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ABSTRACT. The peled, Coregonus peled, is a widespread species of the Coregonidae in Northern Eurasia.
Its numbers remain relatively high throughout the Ob River basin. This species is environmentally
plastic. Its fecundity varies widely, both across different water bodies and within the same water body
during different observation periods. Hydrological conditions influence the reproductive capacity of
peled, with higher fecundity in high-water years. This study aimed to analyze the fecundity of peled
migrating upstream to the middle part of the Ob River for natural reproduction and detection the
relationship between its fluctuations and environmental temperature. We identified that peled, which
comes to spawn in the middle part of the Ob River, reaches sexual maturity at the age of three years.
However, individuals aged five to six years form the basis of the spawning stock, comprising up to 70%
of the total. The reproductive capacity of peled is highly variable. Individual absolute fecundity ranges
from 11.3 to 58.0 thousand eggs, increasing with age, standard length, total weight, body weight, and
Fulton and Clark indexes. Individual absolute fecundity ranges from 36 to 103 eggs per gram of body
weight and correlates with total weight and Fulton indexes. Peled reproductive capacity indicators vary
significantly between years. Overall, the individual relative fecundity of this species in age groups of 5+
years and older has decreased by 41-47% compared to the mid-20th century. There was a relationship
between the reproductive capacity of peled migrating to the middle part of the Ob River for spawning
and the environmental temperature in the lower part of the Ob River, where fish were feeding before
the spawning migration begins: relatively high July temperatures are associated with lower individual
absolute fecundity indicators for the most numerous age groups. Thus, global warming may have a neg-
ative impact on the reproductive capacity of peled in the Ob River basin.
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1. Introduction 2014; Tunev, 2015; Babkin et al., 2018; Tsapenkov
The peled, Coregonus peled, is a widespread spe- et al.,, 2023). Peled is an object of commercial fish-
cies of the Coregonidae family in Northern Eurasia ery, including aquaculture purposes: juveniles of the

(Reshetnikov et al., 1989; Froese and Pauly, 2025). It is species that were obtaiped from Wi_ld fish are inde%y
one of the few whitefish species, whose numbers are still us;zdkfor pastulr e-}n;;gc.l ﬁsllldﬁarrlrlung zlgovgestern Siberia
relatively high in all areas of the Ob basin (Matkovsky (% 028?‘):, etal, l’ Ngé)zoac v, ; Interesova et
and Krokhalevsky, 2010; Krokhalevsky and Tunev, al, ; Egorov etal, ).
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The peled inhabiting the Ob River has a complex
life cycle. After wintering in the Gulf of Ob, it migrates
upstream to the lower part of the Ob River, where it
feeds in shallow and warm floodplain areas (sors).
In autumn, mature individuals migrate to spawning
grounds in the Ural tributaries of the Ob (the Severnaya
Sosva, Voikar, and Shchuchya) and in the middle part
of the Ob River. After spawning, the peled migrate back
to the lower part of the Ob River (Popov, 2007).

This species is environmentally plastic
(Krokhalevsky, 1981; Reshetnikov et al.,, 1989;
Matkovsky and Krokhalevsky, 2010). This also applies
to fecundity, which varies widely: the minimum value
of absolute individual fecundity of the species in natu-
ral waters is more than 51 times lower than the maxi-
mum (Reshetnikov et al., 1989). Moreover, this indica-
tor varies greatly not only in different water bodies but
also from year to year in the same section of the basin
(Togansen and Petkevich, 1958; Krokhalevsky, 1980;
Tunev, 2016). Hydrological regime is known to influ-
ence the reproductive capacity of peled: in high-water
years it is higher (Moskalenko, 1956; Krokhalevsky,
1980; Bogdanov and Agafonov, 2001; Tunev, 2016;
Bogdanov et al.,, 2024). At the same time, climate
change was hypothesized to impact the natural repro-
duction of whitefish species (Matkovsky, 2019; Kirpotin
et al., 2021; Matkovskii and Krasnoperova, 2022), as
excessive water warming and decreased oxygen con-
centrations in summer may worsen feeding conditions
for spawners in the Lower Ob floodplain system during
the period of trophoplasmic growth of oocytes. This
study aimed to analyze the fecundity of peled ascend-
ing to the middle part of the Ob River for reproduction
and to detection the relationship between its fluctua-
tions and environmental temperature.

2. Materials and methods

For this study, we used data from capturing peled
spawners during their spawning migration in the mid-
dle part of the Ob River in the Aleksandrovsky District
of Tomsk Oblast in September 2019 and 2020 (Fig. 1).

Fish were caught using 100-meter-long drift nets
with a mesh size of 40-50 mm. Egg samples weighing
2.5-3.0 g were collected from females of various ages at
maturity stage IV, and the samples were fixed in a 2%
formalin solution. The standard length and weight of
the fish were measured. The gonads were weighed, and
scales were collected for age detection. Sample process-
ing and age detection were performed in the labora-
tory by a single operator. The total number of samples
was 45 in 2019 and 49 in 2020. According to generally
accepted methods (Pravdin, 1966; Petlina, 1987), indi-
vidual absolute (IAF) and relative (IRF) fecundity were
assessed, and gonadosomatic index (GSI) reflecting the
ratio of gonad weight to body weight without entrails
was expressed as a percentage. To assess the influence
of environmental temperature of the lower part of the
Ob River before the start of the spawning migration
on the fecundity of peled ascending to the spawning
grounds within the middle part of the Ob River for
reproduction, air temperature data in the Salekhard
area from open sources were used (Reference and infor-
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Fig.1. Material collection area (indicated by the dotted line).

mation portal..., 2025). Air temperature was chosen for
analysis as an indicator that more accurately reflects
the environmental temperature in floodplain shallows
(feeding grounds of peled) than water temperature
according to data from Roshydromet (Russian Federal
Service for Hydrometeorology and Environmental
Monitoring) gauging stations, since the latter is mea-
sured in the riverbed, along the current.

To identify differences in the peled reproduc-
tive capacity and size characteristics across the years
of observation, a t-test was used. The normality of the
distribution was assessed using the Shapiro-Wilk test.
Pearson correlation coefficients (r) were detected to
assess the relationship between IAF, IRF, and GSI of
peled with age and size characteristics. Regression
equations were calculated to analyze the relationship
between IAF and environmental temperature. The sta-
tistical significance of differences and relationships was
assessed at a=0.05. All calculations were performed
using Past software (Hammer et al., 2001).

3. Results and discussion

Ten-year-old fish are currently known among
peled spawners that migrate upstream to the middle
part of the Ob River to spawn, with the bulk of catches
(approximately 70%) comprising fish aged 4+ to 5+
(Tsapenkov et al., 2023). Our samples included females
aged 2+ to 7+, which may be due to the selectivity of
the net fishing gear used for this study. However, fish
aged 4+ to 5+ also predominated, comprising 60.0-
69.4% of the sample (Fig. 2).

The size characteristics of female peled of dif-
ferent ages differed little in 2019 and 2020, while the
Clark indexes were generally statistically significantly
(t-test: t=5.28, p<0.001) higher in 2020 (Table 1).

According to our data, IAF of peled varied from
11.3 to 58.0 thousand eggs (in 2019 it averaged 24.4,
and in 2020-31.4 thousand). IRF ranged from 36 to
103 eggs per gram of body weight (in 2019 it averaged
68, and in 2020-84). GSI ranged from 14.7 to 35.1 (in
2019 it averaged 22.2, and in 2020-24.6) (Table 2).
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Table 1. Size characteristics of female peled in the middle part of the Ob River.

Age 2019 2020
Standard length, Total Clark indexes, % |Standard length, Total Clark indexes, %
cm weight, g cm weight, g

2+ 29.5+0.9 337+12.9 1.04+0.07 28.2+0.9 305+28.0 1.07+0.02
27.7-30.4 311-353 0.97-1.18 26.8-29.8 253-349 1.04-1.10
3+ 30.4+0.3 374+3.3 1.05+0.03 29.8+0.9 391 +£40.5 1.15+0.04
29.3-31.4 355-386 0.95-1.20 27.5-32.4 292-498 1.06-1.24
4+ 31.5+0.5 415+9.4 1.06+0.03 30.9+0.3 455+16.0 1.21+0.02
29.4-35.8 339-484 0.83-1.20 27.9-34.8 331-648 1.02-1.36
5+ 32.2+0.2 469+8.3 1.12+0.02 32.1+0.4 503+13.1 1.21+0.03
30.7-33.8 402-514 0.93-1.26 30.1-34.4 437-552 1.01-1.40
6+ 34.2+0.4 581+11.6 1.27+0.13 33.4+0.5 549+25.2 1.16+0.04
32.4-35.6 543-612 1.06-2.04 32.3-34.5 504-621 1.08-1.25
7+ - - - 35.6+0.6 720+9.7 1.26 +0.05
34.5-36.5 709-739 1.20-1.37

In 2020, all analyzed peled reproductive capac-
ity indicators were statistically significantly (p <0.001)
higher than in 2019 (t-test: IAF t=4.31; IRF t=6.57;
and GSI t=3.81).

Overall, according to our data, IAF of peled statis-
tically significantly (p <0.001) increases with standard
length (r=0.63), total weight (r=0.83), body weight
(r=0.78), age (r=0.63), Fulton indexes (r=0.50), and
Clark indexes (r=0.44) (Fig. 3).

IRF and GSI correlate with the total weight
(r=0.24, p=0.021 and r=0.21, p=0.043, respec-
tively) and with Fulton indexes (r=0.37, p<0.001 and
r=0.39, p<0.001, respectively). At the same time, IAF
is interconnected with IRF and GSI (r=0.71, p<0.001
and r=0.55, p<0.001). The dependence of IAF on the
total weight of female peled from the middle part of the
Ob River is expressed by the following regression equa-
tion: y=0.0959x — 6.8404 (R>=0.69). A slightly higher
angular coefficient of the equation is noteworthy com-
pared to that for peled in the Taz River (Tunev, 2016),
which may indicate a closer relationship between

fecundity and weight of fish in the middle part of the
Ob River. The body weight of female peled, both total
and without entrails, depends on age (r=0.81 and
r=0.80, respectively, in both cases p<0.001) (Fig. 4).
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Fig.2. Age composition of female peled in the middle
part of the Ob River.

Proportion of age group, %

Table 2. Reproductive capacity indicators of peled in the middle part of the Ob River.

Age 2019 2020
IAF, IRF, GSI, % IAF, IRF, GSI, %
thousand eggs eggs/g thousand eggs eggs/g

2+ 17.6+3.3 66=+11 22.7+2.6 19.4+3.0 79+6 21.5+1.2
12.7-24.0 51-88 17.5-26.0 14.8-25.0 72-91 19.5-23.6
3+ 19.0+1.0 64+3 21.6+0.5 26.2+3.1 84+6 25.0*+2.1
15.6-24.8 56-81 19.6-23.4 14.8-31.7 65-97 18.3-29.8
4+ 21.5+1.4 65+3 20.9+0.8 30.0+1.4 84+3 24.7+0.6
11.3-26.4 36-80 16.4-26.2 19.1-44.7 64-108 20.4-30.3
5+ 26.2+1.3 70+2 22.3+1.1 33.4+1.6 84+4 24.5+0.7
15.3-33.8 45-88 14.7-30.6 22.7-41.9 66-105 21.1-28.3
6+ 34.8+1.6 76+5 24.7+1.8 35.5+2.6 82+5 249+1.9
27.2-39.1 56-88 16.4-31.3 29.5-40.5 74-95 21.6-29.7
7+ - - - 49.8+4.8 88+9 26.7+4.2
41.3-58.0 71-103 22.1-35.1
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Fig.3. The dependence of individual absolute fecundity of the peled in the middle part of the Ob River on the standard length
(A), total weight (B), body weight (C), age (D), Fulton indexes (E), and Clark indexes (F).

A comparison of our data on peled fecundity
and information from the mid-20th century (Iogansen
and Petkevich, 1958) demonstrated that currently the
average IAF of older age groups (5+ and older) has
decreased by 41-47%. However, even in the mid-20th
century, there were years when IAF was relatively low
(Fig. 5).

An analysis of the relationship between IAF of
peled ascending for reproduction to the middle part
of the Ob River and the environmental temperature in
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the lower part of the Ob River, where fish was feeding
before the start of the spawning migration, reveals a
negative effect of high temperature on fecundity. The
average IAF of the most numerous age groups in years
when the environmental temperature in July exceeded
the long-term average (for the period 1950 and 2025)
was 43-52% lower than in years when the environ-
mental temperature was below the long-term average
(Table 3).
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Fig.4. Dependence of total weight (A) and body weight (B) of female peled in the middle part of the Ob River on age.
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Table 3. Individual absolute fecundity of peled in the middle part of the Ob River in different years.

Year Data source IAF at age, thousand eggs Average Average
temperature temperature
4+ S5+ 6+ in June, °C in July, °C
2019 Our data 21.47 26.20 34.79 8.1 16.9
2020 Our data 30.03 33.37 35.54 9.9 15.5
1947 Iogansen and Petkevich (1958) 46.39 65.66 91.37 8.0 11.0
1952 Iogansen and Petkevich (1958) 29.24 35.05 64.36 7.6 15.2
1953 Iogansen and Petkevich (1958) 30.10 - 41.74 10.8 16.3
The dependence of IAF of the peled in the middle g 100
part of the Ob River on the environmental tempera- é 20
ture in July in the lower part of the Ob River can be g
described by the following equations: y =-0.25x+ 22.72 i Zg
(R2=0.93) for five-year-olds; y=-0.15x+20.46 2 .
(R*=0.99) for six-year-olds; and y=-0.09x+19.72 2 .
(R2=0.86) for seven-year-olds fish. Taking into account ER
that the environmental temperature in summer tends )
to increase (Fig. 6), a decrease in the reproductive per- Z 00 I I
formance of female peled in the spawning stock that =0
2+ 3+ 4+ 5+ 6+ 7+

migrates to the middle part of the Ob River for repro-

duction can be expected.

4. Conclusions

Peled that are spawning in the middle part of the
ODb River begin to reach sexual maturity at three years
old. However, most of the spawning stock consists of
five- to six-year-old fish, which together account for up
to 70% of the spawners. The reproductive capacity of
peled in the middle part of the Ob River is highly vari-
able. Individual absolute fecundity ranges from 11.3 to
58.0 thousand eggs, increasing with standard length,
total weight, body weight, age, and Fulton and Clark
indexes. Individual relative fecundity and gonado-
somatic index correlate with total weight and Fulton
indexes. The reproductive capacity of peled varies sig-
nificantly from year to year. Overall, the individual
absolute fecundity of this species in age groups 5+ and
older has currently decreased by 41-47% compared to
the mid-20th century. There is a relationship observed
between the reproductive capacity of peled migrating
to the middle part of the Ob River for spawning and
the environmental temperature in the lower part of the
Ob River, where fish were feeding before the spawning
migration begins: relatively high July temperatures are
associated with lower individual absolute fecundity for
the most numerous age groups of peled. Thus, global
warming may have a negative impact on the reproduc-

tive capacity of peled in the Ob River basin.
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Fig.6. Long-term dynamics of average air temperature in
June and July in Salekhard (according to the reference and
information portal “Weather and climate”).
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N3MeHYHBOCTb NNOAOBUTOCTH NEARAH

- - LIMNOLOGY
Coregonus peled (Gmelin, 1789) Cpeaneu O6u FRESETWATER
(3anapnan Cubupb) M BAMAHKE Ha Hee BIOLOGY
TemnepaTtypbl OKpy)Xalowen cpeabl ———————

MumakuH A.B.!, Xakumos P.M.2, 3aBropoanss O.A.3, UHTepecoBa E.A.3**

I Xanmei-Marcutickuii omoent TromeHckoeo ¢puwriuana FHI] PO ®I'BHY «Bcepoccutickuli Hay4HO-UCCIe008amesTbCKULl UHCmumym
PblOHOC20 X03ATicmaa u okeaHoepaguu», yi. I'aeapuna, 1908, Xanmsi-MaHcuiick, 628012, Poccua

2000 HIIO «Tomck—3komoeus», yi1. Ceemutaa, 12, 0. KydpuHckuii yuacmok, 634515, Poccusa

3 HayuoHasteHwll uccredogamertsckuti Tomekuii eocydapcmaeHHslil yHugepcumem, np. JleHuHa, 36, Tomck, 634050, Poccus

4 Hosocubupckuti ¢puruan T'HI] PO ®I'BHY «BHHUPO» («3anCub6HHUPO»), y. ITucapeaa, 1, Hogocubupck, 630091, Poccua

AHHOTAILIUSL. Tlensans Coregonus peled — mupoko pacnpocTpaHEHHBIH mpeacTaButeib ceM. Coregonidae B
CeBepHoil EBpa3uu, 4rcJIEHHOCTh KOTOPOTO 10 CHX IIOP OTHOCUTEJIHO BBICOKA Ha BCeX ydyacTkax OacceiiHa
O6u. Buj oTImM4aeTcs 5K0JI0rMYeCcKo JIACTUYHOCTHIO, €ro IJI0J0BUTOCT BapbUpyeT B OYeHb MINPOKUX Ipe-
Jejiax, pa3jnyasch Kak B pa3HBIX BOJHBIX 00bEKTaX, TaK U B OOHOM U TOM Xe B pa3Hble epuoAsl HabJIo-
neHuil. 3BeCTHO, YTO HAa BOCIIPOM3BOJUTEIBHYI0 CIIOCOOHOCTh JAHHOIO BUA OKA3bIBAeT BJIMSAHUE T'HMIPO-
JIOTUYECKUII peXuM — B MHOTOBOJHBIE TOJbI OHA BhilIe. I{es1pi0 JaHHOI paboTH OBLUI aHAIU3 IJIOAOBUTOCTU
neJiAAun, MoJHMUMARIeNcsA AJIA eCTECTBEHHOr0 BOCIIPOU3BOACTBA B npefesisl CpeaHeir O0Ou, U IIOMCK CBA3U ee
KoJie0aHMI € TeMIepaTypoil cpefnl. BEIABIIEHO, YTO MOJIOBas 3peJIOCTh CPeAHEOOCKOro cTafa Nneadaad Hayu-
HaeT HaCTynaTh B TpeXJIeTHEM BO3pacTe, OHAKO €ro OCHOBY COCTABJIAIT MATU-IIEeCTUIETHHE SK3eMILIADEI,
CyMMapHO cocTaBiigomue o 70 % mpousBogutesieli. IlokazaTesan BOCIPOM3BOAUTEBHON CIOCOOHOCTH
BH/Ja BecbMa M3MeHUYUBH. MHOUBUAyasibHasA abCoOJIIOTHAA IJIOJOBUTOCThH cocTasiiieT oT 11,3 mo 58,0 Thic.
HMKPUHOK, YBEJINYMBAasACh C BO3PACTOM, POMBICJIOBOM AJIMHON, 0Omiell Maccoli, Maccoi Teja 6e3 BHyTpeH-
HOCTeH, YyIUTaHHOCTHI0 1o DyspTOoHY U no Kiapk. MHAMBHOyalbHAsA OTHOCUTEJIbHASA IJIOOBUTOCTh KOJIe-
6s1etcs ot 36 o 103 MKPUHOK Ha TpaMM MacCCHI TeJjla ¥ KOppeJupyeT ¢ o0Iell Maccoi peid ¥ YIUTAaHHOCTHIO
no ®ynbpToHy. [Ipy 5TOM IOKa3aTeJsi BOCIPOU3BOAUTEIIBHON CIIOCOOHOCTH eSO CyIlecTBEHHO pas3jinya-
I0TCA B pa3Hble rofbl. B 11ejioM B HacTosllee BpeMA WHAWBUAyaJIbHAsA aOCOJIIOTHAA IJIOAOBUTOCTD JAaHHOTO
BH/Jla B BO3PACTHHIX rpynmnax 5+ U cTapllie 0 CPaBHEHUIO C cepequHON XX Beka CHU3UJIOCh Ha 41-47 %.
OTMmedeHa CBA3b BOCIIPOU3BOAUTEIIBHON CIOCOOHOCTH MeJIAAu, NogHUMaloIelicsa Ha HepecT B CpejHI010 OOb,
c TemmepaTypou cpeasl B HikHeit O0u, rjie MPOUCXOAUT HaryJl MpOU3BOAWTENIEN Nepe] HauyaJoM HepecTo-
BOM MUTpaliil — OTHOCUTEJIBHO BBICOKHE TeMIIEpPaTyphl HIOJIA acCOLMUPOBaHHI ¢ 60Jjiee HU3KUMU ITOKa3aTe-
Jamu UAIT HanboJiee MHOTOYMCIIEHHBIX BO3PACTHBIX Ipynm. TakuMm o6pa3oM, NOTeIlJieHue KiIMMaTa MoXeT
OTpUILIATEJIBHO CKa3aThCA Ha BOCIPOM3BOAUTEIBHON CIIOCOOHOCTH NesiAau B 6acceiiHe O6mH.

Kitioueawie ctosa: nessanb, Coregonus peled, miogoBUTOCTb, U3MeHeHUs KiamMaTta, O6b, 3anagHas Cubupb

Jia nutupoBanusa: MuwakuH A.B., Xakumos P.M., 3asropoansas O.A., UHTepecosa E.A. I3MeHUYMBOCTH IIJIOAOBUTOCTY IeJIAAN
Coregonus peled (Gmelin, 1789) Cpenueit O6u (3anagHas CubHph) M BJINSHUE Ha Hee TeMIEPATYPhl OKpYXKaroliel cpeabl //
Limnology and Freshwater Biology. 2026. - No 1. - C. 34-45. DOI: 10.31951/2658-3518-2026-A-1-34

1. Beepenne lannenkoB u Ap., 2023). Ilenagp cayXuT oOBEKTOM

IIPOMBICJIA, B TOM 4YMCJIe JJIA IleJiell aKBaKyJIbTYpHl —
MOJIO[Ib BUQ, IOJIy4aeMyl0 OT OUKUX IPOH3BOJAUTE-
Jieli, IINPOKO HCIOJIb3YIOT [Jisi MacTOMIIHOTO PhIbO-

Mensanpb Coregonus peled (Gmelin, 1788) — mmipoko
pacrnpocTpaHeHHBIN npecTaBuTes b ceM. Coregonidae

B CeBepHoti EBpazuu (PemetHukos u ap., 1989; Froese BoACTBa B 3amajHoil Cubupy (3710ka308 u Ap., 1983;

and Pauly, 2025). OTo OogWH M3 HEMHOTHX CUTOBBIX Myxaues, 2008; UnTepecosa u ap., 2014; Eropos u ap.,
BUJIOB PhIO, YKMCJIEHHOCTh KOTOPOIrO [I0 CUX IOP OTHO- 2020).

CUTEJIbHO BhICOKAa Ha Bcex yyacTkax OacceiiHa O6u
(MatkoBckuii u Kpoxanesckuii, 2010; KpoxaseBckuii
u Tyués, 2014; Tynes, 2015; badbkun u gp., 2018;

Y nensagu, obutarmell B O6M, CJIOXHBIN KH3-
HeHHbIN UK. [locsie 3uMmoBku B O6ckoil rybe, oHa
nogHMMaeTcA B mpedesisl HikHelr O6H, re HaryJMBa-
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INocmynwna: 09 oktAGps 2025; © ABrop(s1) 2026. JTa paboTa pacnpocTpaHsi-
ITpunama nocsie dopabomxu: 28 suBaps 2026; eTcs o MexIyHapoJHo! jiutieH3uel Creative BY N
Ony6tukogana online: 19 deppans 2026 Commons Attribution-NonCommercial 4.0.

40


https://www.doi.org/10.31951/2658-3518-2026-A-1-34
mailto:interesovaea@yandex.ru

MuwakuH A.B. u dp. / Limnology and Freshwater Biology 2026 (1): 34-45

eTcs Ha MeJIKOBOAHBIX MMPOrpeBaeMbIX y4acTKaX MOUMBI
(copax). OceHbl0 MOJIOBO3pEJIbie 0COOUM COBEpIIAIOT
MHUTrpalii0 Ha HepecTWIMINA B ypajibCKue MPUTOKU
O6u (CeBepnyio CoceBy, Boiikap, lllyusio) 1 B ee cpen-
Hee TeueHue. [locsie HepecTa mesisiAb BHOBb CKaThIBa-
etcsa B Huxwioro O6p (ITommos, 2007).

[lenanp oT/iMyaeTCs SKOJIOTMUECKON MJIaCTUYHO-
ctbio (Kpoxanesckuii, 1981; PemeTHukoB u fp., 1989;
MartkoBckuii u Kpoxasesckuii, 2010). 3To oTHOCUTCA
U K IUIOJOBUTOCTH, BapbUpyIOIlell B OYeHb LIHUPO-
KUX TpefejiaX: MUHMMAaJIbHOe 3HaueHue abCOJTI0THOM
VHAUBU/IyaIbHOM IJIOJJOBUTOCTU BUA B €CTECTBEHHBIX
BOJIOeMax MeHbllle MaKCMaJIbHOTro OoJiee yeM B 51 pa3
(PemeTtHukoB u Ap., 1989). Bojiee Toro, s3ToT nokasa-
TeJIb CUJIBHO pa3jInyaeTcs He TOJIBKO B Pa3HBIX BOJAHBIX
o6beKTax, HO 4 IO/ OT Io/ia Ha OJHOM U TOM e yyacTKe
bacceitHa (MorauseH u IletkeBuu, 1958; KpoxaeBckuii,
1980; Tyues, 2016). 3BecTHO, 4TO Ha BOCIPOU3BOIU-
TEeJIbHYI0 CIIOCOOHOCTh MeJIAAN OKa3blBaeT BJIMAHUE
TUIPOJIOTUYECKUI peXUM — B MHOTOBOLHBIE TOJIbI
oHa Bbille (MockasieHko, 1956; Kpoxasnesckuii, 1980;
borpanos u Aradonos, 2001; Tynes, 2016; borgaHos u
ap., 2024). Bmecre ¢ TeM, BhICKa3aHbI IIPeINOJIOKEHN
O BJIUSTHUM Ha COCTOsIHVE eCTeCTBEHHOT0 BOCIIPOU3BO-
CTBa CUTOBHIX BUJOB PbIO NMPOUCXOAAIIET0 M3MeHEeHNA
kiuMata (MartkoBckui, 2019; Kirpotin et al., 2021;
MartkoBckuii u KpacHonepoBa, 2024), NOCKOJIbKY
U3JIMIIHUMI NPOrpeB BOJBI U CHIDKEHMe KOHIIeHTpaluu
KHCJIOpOJila B JieTHee BpeMsA MOTYT YXyAIlaTb yCJIO-
BUsA HaryJjia IpoOM3BOAUTEJIell B NMONMEHHOI cucTeMe
Hixuett O6u B mepuo TpodoriasMaTUyeckoro pocra
oouuToB. llenpio qaHHON paboTHl OBUT aHAIU3 IJIOO-
BUTOCTH TEJIAIU, TOHUMAIOIIEHNCA 111 eCTECTBEHHOTO
BOCIIPOU3BO/ICTBA B mnpefdesibl CpenHelr O6u, M MOMCK
CBs3U ee KOJIeOaHUI ¢ TeMIlepaTypoil Cpefibl.

2. MaTtepuanbl U MEeTOAbI MCCAEAOBAHUA

MatepuajsioM A HCCJIeIOBaHUA IOCIIYXUJIN
JaHHble, coOpaHHbBle BO BpeMsA OTJIOBA NPOU3BOAUTE-
Jlell meJsisiay AJ1A Lesiell BOCIIPOM3BOJCTBA BO BpeMs ee
HepecTOBOH Murpanuu Ha p. O6u B AjleKCaHPOBCKOM
patione Tomckoit obaactu (Puc. 1) B cenTsa6pe 2019 u
2020 rr.

JIoB pEIO TpOBOANIN IIJIABHBIMU CETAMU JJIMHOMN
100 M ¢ pasmepowm sAden 40-50 mMm. HaBecky nKpsI Mac-
cont 2,5-3,0 r 6pasu y pa3HOBO3paCTHHIX caMOK Ha IV
CTaauu 3pesioCcTH, NpoOsl pukcupoBanu 2%-HBIM pac-
TBOopoM (dopManuHa. Vizmepsanu MpoMBICTIOBYIO JJIUHY
PpbIO, IPOBOAMIIN B3BellIMBaHUe PhIO 1 TOHAJ, COOUpAIIU
yelly AJiA onpefesieHus Bo3dpacra. Ob6paboTka npod
U oIpejejieHHe Bo3pacTra IpoBefleHb B JaboparTop-
HBIX YCJIOBUSAX OOHUM oleparopoM. OOmiee Kojuue-
ctBo npob coctraBuiio B 2019 r. 45, a B 2020 r. — 49
5k3. CorjyiacHO oOmenpuHATHIM MeToaukam (IIpaBauH,
1966; IletnuHa, 1987), oleHnBaIu MHAUBUAYAJIBHYIO
abcomoTtHyo (MAIT) u otHocutensHyto (MOII) niofo-
BUTOCTH, a TaKXe roHajjocomaTnyeckuii naaekc (I'CH)
Kak OTHOIIeHNe Macchl 'OHaJ K Macce TeJia phlObl 6e3
BHYTpPEHHOCTeH, BEIpakeHHOe B IIpOolieHTax. [1714 OLleHK!
BJIMAAHUA TeMIlepaTyphl cpeJibl B MecTax HaryJia Ipous-
BoauTesiel B HukHelt O6u nepef HauajoM HEPECTOBOL
MUTIpalyu Ha IUI0JJOBUTOCTD MeJIAad, IoJHUMAaIIelics
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Kapckoe
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Puc.1. Paiion cbopa maTepuasa (0603HaueH ITyHKTUPHOHN
JIMHUEN).

JUIA BOCIPOM3BOJICTBA Ha HepecTWIWIIA B IpefeJsibl
Cpeaneri O6u, UCNOJIb30BAJIM AaHHBEIE O TeMIlepaTrype
BO3[yXa B paiioHe I. CajexapJ U3 OTKPBITBIX HCTOUYHU-
koB (CrpaBo4yHO-MHGOPMAI[MOHHBIN MOpTa..., 2025).
Temneparypa Bo3ayxa BbOpaHa [UIg aHaju3a Kak
[oKasareyb, 60Jjiee TOUHO OTPaXawUUi TeMIepaTrypy
cpefbl B MEJIKOBOAHBIX copax (MecTax HaryJia Ipou3Bo-
auTesiedl eyisAau), yeM TeMIepaTrypa BOABI 10 JaHHBIM
rUAponocToB Pocrugpomer, MOCKOJBKY IOCJIEAHIOI
HU3MepAIT B pycjle peKH, Ha Te4eHUHU.

J71A BBIABJIEHUA pa3/IMuKii ToKa3aTesiell BOCIpo-
M3BOAUTEJIBHON CIOCOOHOCTH MeJIAON B rofbl HabJIIo-
JIeHnll 1 ee pa3MepHbIX XapaKTepHUCTUK IPUMEHAIN
t-kputepuii (t-test). HopmasibHOCTBH pacripeneseHNsA
IIPU 3TOM OIl€HMBAaJIM C MCIOJIb30BaHHEM KpUTepU:
MTamupo-Yusnka (Shapiro-Wilk W). i oueHKH cBA3U
HAII, NOIT u I'CHU nesiaau ¢ BO3pacTOM U pa3MepHEIMU
XapaKTepucTUKaMy, ObUIM oIpefeseHb Ko3dduru-
eHTHl KoppesAauuu Iupcona (r). [yia aHanusa cBA3U
HWAII u TeMnepaTyphl cpefibl pacCUUTaHbl perpeccroH-
Hble ypaBHeHHs. CTaTUCTUYECKYI0 3HAYMMOCTD pasJiu-
Yuii ¥ B3aNMOCBs3el olleHMBaiud Ha ypoBHe a=0,05.
Bce pacueTnl mpoBeleHBI C HcHoJjib3oBaHueM I[lakeTa
mporpaMmm Past (Hammer et al., 2001).

3. Pe3yAabTathbl M 06Ccy)xpeHue

B cocraBe mnopgHuUMAawIUXCA Ha HepecT B
CpenHiolo O6b pOM3BOAUTENIEH MeJIsIAU B HacTosllee
BpeMs U3BECTHBI JleCATUIeTHYE 9K3EeMILIAPSI, IPU 3TOM
OCHOBY yJI0BOB (0k0510 70 %) cOCTaBJIAIOT PhIOLI B BO3-
pacre 4+-5+ (Llamenkos u fp., 2023). B Hamux c6o-
pax oTMeYeHBl caMKHU B Bo3pacrte 2+—-7 +, 4TO MOXeT
OBITH CBSA3AHO C CEJIEKTUBHOCTHIO MCIOJIb30BAHHBIX IJIA
IjeJiefl JaHHON paboThl CeTHBIMHU OPYIAUSMM JIOBA, HO
npeobyajaloT Takxe pHIOH B Bo3pacrte 4 +-5 +, cocTas-
Jnsomue 60,0-69,4 % Beibopku (Puc. 2).

Pa3zmepHble XapaKTEpPUCTUKU Pa3HOBO3PACTHHIX
caMoOK mejsaau majo orjmuyaauchk B 2019 u 2020 rr.,
MIpU 3TOM yIUTaHHOCTH 1o Kitapk B 11es10M Obli1a CTaTu-
cTuvecku 3HauuMmo (t-test: t=5,28, p<0,001) BrimIe B
2020 r. (Tabsuna 1).
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Ta6suna 1. PazmepHble XxapakTepUCTUKU caMok nesiaau B Cpeaneit O6u.

Bo3spacr, 2019r 2020 r

Jer IIpomMeicioBas Maceca, r YnuraHHOCTh IIpomsiciioBas Macca, r YuraHHOCTH

IUIMHA, CM no Kiapk OJINHa, CM no Kiapk

2+ 29,5+09 337+129 1,04+0,07 28,2+0,9 305+28.,0 1,07+0,02

27,7-30,4 311-353 0,97-1,18 26,8-29,8 253-349 1,04-1,10

3+ 30,4+0,3 374+3,3 1,05+0,03 29,8+0,9 391 +40,5 1,15+0,04

29,3-31,4 355-386 0,95-1,20 27,5-32,4 292-498 1,06-1,24

4+ 31,5+0,5 415+9.4 1,06+0,03 30,9+0,3 455+16,0 1,21+0,02

29,4-35,8 339-484 0,83-1,20 27,9-34,8 331-648 1,02-1,36

5+ 32,2+0,2 469+8.3 1,12+0,02 32,1+0.4 503+13.1 1,21+0,03

30,7-33,8 402-514 0,93-1,26 30,1-34,4 437-552 1,01-1,40

6+ 34,2+0.4 581+11.6 1,27+0,13 33.4+0.,5 549+25,2 1,16+0,04

32,4-35,6 543-612 1,06-2,04 32,3-34,5 504-621 1,08-1,25

7+ - - - 35.6+0,6 720+9,7 1,26+0,05

34,5-36,5 709-739 1,20-1,37

HAII nenAaau mo HallMM AaHHBIM BapbupoOBasia
ot 11,3 mo 58,0 Thic. uKpUHOK (B cpegHem B 2019 1.
24,4, a B 2020 r. — 31,4 ThIC.). UOII KONI€OaIachk ot 36
no 103 uKpUHOK Ha rpaMM Macchl Tejia (B cpeHeM B
2019 1. 68, a B 2020 r. — 84). I'CU cocrasisii ot 14,7
no 35,1 (B cpegrem B 2019 1. 22,2, a B 2020 1. — 24,6)
(Tabsmna 2).

B 2020 r. Bce aHajm3upyeMble MokKasaTeand BOC-
MPOU3BOJIUTEJIBHON CIIOCOOHOCTU MesAnu ObUTd CTa-
TucTUYecku 3Hauumo (p <0,001) Beime, yvem B 2019 .
(t-test: UAIT t=4,31; UOIl t=6,57; I'CH t=3,81).

B niestom nmo HammMm gauHeIM UAIT nesisagu ctaTu-
crudecku 3Hauumo (p<0,001) yBenuuuBaercsi C IMpo-
MBbIcJIOBOM gymmHoI (r = 0,63), obmeit maccoi (r=0,83),
Maccoli Tesia 6e3 BHyTpeHHocTel (r=0,78), Bo3pacToMm
(r=0,63), ynutanHocTtbio o dynastony (r=0,50) u 1o
Kiapk (r=0,44) poi6 (Puc. 3).

HOII u I'CU xoppenupyeT c 0611eii Maccoil peib
(r=0,24,p=0,021;r=0,21, p=0,043 cOOTBETCTBEHHO)
U ynutaHHocTeio 1o dynerony (r=0,37, p<0,001;
r=0,39, p<0,001 coorBercTBeHHO). [Ipn 3TOM mMOKa-
satenu HWAII, UOIl u I'CH cBsA3aHbl MeXxAy COOOM
(r=0,71, p<0,001; r=0,55, p<0,001). 3aBUCUMOCTH
HAII ot maccsl Tesia camok nesisau CpeanHeit O6u Beipa-

J)KaeTcsa perpecCMoHHbIM ypaBHeHueMm y=0,10x-6,84
(R2=0,69). OGpamaer Ha cebd BHUMaHUE HECKOJIBKO
6ojiee BBICOKHMII YTJIOBOM KO3(hUIMEHT ypaBHEHU:A
[0 CPaBHEHMIO C TakoBbIM i nessaau p. Tas (Tynes,
2016), 4TO MOXeT CBUAETEJIbCTBOBATbh O 0OoJjiee Tec-
HOU CBA3U IUJIONOBUTOCTH C MaccoH Teja y cpeHeo0-
cKux npousBoauTesieil. Macca Tesa caMoOK IeJsiaau Kak
ob1as, Tak u 6e3 BHyTpeHHOCTel, 3aBUCUT OT BO3pacTa
(r=0,81 u r=0,80 cooTBeTCTBEHHO, B 000OUX CJIy4asx
p<0,001) (Puc. 4).

50
< 40
5
r-éj 30
-
-]
£ 20
e
=10 I

, 1

2+ 3+ 4+ 5+ 6+ 7+
m2019 2020 BO3pacT

Puc.2. Bo3pactHoii cocTtaB camok mesisau B CpenHeit O6u.

Ta6suna 2. [TokazaTesyn BOCIPOM3BOAUTEIbHOM criocobHocTH nessau Cpeaneit O6u.

Bospacr. 2019r 2020 r

JIET HAIL Tthic. mT. | UOII, mT./r T'CH, % HAIL Ttoic. mT. |HAOI, mT./T I'CH, %
24 17,6+3,3 6611 22.7+26 19,4+3.,0 79+6 21,5+1,2
12,7-24,0 51-88 17,5-26,0 14,8-25,0 72-91 19,5-23,6
3+ 19,0+1,0 64+3 21,6+0,5 26,2+3,1 84+6 25.0+2,1
15,6-24,8 56-81 19,6-23,4 14,8-31,7 65-97 18,3-29,8
4+ 21,5+1,4 65+ 3 20,9+0,8 30,0+1,4 84+3 24,7+0,6
11,3-26,4 36-80 16,4-26,2 19,1-44,7 64-108 20,4-30,3
5+ 26,2+1,3 70+2 22.3+1,1 33,4+1,6 84+4 24,5+0,7
15,3-33,8 45-88 14,7-30,6 22,7-41,9 66-105 21,1-28,3
6+ 34,8+1,6 76+5 247+1,8 35,5+2.,6 82+5 24,9+1,9
27,2-39,1 56-88 16,4-31,3 29,5-40,5 74-95 21,6-29,7
7+ - - - 49.8+4,8 88+9 26,7+4,2
41,3-58,0 71-103 22,1-35,1
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VYnurannocts no Knapx

Puc.3. 3aBUCHUMOCTh MHAVBUAYAJIBHON abCOJMIOTHON miomoBuToCcTH mnessiqu CpenHein O6U OT MPOMBICJIOBOM AJIUHEL (A),
obmiet macchl (B), macchl 6e3 BHyTpeHHOCcTel (B), Bo3pacra (I'), ynuranHoctu no ®@ysbsronHy () u mo Knapk (E).

CpaBHeHMEe HAIIMX NAHHBIX IO IJIOLOBUTOCTU
nejsAau U cBefeHuil cepeauHbl XX Beka (MoraHseH u
ITetkeBuy, 1958) mokaszajio, YTO B CTAPIIUX BO3PACT-
HBIX I'pymnmnax, ot 5+, B cpegqueM HWAII Buja B HacTos-
1fee BpeMsa cHu3MIach Ha 41-47 %. OgHako Ipu 3TOM
U B cepefiiHe IIPOILIOro BeKa ObLIY rofbl, KOraa rnoka-
satesiu MAII ObUIH oTHOCUTEIbHO HU3KU (Puc. 5).

Anamu3 cesasu WALl mensau, nmogHHUMAOIIEHCs
AnA BocnpousBojcTBa B CpemHioro O0b, ¢ Temnepa-
Typol cpensl B HikHeli O6u, rie IpONCXOOUT HaryJl

8
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MpOU3BOAUTEJIeN Mepe]] HayaJoM HepecTOBOM MUIpa-
U1, 0OHapyX1BaeT OTpHULlaTeJIbHOE BJIMAHLE BEICOKOM
TeMIepaTrypbl Ha IuiofoBuTtocTtb. Cpeansas WAIL nau-
0oJilee MHOT'OUMCJIEHHBIX BO3PACTHBIX I'PYNI HEpecTo-
BOIr'o cTaja nejasau B 1947 rogy, korga temrieparypa
cpeJibl B HioJie, HauboJiee )XapKoM Mecslle, OblIa HIXe
cpenHeMHorosieTHUX 3HaveHud (14,6°C 3a mepuop
1940-2025 rr.), Ha 43-52 % BBIIIE YeM B I'OfbI, KOTAa
TeMIiepaTypa cpelbl Obljia BhIIle CpeJHEMHOT0JIeTHEeH
(Tabsmmuma 3).
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Puc.4. 3aBucumocTs o61eii Macchl (A) 1 Macchl Tesia 6e3 BHyTpeHHocTel (B) camok nensimu B CpefiHeit O6u oT Bo3pacra.
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Ta6suna 3. MHauBuyasbHas abcosloTHAA IJIOAOBUTOCTS Nesisaau CpenHeli O6u B pasHble TOMbI.

T'og HcTOYHUK JaHHBIX HAII B Bo3pacTte, ThIC. IIT. CpenHasa Cpenusasa
4+ 5.4 6+ TeMIeparypa TeMIeparypa
B UIoOHe, °C B uioJie, °C
2019 Hamwm gaHHbIe 21,47 26,20 34,79 8,1 16,9
2020 Hamwu gaHHbIe 30,03 33,37 35,54 9,9 15,5
1947 HorauzeH u ITetkeBuu (1958) 46,39 65,66 91,37 8,0 11,0
1952 HoranzeH u IletkeBud (1958) 29,24 35,05 64,36 7,6 15,2
1953 HoranzeH u ITetkeBud (1958) 30,10 - 41,74 10,8 16,3
3aBucumocts HAIl mensgu CpepgHeir O6u ot 100
TeMIlepaTyphl Cpefbl B MI0JIe MOXHO OIMKCATh ypaBHe- g 9%
& &
Huem y=-0,25x+ 22,72 (R*=0,93) 1/ NATWIECTHUX, g8 80
y=-0,15x+20,46 (R?=0,99) s IIeCTUIETHUX, U g g 70
y=-0,09x+19,72 (R?=0,86) [/11 cCeMUJIETHUX OCOBeii. 5 60
o z 3
YuuTeiBas, yTo HAOGJIIOJAETCSA YCTOMYMBOE MOBBIIIEHTE £ g S0
TeMIlepaTyphl cpefsl B JeTHui nepuon (Puc. 6), MOXHO g g 90
- 1)
OXHUJATh CHIDKEHUE PENPOAYKTUBHBIX ITOKa3aTesen =5 Al
CaMOK MeJISIAU B HEPECTOBOM CTafe, IMOJHUMAIOIIEMCS £ 2
a7 BocnpoussofcTBa B CpesiHio0 O6b. 12
2+ 3+ 4+ 5+ 6+ 7+
4. 3axniouenne 2019 ®2020 =1947 w1951 =1952 w1953 ~  Bo3pact

[TosioBas 3pesiocTb CaMOK IeJiAaY, INOJHUMAI-
melicsi Ha HepecT B npefesibl CpenHelt O6u, HaUNMHaeT
HacTymaTb B TpexJIeTHEM BO3pacTe, OQHAKO OCHOBY
HepecToBOI'O CTafa COCTAaBJIAIOT MATH-IIeCTHUJIeTHHe
3K3eMIULAPE, CyMMapHO cocTrasJswomue 1o 70 % mnpo-
uszpoauTesnei. Ilokazaresn BOCHPOU3BOAUTEIIBHOM
crmocoOHOCTH BUJa BecbMa usMeHuuBH. WAII yBenu-
YHBaeTCs C BO3PAaCTOM, IPOMBICJIOBOY JIJIMHOM, 0Ob1eit
Maccoi, Maccoil Tejia 6e3 BHYTpeHHOCTel, yIuTaH-
HoCThI0 10 ®dynbTOoHY U 1o Kiapk. MOIT u I'CH kop-
penupyioT ¢ obIieil Maccoi peid U YNUTAHHOCTHIO IO
®ysibTOHY. IIpy 5TOM nokasaTesi BOCIIPOU3BOAUTEIIb-
HOU CIOCOOHOCTU MeJISIAU CYIIeCTBEHHO pa3/INyaloTcs
B pasHble rognl. B mesnom B Hacrosmee Bpemsa HAII
JaHHOIO BUJAA B BO3PaCTHBHIX Ipynmax 5+ U cTapliie
10 CpaBHEHMIO C cepefuHON XX Beka CHU3UJIOCH.
OTMeueHa CBsI3b BOCHPOU3BOAUTEIBHOU CIIOCOOHOCTU
nejsAaY, MogHUMAlOIIecsa Ha HepecT B CpenHioio O6b,
¢ Temneparypoii cpeasl B HuxHelt Obu, riie mpoucxo-
JUT HaryJl Ipou3BoAuTesIell NepeJ] Ha4aJoM HepecTo-
BOM MUI'palli — OTHOCHUTEJIbHO BBICOKHE TeMIlepaTyphl
WIOJI acCOLMUPOBaHBL ¢ 0OoJiee HU3KMMU IOKasaTe-
namvu ATl Hanbosiee MHOTOYUCJIEHHBIX BO3PACTHBIX
rpynn. Takum obpa3oM, moTeieHHe KjinMaTa MOXeT
OTpULIaTeJIbHO CKa3aTbCsA Ha BOCIPOU3BOAUTEIbHOM
cnocobHoOCTH Iesiaau B 6bacceriHe O6w.
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Puc.5. WupuBupayanbHasg abcoyioTHass IUJIOAOBUTOCTH
nesiiau B CpefHeil O6U B pa3Hble T'OJibL.

y=0.01x+14.3
R*=0.02

y=0.05x + 7.41
R2=0.18

Cpennsist Temmeparypa mecsiua, °C

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

——CpeyHsis TeMIIepaTypa HIOHs ——Cpe/Hsis TeMIeparypa Hiois

Puc.6. MHorojleTHsiA [AUHaAMHKa CpefHell TeMIiepa-
Typbl BO3fyxa B MioHe U uioje B r. Canexapn (mo naH-
HelM CnpaBouHo-uHGOpMaIMOHHOrO mnoprana «[loroga u
Kinumar»).
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