% BL.

Body Height (BH; 4-10) Relatively deep: 23.4-36.7% BL.

Since the length of the beak changes with size, the Body Length (BL; Figure 6), obtained by
subtracting the length of the beak (Snout Length, SNL) from the Standard Length (BL=SL-SNL), is a
useful morphometric measure to study the effective growth of Macroramphosus spp. [3,5]. Therefore,
BL was used in place of SL in the assessment of Length-Weight relationships. The latter were
calculated by the function W=aLb [58] where W is the WW measured in g, L is BL measured in mm,
and a and b constants. Instead, Length-Length relationships were calculated using the function y =
ax + b, where x = BL, y = concerned, a = slope, and b = intercept. Using PAST 4.03 [59] software,
obtained curve was used to interpolate weight values as a function of length.

Figure 6. Picture of one specimen of Macroramphosus gracilis from our collection, with highlighted SNL and BL
(photo by Andrea Geraci).

In addition, percentage ratios between BL and other morphometric measures were used to
determine without doubt the species Macroramphosus gracilis, according to the statement of [5] (see Table
2). The following ratios between the measurements were assessed:

SNL/BL = Snout Length/Body Length. Snout length should be indicative of the organism's
overall growth, considering that it is almost absent during the larval stage and longer in the adult
stage;

DSL/BL = Dorsal Spine Length (longer ray of the first dorsal fin)/ Body Length. This
measurement was already taken by [3], although in the paper it is indicated for Macroramphosus sp.
For the present study it was used this ratio on only M. gracilis;

BL/BH =Body Length /Body Height (maximum body depth). A standard measurement that was
already taken by [10].

Furthermore, some morphological differences were observed between our specimens. On the
smallest individuals, we observed the presence of a great number of spinules, which covered almost
completely the upper part of the body from the cephalic region to the first dorsal fin and beyond
(Figure 7).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 7. Schematic drawing of the position of the spinule series on Macroramphosus gracilis. In yellow, the dorso-
cephalic series; in red, the supra-orbital series; in blue, the supra-opercular series; in turquoise, the lateral series
(modified from [10]).

3. Results

From visual observation of the 571 collected specimens, it was possible to notice a slender,
hydrodynamic shape, a dorsally dark colouration with silver sides, and a straight ventral body profile
(Figure 1 and Figure 8). In seven individuals, we observed soft shades of light red on the silver sides,
slightly more evident in one of these (Figure 9). The BH/BL ratio was found in most cases to be
between 20 and 30%, in accordance with what was stated by [5] for M. gracilis (Table 2), while in some
of the specimens (65 out of 571) it was found to be higher, and closer to the congener M. scolopax. In
7 specimens, it was found to be lower than 20% (Table 3). The remaining morphometric ratios were
found in the large majority of cases to correspond to M. gracilis [5], with very few exceptions,
numerically rather small, for example, 4 individuals with the spine slightly longer in relation to the
body length (DSL/BL ratio=33.3%, while the maximum for M. gracilis is 32.6% [5]).

Figure 8. Some collected specimens of Macroramphosus gracilis of various sizes (photo by Andrea Geraci).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 9. One of the seven specimens that showed light red shades (above), compared to a standard-colored
individual, dark dorsally with silver sides (below) (photo by Andrea Geraci).

Table 3. Morphological features and morphometric ratios observed in the examined specimens, compared with

the statements of [5]. The "x" symbol indicates the presence of the feature, while the "/" symbol indicates its

absence.
Macroramphosus gracilis features Macroramphosus scolopax features Outlier features
Straight ~ Silver ~ DSL/  DSL/  BHBL . . . DSL/  DSL/ BHBL s‘lliv"}ftl;‘e’gy’ DSL/  BH/
N ventral body, BLratio DSFD ratio ventral body orance BL ratio DSFD ratio slgla ded DSFD BL
’ body  dor-sally 17.9- ratio 62.4- 20.9- rofile y bo dg 23.7- ratio 98.9- 23.4- dorsall ’ ratio ratio
profile  dark  32.6%  138%  308% P Yo 462%  231%  36.7% o <624% >36.7%
490 X X X X X / / / / / / / /
61 X X X X / / / / / X / / /
5 X X X X / / / / / / / / X
2 X X X / / / / / / / / X X
4 X / X X X / / / / / X / /
3 X / X X / / / / / X X / /
2 X X X / X / / / / / / X /
1 X X / X / / / X / X / / /
3 X X / X X / / X / / / / /
Tot 571 571 564 567 567 499 0 0 4 0 65 7 4 7

We named the spinules sets as it follows: dorso-cephalic spinules (Figure 10a), supraorbital
spinules (Figure 10b), supra-opercular spinules (Figure 10c), and lateral spinules (Figure 10d). Then
we can establish 4 size classes: A, early post-larvae 9-27 mm SL (n=432); B, mid post-larvae 28-34 mm
SL (n=31); C, late post-larvae 35-45 mm SL (n=75); D, early juvenile stage > 46 mm SL (n=33). We
observed all the spinules sets on individuals up to 27 mm SL and could be intended as an early
transition from larval to juvenile stage. The dorso-cephalic ones, well evident in the first size class
had almost completely disappeared in the range 28-34 mm, and only a supraorbital serrated pair of
spinules, two supra-opercular serrated pairs of spinules, three straight pairs of spinules on the lateral
line remained. From each pair of spinules on the lateral line, a row of smaller spinules originates, and
goes up on the dorsal side. On specimens from 35-45 mm SL, we observed the absence of the
supraorbital set, but the other two sets were still present, with the only difference being their smaller
size. Finally, for individuals bigger than 46 mm SL we observed no spinules at all, feature that recalls
the adult form.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 10. a. Pictures of the dorso-cephalic spinules series. The pictures go from the first size class A to the fourth
size class D (photo by Davide Di Paola). b. Pictures of the supraorbital spinules series (photo by Davide Di
Paola). c. Pictures of the supra-opercular spinules series (photo by Davide Di Paola). d. Pictures of the lateral
spinules series. Note the small rows of spinules departing from the bigger ones on the side (photo by Davide Di
Paola).
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Figure 11 shows a slightly negative allometric relationship between length and weight, in which
weight increases less rapidly than length. Data are fairly well distributed around the curve, indicating
a excellent quality of model fit (R? = 0.9727). Some points out of trend (outliers), visible especially
around BL = 20 mm and BL = 40 mm, which means that the remaining 2.73% of the variation can be
due to other factors (biological variability, environmental conditions, etc.). The b value = 2.8536
indicates negative allometric growth, with 95% confidence intervals ranging from 2.786 to 2.905.

20
WW = 3.8488E-05BL 2853
18 R2=0.9727

0.8
0.6
0.4

0.2

0.0 > = = . 3
0 5 10 15 20 25 30 35 40

BL (mm)
Figure 11. Plots of length-weight relationships for Macroramphosus gracilis post-larvae and juvenile (n=571) as

part of a standard curve-based non-linear regression analysis (p-value <0.0001).

The relationship between BL and Snout Length (SNL) (Figure 12) showed an angular coefficient
of 0.4703, with 95% confidence interval ranging from 0.46017 to 0.48012, suggesting a negative
allometric growth, which means that the Snout Length grows slower that the Body Length. The good
value of R?2=0.9466 and p-value < 0.0001 confirm the statistical robustness of the model, and suggests
that 94.66% of variability in SNL is explained by BL.
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20
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Figure 12. Plots of Length (BL, in mm) and Snout Length (SNL, in mm) relationship for Macroramphosus gracilis

post-larvae and juvenile (n=571) as part of a standard curve-based linear regression analysis (p-value <0.0001).

The relationship between BL and Dorsal Spine Length (DSL) (Figure 13) showed an angular
coefficient of 0.2267, with 95% confidence interval ranging from 0.21859 to 0.23528, suggesting a
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negative allometric growth that translates in Dorsal Spine Length growing slower than BL. The good
value of R? = 0.9076 and p-value < 0.0001 suggests that 90.76% of variability in DSL is explained by
BL.

107

DSL=0.2267BL + 0.3429
9| R?2=0.9076
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Figure 13. Plots of Length (BL, in mm) and Dorsal Spine Length (DSL, in mm) relationship for Macroramphosus
gracilis post-larvae and juvenile (n= 571) as part of a standard curve-based linear regression analysis (p-value
<0.0001).

The relationship between BL and Body Height (BH) (Figure 14) showed an angular coefficient
of 0.318, with 95% confidence interval ranging from 0.30981 to 0.32581, which suggests a negative
allometric growth where BH grows slower than BL. The good value of R? = 0.9258 and p-value <
0.0001 confirm the statistical robustness of the model, suggesting that 92.58% of variability in BH is
explained by BL.
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Figure 14. Plots of Length (BL, in mm) and Body Height (BH, in mm) relationship for Macroramphosus gracilis

post-larvae and juvenile (n=571) as part of a standard curve-based linear regression analysis (p-value <0.0001).

Since all these intervals showed a negative allometric growth it can be concluded that,
proportionally, all the values reported as dependent variable (y axis) grow slower than the independent
variable (BL). In other words, all the other morphological features remain smaller in proportion to the
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body length throughout all the individuals examined, even though some of the considered body parts
seem to grow faster than the others, like SNL.

4. Discussion

The reported results allowed us to unequivocally assign all investigated specimens to the species
Macroramphosus gracilis. Indeed, both visual observation and morphometric measurements and ratios
match those reported by [1,5,8-10] for M. gracilis. In our opinion, some slight discrepancies may be
due to possible intraspecific variability in the local population, which in turn could be due to the
unique ecological characteristics of the study area [40-54]. Furthermore, a certain intraspecific
morphological variability is also found in the congener M. scolopax [1,3,4,9,10], but this does not
prevent us from clearly and unequivocally distinguishing between the two species [1,5,8-10].

All the plots showed in the result section display a high goodness of fit in the regression models.
The length-weight relationship shows that this fish grows faster in length and slower in weight. This
means that when they finally reach the adult stage, they should obtain a slenderer shape; this feature
is totally reasonable given that the specimen examined in this paper were collected stranded by the
upwelling strong current, typical of the Strait of Messina. In fact, this kind of shape is expectable from
species that live in turbulent environments where they need to be agile to swim through strong
currents. According to [8], M. gracilis may be a better swimmer than M. scolopax due to its slender and
fusiform body. This feature may increase capture success in off-bottom waters, thereby reducing
hydrodynamic drag [60]. This underlines that the major body shape difference between M. gracilis
and M. scolopax could be due to the different environment for which they adapted: is in fact known
that M. scolopax lives mostly as a demersal species, feeding on soft seabeds using the long beak-like
mouth to strike the prey with high speed to catch it [61], while M. gracilis is a benthopelagic species
and feeds mostly on prey like pelagic plankton [1,5,8]. This is probably what [1] and [11] stated in
their papers even though they only identified the fishes from the genera Macroramphosus as type-b
(benthic) and type-p (pelagic) feeding, with a low frequent intermediate feeding type. This difference
is observed also in [5], where they give the name of B-type and D-type to fishes that feed in a similar
way respectively to type-b and type-p from [1] and [11], and then finally [8] links the feeding type to
the two species, confirming that the p-type corresponds to M. gracilis.

Moreover, [5] stated that larvae and post-larvae measuring 5.6-36.5 mm SL were still present at
the surface in the month of April, meaning that they were probably still feeding on pelagic plankton
before growing and descending to the continental slope. This could be a quite similar situation to the
one presented hereby; in fact, all the specimens examined in this paper were under 52 mm SL and
probably not even a year in age following the length-age table from [6]. The fact that only post-larvae
and juveniles were stranded on the beach could mean that no adults were present in the Strait of
Messina, as they live near soft seafloors even though capable of pelagic migrations, as seemingly
confirmed by [5] in which paper they assert that some sand was found in some D-type stomach.
Given the fact that on the Ionian side of the Strait the soft seafloor is scarcely present due to
hydrodynamic conditions [62], the absence of adult individuals could be due to the lack of habitat,
and therefore this does not affect the juvenile population as they only need the epipelagic zone in
order to sustain themselves. So, we can hypothesize that the Strait of Messina could represent a
nursery area and/or a feeding area for M. gracilis larvae and juveniles, given its high productivity
[49,50], resulting in important trophic effects and a rapid short food chain [63] and, consequently,
high concentrations of prey, making the Strait of Messina a zone of food accumulation and
“insemination” of neighbouring areas [47,56,64]. Once adults, they may migrate southeastward to
the eastern Mediterranean basin where M. gracilis has been repeatedly found [23-27], while its
presence in the western Mediterranean basin is still uncertain. The high food availability in the Strait
of Messina may cause the population of M. gracilis to present higher rates of growth in comparison
to the one found in the Atlantic Ocean. Borges [6] stated that M. gracilis presents an isometric growth,
while we found a slightly negative allometric growth meaning that, in the Strait, M. gracilis specimens
are longer in relation to the weight. This could be a similar situation to the one described in [65],
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where individuals of the jellyfish Pelagia noctiluca that were feeding in this area grew at a much faster
rate than the normal. For M. gracilis, this could translate into reaching the first maturity size faster
than in other areas of the world. A similar scenario could be happening in the coastal waters of
Portugal, where fishes of the genera Macroramphosus grow faster than the same species found in
Marocco Atlantic waters because of them living in an environment subject to cold upwelling events
that rise the productivity of the area [6]. Therefore, it is possible that the Strait of Messina represents
an exclusive and crucial zone for the reproduction and the growth for M. gracilis in the eastern basin
of the Mediterranean Sea due to its peculiar characteristics like the colder and highly productive
waters [50]. Indeed, [6] stated that reproduction of Macroramphosus sp. occurs over a time span from
late winter to early spring (January to March in the northeastern Atlantic Ocean) [2,6,66], which is
consistent with our sampling of early post-larvae (n=432) from February to May. Furthermore, the
seawater temperature in the Strait of Messina is significantly lower than in the rest of the
Mediterranean Sea due to the upwelling dynamics [53], which is perfectly in line with the statement
[2], who considers the temperature range of 16-24°C optimal for the survival of this species and
consequently for its reproduction. This could be confirmed by our findings, plotting Body Length in
function of the Dorsal Spine Length, the Snout Length and the Body Height; all the ratios presented
a negative allometric growth, which means that the three lengths grew slower in relation to the BL,
that in turn grows faster in relation to the weight. As stated earlier, all these morphological changes
may be an ecological adaptation to benthopelagic habits in adult individuals of M. gracilis. A shorter
dorsal spine, coupled with a shorter and hydrodynamic-shaped snout and a lower body height,
reduces hydrodynamic drag. This may align with a better swimming ability useful for broader
displacement through the water column, granting the adults access to both pelagic and benthic food
resources [1,5,8,11,60], unlike what is stated for M. scolopax, which showed a significant preference
for a benthic diet [1,5,8,22,67] and therefore needs a higher manoeuvrability near the seabed [68], and
a longer snout for catching benthic prey [61]. Moreover, M. scolopax presents a bigger dorsal spike
[5], which could highlight a predator avoiding strategy [69,70] less based on a fast escape, in contrast
to M. gracilis [71]. This latter, in particular, could use schooling behaviour to protect themselves from
predation [72,73], taking advantage by both their good swimming ability [1,5,60] and their
colouration, dark dorsally with silver sides [5], which we were able to observe in this paper. This
pigmentation in fact helps pelagic fish in the euphotic zone through countershading, camouflaging
themselves when seen from below thanks to the pale belly. Conversely, when seen from above,
thanks to the dark upper part, they appear less visible thanks to the darker background of deeper
waters. Furthermore, they exploit the reflectivity to confuse the sight of predators through the already
mentioned schooling behaviours [72,73]. On the contrary, the red-orange pigmentation of M. scolopax
helps it to camouflage itself in the deeper water layers, close to the bottom, where it lives, since unlike
M. gracilis, it inhabits the epipelagic/hyponeustonic zone only at the larval stage (below 12 mm SL)
[5]. In fact, the red colour is one of those that fades first with increasing depth [74], as seen in red
crustaceans [73]. However, we couldn’t determine the exact depth at which the stranded specimens
collected could have been living, and we can only hypothesize that they were living in the upper
euphotic zone and possibly in deeper areas for the larger individuals. The fact that this fish was found
stranded more often with non-migrant mesopelagic species as Argyropelecus hemigymnus, Cyclothone
braueri, Maurolicus muelleri, some amphipods species, and strong migrant species as Hygophum benoiti
and Vinciguerria attenuata [31,75] could indicate that our postlarvae specimens of M. gracilis could
occupy the upper epipelagic euphotic zone and instead the juveniles the mid euphotic zone,
respectively. The lack of stranded adult Macroramphosus specimens together to mesopelagic fish,
confirms that they are not present in this bathymetric range. To confirm this, more studies on the
trophic ecology of this fish are required, with a particular focus on the juveniles and on the specimen
stranded in the Strait of Messina. In fact, identifying prey items could reveal their feeding habits and
therefore trace their movements.

From a fisheries perspective, as already mentioned, neither M. gracilis nor M. scolopax have any
commercial or food importance for humans, at least in Italian waters [22]. However, M. scolopax is
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known to be part of the diet of several demersal fishes, as Zeus faber [76], Pagellus bogaraveo and P.
acarne [77)], Scyliorhinus canicula [78], and finally of the very commercially important European hake
Merluccius merluccius [79]. Nevertheless, we think the lack of knowledge about this matter, as soon as
the whole ecology of Macroramphosus gracilis could be due to that, in the past, this species was often
confused with M. scolopax, as just stated in our study. This may be even more true in the case of
dietary studies, considering that digestive processes can make prey recognition more complicated,
increasing the probability of misidentification. Moreover, otoliths of both species of Macroramphosus
are very similar to each other [80], and the identification could be uncertain. Further studies will be
useful to shed light on this and other aspects of the ecology of M. gracilis, including potential
assessment of threats and pollution sensitivity and its role in the trophic chain, also as a potential
prey of commercial fishes.
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