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Morphological variation in round goby, Neogobius melanostomus
(Actinopterygii, Gobiidae) from the Black Sea
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The article is focused on the morphological variation in the round goby, Neogobius melanostomus (Pallas, 1814) from the
western coast of the Crimean Peninsula (Black Sea). A total of thirty-five plastic and seven meristic characters were measured
in similar-sized males of the round goby. On average, gobies from the eastern part of the Karkinitsky Bay (the water area of
the Bakalskaya Spit and the Samarchik Bay) were larger than those from the other two areas (SL, = 109.2£0.9 mm and
SL,. = 111.0+1.9 mm, respectively), which probably indicates the best trophic conditions in these areas. Gobies from the
Donuzlav Lyman were smaller by the average values of the standard length (SL, =87.6+1.3 mm). The differences between
average values of the quantitative characteristics of compared samples were statistically significant. It was found that the
heterogeneity of the ecological conditions of the habitats made it possible to form various variations of characters in the
round goby. It was revealed that at least three population groups of round goby were formed near the western coast of Crimea:
one of them was formed by fish from the Donuzlav estuary, the second — by gobies from the Samarchik Bay, the third — by
a group of fish from the water area of the Bakalskaya Spit and Yarylgachskaya Bay. As the analysis of the correlations be-
tween the plastic characters and the values of the coordinates of the two canonical variables has shown, practically all the
studied measurements ensure the discrimination of the samples of the round goby, however, the best discrimination along
the first canonical axis (correlation coefficients more than 0.5) is provided by measurements on the body associated with
the location of the pectoral, pelvic and anal fins, as well as the parameters of the jaw (length of the upper and lower jaws,
distance between the eye and the angle of the mouth, and the width of the mouth). Such differences in the structure of the
species population are associated, among other things, with the transformations of the fish population in the eastern part
of the Karkinitsky Bay and the Donuzlav Lyman, caused by human economic activity.
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Mopdoaornueckoe paznoodopasue MOMyJISIAN ObIYKA-KPYIVISTKA
Neogobius melanostomus (Actinopterygii, Gobiidae) Yépuoro mops
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PaccmarpuBaercst crpyKTypa mory s OblaRa-KpyIisika 3a1ajiHoro modepesxbs KppiMekoro rmoayocrposa. Msyueno
3D TJIACTHYECKNX 1 7 MEPUCTHYECKIX TPU3HAKOB Y CAMIIOB OblUKa-KPYTIVISKA CXOHBIX PA3MePOB. BBIABIEHBI CTaTHCTHYECKI
3HAUNMBIE OTJINYIS B CPEJIHIX 3HAUCHUSX TPU3HAKOB MKy BRIOOPKaMI b0 113 Tpéx paitonoB KapruHUTCKOTO 3a/11Ba 1
numana [lonysnas. B epenem 6b1ukn n3 pocrounoii yacrn Rapkunurckoro 3annpa (akBatopust BakanibCKoil KOChI 1 3T B
CamMapunir) OKasaanch KpyIrHee, 4eM Ha IBYX JPYTUX 00CTeOBAHHBIX YIaCTKAX (SL{W =109,2+0,9mmu SL,_ = 111,0+1,9 MM
COOTBETCTBEHHO), YTO, BEPOSATHO, CBUIETETHLCTBYET O JIYUITNX TPOPUUECKIX YCIOBUAX B YKA3aHHBIX paioHax. PeiObl 13
numana [loHys/iaB okazanmck Mo cpefiHnM 3HAYEHISAM CTaHAPTHO JTNHBI MeTh4e (SL(W =87,6+1,3 mm). Ycramosieno,
YTO HEOJHOPOJIHOCTH HKOJOTHUECKNX YCJIOBIIT MecT 0OnTanus no3Boamin ¢hopMupoBarh y ObluKa-KpPYIIsKa pasindHble
Bapualiy Npu3HakoB. BrisiBIeHO, uT0 y 3amajiHoro nodepeskbs KpbiMa chopMupoBaIinch mo MeHblneil Mepe Tpu momyJis-
[MOHHbBIE TPYIITNPOBKI OblYKA-KPYIJISKA: OfiHA U3 HIX 0Opa3oBaHa peibamu 13 tumana Jlonysnas, Bropas — Obl4KaMu us
saimBa CamMapuni, TpeThs — TpyInoil peid m3 aksatopun barkarnekoit kocsl n fppurravckonn 6yxror. Rak morkasam ananns
KOPPEJIATIIOHHBIX CBA3€T MeKLY IIaCTUUeCKUMI TPU3HAKAMI 1 3HAYEHUSIMI KOOP/IMHAT IBYX KAHOHUUECKIX [TePeMEeHHbIX,
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MPAKTHYECKN BCE M3yUaeMble TPOMephl 00eCeunBatoT JUCKPUMITHATIIIO BBIOOPOK ObIUKA-KPYIJISKA, OJfHAKO HAMIIYUIITYIO
JUCKPUMMIHAIINIO 110 1ePBOil KaHOHMYecKoil ocu (Koaduimentsr koppessiiun 6osee 0,5) obeciiednBaOT poMephbl Ha
Tese, CBSA3AHHBIE ¢ PACTIONIOKEHIEM IPYIHOTO, OPIOIITHOTO I AHAJIBHOTO TJIABHITKOB, & TAKIKE MapaMeTpbl 4eTiocTi (JI7TNHA
BepXHeIl 11 HUKHEe 4eII0cTell, pacCTOsIHIIe MesK/Y TIa30M 1 yriioM pra u mupnna pra). [logobubie pazanyus B cTpyKType
HOTYJISINN BUJIA CBSI3AHBI B TOM YKCJIe ¢ 1PeodpasoBaHUsIMI PHIOHOTO HACeTeHIsI B BOCTOUHOIT yactn KapruHutcroro
sanmBa n aumana [lonysnas, BHI3BBAHHBIMI X035 CTBEHHOT JIEATEILHOCTBIO YeTOBEKA.

Kuouesoie crosa: 6p190k-kpyrisik, Rapkuunurcknii 3anus, iuman [lonysnas, YépHoe Mope, 1iactuyeckne n Mepu-

CTUYeCKMe MpU3HaKm, NSMeHUYNBOCTD, TIOITYJTATINA.

The round goby Neogobius melanostomus
(Pallas, 1814) is a Ponto-Caspian endemic
species; its range includes the basins of the
Black, Marmara, Caspian and Azov seas. The
round goby is an important commercial species
throughout its entire range [1-5]. The round
gobies are demersal that prefers brackish coastal
waters of seas and estuaries. The species is one of
the most common goby species off the coast of the
Crimean Peninsula [4, 5]. The high ecological
plasticity and invasive potential are character-
istic of the species, which actively occupies new
habitats. Thus, the round goby has distributed
upstream of large European rivers and has es-
tablished stable populations in new reservoirs;
it was also accidentally introduced with ballast
waters into the Baltic Sea basin and the Great
Lakes in North America [6—12].

Gobiidae are predominantly non-migratory
or short-distance migratory fishes that form lo-
cal morphologically distinct groups [4]. Previ-
ously, several studies investigated the population
structure of the round goby in both native and
introduced habitats [1, 6, 9—12]. For example,
the length of the pectoral and pelvic fins, as well
as the height of the anal fin are greater in the
population of the round goby from the Sea of
Azov in comparison with population from the
Black Sea, while the height and thickness of
the body show the opposite relationship. This
is attributable to the nature of nutrition and
movement [1]. The caudal peduncle length and
the interorbital distance are greater in the round
goby from the Dnieper population which indi-
cates rheophily of these fish [1]. The round goby
from the Kakhovka Reservoir of the Dnieper has
a greater height of the dorsal fins and reduced
length and width of the pelvic fin as well as the
reduced length of the pectoral, anal and caudal
fins in comparison with individuals from the Sea
of Azov bays; this difference is associated with
the hydrological conditions of the reservoirs
[10]. The reduction of the number of fin rays
and vertebrae in compare with gobies from the
native range was found in the population of the
round goby in the Southeast Baltic [12]. At the
same time, the reduction of the number of rays

in the dorsal and caudal fins was also found in
the round goby from the Great Lakes of North
America [6].

At the same time, the specific characteristics
of the round goby population structure in the
Black Sea coast of Crimean Peninsula, especially
in the Karkinitsky Gulf and Donuzlav Lyman
that have been subjected to an intense anthro-
pogenic stress for more than 50 years, are still
poorly known.

The Karkinitsky Gulf is the largest in the
Black Sea and the Sea of Azov and has unique
hydrochemical and morphological characteris-
tics. The Karkinitsky Gulf is partitioned by the
Bakal sandy spit and Bakal shoal into two parts,
the eastern shallow part and the deep western
part |5, 13]. During the function of the North
Crimean Canal until 2014 the eastern part of
the gulf was influenced by freshwater discharge,
resulting in the reduced salinity in some of its
smaller bays (Samarchik and Chatyrlytsky) [5].

As for Donuzlav Lyman, it stands out among
the other Black Sea lymans because of its size,
configuration and geomorphology. The lyman
is separated from the Black Sea by the Belyaus
sandy spit. Previously, it was the second largest
salt lake in the Crimea, its salinity reaches up
to 95%o. However, in 1961, the navigable chan-
nel was open in the spit; as a result the salinity
of Donuzlav Lyman has substantially dropped.
Thus, the modern fish fauna in the Lyman has
been formed over the past few decades [14].

Hence, taking into account the high eco-
logical plasticity of the round goby, as well as its
ability to form morphologically distinct groups
depending on the environmental conditions
against the backgrounds of the anthropogenic
changes in above mentioned water areas, the goal
of this study is to evaluate the morphological
variability of the species from different locali-
ties of the Crimean coast of the Black Sea using
plastic and meristic characters.

Material and Methods

Ninety-eight males of the round goby were
collected in November 2015 and July 2017 dur-
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ing the expedition of the A.O. Kovalevsky In-
stitute of Biology of the Southern Seas of RAS
in the Karkinitsky Gulf (3 samples) and the
Donuzlav Lyman (1 sample) (Fig. 1).

In the Karkinitsky Gulf samples were col-
lected in the Samarchik Bay, the water area of
the Bakalskaya spit (the region of the settle-
ment of Aurora — the eastern shallow part of
the Karkinitsky Gulf) and in the Yarylgach Bay
(the western deepwater part of the Karkinitsky
Gulf) (Fig. 1). The ichthyological material was
collected using shrimp trap “Venter” with a mesh
size of 6.0—7.5 mm, where round goby is one of
the most common by-catch species [15].

The mature males of similar age (2+ and
3+4) and similar size were selected for the mor-
phometric studies to exclude a possible factor
of sexual and age variation. All samples of the
round goby were fixed with 4% formaldehyde
solution until further morphological analysis.
In addition, the material (deposit No. AB-1248)
from the Center of joint usage “The Collection
of Hydrobionts of the Oceans” of the A.O. Kova-
levsky Institute of Biology of the Southern Seas
of RAS, was used.

A total of 35 plastic and seven meristic
characters of N. melanostomus were measured.
The round goby body measurements (Fig. 2)
were evaluated using the callipers with an er-
ror of +0.1 mm [11, 16]. Rations relative to the
standard length (SL) and head length (HL) were
also calculated.

The statistical analysis was performed with
STATISTICA 10.0 software packages. The
normality of the sample’s distribution was veri-
fied using the Shapiro-Wilk criterion [17]. The
differences were supposed to be reliable at the
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Fig. 1. Map of the studied area

confidence level of 5% (p < 0.05). The basic and
multivariate statistical methods such as correla-
tion analysis, discriminant and cluster analyses
were performed. The significance of the differ-
ences between the means was evaluated using
Student’s test [18]. To assess the diversity in the
complexes of characters the gobies from differ-
entregions, the Kullback-Leibler’s information
criterion (D) was used [19].

Results and Discussion

According to the obtained data, gobies from
the eastern part of Karkinitsky Gulf (the Bakals-
kaya spitand Samarchik Bay) were larger than go-
bies from two otherregions (SL, =109.2+0.9 mm
and SL, = 111.0+1.9 mm respectively), which
could indicate better feeding conditions in these
areas. The difference is provided at ¢ > 2.677 be-
tween standard length of gobies from the studied
areas. The standard length of the fishes from the
Donuzlav Lyman was smaller (SL, =87.6+1.3mm)
than the standard lengths of the gobies collected
in the Karkinitsky Gulf.

The measurements of the fish in the samples
varied insignificantly. The highest variability
(Cv>10) was noted for (percentage of SL) ih for
the round goby from the Samarchik Bay and the
Yarylgach Bay and pl for the round goby from the
Bakalskaya Spit. The head parameter (percent-
age of L) io was the most variable (Cv > 10)
among the samples from three studied regions,
excluding Samarchik Bay. The most variability
among meristic characters (Cv > 5) was noted
for the round goby from the Bakalskaya Spit.

The differences between several characters
of the round goby from four regions of the Black
Sea coast of Crimea are statistically significant
resulting according to the Student’s test. In
such a manner, the significant differences in
most of characters (at £ > 2.677) were observed
between samples from Karkinitsky Gulf and
Donuzlav Lyman. Hence, the samples of round
goby from geographically distant Samarchik
Bay and Donuzlav have significant differences
in 25 plastic and four meristic characters. The
samples from the Bakalskaya spit and the Donu-
zlav Lyman had differences in 22 plastic and two
meristic parameters. In turn, the round goby
from the Yarylgach Bay and Donuzlav Lyman
had significant differences in 19 plastic and one
meristic character.

The geographical distance between the
Donuzlav Lyman and three other studied water
areas, feeding conditions and the history of the
formation of the round goby population in these
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Fig. 2. Scheme of the round goby measurements [11, with additions]
Morphometric measurements of body: TL — total length; SL — standard length; [/ — maximum body depth;
h — caudal peduncle depth; il — maximum body width; i~ — caudal peduncle width;
aD — predorsal distance; pD — postdorsal distance; aP — prepectoral distance; aV — prepelvic distance;
aA — preanal distance; V-4 — pelvic-anal distance; p/ — caudal peduncle length; (D1 — length of first dorsal
fin base; hD1 — first dorsal fin depth; [D2 — length of second dorsal fin base;
hD2 — second dorsal fin depth; [A — length of anal fin base; A — anal fin depth;
[P — pectoral fin length; iP — width of pectoral fin base; [V — pelvic fin length;
iV — width of pelvic fin base; [C — caudal fin length; HL — head length.
Morphomeltric measurements of head: 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; ~co — head depth through middle of eye.
Meristic characters: DI — number of first dorsal fin spines; DZ — number of second dorsal fin rays;
A — number of anal fin rays; P — number of pectoral fin rays; C — number of caudal fin rays;
squ — number of transverse rows of scales

water areas could be a reason for identified dif-
ferences. As shown in [20], the formation of the
round goby population in the Karkinitsky Gulf
was significantly affected by the invasion of fish
fauna from the Dnieper River faunistic complex
during the functioning of the North Crimean Ca-
nal, while in the Donuzlav Lyman the Black Sea
group of the round goby was historically formed.

The pairwise comparison of round goby from
the water area of Bakalskaya spit, Samarchik
Bay and Yarylgach Bay showed reliable differ-
ences between the first and second regions and
between the first and third regions by 10 plastic
characters. At the same time, the gobies from
distant regions of Karkinit Gulf, Yarylgach Bay
and Samarchik Bay differ reliably only by five

plastic and four meristic characters. The nature
of the latter differences requires further research.

The degrees of similarity between regions
were estimated using a cluster analysis based
on the Kullback-Leibler divergence index (D).

Asshownin Figure 3, the round gobies from
the Samarchik Bay and the Yarylgach Bay are
united by both plastic and meristic characters at
the lowest level of divergence and are clustered
with gobies from the Bakalskaya Spit. In turn,
the gobies from the Donuzlav Lyman form a
cluster separate from three water regions of the
Karkinitsky Bay.

The discriminant canonical analysis was
carried out to compare round gobies from 4 above
mentioned regions. The distribution of individu-
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Fig. 3. The results of a cluster analysis based on a complex of all studied characters of the samples
of the round goby from 4 regions of the Black Sea: Dnz — Donuzlav Lyman, Sam — Samarchik Bay,
Yarlg — Yarylgach Bay, Aur — Bakalskaya Spit
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Fig. 4. Scatterplot of canonical scores for body dimensions of round goby from 4 regions
of the Black Sea (results of discriminant analysis): Dnz — Donuzlav Lyman,
Sam — Samarchik Bay, Yarlg — Yarylgach Bay, Aur — Bakalskaya Spit

als within the two canonical axes according to
the plastic characters is shown on Figure 4. As
illustrated (Fig. 4) the studied individuals are
distributed among three groups along the Root 2:
gobies from the Samarchik Bay; gobies from
the Donuzlav Lyman; and the third group com-

bine into one the gobies from the Bakalskaya
spit and the Yarylgach Bay. In turn along the
Root 1 the individuals from the Donuzlav Ly-
man, the Bakalskaya spit and the Yarylgach
bay are united, while the goby individuals from
the Samarchik Bay form a separate group. The
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largest value of the square Mahalanobis distance
of (58.6) was obtained for Samarchik Bay and
Donuzav Lyman, and the smallest (27.7) for the
Bakalskaya Spit and the Yarygach Bay.

A region-based discrimination is provided
by both canonical axes for almost all mea-
surements. However, the best discrimination
along the first canonical variable (correlation
coefficients more than 0.50) is provided by the
parameters such as TL, SL, aP, aV, ad, iP, iV,
HL, ic, Im, lmd, or, ir and hco. Discrimination
along the second canonical variable is ensured
by characters as TL, SL, I, ill ih, aD pD, aP,
aV, aA, VA, ID1, hD1, D2, hD2, hA, P, iP, LV,
iV, IC, HL, hez, ic, ao, o, op, io, lm, Imd, or, hop,
ir and hco.

In this case, the noted differences between
the round goby from the studied areas are associ-
ated with body sizes (T, SL) and with characters
correlate with size. As a result, the gobies from
Samarchik Bay are discriminated along both
canonical axes.

It is known that variation of morphologi-
cal characters in fish can be connected to the
peculiarities of nutrition, movement and repro-
duction [21]. The observed differences between
round goby samples from the 4 areas of the Black
Sea may also be connected with the specific habi-
tat conditions. So, the increasing of the anterior
partof the body (H, iH, H, aD, H), as well as the
caudal peduncle width (i2) and depth (&) of the
round goby from the the Bakalskaya spit might
be linked to the overall larger fish size from this
area. It is also possible that the gobies from the
walter area of the Bakalskaya spit have increased
load on the anterior part of the body and the
caudal fin due to the greater water flow rate in
the area. In addition, gobies from the Bakalskaya
spit had larger head length (/L) and characters
expressed inpercentage of /L (head width (ic),
preorbital distance (ao), postorbital distance
(op), and interorbital distance (io) in comparison
with gobies from other water areas.

The caudal peduncle was longerin the round
goby from the Donuzlav Lyman than in gobies
from three other areas (characters p/ and pD was
increased), which also indicates a greater load
on this part of the body, for example, during
foraging movement.

The values of aP, aV, ad and V-A in the
round gobies from Samarchik Bay are larger
thanin gobies from other localities. According to
[21], the values of mentioned characters can con-
siderably vary during the formation of gonads.

The increased values of the depth of the first
and second dorsal fins (hD1 and RD2), as well

as the length of the pelvic fin (/V) and pectoral
fin (LP) were recorded in the round gobies from
the Donuzlav Lyman in comparison with other
localities. However, the increase of these mea-
surements may be associated with the spawning
changes in goby males, because the material was
collected in the summer [1].

Measurements that centre around the size of
the mouth (the upper (Im) and lower (Imd) jaws
length, mouth width (ir) and distance between
eye and corner of mouth (or)) were larger in the
gobies from Samarchik Bay, and were the small-
estin the gobies from the Donuzlav Lyman. This
is possibly connected with the overall larger size
and greater food availability for round gobies in
the Samarchik Bay.

Conclusions

Thus, at least three distinct intrapopulation
groups of the round goby were identified at the
western coast of the Crimean Peninsula: first
includes the gobies from the Donuzlav Lyman;
second incudes the gobies from Samarchik Bay,
whereas third incudes fishes from the Bakal-
skaya Spit and the Yarylgach Bay. Almost all
studied measurements (with exception of ik
along the first canonical axis) had significant
role in discrimination among the groups, as it
was shown by the result of our investigation.

It is our point that two major reasons may
be responsible for the observed differences. The
round gobies from different habitats may have
differences in average body sizes under various
trophic conditions in diverse water areas, as well
as under different stoking densities of individu-
als. In such an event, the observed differences in
size of the gobies from different habitats repre-
sent the modification variability.

However, it seems (o be more likely that such
differences may be associated with the history
of the fish population forming in the studied
areas. So, the Black Sea group of round gobies
was historically formed in the Donuzlav Llyman,
while in the Karkinitsky Bay, the formation of
the round goby populations was influenced by
the invasion of the species representatives of
the Dnieper faunistic complex during the func-
tioning of the North Crimean Canal. Thus, the
observed differences may be related to the fact
that at least two populations of round goby exist
in these regions.

This study was carried out as part of the state
assignment of the A.O. Kovalevsky Institute of Biol-
ogy of the Southern Seas of RAS on the topics “Fun-
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damental studies of the population biology of marine
animals, their morphological and genetic diversity”
No. 121040500247-0. Author is also grateful to
Dr. I. Dovgal, Professor at the A.O. Kovalevsky In-
stitute of Biology of the Southern Seas of RAS, for
translaling the manuscripl inlo English.
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