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ABSTRACT

Two specimens of the butterfly blenny, Blennius ocellaris, were caught off the coast of Ordu
(Black Sea, Turkey) in April 2021 by trammel net. The aim of this paper is to further document
occurrence and distribution of the butterfly blenny for the Black Sea and for Turkish marine ich-
thyofauna and to provide first morphometric, reproduction, and genetic data on this species to the
Black Sea fauna species. Some morphometric and meristic characters were measured and pre-
sented as the percentage of total length (TL%). All morphometric measurements except eye diam-
eter, pre-anal length, and maximum body depth were higher in the male individual. It was observed
that the head makes up almost 1/4 of the body. It was determined that the ripe eggs were in their
final stage of development (Stage IV). Gonad’s weight of a female individual was 2.85 g and the
number of eggs was determined as 2993. The mean egg diameter was measured as 1070.7 £15.63
um (from 1050.2 to 1123.1 um). The mitochondrial DNA gene regions of 16S rRNA and COI of
the specimens were sequenced and analyzed. The generated partial sequences of COI and 16S
rRNA were 621 bp and 551 bp, respectively. The maximum likelihood tree generated with the
COI gene sequences retrieved from the GenBank database demonstrated geographic region-based
distinction and sequences of the Black Sea specimens nested with the reference specimen se-
quences from the Western Mediterranean Sea and the Sea of Marmara.
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Introduction

The butterfly blenny, Blennius ocellaris (Linnaeus, 1758)
(Family: Blenniidae), is a demersal species inhabiting inshore
waters. This species is widespread from the English Channel
to Morocco and throughout the Mediterranean Sea and parts
of the Red Sea. It is found especially over rocky substrates
covered with seaweed. It is commonly found from 30 to 200
m depth, up to 400 m on the Algerian coast (Zander, 1986).
B. ocellaris is a carnivorous and nocturnal fish that mainly
feed on small fish, polychaetes, mollusks, crustaceans, echi-
noderms, bryozoans, and ascidiaceans (Kabasakal, 1999).
Eggs that are demersal and adhesive, are laid under mussel-
shells or stones and guarded by male. Depending on the water
temperature, spawning takes place between April (Marseille)
and July (England). Larvae are planktonic and often found in
shallow coastal waters (Watson, 2009). It may sometimes be
captured as a bycatch in bottom trawlers. It was caught as by-
catch in about 37% of experimental trawls conducted in the
Aegean Sea, but was not abundant (Damalas et al., 2010).

Little is known about the distribution and habitats of butterfly
blenny. The occurrence of B. ocellaris was reported from the
Mediterranean Sea (Basusta & Erdem, 2000; Cicek et al.,
2006), the Aegean Sea (Kabasakal, 1999; Torcu & Aka,
2000; Acarli et al., 2014; Bilge et al., 2014; Coker and Ci-
hangir, 2018; Hkyaz et al., 2018), the Sea of Marmara, and
Turkish Straits (Slastenenko, 1959; Moosleitner, 1988; Bok
et al., 2011; Daban et al., 2020). This species is also globally
listed as Least Concern (LC) in the [IUCN Red List of Threat-
ened Species (Di Natale et al., 2014). The occurrence of B.
ocellaris in the Black Sea was first mentioned in the marine
fish checklist for Black Sea without species description by
Bilecenoglu et al. (2014) referring Erazi (1942). The species
has also been reported on the coasts of the Bulgaria (Zander,
1986) and Ukraine (Rass, 1987) in the Black Sea. Lastly, Bat
et al. (2005) reported the presence of the species in their fauna
studies on Sinop coasts, Turkey (central Black Sea). Moreo-
ver, the butterfly blenny was described as a rare species in the
Black Sea and listed as endangered (EN: high risk of extinc-
tion in the wild) for Turkish Black Sea coast by the Black Sea
Commission (BSC, 2021). There is no scientific evidence of
the presence of the species in the Black Sea other than cited
literatures. Nevertheless, none of the scientific data in the
Black Sea provides the data on capture sites, capture depths,
sizes of fish, morphological characters and genetic character-
ization. Morphological characters, such as meristic counts
and body shape, have long been used in stock identification
(Haddon & Willis, 1995; Turan et al., 2004). The aim of this
paper is to further document butterfly blenny for the Black
Sea and for Turkish marine ichthyofauna and to provide first
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morphometric, reproduction, and genetic data on this species
to the Black Sea fish fauna.

Material and Methods
Sampling and Morphology

A single male and female B. ocellaris specimens were caught
in the southern Black Sea coast of Ordu, Turkey
(41°02'14.89" N —37°30'02.80" E) on 21-22 April 2021 (Fig-
ure 1). The individuals were captured as a discard during red
mullet fisheries by commercial trammel nets with 28 mm
mesh size on the sandy seabed at 50 m depth. Specimens were
morphologically identified at species level according to the
main references (Fischer et al., 1987; Uiblein & Heemstra,
2010). Taxonomic classification was determined according to
FishBase (Froese & Pauly, 2019) as: Animalia (Kingdom);
Chordata (Phylum); Actinopterygii (Class); Blenniiformes
(Order); Blenniidae (Family); Blenniinae (Subfamily); Blen-
nius (Genus); B. ocellaris (Species); B. lepus, Adonis pavoni-
nus (Synonymus). The sex of each specimen was determined
by macroscopic gonadal examination. Morphometric and me-
ristic characters were measured on each specimen according
to Gharaei (2012). Different morphometric characteristics
were calculated as the percentage of total length (TL%)
(Gaygusuz et al., 2006). Morphological characters were
measured in the laboratory with an electronic caliper to the
nearest 0.01 mm and weight of specimens were weighed to
the nearest 0.01 g. In order to determine reproduction charac-
teristics, eggs were weighed on a balance with a sensitivity of
0.001 g. The egg size and number of eggs were determined
from egg subsamples according to Bagenal (1978) and Murua
et al. (2003). For egg diameter inspection, diameter was
measured with a calibrated ocular microscope using imaging
software (Nikon NIS Elements 3.0) to the nearest 0.01 pm
(Jakobsen et al., 2009).

Genetic Analysis

The genomic DNA was extracted from fin clips using Ge-
nomic DNA purification kit (SV Wizard, Promega). The in-
tegrity and concentration of the DNA was assessed with gel
electrophoresis. Two mtDNA gene regions; 16S rRNA and
cytochrome oxidase subunit-I (COI) were analyzed for ge-
netic characterization and species identification. PCR assay
was performed in a total volume of 25 pl containing, 12.5 pl
2X PZR mastermix (Hibrigen), 1 pl of each primer (10 pmol),
100 ng DNA and ultrapure water. The primers of 16Sbr-H
and 16Sar-L (Palumbi, 1996) were used to amplify 16S rRNA
gene region. The primers of Fish-F1 and Fish-F2 (Ward et al.
2005) were used to amplify COI gene region. The thermal
cycling condition was as follows: 95°C for 3 min, followed
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by 35 cycles of 95°C for 50 s, 54°C-55 °C (16S rRNA and
COI) for 45 s, and 72°C for 45 s with a final extension step of
5 min at 72°C. PCR products were visualized on agarose gel
and sequenced on ABI 3500 Genetic Analyzer (Thermo
Fisher) using a Big Dye v.3.1 Terminator Cycle Sequencing
Kit.

The raw sequence reads were manually checked, trimmed,
and aligned using BioEdit (Hall, 1999). The quality checked
sequence data was compared with reference sequences in the
NCBI GenBank database (https://www.ncbi.nlm.nih.gov) us-
ing BLAST (Basic Local Alignment Search Tool). Species
assignment was performed based on the sequence similarity
comparison.
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The phylogenetic relationships were inferred with a maxi-
mum likelihood tree using available COI and 16S rRNA se-
quences of the species with known geographic information.
The reference COI sequences (MG837120, MG837122,
KJ709487, KY176406, JQ774790, KJ205345, JQ774787,
KJ768218) and 16S rRNA sequence (AY098815) of B. ocel-
laris were retrieved from NCBI GenBank database. Salaria
pavo (MH190459) was used as an outgroup. The maximum
likelihood trees were generated in Mega X (Kumar et al.,
2018). The robustness of the trees was tested with 1000 boot-
strap replicates. The best suitable sequence evolution model
was chosen based on the Akaike Information Criterion (AIC)
and Bayesian Information Criterion (BIC).
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Figure 1. Sampling site. The red star in the figure represents the capture site (41°02'14.89" N — 37°30'02.80" E).
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Results and Discussion Morphology

Description The lists of morphometric and meristic characters used for the
analysis of B. ocellaris are presented in Table 1. All morpho-
metric measurements except eye diameter, pre-anal length
and maximum body depth were higher in male individual.
RVRSL ooty ; X The TL% of all fins were also higher in male. It was observed
were similar in male aqd female individuals. Basic color.atlon that the head makes up almost 1/4 of the body. The body
was brown and yellowish for male and female, respectively. height of the female is apparently higher (with the highest

Dorsal fin rays XII + 15; anal fin rays II + 15; pectoral fin
rays 12; pelvic fin rays I + 3. Anterior part of the dorsal fin is
conspicuously longer than the posterior part. These features

Five or seven distinctly dark bars on the body. There was a = yifference rate of 5.51%) than that of the male. Therefore, the
observed differences in TL% can be characterized by gender;
especially by body depth. Nevertheless, studies with a suffi-
cient sample size are needed to be able to make a definite de-
termination.

black spot with white margin between 6th and 8th dorsal fin
rays of both male and female. The white margin was more
pronounced in the female. This dark spot on the dorsal fin is
a known characteristic feature of B. ocellaris (Figure 2).
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Figure 2. Male (left) and female (right) view of the sampled butterfly blenny, Blennius ocellaris, in the central Black Sea.

Table 1. Some morphometric and meristic properties of sampled Blennius ocellaris

. Male Female

Morphometric characters Value TL% Value TL%
Total length (mm) 105.20 - 104.00 -
Standard length (mm) 84.12 79.96 82.00 78.85
Head length (mm) 23.34 22.19 22.60 21.73
Post-orbital length (mm) 13.85 13.17 12.47 11.99
Eye diameter (mm) 5.80 5.51 5.75 5.53
Pre-dorsal length (mm) 19.48 18.52 17.77 17.09
Dorsal fin base length (mm) 65.13 61.91 64.17 61.70
Pre-anal length (mm) 46.00 43.73 4591 44.14
Anal fin base length (mm) 34.00 32.32 33.47 32.18
Pre-pelvic length (mm) 20.67 19.65 19.72 18.96
Pelvic fin length (mm) 16.72 15.89 16.47 15.84
Pre-pectoral length (mm) 25.44 24.18 23.32 22.42
Pectoral fin base length (mm) 23.74 22.57 22.86 21.98
Max. body depth (mm) 21.73 20.66 27.22 26.17
Min. caudal peduncle depth (mm) 8.59 8.17 7.57 7.28

Body weight (g) 14.78 - 16.06 -
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Reproduction

Ovary became more enlarged occupying almost the entire
body cavity and eggs were macroscopic and clearly visible.
Ripe eggs were large transparent, red-whitish in color with
conspicuous partially blood vessels (Figure 3). The gonad
weight of the female individual was weighed as 2.85 g and
the number of eggs was determined as 2993. The egg diame-
ter ranged from 1050.2 to 1123.1 um, with an average size of
1070.7 £15.63 um.

Genetic Characterization

Two mtDNA gene regions of the two specimens were suc-
cessfully sequenced. The generated partial sequences of COI
and 16S rRNA were 621 bp and 551 bp, respectively. A sin-
gle haplotype for COI and 2 haplotypes for 16S rRNA were
identified. Comparison of COI and 16S rRNA sequences
against the GenBank database using BLAST gave a success-
ful match with available B. ocellaris sequences with pairwise
sequence identity similarity of 99.52% for COI and 99.82%-
100% for 16S rRNA genes. Generated COI and 16S rRNA
sequences were deposited in GenBank (Accession numbers:
COI, MZ822975; 16S rRNA, MZ823046-MZ823047). There
was only a single reference sequence of 16S rRNA of B. ocel-
laris. Thus, maximum likelihood tree was only generated
with COI gene region using Kimura two-parameter (K2P)
model.

The topology of tree generated with Maximum Likelihood
(ML) method with available COI ingroup references of B.
ocellaris and outgroup (S. pavo) retrieved from GenBank da-
tabase clearly recovered geographic region-based grouping.
The Black Sea B. ocellaris genotype nested with the reference
sequences generated from the specimens sampled from the
Western Mediterranean Sea and the Sea of Marmara popula-
tions. Whereas reference sequences from the Atlantic Ocean
and the North Sea were nested separately (Figure 4).

Upon evaluating the occurrences reported for the butterfly
blenny in the Black Sea and the coastal waters of Turkey in
Table 2, it was determined that the populations of the species
in the Black Sea have not been described before. As we men-
tioned in the introduction section, presence of the butterfly
blenny has been reported from the western (Erazi, 1942) and
central (Sinop region) (Bat et al., 2005) Black Sea. Yet, there
is no information about its morphometry, reproduction, and
genetic properties of B. ocellaris for the Black Sea. The fac-
tors affecting growth and distribution of a fish species could
be stated as nutrient availability, feeding, oxygen, salinity,

temperature, pollutants, and predator density (Helfman et al.,
2009). The fact that the female individual obtained in this
study has ripe (eyed) eggs indicates that butterfly blenny is in
the reproductive period in April in the Black Sea. Looking at
the appearance of the ripe eggs, the maturity stage fits the IV
stage definition (Carrasson & Bau, 2003). The findings of
flkyaz et al. (2018) in the Aegean Sea confirm our determi-
nation regarding the reproduction period. They reported that
the spawning of B. ocellaris occurs from January to May in
Izmir Bay (Aegean Sea) and found that the first maturity
length was 10.02 cm (3-years old).

Blenniiformes is a rich taxon and comprise over 150 genera
and 900 species found in different aquatic ecosystems. De-
spite being diverse, there are limited number of genetic stud-
ies on blennies. Previously B. ocellaris was subjected to phy-
logenetic and DNA barcoding studies. Almada et al. (2005)
assessed phylogenetic structure of 27 blennioid species in-
cluding B. ocellaris distributed in the Mediterranean Sea and
the Northeastern Atlantic Ocean based on 12S rRNA and 16S
rRNA gene sequences. Distribution and presence of B. ocel-
laris was identified based on DNA barcoding studies in the
Mediterranean Sea (Lanti et al., 2014; Vecchioni et al., 2018),
the North Sea (Knebelsberger et al., 2012), and the Atlantic
Ocean (Costa et al., 2012). Yet there is no genetic study on B.
ocellaris in Turkish coastal waters. The mtDNA sequence
data generated in the present study would contribute to the
reference libraries for 16S rRNA, COI, and Turkish ichthy-
ofauna.

There are no comprehensive studies regarding the ichthy-
ofauna, especially on Blenniidae, of the Turkish coasts of the
Black Sea. In this paper, the first basic morphological, ge-
netic, and reproduction aspects of butterfly blenny were rec-
orded in the Black Sea. The result of the present study indi-
cates that the B. ocellaris has adapted to the region and that
matured individuals have realized the activity of reproduc-
tion. Thus, the presence of the species in the eastern Black
Sea indicates residency of the species in the region. Further-
more, there is a lack of information on age, growth, mortality,
and diet of this species in coastal waters in Turkey. Addi-
tional biological and ecological studies on B. ocellaris would
contribute biodiversity of the Black Sea.
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Figure 3. Ripe eggs of matured butterfly blenny (Stage IV according to
Carrasson and Bau, 2003). Green lines represent long (X) and
short (Y) axes of egg size measures.

45 T Blennius ocellaris (MG837122) Western Mediterranean Sea

24 —— Blennius ocellaris (MG837120) Western Mediterranean Sea

a0

Blennius ocellaris (KJ709487) Western Mediterranean Sea

84

Blennius ocellaris (KY176406) Sea of Marmara

Blennius ocellaris (This study) Black Sea

Blennius ocellaris (JQ774790) Atlantic Ocean

£ Blennius ocellaris (KJ205345) North Sea

aa — Blennius ocellaris (JQ774787) Atlantic Ocean

2 Blennius ocellaris (KJ768218) Atlantic Ocean

Salaria pavo (MH190459)

Figure 4. Maximum likelihood tree generated with the COI sequences of Blennius ocellaris along with reference sequences
obtained from NCBI GenBank database
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Table 2. Length range of Blennius ocellaris from different studies in coastal waters in different seas

TLmin (cm) TLmax (cm) N Region Sea References
8.0 20.6 30 Balearic Islands Balearic Sea Merella et al. (1997)
8.6 10.37 11 Aegean Sea Kabasakal (1999)
12.9 15.3 3 Iskenderun Bay Mediterranean Sea Basusta and Erdem (2000)
11.8 13.3 4 Edremit Bay Aegean Sea Torcu and Aka (2000)
5.3 14.1 117 Thracian Sea Lamprakis et al. (2003)
4.1 9.6 43 Mersin Bay Mediterranean Sea Cicek et al. (2006)
11.2 13.7 15 Sea of Marmara Bok et al. (2011)
6.0 11.0 69 [zmir Bay Aegean Sea Acarli et al. (2014)
7.5 15.3 35 Aegean Sea Bilge et al. (2014)
5.5 16.5 279 [zmir Bay Aegean Sea Ilkyaz et al. (2018)
7.2 13.1 44 Sea of Marmara Daban et al. (2020)

TL = 10.52 male 1 Ordu Black Sea Current study
TL = 10.40 female 1 Ordu Black Sea Current study
Conclusion References

The present study confirms the occurrence of butterfly
blenny, B. ocellaris in the coastal area of the Black Sea. Little
is known about the distribution, habitat and biological aspects
of butterfly blenny in Turkey. Moreover, in the present study,
B. ocellaris was genetically characterized for the first time in
the Black Sea based on mtDNA gene sequences. The findings
of the study contribute to better understand distribution of the
species in the Black Sea and report first detailed data on biol-
ogy, morphology, and reproduction of this species in Turkish
coastal waters of the Black Sea.
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