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Recewedlzgg;‘zﬁm Using the modern hydroacoustic methods and the computerized software and hardware complex “AsCor”, the features of the

Accepted 09.08.2020 distribution of fish of the Acipenseridae family in the lower reaches of the large transboundary river the Irtysh (Western Siberia) have
been investigated: in the water area of the riverbed depression (turbulent flow) and control sections (laminar flow). The identification

Tobolsk Complex of sturgeon was carried out by the echometric method according to the shape of the swim bladder. It is shown that in the water area of

Scientific Station UrBRAS,  the riverbed depression, increased density of fish is formed, the share of sturgeons being 4.9-5.8%. Among other fish species, the

?‘cﬁki 2;%’;’;25% 5. group of cyprinids always dominates. The significant excess of the average fish density in the riverbed depression, in contrast to the

TZI. 798092 3'_9;?_%_' control, was 6-30 times. In the water area of the riverbed depression, the average fish density was 4,524, in the control sections 245—

E-mail: 2,091 individuals/ha. The size structure of the group of sturgeon in the control sections was represented by individuals with body sizes

ChemaginAA@yandexru  less than 25-30 cm, and in the riverbed depression — by individuals of different sizes and ages with a body length to 35 cm. The water
area of the riverbed depression is located in the meandering section of the river and is characterized by intense vertical vortex struc-
tures (whirlpools) and the presence of malfunctioning currents. Features of the hydrological characteristics of the riverbed depression
are factors in the formation of aggregations of fish, since fish can use the energy of discrete vortices, low-velocity areas, and as a
result, show preference for certain turbulence regimes.

Keywords: riverbed depression; aggregation of fish; Ob-Irtysh basin; Acipenseridae; turbulence.

Introduction N.L., 68.758391° E.L. — control river section Ne3, 58.861899° N.L.,
68.718168° E.L. — control river section Ne4 (Fig. 2).

A quantitative assessment of the movements of animals, including
aquatic organisms, can reveal the spatial and temporal pattemns of habitat
use as a result of the influence of various factors, which in turn contributes
to a greater understanding of their foraging strategies (Altenritter et al.,
2013; Marenkov, 2018), the finding of optimal conditions for somatic
growth (Nakayama et al., 2018) and shelter from predators (Muska et al.,
2013), etc.

The study of the influence of environmental characteristics and their
dynamics makes it possible to determine the sections of aggregations for
aquatic organisms, facilitating their registration and monitoring, including
rare and endangered fish species (Bogdanov & Melnichenko, 2011,
Thayer et al., 2017; Andrews et al., 2020;). The formation of aggregations
of fish can be influenced by the features of the bottom morphology, hy-
drological characteristics (Pavlov et al., 2010; Bogdanov & Mel'nichenko,
2011; Westrelin et al., 2017; Thayer et al., 2017), availability of prey (Ho-
lubova etal. 2019).

In this regard, the purpose of the work is to determine the features of
the distribution of sturgeon fish in the lower reaches of the Irtysh River,
including the riverbed depression and control rectilinear sections.

Methods Fig. 1. Schematic map of the study area:
a—Russian Federation; b — Tyumen region; ¢ — Locality of the riverbed
The studied sections of the river are located in the lower reaches of the pression; d - Satellite image of the locality of the riv pression

Irtysh River near the village of Uki, Uvat District, Tyumen Region (West- For hydroacoustic surveys, we moved along the water area of the stu-
em Siberia, Russian Federation) (Fig. 1). died sections the rivers along the tack grid according to generally accepted
The water area of the riverbed depression and control river sections  techniques (Yudanov et al., 1984). Research was carried out by sonar me-

are located in coordinates: 58.857600° N.L., 68.742267° E.L. —riverbed  thod using a computerized acoustic complex “Ascor” (LLC ‘“Promgi-
depression, 58.853681° N.L., 68.716809° E.L. — control river section Nel, droakustika”, Petrozavodsk) during the period: May 1, 2020, May 10,
58.856008° N.L., 68.758043° E.L. — control river section Ne2, 58.863373° 2020, May 27, 2020. The operation of the complex is based on the use of
a serial two-beam echo sounder Furuno LS 4100 (Furuno Inc, Japan) with
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operating frequencies of 50 and 200 kHz. The complex also includes an
analog-to-digital converter (ADC) unit, with the help of which the data of
the receiver-transmitter (antenna) of the echo sounder are recorded in the
form of a file on a protected field tablet.

Fig. 2. Schematic map of the location of the formed channel pit and con-
trol sections: 1-4 — control river sections, 5 — riverbed depression

The hydroacoustic survey data were processed using the “AsCor”
software, in which the body length of the registered fish was also deter-
mined. Taxonomic identification of ichthyofauna according to the results
of echometric sounding in the studied river areas was carried out based on
the shape of the swim bladder (Borisenko et al., 2006) in the laboratory
using the “Taxonomy” program; the group of sturgeon and burbot can be
distinguished by the tube-shaped bladder. It should be noted that the bur-
bot (Lota lota Linnaeus) was not active during the study period, its regis-

tration was difficult, therefore, among this group of fish, mainly represen-
tatives of sturgeon were noted. Hydroacoustic survey was used to deter-
mine the density of fish, their taxonomic composition, as well as to deter-
mine the depth and morphology of the bottom. To create a relief and
bathymetric map of the bottom in the water area of the riverbed depres-
sion, we used geoinformation programs: Google Earth Pro 7.3.3 (“Google
Inc.”, USA) to export a satellite image for the base map — MapWiever 6.0
and Surfer 6.0 (“Golden Software”, USA) for digitizing the base of the
terrain map and creating bathymetric and relief maps of the bottom by
interpolation method “Inverse distance to a Power” (Zimmerman et al.,
1999) in format World Geodetic System 1984. Statistical data processing
was carried out in the program Statistica 10.0 (““Statsoft”, USA).

To control the species composition of the ichthyofauna, control fish-
ing was performed with fixed and flowing gill nets.

Results

In 2019, in the studied area of the Lower Irtysh, as a result of the ero-
sional action of the flow in conjugate meanders, we noted one of the stag-
es of the loop-shaped (w - shaped) evolution of the channel: erosion of the
isthmus and confluence of channel sections with intense erosion of the
river bed, as a result of which a deep section of the channel is formed
(Fig. 2, 3). As a result of hydroacoustic surveys and the creation of bathy-
metric maps of the formed riverbed depression, it was found that during
the study period the maximum depth marks were more than 27 m, the
deepest part was noted in the left-bank erosion zone in the meander (bend)
section with mutually penetrating flows (Fig. 3). As a result, of the interac-
tion of counter flows, vertical vortex structures (eddies) are formed and
further erosion of the channel was observed downstream of the eroded
isthmus zone between sections of the channel. Thus, a complex heteroge-
neous turbulent environment was formed in the zone of the wintering
riverbed depression. (Fig. 3).
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Fig. 3. Bathymetric (left) and relief map (right) of the bottom surface of the deep part of the wintering riverbed depression

Table 1

Ratio of the registered size groups of Acipenseridae in the water area of the riverbed depression and control sections of the Irtysh River (May 2020)

Studied sections

Share of fish size groups,%

ofthe river Observation date <5 510 1015 1520 2025 2530 30-35 >35 Total
May 1 65 45 265 77 52 25 32 39 100

Riverbed depression May 10 58 506 307 7.1 43 03 09 03 100
May27 29 522 324 68 2.1 07 L1 18 100

Control fiver section May | 167 50.1 83 83 83 0 0 83 100
e May 10 0 0 1000 0 0 0 0 0 100

May 27 82 694 183 41 0 0 0 0 100

- May | 0 1000 0 0 0 0 0 0 100
C"““"I;;VC; section May 10 86 56.5 217 44 0 44 0 44 100
o May27 20 674 266 20 2 0 0 0 100

Control siver section May 1 150 575 200 25 50 0 0 0 100
A May 10 0 1000 0 0 0 0 0 0 100

May 27 0 0 0 0 1000 0 0 0 100

- May 1 0 26 572 0 0 0 142 0 100
C"““"lﬁ;ge; section May 10 53 711 211 25 0 0 0 0 100
: May 27 0 368 316 158 105 0 53 0 100
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According to the data of the control fishing, it was established that the
ichthyofauna was represented by typical species for the Lower Irtysh: with
the dominance of cyprinids: roach (Rutilus rutilus Linnaeus), ide (Leucis-
cus idus (Linnaeus)), dace (Leuciscus leuciscus Linnaeus), bream (4bra-
mis brama Linnaeus), crucian carp (Carassius carassius Linnaeus), gold-
fish (Carrassius auratus Linnaeus). Percidae were represented by 3 speci-

es: perch (Perca fluviatilis Linnaeus), ruft (Gimnocephalus cernuus Lin-
naeus), zander (Sander lucioperca Linnacus). Among the valuable fish,
representatives of sturgeon were noted: sterlet (Acipenser ruthenus Lin-
naeus), Siberian sturgeon (Acipenser baerii Brandt) and representatives of
coregonids: inconnu (Stenodus leucichthys nelma Pallas). One species of
Esocidae was noted: pike (Esox lucius Linnaeus) and burbot.
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Fig. 4. Percentage of group sturgeon recorded by the hydroacoustic method in the water areas of the studied sections of the Irtysh River:
a—May 1; b—May 10; c—May 27; RD — Riverbed depression; C1 — Control river section No. 1;
C2 — Control river section No. 2; C3 — Control river section No. 3; C4 — Control river section No. 4
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Fig. 5. Fish density recorded by the hydroacoustic method in the water areas of the studied sections of the Irtysh River:  —May 1; b—May 10;
c—May 27; RD —Riverbed depression; C1 — Control river section No. 1; C2 — Control river section No. 2;
C3 — Control river section No. 3; C4 — Control river section No. 4

According to the results of echometric sounding of the studied river
sections, it was found that the size and taxonomic composition of the
ichthyofauna, as well as the fish density, differed. When studying the
water area of the riverbed depression on May 1, it was found that the share
of sturgeon was 5.8, the share of other fish species was 94.2% (Fig. 4).
Among other fish species, the dominant group was always represented by
cyprinids. Over 2/3 of sturgeon belonged to size groups 5-10 and 10—
15cm, their share amounted to 44.5% and 26.5%, respectively.
The shares of size groups <5, 1520, 20-25, 25-30, 30-35 and >35 cm
were 6.5,7.7,5.2,2.5, 3.2 and 3.9% respectively (Table). The fish density
was 3,141 individuals/ha (Fig. 5).

The distribution of fish size groups and the share of sturgeon in the
waters of the control sections differed from the water area of the riverbed
depression. The study of the control section No. 1 (C1) showed that the
group of sturgeon was represented by individuals with body sizes <5, 5—
10, 10-15, 1520, 20-25 and > 35 cm, their shares were 16.7%, 50.1%
and 8.3%, respectively, in the last 4 size groups (Table 1). In the investi-
gated area, the fish density index was 391 ind./ha, and the share of sturge-
on from all registered fish was 5.4% (Fig. 4, 5).

In the water area of the control section No. 2 (C2), the share of sturge-
on was 8.3%, while it was completely (100%) represented by the size gro-
up—5-10 cm (Table 1). The fish density was an order of magnitude lower
than in the water area of the riverbed depression — 476 ind./ha (Fig. 4, 5).
The study of the water area of the control section No. 3 (C3) showed that
the presence of the following size groups was noted for sturgeon : <5, 5—
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10, 10-15, 1520 and 20-25 cm, their shares were 15.0, 57.5, 20.0, 2.5
and 5.0% respectively. The total share of sturgeon was 4.6% of the total
number of fish recorded in this area, and the value of fish density was
124 ind./ha (Fig. 4, 5).

Analysis of the structure of the fish population in the water area of the
control section No. 4 (C4) also revealed that sturgeon were represented by
size groups of 5-10, 10-15 and 30-35 cm, their shares amounted to
28.6%, 57.2% and 14.2% (Table). In the water area of the C4 site, the fish
density was the highest of all the control sections — 1,577 ind./ha, and the
share of sturgeon among the total number of fish was 6.2% (Fig. 4, 5).

An analysis of the hydroacoustic survey carried out on May 10 also
revealed a difference in the size structure of the fish population of the
riverbed depression and the control sections. In the water area of the river-
bed depression, the share of sturgeon was 4.9%, the share of other spe-
cies—95.1% (Fig. 4). The size structure was as follows: the proportions of
size groups <5, 5-10, 10-15, 1520, 20-25, 25-30, 30-35 and > 35 cm
were 5.8, 50.6, 30.0, 7.0, 7.1, 4.3, 0.3, 0.9 and 0.3%, respectively (Table).
The fish density was 5,450 ind./ha (Fig. 5). In the water area of the control
section Cl, sturgeon were completely represented by the group with body
size of 10-15 cm (Table), while the value of their share of the total num-
ber of fish was 4.5%, fish density was 689 ind./ha (Fig. 4, 5).

Analysis of the taxonomic and size structure of fish in the water area
of the control section C2 also revealed some differences from the area of
the riverbed depression. In the sturgeon group, individuals with body sizes
of 20-25 and 30-35 cm were absent. The proportions of size groups <5,
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5-10, 10-15, 1520, 25-30 and > 35 cm were 8.6%, 56.5%, 21.7% and
4.4% each in the last three size groups, respectively (Table 1). The fish
density in this area was 158 ind./ha, and the share of sturgeon among the
total number of fish was 5.8% (Fig. 4, 5).

According to the results of hydroacoustic surveys in the water area of
the control section C3, it was established that sturgeon were represented
only by the size group 5-10 cm (100%), and their share of the total fish
population in the study area was comparable to that of the control section
C2—6.0%. The fish density was 706 ind./ha (Fig. 5).

As a result of the analysis of the data of echometric sounding of the
water column in the area of the control section C4, it was found that
among the sturgeon, the largest individuals with body sizes of 20-25, 25—
30, 30-35 and > 35 cm were not recorded. Shares of size groups <5, 5—
10, 10-15 and 15-20 cm were 5.3%, 71.1%, 21.1%, 2.5%, respectively
(Table). In the water area of the control section C4, the fish density was
272 ind/ha, while the share of sturgeon was 3.9% (Fig. 4, 5).

As a result of the analysis of the hydroacoustic survey carried out on
May 27, differences were also noted in the size and taxonomic structure of
the fish population of the riverbed depression and the control sections of
the river. In the water area of the riverbed depression, the share of sturgeon
was 5.6%, the share of other fish species was 94.4%, respectively (Fig. 4, 5).
The shares of the size groups of sturgeon < 5, 5-10, 10-15, 1520, 20-25,
25-30, 30-35 and > 35 cm were 2.9, 52.2, 324, 6.8, 2.1, 0.7, 1.1 and
1.8%, respectively (Table 1). In the water area of the riverbed depression,
the fish density was 4981 ind./ha (Fig. 5).

In the water area of the control section C1, the share of sturgeon was
5.4% of the total fish population (Fig. 4). For this group of fish, large indi-
viduals with body sizes of 20-25, 25-30, 30-35 and > 35 cm were not
recorded. The shares of size groups < 5, 5-10, 1015 and 15-20 cm were
8.2%, 69.4%, 18.3% and 4.1%, respectively (Table). In the water area of
this section (C1), the fish density was 926 ind./ha (Fig. 5).

Analysis of hydroacoustic survey data in the control section C2
showed that sturgeon were represented by size groups < 5, 5-10, 10-15,
15-20 and 20-25 cm, their shares were 2.0, 67.4, 26.6, 2.0 and 2.0%
respectively. Individuals with body sizes of 25-30, 30-35, and > 35 cm
were absent (Table 1). The fish density was the lowest of all control sec-
tions for the entire observation period — 102 ind./ha, while the share of
sturgeon from the total number of registered fish was 5.4% (Fig. 4, 5).

In the water area of the control section C3, the share of the sturgeon
group was 5.9% (Fig. 4). Sturgeon were represented only by one size
group 20-25 cm (Table). The fish density was 166 ind./ha (Fig. 5). Accor-
ding to the results of the analysis of echometric sounding of the water
column in the area of the control section C4, it was found that the share of
the sturgeon was 9.3% (Fig. 4). This group of fish was represented by
individuals with body sizes of 5-10, 10-15, 15-20, 20-25 and 30-35 cm,
their shares were 36.8, 31.6, 15.8, 10.5 and 5.3%, respectively, of the total
number of these fish in the water area of the control section C4 (Table).
The fish density value was most comparable with this indicator in the
water area of the riverbed depression, and its value was 4,423 ind.ha (Fig. 5).

The average density of the fish population in the study period in the
water area of the riverbed depression was 4,524 ind./ha, and in the water
areas of the control sections (C1-C4): 669, 245, 332 and 2,091 ind./ha,
respectively (Fig. 6). As a result of the performed one-way analysis of
variance according to the average fish density in the water areas of the
control sections of the river and in the section of the riverbed depression,
the presence of a significant difference effect in terms of density was es-
tablished (F = 4.949, P = 0.018). Further comparative analysis based on
the Tukey criterion in terms of fish density showed a statistically signifi-
cant difference between the section of the riverbed depression and 3 con-
trol sections of the river: C1 (P = 0.012), C2 and C3 (P =0.006 and P =
0.007), when analyzed with the section C4 no statistically significant
difference was noted (P =0.129).

Discussion

Clouds of increased turbidity or so-called “boiling clouds™ are ob-
served in the water area of the investigated riverbed depression because of
the interaction of multidirectional currents and features of the channel
morphology (Chemagin, 2018). This phenomenon is associated with the

influx of a large number of suspended particles from the bottom layers of
the water flow horizon as a result of the action of powerful turbulent pulsa-
tions of the river flow velocity. Studies of this phenomenon have shown
(Baryshnikov, 2007) that it is associated with large-scale eddy turbulent
structures that transport suspended particles from the bottom to the column
to the water surface. Fish can avoid turbulent flows, in which chaotic and
wide fluctuations in velocity are observed, and, on the contrary, can be
attracted to flows with a predictability component (Liao & Cotel, 2012).
In addition (Liao & Cotel, 2012) fish can save energy in turbulence by
using two different, though not mutually exclusive mechanisms: the use of
areas with reduced flow and capture of vortex (use of the energy of dis-
crete vortices). Most likely, the aggregations of fish in the water area of the
riverbed depression despite the complex turbulent environment, is also
due to the predictability of the flow in the form of vertical vortices — circu-
lations, as well as the presence of low-velocity flow zones (malfunctioning
currents, zones located downstream of the vortices). The presence of low-
velocity sections, or sections of “hydrodynamic shadow” in the water area
of riverbed depressions was shown (Mochek et al., 2019) based on the
analysis of hydroacoustic studies of distribution of the fish and morpholo-
gy of the bottom in the lower reaches of the Irtysh River. The use of zones
of low-velocity in the stream to hold the station helps fish individuals to
maintain their position in the stream relative to the Earth’s coordinate
system without active swimming (Gerstner, 1998), adjusting their own
position with reduced movements of the body and fins (Liao & Cotel,
2012). Additionally, it was found that fish show preferences for some
turbulence regimes (Cotel et al., 2006); this, in turn, explains the statistical-
ly reliably higher fish densities in the water area of the turbulent section of
the riverbed depression, in comparison with the control (laminar) sections
with predominantly rectilinearly directed currents.
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Fig. 6. Average fish density in the water areas of the studied areas
of the Irtysh River (May, 2020): RD — Riverbed depression;
C1 —Control river section No. 1; C2 — Control river section No. 2;
C3 — Control river section No. 3; C4 — Control river section No. 4

The formation of concentrations of various fish species, including
sturgeon in the water areas of riverbed depressions, can be beneficial both
from the point of view of shelter from predators in zones of increased
turbidity (Wishingrad et al., 2014), and to save energy resources in the
zones of low-velocity, which are formed in the presence of vertical vortex
structures. It should be noted (Yuan et al., 2016; Duan et al., 2017) that
individuals of the Siberian sturgeon have relatively high swimming per-
formance and a relatively low coefficient of resistance due to the unique
body shape, as well as a high ability to cope with oxygen deficiency, while
individuals of this species, as well as individuals of sterlet, concentrate in
riverbed depressions. Siberian sturgeon has a wide range of reaction rates,
which allows it as a species to occupy vast territories and form life strate-
gies inherent in populations inhabiting an environment characterized by
different conditions (Ruban, 2019).

In conditions of high water transparency, representatives of sturgeon
(Acipenser fulvescens Rafinesque) make significant movements, i.e. es-
cape from predators; in zones of increased turbidity, the risk of death from
a predator decreases, as a result, the escape distance becomes less signifi-
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cant (Wishingrad et al., 2014). Thus, the formation of aggregations of fish
in the water areas of riverbed depressions, i.c. the use of their structural
heterogeneity due to the presence of multidirectional currents and the
resulting increased turbidity (Minello & Benfield, 2018) can be a relative-
ly beneficial strategy of shelter from predators from a bioenergetics point
of view (Wishingrad et al,, 2014). It is in the water area of the riverbed
depression that among sturgeon in almost all periods individuals of all
sizes are noted, including the largest, i.e. aggregations are formed from
different-sized and, accordingly, different-age groups of fish, in contrast to
the control sections. This pattern may arise as a result (Liao & Cotel,
2012) of the use by fish, including sturgeons, of the energy of discrete
vortices, the use of low-velocity zones (Mochek et al., 2019), and also due
to the preference for some turbulence regimes (Cotel et al., 2006).

The presence of flow turbulence in the studied section of the river
forms a heterogeneity of the environment, as a result of which aggrega-
tions of fish are observed in the water area of riverbed depressions during
the period of open water (Pavlov et al., 2006; Borisenko et al., 2013). It is
worth noting (Pavlov et al., 2006; Mochek et al., 2019) that the riverbed
depressions of the Lower Irtysh play a multifunctional role as places of
year-round concentration of fish, including juveniles, which in turn allows
them to be detected and recorded by the hydroacoustic method.

The peculiarity of the environment of the riverbed depression also al-
lows the formation of aggregations of cyprinids, in the presence of preda-
tors (perch, pike perch, nelma and pike), since the turbulence of the flow
and turbidity of the water caused by the peculiarity of the hydraulics of the
channel of the studied section of the river can be used by prey for shelter
from predatory fish (Wishingrad et al., 2014, Ajemian et al., 2015; Sohel
etal., 2017; Minello & Benfield, 2018).

Conclusion

Thus, it has been established that in river sections with complex mul-
tidirectional currents, which characterize the flow as turbulent, i.e. in the
water areas of the riverbed depression, concentrations of fish of increased
density are formed with the share of fishes of the Acipenseridae family
from 4.9% to 5.8%. Moreover, sturgeon in the section of the riverbed
depression are represented by individuals of different sizes and ages, in
contrast to the control sections, in which individuals with a body size of
more than 25-30 cm were rarely observed. The fish density in the river-
bed s statistically significantly higher in comparison with the water areas
of the control areas with a predominantly rectilinear flow characterizing
them as laminar.
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