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The variability of external morphological characters (36 morphometric and 6 meristic ones)
of the round goby Neogobius melanostomus (Pallas, 1814) from seven regions of the Sea of Azov—Black
Sea Basin is considered: the northwestern and southwestern Black Sea coast of the Crimean Penin-
sula (the Karkinitsky Bay, Donuzlav Liman, and Streletskaya Bay of Sevastopol), the Kazantip Bay
of the Sea of Azov, and the Salgir River in the central Crimean Peninsula. As established, the round
goby from different catch regions at the age of 2+...3 has different body sizes: the maximum in indi-
viduals from the Streletskaya Bay, SL,, (136.2 + 1.97) mm; the minimum in individuals from the Salgir
River, SL,, (66.8 £ 2.28) mm. With the Mann—Whitney test, statistically significant differences were
found between the samples for most morphometric characters. In terms of meristic characters, there
were no differences. The greatest contributors to the discrimination of N. melanostomus samples were
morphometric characters related to the location of fins. According to the results of cluster analysis,
based on the totality of all the studied characters of the round goby of the Sea of Azov—Black Sea
Basin, the samples from the Karkinitsky Bay (Samarchik Bay and Yarylgachskaya Bay, D = 28.6)
and from the Bakalskaya Spit water area had the highest similarity. At the level of divergence D =47.3,
groups of the round goby from the Streletskaya Bay and Kazantip Bay were united; then, a sample
from the Donuzlav Liman adjoined them at the level D = 215. The sample from the Salgir River had
the most isolated position: the level of divergence was about 475. As found according to the discrim-
inant analysis, the round goby from the Sea of Azov-Black Sea Basin was differentiated into at least
three spatial groups: the first one, from the western coast of the Crimean Peninsula (the Karkinitsky Bay
and Donuzlav Liman) and the Sevastopol area (the Streletskaya Bay); the second one, from the Kazan-
tip Bay (the Sea of Azov); and the third one, from the Salgir River. The following characters made
the greatest contribution to the discrimination of spatial groupings (with the correlation coefficient
between characters and coordinate values along the second canonical axis being higher than 0.75):
maximum body depth, caudal peduncle depth and width, predorsal and prepelvic distances, and width
of pectoral and pelvic fin base. The revealed heterogeneity shows a high paratypical variability of mor-
phometric characters; under different environmental conditions, individuals of the same species form
a specific phenotype.
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The round goby Neogobius melanostomus (Pallas, 1814) is a Ponto-Caspian endemic species with
a natural range that includes water areas of the Black, Marmara, and Caspian seas and the Sea
of Azov [Boltachev, Karpova, 2017; Manilo, 2014; Pinchuk, Miller, 2003; Smirnov, 1986; Svetovi-
dov, 1964; Vasileva, 2007]. In almost its entire natural range, the round goby is one of the important
commercial fish species [Boltachev, Karpova, 2017].

N. melanostomus is a bottom-dwelling fish preferring brackish-water coastal areas of seas and river
mouths and one of the widespread goby species off the coast of the Crimean Peninsula [Boltachev, Kar-
pova, 2017; Manilo, 2014]. According to numerous literature data, this species is characterized by high
ecological plasticity and invasive potential; it actively spreads in new habitats outside the Ponto-Caspian
Basin. Specifically, the round goby penetrated upstream of large European rivers and formed stable fresh-
water populations in new areas; moreover, the fish was transported with ballast waters into the Baltic Sea
Basin and the Great Lakes of North America [Bufic et al., 2015; Crossman et al., 1992; Nyeste et al.,
2017; Piria et al., 2011; Roche et al., 2015; Simonovi¢ et al., 2001; Skoéra, Rzeznik, 2001; Smirnov,
2001; Stranai, Andreji, 2004; van Beek, 2006; Verreycken et al., 2011; Coli¢ et al., 2018].

Gobies are known as low-migratory fish, capable of forming local groups differing morpho-
logically [Manilo, 2014]. Certain publications are focused on the study of intraspecific variability
of N. melanostomus both in its natural range and under new conditions [Demchenko, Tkachenko, 2017;
Diripasko, Zabroda, 2017; Kodukhova et al., 2017; Smirnov, 1986, 2001; Tkachenko, 2012]. However,
the morphological structure of the round goby in the coastal area of the Crimea has been poorly studied,
while in its inland water bodies, it has generally not been investigated.

The ecological conditions of water bodies and water areas off the Crimean Peninsula are very diverse.
On average, the salinity of the Black Sea is 17—-18%o, and that of the Sea of Azov is 10—11%o.. Anthro-
pogenic load on some areas of the Sea of Azov—Black Sea Basin over the past half century caused
changes in both hydrochemical characteristics and composition of the fish fauna. The ichthyofauna
of the Karkinitsky Bay and inland water bodies of the Crimea has long been affected by the North
Crimean Canal; accordingly, in these areas, representatives of the Dnieper ichthyofauna were
recorded [Belogurova et al., 2020; Karpova, 2016; Karpova, Boltachev, 2012]. In the Donuzlav Liman,
the modern ichthyofauna has been formed over the past 35 years: since a canal was dug on the Belyaus
Spit that separates one of the saltiest Crimean lakes from the Black Sea [Zuev, Boltachev, 1999].

Under different environmental conditions, for example, hydrochemical regime or current speed,
in fish of the same species, variations in morphological characters are developed. Studying their
variability, one can assess the scale of adaptation of the species to the environmental conditions.

Considering that the round goby actively spreads in new water bodies and is capable of forming
local groups which differ morphologically within the area depending on the environmental conditions,
the aim of the work was to assess the variability of external morphological characters of Neogobius
melanostomus from various water areas of the Sea of Azov-Black Sea Basin based on morphometric
and meristic characters.

MATERIAL AND METHODS

The material was fish samples fixed with a 4% formaldehyde solution which were obtained
during expeditions of IBSS plankton department in 2009-2020. The study sites were several wa-
ter areas of the Black Sea off the northwestern and southwestern coast of the Crimean Peninsula
(the Karkinitsky Bay, 3 samples; the Donuzlav Liman, 1 sample; and the Streletskaya Bay of Sevastopol,

Mopckoit 6ronorndeckuii xxypaan Marine Biological Journal 2024 vol. 9 no. 1



Morphometric variability in the round goby Neogobius melanostomus (Pallas, 1814)... 5

1 sample), the Salgir River (inland water body of the Crimean Peninsula, 1 sample), and the Kazantip
Bay (the Sea of Azov, 1 sample) (Fig. 1). Ichthyological material in the Donuzlav Liman and Karkinitsky
Bay was sampled with shrimp hoop nets with a mesh size of 6.5-7.5 mm. In the Salgir River (Novogri-
gorievka village area) and in the Kazantip Bay (the Sea of Azov), sampling was carried out with gill
nets with a mesh size of 10-30 mm. In the Streletskaya Bay, a bottom trap was used with a 12-mm
mesh. For morphometric analysis, 167 ind. of sexually mature male round goby aged 2+...3 were se-
lected from seven samples. Age was determined analyzing otoliths: those were viewed under a binocular
microscope at magnification 20x [Pravdin, 1966].

SEA OF AZOV

Crimean

Tarkhankut Salgir Rive
o Peninsula Rgnuzlav Lyman

Peninsula

Stre g

w,- 'vastopo

BLACK SEA

Fig. 1. Schematic map of the round goby Neogobius melanostomus sampling sites in the Sea of Azov—Black
Sea Basin. Sam, Samarchik Bay; Aur, Bakalskaya Spit (Aurora village area); Yarlg, Yarylgachskaya
Bay; Dnz, Donuzlav Liman; Str, Streletskaya Bay; Slg, Salgir River (Novogrigorievka village area);
Kaz, Kazantip Bay

In total, 36 morphometric and 6 meristic characters were studied. The measurements were made us-
ing a caliper with an accuracy of 0.1 mm according to a standard scheme with additions (Fig. 2) [Pravdin,
1966; Zabroda, Diripasko, 2009]. For further processing, measurements on the body and head
of the round goby were converted into character indices expressed as % of the standard length (SL)
and head length (HL).

In different samples, fish length varied significantly. Therefore, to level out the factor of size variability
in the absolute values of measurements, those were transformed by the Reist formula:

lg X, =1glgX, — b(lgSL; —1g SL),

where 1gX; is the transformed value of character X in the i-th individual;

X, 1s the initial value of the character in the i-th individual;

SL, is the standard length of the i-th individual;

SL is the mean length in the sample;

b is the allometric coeflicient defined as the tangent of the slope of the regression line for loga-
rithmic measurement values on logarithmic body length values [Reist, 1985, 1986; Thorpe, 1975].
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To process the data, we used generally accepted statistical indicators calculated in MS Office Ex-
cel. To analyze differences between samples with a small number of specimens, the nonparametric
Mann—Whitney test was applied at a significance level of p < 0.05. The variability of characters in each
sample was assessed using the coefficient of variation (var) — a standard deviation expressed as a percent-
age of the arithmetic mean. It was considered that indices varied weakly with var < 10% and moderately
with var of 11-25% [Lakin, 1990]. To determine the divergence in the complexes of the studied charac-
ters between fish from different regions, the Kullback—Leibler divergence index (D) was used [Andreev,
Reshetnikov, 1977]. Methods of univariate and multivariate statistics (discriminant and cluster analysis)
were applied, with calculations performed in STATISTICA 10.0 software package [Khalafyan, 2007].

Fig. 2. Scheme of morphometric measurements of the round goby Neogobius melanostomus. TL, total
length; SL, standard length. Morphometric characters as % of SL: H, maximum body depth; h, minimum
body depth (caudal peduncle depth); iH, maximum body width; ih, minimum body width (caudal peduncle
width); aD, predorsal distance; pD, postdorsal distance; aP, prepectoral distance; aV, prepelvic distance;
aA, preanal distance; V-A, pelvic-anal distance; pl, caudal peduncle length; ID1, length of the first dorsal
fin base; hD1, first dorsal fin depth; 1D2, length of the second dorsal fin base; hD2, the second dorsal fin
depth; 1A, length of anal fin base; hA, anal fin depth; 1P, pectoral fin length; iP, width of pectoral fin base;
IV, pelvic fin length; iV, width of pelvic fin base; 1C, caudal fin length; HL, head length. Morphometric
characters as % of HL: ic, head width; ao, preorbital distance; o, horizontal eye diameter; op, postorbital
distance; io, interorbital distance; Im, upper jaw length; Imd, lower jaw length; or, distance between eye
and corner of mouth; hop, cheek depth; ir, mouth width; hco, head depth through middle of eye. Meristic
characters: D1, the first dorsal fin spines number; Dr2, the second dorsal fin rays number; Ar, anal fin rays
number; P, pectoral fin rays number; V, pelvic fin rays number; C, caudal fin rays number

Mopckoii 6uonorndeckuii xxypHain Marine Biological Journal 2024 vol. 9 no. 1



Morphometric variability in the round goby Neogobius melanostomus (Pallas, 1814)... 7

RESULTS

The results of the morphometric analysis of the round goby from seven study regions of the Sea
of Azov-Black Sea basin are given in Table 1.

N. melanostomus from the Streletskaya Bay turned out to be larger on average than specimens
from other water areas, SL,, was (136.2 £ 1.97) mm. This is likely to result from selectivity of the fish-
ing gear used there. However, the round goby individuals can be large in the bays of Sevastopol because

of their low density in the coastal area, and, consequently, better conditions for growth and feeding.

Table 1. Morphometric characters of the male round goby Neogobius melanostomus from seven regions
of the Sea of Azov-Black Sea Basin, mm (the names of the study regions correspond to those in Fig. 1)

Character | Sam,n=21 | Aur,n=32 | Yarlg,n=23 | Dnz,n=22 Slg, n=19 Kaz, n =23 Str,n=27
SL 99.0-129.5 | 100.7-123.1 | 91.9-124.1 80.5-107.2 55.5-90.8 81.0-136.9 | 108.7-153.4
111.0£1.87 | 109.2£090 | 105.0+1.42 | 87.6+1.27 | 66.8+2.28 | 96.6+3.37 | 136.2 +1.97
Morphometric characters as % of SL
I 20.5-24.9 20.8-26.5 19.2-25.1 18.0-22.6 19.3-24.8 18.4-23.4 18.8-24.0
222+025 | 23.6+024 | 222+£0.25 | 199+£0.28 | 21.9+£036 | 203+0.27 | 21.2+£0.29
h 10.3-12.4 10.4-13.4 10.7-12.5 9.8-11.5 9.4-12.1 8.8-11.4 9.3-11.6
11.1+£0.14 | 11.7+0.11 | 11.5+0.11 10.5%0.11 10.6 £0.17 | 10.5+£2.28 | 10.5%0.11
" 16.2-20.2 18.7-22.0 16.7-20.3 14.4-19.5 17.7-24.4 13.5-17.8 16.8-21.6
18.0+0.25 | 202+0.14 | 184+£0.22 | 164+£0.32 | 203045 | 16.1+£027 | 18.3+£0.24
h 5.0-8.0 7.0-9.3 6.4-10.3 6.4-8.2 4.0-5.8 4.2-6.1 4.5-6.1
6.2+0.19 8.3 £0.09 79%0.18 7.2%0.10 4.8+0.28 52%0.10 5.3+0.09
D 33.7-38.7 34.7-38.7 26.5-39.2 32.6-38.1 34.0-37.5 32.6-38.3 31.4-36.9
358+£0.29 | 36.2+0.16 | 354055 | 35.6+0.30 | 359+0.30 | 35.0+0.36 | 345+0.27
pD 12.2-16.9 12.1-18.5 12.8-16.8 14.5-18.8 13.3-18.4 14.6-19.0 13.7-17.0
147+£025 | 155+024 | 1512024 | 164%+0.18 | 154+033 | 16.6 £0.25 | 15.7+0.19
AP 27.8-33.5 29.4-32.9 30.2-32.9 26.8-30.8 30.9-34.9 29.2-33.3 29.3-34.8
31.6£0.28 | 31.1+0.12 | 31.3+0.15 | 28.7+0.22 | 32.8+0.23 | 31.5+0.18 | 32.0+0.26
aVv 31.0-35.9 31.3-34.9 30.0-35.3 27.8-32.4 26.5-32.6 29.6-34.7 29.1-34.8
329+0.25 | 328+0.15 | 32.7+£0.25 | 30.5+£0.27 | 30.0+0.37 | 32.2+0.26 | 32.1+0.27
AA 56.1-63.8 31.5-62.6 55.0-64.0 52.1-61.0 54.7-62.2 54.1-63.1 54.1-64.6
60.9+£0.39 | 587096 | 59.6+0.46 | 56.6+041 | 57.0£0.51 | 58.1£0.53 | 59.1+£0.52
V-A 22.6-32.5 25.3-32.9 26.0-33.4 22.0-31.9 23.5-30.4 24.2-30.9 24.7-35.9
29.5+049 | 29.6+£0.32 | 29.0+045 | 274+055 | 27.1+£044 | 26.8+0.39 | 28.8+£0.54
pl 13.6-17.6 12.1-24.4 14.2-18.1 15.5-24.1 13.2-20.1 14.8-25.0 14.7-19.6
16.1+024 | 16.7+040 | 16.0£0.22 | 183+0.35 | 175041 | 183+£0.55 | 16.9+0.26
D1 15.4-20.4 15.1-21.3 16.2-19.5 15.3-19.9 15.5-20.9 14.5-21.4 15.6-20.9
179+031 | 185+0.24 | 18.1+£0.18 | 18.1£0.28 | 184+0.29 | 17.6+0.36 | 18.3+£0.36
hD1 12.9-17.1 13.7-17.0 13.2-18.2 14.2-18.2 15.0-21.2 12.1-18.3 14.0-19.4
153+£0.26 | 158+£0.12 | 155+£0.26 | 16.3+0.25 | 17.9+045 | 15.0+0.31 16.1 £ 0.25
D2 30.2-35.8 18.8-35.1 28.9-36.6 28.9-36.5 30.6-35.3 31.1-36.2 26.3-38.1
323+£032 | 322+049 | 3231036 | 323+046 | 329+0.34 | 33.7+£0.29 | 334+042

Continue on the next page. ..
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Character | Sam, n =21 Aur,n=32 | Yarlg,n=23 | Dnz,n=22 Slg, n=19 Kaz, n =23 Str,n =27
hD2 13.5-18.6 14.0-18.1 13.2-17.3 13.4-18.7 14.9-23.2 14.5-18.3 12.2-17.3
15.7+033 | 16.0+£0.17 | 157+£0.22 | 162+031 | 183+0.52 | 159+0.21 14.7+£0.25

1A 20.7-27.1 20.2-28.7 23.5-29.1 21.1-28.8 21.6-28.7 22.3-28.6 20.8-29.6
245+037 | 253+£0.25 | 26.8+0.27 | 256+0.34 | 25.8+045 | 26.0+0.37 | 259+0.38

hA 11.7-16.1 11.1-16.2 12.9-17.1 12.1-15.4 13.2-21.9 12.6-18.8 11.1-15.5
13.5+025 | 142+£020 | 144+£0.25 | 142+£0.16 | 16.1£0.56 | 1471034 | 12.9+0.20

P 21.9-28.5 24.0-30.0 22.4-29.1 23.5-30.3 20.2-26.9 27.8-33.0 22.4-30.2
2541033 | 27.1+023 | 258+£0.34 | 2752036 | 244031 | 30.2+0.30 | 26.2+0.32

P 12.5-18.4 12.4-14.3 13.0-154 11.0-13.2 9.0-12.1 11.7-15.2 11.8-14.3
13.6+0.27 | 13.2+0.08 | 13.8+0.12 | 12.1+0.14 | 10.7£0.18 | 13.0+£0.15 | 12.9+0.11

v 17.0-20.8 19.0-22.0 18.1-21.8 18.7-23.0 20.7-24.2 19.2-24.0 15.5-20.5
19.0+0.23 | 199+0.13 | 1952022 | 204+0.25 | 224+0.23 | 21.3+0.26 | 18.5+0.24

I~ 7.1-8.9 7.2-8.7 7.3-9.2 6.6-8.0 6.1-8.0 6.6-8.9 6.6-8.9

8.0£0.09 7.9 +£0.07 8.2 £ 0.08 7.3+0.09 72%0.13 7.6 £0.09 7.6%0.10

IC 19.8-24.6 19.0-25.0 20.2-26.7 21.6-25.5 21.7-27.0 23.0-27.8 19.1-25.4
22.7+032 | 227+022 | 223+£0.29 | 235+0.22 | 242+033 | 254 +0.27 | 22.8+0.30

HL 27.9-31.5 28.0-30.4 28.9-31.3 26.7-29.0 27.6-33.7 27.0-31.0 27.8-31.8
29.7+021 | 292+£0.10 | 30.0+0.15 | 27.8+0.15 | 30.6 £0.35 | 28.8+0.20 | 29.3+0.19

Morphometric characters as % of HL

hez 71.6-82.8 72.9-88.4 69.6-87.3 64.6-84.6 65.2-79.1 64.2-79.9 67.4-82.6
7731073 | 81.7+0.65 | 788091 | 762+1.19 | 72.1+£0.84 | 73.2+0.81 | 74.8+0.76

o 52.2-61.3 51.4-61.0 49.4-59.6 50.2-57.8 69.8-81.2 49.8-60.2 50.8-60.3
5631054 | 56.2+043 | 557+£0.57 | 539+0.51 | 76.1+£0.75 | 545+0.56 | 55.0+0.48

2 34.2-39.1 34.1-40.3 32.4-40.1 34.2-39.6 28.1-39.6 31.1-38.5 32.2-39.8
366 £0.29 | 382+0.24 | 364+041 | 36.1+£0.27 | 34.0£054 | 349+039 | 36.3+0.33

o 17.8-22.3 18.4-22.6 18.7-23.7 19.2-24.0 20.8-30.6 16.9-25.9 14.6-21.8
2021025 | 203+0.22 | 21.3+£0.30 | 21.6£031 | 249+0.64 | 224+0.53 | 18.6+0.32

op 52.7-58.5 54.6-60.7 53.9-59.0 52.8-60.4 50.5-62.1 52.4-57.9 53.2-59.3
5531037 | 57.5+£0.26 | 56.4+£0.33 | 56.5+0.36 | 56.3+0.76 | 55.3+0.34 | 55.5+0.31

o 12.7-16.7 11.1-18.1 8.7-15.8 9.6-15.4 10.7-20.3 12.2-18.8 12.8-19.0
145+0.23 | 15.2+0.31 13.5+0.34 | 125+£0.34 | 149£0.53 | 15.3+0.37 | 16.0 £ 0.30

Im 30.3-36.2 25.8-32.5 25.3-34.9 24.4-31.3 22.3-30.4 28.5-39.7 30.4-36.9
325+037 | 29.8+0.30 | 30.8+0.50 | 27.8+£0.38 | 26.6+0.47 | 32.7+0.58 | 33.1+0.30

Imd 38.6-48.6 35.7-454 36.9-48.5 37.3-44.1 30.1-36.7 40.4-54.8 37.7-47.5
4391050 | 42.1+£046 | 41.7£0.60 | 4051036 | 33.5+042 | 45.7+£0.65 | 4331048

or 23.8-33.6 23.8-30.6 22.5-32.4 21.3-29.3 16.7-23.9 23.5-33.7 26.6-35.8
2741056 | 27.3+0.31 | 26.8+0.46 | 247+043 | 27.5+053 | 275+£0.53 | 31.0 £0.38

hop 40.4-47.4 40.7-47.4 40.6-48.7 40.6-45.8 31.9-46.4 34.8-50.5 37.4-45.2
43.1+042 | 43.6£030 | 441+£043 | 4331029 | 399+0.72 | 42.1+£0.73 | 423+£0.32

i 39.1-49.0 34.6-46.2 35.6-51.9 31.8-42.5 31.4-45.8 38.3-55.3 38.7-52.1
43.8+0.57 | 4192043 | 419£0.81 | 36.7+0.59 | 39.2+0.86 | 443+090 | 44.4 £0.65

Continue on the next page...

Mopckoii 6uonorndeckuii xxypHain Marine Biological Journal 2024 vol. 9 no. 1




Morphometric variability in the round goby Neogobius melanostomus (Pallas, 1814)...

Character | Sam, n =21 Aur,n=32 | Yarlg,n=23 | Dnz,n=22 Slg, n=19 Kaz, n =23 Str,n =27
heo 58.0-69.0 54.5-64.2 51.4-61.2 51.3-59.0 47.7-58.8 54.7-69.8 57.5-68.8
61.2+£0.60 | 60.1£0.41 56.5+£0.50 | 546+£035 | 52.1+£0.77 | 58.5+£0.81 | 61.9 £0.55
Meristic characters
DI 5.0-7.0 6.0 6.0-7.0 6.0 6.0 5.0-6.0 6.0
6.1 £0.08 6.1 £ 0.07 6.0 £0.04
D2 14.0-15.0 14.0-15.0 14.0-16.0 13.0-16.0 15.0-16.0 14.0-16.0 15.0-16.0
14.5+0.11 14.8 £ 0.08 14.9£0.09 15.1+£0.13 15.8 £0.09 149+£0.14 | 155+0.10
Ar 11.0-12.0 11.0-13.0 12.0-13.0 11.0-13.0 11.0-13.0 11.0-13.0 11.0-13.0
11.6 £ 0.11 11.8 £0.10 12.6 £ 0.09 122+ 0.11 12.0 £ 0.09 120+ 0.13 | 12.5+0.12
p 18.0-20.0 17.0-20.0 18.0-20.0 17.0-20.0 17.0-18.0 17.0-19.0 18.0-20.0
19.1 £0.14 | 18.6+0.16 18.6£0.15 18.6£0.14 17.7+£0.11 17.9 £ 0.10 18.8 £ 0.13
\Y% 12.0 12.0 12.0 12.0 12.0 12.0 12.0
C 23.0-25.0 23.0-26.0 23.0-26.0 23.0-25.0 22.0-24.0 24.0-27.0 25.0-28.0
237+£0.16 | 242£0.15 | 24.6£020 | 24.1£0.14 | 23.2£0.20 | 255%£0.19 | 26.2 = 0.16

Note: the numerator denotes the limiting values of the characters; the denominator, the mean * standard error
of the mean. Characters for which the value of the coefficient of variation var > 10% is recorded are highlighted
in color. Indicators with mean values being the highest in samples from seven regions are highlighted in bold.

In catches from the Streletskaya Bay of Sevastopol, the round goby, unlike other fish species, is rare,
while in the Karkinitsky Bay and Donuzlav Liman, the population density of all gobies is quite high.
For example, in 2017, in Samarchik Bay, the abundance of N. melanostomus in catches amounted to 42%
of the total abundance of gobies [Prishchepa et al., 2018].

In general, characters in the round goby samples varied slightly. The highest variability (var > 10%)
was recorded in the caudal peduncle width in fish from Samarchik Bay and Yarylgachskaya Bay
and the caudal peduncle length in individuals from the Bakalskaya Spit water area, the Salgir River,
and the Kazantip Bay. The anal fin depth was the most variable in fish from the Salgir River and Kazan-
tip Bay. Also, in the round goby from the Salgir River, the first dorsal fin depth and second dorsal fin depth
were the most variable characters. Out of head measurements, the most variable in the samples from six
regions (except for Samarchik Bay) was the interorbital distance; for N. melanostomus from the Salgir
River and Kazantip Bay, the most variable characters were the eye diameter and distance between eye
and corner of mouth. The Streletskaya Bay was the region for which var > 10% were recorded only
for the first dorsal fin depth.

The meristic characters of the round goby in the studied samples turned out to be the least variable
of all the analyzed characters.

According to the results of comparison with the nonparametric Mann—Whitney test, the indices
of morphometric characters of N. melanostomus from seven regions of the Sea of Azov—Black Sea Basin
significantly differed from each other. Table 2 provides the number of characters studied in the round
goby for which noticeable differences were revealed. In meristic characters, there were no significant
differences.

In all morphometric characters (24 on the body and 12 on the head), differences were observed
between the fish from the Streletskaya Bay and other six regions. Apparently, this is due to the larger
size of the round goby from the bay. Differences in the smallest number of characters were recorded
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between N. melanostomus from three areas of the Karkinitsky Bay, probably due to the significant sim-
ilarity of conditions because of the geographical proximity of these water areas. Differences were also
noted in most of the studied characters between the round goby from three areas of the Karkinitsky Bay
and other regions.

Table 2. Results of assessing differences between samples of the round goby Neogobius melanostomus
from seven regions of the Black Sea by morphometric characters (the names of the study regions correspond
to those in Fig. 1)

Region Sam Aur Yarlg Dnz Slg Kaz Str
Sam 3 6 12 12 12 12
Aur 3 4 12 12 12 12

Yarlg 9 17 12 12 10 12
Dnz 23 24 24 9 8 12
Slg 24 24 24 24 11 12
Kaz 19 21 19 14 24 12
Str 24 24 24 24 24 24

Note: differences are observed at a significance level of p < 0.05. Below the diagonal, the number of significantly
different measurements on the body of the round goby is indicated; above the diagonal, on its head.

The degree of similarity of N. melanostomus from seven regions of the Sea of Azov—Black Sea Basin
for all analyzed characters is shown in the dendrogram (Fig. 3). It is built using cluster analysis according
to Kullback—Leibler divergence index (D) in different patterns of combining characters.

500

450
400

Fig. 3. Similarity dendrogram of all stud- 0

ied characters of samples of the round 300
goby Neogobius melanostomus from seven re-

gions of the Sea of Azov-Black Sea Basin D 20
(the names of the study regions correspond 200

to those in Fig. 1)

150

100

50

Slg Dnz Str Kaz Sam Yarlg Aur

Similarity of the round goby samples from Samarchik Bay and Yarylgachskaya Bay is observed
at the lowest level of divergence (D = 28.6). These samples are adjoined by a group from the Bakalskaya
Spit water area. At the level of divergence D = 47.3, groups of the fish from the Streletskaya Bay
and Kazantip Bay are united. These groups form a cluster with a group of N. melanostomus from three
areas of the Karkinitsky Bay, and a sample from the Donuzlav Liman adjoins them. The sample
from the Salgir River adjoins these groups at the highest level of divergence, about 475. It can be tenta-
tively concluded that such differences are related to the hydrochemical parameters of the studied water
bodies. Specifically, fish from marine water areas (bays and bights of the Black Sea and Sea of Azov)
form a separate group adjoined by a group of fish from the Donuzlav Liman with a higher salinity;
the last in the dendrogram is a group of the round goby from a freshwater basin (the Salgir River).
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The divergence of N. melanostomus samples from seven regions of the Sea of Azov-Black Sea
Basin according to a complex of morphometric characters was obtained by the results of discrimi-
nant analysis. Thus, there were 99% of correct classifications of individuals according to catch areas.
The studied characters in the samples form clouds of points in the space of two roots of the discriminant
functions (Fig. 4A, B).

Root 2 vs. Root 3
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Fig. 4. Scattering diagram of canonical estimates of the indices of morphometric characters of the round
goby Neogobius melanostomus from seven regions of the Sea of Azov-Black Sea Basin (A) and the values
of characters transformed by the Reist formula (B) (results of discriminant analysis) (the names of the study
regions correspond to those in Fig. 1)

According to the discriminant analysis, the round goby in the Sea of Azov-Black Sea Basin
is differentiated into at least three spatial groupings. The first one is formed by fish from the west-
ern coast of the Crimean Peninsula (the Karkinitsky Bay and Donuzlav Liman) and the Sevastopol
area (the Streletskaya Bay); the second one is formed by N. melanostomus from the Salgir River;
and the third one is formed by the round goby from the Kazantip Bay (the Sea of Azov). Analysis us-
ing measurement values transformed by the Reist formula showed a clearer isolation of the samples.
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Specifically, fish from geographically close areas of the Karkinitsky Bay form a separate group
in the space of the roots of discriminant functions, while N. melanostomus from water areas differing
in the environmental conditions [from a freshwater basin (the Salgir River) and the Streletskaya Bay]
are isolated from the rest in terms of both canonical variables (Fig. 4B).

Analysis of the correlations of the studied characters of the round goby with the values of canonical
variables revealed as follows: the divergence of samples along two axes is ensured by almost all indices
of fish body measurements (Table 3) when the correlation coefficient between the characters and coor-
dinate values along the second canonical axis exceeds 0.50. The greatest contributors to discrimination
along the first canonical axis (root 2) with correlation coefficients exceeding 0.75 are the characters
H, h, ih, aD, aV, iP, and iV.

Thus, the identified differences between the round goby individuals from the studied water areas
are determined by the local environmental conditions of fish habitats.

Table 3. Correlations between the characters and coordinate values of two canonical variables
for the round goby Neogobius melanostomus from seven regions of the Sea of Azov—Black Sea Basin

Character Root 2 Root 3 Character Root 2 Root 3
SL 0.56 0.20 D2 0.66 0.31
H 0.75 0.04 hD2 0.61 0.14
h 0.78 0.10 1A 0.60 0.24
iH 0.68 -0.12 hA 0.51 0.19
ih 0.88 -0.19 1P 0.68 0.46
aD 0.77 0.21 iP 0.77 0.29
pD 0.70 0.35 v 0.64 0.31
aP 0.67 0.26 iv 0.75 0.22
aVv 0.76 0.27 IC 0.63 0.45
aA 0.72 0.25 HL 0.70 0.20
V-A 0.74 0.13 hcz 0.17 0.02
pl 0.54 0.35 ic 0.05 —-0.01
ID1 0.70 0.16 ao 0.15 0.03
hD1 0,62 0,07

Note: significant correlation coefficients are highlighted in bold.

DISCUSSION

Differences in the morphology of populations of invasive species may reflect the processes of adap-
tive phenotypic change and a unique history of a population [Langerhans, DeWitt, 2004]. At the same
time, such differences occur within the native range of the species as well. According to [Smirnov,
1986], in the “Sea of Azov” population of the round goby, compared to the “Black Sea” one, the pec-
toral and pelvic fin length and the anal fin depth are higher, while the body width and length are lower;
this can result from feeding and movement patterns. The round goby from the Dnieper River pos-
sesses rheophilic characters: the caudal section of the body is elongated, and the interorbital distance
is increased [Smirnov, 1986]. In the Kakhovka Reservoir, N. melanostomus has an increased dorsal
fin length compared to fish inhabiting bays of the Sea of Azov, while pelvic fin length and width,
as well as pectoral, anal, and caudal fin length, are lower, which is related to inhabiting stagnant
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water [Demchenko, Tkachenko, 2017; Tkachenko, 2012]. The round goby from the Southeastern Baltic
population is characterized by a reduced number of fin rays and number of vertebrae, compared to fish
from the native range [Kodukhova et al., 2017]. In N. melanostomus from the Great Lakes of North
America (an invasive population), a decrease in meristic characters was also revealed: these individuals
have reduced number of rays in the second dorsal and caudal fins [Smirnov, 2001].

According to the discriminant analysis, the greatest contribution to the discrimination of the round
goby samples from seven areas of the Sea of Azov—Black Sea Basin is made by the maximum body depth,
caudal peduncle depth and width, predorsal and prepelvic distance, and width of pectoral and pelvic fin
base (the correlation coefficient between these characters and coordinate values along the second canon-
ical axis exceeds 0.75). In fish from the Bakalskaya Spit area, the anterior part of the body and caudal fin
length and width are increased. N. melanostomus inhabiting areas exposed to strong surf is likely to have
a more massive anterior part of the body. The round goby from the Salgir River has higher values of fin
depth (the first and second dorsal fins and the anal one) and pelvic fin length, compared to fish from other
areas; it is an adaptation for inhabiting spots with constant current.

The indices of head characters turned out to be higher in fish from the Bakalskaya Spit area
and Streletskaya Bay. In the first region, compared to other ones, the round goby had a longer preor-
bital and postorbital distance; in the second, the upper jaw and head were more massive (the interor-
bital distance, upper jaw length, distance between eye and corner of mouth, mouth width, and head
width through middle of eye were the highest). Apparently, the food spectrum of N. melanostomus
from the Streletskaya Bay includes larger food objects than that of fish from other regions. As shown
in [Bogachik, 1967], the structure of the jaw apparatus in the round goby depends on the nature of its
feeding. Its food mostly consists of molluscs of the genera Myfilus Linnaeus, 1758, Mytilaster Mon-
terosato, 1884, Balanus Costa, 1778, and Dreissena Van Beneden, 1835. N. melanostomus has developed
specific muscles on the upper jaw allowing it to consume attached forms of molluscs, which are rarely
consumed by other fish species.

Conclusion. A significant morphological heterogeneity of Neogobius melanostomus groups from dif -
ferent water areas of the Sea of Azov-—Black Sea Basin is revealed. The results of the discriminant
analysis showed that the spatial groupings of the round goby are combined into at least three groups.
The first one is formed by fish from the western coast of the Crimean Peninsula (the Karkinitsky Bay
and Donuzlav Liman) and the Sevastopol area (the Streletskaya Bay); the second one, by N. melanos-
tomus from the Salgir River; and the third one, by the round goby from the Kazantip Bay (the Sea
of Azov). According to the obtained data and analysis of literature, the differences between local groups
based on external morphology may be due to various reasons: hydrological, hydrochemical, and en-
vironmental, including trophic conditions in certain water areas of the Sea of Azov-Black Sea Basin.
Moreover, such differences may be related to the history of formation of the fish population in the stud-
ied water areas. In the inland water bodies of the Crimean Peninsula (in particular, the Salgir River),
N. melanostomus was formed from the ichthyofauna of the Dnieper River Basin, distributing during
the period of the North Crimean Canal operation. It is likely to determine the morphological isolation
of this local group.

Thus, the round goby within the Sea of Azov-Black Sea Basin has formed morphologically differ-
ent spatial groupings corresponding to the environmental conditions in this area. The revealed hetero-
geneity shows high paratypical variability of morphometric characters and the fact that under different
environmental conditions, individuals of the same species develop a specific phenotype.
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PaccmoTpeHa W3MEHUMBOCTh NMPU3HAKOB BHelIHEH Mopdosorun (36 miacthuyeckux u 6 mepu-
CTUYECKHX) ObUKa-Kpyrisika Neogobius melanostomus (Pallas, 1814) u3 cemu pafloHOB A30BO-
YepHOMOpCKOro GacceiiHa: ceBepo-3aMaHOIO U I0ro-3araJHoro YepHOMOPCKOro nodepexbs Kpbeim-
ckoro nosryocrpoBa (Kapkunutckuii 3anuB, muman Jonysnas, Ctpenenikas 6yxta CeBacronons), Ka-
3aHTUIICKOIO 3aJMBa A30BCKOTO Mopsi, a Takxe peku Caiarup B LeHTpasibHOI yacti Kpsivckoro mo-
JyOCTPOBa. YCTAaHOBJIEHO, YTO OBIYOK-KPYIJISIK U3 Pa3HBIX PallOHOB BBUIOBA B BO3pacTe 2+...3 umeer
pasHble pasMepsl Tesa: Hanboubime y ocodeit n3 Crpesneukoit 6yxtel, SL, (136,2 £ 1,97) mm; Hau-
MeHblMe y ocodeit u3 peku Canrup, SL, (66,8 +2,28) mm. C nomowipio kpurepust ManHa — YuTHA
MEK1y BBIOOpKaMU yCTAaHOBJIEHBI CTATUCTUYECKH IOCTOBEPHBIE pa3inyms O OOJbIIMHCTBY IJIaCTHYE-
CKMX TpU3HAKOB. [10 MepHCTUYECKUM MPU3HAKAM OHHM OTCYTCTBYIOT. HanOombImii BKJIa B AUCKPH-
MMHAIMIO BRIOOPOK N. melanostomus BHOCST IIACTUYECKUE TIPU3HAKHY, CBSI3aHHBIE C PACIIOIOKEHUEM
11aBHUKOB. COITIaCHO pe3yJsIbTaTaM KJIACTEPHOIO aHalIn3a, 10 COBOKYITHOCTH BCEX M3YUEHHBIX IpU-
3HAKOB y OBbIUKa-KpYIyIsika A30BO-UepHOMOPCKOTro GacceiiHa HanOOIBIIIM CXOACTBOM 00JIaJal0T BbI-
6opku 3 KapkuHutckoro 3anusa (3anmuB Camapuvik u dpeirauckas 0yxra, D = 28,6) v u3 akBaTOpUn
Bakanbckoii kocl. Ha ypoBne auBeprenimu D = 47,3 00beIMHSIOTCS TPYIIIbI ObIYKOB U3 CTpenenkoit
OyxThl 1 KazaHTurnckoro 3anuBa, a 3aTeM K HUM Ha ypoBHe D = 215 npumbIkaeT BHIOOpKA U3 IMMaHa
HonysnaB. Beibopka Obruka u3 peku Canrvp 3anumaeT Hanbosee 000COOJIEHHOE MOJOKEHUE: Ypo-
BEHb JMBEPreHIMU cocTaBiiseT okoio 475. I1o JaHHBIM ITUCKPUMHHAHTHOTO aHAJIM3a YCTAHOBJIEHO,
YTO OBIYOK-KPYIIIAK U3 A30BO-YepHOMOpcKkoro GacceiiHa auddepeHIMpoBaH Kak MUHUMYM Ha TPH
IIPOCTPaHCTBEHHBIE IPYIIIMPOBKU: IEPBasi — U3 paiioHa 3amaJHoro nodepexbs KpbMcKoro rnosyocrt-
poBa (Kapkunurckuii 3ainuB 1 iuMan [Jony3nas) u parioHa Cepacromnons (0yxta Ctpenenkas); BTo-
past — u3 Kazanturnckoro 3anmuBa (A30Bckoe Mope); TpeTbst — u3 pekut Canrup. Hanbonpimii Bkiaz
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B IMCK PUMHUHAIIMIO ITPOCTPAHCTBEHHBIX TPYNIUPOBOK (MU K03 PUIMEHTE KOPPEIISIMI MKy TpH-
3HaKaMH ¥ 3HAYEHUSIMH KOOPAMHAT 110 BTOPOW KaHOHMYECKO# ocu Oosbie 0,75) BHeCN clieyionye
MPU3HAKK: BBICOTA TeJIa, BHICOTA M TOJIIIMHA XBOCTOBOTO CTE0IsI, aHTEI0PCATIbHOE M aHTEBEHTPaJIbHOE
PaccTOsIHUS U MIMPUHA IPYAHBIX U OPIOIIHBIX TUIABHUKOB. BhIsIBIIeHHAS HEOAHOPOIHOCTD TIOKA3bIBAET
BBICOKYIO MAPATUITUYECKYI0O UIBMEHUYMBOCTD IJIACTUYCCKUX MPU3HAKOB; B PA3JIMYHBIX 9KOJIOTUYECKHUX
YCIIOBUSIX Y ocobeii oHOro BUa (popmupyercs crienduieckuit (peHOTHI.
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