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ABSTRACT. Study of peculiarities of distribution of aggregations and size-age structure of the Baikal
omul feeding stock in the Selenga shallow water zone of Lake Baikal were studied using the hydroacoustic
method in combination with control trawls. Comparative analysis of the results of 2023 with the data
of 2015-2022 showed significant changes in the general character of distribution of the Baikal omul
aggregations in the water area and depth. Standard length of fish from different shallow water zones
ranged from 10 to 39 cm with a sample median of 17 cm. In terms of weight, individuals of 18-26 cm
in length were dominant. A “length-age” equation allows making an operational assessment of age class
abundance correlation based on the probability of assigning individuals of a certain length to them. It
is shown that 3-5 years old fish form the basis of the biomass of feeding stock in the Selenga fishing
zone. A significant proportion of young fish indicates that there is sufficient recruitment to increase the
biomass of the Baikal omul stock in 5 years perspective.

Keywords: Coregonus migratorius, hydroacoustic method, control trawls, size-age structure,
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1. Introduction

The Baikal omul Coregonus migratorius (Georgi,
1775) habitats mainly to a depth of 350 m. The largest
fish concentrations are formed in the zone of underwater
slope in winter, in the coastal zone in the spring-summer
season, and in the open pelagic zone in the summer-
autumn warming of waters. The Selenga shallow
water adjacent to the Selenga River delta is one of the
main fishing areas of Lake Baikal, where, according to
estimates obtained as a result of hydroacoustic studies
(Melnik et al., 2009), a significant part (up to 50% and
more) of the total stocks of this species is concentrated
due to the extensive areas of the shallow water with
depths favorable for its habitat. Areas with depths up to
300 m in Baikal are traditionally considered as “shallow
water” in contrast to the deep water zone with depths
up to 1600 m. The Selenga and Posolsky populations
form the basis of the commercial stock here, spawning
of these fish occurs in the Selenga River and the rivers
of the Posolsky Sor, respectively.

The Selenga population of the Baikal omul
migrates actively in the waters of southern and middle
basins of the lake, and at certain years, fish entered
wide-scale the Maloye More Strait are observed. Its
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stocks are intensively exploited by both industrial and
recreational fisheries. The Posolsky Sor population of
the Baikal omul is predominantly distributed in deeper
waters. Until recently, individuals, which were in the
period of spawning shoals and spawning migration,
were the base of this population fishery. A significant
share of the Posolsky omul is caught for artificial
reproduction purposes determining its stock dynamics.
Recently, recreational fishermen have mastered the
catch of omul during the feeding period up to 200 m
depth.

Developing and improving approaches to
fisheries management in a changing environment
(Anneville et al., 2015; DeVanna et al., 2016; Zhang
et al., 2018) has received particular attention in many
countries (Marchal et al., 2016; Jayasinghe et al.,
2017). Relevance of reliable assessment of quantitative
parameters of the state of populations of commercial
hydrobionts is caused by increase of anthropogenic
impact on the environment and need to ensure the
restoration of bioresources. Fishery enterprises that
provide employment of population are town-forming
enterprises in many regions of the country. This is
especially important for regions where fishing is the
main source of the population life support. Since October
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2017, a ban on commercial and recreational fishing of
the Baikal omul, the main commercial species of Lake
Baikal, has been introduced (Order ..., 2014). Against
this background, depressed reserves of the Baikal omul
and restrictions on its catch, the amount of research
work devoted to this problem is clearly insufficient.
Under conditions of climatic changes, the migratory
behavior of fish has been significantly transformed,
which is probably caused by the established adaptive
mechanisms. Changes in behavioral pattern have
occurred periodically in the past, for example, changes
in “resting” of the Baikal omul in the Maloye More Strait,
which is the main fishing area of Lake Baikal in Irkutsk
region. The dependence of fish migrations on climatic
conditions is currently beyond doubt (Smirnov et al.,
2012; Smirnov et al., 2013), but requires more detailed
studies. Hydroacoustic surveys of the main fishing
areas including the Selenga shallow water are carried
out on a regular basis (Melnik et al., 2009; Makarov et
al., 2012; Goncharov et al., 2022). The obtained data
enable not only to conduct a comparative analysis of
the peculiarities of distribution of aggregations and
size-age structure of the Baikal omul feeding stock in
this water zone, but also provide an opportunity to
predict changes in biomass.

The aim of this work is to analyze the structure
of the Baikal omul feeding stock in the Selenga shallow
water zone based on 2023 data.

2. Materials and methods

The hydroacoustic survey in the Selenga fishing
area of Lake Baikal was conducted during the spring
warm-up period from May 21- 27, 2023. The R/V
“G.Yu.Vereshchagin” moved according to a standard
tack grid (Fig. 1) with depth ranges from 50 to 400 m.
The total length of tacks was more than 230 km. The
survey was carried out with hydroacoustic complex
“Echo-Baikal” representing software and hardware
combination of modernized echo sounder Furuno
FCV-1100 (Japan) and author’s software. The complex
operated in dual-frequency mode with the following
parameters: probing signal frequency 28 and 200 kHz,
pulse duration 1.0 ms, single-target selection threshold
-52dB. Calibration of the hydroacoustic complex was
carried out according to the standard method (Simrad,
2001) using a copper sphere with a diameter of 60
mm with calculated value of target strength (TS) equal
to -33.61 dB. Control trawls were conducted using a
multi-depth trawl (vertical opening up to 10 m, 17.5
m bottom opening) after 4-5 tacks and detection of fish
aggregations.

Control of trawl operation (opening, trajectory of
movement relative to the bottom and fish aggregations)
was carried out using synchronized depth recording
sensors placed on the upper and lower picks. Sensors
were calibrated before trawling using the cross-
calibration method with a two channel submersible
temperature and depth logger RBRduet® T.D. (Canada).
After lifting the trawl on board, data were read via
BlueTooth wireless interface.
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Fig.1. Standard tack grid (in black) of the acoustic survey.
Sites of productive trawls (in red)

Fig.2. Echogram of the bottom trawling mode (trawl
No4). Trajectory of the lower (in blue) and upper (in red)
wings

)

Four bottom trawls were conducted by bottom
trawling (Fig. 2). The size composition of fish in the
Baikal omul feeding stock was studied based on
the data of successful trawl catches (Nos. 2 and 4),
measurements of fish from trawls Nos. 1 and 3 were
additionally used to estimate biomass (Table). Fish
length measurements were taken accurate within 1 cm.
Sampled fish weights were obtained using the “length-
weight” relationship Wg=10.9(SL, )*?, where Wg is
weight in grams, SL, is standard length in decimeters
(Anoshko et al., 2022). A total of 1258 specimens of the
Baikal omul were included in the analysis.

3. Results and discussion

Distribution. The distribution of the Baikal
omul in the Selenga shallow water area generally
corresponded to the winter-spring distribution, the
main aggregations were concentrated at depths of 100-
300 m. Denser fish aggregations were observed in the
underwater slope zone. During the daytime, sparse
aggregations were recorded at depths of about 200-250
m. In the upper layers from 100 to 150 m, fish formed
small dense (unresolved) aggregations that dispersed at
night (Fig. 3).

Comparative analysis of the hydroacoustic survey
results of the Selenga shallow waters with similar data
from 2015-2022 showed that the general character
of the distribution of the Baikal omul aggregations in
the water area and depth has significantly changed in
2023. The omul accumulations were more active in
comparison with the previous research years. Their
redistribution from south to north was recorded,
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Fig.3. Echograms of the Baikal omul aggregations according to the night survey (from the left) and the
right) on May 25-26, 2023

caused probably by the peculiarities of the coastal zone
warming due to the arrival of the warmer Selenga River
waters in the spring-summer period of 2023.

Size composition. Based on trawl catches in
different shallow water zones, the standard length
of fish from the feeding stock ranged from 10 to 39
cm with the sample median of a size equal to 17
cm. Representative samples (Fig. 4) had a similar
distribution of individuals by size class. Sample from
the northern part of the zone was characterized by a
large number of small (10-13 c¢cm) and largest (more
than 25 cm) individuals. Sample from the middle part
was dominated by fish 14-24 cm in length.

Weight composition. Analysis of weight
characteristics of fish from all trawl fisheries obtained
using “length-weight” relationship (Anoshko et al.,
2022) showed that size classes dominant by weight were
individuals of 18-26 cm in length (Fig. 5). The sample
median was 102 g with fish length corresponding to a
size class of 21 cm.

Age composition. The local modes (abundance
peaks) of 11, 14, 18, and 21 cm that can be identified
in the frequency histograms (Fig. 4), in our opinion,
correspond to the age classes of 1-4 years old. To confirm
this we used the “length-age” regression relationships
(Fig. 6) based on the trawl catch data of 2023 and the
TACs data (Materials ..., 2017). The following relations
are obtained: T = 0.0071SL?*! and T = 0.0079SL*°,
where T - is the age in years, SL - is fish length in
cm. Age in years for the Baikal omul is proportional to
length SL close to 2, i.e. to the square of length.

“Length-age” ratio (T 0.0071SL*') enables
to conduct rapid estimation of age class abundance
ratio based on the probability of assigning individuals
of a certain length to them (Fig. 7). The histogram
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Fig.4. Size composition of catch based on data from trawl
No2 (upper) and trawl Ne4 (bottom).

Table. Trawl parameters and material structure

Trawl no. Trawling coordinates Time of trawling Depth of | Sampling
Beginning, Lat’N/Lon’E| Ending, Lat’'N/Lon’E | Beginning Ending trawling, m V‘;i;:ge’
1 52.16228/105.96628 52.16231/105.96627 12:20 13:50 145 112
2 52.38949/106.20513 52.34594/106.12876 10:10 12:10 150 461
3 52.48270/106.76392 52.46015/106.6544 22:50 00:50 140 119
4 52.48481/106.77041 52.46027/106.6444 02:10 04:20 140 566
Total, spec. 1258
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is constructed only up to 7 years of age due to low
representation of fish with sizes corresponding to older
ages. It should be noted that it is the younger age
groups of fish that are more important for predicting
stock biomass. The dependence demonstrates a trend
of exponential decrease in abundance of fish proportion
with its age. The degree coefficient of 0.33 is analogous
to instantaneous mortality coefficient. However, in
this case it reflects the trend caused by total mortality
(natural and by-catch), the level of recruitment
in different years and migration patterns of older
individuals. The share of the two-year-olds in catches
showed a sharply deviating value from the obtained
trend. It can be assumed that the hatching generation of
2021 gave a relatively low recruitment to population.
However, other reasons cannot be excluded, such as
heterogeneous distribution of fish size classes in the
water area, as well as conditions that facilitated the
migration of fish of this generation to other areas.

The biomass peak of each generation occurs in
fish of 7-8 years age (Sokolov and Peterfeld, 2011) with
25-35 cm in length. However, their weight proportion
in our catches was relatively low, indicating a period of
low recruitment in the respective generations. Weight
of fish with 18-26 cm in length may triple for three
years, but, according to the natural mortality rates,
(Materials ..., 2023) fish abundance will decrease by
half. Consequently, a 1.5-fold increase in reserves of
the Selenga region can be expected in the medium term
from 3 to 5 years.

Against the background of extremely high
estimates of the annual reproduction rate in 2001-2010,
there was a decline in the Baikal omul stocks in 2007-
2019, totally 3.24 milliard larvae in Baikal (Materials
..., 2017). Downstream migration of larvae in the
Selenga River and rivers of the Posolsky Sor averaged
1.729 milliard in 2008-2013, and decreased to 0.640
milliard in 2018-2020 (Materials ..., 2023). At the same
time, the basis of the biomass of the Baikal omul in
the Selenga shallow water in May-June 2023 contained
individuals aged 3-5 years, i.e. the hatching generation
of 2018-2020. This indicates the recruitment sufficient
to increase the biomass of the stock in the future.
Probably, low reproductive rates are not catastrophic
for the Baikal omul stocks, and level of fish mortality in
the first year of life is of greater importance.

4. Conclusion

Comparative analysis of the results of 2023 with
the data of 2015-2022 showed significant changes
in the general character of distribution of the Baikal
omul aggregations in the water area and depths of the
Selenga shallow water. Analysis of mass measurements
using “length-weight” and “length-age” correlation
enables to make an operational assessment of ratio
of age class abundance and to formulate middle-term
forecast. The standard length of fish ranged from 10
to 39 cm, individuals with 18-26 ¢cm were dominant
in terms of weight. Thus, the feeding stock of the
Baikal omul was characterized by a significant share of
juveniles despite the low level of natural reproduction.

(=3
(=1

o

N © 0

O\n gmc\§mkgoﬁ

—:"’10 = S SN XN N e

= S SIS "

G4 < o —

[S) r o A v @ ""v[:ol\ [\

L [ & = AN en & SR e g

& -l — 9o __a— P N
£ | — X b4 < o N
= e b =
= 1} =

20 E

g E

10 12 14 16 18 20 22 24 26 28 30 32 34
Standard length of fish, cm

Fig.5. Weight composition based on data of trawls Nos.

16
4 = T=0.0071*SL>! * yg’
21 = 1=00079*sL>° "‘;‘/

.10 HE: 4

S g L R %

> 8 4 L 2

g of > 4 :/ ¢

< S

- g

4| ‘.{4./(

2 W™
J [

0 T T T T T !
10 15 20 25 30 35 40

Length of fish, cm
Fig.6. “Length-age” correlation of fish of the Selenga
population obtained from: 1 - abundance peaks, our data and
2 - age determination by scale (Materials ..., 2017).

50

45

“ I Percentage, %

== Percentage, % = 40.9*E0-33*T

©
v

(=}

(=]

Percentage, %
DN W
W

w

Age, year
Fig.7. Correlation of age classes of the Baikal omul
according to trawl catches data.

This indicates that there is sufficient recruitment to
increase the biomass of the Baikal omul stock in 1.5
times in a 5-year period.

The size of reproduction is an important condition
for stock recovery, but not a determinant. In the
previous period high level of reproduction did not allow
ensuring stable stock indices against the background of
the traditional Baikal structure. Low reproduction rate
of 0.73 milliard larvae in 2016-2020 provides positive
dynamics of increase in the Baikal omul stocks, but
does not allow quickly restoring them to the level of
ecological capacity of Lake Baikal. Therefore, it is an
urgent issue to study the factors determining the level
of mortality of the Baikal omul in the first year of life,
which further will allow correct regulation of its stocks.
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AKYCTHKO-TPanoBble UCCAEAOBaAHUA
6anKanbCcKoro omynss Ha CeneHrMmHcKom
MeAKoBoAbe o3epa bavkan 2023 r.

Anomko I1.H., /I3106a E.B.*, Kyuep K.M., HeGecunix 1.A., Cmoaun U.H.,
Xanaes U.B., Makapos M.M.

JlumHostoeuveckuti uHcmumym Cubupckozo omdesteHusa Poccutickotl akademuu Hayx, yii. Yian-Bamopckas, 3, Hpkymck, 664033,
Poccua

AHHOTAILIUSA. HccnemoBaHre 0COOEHHOCTEN paclpefesieHus CKOIUIEHHMUA W pa3MepHO-BO3PacTHOM
CTPYKTypbl HaryJpHOTO crafa Oalikajibckoro omyJii B CeJIeHTMHCKOM MeJIKOBOJbe 03. balikai
IIPOBEAIEHO C WCIOJIb30BaHWEM THJpPOaKyCTUYeCKOro MeTOda B COYeTaHWU C KOHTPOJIBHBEIMU
TpasieHusaMU. CpaBHUTEJIbHBIM aHanu3 pesyspTatoB 2023 r. ¢ maHHbeMH 2015-2022 rr. mokasad,
3HauuTeJIbHbBle M3MeHeHUs oOIlero xapakrepa paclpefesieHUs CKOIUIEHHH OalKaJbCKOrO OMYyJiA
II0 aKBaTOpuHU W I1yomHam. CTaHOapTHasA AJIMHA PHIO U3 pasHBIX YacTell MeJIKOBOJbs HaXOOWjlach B
auanasoHe ot 10 go 39 cM, ¢ BeIOOpouYHOI MeauaHoi 17 cm. Ilo Becy JOMUHHUPOBAIU 0COOU AJIMHOM
18-26 cm. [IpeacTaBiieHO ypaBHEHUE «JIMHA-BO3PacCT», II03BOJIAOIIEE IIPOBECTH ONIEPATUBHYIO OLIEHKY
COOTHOUIIEH!s] YKMCJIEHHOCTH BO3PAaCTHHIX KJIACCOB HAa OCHOBAHUK BEPOATHOCTH OTHECEHHA K HHUM
ocobell onpeeeHHON AJIUHEL [TokasaHO, YTO OCHOBY OMOMAacChl HaryJpbHOTo crafga B CeJleHrMHCKOM
IIPOMBICJIOBOM paliOHe COCTaBJIAIOT PBHIOBI B Bo3pacTe 3-5 JieT. 3HauMTesbHas A0JIA MOJIOABIX ocobei
CBUJETEJIbCTBYET O HaJWYMKU MOIOJHEHHUs, AOCTaTOYHOro MJiA yBeJandeHHs Ouomacchl 3amnaca
0aliKaJIbCKOro OMYJIA B IIepCIeKTUBe J0 S JeT.

Kitioueaguie ciiosa: Coregonus migratorius, TUAPOaKyCTUYECKHUI MeTO[l, KOHTPOJIbHbIe TpajleHUs, pa3MepHO-
BO3pPacTHOM COCTaB, COOTHOIIEHNe «JIMHAa-BO3pacT», OlleHKa 3aIacoB, o3epo batikan

1. Beepenue HOMYJIALMEL, HEPEeCT KOTOPHIX IPOUCXOUT B p. CeJieHTe,

a TaKXe peKax [Toconbsckoro Copa, COOTBETCTBEHHO.

Baikaiabckuit - omysb - Coregonus — migratorius Ce/leHTMHCKasi TOMyJIANUA  OailKaJbCKOTO  OMYJIA

(Georgi, 1775) obuTaeT npenuMylIecTBeHHO A0 I'TyOUH
350 m. HaubGosnbiive ckomsieHus puid GopMupyloTCA
B pailioHe NOABOAHOIO CKJIOHAa B 3UMHHUI Iepuop,
B [pUOpeXHOM pailoHe B IepuoJi BeCeHHe-JIeTHero
U OTKPBHITON Iejlarvajiyd B Iepuof JieTHe-OCeHHero
nporpesa BOJI. CeJleHTHHCKOE MeJIKOBOAbE,
npuiierawoniee K fesbTe p. CesieHra, ABjsAeTcsa OAHUM
U3 OCHOBHBIX PBHIOOIIPOMBICTIOBBIX PAliOHOB Ha 0O3epe
Batikas, rage mo orneHkaM, IOJIy4eHHBIM B pe3yJibTaTe
rUpoaKycTudeckux uccjaegoBanuii (MeapHUK U
ap., 2009) cocpemoToueHa 3HAUUTEJIbHAss YacTh
(mo 50% wu OoJiee) oOOIIUX 3amacoB JAaHHOI'O BH/A,
4yTO O0OYCJIOBJIEHO Ha/JnyueM OOUIMPHBIX IUTOMazeil
MEeJIKOBOOHOU 30HBI C TJIyOMHAMM OJIaronpUsTHBIMU
nna ero oburanuA. [Imomamu c raybunHamu no 300
M B YycjaoBusAx balikasa TpaAguIMOHHO CYMTAOT
«MEJIKOBOJIbeM» B OTJIMYME OT TJTyOOKOBOJHON YacTHU
¢ riyounamu go 1600 m. 3gecsk ¢dopmupyeTcs OCHOBA
MPOMBICJIOBOTO 3amaca CeJIeHTMHCKONM U IOCOJIbCKOM

*Corresponding author.
E-mail address: e dzuba@lin.irk.ru (E.B. [[3106a)

INocmynwna: 12 asrycra 2023; IIpunama: 23 asrycra 2023;
Ony6tukoaana online: 25 aprycra 2023
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aKTUBHO MUTPHPYET 110 aKBAaTOPUH I0XKHOHI U cpefHel
KOTJIOBUH 03€epa, B OTeJIbHble rofbl HabJoAanTcs ee
MaccoBble 3axoAbl B nposiuB Masioe Mope. Ee 3amace!
MHTEHCHBHO OCBaWBalOTCA KaK IIPOMBIIIEHHBIM,
Tak YW JIOOUTENbCKUM pPHOOJIOBCTBOM. Ilocosibckast
nomyJyisinusa  6aliKaJbCKOro OMYJIA  pacIpenessieTcs
IpeuMyllecTBeHHO Ha 6osbpmmx riay6uHax. OCHOBY
IpOMBICJIAa JAaHHON MONyJUSIIUM [0 HeJaBHETo
BpeMeHH COCTaBJIUIU 0cobu B meproji GOpMUPOBAHUSA
HepecTOBBIX KOCAKOB U HepecTOBON MMUTrpaliu.
3HaunTesIbHAA Jons [IOCOJIBCKOTO OMYyJIA
BBLIJIABJIBAETCS B HeJsAax HCKYyCCTBEHHOTO
BOCIIDOM3BOJICTBA, OIpeJesisAsd ero JUHAMUKYy ero
3amacoB. B mocienHee BpeMs phlfaku JTIOOUTEIN
OCBOWJIM €ro BBUJIOB B HaryJbHBIN MEPUO [0 INIyOUH
200 m.

[Tpobyieme pa3paboTKU M COBEpIIEHCTBOBAHUSA
IIOJIXOIOB K PEryJIHMpPOBAHUI0 PHIOOJIOBCTBA B YCJIOBUAX
U3MeHsIelcss OKpyXamwied cpensl (Anneville et

© Asrop(s1) 2023. DTa pabora pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.


https://www.doi.org/10.31951/2658-3518-2023-A-4-126
mailto:e_dzuba@lin.irk.ru

Anowko .H. u dp. / Limnology and Freshwater Biology 2023 (4): 126-136

al.,, 2015; DeVanna et al.,, 2016; Zhang et al., 2018)

yaeJisieTcst ocoboe BHUMaHUe BO MHOTHUX
crpanax (Marchal et al.,, 2016; Jayasinghe et
al., 2017). AKTyaJbHOCTb JIOCTOBEPHOI OI[€HKHU

KOJIMYEeCTBEHHBIX IIapaMeTPOB COCTOAHMA MOMYJIAUN
MPOMBICJIOBBIX TUAPOOMOHTOB BhI3BaHA YBeJNYEHHEM
aHTPOIIOTEHHOT'0 BJIUAHUA Ha OKPYXaIIylo cpeay
1 HeoOXOAUMOCTBI0O obecliedyeHHs BOCCTAaHOBJIEHUA
6uopecypcoB. [IpeanpusaTuA PpeHIOHOTO XO3ANCTBA,
obecrieunBaIIie 3aHATOCTh HaceJIeHUsA, ABJIAITCA
rpafoo0pasyomUMy BO MHOTMX pPeruoHaxX CTPaHBbL
Ocoboe 3HaueHWe 3TO HMeeT MJiAd PEruoHOB, The
PHIOHBIN TTPOMBICEJT SIBJISETCSI OCHOBHBIM HMCTOYHUKOM
obecrieueHrs Xu3HedeATeJbHOCTU HacejeHusa. C
OKTsA0pA 2017 r. BBeAeH 3ampeT Ha MNPOMBIIIEHHBIN

U JTIOOUTEJNIbCKUII  BBUIOB  0ailKaJIbCKOTO  OMYJIA
— OCHOBHOTO TIPOMBICJIOBOTO BHAa 03. Baiikas
(Tlpukaz ..., 2014). Ha ¢oHe pmempeccun 3amacoB

6aliKaJIbCKOrO OMYJiA U BBeJeHHs OrpaHMYeHUU Ha
€ro BBUJIOB, 00beEM HAyYHO-HCCJIEJOBATEILCKUX paboT
MOCBAIEeHHOM 3TOU mpobJjieMe ABHO HeLOCTaToueH. B
YCJIOBUSAX KJIMMATUYECKUX U3MEHEHUH MUTPAI[MOHHOE
MoBeJieHUe PHIO 3HAUUTEIBHO TPaHCGHOPMHPOBAJIOCH,
4TO BEPOSITHO 00yCJIOBJIEHO CJIOXUBIITAMCS
aJanTUBHBIMU MexaHu3mMamu. CMeHa MoBeeHYeCKOTo
nmaTTepHa MNPOUCXOAUJIa TEPUOJUYECKA B TIPOIILIIOM,
HallpuMep, W3MeHEeHUA «IIpUBajoB» OaliKaJIbCKOrO
oMmyJsia B TmposiuBe Majioe wMope OCHOBHOM
PBIOOIIPOMEBICTIOBOM parioHe 03. balikan Ha TeppuToprun
HpkyTckoil ob6sacTu. 3aBUCUMOCTb MUTpanuii puIO
OT KJINMMATHUYeCKUX YCJIOBUM B HACTOsIIlEee BpeMs He
BhI3bIBaeT coMHeHuil (Smirnov et al., 2012; CMupHOB
u gp., 2013), ogHako Tpebyer OoJiee deTaJBHBIX
WCCJIeIOBaHUM. I'MapoakycTudeckue WCCJIeqOBaHUSA
OCHOBHBIX PHIOOIIPOMBICJIOBBIX ~PAaliOHOB, B TOM
yucse CeJIEeHTMHCKOTO MEJIKOBOAbS, TMPOBOMATCS
peryisapHo (MenbHuK u ap., 2009; MakapoB u Ap.,
2012; TonuyapoB u Ap., 2022). IloysiyuyeHHBIE AaHHBIE
MO3BOJIAIOT HE TOJIBKO TMPOBECTU CPABHUTEJIBHBIA
aHam3 0COOEHHOCTEN paclpeesieHus CKOIJIEHUH U
Pa3MepHO-BO3PACTHOU CTPYKTYPhl HaryJbHOTO CTaja
6alikaJbCKOTO OMYJiA Ha [JaHHOUW akKBaTOpUH, HO U
JaloT BO3MOXHOCTh TPOTHO3WPOBAHUS U3MEHEHUs
6HOMAaCCHI.

Ilensi0 paHHOW pabOTHI SBJISAETCS aHAJN3
CTPYKTYpbl HaryJIbHOrO cTafa 0alKajabCKOTO OMYJiA
B parioHe CeJIEHTMHCKOTO MEeJIKOBO/IbSI Ha OCHOBE
naHHbeix 2023 1.

2. MaTepunanbl 1 MEeTOADI

I'mgpoakyctuyeckass cbeMka B CeJIeHTMHCKOM
PBIOOIIPOMEBICTIOBOM parioHe 03. Baiikas Oblyia mpoBejeHa
B Iepuoj BeceHHero mporpesa ¢ 21 mo 27 mas 2023
r. HUC «I.10. Bepemjarua» gBUrajcsa No CTaHAapTHOM
cetke rayicoB (Puc. 1) ¢ amamazoHamu ray6uH ot 50 10
400 m. CymmMmapHas IpOTsKEHHOCTh TaJICOB COCTaBUJIA
6osee 230 kM. CbeMKy DIPOBOAWJIM IIPHU IOMOIIU

TAIPOAKYCTUYECKOTO KOMILJIeKCa «Oxo-batikasn»
IpeACTaBJAIINIEro MNporpaMMHYI0 U alnapaTHYI0
CBA3KY MOJEPHM3UpPOBAaHHOro sxojora  Furuno

FCV-1100 (fmoHus) u aBTOPCKOrO IPOTPaMMHOIO
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obecneueHnsa. Kommiekc pabotan B ABYXYaCTOTHOM
pexuMe C CJeJyOMMMHU [apaMeTpaMu: YacToTa
3oHaupylomero curdana 28 u 200 kI'1, AJIUTeJIbHOCTD
nmiyJasca 1,0 Mc, mOpor cejeKIuu OAUHOYHBIX Liesiei
-521Bb. KanuOpoBKy TMOpOaKyCTHYECKOTrO KOMILIeKca
OpPOBOAWIM MO CTaHAapTHoOU MeToauke (Simrad,
2001) mpu momomm MemHOU cdepbl guameTpom 60
MM. C pacueTHHIM 3HaueHHeM cwIhl 11esiu (TS) paBHBIM
-33,61 nb. KoHTposbHBIE TpajieHus MPOBOJANIA
c HCIIOJIb30BaHHUEM Pa3HOIJIyOMHHOIO Tpasa
(BepTuKasibHOe packpbiTie 0 10 M, packpbeiTHe IO
HUXHell noabope 17,5 M) mociie mpoxoxaeHus 4-5
rajicoB U oOOHapyXeHMs CKOIJIEHUH phIO.

KoHTposb paboTh Tpaja (packpeiTue,
TPaeKTOPHIO ABIKEHNA OTHOCUTEJIBHO HA 1 CKOILJIEHU !
pbi0) OCYLIECTBJIAIM C IpHMeHeHHEeM JaTYMKOB
CHHXPOHHOI perucrpauuul rjIyOuHBI, pa3MeleHHBIX
Ha BepxHel U HIKHen mnoxodope. Kanubposky
JaTYMKOB BBIIOJIHAIN Iepe]] TpajleHUAMU MeTOIO0M
KpPOCKaJINOPOBKU € ABYXKAHAJBHBIM IOTPYXHBIM
perucTpatopoM Temmeparpsl u riryounst RBRduet® T.D.
(Kanapga). ITocsie mogpéma Tpasia Ha 60pT, IPOBOAUIIN
CUMTBHIBaHNE JAaHHBIX Yepe3 6ecrpoBOAHON UHTepdeiic
BlueTooth.

BbL10 BEIIOJTHEHO YeThIpe TPpajleH!s B IPUAOHHOM
pexumMme mnpoxoxaeHus Tpana (Puc. 2). Pa3mepHbIi
coctaB pei0 B HaryJpHOM cTage O6aliKajibCKOTO
OMyJIl HCCJAe[OBaJIM II0 [aHHBIM pe3yJIbTaTHBHBIX
TpaJioBbIX yJI0BOB (NolNo2 u 4), 1yis olleHKU GroMacchl
JIOIOJIHUTEJIBHO UCIIOJIb30BaJId IMpOMephl pPHIO U3
TpasioB NoNel u 3 (Tabsuua). iaMepeHus OJIMHBL PHIO

P4

°

N
0
111°E

“105°E

108°E

Puc.1. CranpmapTtHas ceTka rajcos (4epHBIM LIBETOM)
aKyCTHYecKOl CbeMKU. MecTa pe3ybTaTUBHBIX TpasieHUil
(KpacHBIM I[BETOM)

‘ " i
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'}« : ﬁa;wim
! ‘\A;.\(”MM

Puc.2. OxorpamMMma NpUAOHHOIO pexXuMa IPOX0XAEHUA
Tpana (tpaneHue Neo4). Tpaekropus [BUXeHUA HIXKHeH
(cuHUM I[BeTOM) U BepxHel (KpacHbIM) oa60p Tpaja.
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Ta6suia. [TapameTpsl TpajleHU U CTPYKTypa MaTepuasia

Ne TpaJsia KoopauHaTthl TpajieHUA Bpewms TpasieHUsA I'my6unbI O6BeM
HaugaJjio c.m1./B.1. OxoHuYaHHe C.II./B.J. Haugaso OkoHUYaHHe TpaH;H“H’ B]’Igzgfm’
1 52.16228/105.96628 52.16231/105.96627 12:20 13:50 145 112
2 52.38949/106.20513 52.34594/106.12876 10:10 12:10 150 461
3 52.48270/106.76392 52.46015/106.6544 22:50 00:50 140 119
4 52.48481/106.77041 52.46027/106.6444 02:10 04:20 140 566
Bcero, 3k3. 1258

MPOBOJIUJIY C TOYHOCTHIO 10 1 cM. BeIOOpoUHEBIe BecoBble
XapaKTepUCTUKU PHIO MOJIy4yasd C KCIOJIb30BaHUEM
COOTHOIIEHUA «IuHa-Bec» Wg=10,9(SL, )>%, tne
Wg — Bec B rpammax, SL, - craHAapTHas IJIMHA B
aenuMeTrpax (AHomko u Ap., 2022). Bcero B aHanu3
BKJIIOUEHH! JaHHble 110 1258 3K3. 6aiikajbCKoro oMyJisl.

3. Pe3yabTartbl M 06cy)xpeHue

Pacnpenesienue. PacnpeesieHne 6aiiKkaibCKOro
oMyJis 1o akBaTopumu CeJIeHTMHCKOTO MeJIKOBOAbsA B
1[eJIOM COOTBETCTBOBAJIO 3UMHe-BeCeHHEMY, OCHOBHEIE
CKOIUJIGHUA cOCpeJoToYeHBl Ha riybnHax 100-300 wm.
Boslee nsioTHBle cKomsleHHA pHIO HaOI0Aaad B 30HE
NIOABOAHOrO CKJIOHA. B JHeBHOe BpeMs pa3peXeHHbIe
CKOIUJIGHUA PerucTpUpOBaIn Ha IyiybuHax oxosio 200-
250 M. B BepxnHux ropusonrax ot 100 o 150 M prIOHI
¢opmupoBanu HeOoOJIbIINE IJIOTHBIE (Hepa3pelrnMble)
CKOIUJIGHUs, KOTOpble B HOYHOE BPeMs PacCenBajIlCh
(Puc. 3).

CpaBHUTEJIbHBIN aHayuu3 pe3yJIbTaToB
TUpOaKyCTAYECKON CbeMKU CeJIeHTMHCKOTO
MEeJIKOBOIbSA C aHaJIOTUYHBIMM JaHHBIMU 2015-2022
IT. NoOKa3aj, 4TO OOL[MIl XapakTep paclpejeseHus
CKOIJIGHUI 0alikaJIbCKoro OMyJIA II0 aKBaTOPUH
u riayoumHaMm B 2023 r. 3HAYUTEJIBHO H3MEHWJICA.
CkoruleHHss oMyJia Obpui  OoJjlee TOABUIKHBL, B
CpaBHEHUHU C IpeAbAyLMMM rofaMy HCCJIeJOBaHUM.
Beulo 3adukcupoBaHO UX IepepaclnpejeseHUe C Iora
Ha ceBep, BEPOATHO OO0YCJIOBJIEHHOE OCOOEHHOCTAMU
nmporpeBa IPUOPEXHO-COPOBOM  30HBI  BCJIEACTBHUE
NOCTYILJIeHUsA 6oJiee Teliblx Boa p CeJleHI'H B BeCeHHe-

—-35.00|

JleTHUM nepuon 2023 r.

Pa3MmepHbIi coctaB. [0 AaHHBIM TPaJIOBBIX
YJIOBOB B pa3HbIX YacTAX MeJIKOBOAbA CTaHAapTHas
JUIMHa pHI0 M3 HaryJbHOIO CcTaja cocTasijsana oT 10
Jo 39 cM, BeIOOpOYHass MeJuaHa COOTBETCTBOBaJa
pasmepHoMy kjaccy 17 cm. IlpeacraBuresbHble
BiOOpkU (Puc. 4) mMmenu cxoHOe paclpejesieHue
oco0ell 1o pasMepHBIM kjlaccaM. Beibopka 13 ceBepHON
yacTu palioHa oTJjmnYajach OOJIBIIMM KOJIMYeCTBOM
Menikux (10-13 cm) u HauboJiee KpynHBIX (Gostee 25 cMm)
ocobeli. B BbIOOpKe M3 cpeAHell yacTu mpeobsaganu
PHIOBL JyiHOU 14-24 cMm.

BecoBoil cocTaB. AHajiM3 BECOBBIX XapakTe-
pUCTHUK pbIO U3 BCEX TPAJIOBHIX JIOBOB, MOJIYYEHHBIX C
HCII0JIb30BaHUEM COOTHOIIeHUs «AJINHa-Bec» (AHOIIKO
u ap., 2022) nokasaj, 4TO AOMHUHUPYIOIAMH IO BECY
pa3MepHBIMU Kj1accamMu ObLTH 0cobu AynHoU 18-26 cm
(Puc. 5). BeibopouHasa MefuaHa coctasuiia 102 r npu
JJIMHE PBIO, COOTBETCTBYIOIIEl pa3MepHOMY kKiiaccy 21
CM.

Bo3pacTtHoii coctaB. JlokajibHble MOABI (ITMKOB
yncyieHHoctyu) 11, 14, 18 u 21 cMm, KOTOpBIEe MOXHO
BBHIEJINTh HA YacCTOTHBIX TucTrorpammax (Puc. 4),
[0 HalleMy MHEHHIO, COOTBETCTBYIOT BO3PacCTHBIM
kJaccaM 1-4 ropa. 1A moATBepXXAeHUs 3TOro, ObLIN
HCIIOJIb30BaHbl perpecCroHHble COOTHOIIEHU «IJIMHA-
Bo3pacT» (Puc. 6) nmo JaHHBIM TPaJIOBBHIX yJIOBOB 2023
r. u gasHeiM OY (Martepuassl ..., 2017). IlosyueHbl
cootHomenusa: T = 0,0071SL?>' u T = 0,0079SL?°, rne
T — Bo3pacT B rogax, SL — naauHa peid B cM. Bo3pact
B rojiax, AjA 6alikajbCKOro OoMyJis, IIpONOpLHOHAaIeH
JyuHe SL B creneHu 6JIM3KOH 2, T.e. KBaJpaTy AJIVHBEIL.

f1s)

T a8

40,67}

Opanaso

4350

~46.34]

48,17}

5201

5484

-57.68

50,51

sz~

66.18

£9.02]

7185

7469

77.52]

80.00

() eHvioAL

- 350

Puc.3. OxorpamMmsl cKoOIIeHUH 6alikajibcKoro oMyJid 0 JJaHHBIM HOYHOM (cjieBa) U AHEBHOU (cmpaBa) cbeMKU 25-26 mas

2023 .
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ocobeil onpefesnieHHoU AsuHB (Puc. 7). T'ucrorpamma
IIOCTPOEHa TOJIBKO A0 7-Tr0JI0BAJIOr0 BO3pacTa B CBA3U
C HU3KOUM TNpeACTaBUTEIbHOCTBhIO PBIO C pa3Mepamu
COOTBETCTBYIOUIMMU CTapmuM Bo3pacTtaM. Crenyer
OTMETUTb, 4YTO [JIA IIPOTHO3UPOBaHUA OHOMacChH
3allacoB MMEHHO MJIafie BO3pacTHBE T'PYMIIBI
ppi6 umeloT OoJiblllee 3HaYeHUe. 3aBUCUMOCTh
JeMOHCTpUpYyeT TpeH 9KCIIOHEHIINaJIbHOI'O
CHIXXEHHUsS YHCJIEHHOCTU [JOJId pHIO C BO3pacToM.
Koaddunuent crenenu papHbiii 0,33 - aHajor
ko3 dunrieHTa MrHOBEHHOU cMepTHOCTU. OJJHAaKO B
JaHHOM cJIy4yae OH OTpaxkaeT TpeHJ, 00yCJIOBJIEHHBIN
ob1eil cMepTHOCThIO (ecTeCTBEHHON U B pe3yJibTaTe
BBUIOBA), ypOBHEM IIONOJIHEHWA B pa3Hble ToAbl U
0C00EeHHOCTAMU MUTpauii ocobell cTapiinx BO3pacToB.
Jlona ABYXTOOOBUMKOB B yJoBax IIoKasaja pe3Ko
OTKJIOHAOIIleecsA 3HaueHHe OT IOJIyYeHHOro TpeHAa.
MoOXHO @peAnoJIOXKUTb, YTO IIOKOJIEHHE BBIKJIEBA
2021 r. nOajo OTHOCUTEJbHO HU3KOe IIOIOJIHEHUe
B nonyiAauuio. OOHAKO HeIb3s HCKIIIOUUTH Jpyrue
[IPUYMHBL, TaKUe KaK HeOJHOPOJHOCTb paclpejiesieHus
pa3MepHBIX KJIacCOB pBHIO IO aKBaTOPUU, a TaKxke
yCJIOBUsA, CIIOCOOCTBOBABIIME MUIpalM PBIO 3TOTO
[IOKOJIEHUA B IpyTHe paliOHBL.

[Tuk 6GroMacchl Kax0ro NoKoJIeH!s IPUXOAUTCA
Ha pbi® B Bo3pacrte 7-8 jer (CokonoB u Ilerepdennbn,
2011), pmauHou 25-35 cMm. OjgHaKo WX BecoBas HOJIA
B HallUX yJioBaXx Oblla OTHOCHUTEJIbBHO HU3KOM, YTO
CBUJIETEJIbCTBYeT O Ieproje HU3KOro IOINOJHeHU:A
B COOTBETCTBYIOIIMX IIOKOJIEHUAX. Y PBHO AJIUHON
18-26 cM 3a Tpu roga BeC MOXET yBeJIWYUTHCA B
TpU pasa, OJHAKO U YKCJIEHHOCTb, B COOTBETCTBUU
¢ kodddurieHTaMHu ecTeCTBeHHONM CMepTHOCTHU
(Marepuanel ..., 2023), cokpaTuTbcsi B [Ba pasa.
CienoBaTeJIbHO, B CpeJHECPOYHOM IepCleKTUuBe OT
3 [0 5 JIeT MOXHO OXHAaTh yBeJMYEeHMA 3alacoB B
CeJieHTUHCKOM patioHe B 1,5 pasa.

Ha d¢oHe upe3BBUallHO BBICOKUX OI[€HOK
€XerofHoro ypoBHA BocmopousBoacTtBa B 2001-
2010 rr., B nenom mno Bartikamy 3,24 MJIpJ JIMYUHOK,
B 2007-2019 rr. mpouMcXOAWJIO CHUXKEHHE 3alacoB
Gaiikasbekoro omyJisi (Matepuasnsl ..., 2017). Ckart
anuuHOK B p. CesleHre u pekax Ilocosibckoro copa B

BecoBast noss pei6, %

T T T

10 12 14 16 18 20 22 24 26 28 30 32 34
CrangapTHas JIHHA PHIO, CM

Puc.5. BecoBoii cocTaB 1o JaHHBIM TpajioB NoNoe2 u 4.
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Puc.6. CooTHo1IeHNEe «JIJINHA-BO3pacT» 23]

CeJIeHTMHCKON MOMyJIAIUY, IIOJIydeHHOe Ha OCHOBAHUU:
1 - NMKOB YMCJIEHHOCTH, Hallld JaHHbIE U 2 - ONpeAesieHns
Bo3pacra no yemye (Marepuaisi ..., 2017).
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Puc.7. CooTHollleHUEe BO3paCTHBIX KJIaCCOB 0alikajbCKOI'o
OMYJIA 110 JaHHBIM TPaJIOBBIX JIOBOB.
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nepuon 2008-2013 rr. coctaBusi B cpegHeM 1,729
mipA, a B 2018-2020 rr. coxpatuiica no 0,640 muipna
(Marepuassl ..., 2023). [Ipu 3TOM OCHOBY OGHOMACCHI
Gaiikaabckoro omyJisi Ha CeJIeHTMHCKOM MeJIKOBOJIbe
B Mae-mioHe 2023 r. cocTaBWJM 0COOM B BO3pacTe
3-5 mer, T.e. mokoseHus BbIkJeBa 2018-2020 rT.
OTO CBUAETEJIbCTBYeT O HaJW4YUU IOMOJIHEeHNs,
JOCTAaTOYHOTO [JIA YyBeJuueHHUs OuWoMacchl 3amaca
B TMepClieKTHuBe. BepoATHO, HU3KHe IOKa3aTeau
BOCIIPOM3BOACTBA He ABJIAIOTCA KaTacTpoPUUeCKUMU
OJia  3anacoB 0alikaJgbCKOro OMYyJiA, a OoJiblilee
3HaUYeHNe UMeeT YPOBeHb CMEPTHOCTHU PHIO Ha MEPBOM
roAy XU3HMU.

4. 3aknioueHue

CpaBHUTEbHBIN aHaIu3 pes3yapTaToB 2023 T.
¢ panHeiMu 2015-2022 rr. mokasaji, 3HaUHUTeJIbHbIE
U3MeHeHNsA 0o0mero xapakTepa pachnpejesieHus
CKOIUIEHUIN 06aliKaJbCKOro OMYyJiA IO aKBaTOpuu u
riayouHaMm  CeJIeHTMHCKOTO  MeJIKOBOAbA. AHanmu3
MacCOBBIX IIPOMEPOB C UCIOJIb30BaHHEM COOTHOIIEHU
«AJINHA-BEC» u «AJINHa—BO3pacT» TTO3BOJINJI
NpOBECTH  OMNEpaTHBHYI  OIEHKY COOTHOIIEeHUS
YHCJIEHHOCTH BO3PAaCTHHIX KJI1acCOB U chOpPMYyJIMPOBATh
cpeagHecpoYHble MPOrHO3bl. CTaHAapTHaA [JITHA PBIO
Haxofujack B AuamaszoHe oT 10 go 39 cm, mo Becy
JOMMHMpOBaM ocobu miuHoil 18-26 cm. Takum
obpa3oM HaryjapHOe CTaAo ©0allKaJbCKOT0 OMYJA
XapaKTepU30BaJOCh 3HAYMUTEJIBHOU [OJIeH MOJIOABIX
ocobell HeCMOTps Ha HU3KWUH YPOBE€Hb €CTECTBEHHOI'O
BOCIIPOM3BOJICTBA. DTO CBUJAETEJBCTBYET O HaJINYNUU
MONOJIHEHUsA,  JOCTAaTOYHOrO  JJIA  YyBeJIMYeHUs
6uoMaccel 3amnaca 0allKaJbCKOTO OMyJiAd B 5-JIeTHeN
nepcnexkTuse B 1,5 pasa.

BesmmunHa BOCIIPOM3BO/ICTBA ABJIAETCA
BaXXHBIM YCJIOBHEM BOCCTAaHOBJIEHHMs 3amlacoB, HO He
onpefeAIuM. BeICOKUIT ypOBeHb BOCIIPOM3BOJICTBA
B I[IpeIIIeCTBYOINI [Tepro/ He MO3BOJINJI 00eCeunTh
crabusbHBIE  TOKasaTeaW  3amacoB Ha  (QoHe
TpaAuIMOHHON 1A balikajia CTpPyKTypHl IPOMEBICJIA.
Huzknii yposeHb Bocnipon3BocTsa 0,73 MIIpJ IMYHMHOK
B 2016-2020 rr., obecreunBaeT MOJOXUTEIbHYIO
AVUHaMUKy yBeJN4YeHMsA 3amacoB 6aliKaJabCKOro OMYyJid,
OQHAKO He MO03BOJIAeT OBICTPO BOCCTAHOBUTH UX [0
YPOBHS 3KOJIOTHUYECKON eMKOCTH 03. baiikan. B cBA3u
C OTUM, aKTyaJIbHBIM BOIIPOCOM SBJIAETCA H3y4YeHHe
(dakTOpoB, oONpeAesAKIX YpPOBEHb CMEpPTHOCTHU
6aliKaJabCKOro OMYyJi Ha MEPBOM TOAy XU3HH, YTO B
nocJieAyomnieM II03BOJIUT KOPPEKTHO peryjnpoBaTh ero
3amnachl.
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