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Abstract

In this study, we aimed to describe otoliths to provide information about the stomach contents of three small foraging
species and to contribute to the currently limited biological and ecological evidence about the species. Seasonal experimental
bottom trawl surveys were conducted along the shelf areas of the Kizilirmak-Yegilirmak and Melet Rivers to collect
investigation materials which were abundant in the bycatch composition of the target catch. The information about body size
measurements, abundance values, depth, season, and locality of samplings was recorded for further evaluations. Otolith
shapes were defined as discoidal to ovate for the Aphia minuta, discoidal for the Pomatoschistus marmoratus, and square for
the Arnoglossus kessleri. The mean length and weight values of the Aphia minuta, which was abundant along shallow coastal
waters (0-30 m), were significantly different between localities and sampling season, but no difference was found between
depth ranges. Pomatoschistus marmoratus, whose distribution varied significantly between depths and seasons had dense
distributions along with the depth range of 30-60 m. Arnoglossus kessleri was most abundant along with the depth range of 0-
30 m and had no samples in depths of over 60 m. It was found that the mean values of length and weight of this species were
only significantly different among seasons but similar over the depth ranges and localities.

Keywords: Aphia minuta, Pomatoschistus marmoratus, Arnoglossus kessleri, abundance, Black Sea.

Giiney Karadeniz kiyillarinda dagilim gosteren ii¢ kiiciik yem baliginin otolit yapisi ve bazi ekolojik 6zelliklerine dair
bilgiler

Ozet

Bu ¢alismada, ii¢ kiigiik yem baligiin mide igerigi ¢alismalarina bilgi saglamak i¢in otolitlerinin tanimlanmasini ve bu
tirler hakkinda halihazirda sinirli olan biyolojik ve ekolojik bulgulara katki saglamak amaglanmistir. Hedef
kompozisyonunda bol miktarda bulunan arastirma materyallerini toplamak i¢in Kizilirmak-Yesilirmak ve Melet Nehirleri self
alanlar1 boyunca mevsimsel deneysel dip trol surveyleri yiiriitiilmiistiir. Orneklemin, viicut boyutuna ait dlgiimleri, bolluklar,
derinlik, mevsim ve lokalite bilgileri daha sonraki degerlendirmeler i¢in kaydedilmistir. Otolit sekilleri Aphia minuta i¢in
‘diskoidal oval, Pomatoschistus marmoratus igin ‘diskoidal’ ve Arnoglossus kessleri i¢in ‘kare’ olarak tanimlanmistir. S1§
kiy1 sular1 boyunca (0-30 m) bol miktarda bulunan Aphia minuta tiiriintin ortalama boy ve agirlik degerleri, lokaliteler ve
orneklendigi mevsimler arasinda onemli Olglide farklilik gosterirken, derinlikler arasinda fark bulunmamustir. Dagilimi
derinlikler ile mevsimler arasinda anlamli farklilik gdsteren Pomatoschistus marmoratus, 30-60 m derinlik araliginda yogun
bir dagilim gostermektedir. Arnoglossus kessleri en fazla 0-30 m derinlik araliginda yogundur ve 60 m iizerinde ise 6rnege
rastlanmamustir. Bu tiiriin ortalama boy ve agirlik degerleri sadece mevsimler arasinda énemli dlgiide farkli ancak derinlikler
ve lokaliteler arasinda ise benzerdir.

Anahtar Kelimeler: Aphia minuta, Pomatoschistus marmoratus, Arnoglossus kessleri, bolluk, Karadeniz

INTRODUCTION

Fishbones, otoliths, scales, vertebrae, teeth, eye lenses, and other soft tissue particles were removed
from the stomachs or feces of sea mammals, sea birds, fish, and squid to identify the prey in diet
composition studies (Battaglia et al., 2013; Elliott et al., 2015). Information derived from otoliths is a
major tool in age, growth, population dynamics, and feeding studies. The otolith pairs asterisci and
lapilli are quite small in size in most of the fish species and rarely used in stomach content research.
The largest of the otolith pairs, sagitta, are the most frequently reported in the diet composition of
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marine organisms (Bethea et al., 2004; Elliott et al., 2015). Otoliths are primary structures and provide
basic information for the identification of the type of prey consumed by marine piscivores (Fitch and
Brownnell, 1968) as they have species-specific characteristics (Tuset et al., 2008). Since otoliths are
slowly digested elements, not only the type of prey but also the size could be determined (Fitch and
Brownnell, 1968).

There are numerous studies of the relationship between otolith and body size (Viva et al., 2015),
providing data for a robust estimation of the length and weight of the foraging species (Aguilar-Perera
and Quijano-Puerto, 2016). This has become another requirement for otolith atlases and guides about
morphology and morphometry to enable the identification of the stomach contents of the piscivorous
marine organism throughout their life histories (Baremore and Bethea, 2010; Lin and Chang, 2012).

The three species investigated in this study are the transparent goby, Aphia minuta (Risso, 1810);
the marbled goby, Pomatoschistus marmoratus (Risso, 1810); and the scaldback, Arnoglossus kessleri
Schmidt, 1915. None of the three species are targeted by any fisheries on the southern Black Sea coast,
but they are known to be important components of bycatch in bottom trawl fishery (KARTRIP, 2013).
Though they have no commercial value, they play ecologically significant roles as being the prey of
carnivores in the ecosystem. The otolith atlas of Black Sea fish fauna (Kasapoglu and Duzgunes,
2015) includes no information about the transparent goby marbled goby or the scaldback. When
stomach content studies conducted along the Black Sea coasts were reviewed (Avsar, 2001; Engin and
Seyhan, 2010; Samsun et al., 2011; Kaya and Saglam, 2017), it was observed that most of the small
pelagics (e.g. anchovy, sprat, and horse mackerel) and the small benthopelagic species (e.g. red mullet
and gobies) were reported as the fish prey groups, but there is no study recording these three species as
prey. These species are also known for their schooling habits which promote them being preyed upon
by other predators (Breitburg, 1991; La Mesa et al., 2005; KARTRIP, 2013). A lack of record of these
three species as prey substances in feeding studies maybe because their otoliths could not be identified
in stomach contents, or their otoliths were misidentified as anchovy or sprat.

The transparent goby is a small, neritic, and widespread species (Chesalin et al., 2004). This
species inhabits coastal areas, estuaries, and freshwater. And, unlike other gobiid species, they occur in
the pelagic zone (Miller, 1986a). Though it has no commercial value in the Black Sea fishery, it is a
target species and provides substantial income in western and central Mediterranean artisanal and
small-scale fisheries (La Mesa et al., 2005). In the Black Sea, Fortunatova (1949) recorded demersal
species such as Merlangius merlangus, Mullus barbatus, Platichthys flesus, Scorpaena porcus, Solea
spp., and Trachinus spp. as the predators of the transparent goby. However, it is also highly possible
that Trachurus mediterraneus, Pomatomus saltatrix, and Alosa immaculata are potential predators
since they have been caught with the transparent goby in the same trawl hauls (KARTRIP, 2013).

The marbled goby is a small demersal species, mostly inhabiting lagoon, estuarine, and coastal
waters and distributed along eastern Atlantic waters: the Mediterranean, Black, Azov, and Aegean
Seas; and the Suez Canal (Malavasi et al., 2005; Apostolou et al., 2011). Mostly appearing in shallow
waters and tolerating low and high salinities, it is also observed around 70 m depth in winter in the
Black Sea (Miller, 1986b; Apostolou et al., 2011).

The scaldback is a benthic species distributed along the Black, Marmara, Aegean, and Levantine
Seas (Nielsen, 1986; Bilecenoglu et al., 2014). It is not a target species in Black Sea fisheries and
mostly appears in bycatch compositions. Besides not being a common species, the information about
the scaldback population is also limited. The Arnoglossus spp. is known as a foraging species and is
preyed on by piscivorous demersal species (Bariche et al., 2009).

MATERIALS and METHODS

This study was conducted seasonally along the continental shelf of the southern-middle Black Sea
within the Kizilirmak-Yesilirmak shelf area (KYSA) and the Melet River shelf area (MSA) between
2010-2011. The KYSA is the major fishery area of the mid-east of the southern Black sea. The trawl
fisheries have been active in this region for long years. The MSA has a narrower shelf area than the
KYSA and is closed to commercial bottom trawl fishery. The KYSA and the MSA have similar
ecosystem characteristics such as substrate type, currents, and being discharged by large rivers like the
Kizilirmak, Yesilirmak, Terme Stream, and Melet Rivers.

Six stations were defined in an east-west direction. In the MSA, the three of stations were named as
follows: O1 (Melet River offshore), O2 (Persembe), and O3 (Unye port). In the KYSA, the other three
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stations were named as follows: S1 (Calticape), S2 (Azot offshore), and S3 (Atakum-Derekoy) (Figure
1). The sampling depths were designed in three different ranges (0-30m, 30-60m, 60+ m) for each
station. Two hauls were conducted to gain variation in each sampling coordinate. In total, 144
operations were completed for six stations, three depth zones, two repeated hauls, and four seasons.
The experimental bottom trawl survey was performed by the “Siirat Arastirma-I” research vessel
belonging to the Central Fisheries Research Institute (CFRI). The mesh size in the cod-end of the
sampling gear was 13 mm, known as a ‘blind net’.
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Figure 1. Map of the study area showing sampling locations

The individual total length (0.1 ¢cm) and individual total weight (+0.01g) were measured. The
otoliths were removed from specimens of three species using a dissection microscope since all fish
species were too small for a routine otolith removal. The otoliths were cleaned and kept dry and were
recorded by a Leica S8 APO stereo microscope attached to a camera (Leica DC 500) and an image
analysis system (Application Suite Version 4.3.0). Campana (2004) and Tuset (2008) were taken as
references when defining the otolith structure. The count of individuals for each species and each
sampling were recorded and assessed for total catch for estimation of abundance (N.km®). The length-
weight relationships were estimated by W = a x TLP equation, where W is the total weight (g), TL is
the total length (cm), a is the intercept, and b is the slope (Froese, 2006). The mean values of total
length and weight were tested for any significant difference between stations, depths, and seasons by
means of a one-way analysis of variance (ANOVA) and a t-test. The swept area was calculated by the
equation a = D = hr = X2 where a is the area covered by the trawl, D is the distance covered, hr is the
length of the head rope, X? is the fraction of the head rope length which is equal to the width of the
path swept by the trawl; D = V = t where V is the velocity of the trawl over the ground while trawling,
and t is the hauling duration to estimate the abundance values (Sparre and Venema, 1992). All
analyses were performed using SPSS v17.0.1, and the statistical significance was set at p < 0.05.
ArcGIS v9.2 was applied to form the maps of the species abundance distribution in the sampling area.
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RESULTS
Transparent goby

The transparent goby was sampled in both regions (KYSA and MSA) and six stations. The density
map is presented in Figure. 2. Abundance values were estimated as 23.891 (N.km™) within a depth
range of 0-30 m while it was 4.303 (N.km™) within 30-60 m. The abundance of the transparent goby
calculated as 482.0 N.km™ was relatively low at depths over 60 m. The transparent goby exists in all
stations from Samsun Atakum-Derekdy to Ordu-Melet River offshore in different intensities. The
highest abundances were observed at S2 and O3 stations.

A total of 567 transparent goby individuals were obtained from the MSA (N = 259) and the KYSA
(N = 308) stations. The length range was 2.9-5.8 cm, and the weight range was 0.07-1.10 g for the
pooled data. The mean total length was 4.14 + 0.03 cm, and the mean weight was 0.37 + 0.01 g for the
MSA while they were estimated as 3.99 + 0.02 cm and 0.34+0.08 g respectively for the KYSA. A
significant difference was determined between the east and west locations in the mean values of both
total lengths (t-test, t=4.048, p< 0.001) and weight (t-test, t= 2.279, p < 0.05) revealing slightly larger
individuals in the MSA location. Seasonal variations in mean values of total length (ANOVA, F
(3.563)= 163.637, p< 0.001) and weight (F (3,563)= 267.629, p< 0.001) of the transparent goby
indicated a significant difference. The highest mean value of total length was recorded in the spring as
4.66 = 0.04 cm and the mean weight as 0.64 + 0.02 g where the lowest values were observed in fall as
3.57 + 0.03 cm and 0.19 + 0.01 g respectively. The post-hoc test (Tukey HSD) showed that the
transparent goby is different in size in different seasons. There was no significant difference in the
mean total length and weight between depth ranges (ANOVA, F (2,564) = 0.758, p> 0.05). However,
there was a remarkable difference in species abundance in terms of depth. The L-W relationship of
transparent goby revealed the parameters as a= 0.002 and b= 3.751 (bse= 0.073) (r’= 0.82), implying a
positive allometric type.
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Figure 2. The mean density map of the transparent goby along MSA and KY SA shelf areas

The otolith of the transparent goby was quite small, discoidal to ovate, and extremely fragile
(Figure 3) Its Sulcus acusticus can be defined as heterosulcoid, mesial, and ascending; its Ostium as
round to oval, longer and wider than cauda, and not reaching to the anterior margin; and its Cauda as
round to oval, not reaching the posterior margin. Growth rings are not very distinct but slightly visible
on the axis through the rostrum and postrostrum.
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Figure 3. The morphology of the otolith of a transparent goby specimen (4.8 cm TL and 0.53 g W) from
distal and proximal surface (Otolith length=0.996 mm and otolith width=0.768 mm)

Marbled goby

The marbled goby was sampled from both the KYSA and the MSA at all stations. The distribution
density map is shown in Figure 4. The mean density was estimated as 8326 N.km™, and the highest
intensities were recorded at 30-60 m depth range. The mean densities were calculated as 2480 N.km™
for 0-30 m and 3885.7 N.km™ for 60+ m depth ranges. The highest aggregation was determined at the
S3 and S2 stations.

The biometric measurements of the total of the 716 individuals sampled indicated that the total
length range in the marbled goby was between 2.5-6.5 cm, and the weight ranged between 0.07-1.81g
for the pooled data. The mean total length was 4.41+£0.05 cm, and the weight was 0.59 + 0.02 g in the
MSA stations where they were estimated as 4.470 + 0.03 cm and 0.64 + 0.01 g respectively for the
KYSA stations. The mean total length and weight values for the MSA and the KYSA were not
significantly different (in the t-test, for total length, t= -1.068, p> 0.05 and for weight, t= 0.141, p>
0.05). The mean total length and weight in terms of seasons reached their maximum in the fall
(4.53+£0.05 cm and 0.69+0.02 g) and their minimum in the spring (4.30+=0.06 cm and 0.55+0.02 g).
ANOVA displays significantly different mean total length and weight values between seasons
(ANOVA, F (3,712)= 4.492, p< 0.05 and ANOVA, F (3,712)= 8.137, p< 0.001), respectively. The
marbled goby showed a dispersion throughout all depth ranges. The mean total length and weight
values were 4.07+0.04 cm and 0.48+0.02 g at depths of 0-30 m and 4.64+0.04 cm respectively,
0.70+0.02 g at 30-60 m, and 4.74+0.06 cm-0.73+0.03 g at 60+m. The significantly different size
values between the different depth ranges (ANOVA, F (2, 713)= 67.766, p< 0.001) also implied that
the individuals smallest in size were distributed in the waters near the shore. The parameters of the L-
W relationship were estimated as a = 0.005 and b= 3.175 (bse= 0.04) (r’= 0.90), pointing to a positive
allometry.

271



GUMUS et al. 2021 ActAquaTr 17(2), 267-278

36°0'0"E 36°20'0"E 36°40'0"E 37°0'0"E 37°20'0"E 37°40'0"E 38°0'0"E

N Marbled goby

ind/sgq.km
[Jo-1.262

[ ]1263-1.986
[ ] 1967-3205
Black Sea [ ] 3208-5386
[ ]s387-9225
I 9.226 - 15.980
B 15900 - 27.870
B 27 350 - 48300

42°0'0"N
42°0'0"N

41°40'0"N
41°40'0"N

z z
° Yy x o
] wt 2, 8
5 K - - 5
p AA 44 01
. A
z \\\“ n z
o N A =)
® [ & & 5
= & £
- &
&
0 510 20km \b
Livileeal SN
36°0'0"E 36°20'0"E 36°40'0"E 37°0°0"E 37°20°0"E 37°40'0"E 38°0'0"E

Figure 4. The mean density map of the marbled goby along MSA and KY SA shelf areas

0.5mm

Figure 5. The morphology of the otolith of a marbled goby specimen (4.3 cm TL and 0.54 g W)
from distal and proximal surface (Otolith length=1.494 mm and otolith width=2.008 mm)

The shape of marbled goby sagitta is discoidal, round in dorsal, and slightly undulated in the
ventral region (Figure 5); round in the posterior and slightly peaked in the anterior region. The Sulcus
acusticus is hardly visible, heterosulcoid, and mesial. Growth rings are distinctly visible on the distal
surface. The sagittal core is clear and surrounded by hyaline and opaque concentric bands more widely
spaced through the posterior axis.

Scaldback

The scaldback was sampled from all stations of the KYSA and the MSA except stations over 60 m.
Though it has been observed at a depth range of 30-60 m, the mean density value was as low as 101.5
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N.km. The highest mean density was estimated as 6643 N.km?at the depth range of 0-30 m. Figure 6
implies that the highest abundancies are at S2, 02, and OL1.

The total length and total weight of the 528 scaldback specimens ranged from 2.9-12.8 cm and
0.03-16.70 g respectively for the pooled data. For the KYSA, the mean total length and weight was
estimated as 5.19+0.07 cm and 1.43+0.07 g where they were 2.9-12.8 cm and 1.58+0.08 g respectively
in the MSA. There was no significant difference between mean length (t-test, for length, t= 1.035, p>
0.05) and mean weight (t= 1.447, p> 0.05) for the KYSA and the MSA. The summer (5.39+0.07 cm)
and fall (5.39+0.07 cm) have the highest mean length values, and the maximum mean weight was
observed in summer (1.65+0.07 g). The lowest mean length (5.00+£0.09 cm) and weight (1.27+0.09 g)
values were recorded in winter. The mean values were tested for any differences between seasons, and
the following were determined to be significant: ANOVA, for length F (3,524)= 4.849, p< 0.05 and
ANOVA, for weight F (3,524)= 2.751, p< 0.05. Scaldback individuals were not found within depths
over 60 m. However, dense aggregation was observed at a depth range of 0-30 m. The mean length
and weight values were 5.20+0.04 ¢cm and 1.44+0.04 g at 0-30 m depth and 7.29+0.996 cm and
4.92+1.737 g at 30-60 m (N= 11), implying that individuals smaller in size are distributing along
shallow waters while larger ones preferred the deeper zones. However, there was no significant
difference between mean values for different depths (t-test, for length, t=-2.096, p> 0.05 and t-test, for
weight, t= -2.003, p> 0.05). The estimated parameters of the L-W equation were a= 0.009 and b=
3.005 (bse= 0.05) (r?= 0.90), revealing an isometric relationship in the scaldback.

The sagitta of the scaldback is highly transparent, fragile, and square in shape; the Sulcus acusticus
is heterosulcoid, median, and ostial (Figure 7). The Ostium is tubular, straight and longer than cauda
reaching to the anterior margin. The Cauda is round-oval, rather short, and ending far from the
posterior margin. Growth rings are not distinct and are hardly visible on the otolith surface towards the
posterior margin in the dorsal direction.
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Figure 6. The mean density map of the scaldback along MSA and KYSA shelf areas
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Figure 7. The morphology of the otolith of a scaldback specimen (5.0 cm TL and 1.12 g W) from distal and
proximal surface (Otolith length=0.969 mm and otolith width=0.828 mm)

DISCUSSION

This study aimed to display the otolith descriptions for a potential background to stomach content
studies of carnivorous fish species and to demonstrate the distributions of three prey species in the
southern Black Sea shelf with additional ecological information.

The transparent goby is one of the smallest species in the Gobiidae family. The maximum total
length in the samples in this study was recorded as 5.8 cm, and positive allometry (a= 0.002 b= 3.751
N= 567) was detected in the L-W relationship. Iglesias et al. (1997) also recorded a range of total
length of 1.2 and 4.9 cm and a positive allometric (a= 0.00071 b= 3.55 N= 1965) L-W relationship for
the transparent goby distributed along the Island of Majorca (the northwest Mediterranean). It is
reported that the maximum length for the transparent goby is 6.0 cm which was rarely reached in the
Lagoon of Nador (Morocco) (Ramdani et al., 2016). Veiga et al. (2009) recorded 6.9 cm as the highest
total length and a strong positive allometric (a= 0.0039 b= 3.31 N= 124) L-W relationship in the
population sampled from the Arade estuary (southern Portugal). La Mesa (1999) found that the length
range was between 1.3-5.5 cm with a L of 6.87 cm and positive allometry (a= 0.00088 b= 3.47
N=245 for the whole population) in the L-W relationship.

The seasonal values of the mean total length may give information about the one-year lifespan of
the transparent goby. In this study, the highest mean length was recorded in the spring (4.66 cm), and
it gradually decreased in summer (3.75 cm) and reached its lowest value in the fall (3.57 cm),
indicating the new recruitment in late spring and early summer. The mean length increased in winter
(4.10 cm) reaching its maximum in spring. La Mesa (1999) explained by monthly length-weight
analysis that two cohorts are displayed in late spring and early summer.

The transparent goby distribution has a wide depth range from the sea surface to 80-100 m (Miller,
1986b). La Mesa (1999) sampled the population at a depth range of 10-40 m in the Adriatic Sea. In
this study, the transparent goby was sampled through the depths of 0-60+ m with different intensities.
The highest abundance was at depths of 0-30 m and especially in winter, probably the result of the
schooling behavior of the species. Hence, it is reported that transparent goby enters an “aggregated
phase” in winter (Auteri et al., 2000).

Tuset et al. (2008) described the otolith shape of transparent goby as squared. But the samples in
this study that indicate an external morphology as discoidal/elliptical are more compatible with the
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report of La Mesa (1999). The transparent goby is known to be a very short-lived fish species (La
Mesa, 1999). The life span of nearly one year may explain the weak growth ring formations. Iglesias
et al. (1997) investigated the otoliths of the transparent goby in detail and reported that sagittal otoliths
are disc-shaped in small individuals and transform to slightly oval as the fish get larger. It has also
been discovered that otoliths lack a “settling mark,” unlike most of the otoliths of the other goby
species as a natural result of the pelagic lifestyle of the adults.

The marbled goby is a small-sized species. The total length range was determined as between 2.5-
6.5 cm and the L-W relationship as a positive allometric (a= 0.005 b= 3.175 N= 716) in this study are
compatible with previous records. Verdiell-Cubedo et al. (2006) reported the length range of the
population as between 1.4-5.5 cm and the L-W relationship as a positive allometric (a= 0.00756 b=
3.150 N= 1710) in the Mar Menor coastal lagoon (the western Mediterranean Sea). The length range
was recorded as between 1.2-6.7 cm with an L-W relationship of positive allometry (a= 0.005 b=
3.168 N= 1678) (Altin et al., 2015) in the northern Aegean Sea. Koutrakis and Tsikliras (2009)
reported a sex-based length range for the marbled goby as 2.5-6.0 cm for males and 2.8-5.7 cm for
females in the Strymon River estuarine system (northern Greece).

The marbled goby was found to be distributed along the depths of 0-60+ m in the sampling area.
Though it typically inhabits inshore waters, Miller (1986b) reported that it can spread into depths of 70
m in winter. Furthermore, in this study, it was observed that larger individuals prefer deeper waters
while the smaller ones were more abundant in shallow zones.

The density maps also indicated that the population has higher intensities per area in the KYSA,
having a substrate type of muddy sand at maximum depths of 30-60 m. Malavasi et al. (2005) reported
that the marbled goby avoids seagrass habitats and is mostly seen in muddy flats and salt marsh creeks
in Venice Lagoon. In the same region, Franco et al. (2006) indicated that the marbled goby has higher
intensities along sparsely vegetated and unvegetated mudflats. The marbled goby is one of the major
components of bycatch with Gobius niger in the bottom trawl operations in the study area, and its
mean abundance is 7159 N.km™ within the sampling region. The short life span, opportunistic feeding
strategy, and resistance to temperature variations and salinity may enhance the adaptation of the
marbled goby to its environment (Fouda, 1995). All of this information implies that the life traits and
the abundance value of marbled goby may have a definitive role in the ecosystem in which it exists.

The otolith characteristic of marbled goby was described as a discoidal form by Tuset et al. (2008).
The finding of this study regarding the otolith shape of the marbled goby is compatible with the report
of Tuset et al. (2008). Mazzoldi and Rossotto (2001) observed the otolith edge feature as opague from
October to March and hyaline from April in marbled goby otoliths.

The scaldback is a small-sized species with a mean total length of 5.4 cm for the sampled
population in the southern Black Sea. It appears at a significant rate as a bycatch species in bottom
trawl fisheries. Though it has been caught as a commercial species in the northern Black Sea until the
mid-1970s (Shiganova, 1998), currently it has no commercial value.

In this study, the length range was determined as 2.9-12.8 cm. Furthermore, an isometric
relationship was estimated between L-W variables (a= 0.009 b= 3.005 N= 528). Cakir et al. (2008)
reported the length range as between 5.2-9.5 cm and a L-W relationship with parameters a and b as
4.10° and 3.1243 respectively (N= 32) in Edremit Bay (the north Aegean Sea). Cakir et al. (2003)
defined negative allometry for the L-W relationship (a= 0.0174 b= 2.6824 N= 32) for a similar length
range and the same sampling region. llkyaz et al. (2008) recorded the length range between 6.9-9.6
cm for the scaldback with an isometric LWR (a= 0.0185 b= 2.74 N= 7) in the central Aegean Sea.
Altin et al. (2015) reported a positive allometric LWR (a= 0.005 b= 3.292 N= 393) while Bayhan et al.
(2008) recorded a negative type (a= 0.0179 b= 2.601 N= 76) for the Aegean Sea. Here, it seems that
the LWR of the scaldback is highly variable in the Aegean Sea. On the other hand, the only other
record from the eastern Black Sea is in accordance with the findings of this study since the length
range was as 4.3-9.8 cm and an isometric type of LWR (a= 0.021 b= 2.984 N= 60) (Ak et al., 2009).

There is no certain information about the schooling habits of the scaldback. According to the
sampling observations in this study, it is highly possible that the individuals aggregate and form
schools, especially around depths of 30-35 m, in fall and winter. The distribution of the scaldback was
between 0-60 m in the sampling area but intensified at a depth zone of 0-30 m. Cakir et al. (2003)
reported the distribution depth around 5-80 m for Edremit Bay (the north Aegean Sea) and Keskin
(2012) as 24 m in the south-western Black Sea shelf.
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The mean density for the scaldback was determined as 6738 N.km™ within 114 experimental traw!
operations (hauling with blind nets) while Keskin (2012) estimated the density as 114 N.km?and the
biomass as 0.36 kg.km™ in bottom trawl operations (hauling with a mesh size of 16 mm cod-end)
along the south-western Black Sea shelf.

CONCLUSION

Here, the main problem seems to be the disappearance of these small-sized species from the
stomach contents of many piscivorous species due to fast digestion. The overlooking of otoliths, which
are the only remaining part of the prey organisms, is very possible. Since the scaldback and the
transparent goby otoliths are quite small and transparent, the risk of missing them in stomach content
analysis is reasonably high. The otoliths are species-specific, and they are hard to digest for many
predators. There is no other record for the otolith descriptions of these three species distributed along
the southern Black Sea shelf, and they have never been mentioned in studies regarding the stomach
content of carnivorous or piscivorous species though it is well known that they share a habitat with
many species. This study may contribute to the definition of the transparent goby, the marbled goby,
and the scaldback in future studies of feeding conducted on the southern shelf of the Black Sea.
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