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There are two species of garfish belonging to the genus Belone (garfish B. belone and
short-beaked garfish B. svetovidovi) in the coastal regions of Tiirkiye. It is known that
Belone belone is distributed all around the Turkish coasts, and Belone svetovidovi is
distributed only in the Mediterranean and Aegean coasts of Tirkiye. These species’
morphological similarities and mainly overlapped morphological characters led to
confusions for years. The present study represents the first detailed morphological and
molecular analysis including twenty-two body portions and DNA barcode analysis of B.
svetovidovi and reports the newly established populations in the Sea of Marmara with

molecular and morphological evidences.
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Introduction

The Belonidae family, represented by a total of 10 genera
and 44 nominal species in marine and freshwater ecosystems,
constitutes one of the important groups of the ichthyofauna of
the Eastern Atlantic, the Mediterranean and the Black Sea
(Fricke et al., 2022).

In the last checklist of the marine fish species of Tiirkiye, the
existence of three species is mentioned; Belone belone
(Linnaeus, 1761), Belone svetovidovi Collette & Parin, 1970 and
Tylosurus acus (Lacepéde, 1803) (Bilecenoglu et al.,, 2014).
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According to this checklist, while Belone svetovidovi and
Tylosurus acus species are distributed only in the
Mediterranean and Aegean coasts of Tiirkiye, it is known that
Belone belone is distributed in all around Turkish coasts
(Bilecenoglu et al., 2014).

The short-beaked garfish Belone svetovidovi was first
described by Collette & Parin (1970) from Galicia, Spain then
was reported by Collette & Parin (1986) in the north-eastern
Atlantic (Southern Ireland, Spain and Portugal), in the eastern
Mediterranean (Israel) by Golani (1996), and in the Aegean Sea
by Meri¢ & Altun (1999). After its Aegean Sea record, only one
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specimen of B. svetovidovi was recorded from the north-eastern
Levantine Sea by Dalyan & Eryillmaz (2006). According to
Collette & Parin (1970), B. svetovidovi differs from B. belone by
having more closely spaced and smaller teeth on the jaws, by
lacking vomerine teeth (mostly present in adult B. belone), and
by having more numerous gill-rakers (Dorman, 1987; Meri¢ &
Altun, 1999).

Although there are a couple of previous studies using
limited metric and meristic characters (Dorman, 1987; Meri¢ &
Altun, 1999), there is no integrative study that includes
molecular and morphological analysis that can shed light on
molecular and phenotypic characteristics of this commercial
species.

The aim of this paper is to represent the first detailed
morphological and molecular analysis and report the newly
established populations of Belone svetovidovi in the Sea of

Marmara with both molecular and morphological evidences.

Material and Methods

Samplings

B. svetovidovi specimens were collected directly from the
local fishing boats in the Sea of Marmara, which used trammel
nets (Figure 1). Ten specimens were sampled from the
Northern coast of the Sea of Marmara (the Bosporus/Istanbul)
and nine specimens were sampled from Southern coast of Sea
of Marmara (Gemlik District). Pectoral fin clips were fixed in
96% ethanol for genetic analyses and then the specimens were
fixed in 4% formalin solution for morphological analysis. The
collected specimens were deposited in the Fish Collection
Centre of Izmir Katip Celebi University (IKC PIS 1271-1289).
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Figure 1. Sampling locations of short-beaked garfish Belone

svetovidovi in the Sea of Marmara

Morphological Analysis

Morphological methods follow Zorica & Cikes Ke¢ (2011)
with some additional characters (SL% of body depth at anal fin
pelvic fin and dorsal fin origins; head depth, interorbital
distance, counts of gill-rakers and teeth, the teeth count within
a section of the middle of the upper jaw equalling the eye
diameter) were added (Figure 2). Totally 22 different body
proportions were used (7 of which were related to head length)

in morphological analysis (Table 1).

Table 1. Morphometric and meristic characters of Belone

svetovidovi (n=19)

Characters Range (mean+S.D.)
SL (cm) 26-35.7 (30.03+3.2)
SL%

HL/SL 20.4-35.3 (28.5%4)

Pre-dorsal/SL
Pre-pelvic/SL
Pre-anal/SL
Pre-pectoral/SL

Pelvic to anal/SL

Pectoral length/SL

Pelvic length/SL

Caudal fin length/SL
Caudal peduncle depth/SL
Depth at dorsal fin orj/SL
Depth at pelvic fin orj/SL

76.4-82.9 (79.9+1.6)
61.1-69.4 (65.7+2.3)
74.5-80.4 (77.8+1.4)
21.5-36.3 (29.7+4.3)
10.5-14.3 (12.1%1.1)
5.2-7 (6.0£0.5)
10.5-14.3 (12.1%1.1)
9.3-12.6 (10.50.9)
1.8-2.7 (2.0£0.2)
4.6-6.4 (5.5+0.4)
4.8-6.6 (5.7+0.5)

Depth at anal fin orj/SL 4.6-6.5 (5.6+0.5)
Dorsal fin base/SL 11.5-14.8 (13.1+0.9)
Anal fin base/SL 13.6-16.9 (15.3+0.8)
Pectoral fin base/SL 5.2-7 (6.0%0.5)
Pelvic fin base/SL 3.4-5.3 (4.4+0.5)
HL (cm) 5.6-10.6 (8.6%1.6)
HL%

Head depth/HL 13.2-23.8 (16.8+3.4)

Pre-orbital/HL
Post-orbital/HL
Eye diameter/HL
Interorbital/HL

48.2-74 (63.8+7.4)
18.3-37.5 (24.9+5)
8.4-15.5 (11.0+2.4)
6.5-12.7 (8.9£1.9)

Meristic Counts

Dorsal fin rays
Anal fin rays
Pectoral fin rays
Pelvic fin rays
Gill-rakers

Teeth count within a section of
the middle of the upper jaw

equalling the eye diameter

15-19 (16.7+1.1)
18-23 (21.1%1.3)
11-15 (12.3+1)
6-7 (6.1£0.3)
40-49 (43.5%3.2)
14-20 (16+1.94)
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Figure 2. Drawing of body proportions of short-beaked garfish modified from Zorica & Cikes$ Ke¢ (2011)

Molecular Analysis

Total genomic DNA was isolated from the fin clips
according to the manufacturer’s instructions with a DNA
isolation kit (AMBRD Laboratories, Tiirkiye). FishF2/FishR2
primers described by Ward et al. (2005) were used to amplify
Cytochrome ¢ Oxidase I, which is also known as the barcode
region using the 5x FIREPol Master Mix (Solis Biodyne;
www.sbd.ee). The thermocycler profile consisted of a step 1 min
at 94°C, five cycles of 94°C for 30 s, 50°C for 40 s, and 72°C for
1 min, followed by 35 cycles of 94°C for 30 s, 54°C for 40 s, and
72°C for 1 min, with a final extension at 72°C for 10 min. PCR
products were checked with 2% agarose gel. Sequencing was
carried out by Macrogen Inc., Seoul, South Korea. Nucleotide
sequences were aligned using ClustalW (Thompson et al., 1994)
implemented in MEGA version X (Kumar et al., 2018) and
edited with BioEdit (Hall, 1999). Aligned sequences of Sea of
Marmara samples were submitted to GenBank with accession
numbers: 0Q329406- 0Q329424. Maximum Likelihood (ML)
and Neighbour Joining analysis were performed with the
MEGA version X using the T92 (Tamura-3) + Gamma model
due to the lowest Bayesian Information Criterion (BIC) values.
Uncorrected p and T92 distances were used to compare the
barcode data. A bootstrap test with 1000 replicates was

performed to verify the robustness of the tree.

Results

Morphological Analysis

Nineteen specimens of B. svetovidovi have been obtained of
which 12 were male and seven were female. All measured
specimens varied in total length from 28.4 to 39 cm (mean+SD:

32.9+3.2 cm). The total length of males varied between 30.6-39

cm (mean+SD: 34.5+3 cm), whereas for females varied between
28.4-33.1 cm (mean+SD: 30.3+1.6 cm). Meristic counts and the
results of the morphometric proportion of the body
measurements expressed in percentages are given in Table 1.
All examined specimens lacked vomerine teeth and featured
14-20 teeth within a section of the middle of the upper jaw

equalling the eye diameter.

Genetic Analysis

A total of 625 bp of COI fragments of 31 short-beaked
garfish were analysed COI clades of the specimens were well
supported in the ML and NJ phylogenetic analysis (Figure 3,
Figure 4). Since there are no COI barcode data of B. svetovidovi
available in both GenBank and BOLD system, the Aegean Sea
sequences of this species (which were also generated in this
study) were used to compare the data. The sequence of the COI
fragment, presented here for the first time for B. svetovidovi.
Both uncorrected p and T92 distances have shown low intra-
specific distance (0.4% SE=0.001) between analysed sequences.
The interspecific distance between B. svetovidovi and B. belone
species is 3% SE=0.006 (for both uncorrected p and T92

distances).

Discussion

There are two species of garfish belonging to the genus
Belone (garfish B. belone and short-beaked garfish B.
svetovidovi) on the coastal regions of Tirkiye (Bilecenoglu et
al., 2014). While the garfish B. belone is distributed over a wide
area of the Atlantic Ocean from Iceland and Norway in the
north, the western coast of Africa in the south and also in the
Mediterranean Sea, the short-beaked garfish B. svetovidovi is

distributed North-East Atlantic (Southern Ireland, Spain,
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Figure 3. Maximum Likelihood tree of analysed Belone species. The tree is drawn to scale, with branch lengths (above the branches)

measured in the number of substitutions per site Numbers next to branches indicate bootstrap values for 1000 replicates
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Portugal) and in the Mediterranean Sea (Collette & Parin, 1986;
Golani, 1996; Meri¢ & Altun 1999; Dolgov & Zabavnikov,
2021). These species’ very similar appearance and mainly
overlapped morphological characters led confusions for years
(Dorman, 1987; Meri¢ & Altun, 1999; Dolgov & Zabavnikov,
2021). B. svetovidovi differs from B. belone by having more
closely spaced and smaller teeth on the jaws, by lacking
vomerine teeth (mostly present in adult B. belone); and by
having more numerous gill-rakers (Dorman, 1987; Meri¢ &
Altun, 1999). Additionally, Meri¢ & Altun (1999) also remarked
that the teeth count within a section of the middle of the upper
jaw equalling the diameter of its eye can distinguish these two
species. Due to this, they reported that while B. svetovidovi has
11-21 teeth in this section, B. belone has 5-10 teeth within a
similar-sized area. In this study, B. svetovidovi featured 14-20
teeth within a section of the middle of the upper jaw equalling
the eye diameter. The number of the gill-rakers of B. svetovidovi
was reported as a mean of 45.20 and 48.7, respectively, by
Dorman (1987) and Meri¢ & Altun (1999) while it is
determined as 43.5+1.8 in this study. These counts are
noticeably higher than those reported for B. belone [mean 32.22
(Merig¢ & Altun, 1999; mean 35.6 Dorman, 1987)].

In addition to morphological analysis, DNA barcoding
technique was used to confirm the identification of B.
svetovidovi. DNA barcoding technique has a proven efficacy for
species identification throughout fish taxa (Ward et al., 2005,
2008; Hubert et al., 2008; Steinke et al., 2009). According to the
DNA barcoding concept; if the inter-specific distance is greater
than intra-specific distance and there is no overlap between
these thresholds, this would indicate a taxonomic identity
among samples (Hebert et al., 2004; Wiemers & Fiedler, 2007).
Genetic distances between B. svetovidovi and B. belone were on
average 7.5-fold higher than within species. The results of the
barcoding analysis represented that B. svetovidovi is clearly
distinct from analysed B. belone. This study showed that
barcoding analysis in proximate and mixed species is a

powerful aid in making taxonomic distinctions.

Conclusion

Present study represents the first detailed morphological
and molecular analysis of Belone svetovidovi. The sequence of
the COI fragment, presented here for the first time and findings
of morphological analysis highlighted that the number of the
gill-rakers and the teeth count within a section of the middle of
the upper jaw equalling the diameter can distinguish these two

species. This study also reports,Belone svetovidovi has extended

its distribution of from the Aegean Sea to the Sea of Marmara

in Turkish coasts.
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