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ABSTRACT. This article presents a critical analysis of methods for estimating the instantaneous natural
mortality coefficient (M) of Baikal omul, Coregonus migratorius (Georgi, 1775), in the context of man-
aging its commercial stock. The von Bertalanffy growth equation was parameterized based on growth
and age structure data. A comparative analysis of existing M estimates in the Total Allowable Catch
(TAC) materials for 2017-2025 revealed their significant variability, leading to threefold discrepancies
in the calculated population biomass under equal recruitment. An important factor that determines the
dynamics of cohort abundance and biomass is the extremely high post-spawning mortality (>90%) in
the Selenga population. We substantiate the applicability of theoretical models based on life history
invariants for calculating average M values (Jensen, 1996) using the maximum age concept (Shibaev,

2023). The resulting estimate based on maximum age, M =0.19 yr?, and the ratio M/K~=1.5 yield
more realistic projections consistent with historical fishery data. Consistency with key population indi-
cators, taking into account the spatial heterogeneity of the stock, should represent the reliability crite-
rion for any M estimation method.
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1. Introduction age structure of the feeding stock (Melnik et al., 2009).

The subsequent increase in catches in 2009-2013 and

The relevance of reliable assessment of commer- a drop to 0.6 thousand tons in 2016 were officially

cial aquatic species populations is driven by increasing
anthropogenic impact and the need to ensure sustain-
able resource reproduction. This task is particularly
significant for Lake Baikal-a UNESCO World Heritage
Site-where a balanced approach is required between
conserving the unique ecosystem and the socio-eco-
nomic needs of coastal regions, such as the develop-
ment of fisheries and increasing employment (Anoshko
et al., 2020; Sukhodolov et al., 2020; Sukhodolov et al.,
2023).

Research demonstrates that the population of
Baikal omul, a key commercial species, has experi-
enced significant stock fluctuations for decades. After
the fishing ban, which was introduced in 1969, and its
subsequent lifting, catches stabilized at 2-3 thousand
tons. Another decline in catches followed after 2003
(Sokolov and Peterfeld, 2011), which was predicted
based on trawl-acoustic survey data and analysis of the

attributed to changes in migration routes and stock
reduction.

In the decade preceding the 2017 ban, virtual
population analysis (VPA) was used to calculate total
allowable catches (TAC). However, the lack of reliable
fishery statistics and their complete absence after the
industrial fishing ban make traditional biostatistical
methods unsuitable for current conditions (Degtev,
2002). As an alternative, hydroacoustic surveys have
been conducted since 2020, covering the entire lake
area since 2024 (Bulatov et al., 2024). It is critically
important for omul accounting, which inhabits depths
down to 350 meters.

Because of the transition to new monitoring
methods and the need for reliable forecasts, estimat-
ing the instantaneous natural mortality coefficient (M),
which determines population dynamics, age structure,
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and productivity (Beverton and Holt, 1957; Nikolsky,
1966), becomes a key task. Despite an extensive arse-
nal of methods based on age structure analysis and life
history invariants (Pauly, 1980; Jensen, 1996; Shibaev,
2015; 2023), their applicability to specific popula-
tions with unique habitat conditions requires separate
justification.

Three morpho-ecological groups (MEGs) are
distinguished for Baikal omul: pelagic, coastal, and
benthic-deepwater. The Selenga population is primar-
ily composed of the pelagic MEG characterized by
an extremely high level of post-spawning mortality
(exceeding 90%) due to extensive spawning migrations
(up to 580 km) (Bazov et al., 2022; 2024), as well as
efficient utilization of the mesozooplankton stock in the
lake’s pelagic zone during its mass development. Unlike
other MEGs, the pelagic group primarily spawns only in
one river, the Selenga, and is the main stock component
in the southern and central parts of the lake, making it
an optimal object for this study.

The aim of this study is to conduct a compar-
ative analysis of existing M estimates for Baikal omul
and to assess the possibility of applying theoretical
models based on life history invariants for subsequent
use in stock forecasts.

2. Materials and methods

This study is based on literature sources and
the personal materials of the authors. The fundamen-
tal equation by F.I. Baranov was the theoretical basis
for mortality estimation, describing the exponential
decline of a cohort over time: N, = Noe‘M’ , where N,
is the number of fish at age # N, is the initial number;
and M is the instantaneous natural mortality coefficient
(Shibaev, 2015).

Data on the growth of Baikal omul were used to
parameterize the models. Growth was described by the
von Bertalanffy limited exponential growth equation:
L =L, (1-¢*""), where L is the length of an individ-
ual at age t; L_ is the asymptotic length; X is the growth
coefficient; and ¢, is the theoretical age at zero length.
The equation coefficients were calculated based on the
analysis of length frequency peaks for the first four age
classes (Anoshko et al., 2024), as well as by synthe-
sizing literature data (Smirnov and Shumilov, 1974;
Volerman and Kontorin, 1983) and TAC justification
materials on the age-length relationship determined
from scales (Materials..., 2017; 2023; 2024).

The structure of the spawning stock was assessed
from the long-term average age composition of the
Selenga population (Bazov and Bazova, 2016). The

relationship between standard length (SL) and calcu-
lated M coefficients was taken from official TAC mate-
rials for 2016, 2023, and 2025.

Taking into account the significant diversity
of indirect M estimation methods based on available
biological parameters (Tyurin, 1972; Rikhter and
Efanov, 1977; Pauly, 1980; Zykov and Slepokurov,
1982; Jensen, 1996), leading to variable results, the
simplest and most theoretically substantiated formulas
were applied at the first stage of analysis. As a basic
approach, the ratios proposed by Jensen based on
Beverton-Holt life history invariants were used. These
formulas allow obtaining average M estimates through
constants C; and C:, where Mt =C, and M/K ~C,:

M = 1.65/¢, , where ¢ is the mean age at sexual
maturity, and

le.SK, where K is the von Bertalanffy
growth coefficient (Jensen, 1996).

3. Resulits

We calculated the parameters of the von
Bertalanffy equation based on our personal data from
the length frequency peaks for the first four age classes
of omul (Anoshko et al., 2024) (Table 1).

Calculations based on our data from the analy-
sis of four age classes (1-4 years) yielded satisfactory
results close to the average parameter values com-
piled from various literature sources. According to the
formula in (Jensen, 1996) that relates M to growth,

M =1.5K , the obtained value is M =0.19 yr.

Baikal omul, like most whitefish, is an
autumn-spawning species. The long-term average age
of the spawning stock of the Selenga population ranges
from 54+ to 13+ years (Bazov and Bazova, 2016)
(Fig. 1). We adopted the mean value of 8.8 years as
the age at sexual maturity (¢ ) due to the predominance
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Fig.1. Age composition (a) and cumulative curve (b) of
the spawning stock of the Selenga population of Baikal omul
based on long-term average data.

Table 1. Von Bertalanffy equation coefficients for Baikal omul.

Coefficients Data source
Our Smirnov, | Volerman, TAC, TAC, 2017 | TAC, 2017 Average
Data 1974 1983 2008 (2001-2010)((2011-2016)
L, 52 52 76 37 45 47 51
i 0.125 0.120 0.044 0.180 0.130 0.130 0.122
f -1.25 -1.30 -2.90 -1.30 -1.68 -1.15 -1.60
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of first-time spawners in the spawning stock; repeat
spawners are rare. Calculation using the second for-
mula in (Jensen, 1996), M =1.65/ t,, gives a matching
value of M =0.19yr.

Taking into account the correction for high
spawning mortality, and given that the proportion
of the spawning stock in the population is ~3.8%
(Maistrenko and Maistrenko, 2006), we adjusted the
M values (Table 2). The obtained data contradict the
widespread notion of minimal natural mortality in
whitefish during sexual maturation.

4. Discussion

According to G.V. Nikolsky (1966), the main
causes of fish mortality are: i) senescence mortality,
including post-spawning; ii) mortality due to abiotic
environmental conditions; iii) mortality from preda-
tors, parasites, and diseases; iv) mortality due to food
shortage; v) mortality from fishing. The first four are
generally due to natural causes.

The abundance of Baikal omul generations is pri-
marily limited by the carrying capacity of the coast-
al-sor zone, which constitutes <10% of the lake’s area.

4.1. Factors of natural mortality and their
age specificity

Predation is the leading mortality factor in early
ontogeny. First-year juveniles experience the main
predation pressure (from perch, roach, dace, Amur
sleeper, and coastal sculpins) in the coastal-sor zone.
After migrating to the deep-water zone of the lake in
the second half of summer, juveniles leave the habitat

of above species. For older age groups, mortality from
predators (piscivorous fish and Baikal seal) is insignifi-
cant, and typically only diseased or weakened individ-
uals fall victim.

The food base for adults is stable and not a lim-
iting factor. Zooplankton biomass in the pelagic zone
can support a significant increase in omul stocks, espe-
cially taking into account that juveniles of the abun-
dant pelagic sculpins (Cottidae), whose biomass is up
to 80% of the total fish biomass in the lake, are part of
the omul’s diet.

Abiotic factors, such as oxygen depletion, are
not typical for the main Baikal water body due to its
stable hydrochemical regime. Their role may increase
locally, e.g. for juveniles isolated in floodplain water
bodies during downstream migration or, subsequently,
in areas of natural gas seepage (Granin et al., 2010).

Diseases and parasitic infestations in Lake Baikal
are at a relatively stable level. There are no significant
changes in the intensity of these factors depending on
fish age.

4.2. Spawning stock structure and level of
spawning mortality

The age structure of the spawning stock is formed
during the gradual maturation of fish. There are no
reliable hypotheses that explain what determines the
probability of Baikal omul maturing at a certain age.
The feeding stock is largely composed of immature
fish, while spawners ready for reproduction are ~3.8%
(Maistrenko and Maistrenko, 2006). According to
data from 1982 to 2004, the number of the spawning
stock was only 1.5-2.0% of the total stock abundance

Table 2. Instantaneous natural mortality coefficients (M, yr*) for Baikal omul.

Age, year Our Data TAC, 2017 TAC, 2023 TAC, 2025*
1 0.18 0.50** 0.50%* 2.04**
2 0.18 0.40 0.40 1.20
3 0.18 0.30 0.30 0.87
4 0.18 0.24 0.24 0.67
5 0.18 0.21 0.21 0.54
6 0.18 0.21 0.21 0.45
7 0.22 0.22 0.47 0.34
8 0.36 0.25 0.73 0.26
9 0.34 0.29 0.82 0.17
10 0.26 0.33 0.91 0.21
11 0.20 0.4 0.95 0.24
12 0.18 0.53 1
13 0.18
14 0.18
M 3.02 3.88 6.74 7.00
Proportion surviving in cohort, 4.9 2.07 0.12 0.09
exp(- Y M) - 100%

Note: *Values recalculated from actual mortality coefficients p =1—e™ (Table 1.7 TAC (2025)).
**Values calculated based on extrapolation of regression models of M dependence on age using polynomials.
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(Sokolov and Peterfeld, 2011). Based on the long-term
average data (Bazov and Bazova, 2016), it is primarily
composed of individuals aged 8 + to 9+ years (Fig. 1).

Spawning mortality. Spawning occurs in tribu-
taries, where the Selenga River is key for the Selenga
population. Post-spawning mortality in this popula-
tion exceeds 90%. Extensive migrations lead to pro-
found exhaustion of spawners. Most individuals cannot
recover and die, while survivors enter a state of “repro-
ductive death”, transitioning to a “senescent” stage.
Such large individuals (over 1 kg) with gonads at early
developmental stages (II-III) may occur in catches but
are not part of the spawning stock, which consists of
fish 28-41 c¢m long, weighing up to 900 g (Bazov and
Bazova, 2016).

4.3. Senescence mortality and the
concept of maximum age

Senescence death is a species-specific, genetically
determined adaptive process where the probability of
an individual’s death approaches 100% upon reach-
ing the limiting age. From a biological perspective, the
death of old and reproductively senescent individuals
frees up resources for subsequent generations.

The classic von Bertalanffy growth and Baranov
mortality equations do not contain an explicit age limit.
Therefore, Pauly (1980) proposed determining the
maximum age 7 of a fish as the age at which its length
reaches 95% of the asymptotic length L :

T =t,—-In(1-0.95)/K .

For Baikal omul, according to the calculated
growth parameters (Table 1), T=23 years. A similar
approach was applied to abundance (Shibaev, 2015).
Assuming that ~1% of the cohort survives to age 7, the

average mortality coefficient M for the period from
age 1 to T can be estimated as:

M =-In(0.0)/(T-1).

We suggest that the maximum age determines
the M value with the limitation of cohort survival to
1%. If the mortality rate changes significantly during
life, then ZM ~1In(0.01). The relationship between
M and K can be considered a consequence of funda-
mental ecological links between life history param-
eters (Jensen, 1996) only through the prism of maxi-

mum age. Thus, the ratio M =1.5K is a consequence

of M/K ~1n(0.01)/In(0.05). Notably, the age at sexual
maturity ¢ , which was calculated by the formula in
(Jensen, 1996), ¢, =In(3)/K ~8.8 years, coincides with

the long-term average age composition of the spawning
stock. It should also be noted that in the first years of
life, mortality from predators is directly dependent on
fish size, while in terminal life stages, the probability of
senescence death increases with age.

Thus, for Baikal omul, significant changes in M
throughout life are not sufficiently justified from an
ecological perspective. The exception is the increase in
mortality during the spawning period. Given that indi-
viduals older than 13 years practically do not partici-
pate in reproduction, and the proportion of surviving
individuals to the theoretical limit of 23 years is neg-
ligible, incorporating special estimates of senescence
mortality into population models for this species is not
advisable.

4.4. Comparative analysis of population
indicators based on alternative M/
estimates

To assess the practical consequences of applying
different M values, the dynamics of a conditional cohort
were modeled with an initial recruitment of 9 million
individuals, calculated using dependencies presented in
TAC materials (Materials..., 2024).

When stabilization conditions are met, the
Baranov equation describes not only the dynamics of
a single cohort (Fig. 2) (survivorship curve) but also
the age structure of a stable population (age pyramid)
(Shibaev, 2015).

Cohort biomass change curves (Fig. 3) more
clearly demonstrate the results of choosing alternative
M estimates. Population indicators (Table 3) are equally
informative. Adjusting mortality coefficients leads to
significant changes in them. With identical recruitment
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Fig.2. Change in cohort abundance calculated based on
our M datawith a recruitment of 10 million individuals.

Table 3. Comparison of key population indicators calculated from different M estimates.

Indicator Our Data TAC, 2017 TAC, 2023 TAC, 2025
Population abundance, million ind.* 57.3 48.9 45.7 83.7
Population biomass, thousand tons* 10.3 6.3 4.8 2.5
Average individual weight (W), g 180 129 105 30
Spawning stock abundance, million ind. ** 2.2 1.9 1.7 0.6
Proportion of spawning stock biomass, % ** 8.2 10.5 13.2 7.9

Note: *Calculation based on recruitment of 9 million ind. at the age of two years.
**Calculation based on 3.8% spawning stock abundance relative to population abundance.
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indicatorss using different M estimates leads to a two-
fold difference in abundance and a threefold difference
in biomass.

Our theoretical M estimates yield population
indicators that are more consistent with historical fish-
ery data. For example, between 1938 and 1944, the
catch in the Selenga region reached 3.8-5.7 thousand
tons without catastrophic consequences for the stock.
The high M estimates used in recent TAC materials
result in unrealistically low biomass indicators that
require additional ecological justification.

An important limitation is that with our M esti-
mates, the proportion of the spawning stock cannot
exceed 11% of the population abundance; otherwise,
spawning mortality would exceed the number of indi-
viduals in the corresponding age groups.

4.5. Accounting for population spatial
structure

The migration of some individuals to the deep-wa-
ter basins of Lake Baikal complicates direct M estima-
tion from the age structure of catches in the Selenga
Shallows. Research in 2003 revealed that up to 40% of
omul biomass can concentrate in the deep-water area
(Melnik et al., 2007). Consequently, the dynamics of
the size-age composition in the coastal zone are deter-
mined not only by mortality M but also by the migra-
tion coefficient /, which must be taken into account in
future models (Anoshko et al., 2023).

5. Conclusion

Adequate management of aquatic biological
resources, including the Baikal omul population, should
be based on comprehensive ecological and socioeco-
nomic analysis. This is particularly important for the
Lake Baikal areas, where fisheries are a key source of
employment. Modeling results (Anoshko et al., 2020)
demonstrate that at low recruitment levels, introducing
bans on industrial and recreational fishing is ineffective
for restoring commercial stocks. Accurate M estima-
tion is a central task of fisheries research, determining
the quality of forecasts for population dynamics and
allowable catches. Analysis of recent TAC materials
(Materials..., 2023; 2024) revealed significant dis-
crepancies in M values for fish of different ages, result-
ing in a threefold difference in calculated population
biomass under equal recruitment. This indicates high
uncertainty in modern estimates and the need to revise
assessment approaches.

The high post-spawning mortality, exceeding
90% is a key factor in the dynamics of cohort abun-
dance for the Selenga omul population. The extreme
exhaustion of spawners during extensive spawning
migrations is the primary cause of death of mature fish
independent of fishing and the main reason for the low
proportion of the spawning stock. Taking into account
this factor is a mandatory condition for correct model-
ing of stock change forecasts.

From an ecological perspective, significant fluc-
tuations in M throughout the life of Baikal omul are
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Fig.3. Change in cohort biomass calculated from M
(1-our data; 2-TAC 2016; 3-TAC 2023; and 4-TAC 2025)
and average weight per age class with a recruitment of 10
million individuals.

not justified. The main predation pressure occurs in the
coastal zone during the first months of life. The absence
of predators and food limitations for older individuals
results in a stable mortality level. This confirms the fea-
sibility of using theoretical M estimates based on life
history invariants as benchmarks.

Applying the concept of maximum age T and the
assumption of ~1% cohort survival to this age allows
obtaining a theoretical average M value corresponding
to the ratio M/K=1.5 (Jensen, 1996). The theoretical
mean age at sexual maturity (¢, ~8.8 years) coincides
with long-term average estimates of the spawning stock
age composition. The application of theoretical M esti-
mates yields more realistic population dynamics pro-
jections that do not contradict historical fishery data,
compared to the unreasonably high values presented in
TAC materials.

The main difficulty in direct assessments of the
age composition of Baikal omul populations is their
spatial heterogeneity. Calculating M from the age struc-
ture of catches from the Selenga Shallows cannot be
correct without taking into account the migration coef-
ficient 7, as up to 40% of the biomass may be fed in the
deep-water areas of the lake.

Thus, the applicability of any theoretical M esti-
mation method directly depends on its connection to
the maximum age. Assessments based on age structure
dynamics must account for the spatial distribution and
migrations of individuals of different ages. The consis-
tency with key population indicators, such as biomass,
production, spawning stock abundance, and historical
catch dynamics, should represent the reliability crite-
rion for M estimates.
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MeToAnuecKHe acneKrTbl OLeHKH
K03}pPHULUUEHTOB eCTeCTBEHHOM
CMEepPTHOCTH 6aMKanbCKOro OoMyAfi: Ha
npuMmepe CeAeHrMHCKOMW NONYAALUM

Anouko I1.H.", Makapos M.M.*

JIumHostoeuyeckuti uHcmumym Cubupckoeo omdesteHus Poccutickoli akademuul Hayk, yJ1. Yiiau-Bamopckas, 3, Hpkymck, 664033,
Poccua

AHHOTAIIAA. Hayunas cTaThd MOCBALIEHA KPUTHYECKOMY aHaJIM3y MeTOAOB OLIEHKW MIHOBEHHOI'O
koahdunmenTa ectectBeHHou cMepTHocTH (MKEC) 6atikansckoro oMmyJist Coregonus migratorius (Georgi,
1775) B KOHTEKCTe ymnpaBJIEHUs ero IPOMBICJIOBBIM 3amacoM. Ha ocHOBe JaHHBIX IO POCTY U BO3pacCT-
HOH CTpPyKType Oblla IIpoBefieHa NapameTpu3alus ypaBHeHUs Beptamandu. CpaBHUTEJIBHBIN aHAIN3
cymecTBymomux oreHok MKEC, ucrnosbdyemMbix B MaTtepuanax OAY 3a 2017-2025 rr., BEIABUJI UX 3HA-
YNTEeJIbHYI0 BApPUATUBHOCTD, IPHUBOIAIIYIO K pacX0XXAeHUAM B pacuéTHOM O6uomMacce MONYJIALNUU B TPU
pasa Ipu paBHOM MOIOJHEHUN. BaxXHBIM (akTOpoM, oNpedeAnlM JUHAMUKY YHCJIEHHOCTH U O6uo-
Macchl TOKOJIEHUH, ABJIAETCA S3KCTPEMAaJIbHO BbICOKas MOCJIEHEPeCTOBasA cMepTHOCTH (>90%) y cesneH-
ruHCKoY nonyJianuu. O60cHOBaHA IPUMEHNMOCTh TeOpeTUYeCKUX MoAesell, OCHOBaHHBIX Ha MHBapu-
aHTaXx XU3HEHHOTO L1KJIa B pacueTax cpeaHux 3HaueHui MKEC (Jensen, 1996) ncxons 3 KOHIENITUN
MakcumMmasibHoro Bospacrta (Illubaes, 2023). [TosmyyeHHas Ha 6a3e MaKCHMAaJIbHOTO BO3pacTa OI[eHKa

M =0.19 ron! u coorHomenve M/K=1.5 gawTr GoJjiee peaJvCTUYHBIE MMPOTHO3bI, COTJIACYIOIIAECS
C MCTOpHUYeCKMMH AaHHBIMHU IpoMmbicia. KpurepremM AOCTOBEPHOCTU JIIOOBIX MeTOZ0B oneHku MKEC
JOJDXKHA BBICTYNATh UX COTJIAaCOBAHHOCTH C KJTIOYEBHIMU MOMYJIAIIMOHHBIMM MOKa3aTesIMH C yYETOM
MIPOCTPAHCTBEHHOU reTEPOTeHHOCTU CTaja.

Kitiouegsie csioga: Barikasibckuil oMyJib, K03GPUIMEHTH CMEPTHOCTH, JUHAMUKA MOy JIALNN

Ja mutupoBauus: AHomko [1.H., MakapoB M.M. MeToaunueckue acreKkThl OIleHKU K03h(PUIIeHTOB eCTeCTBEHHOU CMePTHOCTH
GalikaJIbCKOr0 OMYJIS: Ha NMpUMepe ceJleHTMHCKou nmonyJsaiuu // Limnology and Freshwater Biology. 2025. - No 6. - C. 1367-
1379. DOI: 10.31951/2658-3518-2025-A-6-1367

1. BBeAe““e 3HauMUTeJIbHble KoJiebaHuA 3amacoB. I[locie BBee-

HUA 3apeTa Ha BBUIOB B 1969 T. U mocjieqyloliei ero

AxXTyanpHOCTh [JOCTOBEDHON OLIEHKU COCTOS-
HUA TOMyJIAIUN MPOMBICJIOBHIX T'HAPOOHMOHTOB 00Y-
CJIOBJIEHA PaCTyIIMM aHTPONOTeHHBIM BO3[eliCTBUEM
U HeoOXOAMMOCTBIO obecmeyeHUsA YCTOMYMBOIO BOC-
npousBojicTBa 6uopecypco. Oco0yi0 3HaYMMOCTb 3Ta
3ajjlaua npuobpeTaeT B OTHOIIEHUM o3epa bBaiikam —
O6bekta BcemupHoro Hacnenus, rae tpebyetcs cba-
JIaHCUDOBAHHBIM NOAXOJ MeXIy COXpaHeHHeM YyHU-
KaJIbHOM 3KOCHCTEMbBI U COLMaJIbHO-3KOHOMUYECKIMU
NMOTPeOHOCTAMM NMPUOPEXHBIX PErMOHOB, TaKUMM Kak
pa3BuTHe PHIOOXO03ANCTBEHHOU AeATEeJIbHOCTU U MOBBI-
meHUe 3aHATOCTU HacesjieHUs (AHomko u ap., 2020;
CyxozmoJioB u Jip., 2020; Sukhodolov et al., 2023).

HccnenoBaHus MOKa3bIBAIOT, UYTO MOMYJIANNA
6alikaJabCKOr0 OMYJiA, KJII0UEBOTO IPOMBICTIOBOTO
BUJa, Ha IMPOTKEHUU [eCATUIeTUN UCHBITHIBAaeT

OTMEHBI, yJIOBBl CTaOWIN3UPOBAJINICh Ha ypOBHe 2-3
ThIC. TOHH. OuepeJHOE CHIXEHUE YJIOBOB I1OCJIEA0BAJIO
nocae 2003 roma (CokosioB u Ilerepdenbn, 2011),
KOTOpOe OBLIO CIPOTHO3MPOBAHO HAa OCHOBE MJAaHHBIX
TPaJIOBO-aKyCTUYeCKON ChbeMKU U aHaJI3a BO3pAaCTHON
CTPYKTYpHI HaryJibHoro craaa (MesbHUK U fp., 2009).
[Mocnenytomuii pocT yjaoBoB B 2009-2013 rr. u nmafe-
Hue o 0,6 Teic. TOHH B 2016 roay, B opuiiraJbHBIX
MarepuaJax CBsA3bBajlach C M3MeHeHreM IyTeil Murpa-
UM U COKpallleHreM 3amacos.

B mnocienHee pecATusieTHe Iiepel] 3alpeTOM
2017 r. pnsa pacuéToB OOMIMX AONMYCTUMBIX YJIOBOB
(OY) nunpuMeHsICA BUPTYaJbHO-NOMYJIALNOHHBIN
aHasu3 (BITA). OgHako OTCYTCTBUE AOCTOBEPHOII MPOo-
MBICJIOBOM CTaTUCTUKU U €€ MOJIHOe OTCYyTCTBHE IOCJIe
BBeJleHUs 3alpeTa Ha MPOMBINIEHHBIN JIOB [ejaiT
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TpaAuLIMOHHBIe OMOCTaTUCTUYECK e MeTOAbl MaJIONIPH-
rOAHBIMU 711 COBpeMeHHBIX ycyoBuil ([lerres, 2002).
B kauectBe ambrepHaTuBH ¢ 2020 roga mpoBOAATCA
ruapoakycTuyeckrde CbeMKH, KoTopbele ¢ 2024 ropa
OXBaTHIBAIOT BCI0 akBaTopuio o3epa (BynaToB u [p.,
2024), yTO KpUTHUYECKU BaXXHO IS YIETA OMYJisA, 06U-
Taloulero Ha riybuHax o 350 MeTpoB.

B cBA3U c epexo/1oM Ha HOBble MeTOIbl MOHUTO-
pUHra ¥ HeOOXOAMMOCTEI0 (POPMUPOBAHUSA HaIEXHBIX
IIPOTHO30B, OlleHKa MIHOBEHHOr 0 Ko3dduIjeHTa ecre-
ctBeHHO! cMepTHOCcTU (MKEC), onpefieisitoliero A1Ha-
MUKy YHCJICHHOCTH, BO3PAacTHYI0 CTPYKTypy U IpoO-
AyKTUBHOCTh Tomyssanuu (Beverton and Holt, 1957;
Hukosbckuii, 1966), cTaHOBUTCS KJIIOUEBOM 3ajjayei.
HecMoTpsa Ha oOMUPHEBIN apceHaa MeTOA0B, OCHOBaH-
HBIX Ha aHaJM3e BO3PAacTHOM CTPYKTYphl U MHBapUaH-
Tax Xu3HeHHoro nukia (Pauly, 1980; Jensen, 1996;
[Mubaes, 2015; 2023), Ux NPUMEHNUMOCTb K KOHKpeT-
HBIM MOMYJIAYAM C YHHUKAJIbHBIMU YCJIOBUAMU OOHTa-
HUA TpebyeT OTeIbHOro 000CHOBAaHUA.

Y 6alikasbCcKOro OMYJIA BBIAEJAIT [eJiaru-
4yeckylo, MNpUOpexHyl0 U I[PUIOHHO-TTTyOOKOBOA-
Hylo Mop@do-3koyorudeckue rpynnsl (MOT). OcHoBy
CeJIeHTMHCKO MONYJIALIMU COCTaBJIsAeT Iejlarnyeckas
MBD3I, koTopasA XapaKTepuU3yeTcs dKCTPeMaJIbHO BBHICO-
KUM YpOBHeM IIOCJIeHepecToBOM cMepTHocTU (IIpe-
BeimaomuM 90%), 00yCJIOBJIEHHBIM HPOTSKEHHBIMU
HepecToBhIMU Murpanusamu (o 580 kM) (BazoB u
ap., 2022; 2024), a takxe 3¢(PeKTUBHBIM OCBOeHUEM
3anachl Me30300ILUIaHKTOHA B Ilejlarhajayd o3epa B
[Ilepyuoj] ero MaccoBOro pas3BuTusd. B orinuue ot Apy-
rux MOI' menaruueckasd B Macce 3aXOAUT Ha HepecT
TOJIBKO B OJAHY HepecToByI0 peKy CejleHI'y U ABJIA-
eTCcs OCHOBHBIM KOMIIOHEHT 3araca B I0)KHO U cpeHel
4yacTAX 03epa, 4To AeslaeT eé ONTHMAaJIbHEIM 00beKTOM
JUUIA KCCJIeIOBAHMA.

Ilesib pabOTHI — IPOBECTU CPaBHUTEJIbHLIN aHa-
au3 cymectBylomux oneHok MKEC ayis 6alikaibckoro
OMYJIfl ¥ OLIEHUTb BO3MOXHOCTDb IIPUMEHEeHUs TeopeTu-
4yecKUX Mofesiell Ha OCHOBe MHBapUaHTOB XHU3HEHHOIO
LUKJIAa AJIA NMOCJIeyIolero NCIoJb30BaHUA B IIPOTHO-
3ax 3amaca.

2. MaTepuanbl U MeTOADI

B ocHoBy paboTHl Jierjiy JuTepaTypHble U c00-
CTBEHHBIE MaTepuaJibl aBTOPOB. TeopeTU4ecKol OCHO-
BOM AJIA OLIEHKH CMEepPTHOCTHU IOCJIYyXWIo GyHOaMeH-
TajibHOe ypaBHeHue @.M. BapaHoBa, omnuchBamwllee
SKCIIOHEHIMAJIbHOE CHIDKEHNE YUCJIEHHOCTU KOT'OPTHI

BO BpeMeHu: N, = Noe‘M’ , Tie N, — YHCJIEHHOCTh PHIO

B BO3pacre f, N, — HayajbHasA YUCJIEHHOCTb, a M —
MTHOBEHHBI K03(QUIMEeHT eCTeCTBeHHON CMepTHO-
ctu (IlIubaes, 2015).

Jna napaMerpusanuu Mofesell MCIOJIb30Ba-
JIUCh AaHHBIE IO pocTy OalikajibCcKoro omyJig. Poct
ONMCHIBAJICA ypaBHEHHEM OIpPaHHYeHHOI'O SKCIIOHEH-
yuasbHOro pocra Bepramanpm: L =L (1-e*'™)),
rae L, — nimHa oco0u B BO3pacTe f, L — acCUMITOTH-
yecKas JJIMHA, TO ecThb TeopeThYecKkas MaKCcHMaJslbHasa
JJMHa ocobu B AaHHOM momyssAauuu, K — xosdpduru-
€HT POCTa, /, — TEOPETUYECKUI BO3PACT MPU HYJIEBOW
nnuHe. KoadduuueHT ypaBHeHUsA OBUIM pacCuUTaHbI
Ha OCHOBe aHa/JM3a IMKOB YMCJIEHHOCTH IO AJIMHE
JUIs TIEPBBIX YETHIPEX BO3PACTHBIX KJiaccoB (Anoshko
et al., 2024), a Takxe NyTéM 0OOOIIEHUS JIUTEPATYP-
HbIX JaHHbIX (CMupHOB U llymusos, 1974; Bosiepman
u KonropuH, 1983) u MaTepuasioB, 060CHOBBIBAIOIINX
ofmye [OnyCTUMBIE YJIOBBI, 110 3aBUCUMOCTHU JJIMHBI
OT BO3pacTa, onpefessAeMoro 1no yemye (MaTepusl...,
2017; 2023; 2024).

CTpyKTypa HepecTOoBOIO CcTaja OlleHHWBaJach
II0 CpeJHEMHOroJIeTHEMY BO3PacTHOMY COCTaBy
CenenruHckoii nomyssauuu (basoB u Baszosa, 2016).
CooTHoIIeHre MexXay CTaHAapTHOM IyuHON (SL) u
pacuéTHeIMU KO3 PrnreHTaMu M B3ATO U3 odulaib-
HBIX MaTtepuasioB OY 3a 2016, 2023 u 2025 rofgsl.

YuuteiBasg 3HaUNTeIbHOE pa3HooOpasue KOCBeH-
HBIX MEeTOAOB OIleHKH M, OCHOBaHHBIX Ha JOCTYNHBIX
6uosiornyeckux mnapamerpax (TiopuH, 1972; Puxrep
u Edanos, 1977; Pauly, 1980; 3sikoB u CJIeNOKYpOB,
1982; Jensen, 1996) u npuBofAlMX K BapUaTUBHBIM
pesyJibTaTaM, Ha IIepBOM 3Talle aHa/n3a ObLIv NpHUMe-
HeHbl HauboJiee IPOCThle U TeopeTUYeCcKu 000CHOBaH-
Hble opMyJibl. B kayecTBe 6a30BOro noaxoAa HUCIOJIb-
30BaHbl COOTHOIIEHMsA, IpeasioXeHHble Jensen Ha
OCHOBe MHBApHaHTOB XXU3HEHHOro Iukia beBepToHa—
Xonra.: [danHble GOpMyJibl MO3BOJIAKT MOJIYYUTH
ycpenuéntbie orieHku MKEC uepes koHcTauThl C, u C,,
rne Mt,=C, u M/K ~C,:

M = 1,65/t,, rne t — cpeJHUE BO3PACT JOCTH-
JKeHUs I10JIOBOH 3pesIoCTH U

M/K ~1,5, tne K — xo3bdunuent pocra ¢HoH
Bepranandu (Jensen, 1996).

3. Pe3syAbTarthl

Hamwu 6bu11 paccuuTaHbl IapaMeTphbl ypaBHeHUsA
bepranandu Ha OCHOBe COOCTBEHHBIX AAHHBIX, HOJIY-
YeHHBIX 110 NMMKaM YKCJIEHHOCTU CTaHAApTHOMN JJIMHBI
OMyJifA JJis TepBbIX YeTHIPEX BO3PACTHBIX KJIacCOB
(Anoshko et al., 2024) (TaGiuna 1).

Ta6sauna 1. KoaddunnenTtsl ypaBHeHUs bepranandu oA 6alikaabCKOro OMyJis

KoadpumueHTHI HCTOYHUK JAaHHBIX
YpaBHEHHA Hamu CmupHoB, | Bosepman, | OZY, 2008 | oAy, 2017 | OfV, 2017 | Cpennee
JNaHHbIE 1974 1983 (2001-2010) | (2011-2016)
L, 52 52 76 37 45 47 51
- 0,125 0,120 0,044 0,180 0,130 0,130 0,122
l -1,25 -1,30 -2,90 -1,30 -1,68 -1,15 -1,60

1374




Anowko lN.H., Makapos M.M. / Limnology and Freshwater Biology 2025 (6): 1367-1379

PacuéTel mo HaAMMM JaHHBIM, OCHOBAaHHBIM Ha
aHa/JM3e 4YeTBIPEX BO3pacTHHIX kiaccoB (1-4 ropa),
Janu  yJOBJIETBOpUTEJIbHBIE pe3yJIbTaThl, OJM3KUe
K CpelHMM 3HaueHHsM I[apaMeTpoB, OOOOIIEHHBIM
U3 pas3jINYHBIX JIUTEPATypPHBIX MCTOYHUKOB. B cooT-
BeTcTBUU C (Qopmysionn (Jensen, 1996), cBsA3bIBaio-
meit MKEC ¢ poctom M =1,5K, nojiydeHo 3HadyeHUe
M =0,19 200?.

Balikasmbckuii OMyJIb, Kak U OOJIBIIMHCTBO
CUTOBBIX, fABJIIETCA OCEHHEHEepPeCTYIOIUM BHJOM.
CpeHEeMHOTOJIETHUII BO3pacT HepecToBOro craja
CeJIeHTMHCKOI MONyJIANMY BapbupyeT oT 5+ go 13+
et (BasoB u Bazosa, 2016) (Puc. 1). B xkauecTBe BO3-
pacta JOCTWXEHUs II0JIOBOW 3PEJIOCTH ¢ HaMu IIpU-
HATO cpefHee 3HauyeHUe — 8,8 jieT, 4TO 00YCIOBJIEHO
npeobJyiajlaHleM B HepeCcTOBOM cCTajle BIlepBble co3pe-
BaloLUX oco0eli; IOBTOpPHOHepecTylolie BCTpeyva-
I0TcA equHUYHO. PacuéT no BTOpOil opmyJie (Jensen,
1996) M =1,65/t, na€r coBmajamwllee 3HaYEHHE
M =0,19 rog’.

C y4éToM MONpaBKU Ha BBICOKYH) HEpeCcTOBYIO
CMEepTHOCTb, YUMTBIBAdA, YTO [I0JIA HEPeCTOBOro craia
OT YHCJIEHHOCTU IomyJiAnuu cocrasisaeT ~3,8%
(Marictpenko u MaiictpeHko, 2006) 3HavueHus MKEC
6pUIM OoTKOppekTHupoBaHul (Tabiura 2). [TosyueHHBIE
JaHHble TPOTUBOpPEYAT paclpOCTPaHEHHOMY IIpe[-
CTaBJIEHUI0O O MUHUMAJIbHBIX 3HAYEHUAX eCTeCTBeH-
HOW CMEpPTHOCTU y CUTOBBIX PHIO B IepuUoJ IOJIOBOTO
CO3peBaHus.

4. 06cy)xpenue

B ocHoBe aHaim3a NpUYMH CMEpPTHOCTU pbIO
corjiacHo B3rjanam I'.B. Hukosbckoro (1966) Beiaesis-
0TCA cyenymwoiye: 1) cMepTHOCTh OT CTapOCTH, BKJIIO-

Ta6smna 2. MKEC (M, rog!) 6aiikayibCKoro omyJis
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8 20
; ]
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BospacT peO, TOZX
Puc.1. Bo3pactHoii cocTas (a) ¥ KyMyJIATUBHAsA KpyUBas
(6) HepecTOBOrO CTajla CEJIEHTMHCKON MOMyJIAUU GaiiKaib-
CKOT'O OMYJIA [10 CPeJHEMHOI'0JIETHUM JAaHHBIM.

yas IMOCJIeHepeCcTOBYi0; 2) rubeb MO BO3AelCTBUEM
abUOTHYECKNX VCJIOBUN cpendpl; 3) CMEPTHOCTh OT
XUIIHUKOB, Mapa3uToB U 0OoJie3Hell; 4) rubesb u3-3a
HapyleHus obecrieyeHHOCTH MHlllel; 5) cMepTHOCTD B
pe3yJibTaTe mpoMebicia (BbUTOBA). [lepBhle 4eThIpe, Kak
MPaBUJIO, 00YCJIOBJIEHB! €CTECTBEHHBIMU ITPUYNHAMH.

YucieHHOCTh MOKOJIeHUM 6aiikaJibCKOTrO OMYJIA
JIUMHUTUPYETCS TMPEUMYIIIECTBEHHO MPUEMHON €eMKO-
CTHI0 TPUOPEXHO-COPOBOM 30HBI, IJIOIIAAb KOTOPOI
cocrasiisieT MeHee 10% akBaTopuu o3epa.

4.1. ®axKTopbl €CTECTBEHHOW CMEPTHOCTH
M MX BO3pacTHasa cneuudpuka

XuwHuuecmgo sABjsieTcs BedymuM (GaKTOpoM
CMepTHOCTU Ha pPaHHMX dTanax oHToreHe3a. OCHOBHOM
IIpecc XUITHUKOB (OKYHb, IJIOTBA, eJjiell, poTaH, Mpu-
Ope’XHble BUBI KEPYAKOBBIX) UCIBITEIBAET MOJIOJb IIEP-
BOT'0 rojia XU3HU B NpUOpPexXHO-copoBoil 30He. [locie
MUTI'pAIiY BO BTOPOU ITOJIOBUHE JieTa B IJTyOOKOBOLHYIO
9acTh 03epa MOJIOAb BEIXOAUT U3 30HBI OOMTAHUA TUX

Bo3spacTt, rox Hamu nanssie| OAY, 2017 ony, 2023 oAay, 2025*
1 0.18 0.50** 0.50** 2.04**
2 0.18 0.40 0.40 1.20
3 0.18 0.30 0.30 0.87
4 0.18 0.24 0.24 0.67
5 0.18 0.21 0.21 0.54
6 0.18 0.21 0.21 0.45
7 0.22 0.22 0.47 0.34
8 0.36 0.25 0.73 0.26
9 0.34 0.29 0.82 0.17
10 0.26 0.33 0.91 0.21
11 0.20 0.4 0.95 0.24
12 0.18 0.53 1
13 0.18
14 0.18
M 3.02 3.88 6.74 7.00
JloJ11 BEDKUBIIUX B MTOKOJIEHUH exp(—z M) -100% 4.9 2.07 0.12 0.09

IIpumeuanue:

o o -M
* - 3HaYeHUs MepecunTaHHble U3 K03()UIMEHTOB NeCTBUTEIbHOM cMepTHOcT @ =1—€ " (Ta6n. 1.7 OLY (2025));
** . 3HAYeHHUs, pacCUUTaHHbIE HA OCHOBAHUU 3KCTPAIOJIALUN perpecCuoHHBIX Mofeselt 3asucuMmocty MKEC oT Bo3pacra ¢

HCIIOJIb30BAaHHEM ITOJIMHOMOB.
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BUAOB. {14 cTapmuX BO3PAcCTHBIX I'PYNIl CMEpPTHOCTb
OT XUIHUKOB (pbIOOsAIHBIE PHIOHI, GalikaibcKasa Hepra)
He3HauWTesIbHA U, KaK MPaBUJIO, )XePTBOM CTAHOBATCA
60JIbHBIE UM OcJIabJieHHbIe 0CcOo0OuU.

Kopmoeas 6a3a njis B3pocibix ocobeli ctabuabHa
U He ABJIAeTCA JUMUTHpPYmUM dakTopoMm. buomacca
300IJIAHKTOHA B IleJlarajiyd MoXeT o0ecneduTh 3Hauu-
TeJIbHOE yBeJIMUeHHe 3anacoB OalikaJbCKOIo OMYyJIA,
0COOEHHO € y4€TOM TOro, YTO MOJIOAb MAacCCOBHIX IeJia-
rU4ecKux KepuakoBbiX pboi6 Cottidae, 4ybsi Guomacca
cocrasJisgeT 00 80% oT ob1eli uxTHoOMacchl 03epa, BXO-
JUT B palliOH OMYJIA.

Abuomuueckue ¢akmopsl, Takle Kak 3aMOpPHEBIE
AIBJIGHWA, AJ11 OCHOBHOM akBaTopuu balikaja He xapak-
TepHBHI 13-3a CTaOUJIbHOTO F’POXUMIYECKOr0 peXrma.
Hx posb MOXeT Bo3pacTaTh JIOKAJIbHO, HallpuMep, i
MOJIOAW, W30JIMPOBAaHHON B INONMMEHHBIX BOAOEMax B
Iepyo/] ckaTa Wi, B IOCJeAylolleM, B MecTax BBIXOJa
MpUpOAHBIX ra3oB (Granin et al., 2010).

3abonesaHua u napazumapHele UHGA3UU B YCJIO-
BUsAX Balikasia IMeloT OTHOCUTEJIBHO CTaOUJIbHBIN ypO-
BeHb. CyllleCTBeHHBIX H3MeHEHHII B HHTEHCHBHOCTHU
3THX (aKTOPOB B 3aBHUCHMMOCTH OT Bo3pacTa phIO He
BBIAIBJIEHO.

4.2. CTpyKTypa HEepecToBOro crapa v
YPOBEeHb HEPECTOBOMH CMEPTHOCTH

BospacmHaa cmpykmypa HepecTOBOro cTajda
dopMupyetTca B mpoliecce MOCTENEHHOI'O CO3peBaHU:A
pBIO. JIOCTOBEpPHBIX TMIIOTE3 O TOM, YeM 0OycJIoBjieHa
BEpOATHOCTb CO3peBaHus 0aliKaJabCKOro OMYJIA B OIlpe-
JleJleHHOM Bo3pacTe HeT. HarysipHoe cTaio B 3Hauu-
TeJIbHOM CTelneHW c(QOpMHPOBAHO HENO0JIOBO3PeJbIMU
peibaMy, Torjaa Kak, FOTOBBIe K HepecTy 0coOH cOCTaB-
AT okoJio 3,8% (Matictpenko u Matictpenko, 2006).
[To mannepiM 3a 1982-2004 rT., YUCJIEHHOCTH HEPECTO-
BOI'0 CTajia olleHrBasach Bcero B 1,5-2,0 % ot obIen
yrcaeHHoctu 3anaca (CokosioB u Ilerepdensa, 2011).
Ilo cpennemHorosnieTHuM AaHHBIM (Ba3zoB u Basoaa,
2016) ero ocHOBY IIpeJICTaBJIAIOT 0COOU B Bo3pacTe 8 +
-9+ get (Puc. 1)

Hepecmosas cmepmHocms. HepecT mpoucxo-
JUT B TNpUTOKaX, NMPHUYEM MJIA CeJICHTMHCKOH IOIy-
JIAMN  KJIIOYEBBIM fABJIAeTCA pycyo peku CesieHra.
INocnenepecToBasgs CMEPTHOCTb y 3TOU MNOMYJIANUU
npesbimaer 90%. IIpoTsk€HHBlE MUrpanyu IIpu-
BOJOAT K IJIyOOKOMY WCTOIIEHUI0 IIPOU3BOJUTENIEH.
BospmuHcTBO 0Cco6eii He cIOCOOHBI K BOCCTAaHOBJIEHUIO
Y noru6aloT, a BEDKUBIINE B COCTOSHUE «PEIIPOyKTUB-
HOH cMepTH» NepexofAT K CTaAuu «JOXUATUA». Takue
KpynHBle ocobu (6osiee 1 Kr) ¢ roHaJjaMu Ha paHHUX
craauax pasputusa (II-III) moryT BcTpedaTbcs B yJIO-
BaX, HO He BXOJAT B COCTaB HEpeCTOBOI'O CTaja, KOTO-
PbIii mpeAcTaBiieH ppibamMu aAanHoN 28—41 cM u Maccoil
1o 900 r (bazos u ba3oBa, 2016).

4.3. CMepTHOCTb OT CTAPOCTU U KOHUEenuua
MaKCMMaAbHOro Bo3pacra

CMepTh OT cTapoCcTH — BUAOCHEIUPUYHBIH,
reHetTnyecku OOYyCJIOBJIEHHBIN aJalnTUBHBIN Mpoliecc,
MpU KOTOPOM BepOATHOCTh rubesiri 0cobu CTpeMUuTcs K

100% no goctuxeHUM npeneapbHoro Bospacra. C 6uo-
JIOTUYeCKON TOYKM 3peHHs rubesib CTapblX, yTpaTUB-
MUX PeNpOAYKTUBHYIO QYHKINMIO ocobell ocBoboXaaeT
pecypchl AJ1d CIIeyIOUINX TOKOJIeHUI.

Knaccuueckue ypaBHeHus pocra bepranandu u
cmeptHOcTu @.M. BapaHoBa He cofepxar ABHOIO orpa-
HUYEeHUsA MO0 Bo3pacTy. B cBsa3m ¢ yem, Pauly (1980)
OBUIO TNpEeJIOKEHO onpedesATbh MaKCUMaJIbHBIN BO3-
pact xu3HU 7 peIObI KaK BO3PacT, IIpH KOTOPOM JJIHA
PHIOBI cocTaBisAeT 95% OT aCMMITOTUYECKON JJIMHEL L _:

T =t,-In(1-0,95)/K .

Jna 6alikasibCcKOoro OMyJif, COIJIaCHO paccyu-
TaHHBIM napaMeTpaM pocta (Tabnuma 1), 7= 23 rofa.
AHaJIOTUYHBII NOAX0[ ObLI NPUMEHEH AJIA YUCJIeHHO-
ctu (IlluGaes, 2015). Ecou mpuHATH, YTO K BO3paACTy
T BEDKUBaeT OKOJIO 1% IMOKOJIEHUSA, TO CpeqHUI KO3d-

unueHnT cmepTHOCcTM M 3a nepuon or 1 roga mo T
MOXeT OBITh OIfeHEH KakK:

M =-1In(0,01)/(T-1).

ViMeHHO MakcUMaJIbHBIM BO3pacT, IO HalleMy
MHEHUI0, olpefesiseT 3HaueHHe Mcp Ipu ero orpaHu-
YeHUU YNCJIEHHOCTHIO MokoJieHusA B 1 %. Eciiu ypoBeHb
CMEepTHOCTU 3HAUYUTEJbHO MeHAeTCA B TeueHue XU3HU
TO ZM ~In(0,01) . CooTHoOIIEHNEe MeXy M 1 K MOXHO
cuuTath cjelcTBUeM (yHAaMeHTaJbHBIX SKOJIOrHhue-
CKHUX CBs3el MexXOy mapaMeTpaMM XKU3HEHHOro ITMKJIa
(Jensen, 1996) TOJIBKO Yepe3 MPU3MY MaKCHMaJIbHOTO
Bo3pactra. Takum oOpasoM, cooTHomenue M =1,5K
ABJIAET CJIeICTBUEM TOro, 4Tto M /K ~In(0,01)/1n(0,05)
. CiiegyeT OTMETHUTh, YTO BO3PACT AOCTUKEHUA IOJIO-
BOU 3PEJIOCTH ¢ , paCCYMTaHHbIN N0 popmyJie (Jensen,
1996) ¢, =1In(3)/K ~ 8,8 roja, COBIajaeT co CpeJHEMHO-
roJIETHUM 3HaueHHeM BO3pPacTHOTO cocTaBa HepecTo-
Boro crtaga. CiedgyeT OTMETUTh, UYTO B IepBble T'OMOBI
XKU3HU CMEPTHOCTh OT XUIIHUKOB HAINpAMYI0 3aBU-
CUT OT pa3MepoB PHIO, a Ha TePMUHAJIBHBIX CTaJMAX
’KU3HU BEPOATHOCTh CMEPTHU OT CTAPOCTU IOBHIIIAETCA
C BO3pacTOM.

TaxuMm oOpa3om, 1A 6aiikaJabCKOTO OMYJiA 3Ha-
yuTesibHble n3aMeHeHUus MKEC Ha npoTsxeHuur XKU3HU,
C DKOJIOTUYECKOU TOYKM 3peHHs, He HMeIT OocTa-
TOYHBIX OCHOBaHUH. HCKJIloueHHe COCTaBJIIET POCT
CMEepTHOCTU B MepUO HepecTa. YUYUTHIBasi, YTO 0COOU
crapiie 13 jeT mpakTuyeckd He Y4acTBYIOT B BOCIIPO-
U3BOJCTBE, a J0JIA OXHUBAKIIUX OO TEOPEeTUUYECKOTO
npefesia 23 jileT HUYTOXHA, BKJIIOUYEHUE CIleljhaIbHBIX
OI[eHOK CMEPTHOCTH OT CTAapOCTU B IOMYJIAIMOHHEIE
MoOJesId AJis JaHHOTO BUAA HelejiecooOpa3Ho.

4.4. CpaBHMTEAbHbIW aHaAU3
NOoNyAAUMOHHBIX NOKa3aTened Ha OCHOBe
anbTepPHATUBHbIX OLEHOK M

JJiA olleHKM mpaKTUdecKUX MOCJIeACTBUI NpU-
MeHeHUs pasanyHbix 3HaueHui! MKEC 6bL1a cMofenu-
poBaHa AUHaMMKa yCJIOBHOTO MOKOJIEHUA NPU Havaslb-
HOM IMOINOJIHEHUM B 9 MJIH 3K3., paCCUMTaHHOM IO
3aBUCUMOCTSAM, IpeAcTaBJIeHHBIM B MaTepuaiiax OY
(MaTepusl..., 2024).

B ToMm ciiyuae, korja coGJII0aTCsA YCJIOBUSA CTa-
O6unuzaluy, ypaBHeHHe BapaHoBa onmIieT He TOJIBKO
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JAVHaAMHKy 4YKCJIEHHOCTH OAHOro nokoJieHusa (Puc. 2)
(xpuBYI0 BBIXMBAHHA), HO U BO3pacTHYIO CTpYK-
Typy CTaOWJIBHOU HOMyJiANMU (KPUBYI0 HaceJleHUs)
(IInbaes, 2015).

KpuBble usmeHenus Ouomaccel (Puc. 3) moko-
JleHuil OoJiee HarjAdHO JEMOHCTPUPYIOT pe3yJibTaThl
BbIOOpa aJbTepHAaTUBHBIX olleHOK M. He meHee nundop-
MaTHUBHBIMU ABJIAIOTCA MOMYJIAMOHHBIE IOKa3aTesn
(Tabmura 3). KoppektupoBka K03phUIIeHTOB cCMepT-
HOCTH MPUBOJWUT K WX 3HAUMTEJIbHBIM KU3MEHEHHAM.
IIpy ogMHAaKOBBIX IOKa3aTeJIAX MONOJIHEHHA HCIOJIb-
3oBaHue pasHbIXx oneHOK MKEC mpuBoAauT K pasHulle
YHNCJIEHHOCTU B 2 pasa, a 6uomMaccsl B 3 pasa.

[losiydeHHBle HaMMU TeOopeTHUYecKHe OLIeHKU
MKEC garmoT nonyJiAanyoHHbIe [ToKa3aTeu, 0oJiee corja-
CYIOHIYIOCS C UCTOPUYECKHMHU AAHHBIMU O IIPOMEICIIE.
Hanpumep, B nepuona 1938-1944 rr. B CeJIeHTMHCKOM
paiioHe BBLIOB focTturain 3,8-5,7 Teic. T 6e3 KaTacTpo-
duyeckux nmocjaeACcTBUI AJIA 3amaca. Beicokue oljeHKHu
MKEC, ncnosb3yeMsele B nocjaeaHnx Matepuaiax OOV,
NpUBOJAT K HEpeaJMCTUYHO HU3KUM II0KasaTessiM
6uomaccel, KOTOpble TpeOyl0T AOMOJIHUTEIbHOIO 3KO-
JIOTM4ecKoro 060CHOBaHUA.

BaxxHBIM orpaHuuYeHUeM fABJAETCA TO, YTO INpHU
Hamux oneHkax MKEC posia HepecToBOro crajga He
MOXeT npeBbimath 11% OT 4MCIIEHHOCTH IMOMYJIALWH,
YHaye HepecTOBas CMePTHOCTD IIPEBLICUT YMCJIEHHOCTD
oco0ell B COOTBETCTBYIOIINX BO3PACTHBIX IPYIINax.

4.5. YYéT NnpoCcTPaHCTBEHHOM CTPYKTYPbI
NONyAALUM

[TIpsamas ouenka MKEC mo Bo3pacTHOI CTpPYK-
Type yJioBOoB Ha CeJIeHTMHCKOM MeJIKOBOJbe 3aTpyAd-
HeHa 13-3a MUTpaIuil yactu ocobeil B ri1ybOKOBOAHBIE
KoTJioBUHBl Barikana. Hccnenosanms 2003 r. moka-
3aJiid, YTO Ha IJIyOOKOBOJHOIM aKBaTOPHU MOXeT KOH-
neHTpupoBaThesa 10 40% Guomaccsr omysisa (Melnik et
al., 2007). CrnenoBaTeJIbHO, TUHAMHUKA Pa3MepHO-BO3-
pacTHOro cocraBa B NpHUOpeXHOI 30He olpejesisaeTrcs
He TOJIbKO CMEpPTHOCTBbI0O M, HO U K03(pdUIieHTOM
Murpanuu /, 4yTo Heo6XOAUMO YUUTHIBATh B OyAyIIMX
mopenax (Anoshko et al., 2023).

5. 3akniouenue

ParuoHasibHOE yIpaBjieHWe BOOHBIMU OHOpe-
cypcaM#, BKJIIOYAs MOMyJIALMI0 GAaKajbCKOTO OMYJIA,
JIOJDKHO OCHOBBIBAaThCA HAa KOMILIEKCHOM 3KOJIOTHYe-

I YvcneHHOCTb NOKONEHM

MJIH WIT.

I YvcneHHOCTb HEPECTOBbIX Pbib

UMCJIEHHOCTh ,
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Puc.2. I3MeHeHNe 4MCI€HHOCTH MOKOJIEHUs, pacIUTaH-

HOM Ha ocHoBaHnM MKEC (Hamu gaHHbIEe) UCXOOA U3 MOMNOJI-
HeHus 10 MUIH IIIT.
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Puc.3. V3meHeHue 6Guomacchl ITOKOJIEHMA, pacCUUTaH-
HOU Ha ocHoBaHuu M (1-Hamwu gaHHbie; 2 — OAY 2016; 3 —
Oy 2023; 4 - OV, 2025) u cpeaHeli HAaBeCKU B BO3paCTHOM
KJ1acce, MUCXOMs U3 monoJiHeHUs 10 MUTH IIIT.

CKOM U COIMaJIbHO-3KOHOMHYeCcKoM aHause. Ocolyio
BXXHOCTb 3TO IpuoOpeTaeT A paloOHOB o03epa
bBaiikas, rae pelOHOe XO3AMCTBO KJII0YEBBIM HCTOYHU-
KOM 3aHATOCTH. Pe3ynbTaThl MOJeIpoBaHus (AHOIIKO
u 1p., 2020) mokaselBalOT, YTO MPU HU3KOM ypOBHE
IIOTIOJIHeHNA BBeJleHre 3allpeToB Ha IIPOMBIIIIEHHBIN 1
JII0OUTEJIbCKUI JIOB MaJio 3(pHeKTUBHO [J1s1 BOCCTAaHOB-
JIeHus NPOMBICJIOBBIX 3anacoB. ToyHasA oneHka MKEC
ABJIAETCA LeHTPaJIbHOM 3afauyell prIO0X03:AMCTBEeHHBIX
HCCJIeIOBaHNUl, ollpefesiAlniell KayecTBO IIPOTHO-
30B JUHAMUK{ YKCJIEHHOCTU U AOIYCTUMBIX YJIOBOB.
Ananus nocneguux marepuanos OAY (Matepusl...,
2023; 2024) BBIABUJI 3HAYMTEbHBIE PACXOXAEHUA B
sHaueHusx MKEC nia pei6 pa3HoOro Bo3pacTa, KOTOphle
IIpA PaBHOM IIOINIOJIHEHUHU IMPUBOAAT K TPEXKPATHOMY
pacxoXxJeHuI0 B pacuéTHON Ouomacce MOMYJIANNHU.
ODTO CBHUAETEJIbCTBYeT O BHICOKOM HeoNpeeI€HHOCTU
COBpEMEHHBIX OL[EHOK U HeOOXOAVMMOCTHU IepecMoTpa
IIOAX0JI0B UX OLIEHKU.

Ta6suna 3. CpaBHeHUe KJII0YEBBIX MOMYJIALMOHHBIX [TOKa3aTeslell, pacCUUTaHHBIX Ha OCHOBe pa3jnyHbIX olfeHok MKEC

PacueTHbIe MOKa3aTeJIu Hamu nannsie | OOV, 2017 ony, 2023 oAy, 2025
YricIeHHOCTD MOMYJIANNY, MJIH. MIT.* 57.3 48.9 45.7 83.7
Buomacca nomyasaiuy, TeiC. TOHH* 10.3 6.3 4.8 2.5
Cpennsas Macca ocobu (W), r 180 129 105 30
YnicIeHHOCTh HEpecTOBOro CTajad, MJIH. IIT. ** 2l 1.9 1.7 0.6
Josa 6romMacchel HepecToBOro craaa, %** 8.2 10.5 13.2 7.9

IIpuMeyaHue: * - pacueT Ha [ONOJIHEHHWEe B 9 MJIH 9K3. B Bo3pacTe 2 JieT.
** . pacuet Ha 3.8 % uMCIJIEHHOCTU HEPeCTOBOIO cTala OT YMCJIEHHOCTU HOMYJIALUN
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KitoueBbIM (pakTOpPOM AMHAMUKK YHMCJIEHHOCTHU
nokosieHuil i CeJIeHTMHCKON MONYJIAIMU OMYJIA
ABJIAETCA BBICOKAasA IIOCJIEHEpecToBas CMEPTHOCTb,
npesbimatoniag  90%. OkcTpemMasibHOE HCTOIEHUe
Ipou3BoAuTesIell B XoJie IPOTAKEHHBIX HepecTOBOH
MUTrpaluil ABJisieTCss OCHOBON NMPUYMHON rubesy 1noJio-
BO3peJIbIX pEIO Oe3 yueTa BBUIOBA U IJIaBHOW NMPUYMHOMN
HU3KOHM JO0JIM HepecTOBOIO cTaja. Y4ér sToro ¢ax-
TOopa — 00sA3aTeJIbHOE YCJI0BHE KOPPEKTHOro Mofe-
JIMPOBaHUA MPOTHO30B M3MeHeHHus 3amnacoB. C 3KoJIo-
TMYecKOl TOYKM 3peHUsd, 3HauuTesIbHble KoJieOaHuA
MKEC Ha npoTsXeHUM XU3HU 0aiikajIbCKOTO OMYJIs
He oOocHOBaHbl. OCHOBHOI IIpecc XWIHHWKOB peaJiu-
3yeTcs B IpUOpPeXHOU 30He B NepBhle MeCALbl KU3HU.
OTcyTcTBHE XMIIHUKOB M OrpaHUYeHUI II0 KOPMOBOH
6aze mjia crapmux ocobeil oOycJiaB/IMBaeT CTaOWUJIb-
HBIIl ypOBeHb CMEpPTHOCTU. DTO IOATBEPXAaeT Iiee-
CcOo00pa3HOCTh UCIOJIb30BAHUA TEOPETUYECKUX OLIEHOK
M, ocHOBaHHBIX Ha MHBapHaHTaxX *XU3HEHHOro LMKJIA
B KauecTBe OpUEHTHUpOB. [IpuMeHeHUe KOHIENIUU
MaKCUMaJIbHOr0 Bo3pacta 7 U JOIyIIeHUs O BBDKUBA-
HUN ~1% MOKOJIeHUsA K 3TOMY BO3pacTy, MO3BOJIAET

MOJIyYUTh TEOpeTUYeckoe cpefgHee 3HauveHue M,
COOTBETCTBYyIOIIee cooTHomeHuio M/K=1,5 (Jensen,
1996). TeopeTuyeckuil cpeJHHUII BO3pacT IOJOBOTO
cospeBanus (¢, =8,8 roja) coBmajaer co CpeJHEMHO-
rojieTHUMHU (QakTUYeCKUMU OI[eHKaM{d BO3PacTHOTO
cocTaBa HepecTOBOro craja. [IpuMeHeHue TeopeTuye-
ckux onieHok MKEC gaér Gojiee peajncTUuyHbE U, He
MpoTHUBOpeYal[e NUCTOPUUYECKUM JAaHHBIM IIPOMBICJIA,
MPOrHO3aM JUHAMUKU MOMYJIALNY, YeM He0O0CHOBAHO
BBICOKME 3HauyeHUs, MpeJicTaBjieHHble B MaTepuajiax
OY. OcHOBHasA CJI0XKHOCTh IPAMBIX OLIEHOK BO3pacT-
HOT'O COCTaBa MOMYJIAIUM 0alikajibCKOTO OMYJIA ABJIA-
eTcs NPOoCTpaHCTBEeHHasi HEOJHOPOAHOCTD MOMYJIANMU.
Pacuétr MKEC mo BO3pacTHOI CTPYKType VJIOBOB C
CeJIeHrMHCKOTO MeJIKOBOJIbSI HEe MOXeT OBITh KOppeK-
TeH 6e3 yuérta koadduileHTa MUrpanuu /, Tak Kak
1o 40% Ouomaccel MOXeT HaryJMBaThCsA B IIyOOKOBO-
JHBIX palioHax o3epa.

TakuMm o6pa3oM, IpUMEHUMOCTH JII000TO Teope-
THUvyeckoro Meroga oneHku MKEC HanpsaMyl 3aBUCUT
OT €ero CBfA3M C MaKCHUMaJbHBIM Bo3pacToM. OrieHKHu
Ha 0Oa3e AUHAMWKN BO3PACTHOM CTPYKTYPHI OJIKHBI
VUUTBIBaTh [POCTPAHCTBEHHOE paclpejesieHUe U
Murpanuum ocobeil pasHoro Bo3pacTa. Kpurepuem
poctoBepHocTu oueHok MKEC poJoxkHa CIIyXUATh UX
COTJIAaCOBAHHOCTh C KJIIOYEBBIMU MOMYJIAITMOHHBIMU
rnokasaresAMU: Ovomaccoi, TpOoAyKIHeH, YNCJIEHHO-
CTHI0 HEPECTOBOI'O CTaJa U UCTOPUYECKON AUHAMUKOMI
BBLJIOBA.
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