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Abstract—Analysis of the structure of the morphological diversity of the Altai osmans of the genus Oreoleu-
ciscus in the Urt River (water system of the Tes River) indicates that this is a polymorphic population, con-
sisting of three forms, clearly differentiated by a set of characters. The ratio of differences between these forms
and forms previously identified in the Zavkhan (water system of the Great Lakes Hollow) and Tuin (water
system of the Lake Valley) rivers suggests that the characters considered in the study are adaptively plastic,
and the revealed structure of the morphological diversity of the genus is mostly determined by local patterns
of environmental conditions.
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INTRODUCTION

Investigations of populations and intraspecific
forms of different groups of organisms are important
not only in respect to the microevolution processes,
but also towards an adaptation to local environmental
conditions. Altai osmans (genus Oreoleuciscus) is a
peculiar group of cyprinids (Cyprinidae) that inhabits
drainless lakes and lake-river systems of Altai and
northwestern Mongolia. This group has been relatively
little studied. The native ichthyofauna of such water
bodies, located at altitudes from 700 to 2200 m above
sea level, is characterized by a relatively low species
diversity, thus in some reservoirs osmans are the only
representatives of fish (Dgebuadze, 1982; Baasanzhav
et al., 1983; Dgebuadze et al., 2012).

The genus Oreoleuciscus was described more than a
hundred years ago (Warpachowski, 1889); however,
the Altai osmans are so much phenotypically diverse
that researchers still do not have a common view on
the number of species, subspecies, and forms with an
uncertain taxonomic status that make up this genus.
This is reflected in a number of review publications
(Vasil’eva, 1985; Golubtsov et al., 1999; Bogutskaya,
2001; Kottelat, 2006; Dgebuadze et al., 2012; Kartavt-
sev et al., 2016). The authors of this study adhere to the
classification of the genus Oreoleuciscus presented by
Dgebuadze et al. (2012).

According to genetic studies, Oreoleuciscus popula-
tions are clearly divided into groups corresponding to
three geographic regions (Slynko and Dgebuadze,
2009; Slynko and Borovikova, 2012). One group of
populations, corresponding to the previously
described species O. potanini (Kessler, 1879), inhabits
the water systems of the Great Lakes Hollow, which
belongs to the Central Asian Closed Basin. The sec-
ond group corresponds to another previously
described species, O. humilis Warpachowski, 1889,
and inhabits the water bodies of the Lake Valley of the
same basin. The level of genetic differences between
these two groups of populations predictably corre-
sponds to the species level. Populations of the third
group identified by the above authors inhabit the Arc-
tic Ocean Basin, in particular, the water systems of the
Selenga, Orkhon, and Tes rivers and Lake Uvs. The
level of genetic differences of the Arctic Basin popula-
tions from the Central Asian ones also corresponds to
the interspecies, and in the article by Slynko and Bor-
ovikova (2012), the Arctic Basin osmans are consid-
ered as an independent species O. manchini. Unfortu-
nately, due to the lack of the species description in
accordance with the International Code of Zoological
Nomenclature (2004), this name is nomen nudum,
therefore, in this work the population of the Urt River
(one of the objects of this study, belonging to the Arc-
tic Ocean Basin) is designated as Oreoleuciscus sp.
417
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Fig. 1. Schematic map of the study area. 1, Zavkhan River; 2, Urt River; 3, Tuin River. 
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In lakes, Altai osmans often form ecological forms
that differ in their feeding and morphology (Dge-
buadze, 1982; Baasanzhav et al., 1983; Borisovets
et al., 1984, 1985; Mironovsky et al., 2018, 2019). Riv-
erine populations of Altai osmans were considered
monomorphic. Only recently, morphologically differ-
entiable forms have been identified in O. potanini from
the Zavkhan River (Great Lakes Hollow) (Dgebuadze
et al., 2017) and in O. humilis from the Tuin River
(Lake Valley) (Mironovsky et al., 2019). A similar sit-
uation should be noted in African barbs of the genus
Labeobarbus. For a long time, it was believed that sym-
patric speciation in this fish group occurs only under
lacustrine conditions, however recently, sympatric
forms of the African barbs have been found in faunis-
tically depauperated (similar to the Mongolian) fish
communities in some rivers of the Ethiopian High-
lands (Levin et al., 2020; Golubtsov et al., 2021). In
the same region in the Blue Nile water system, sym-
patric forms of the representatives of the genus Garra
have been found (Levin et al., 2021).

The present work, which continues the series
devoted to the study of osman variability in different
localities, represents a comparative analysis of the
structures of phenetic diversity of the above-men-
tioned population of Oreoleuciscus sp. in the Urt
(= Urtyn) River, which f lows into the lake Sangiyn-
Dalai of the Tes River water system, and populations
of O. potanini in the Zavkhan River and O. humilis in
the Tuin River.
JO
MATERIALS AND METHODS

The study was carried out on the material collected
on June 2, 2006 in the lower reaches of the Urt River,
49°17′ N, 99°00′ E (Fig. 1). Fish were caught with gill-
nets, mesh size of 12–60 mm; 30 specimens standard
length (SL) of 95–144 mm were caught; most of the
individuals were caught in nets with a mesh size of 12–
18 mm. As in the samples from the Zavkhan and Tuin
rivers (Dgebuadze et al., 2017; Mironovsky et al.,
2019), we found no morphologically distinct groups of
individuals during a visual assessment of the habitus of
the caught fish, i.e. the sample seemed to be homoge-
neous.

For the laboratory processing, fish heads along
with the cleithrum (a pectoral girdle bone) were fixed
with sodium chloride. After preparation of dry osteo-
logical preparations, 13 characters that were previ-
ously used in the study of the variability of Altai
osmans and other groups of cyprinids (Vasil’eva and
Ustarbekov, 1991; Mina et al., 1996; Dgebuadze et al.,
2008; Mironovsky et al., 2018) have been measured
(Fig. 2).

The measurement data were processed using the
algorithms of the applied biostatistics package NTSYS
2.02k (cluster analysis and principal component anal-
ysis (PCA)) and the StatSoft Statistica 6 package (dis-
criminant analysis). In the calculations, we used indi-
ces, i.e., the ratio of the absolute values of the mea-
surement to the basal length of the skull (BL). Thus, all
URNAL OF ICHTHYOLOGY  Vol. 63  No. 3  2023
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Fig. 2. Scheme of osteological measurements: BL, skull basal length; B1, B2, and B3, distances between the outer edges of fron-
talia, pterotica, and sphenotica, respectively; B4, neurocranium width at the junction of frontale and pteroticum; HS1 and HS2,
neurocranium height at the level of the parasphenoideum curve and the posterior edge of the parasphenoideum, respectively, Hm,
hyomandibulare height; dff, distance between the external points of the branches of the pharyngeal tooth; Pop, diagonal length of
praeoperculum; Op, operculum height; De, dentale length; Cltr, diagonal length of the pectoral girdle bone, cleithrum.
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the characters mentioned in this work, are the indices
but not the measurements itself. The degree of separa-
tion of objects in the multidimensional character
space was assessed by calculating the taxonomic dis-
tance (Rohlf, 1998). Cluster analysis of similarity
matrices was carried out by unweighted pair-group
method; its results are presented by a dendrogram. In
PCA, eigenvectors were calculated from the correla-
tion matrix. The length of the vector was set to one.
The minimum spanning tree (MST) was superim-
posed on the distribution of the objects in the space of
the three first principal components (PC).

In addition to the traditional PCA algorithm, a
method based on the construction of multidimen-
sional ontogenetic channels was applied. This
approach, which has proven itself well in the study of
the phenetic diversity of a number of cyprinids,
enables to assess the ratio of intergroup differences
with differences in the size of individuals that make up
the compared groups (Mina et al., 1996; Mina, 2001;
Dgebuadze et al., 2017; Mironovsky et al., 2019).
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In addition to Oreoleuciscus sp. from the Urt River,
we used samples that served as the basis for our previ-
ous studies of the phenetic diversity of the river popu-
lations of the Altai osmans: 37 specimens of
O. potanini (SL 133–188 mm) from the Zavkhan River
(Dgebuadze et al., 2017) and 38 specimens of O. humi-
lis (SL 78–136) from the Tuin River (Mironovsky
et al., 2019).

RESULTS AND DISCUSSION

Figure 3 presents the results of a discriminant anal-
ysis of the set of considered osteological parameters
for the osman samples from the three studied rivers. In
the space of the first and second discriminant func-
tions, the three distributions are clearly separated.
This being said, the separation level of representatives
of Oreoleuciscus sp. from O. potanini and O. humilis is
similar to that between the latter two. It is important to
note that in this scatterplot, the samples of different
species differ with a pronounced hiatus, while the size
range (SL) of the individuals of the analyzed samples
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Fig. 3. Distribution of the osman Oreoleuciscus potanini
individuals from the Zavkhan River (n), O. humilis from
the Tuin River (h), and Oreoleuciscus sp. from the Urt
River (e) in the coordinates of the first (df 1) and second
(df 2) discriminant functions.
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overlap in any combination. So, the differences in the
analyzed parameters cannot result only from changes
in the skull proportions during the fish grow. Thus,
according to the set of characters considered, the indi-
viduals of the three analyzed populations differ at the
“each from each” level, which testify in favor of the
based on genetic data idea of the Urt River population
as of a previously undescribed species of the genus
Oreoleuciscus (Slynko and Borovikova, 2012).

The discriminant analysis algorithm used above is
designed to test the hypothesis about the differences
between obviously different groups of individuals, in
our case, allopatric species. However, the presence of
different groups of individuals in the Urt River was not
previously shown, although the grounds for assuming
their existence seem obvious by analogy with the mor-
phological forms of the osmans of the Zavkhan and
Tuin rivers. This assumption can be verified using
cluster analysis algorithms and PCA (Aivazyan et al.,
1989).

It is well seen on the Figure 4, that in according to
considered characters, the dots corresponding to the
individuals of the sample from the Urt River assemble
distinctly separated groups (indicated by the numbers
1, 2, and 3). The dendrogram clusters (Fig. 4a) com-
pletely coincides with the composition of the three
polygons on the plane of the first two PCs in Fig. 4b. The
corresponding ontogenetic channels in the Fig. 4c are
separated, and the ratio of differences in the skull
length (abscissa axis) and in the PC1 of the set of ana-
JO
lyzed characters (ordinate axis) does not provide
opportunities to consider the differences in the groups
nos. 1, 2, and 3 as differences in size groups of a mono-
morphic population, reflecting changes in proportions
as individuals grow. It is more likely that, like in the
cases of the populations of the Zavkhan and Tuin riv-
ers (Dgebuadze et al., 2017; Mironovsky et al., 2019),
the population of the Urt River is polymorphic and
consists of three sympatric forms.

It follows from the Table 1 data that in the PCA of
the variability of individuals in the Urt River, the
eigenvalues (λ) of just PC1 and PC2 are >1, that is,
according to the Kaiser’s rule (Kaiser, 1960), they are
the only ones that comprise the constructive variabil-
ity, the “signal”. The PC3, PC4, PC5, PC6, etc.,
involve mainly the “noise”, that is, stochastic, random
variability. So, this suggests that the distribution of
individuals in the PC1 and PC2 coordinates in the
Figure 4b reflects the phenetic relationships of the
individuals of the analyzed array with sufficient com-
pleteness and accuracy. The variance explained in
PC1 is nearly four times greater than the variance in
PC2, and only PC1 reflects the differences between
the forms, while in PC2 the distributions of any pair of
forms overlap almost completely. Thus, the differ-
ences between individuals of different forms deter-
mine the first (main) vector of dispersion (variability)
in the given locality.

Figure 5 illustrates the relations of the three forms
of the Urt River population, two forms of the Zavkhan
River population, and two forms of the Tuin River
population according to the average statistical evalua-
tions of the characters of each form. The sum of the
variance explained by PC1, PC2, and PC3 is more
than 98% (Table 1). The eigenvalues of only PC1,
PC2, and PC3 are >1, which suggests that the three-
dimensional ordination in Fig. 5 quite fully character-
izes inter- and intra-group variability. As in the Figure
4b, the forms within each population differ from each
other mainly in PC1 (more than 60% of the total vari-
ance; Table). The forms of the Zavkhan river differ
from the forms of the Tuin river primarily in PC2,
while the contributions of PC2 and PC3 in the separa-
tion of the forms of the Urt River from the forms of the
Zavkhan and Tuin rivers are approximately equal.
More than that, the values of the explained variance in
PC2 and PC3 (19.9 and 18.2%, respectively) are
almost equal to each other and noticeably lower than
the variance in PC1 (approximately three times each).
Thus, in the diversification of morphological forms of
three different species in three different water basins,
the main vector of variability (PC1) determines the
differences between the forms within each species, and
not the differences between the species. At the same
time, the morphological distances between the most
distant (in the space of characters) forms of the same
water basin are in some cases greater than the morpho-
logical distances between the closest forms of different
water basins.
URNAL OF ICHTHYOLOGY  Vol. 63  No. 3  2023
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Fig. 4. Results of multivariate analysis of morphological variability of the Altai osman Oreoleuciscus sp. populations in the Urt
River: (a) dendrogram of the similarity of individuals: D, multidimensional taxonomic distance (according to: Rohlf, 1998);
(b) distribution of individuals on the plane of the first two principal components (PC1 and PC2) of the variability of the studied
characters; (c) distribution of individuals on the plane of ontogenetic channels: BL, skull base length; 1–3, intrapopulation mor-
phological forms. 
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The situation may seem unexpected; however, to
explain it we can suggest quite a probable working
hypothesis. If we refer the works on the assessment of
the genetic parameters of the three considered species
of osmans, we’ll see that the ratio of differences
between them in the sequence of the Cyt b gene of
mitochondrial (mt) DNA and in the analysis of isoen-
zymes do not coincide (Slynko and Dgebuadze, 2009;
Slynko and Borovikova, 2012). According to the
mtDNA Cyt b gene, O. potanini and the putative Ore-
oleuciscus sp. are closer to each other, while according
to the isoenzymes analysis, O. potanini is closer to
O. humilis. The authors believe that such a difference
in the results of isoenzyme analysis and analysis of
polymorphism of the nucleotide sequences of the Cyt b
gene results from the “selective significance” of isoen-
zymes, the intersample differences of which are largely
determined by the patterns of the living (environmen-
tal) conditions of the regions under consideration
(Slynko and Borovikova, 2012, p. 732). This assump-
tion is not unfounded, although in this context, in our
opinion, it is more appropriate to point adaptive plas-
ticity rather than selective significance. The minimum
JOURNAL OF ICHTHYOLOGY  Vol. 63  No. 3  2023
spanning tree in Figure 5 shows that O. humilis and
O. potanini are nearest neighbors in the space of mor-
phological parameters, similar to their proximity in
isoenzymes in the cited work.

All the foregoing suggests that the variability of the
considered morphological characters, like the vari-
ability of isoenzymes, largely results from the local
adaptations. Based on this assumption, a high level of
differences between some forms of the same species
compared with not so big differences between some
forms belonging to different species (Fig. 5), can be
explained by the more pronounced differences in the
habitats in the same river (the presence of high con-
trasting habitats) than the differences in the most sim-
ilar biotopes of different rivers. This determines the
need for further research, which should be aimed at
studying the ecological living conditions of the identi-
fied forms in the rivers under consideration, as well as
increasing the number of considered characters with
the shown high adaptive plasticity in changing habitat
conditions (Baranov and Vasil’ev, 2022).
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Table 1. Eigenvectors and eigenvalues of the first principal components (PC) of the variability of Oreoleuciscus individuals
in the studied rivers

B1–B3, distance between outer edges of frontalia, pterotica, and sphenotica, respectively; B4, width of neurocranium at the junction of
frontale and pteroticum; HS1 and HS2, neurocranium height at the level of the parasphenoideum curve and the posterior edge of the
parasphenoideum, respectively; Hm, hyomandibulare height; dff, the distance between the external points of the branches of the pharyn-
geal tooth; Cltr, diagonal length of the pectoral girdle bone cleithrum; Pop, diagonal length of praeoperculum; Op, operculum height; De,
dentale length.

Characters and other 
indicators

Individuals from the Urt River (Fig. 4b) Forms from the Urt, Zavkhan, and Tuin rivers (Fig. 5)

PC1 PC2 PC3 PC1 PC2 PC3 PC4

B3 0.353 0.040 0.255 0.278 0.412 0.113 0.155

B2 0.369 0.001 0.103 0.342 0.249 −0.062 −0.043

B1 0.194 0.501 −0.136 0.315 0.258 −0.176 0.592

B4 0.327 0.231 0.071 0.265 0.412 0.165 −0.334

HS1 0.304 0.216 0.022 0.098 0.175 0.616 −0.188

HS2 0.283 0.360 0.152 0.304 −0.340 0.154 0.120

Hm 0.316 0.071 −0.372 0.363 −0.015 0.154 −0.109

dff 0.247 −0.418 0.216 0.287 −0.266 −0.322 −0.258

Cltr 0.296 −0.206 −0.274 0.338 −0.058 −0.269 −0.262

Pop 0.267 −0.445 0.269 0.285 −0.385 0.132 −0.285

Op 0.273 −0.196 0.081 0.341 −0.177 −0.181 0.311

De 0.167 −0.242 −0.734 0.089 −0.364 0.521 0.371

Eigenvalues 5.956 1.626 0.939 7.212 2.390 2.186 0.133

Explained variance (EV), % 49.63 13.54 7.82 60.10 19.92 18.21 1.10

Accumulated EV, % 49.63 63.18 71.01 60.10 80.02 98.23 99.34

Fig. 5. Distribution of forms of the osman Oreoleuciscus sp. of the Urt River (s, d, ), O. potanini of the Zavkhan River ( ),
and O. humilis of the Tuin River ( ) in the space of the first three principal components (PC) with the imposition of the mini-
mum spanning tree. The numbers indicate the values of the multidimensional taxonomic distance (according to: Rohlf, 1998). 
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CONCLUSIONS
1. Analysis of the variability of the complex of mor-

phological characters shows that the population of the
Altai osmans in the Urt River (the Tes River system) is
not monomorphic and, similar to the osman popula-
tions of the Zavkhan (Great Lakes Hollow) and Tuin
(Lake Valley) rivers, it is subdivided into morphologi-
cally differentiated forms.

2. The ratio of differences between the morphological
forms of the osmans from the Zavkhan, Tuin and Urt riv-
ers suggests that the considered characters are adaptively
plastic, and the revealed structure of the diversity of the
studied populations of O. potanini, O. humilis, and puta-
tive Oreoleuciscus sp. is largely determined by the local
characteristics of habitat conditions.
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