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ABSTRACT. The research goal is the investigation of environmental processes of recent sedimenta-
tion in the Arctic Ocean area. A short core (length — 37 cm) was taken from the Northern part of the
Chukchi Sea. Analytical methods included macroscopic sedimentological description by smear-slides,
dating by y-measurements of *’Cs and 2!°Pb, diatom and palynological analyses. Sedimentation rates
at the research site have been determined to be 1 mm y!. Thus, the age of the cored sediments spans
approximately 400 years, which includes the period of the Little Ice Age. Abundant cold-water diatom
species and spores of terrestrial plants within the lower part of the sediment core are characteristic for
cold climate conditions, which dominated the Little Ice Age. The occurrence of Jurassic, Cretaceous,
and Neogene species of spores and pollen in the Holocene deposits are the evidence of coastal abrasion
and the subsequent transfer of the material to the coring site by currents. Southern, subtropical, and
tropical species of diatoms within the upper, more recent part of the core reveal the transfer of mate-
rial by currents from the Pacific Ocean to the Arctic Ocean through the Bering Strait. The results of
biostratigraphic analyses indicate environmental changes during the last 400 years, revealed in bottom
sediments of the Northern part of the Chukchi Sea.
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1. Introduction and Rusanov, 1978; Grebmeier et al., 2006; Astakhov
) ) et al., 2015]. Consequently, biostratigraphic methods
Recent climate warming (Brohan et al., 2006; are particularly important for studying bottom sedi-

Wilson et al., 2007) leads to changes in the natural ment of this area and are widely used (Saidova, 1994;
environment, both on continents and in oceans. The de Vernal et al., 2005; Obrezkova et al., 2023).

research has been conducted in the Chukchi Sea, a mar-
ginal sea of the Arctic Ocean, located between Chukotka
and Alaska. Here, the increase of the mean annual air
temperature over the past decades has caused a distinct
areal reduction of ice cover (Stone, 1997; Crane, 2005).
Such climatic and environmental changes are reflected
in the formation and composition of the bottom sed-
iments of the Chukchi Sea (Astakhov et al., 2018;
Vologina et al., 2018; Astakhov et al., 2019; Vologina
et al., 2019).

Compared to other marginal seas of the Arctic
Ocean, the Chukchi Sea is characterized by its higher
biological productivity, caused by the inflow of warmer
Pacific waters through the Bering Strait [Ogorodnikov

This paper presents biostratigraphic results of
palynological and diatom analyses of upper layers of
bottom sediments sampled in the Northern region of
the Chukchi Sea and leads to a better understanding of
environmental processes of recent sedimentation in this
region of the Arctic Ocean.

2. Material and Methods

Sediments were taken during an international
expedition with the research vessel «Professor Khromov»
in 2012. Core b16 with a length of 37 cm was recov-
ered from a «boxcorer» at a site in the northern part
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of the Chukchi Sea with coordinates 72°32’37.8” / N
175°59’42” W, at a water depth of 100 m (Fig. 1). After
splitting the core in half a macroscopic description of
the split core was carried out, followed by the analysis
of smear-slides with a light microscope SK14 (magni-
fication x 100). Smear-slide description included the
qualitative determination of the particle size and the
occurrence of lithological and biological components.
The sediments of the core were dated by y-measure-
ments of the activities of *’Cs and '°Pb, described by
(Vologina et al., 2018; Vologina et al., 2019). Diatom
and palynological analyses were carried out at sam-
pling intervals of 1 cm to 2 cm. Diatom analysis was
performed according to (Zhuze et al., 1969; Diatoms
of the USSR, 1974) and preliminary results were pub-
lished by Vologina et al. (2018). Technical process-
ing of samples for palynological analysis was carried
out according to a well-known method (Berglund and
Ralska-Jasiewiczowa, 1986).

3. Results

The sediments of core bl6 are represented by
clayey silt with an insignificant admixture of sand
(Fig.2). The relatively homogeneous lithological com-
position indicates stable depositional conditions during
their formation. Dating results reveal a sedimentation
rate of approximately 1 mm y’!, implying a time range
of 400 years for core b16. It includes the period of the
Little Ice Age (LIA) from 1600 AD-1850 AD to the pres-
ent (Vologina et al., 2018). Thus, the studied deposits
belong to the Late Holocene.

3.1. Palynological analysis results

The total amount of pollen and spores in the sed-
iments of core b16 ranges from 221 to 637 specimens
(Fig. 2). Based on their composition, two different sec-
tions can be distinguished in the core.

Section 1: 17-37 cm. Picea obovata and Sphagnum
sp. are dominant in this interval, which is character-
ized by a high content of spores (46-54 %), especially
represented by Sphagnum sp. (30-38 %). Tree pollen
(19-28 %), containing mainly Picea obovata (13-21
%), Pinus sec. Cembra (2-4 %) and Pinus sylvestris (2—4
%). Shrubs (12-21 %) are less frequent in the spectrum
and mainly represented by Betula type Nanae (6-13 %)
and Duschekia sp. (4-10 %). Grass pollen (7-15 %) are
less frequent and contain mainly by Ericales (1-7 %),
Artemisia sp. (up to 3 %), Cyperaceae (up to 2 %) and
various herbs (2-5 %).

Section 2: 0-17 cm. This section is dominated
by Picea obovata, Betula type Nanae, Duschekia sp.
and Sphagnum sp. The content of spores (43-51 %)
decreases and is represented by Sphagnum sp. (29-37
%), Polypodiaceae (4-9 %), Lycopodiaceae (2-5 %). The
amount of tree pollen changes slightly (12-28 %), char-
acterized by Picea obovata (8-20 %), Pinus sec. Cembra
(1-4 %), Pinus sylvestris (1-4 %), Betula type Albae (up
to 2 %). Section 2 contains more shrub pollen (16-29
%), namely Betula type Nanae (8-14 %), Duschekia sp.
and Salix sp. (6-16 %). Grass pollen account for 9-12
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Fig.1. Map of Chukchi Sea with the positions of core
b16. The arrows mark main ocean currents within Chukchi
Sea according to (Stein et al., 2017): SCC - Siberian Coastal
Current, HC — Herald Canyon Current, CC — Central Channel
Current, BC — Barrow Canyon Current, ACC — Alaska Coastal
Current.

%, including Ericales (1-5 %), Cyperaceae (up to 4 %),
Artemisia sp. (up to 4 %), Poaceae (up to 2 %) and var-
ious herbs (2—4 %).

Up to 1.8 % of redeposited forms of the
Neogene age (N) occur throughout the core (Tsuga sp.,
Juglandaceae, Carya sp., Myrica sp., Alnus sp., Quercus
sp., Betula sp. Corylus sp., Ulmus sp., Tilia sp., Osmunda
sp.) and up to 1 % of forms of the Jurassic (J) and
Cretaceous (K) periods (Cyathidites-type, Pinus proto-
cembra, Gleicheniidites sp., Ginkgo sp., Cicatricosisporites
sp.) (Fig. 2).

3.2. Results of diatom analysis

The distribution of the most typical diatoms in
the sediments of core b16 is presented in Table. 54 taxa
of diatoms have been identified. The composition is
dominated by planktonic species (61.1 %). The content
of neritic species is 30 %, oceanic species — 26 % and
sub-littoral species — 18.5 %.

Arctoboreal and subboreal diatoms amount 62.8
% of the total diatom content. Nevertheless, a distinct
occurrence can be observed of southern boreal, sub-
tropical and tropical species, as well as redeposited
ancient diatoms.

Approximately half of all diatom valves belong
to the genus Chaetoceros Ehr. (up to 50 %) and the spe-
cies Chaetoceros sp.(up to 28 %). Coscinodiscus margin-
atus Ehr. represents 0.5-8.3 %, Ch. mitra (Bailey) Cleve
- 1.1-6.2 %. The increased content of diatom species
is observed in the lower part of the core (Section 1,
Table), where arctoboreal, cold-loving species of the
genus Thalassiosira dominate: Th. antarctica, Th. hyalina,
as well as Bacterosira fragilis, Coscinodiscus marginatus,
Actinocyclus sp., Paralia sulcata (Ehr.) Cl., Rhizosolenia
hebetata (Bail.) Gran. and numerous representatives of
the genus Chaetoceros.
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Fig.2. Core b16: photo, lithology and diagram of pollen and spores. Legend of lithology: 1 — clay, 2 —silt, 3 — sand, 4 - dia-
toms. Note for the diagram: N — Neogene, J-K — Jurrassic-Cretaceous.

4. Discussion (Grebmeier et al., 2006). The identification of changes

in composition and quantity of pollen, spores and
diatoms in the sediments allows a distinction of two
stages of sedimentation. Obviously, lower temperatures
during cooler environmental conditions throughout
LIA prevailed during the time of sedimentation within
the lower half of the core. This caused lower biological

The Holocene sediments of the Chukchi Sea con-
sist mainly of material formed by bottom erosion and
coastal abrasion (Yashin, 2000). Material from river
runoff accounts for not more than 7 %. In the sedi-
ments from the northern part of the Chukchi Sea the

terrigenous fractions predominate over the biogenic productivity and lead to the increase of the cold-water

components. ) ) species of genus Thalassiosira (Table) (Vologina et al.,
The palynological spectra of sediments from core 2018).

b16_ genera.lly 1.‘eﬂe.ct forest-tundra and tundra veg- The obtained data correlate well with variations
etation, which is widespread along the coasts of the in the chemical composition of bottom sediments sam-
Chukchi Sea including a distinct predominance of pol- pled in the northern part of the Chukchi Sea (Astakhov
len of shrubs, herbs and spores. In the lower part of the et al., 2019). The results of palynological and diatom
core, corresponding to the period of LIA, an increase analyzes complement the geochemical data for core
in the content of spores is associated to colder cli- b16 and are consistent with the reconstruction of ice

matic conditions. Re-deposited species of the Jurassic, conditions in the Arctic over the past 300-400 years
Cretaceous, and Neogene are observed throughout (Astakhov et al., 2019).

the entire sediment core (Fig. 2). They derived from
coastal abrasion and subsequent transfer by currents.
The results are distorted by the significant content of
coniferous pollen (especially spruce). Their most likely
source is assumed to be by currents from the Bering
Sea.

Most of the diatom species observed in the sed-
iments of core b16 (almost 2/3 of the total composi-
tion) are characteristic of cold-water conditions at
high latitudes. The presence of south boreal, subtrop-
ical, and tropical valves is most likely caused by their
entry through the Bering Strait (Astakhov et al., 2015;
Vologina et al., 2018), facilitated mainly by currents

5. Conclusion

Detailed biostratigraphic analyses of a sediment
core from the northern part of the Chukchi Sea allow
the reconstruction of environmental conditions during
the last 400 years in this part of the Arctic Ocean.
The lower section of the core was formed during the
cooling period of the Little Ice Age. It is characterized
by the deposition of the cold-water diatoms and the
increased content of spores of terrestrial plants. The
upper core-section represents the time after the end of
LIA, when warmer climate conditions prevailed and led
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Table. Content of the most frequent species of diatoms in the core b16 (in % of the total number)

g - g
S |38 |8 . 8 s | % g |
S |2 |3 & - S
S 5

2 0-1 3.7 2.6 1.1 12.4 5.7 59.9 4.0 | 0.15 0.5 0.3 4.0 0.9
3-4 1.3 1.0 4.1 3.4 1.1 41.7 4.3 1.5 3.2 0.9 1.7 3.0
5-6 1.8 3.5 2.2 2.4 3.9 47.5 5.1 0.6 2.7 1.1 3.1 3.1
7-8 1.5 2.3 1.7 5.4 6.2 49.4 3.2 0.8 1.9 0.9 0.6 2.6
9-10 3.2 1.8 0.9 12.4 5.8 35.1 4.5 0.5 3.6 0.9 0.8 2.2
11-12 | 1.1 1.9 2.1 15.5 4.1 41.9 3.2 8.0 3.4 - 1.9 3.4
13-14 | 0.7 3.3 1.6 14.9 3.3 44.2 3.6 0.5 3.1 - 2.5 1.1
15-16 | 1.4 | 2.3 0.9 9.2 5.5 49.3 4.3 0.9 1.3 - 2.3 1.1
1 17-18 | 1.2 2.7 8.3 16.6 | 4.2 32.3 3.7 2.3 2.1 1.1 0.2 2.7
19-20 | 0.7 2.1 1.5 19.3 | 6.1 42.1 5.3 2.1 0.8 0.2 1.2 2.8
21-22 | 1.3 4.2 1.1 22.5 5.3 32.1 3.3 1.7 2.0 0.4 1.6 3.6
23-24 | 1.0 2.1 0.7 28.4 4.0 35.6 4.5 1.6 2.0 0.9 1.8 1.4
25-26 | 1.5 2.0 1.3 25.1 5.2 29.4 3.3 3.1 4.1 2.5 - 1.3
27-28 | 1.3 2.1 1.0 28.0 4.0 27.3 4.1 3.4 3.0 1.3 0.3 2.7
29-30 | 0.9 1.3 0.5 14.9 4.3 40.3 2.9 1.6 4.5 0.9 0.2 0.2
31-32 | 0.6 1.1 0.5 14.7 2.6 45.1 4.1 2.7 2.6 0.1 1.0 1.5
33-34 | 0.3 1.6 0.6 9.8 4.6 45.4 4.0 2.4 3.0 1.0 0.6 2.2
35-36 | 0.8 1.6 2.3 10.5 8.4 29.0 3.9 2.6 3.9 1.5 0.3 1.6
36-37 | 0.8 1.2 1.1 125 | 2.8 50.1 3.7 1.8 1.2 1.5 0.8 1.2

to a distinct reduction of the cold-water diatoms and
spores of terrestrial plants. The appearance of south-
ern boreal, subtropical and tropical diatom species in
the sediments of the northern part of the Chukchi Sea
is caused by the transfer of Pacific waters through the
Bering Strait to the Arctic Ocean. Transport of conifer-
ous pollen and spores to the sediments of the Chukchi
Sea occurs mainly by ocean currents and by wind
drift from land areas. Coastal abrasion and the subse-
quent transfer by currents are responsible for Jurassic,
Cretaceous and Neogene species of spores and pollen
redeposited in the Holocene deposits.
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buocTparurpadpma no3AHEronoueHoOBbIX
AOHHBIX 0CAAKOB U3 CEBEepPHOM YacTH
YykoTcKOoro mopsa

Bosioruna E.I'.1*, Kynaruna H.B.!, Uepusesa I'.I1.Y, [lItypm M.?, Konecuuk A.H.3

! Hncmumym 3emHotl kopst CO PAH, yii. Jlepmonmosa, 128, Hpkymck, 664033, Poccust
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AHHOTAILIHA. Llensio nicciieOBaHUA ABJIAETCA U3yYeHUE MPOLIECCOB COBPEMEHHOI'O OCaKOHAKOILIe-
HuA B akBaTopuu CeBepHoro JleqoButoro okeaHa. KoJIoHKa JOHHBIX OcaakoB (mymHa — 37 cMm) ObLIa
oToOpaHa B ceBepHOU YacTu UyKOTCKOr0o MOpsA. AHAJIUTUYECKHe MeTOAbl BKJTI0UAJI MaKPOCKOMUYECKOoe
oTMcaHUe C aHaJIM30M IMpenapaToB-Ma3koB (smear-slides), matuposatue o ¥’Cs u 2°Pb, nuaToMOBBIit
U NaJMHOJIOTUYecKuil aHaau3bl. CKOPOCTh CeUMEHTAI[UM B TOUYKEe HCCJIeNOBaHUA cocTaBuiaa 1 MM/
rop. Takum oO6pa3om, M3ydeHHBIE OTJIOXKEHHUs HAKAIIMBAJINCh B TeueHrne ~ 400 jer, BKIovYas Mabiia
JIETHUKOBBIN TIepUo/I. IIOBBIIIEHHOE COAEPXaHUE XOJIOJHOBOAHBIX BH/IOB JUATOMEH U CIIOP HAa3€MHBIX
pacTeHWH B HIXKHEM CJIO€ MCCJIEJOBAHHBIX OCA[KOB XapaKTEPU3YIOT XOJIOHBIE KJIMMaTUYECKUE YCJIO-
BHs, TOCIIOZICTBOBaBIIKE BO BpeMsA MaJjioro e JHUKOBOrO nepruoga. Hannune 0pCKUX, MEJIOBBIX U HEO-
TEeHOBBIX BU/IOB CIIOP U IBUIBIIBI B TOJIOIIEHOBBIX OTJIOXKEHUSAX CBUIETEJIBCTBYET O OEperoBou abpasuu u
MOCJIEAYIOIEN TPAHCIIOPTUPOBKE MaTepraja TEYeHUs MU K MecTy oTbopa KepHa. FOxHbie, cyOTponuye-
CKHe€ U TPOMUYECKUE BUbI JUATOMEN B BEPXHEHU YaCTU KOJIOHKH CBSI3aHBI C UX EPEHOCOM TeUEeHUAMU
u3 Tuxoro oxeaHa B CeBepHbili JIeOBUTHIN okeaH depe3 BepnHros nmpoJiuB. Pe3ysibTaTel OHMOCTpaTU-
rpaduuecKrux aHaAJIN30B CBUETEbCTBYIOT 00 N3MEHEHUIX OKPYXalolel cpesl 3a mocienaue 400 jer,
MPOSIBJIEHHBIX B JIOHHBIX OTJIOXKEHUAX U3 CEBEPHOU YacTu UyKOTCKOro MOPs.

Kitiouegsie citoga: UYykoTckoe Mope, IOHHbIE OTJI0XKeHUA, MaJiblil JiIeTHUKOBHIN Mepruo, COBpeMeHHOe
OCaJKOHAKOIIeHNe, IblJIbI[a, JUaTOMOBBIE BOLOPOCIIH.

Juna murupoBaHus: Bonormna E.JT., Kynarmna H.B., Yepnsesa TI.Il., IlItypm M., Komecuuxk A.H. Buocrtpaturpadus
[I03/THET0JIOIIEHOBHIX JOHHBIX OCAJIKOB M3 ceBepHOH yacTu Yykorckoro mops // Limnology and Freshwater Biology. 2024. - No 2.

- C. 48-57. DOI: 10.31951/2658-3518-2024-A-2-48

1. BBeaenue

CoBpeMeHHOe TMoOTelieHne kiaumara (Brohan
et al., 2006; Wilson et al., 2007) nIpuBOAUT K M3MeHe-
HUAM MPUPOJHOM CpeJibl, KaK Ha KOHTUHEHTaX, TaK U
B okeaHax. OOBbEKTOM HAIIUX HCCJIeJOBAHUN ABJIAETCS
YyKkoTcKoe MOpe, pacroJoxeHHoe MexAy YyKoTKo! u
Asckol U ABJIAIOIeeCs: OKPauHHBIM MopeM CeBepHOro
JlenoBuToro okeaHa. 3a nocJjieJHUE AeCATUIIETUA Cpe/i-
HerojioBasi TeMreparypa BO3AyXa 3/leChb MOBBICUJIACH,
YTO B 3HAUMTEJIbHON Mepe OINpeesiujo COKpalleHue
Iom@aau JjefsHoro mokposa (Stone, 1997; Crane,
2005). Takue uamMeHeHUs HaXOJAT CBOE OTpakeHUe U
B BellleCTBEHHOM COCTaBe JOHHBIX 0CaKOB UyKOTCKOro
Mops (AcraxoB u np., 2018; BosoruHa u ap., 2018;
Astakhov et al., 2019; Vologina et al., 2019).

OT/In4UTeNIbBHONM 0CO0EHHOCThI0  YyKOTCKOTO
MOpsl 10 CPaBHEHMIO C JPYTMMU KpaeBbIMU MOPSMU
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CeBepHOro JIeJOBUTOTO OKeaHa sBJISIETCS JOCTATOYHO
BBICOKasA OunoJjioruyeckas MPOAYKTUBHOCTb, O0YyCJIOB-
JIeHHasl MPOHUKHOBEeHHEM 0oJiee TeIIBIX THUXOOKeaH-
ckux Bof uepe3 Bepunros nposiB (OrOpogHUKOB U
PycanoB, 1978; Grebmeier et al., 2006; Astakhov et
al., 2015). ToatoMmy GuocTpaTurpaduuecKrue MeTOIbI
U3y4yeHUsA [JOHHBIX OTJIOXKEHUH 3[ech HCKJII0YU-
TeJIbHO BaXXHBI U HAXOAT CBOE LIMPOKOe NpHMeHeHHe
(Caupmosa, 1994; de Vernal et al., 2005; Obrezkova et
al., 2023).

B craThe mpuBOAATCA JaHHbBIE IAJIHMHOJIOTH-
YecKoro M OUATOMOBOI'O AaHAJIM30B BEPXHHUX CJIOEB
JIOHHBIX OTJIOXKEeHWH, OTOOpaHHBIX B CEBEPHOIl YacTU
YyKOTCKOrO MODPs, IO3BOJIAIOIINE JIylle ITOHATh IPo-
I[ECCHI COBPEMEHHOT'0 0CaJKOHAKOIJIEHHS B 3TOM peru-
oHe CeBepHOro JleZJoBUTOrO OKeaHa.

© ABTop(s1) 2024. DTa paboTa pacnpocTpaHs-
eTCs 0] MeXAyHapoJHOI iuneH3uel Creative
Commons Attribution-NonCommercial 4.0.
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2. Marepuanbl U MeTOAbI

Ocagku ObUIM TOJIYYEHBI BO BpeM:A MeXIyHa-
POAHOM 3KCHEAUIUU Ha HAyYHO-HCCIIeOBATEIhCKOM
cynHe «[Ipodeccop Xpomos» B 2012 1. Kepu b16 (gimnna
— 37 cM) oTto6paH Mpo6oOTOOPHUKOM THIA «boxcorer»
B CeBepHOII yacTu YyKoTCKOro Mops Ha riryouHe 100 m
B TOYKe ¢ koopamHaTamu 72°32’37.8” N 175°59’42” W
(Puc.1). IIpoBeieHO MaKpOCKONIIYECKOe ONMCAHUE pas3-
pe3a, COIMpOoBOXAaeMoe IPOCMOTPOM IIperapaToB-Mas-
KOB (smear-slides) Ha CBETOBOM MMKPOCKOIIE MapKH
SK14 (yBesmuenue x 100). OnrcaHue npemnapaTroB-Mas-
KOB BKJIIOYAJIO KaUeCTBEHHYIO OLIeHKY I'PaHyJIOMeTpPU-
YecKOro C€OCTaBa OCAJIKOB, OIpeJesiAjoch Hajaudyue
TeppUreHHBIX U OMOTeHHBIX KOMIIOHEeHTOB. IIpoBesieHO
JaTupoBaHue ocankoB mo 2°Pb u !¥Cs (BosornHa u
Ip., 2018; Vologina et al., 2019). lnaTOMOBBIH U TTaJTH-
HOJIOTMYECKU aHaJIM3bl BBIIIOJIHEHEHI C I1aroM ornpooo-
BaHuA oT 1 cMm 70 2 cMm. [luaTOMOBBINI aHAJIU3 NPOBO-
JWJICA 1Mo MeToAvKe, onucanHoi B (JKyse u fip., 1969;
Juatomossle..., 1974) u pe3yJibTaThl ObLJIM 4aCTUYHO
omybsimkoBansl (Bostoruna u ap., 2018). Texauueckas
obpaboTtka mpo0 A4 MNaJIMHOJIOTMYeCKOro aHaju3a
BBITOJIHSAJIACh MO M3BecTHOU MeToquke (Berglund and
Ralska-Jasiewiczowa, 1986).

3. Pe3ynbTaTthbl

Oty10KeHus1, BCKPHITEE KepHOM b16, mpemcras-
JIeHBl MeJINTO-aJIeBpUTaMu C He3HauWTeJIbHOH Ipu-
Mecbio mecka (Puc.2). OTHOCUTEJIbHO OJHOPOIHBIN
JIUTOJIOTUYECKHUII COCTaB CBUJIETEJIbCTBYET O CTAOWMJIb-
HOU 0OCTaHOBKe ceAVMMEHTAI[MU BO BpeMs UX 00pas3o-
BaHuA. PesysbpTartel AaTHpOBaHUA IOKAa3bIBalOT, 4TO
CKOPOCTb COBPEMEHHOI'0 OCAJIKOHAKOILJIEHUA B TOUYKe
otbopa KojoHKH b16 cocraBisger okosio 1 MM/TO.
Takum oOpa3oM, ocaAK{ ABJIAIOTCA MO3AHEr0JIOLeHO-
BBIMU, UX BOo3pacT pasBeH npumepHo 400 jieT u coot-
BETCTBYeT OTpe3Ky oT MaJsioro jieJHUKOBOTO Iepruofa
(MJIIT) ¢ 1600-1850 rr. H.3. 4O HACTOAIIETO0 BpeMeHH.
(Bosioruna u ap., 2018).

3.1. Pe3ynbTartbl NAAMHOAOrHYECKOIO
aHaAM3a

Ob1iee copepxaHUe CIOP U MBUIBLBI B OTJIOXe-
HUAX, BCKPBITBIX KepHOM b16, kosebsercsa ot 221 no
637 sk3emiurapoB (Puc.2). ITo ocobeHHOCTAM cocTaBa
CIIEKTPOB MOJXHO BBIZIEJIUTH JIBE CEKITHU.

Cexknusa 1: 17-37 cMm. [JoMUHaHTaMU ABJIAIOTCA
Picea obovata u Sphagnum sp. [7A uHTepBajia Xapak-
TepHO OoJibllioe cojepxaHue crop (46-54 %), oco-
6eHHo Sphagnum sp. (30-38 %). IleuibIla AepeBbeB
cocrtasysAeT 19-28 % u mpepacTaByieHa IJIaBHBIM 0obpa-
30M Picea obovata (13-21 %), Pinus sec. Cembra (2—4 %)
u P. sylvestris (2—-4 %). Kyctapauku (12-21 %) BcTpeua-
I0TCSI peXe U COCTOAT B OCHOBHOM u3 Betula type Nanae
(6-13 %) u Duschekia sp. (4-10 %). [TebIta Tpas (7-15
%) mpejicTaBJieHa TJIaBHBIM oOpasoM Ericales (1-7 %),
Artemisia sp. (mo 3 %), Cyperaceae (mo 2 %) u pas-
HoTpaBbeM (2-5 %).
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Puc.1. Cxema UYyKOTCKOTO MOpPs C TOYKOH oT6Opa
KOJIOHKH b16. CTpeskaMu OTMeYeHBl OCHOBHbIE TE€UEHUs IO
(Stein et al., 2017): CIIT - cubupckoe NpuUOpeXHOe Teye-
Hue; TKT' — Teuenue kaHboHa I'epanbp; TLIK — TeueHue Lien-
TpasibHOro kaHaia; TKB — Teuenue kanboHa Bappoy; AIIT —
AsackuHCcKoe pubOpexxHoe TeueHue.

Cexkigusa 2: 0-17 cm. B aToii yactu paspesa AOMHU-
HUPYIOT Picea obovata, Betula type Nanae, Duschekia
sp. u Sphagnum sp. Comepxanue cmop (43-51 %)
CHIXaeTcs W mpeAcTaBieHo Sphagnum sp. (29-37
%), Polypodiaceae (4-9 %), Lycopodiaceae (2-5 %).
KosinuecTBO mMBUIBLBI JepeBbeB MeHseTcs He3Hauu-
TespHO (12 —28 %). XapaktepHsl Picea obovata (8-20
%), Pinus sec.Cembra (1-4 %), Pinus sylvestris (1-4 %),
Betula type Albae (mo 2 %). B cmekTpax oTMedaeTcs
0oJIbIllle TBUIBLBI KyCcTapHUKOB (16-29 %), a MMeHHO
Betula type Nanae (8-14 %), Duschekia sp. u Salix sp.
(6-16 %). Ha nsuibny Tpas npuxoautes 9-12 %, B Tom
yucJe Ericales (1-5 %), Cyperaceae (1o 4 %), Artemisia
sp. (1o 4 %), Poaceae (1o 2 %) u pa3yinuHbIX TpaB (2—-4
%).

[To Bcell kojioHKe BcTpevaercs Ao 1.8 % mepe-
OTJI0XeHHBIX (GopM HeoreHoBoro Bospacra (Tsuga sp.,
Juglandaceae, Carya sp., Myrica sp., Alnus sp., Quercus
Sp., Betula sp., Corylus sp., Ulmus sp., Tilia sp., Osmunda
sp.) u 1o 1 % ¢dopm 10pCcKOro M MeJOBOTO NEPHOJIOB
(Cyathidites-type, Pinus protocembra, Gleicheniidites sp.,
Ginkgo sp., Cicatricosisporites sp.) (Puc.2).

3.2. Pe3ynbTatbl AMATOMOBOIO aHaAM3a

PacrnipeneneHnie Haubojiee TUMMMYHBIX AUaTOMeEN
B OTJIOKEHUAX KOJIOHKU b16 npenacraBieHo B Tabmuie.
Bcero BhIsABJIEHO 54 TakcoHa auaToMeil. B BuIoBOM
cocTaBe MpeobJIafanT MIaHKTOHHbIE hopMbl (61.1 %).
CopepxaHue HepuTHUuecKrux BUIOB coctasiigeT 30 %,
OKeaHN4ecKux — 26 % u cybauropaabHbix — 18.5 %.

ApkTobopeasnbHple U CcyOOOpeasibHble BHJBI
JocturaioT 62.8 % ot obmiero cogepxaHusA AUaToMen.
OTMmeuaeTcs MPUCYTCTBUE I0XKHOOOpeabHBIX, CyOTpO-
NUYeCKUX U TPONMUUYECKUX BUOB, a TaKXe IepeoTJio-
’)K€HHBIX JPEeBHUX AUATOMEN.
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Puc.2. KepH b16: pororpadusi, TUTOJIOrHUA 1 CIIOPOBO-TIBLIbIIEBAs AUarpaMMa. Y cJIOBHbIe 0603HaU€HUs K JINTOJIOTNIECKOM
KojioHKe: 1 — mesyuT, 2 — ajeBpuT, 3 — necok, 4 — auaroMen. [IprMeuanue K ClIOPOBO-TbLIbLIeBON fuarpamMme: N — HeoreH, J-K

- 10pa-MeJL.

OKOJIO TOJIOBHMHBI BCEX CTBOPOK TMIPUXOAUTCA
Ha crnopbl poga Chaetoceros Ehr. (o 60 %) u Bujbl
Chaetoceros sp. (mo 28 %). [osa Coscinodiscus marginatus
Ehr. cocraBmser 0.5-8.3 %, Ch. mitra (Bailey) Cleve —
1.1-8.4 %. [loBhIIeHHOE COJepXXaHUe CTBOPOK 0O0JIb-
IIIMHCTBA BUJIOB OTMEYAaeTCs B HM)KHEH 4acTH KOJIOHKHU
(Cexnusa 1, Tabsuna), rae JOMHHUPYIOT apKTOOOpe-
aJlbHBle, XOJI0MI0JTI0OUBBIe BUAB poja Thalassiosira:
Th. antarctica, Th. hyalina, a Taxxe Bacterosira fragilis,
Coscinodiscus marginatus, Actinocyclus sp, Paralia sulcata
(Ehr.) Cl., Rhizosolenia hebetata (Bail.) Gran. u MHOrO-
yHcJIeHHbIe TIpeficTaBuTen poaa Chaetoceros.

4. 06¢cy)xpenune

T'ostoneHOBHIE Ocafku YyKOTCKOTO MOPSI COCTOAT
NIpeuMYyIIeCTBEHHO M3 MaTepuasia, oO0pa3oBaHHOIO 3a
C4€T pa3MhbiBa JHa U abpasuu Geperos (Amun, 2000).
Ha peuHoll cTok mpuxonurcs He 6oJiee 7 %. B oTJio-
KEHUAX ceBepHOU dYacTu UYyKOTCKOro MoOps Teppu-
reHHele ¢paknuu MpeoOjafalT Hag OMOreHHBIMU
KOMIIOHEHTaMHU.

B nanuHOJIOTMYeCKHX  CHeKTpaX  OCaJKOB
KOJIOHKU bl6 B I[eJIOM OTpa)keHa JIeCOTYHIPOBas U
TYHJpOBas PacTUTEJbHOCTb, paclpoCTpaHEHHas Ha
nobepexbe UykoTckoro mops. OTMeuaercs npeobJia-
JlaHye MbUIbLIBI KyCTapHUKOB, TPaB U CIOp. B HirkHel
YacTu paspe3a, COOTBETCTBYyMoIIel mo BpeMeHu MJII,
HabJilofjaeTcsl MOBBIIIEHME CcoJlepXaHWs CIOop, 4To,
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BEPOSITHO, CBs3aHO C 6oJiee XOJIOAHBIMHM KJIUMaTHye-
CKMMH ycJioBUsMH. [To BceMy paspe3y BCTPEYaloTCs
TepeoTJIOKEeHHbIE BUABI I0PBI, MeJia 1 HeoreHa (Puc.2),
yKasblBamoliye Ha OeperoByio abpa3vio U TMOCJIeAyIo-
U TIepeHoC TeueHUsMU. Pe3ysibTaThl aHAIM3a MCKa-
J)KEHBI CYIIECTBEHHBIM COJepXaHWEM IIbLIBIBI XBOM-
HBIX mopof (ocobeHHO eJn), Hanbojiee BEPOSTHBHIM
CrIoco60M TPUBHOCA KOTOPBIX SBJISIOTCSA TEUYEHUs U3
bepunrosa mops.

ITonasJistoliiee OOJIBITMHCTBO AUAaTOMeM, HabJII0-
JaeMbIX B JOHHBIX OCafKaxX KOJIOHKH bl6 (moutu 2/3
BCET0O BHU/IOBOT'O COCTAaBa), XapaKTEPHO JJIsI XOJIOTHBIX
BOJI BBICOKHX IIUPOT. IIpuCyTCTBHUE [0XHOOOpEAh-
HBIX, CyOTPONMMYECKUX U TPOMUYECKUX BUJIOB CBSI3aHO,
10 BCEM BEPOSITHOCTH, C UX TPAHCIIOPTUPOBKOU Yepe3
Bepunros nposuB (Astakhov et al., 2015; BostoruHa
u 1p., 2018), ueMy crocOOCTBYIOT OCHOBHbIE TE€UEHWS
(Grebmeier et al., 2006). I3MmeHeHNs BUIOBOTO COCTaBa
U KOJIMYECTBEHHOTO COJIEPXKAaHUA CTBOPOK B OCAJKax,
TO3BOJIAIOT BBIIEJIUTH JBA 3Tala OCAaJIKOHAKOIUJIEHUS.
Bo Bpemsa (popmMupoBaHUA OTJIOXKEHUU HUXHEN IOJIO-
BUHBI pa3pe3a Obuin, 0e3 comMHeHus, 0OoJjiee HU3KUE
TeMIepaTypsl. JTO BBI3BAJIO CHMIXeHUe Ouosiormuye-
CKOU MPOAYKTUBHOCTU U MPUBEJIO K YBEJIMUEHUIO UKC-
JIEHHOCTH XOJIOJIOJTIOOMBBEIX BUAOB pona Thalassiosira
(Tabsauna) (Bosoruxa u ap., 2018).

[TosydyeHHble MaTepUasibl XOPOIIO COOTHOCATCA
C BapuanusAMUA XMMHYECKOro COCTaBa JOHHBIX OTJIO-
’)KeHUH, OTOOpaHHBIX B CeBepHOU 4YacTu UyKOTCKOro
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Ta6suna. ComeprkaHre HanboJiee YacToO BCTPEUEHHBIX BHUIOB JUaTOMel B KOJIOHKe b16 (B % OT o0Iero KoJimiecTsa)
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3-4 1.3 | 1.0 4.1 3.4 1.1 41.7 4.3 1.5 3.2 09 | 1.7 3.0
5-6 1.8 | 3.5 2.2 2.4 3.9 47.5 5.1 0.6 2.7 1.1 ] 3.1 3.1
7-8 1.5 | 2.3 1.7 5.4 6.2 49.4 3.2 0.8 1.9 0.9 | 0.6 2.6
9-10 | 3.2 | 1.8 0.9 12.4 | 5.8 35.1 4.5 0.5 3.6 09 | 0.8 2.2
11-12 | 1.1 | 1.9 2.1 155 | 4.1 41.9 3.2 8.0 3.4 - 1.9 3.4
13-14 | 0.7 | 3.3 1.6 149 | 3.3 44.2 3.6 0.5 3.1 - 2.5 1.1
15-16 | 1.4 | 2.3 0.9 9.2 5.5 49.3 4.3 0.9 1.3 - 2.3 1.1
1 ]117-18 | 1.2 | 2.7 8.3 16.6 | 4.2 32.3 3.7 2.3 2.1 1.1 | 0.2 2.7
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25-26 | 1.5 | 2.0 1.3 25.1 | 5.2 29.4 3.3 3.1 4.1 2.5 - 1.3
27-28 | 1.3 | 2.1 1.0 28.0 | 4.0 27.3 4.1 3.4 3.0 1.3 ] 0.3 2.7
29-30 | 09 | 1.3 0.5 149 | 4.3 40.3 2.9 1.6 4.5 0.9 | 0.2 0.2
31-32 | 0.6 | 1.1 0.5 14.7 | 2.6 45.1 4.1 2.7 2.6 0.1 | 1.0 1.5
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35-36 | 0.8 | 1.6 2.3 10.5 | 8.4 29.0 3.9 2.6 3.9 1.5 | 0.3 1.6
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Mops (Astakhov et al., 2019). Pe3yJsibTaThl MaJMHOJIO-
THYeCKOr0 U JUATOMOBOI'O aHAJIM30B JOIMOJIHAIT reo-
XUMHYeCcKre JaHHble AJ1A KepHa b16 u corsacyioTtes ¢
PEKOHCTPYKIMEN JieJJOBOI1 OOCTAaHOBKM B ADKTUKE 3a
nocaeaane 300-400 ser (Astakhov et al., 2019).

5. 3aknioueHue

[IpoBeneHo pertasibHOe OuocTpaTturpaduyeckoe
rccliejloBaHre KOJIOHKY IOHHBIX OTJIOXKeHUH, 0ToOpaH-
HOU B ceBepHOH YacTu UyKOTCKOTO MOpsi, YTO MO3BO-
JINJI0 PEeKOHCTPYHWPOBATh YCJIOBUA OCaJKOHAKOILIe-
HUA B 9ToN yacTu CeBepHoro JleJOBUTOrO OKeaHa 3a
nocaennue 400 net. HuxxHAA yacTh pa3pesa oOpa3oBa-
J1ach BO BpeMs Majioro jieJHUKOBOTIO Ilepuofa. s Heé
XapaKTepHbl XOJIOJHOBOJHblE AUATOMEU U IOBBILIEH-
HOe cojlepkaHue CIop Ha3eMHBIX pacTeHul. B ocagkax
BepxHel yacTHU KOJIOHKH, HAKOIUJIEHHBIX IIOCJIe OKOH-
yanusa MJIII, xorga npeoGsafanu 6ojiee Temnsible KJIU-
MaTHh4yecKUe yCJIOBHA, OTMedaeTcs 3aMeTHOe COKpa-
IleHre XOJIOOAHOBOAHBIX AUATOMelN U CIOp Ha3eMHBIX
pacreHuii. Hannuue oxxHOOOpeasibHBIX, CyOTpomnmue-
CKUX YU TPONHUYECKUX BUAOB AUATOMEN B OTJIOXKEHUAX
ceBepHOH yacTu YyKoTCKOro Mopsi 00yCJIOBJIEHO Iiepe-
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HOCOM THXOOKeaHCKUX BoJ uepe3 BepuHToB IpoJIUB
B CeBepHblil JleoBUTHIII okeaH. TpaHCHOpPTHpPOBKa
IIBUIBLBI XBOMHBIX [OPOJ U CIIOP B pailioH HcCCIIeNo-
BaHUA OCYIIECTBJIAETCA IPeuMYyIeCTBeHHO OKeaHU-
YecKUMHU TeueHusAMH U BeTpoM. Iloctymienue dopm
I0OPCKOT0, MeJIOBOTO U HEOreHOBOI'O BO3pacToOB B roOJIO-
I[eHOBble ocaAKu YyKOTCKOro MOPs IPOUCXOAUT, BEpPO-
ATHO, B pe3yJibTaTe abpa3uu Oeperos U NOCJIeAYIOIIEero
HX IlepeHoca Te4eHUAMHU.

6. bararopapHocTH

ABTOpEHI BEIpaXaroT 6J1aroqapHOCThb KOJLJIeram 13
TOU OBO PAH, EAWAG u 3K CO PAH 3a nomoips B
0oTOOpe JOHHBIX OTJIOXKEHUI, aHAJIUTUYECKYI0 paboTy U
o0cyxaeHue pe3yJbTaToB.

7. ®duHaHcUpoOBaHue

HccienoBaHue BBHIIIOJIHEHO 3a CYET TIpaHTa
Poccwuiickoro HayyHoro ¢hoxga No 24-27-00098, https://
rscf.ru/project/24-27-00098/. B paboTe YacCTHUYHO
3azericTBoBajioch obopynoBanue I[KII «'eogquHamuka
U TeoxpoHosiorusa» UHetutyTa 3eMHON Kopel CO PAH.
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ABSTRACT. The modern biological characteristics of the most common polymorphic species of European
whitefish Coregonus lavaretus (L.) in Northern Europe were studied in the conditions of its habitat in the
oldest riverbed reservoir in the Murmansk region. A number of features of the functioning of the eco-
system of the Nizhnetulomskoye Reservoir (hereinafter NTR) have been identified, including eutrophi-
cation of the reservoir, accompanied by the development of cyanoprokaryotes in phytoplankton com-
munities, including potentially toxic species. The introduction of the Onega smelt Osmerus eperlanus (L.)
into the Tuloma River system half a century ago led to the transformation of the structure of the NTR
fish community from whitefish-salmon to whitefish-smelt. Whitefish (hereinafter, this species name is
only used in regard to the European whitefish) in the NTR are represented by a polymorphic population
and, according to length-weight characteristics, belong to the group of medium-sized whitefish of the
Murmansk region watercourses with early maturation. Based on the type of feeding, it can be classified
as a benthophage with a wide range of consumption of food organisms. The stomach contents of white-
fish in the summer-autumn period correlate well with the seasonality of the development of aquatic
invertebrates. Artificial feeds used by the farms of rainbow trout Oncorhynchus mykiss (Walbaum) in
the reservoir are currently of great importance in the feeding of the NTR whitefish. Understanding the
mechanisms of structural and functional differentiation of whitefish populations is both of fundamen-
tal importance in revealing the mechanisms and direction of microevolution and adaptation of fish in
changing environmental conditions and of fundamental practical importance in the implementation of
protection and rational fishing, their artificial reproduction.
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1. Introduction 2021). Between 1930 and 1972, the construction of
dams on certain large lakes and rivers in the Murmansk
region, resulted in the creation of approximately 20
reservoirs. Reservoirs can be classified as natural-tech-
nogenic geosystems, the development of which occurs

The Murmansk region is one of the areas with
a high level of electrical energy consumption, which
is determined by the high energy intensity of mining
and processing enterprises and non-ferrous metallurgy. under the influence of internal (natural processes) and
Around two-thirds of the total electrical energy con- external (various types of anthropogenic and natural
sumption in the region is accounted for by these sectors influences) factors (Dvinskikh and Kitaev, 2008; 2014).
(Kuznetsov et al., 2020). The creation and Qevelopment Artificially created ecosystems of reservoirs, combining
of the electric power system on the Kola Peninsula in the elements of lotic and lentic systems are characterized

initial stage were primarily reliant on the construction by an unstable balance of ecological interactions among
of hydroelectric dams (Kuznetsova and Konovalova, their four main components: the atmosphere, hydro-
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sphere, lithosphere and biosphere. It is determined
by a regulated hydrological regime, usually different
from the natural one (Dvinskikh and Kitaev, 2014).
Especially in the conditions of the Extreme North, this
leads to disruptions in biogeochemical cycles, the sea-
sonality of biotic processes, and, ultimately, a decrease
in biological diversity and the transformation of the
hydrobiotic community structure.

The Tuloma is one of the largest river sys-
tems in the Murmansk region (Catalogue..., 1962).
Following the reconstruction of the Tuloma River
territories, the majority of the river now belongs to
the Verkhnetulomskoye and Nizhnetulomskoye riv-
erbed reservoirs. At the same time, the state of the
ecosystem after the river damming was studied only
in the younger Verkhnetulomskoye Reservoir (VTR)
(Fishery..., 1985). However, the state of the ecosys-
tem in one of the oldest riverbed reservoirs in the
Murmansk region, the Nizhnetulomskoye, has not been
extensively studied. There are some papers on mollusks
in the littoral zone of the NTR (Nekhaev, 2006; Frolov,
2009) and on the level of parasitic worm infections in
fish in the reservoir (Karasev et al., 2020; Ivanitskaya
et al., 2022). Some population characteristics of juve-
nile Atlantic salmon Salmo salar L. of the NTR have
also been studied (Samokhvalov et al., 2014), there
is an efficient operating fish ladder in the reservoir
(Konovalova and Kuznetsov, 2020). This paper pres-
ents the results of biological characteristics studies of
the whitefish Coregonus lavaretus (L.) of the NTR and
its habitat conditions. Whitefish is the most common
freshwater fish species in Northern Europe. Depending
on habitat conditions, whitefish forms a variety of both
allopatric and sympatric morphs and populations, dif-
fering in morphology, life cycle strategies, and ecologi-
cal niches (Reshetnikov, 1980; Kahilainen et al., 2004;
2007; 2009; 2014; @stbye et al., 2005; Kahilainen and
@stbye, 2006; Siwertsson et al., 2008; 2010; Harrod
et al., 2010; Prebel et al., 2013, etc.). It is considered
that the formation of sympatric morphs in conditions of
low species diversity in northern watercourses allows
the fish species to use efficiently available resources
and determines the stability of water ecosystems as a
whole (Reshetnikov, 1980; Moiseenko, 1983; Kashulin
et al., 1999; Amundsen et al., 2004a; Kahilainen and
@stbye, 2006; Siwertsson et al., 2008; 2010; Harrod et
al., 2010; Laske et al., 2019; Skulason et al., 2019, etc.).
Understanding the mechanisms of structural and func-
tional differentiation of whitefish populations is both of
fundamental importance in revealing the mechanisms
and direction of microevolution and adaptation of fish
in changing environmental conditions and of funda-
mental practical importance in the implementation of
protection and rational fishing, their artificial repro-
duction (Mina, 1986; Altukhov, 2004).

2. Materials and methods
2.1. Study area

The Tuloma River basin is located in the north-
west of the Murmansk region (Fig. 1). Before dam-
ming, the Tuloma River originated from Notozero Lake
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® sampling points

Hydropower station

Nizhnetulomskoye Reservoir

Fig.1. Hydrochemical, hydrobiological and ichthyo-
logical sampling points in the Nizhnetulomskoye Reservoir
(Tuloma River basin), 2018-2022.

(since 1962 is a part of the VTR with an area of 745
km?). The river flows into the Kola Bay of the Barents
Sea (Fig. 1). After the Tuloma River regulation by
the dams of hydropower stations (hereinafter HPP)
Nizhnetulomskaya and Verkhnetulomskaya, the major-
ity of the river is the NTR (Fig. 1). The length of the
Tuloma River is 59.8 km, and the catchment area is
18231.5 km? (Catalogue..., 1962). The catchment area
of the river is represented by complex and extensive
lake-river systems draining the territory of the western
part of the Murmansk region, where there are numer-
ous hills and tundra. The Salnye Tundry are located
in the watershed between the Barents and White Seas.
The flow of the main tributaries of the Tuloma River,
the Nota and Lotta rivers,which originate in Finland, is
formed on the slopes of the hills and adjacent swampy
plains. There are more than 5 thousand lakes in the
Tuloma River catchment area. The river fall is 48 m,
the average slope is 0.3%. In the mountainous section,
the river is located in a narrow and deep gorge (incision
depth is 200-300 m) and forms incised bends. There
are many rapids on the river. In the lower reaches of
the river (below the village of Murmashi), the influ-
ence of sea tides are felt. There are two HPP on the
Tuloma River: Verkhnetulomskaya (since 1965) and
Nizhnetulomskaya (since 1937), forming the VIR and
NTR, respectively (Catalogue..., 1962; Surface..., 1969).

The NTR was filled in 1934-1936. When creating
the reservoir, 170 ha of farmland were flooded. The
area of the reservoir water surface is 38 km?, the vol-
ume is 0.39 km?® (0.037 km?® of which is useful), the
length is about 16 km, the greatest width is 1.6 km, the
average depth is 12 m, and the maximum depth is 20
m. The level of the upper pool of the reservoir is: forced
- 18.5 m, normal — 18.0 m, minimum — 17.0 m; pres-
sure: maximum - 20.3 m, minimum - 17.0 m; the aver-
age long-term flow rate is 234.0 m®/s. The rivers Pyaive
and Sholgoch flow in the reservoir from the north, and
— the Kercha River from the south (Catalogue..., 1962;
Surface..., 1969). In the NTR water area, there are fish
farms for growing rainbow trout Oncorhynchus mykiss
(Walbaum).
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The autumn ice phenomena on the Tuloma
River begin in the first ten days of October. The river
is covered with ice at the end of December. Ice sets
in mid-November in the stretch areas of the river, and
much later in rapid areas.. The river opens at the begin-
ning of May, ice drifts until the beginning of June. In
the downstream of the Nizhnetulomskaya HPP and fur-
ther to the mouth, the Tuloma River is subject to a pow-
erful tidal cycle under the influence of the Kola Bay. In
addition, the river does not freeze in this part during
winter (Catalogue..., 1962; Surface..., 1969).

In the Tuloma River basin, a study of whitefish
and its habitat conditions was carried out in the NTR
(Fig. 1).

The sampling program included measurements
of the reservoir productivity (total nitrogen (ug/L),
total phosphorus (ug/L), chlorophyll a content (ug/m?3)
and phytoplankton biomass (g/m?)), prey availability
(diversity, total abundance, and biomass of zooplank-
ton (thousand individuals/m® and g/m?®) and macrozo-
obenthos (individuals/m? and g/m?)), putative prey for
much of the fish community, key characteristics of the
fish community (species composition (%)), and biolog-
ical characteristics of whitefish (intraspecific composi-
tion, morphology, sex and length-weight composition,
growth rate, diet, and maturation).

2.2. Hydrochemical research

Water samples from the surface layer (1 m from
the surface) and bottom layer (1 m from the bottom)
of the NTR were taken with a 2.0 L plastic bathometer.
The collected water samples were transported in 1.0 L
plastic bottles. The chemical composition of water was
determined at the center for collective use of the INEP
of the Kola Scientific Center RAS using uniform methods
(Standard..., 1999; Anthropogenic..., 2002; Sandimirov
et al., 2019). The periods for collecting hydrochemical
samples and their quantities are given in Table 1.

2.3. Hydrobiological research

Detailed information on the hydrobiological
sample sizes and their collection time is presented in
Table 1. Quantitative phytoplankton samples were
taken with a 2.2 L Riittner bathometer at a depth inter-
val of 0-5 m, and qualitative phytoplankton samples
were taken with a Juday net. Each sample obtained was
fixed with Lugol solution, and concentrated in the lab-
oratory by settling method (Guide..., 1992; Sandimirov
et al.,, 2019). Phytoplankton biomass was calculated
using the counting-volume method based on determin-
ing the individual volume of cells (or dense colonies) of
each species, calculated using formulas for the volume
of similar geometric figures (Guseva, 1959; Kuzmin,
1984; Tikkanen, 1986). Counting the abundance and
taxonomic identification of algae and cyanoprokary-
otes was carried out in a 0.1 ml Nageotte Chamber on
a Motic BA300 light microscope with an immersion
lens. Magnifications ranging from 400 to 1000 times
were used. The names of taxa are given in accordance
with the international algological database (Guiry and
Guiry, 2024).

To assess the physiological state and photosyn-
thetic activity of algae and cyanoprokaryotes, the con-
tent of chlorophyll a in plankton was analyzed; sam-
pling was carried out monthly. Water samples with a
volume of 600 ml were filtered through a membrane
filter with a pore diameter of 0.47 um using a Millipore
syringe with a filter attachment. Filtration was carried
out directly on the reservoir to avoid changes in the
content of photosynthetic pigments during the transpor-
tation of water samples. Extraction of chlorophylls was
carried out with an acetone solution (90% analytical
grade), the optical density of the extracts was measured
with a PE-5400UF spectrophotometer. Concentrations
of photosynthetic chlorophyll a were calculated using
standard methods generally accepted in interna-
tional and domestic practices (Determination..., 1966;
Mineeva, 2004; Denisov and Kashulin, 2013). The tro-

Table 1. Characteristics of the used hydrochemical, hydrobiological and ichthyological material from the Nizhnetulomskoye

Reservoir (Tuloma River basin), 2018-2022

11, VIII, XI 2022 [-1I1, V-XI 2020,
[-III, V-XII 2021,
monthly

from I to XII 2022

Research period of Research period of GBS Number of Research nl | n2 | n3 | n4
GCS samples period of IS
P, Z M Gelp,z| M
1V, V, VII, X 2019, VII 2018, monthly 16 | 176 | 46 XII 2018, 431379 55 | 107
I-11, V, VII, IX, XII 2020, monthly from V to XI 2019-2022 monthly
VI 2021, from I to X 2019, from V to XII
2019-2020

V, VIII-XII 2021
II1, VII-XII 2022

Note: GCS - hydrochemical samples, GBS — hydrobiological samples, IS — ichthyological samples, P — phytoplankton, Z —
zooplankton, M — macrozoobenthos, n1 - the whitefish number with studied length, weight, age, stage of development of repro-
ductive products and linear growth rate, n2 — with studied branchial arch, n3 — with studied body morphology, n4 — with studied

stomach contents.
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phic status of waters was assessed by the content of
chlorophyll a according to the classification proposed
by Kitaev (2007).

Quantitative zooplankton samples were taken
with a 2.2 L Riittner bathometer at the depths of 0-2,
2-5, 5-10, 10-20 m, and qualitative zooplankton sam-
ples were taken with an Apstein net (38 cm diameter,
30 um mesh size). Vertical trawling provides more
complete data on the plankton population of the stud-
ied reservoir. Stretching the plankton net from the
bottom up - from the bottom of the reservoir to the
surface. The fixative is Lugol solution (Guide..., 1992;
Sandimirov et al., 2019).

Quantitative and qualitative macrozoobenthos
samples from littoral zones (<1 m depth) were col-
lected using a net scraper fitted with a 25x25 cm frame,
and the animals were selected from stones. The col-
lected samples were stored in plastic buckets (Guide...,
1992; Sandimirov et al., 2019). Collected macrozoo-
benthos samples were fixed with 4% formalin solution
or 70% ethanol solution.

Zooplankton and macrozoobenthos samples
were transported to a field laboratory, identified using
a microscope (mostly to genus level) (Merritt and
Cummins, 1984; Key..., 2000; 2001; 2016), sorted,
counted (thousand individuals/m® and individuals/
m? respectively) and weighed (g/m?® and g/m? respec-
tively) (Guide..., 1992). The Bogorov Chamber is used
to count the zooplankton organisms in the sample. It is
a thick plate of glass or plexiglass with a notch in the
form of a labyrinth. Trophic status was assessed by zoo-
plankton and macrozoobenthos biomass using the scale
proposed by Kitaev (2007).

2.4. Ichthyological research

Detailed information on the samples sizes and
catch times of fish presented in Table 1. The fish were
collected using gill nets in all three sampled habitats
of the NTR (littoral, pelagic, and profundal). In the
NTR, catches were made with a standard set of nets
25-m-long and 1.5 m high with a mesh size of 10, 12,
16, 18, 20, 30, 35, 40, 45, 50, 55, and 60 mm. The
nets are set overnight (c. 12h). Fish taken from the
nets next morning (soak time c. 6-10 h,), were imme-
diately killed with cerebral conclusion. All fish were
identified in the laboratory or field to species (Fricke
et al., 2024). A total of 408 whitefish were caught. All
sampled whitefish were measured (Smith length (FL)
+ 1 mm) and weighed (total weight (W) = 1 g). Fifty-
five whitefish were photographed using a Nikon d610
digital camera with a 60 mm f/2.8G ED AF-S Micro-
Nikkor lens (Bochkarev et al., 2013; Melekhin et al.,
2021).Whitefish morphs were identified based on the
number of rakers on the first branchial arch (hereinaf-
ter sp.br.): 16 to 30 in sparsely rakered whitefish, 31 to
42 in medium rakered whitefish, 43 to 65 in densely
rakered whitefish (Pravdin, 1954; Reshetnikov, 1980).
Also, based on the number of perforated scales in the
lateral line (II), small scaled whitefish (76-83), medium
scaled (83-86) and multi scaled whitefish (86-98) were
identified (Bochkarev, 2022). Sp.br. were counted
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under a microscope at magnification of x 10. To iden-
tify the structural features of the first branchial archof
whitefish, the length (+ 0.1 mm) of the central gill
raker (hereinafter Isp.br.) was also measured (Pravdin,
1966). The distance (* 0.1 mm) between the gill rak-
ers (ssp.br.) was calculated according to the method of
Kahilainen and @stbye (2006). Based on the obtained
images of the fish, Il numbers in the lateral line of the
whitefish were counted and, using the ImageJ program,
measurements of morphometric whitefish body fea-
tures (30 features) were made (= 0.1 mm) according to
Bochkarev and Zuikova (2010) with minor changes: H
— highest body height, h — caudal peduncle height, aA,
aV, aD, aP - anteanal, anteventral, antedorsal, antepec-
tral distances, respectively, DC, VC, AC - dorsocaudal,
ventrocaudal and analcaudal distances, respectively,
PA, PV, VA - pectroanal, pectroventral, ventroanal dis-
tances, respectively, pA — caudal peduncle length, pD
— postdorsal distance, ID, A, 1V, IP - the length of the
dorsal, anal, ventral and pectoral fins, respectively, hD,
hA - length of the bases of the dorsal and anal fins,
respectively, C — head length, r — snout length, o — eye
diameter, b — pupil diameter, po — postorbital distance,
Chl and Ch2 - head height at the level of the eye and
the back of the head, respectively, lmax and hmax -
length and height of the upper jaw respectively, Imd
— lower jaw length.

Morphologic data (Isp.br., ssp.br., and morpho-
metric body features) were first log, -transformed to
reduce heterogenity in variance and size-adjusted to the
average length of the NTR whitefish samples using an
allometric formula (Thorpe, 1975); X, = 10", where X,
is the size-adjusted morphologic measurement. Y, is the
logarithm of the adjusted morphologic measurement
with the following relationship: Y,= log M, — b(log,,
L, - log,L, ), where b is the pooled regression coeffi-
cient of log, M, against log, L, M, is the morphologic
measurement of ith whitefish, L, is the total length of ith
whitefish, L _ is the average folk length of all whitefish
samples. Meristic counts were examined as raw data.
For every trait, the mean (M) and standard error (m)
were calculated. The normal distribution of the traits
was tested in Statistica 10 program (asymmetry and
kurtosis, Kolmogorov-Smirnov, Shapiro-Wilk tests, two
normal probability plots). Since visual analysis of the
external structure of the NTR whitefish during catching
and processingof the material, as well as evaluation of
images of fish revealed some differences in the mor-
phology of the head and body of individual sparsely
rakered whitefish morph, morphometric (size-cor-
rected) measurements were subjected to multivariate
analysis (principal component analysis) in the Statistica
10 program. The data obtained were compared, and the
significance of differences in the traits demonstrating
normal and non-normal (samples were large-volume)
distribution was checked using Student’s t-test. The dif-
ferences were considered statistically significant atp <
0.05.

We assigned fish to those taking part in spawning
if their gonads were in sexual maturity stages III-IV,
V, VI, VI-II (Reshetnikov and Bogdanov, 2011).The age
of the fish was determined by scales using commonly
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accepted methods (Van Oosten, 1929; Reshetnikov,
1966). The study of the back-calculated whitefish
length on scales was conducted according to the method
of Zubova et al. (2016). The percentage of whitefish
individuals with empty stomachs and stomachs con-
taining food components was determined from May to
December. To analyze qualitative and quantitative fea-
tures of whitefish feeding from May to December, 107
stomach contents were evaluated (Table 1) according
to the known guides (Guide..., 1961; Methodological...,
1974). The stomachs were removed and fixed in 70%
ethanol solution in less than 2-3 h after collection of
nets from the lake. The treatment of the material was
conducted in a laboratory using a microscope. Food
items in stomachs were identified as far as possible to
genus or family level (Key..., 2000; 2001; 2016), and
the wet mass (+ 0.1 g) of each category was measured.
To characterize the feeding spectrum, the IR (index of
relative significance) was used: IR = (F,P, / ZF,P) X
100%, where F.is frequency of occurrence of each com-
ponent of food, P,is share by mass; value i changes from
1 to n (n is the number of food components in the whole
stomach contents) (Popova and Reshetnikov, 2011).

3. Results
3.1. Hydrochemical and hydrobiological
characteristics

In terms of the content of total phosphorus and
nitrogen in the water, the NTR can be classified as
mesotrophic water bodies with signs of eutrophication
(Table 2). At the same time, the average quantitative
parameters (abundance, individuals/m?, and biomass,
g/m?®) of planktonic communities and chlorophyll a
(mg/m?) correspond to the a-oligotrophic trophic status
(Table 2). Quantitative parameters are characterized by
sharp changes throughout the year; phytoplankton veg-
etation processes continue during the subglacial period.
Relatively long periods of autumn vegetation, almost
until freeze-up, were observed, maintaining the zoo-
plankton biomass at the level of summer values.

Phytoplankton communities were character-
ized by a species composition dominated by diatoms
and golden algae, as well as the presence of represen-
tatives of charophyte (desmidia) algae. According to
ecological characteristics, the bulk were made up of
representatives of phytoplankton, characteristic of sub-
arctic reservoirs of the northern taiga zone, as well as
cosmopolitans with a wide biogeography: Aulacoseira
islandica (O.Miill.) Simons., Asterionella formosa Hass.,
Tabellaria fenestrata (Lyngb.) Kiitz., Dinobryon divergens
Imh. The development of cyanoprokaryotes in com-
munities is also observed (up to 85%), mainly in the
autumn, including potentially toxic species that can
cause algal blooms (Aphanizomenon flos-aquae Ralfs ex
Born. & Flah., Dolichospermum lemmermannii (Rich.)
Wack., L.Hoff. & Komar., and Planktothrixa gardhii
(Gom.) Anag. &Komar.).

The zooplankton communities of the studied res-
ervoir were characterized by the dominance of eurybiont
species typical of subarctic water bodies. In the studied
water body, the taxonomic composition turned out to
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be relatively poor (18-19 species). Rotifers dominated
in abundance: Keratella cochlearis Gosse, Polyarthra vul-
garis Carlin, Synchaeta pectinata Ehrb, the share of crus-
taceans was lower: Eudiaptomus gracilis Sars, Bosmina
obtusirostris Sars, Daphniasp. (Table 2). According to the
ecological characteristics, the zooplankton community
corresponded to the rotary-cladoceran and rotary-cope-
pod type, depending on the observation period.

Table 2. Average hydrochemical and hydrobiological
parameters from the Nizhnetuloma Reservoir (Tuloma River
basin), 2018-2022

Parameters Values of
parameters
Total phosphorus content, ug/L 13.3 = 1.45
Total nitrogen, ug/L 228.5 *+ 18.49
Trophic status* mesotrophic
with signs of
eutrophicity
Phytoplankton biomass, g/m? 0.65
Chlorophyll a content, ug/m?® 1.42

Trophic status** a-oligotrophic

Zooplankton abundance, %

rotifers 84.1
crustaceans 15.9
Zooplankton biomass, %
rotifers 53.3
crustaceans 46.7
Total abundance of zooplankton, thousand 143.1
individuals/m?®
Total biomass of zooplankton, g/m? 0.4

Trophic status** a-oligotrophic

Littoral macrozoobenthos abundance, %

chironomids 72
caddisflies
bivalve mollusks
gastropod mollusks
oligochaetes 11
other groups of organisms 7
Littoral macrozoobenthos biomass, %
chironomids 60
caddisflies
bivalve mollusks
gastropod mollusks 14
oligochaetes 10
other groups of organisms 10
Total abundance of littoral macrozooben- 3642
thos, individuals/m?
Total biomass of littoral macrozoobenthos, 16.0
g/m?
Trophic status** eutrophic

Note: * — along Likens, 1975, ** — along Kitaev, 2007.



Zubova E.M. et al. / Limnology and Freshwater Biology 2024 (2): 58-97

The macrozoobenthos of the littoral zone of the
NTR studied areas is typically freshwater. During the
study period, invertebrates belonging to 13 system-
atic groups were recorded: flatworms (Turbellaria),
nematodes (Nematoda), oligochaeta (Oligochaeta),
leeches (Hirudinea), bivalves (Bivalvia), gastropods
(Gastropodae), water mites (Hydracarina), chironomids
(Chironomidae), flies (Diptera), true bugs (Hemiptera),
caddisflies(Trichoptera), mayflies (Ephemeroptera), and
alderflies (Megaloptera). The macrozoobenthos of the
NTR littoral zone was characterized by a relatively
high abundance and biomass - eutrophic trophic status
(Table 2). The dominant complex was supplemented
by inhabitants of the rocky littoral zone: gastropods
(Lymnaea sp., Valvata sp.), caddisflies (Polycentropus
flavomaculatus Pict., 1834, Oxyethira sp., Limnephilidae),
leeches (Glossiphonia complanata L., 1758), heteropter-
ans, mayflies, and alderflies were observed sporadically
(Table 2).

3.2. Fish species composition

During our work from 2018 to 2022, ten species
of fish were identified as part of the NTR ichthyofauna:
rainbow trout, brown trout Salmo trutta Linnaeus, white-
fish, European vendace Coregonus albula (Linnaeus),
European smelt, European grayling Thymallus thymallus
(Linnaeus), European perch Perca fluviatilis Linnaeus,
burbot Lota lota (Linnaeus), and northern pike Esox
lucius Linnaeus. The nine-spined stickleback Pungitius
pungitius Linnaeus was observed in the stomachs of bur-
bot and rainbow trout, as well as in the coastal zone
of the reservoir. The dominant NTR species include
whitefish, whose share in catches varies from 43 to
53% depending on the season (Fig. 2a, b). Thus, in the
summer-autumn period, the number of whitefish in the
sample reached more than 80%. In the summer-autumn
period, 52% of whitefish were caught in the profundal
zone of the reservoir and 48% in the littoral zone.

The abundance of European smelt (hereinafter
smelt) in general during the entire study period reached
18-23% (subdominant species) (Fig. 2a, b). Less numer-
ous in the catches were European vendace (vendace)
and rainbow trout, which periodically escape from
their rearing cages. The share of such fish ranges from 7
to 16% (Fig. 2a, b). European perch (perch) and burbot
are less common. The number of perch reached almost
4% during the period of open water (Fig. 2a), while for
burbot, a naturally higher occurrence in catches (9%)
is typical for the winter period (Fig. 2b). Other fish spe-
cies were encountered only sporadically.

3.3. Features of the distribution of
intraspecific morphs of whitefish and their
morphological characteristics

The catches from the NTR mainly contained the
sparsely rakered (hereinafter sr) whitefish morph with
the number of sp.br. from 16 to 28 (20.7 + 0.10) (Fig.
3).Throughout the entire study period, only two white-
fish individuals were caught with the number of sp.br.
32 and 39, which can be classified as the medium rak-
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Fig.2. Composition of catches from the Nizhnetulomskoye
Reservoir (Tuloma River basin) during the open water period
(a) and the ice-covered period (b), 2018-2022.
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Fig.3. The European whitefish distribution by the
number of gill rakers on the first branchial arch, n in the
Nizhnetulomskoye Reservoir (Tuloma River basin), 2018-
2022. Sr - sparsely rakered whitefish morph, mr - medium
rakered whitefish morph.



Zubova E.M. et al. / Limnology and Freshwater Biology 2024 (2): 58-97

ered (mr) whitefish morph (Fig. 3).Visual analysis of
the external structure of whitefish from the NTR during
catching and processing of the material, as well as the
study of the resulting images of fish samples, revealed
some differences in the morphology of the head and
body of individual specimens of the sr whitefish morph.
Thus, the NTR met:

1. whitefish with a complex-shaped head and a notice-
able hump behind the head and a subterminal or
terminal mouth (Fig. 4a, b) (hereinafter referred to
as the “humpbacked” morphotype);

2. wide-bodied whitefish with a small head, a blunt
snout and a subterminal or terminal mouth (Fig.
4c) (“wide-bodied” morphotype);

3. high-bodied whitefish with a sharper snout
and terminal mouth (Fig. 4d) (“high-bodied”
morphotype);

4. low-bodied whitefish with a sharper snout, a large
eye and a terminal mouth (Fig. 4e) (“low-bodied”
morphotype);

5. “dolphin-snouted” whitefish (“dolphin-snouted”
morphotype) (Fig. 4f);

6. whitefish individuals that were difficult to classify
by external characteristics into the above-described
groups or morphotypes (“uncertain” morphotype).

The presence of the identified of sr whitefish mor-
photypes in the NTR was also confirmed by researchers
of whitefish of the SB RAS and KSC RAS when studying
images of the NTR whitefish (unpublished data).

The most detailed morphological character-
istics were studied in 55 individuals of the sr white-
fish morph from the NTR. The sr whitefish individuals
were assigned to one of the six morphotypes described
above. In five morphotypes (except for the “uncertain”
morphotype), meristic and morphometric characteris-
tics were analyzed and compared (Table 3). Thus, the
number of sp.br. and Il of the identified morphotypes
mostly overlapped (Table 3). Significant differences
in the average number of sp.br. (p = 0.05-0.001) and
Il (p = 0.05) have been found only in “high-bodied”
whitefish compared to other morphotypes (Table 3):
26 sp.br. against 20-22 sp.br. and 91 Il against 86-88 I,
respectively.

When studying the head morphology of the iden-
tified whitefish morphotypes, the values of the size-ad-
justed parameters overlapped (Table 3). The closest
indicators of head parameters were characteristic of
“humpbacked” and “low-bodied” whitefish. They had
significantly (p = 0.05-0.001) greater length of the
head, snout, eye and pupil, and upper and lower jaws
(Table 3). The head height at the level of the eye and

Table 3. Some meristic and size-adjusted plastic characteristics of the sparsely rakered whitefish morphotypes from the

Nizhnetulomskoye Reservoir (Tuloma River basin), 2018-2022

Parameters sr whitefish morphotypes

«humpbacked» «low-bodied» «wide-bodied» «dolphin-snouted» «high-bodied»

FL, mm 226 = 12.7 206 + 2.4 222 + 13.1 234 = 13.7 286 = 14.4
161 — 293 (10) 196-213 (6) 133-299 (12) 177 — 263 (6) 239 -338 (7)

sp.br., n 20.2 + 0.32 19.8 £ 0.66 20.5 *+ 0.69 22.0 + 0.89 26.2 + 0.87

18-21 (10) 18 - 22 (6) 17 - 24 (12) 20 - 26 (6) 22 -28(7)

In 86.0 + 1.21 88.2 £ 2.26 87.8 £ 1.23 87.0 = 1.37 91.0 + 1.46

80-92 (10) 83 -98 (6) 82-93(12) 84 - 93 (6) 86 — 97 (7)

CXi, mm 45.9 = 0.46 45.9 + 0.38 43.5 = 0.40 45.6 = 0.62 43.4 + 0.66
42.4-47.5 (10) 44.4 - 47.2 (6) 41.2-45.9 (12) 44.0 - 47.5 (6) 40.7 — 45.5 (7)

rXi, mm 11.2 + 0.18 11.6 + 0.28 10.5 + 0.18 11.4 + 0.37 10.6 + 0.45
10.0-12.0 (10) 10.6 — 12.4 (6) 8.8-11.2(12) 10.1 -12.3 (6) 8.7-12.1(7)

oXi, mm 11.8 + 0.28 12.3 + 0.28 11.5 + 0.26 11.7 + 0.32 10.8 + 0.35
10.5-13.0 (10) 11.2-13.1 (6) 9.5-12.6 (12) 11.0-12.9 (6) 9.8 -12.3(7)

bXi, mm 5.5 *+ 0.19 5.6 + 0.19 5.0 + 0.14 5.1 + 0.16 4.8 = 0.14

4.6 - 6.5 (10) 4.8 -6.2 (6) 4.3-5.7(12) 4.7 - 5.8 (6) 4.4-5.4 (7)

poXi, mm 23.0 + 0.50 22.8 + 0.30 22.2 + 0.29 23.0 + 0.30 22.6 + 0.23
20.9 - 26.2 (10) 22.0 - 23.8 (6) 20.4 -23.9(12) 21.8 - 23.8 (6) 21.9-23.7 (7)

ChXil, mm 21.4 £ 0.27 21.3 £ 0.26 22.1 £ 0.49 21.8 £ 0.38 21.0 = 0.49
20.2 - 22.6 (10) 20.6 - 22.2 (6) 18.9 -25.2 (12) 21.0 - 23.6 (6) 17.7 - 21.8 (7)

Ch2Xi, mm 32.1 = 0.36 32.0 = 0.58 32.9 + 0.59 34.5 = 0.66 30.8 + 0.48
30.2 - 33.5 (10) 30.1 - 33.7 (6) 29.8-36.1 (12) 32.1 - 36.5 (6) 29.0 - 32.3 (7)

ImaxXi, mm 13.0 + 0.29 13.6 + 0.29 13.4 + 0.39 13.2 + 0.32 12.5 + 0.63
11.9-14.8 (10) 13.9-14.7 (6) 10.9-15.3 (12) 12.1 - 14.5 (6) 10.1 - 15.4 (7)

ImdXi, mm 18.5 + 0.52 17.7 £ 0.72 18.1 + 0.30 17.9 + 0.38 16.8 + 0.32
16.0 — 21.0 (10) 15.6 — 20.1 (6) 16.5-19.7 (12) 16.4 - 19.1 (6) 15.7 - 18.3 (7)

64




Zubova E.M. et al. / Limnology and Freshwater Biology 2024 (2): 58-97

Parameters sr whitefish morphotypes

«humpbacked» «low-bodied» «wide-bodied» «dolphin-snouted» «high-bodied»

HXi, mm 55.1 + 1.12 50.2 + 1.61 54.9 + 1.46 57.6 + 1.35 53.2 + 1.66
48.6-59.4 (10) 45.1-55.4 (6) 48.6-67.4 (12) 52.5-61.8 (6) 46.2-60.4 (7)

hXi, mm 16.2 + 0.21 15.7 + 0.14 16.4 + 0.25 17.0 = 0.34 16.3 + 0.33
15.2-17.4 (10) 15.4-16.2 (6) 15.3-17.6 (12) 16.1-18.4 (6) 15.4-17.6 (7)

aAXi, mm 163.7 = 0.67 165.6 = 0.78 166.7 = 0.76 166.7 = 0.76 166.7 = 0.69
160.0-166.8 (10) 163.4-168.2 (6) 162.0-170.3 (12) 162.0-170.3 (6) 163.8-169.0 (7)

aVXi, mm 109.5 = 0.53 1134 = 1.51 113.2 = 0.87 112.5 = 1.33 1119 = 1.33
106.2-112.7 (10) 106.9-118.1 (6) 109.1-119.2 (12) 107.9-116.1 (6) 108.8-120.6 (7)

aDXi, mm 105.7 = 0.72 105.5 = 1.10 104.0 = 0.89 103.4 = 0.83 103.4 = 0.76
102.0-108.5 (10) 102.2-108.9 (6) 99.1-107.3 (12) 101.1-105.9 (6) 100.8-105.9 (7)

aPXi, mm 43.9 + 0.43 47.2 + 0.54 44.4 + 0.48 44.1 + 0.74 44.1 + 0.85
41.6-45.4 (10) 45.5-49.2 (6) 42.2-47.4 (12) 41.9-46.4 (6) 41.0-46.8 (7)

DCXi, mm 121.5 = 0.59 118.3 + 0.62 1199 + 1.24 120.6 = 1.27 122.1 + 1.45
117.9-124.2 (10) 116.8-120.6 (6) 114.3-129.5 (12) 116.4-124.6 (6) 115.5-125.7 (7)

ACXi, mm 57.3 * 0.63 57.0 + 0.71 55.4 + 0.47 56.8 + 0.68 56.3 + 1.03
54.0-60.0 (10) 55.3-60.0 (6) 53.7-58.5 (12) 55.1-59.1 (6) 51.9-59.8 (7)

PAXi, mm 120.4 = 0.85 119.6 = 0.71 124.4 = 0.66 123.4 = 0.90 123.4 = 0.80
116.2-123.8 (10) 117.3-122.1 (6) 121.6-128.6 (12) 120.9-126.7 (6) 120.8-127.3 (7)

PVXi, mm 65.8 £ 0.60 66.4 = 0.96 69.8 + 0.89 68.6 = 1.36 67.7 £ 1.31
61.3-67.9 (10) 62.3-69.6 (6) 67.1-76.9 (12) 65.3-73.5 (6) 64.9-75.0 (7)

VAXi, mm 56.2 + 0.77 549 + 1.15 56.3 = 0.58 57.8 + 0.97 57.3 + 0.48
50.6-59.2 (10) 51.3-58.1 (6) 52.8-60.5 (12) 54.2-61.1 (6) 56.0-60.0 (7)

PAXi, mm 29.2 + 0.73 28.9 + 0.60 27.7 + 0.54 28.6 + 0.93 28.9 + 0.81
25.4-33.2 (10) 27.0-30.8 (6) 25.4-31.3 (12) 24.7-31.4 (6) 26.6-32.1 (7)

pDXi, mm 90.4 + 1.02 90.3 + 1.10 89.3 + 0.64 91.5 + 1.32 91.3 + 1.39
85.3-94.8 (10) 85.3-92.6 (6) 86.0-92.6 (12) 88.4-96.0 (6) 86.0-96.1 (7)

IDXi, mm 37.6 + 0.84 36.6 = 0.58 38.0 + 0.69 39.2 + 0.90 39.2 + 0.59
32.2-42.5 (10) 34.7-38.1 (6) 34.5-41.5(12) 35.3-41.4 (6) 36.7-41.0 (7)

[AXi, mm 23.1 + 0.39 23.3 £ 0.56 22.6 = 0.41 23.4 * 0.76 22.8 * 0.29

21.1-25.0 (10) 21.9-25.9 (6) 20.5-26.1 (12) 20.4-25.7 (6) 21.7-23.9 (7)

lVXi, mm 30.9 £ 0.35 30.6 = 0.82 30.8 £ 0.69 31.3 £ 0.52 31.4 + 0.42

29.3-32.7 (10) 27.2-32.6 (6) 27.3-35.2 (12) 29.7-32.7 (6) 29.7-32.7 (7)

[PXi, mm 34.5 + 0.85 35.2 + 0.90 33.3 + 0.81 35.2 + 1.04 33.9 + 0.66

29.5-38.8 (10) 33.0-38.8 (6) 29.3-40.3 (12) 30.9-38.6 (6) 32.3-37.5 (7)

hDXi, mm 27.7 + 0.84 25.9 + 0.76 27.9 + 0.97 27.0 + 0.86 27.6 + 0.77

24.4-32.0 (10) 23.4-28.9 (6) 23.6-32.7 (12) 23.2-29.2 (6) 25.4-30.4 (7)

hAXi, mm 26.7 + 0.81 26.3 + 0.84 26.7 + 0.41 25.7 £ 1.11 25.5 + 0.78

22.7-30.6 (10) 24.3-29.4 (6) 24.5-28.4 (12) 22.8-28.6 (6) 23.2-28.6 (7)

Note: Sr — sparsely rakered whitefish morph, FL — Smith length, sp.br. — number of rakers on the first branchial arch, Il -
number of perforated scales in the lateral line, H — highest body height, h — caudal peduncle height, aA, aV, aD, aP — anteanal,
anteventral, antedorsal, antepectral distances, respectively, DC, VC, AC — dorsocaudal, ventrocaudal and analcaudal distances,
respectively, PA, PV, VA — pectroanal, pectroventral, ventroanal distances, respectively, pA — caudal peduncle length, pD - post-
dorsal distance, ID, IA, LV, IP - the length of the dorsal, anal, ventral and pectoral fins, respectively, hD, hA — length of the bases
of the dorsal and anal fins, respectively, C — head length, r — snout length, o — eye diameter, b — pupil diameter, po — postorbital
distance, Chl and Ch2 - head height at the level of the eye and the back of the head, respectively, Imax and hmax - length and
height of the upper jaw respectively, Imd — lower jaw length, Xi — is the size-adjusted plastic measurement. Above the line is the
average value of the characteristics and its error, below the line is the minimum and maximum value of the characteristics. The

number of whitefish specimens is shown in parentheses, n.
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the back of the head was greater (p = 0.05-0.001) in
“wide-bodied” and “dolphin-snouted” whitefish mor-
photypes. The “high-bodied” whitefish morphotype
were characterized by the lowest (p = 0.05-0.001)
values of head parameters (Table 3). Thus, extreme
values of head parameters were mainly characteristic
of “humpbacked” and “low-bodied” whitefish mor-
photypes (highest values) and “high-bodied” whitefish
morphotype (lowest values) (Table 3).

The average length in the sample for the
“high-bodied” whitefish morphotype was greater (p
= 0.05-0.001) than for other whitefish morphotypes
(Table 3). When studying the body morphology of the
identified groups of whitefish, the values of the size-ad-
justed parameters overlapped (Table 3). Differences in
body structure were minor and were mainly observed
only in “humpback” whitefish. They had the lowest val-
ues (p = 0.05-0.001) of the traits aA, aV, and PA com-
pared to the other morphotypes (Table 3).

Thus, we can observe diversity in some meristic
traits and morphometric head characteristics in the sr
whitefish morph from the NTR in the absence of hiatus.
In a series of changes in the head morphometric and
meristic characteristics of the five identified whitefish
morphotypes, the extreme average values are typical
for “humpbacked” and “short-bodied” whitefish (high-
est values of head parameters and lowest values of
meristic parameters) and for “high-bodied” whitefish
(the lowest values of head parameters and the high-
est values of meristic parameters). The values for these
parameters in “wide-bodied” and “dolphin-snouted”
whitefish are often intermediate.

Based on the analysis results of the contribution
of the size-adjusted morphometric characteristics to
the principal components (PCs), only the graph of PC2
against PC1 is worth considering; PC3 and PC4 have
low factorial loadings (Table 4). Figure 5 clearly dis-
tinguishes the group of “high-bodied” whitefish. The
whitefish closest to the “high-bodied” whitefish mor-
photype are those belonging to the “dolphin-snouted”
morphotype, the furthest from them are the “hump-
backed” and “low-bodied” whitefish, and the inter-
mediate position is occupied by the “wide-bodied”
whitefish morphotype. The main positive contribution
to PC1 was made by body shape parameters (the great-
est (H) and smallest (h) body heights, the length of the
dorsal (ID) and anal (IA) fins), and the main negative
contribution was made by head shape parameters (the
eye diameter (0) and pupil diameter (b), and the length
of the upper jaw (Imax)) (Table 4). In the PC2, the main
positive contribution was made by the body parameter

Fig.4.The appearance of sparsely rakered whitefish morph
(a-FL = 161 mm, aged 2+, sp.br. = 20,1l = 81; b - FL = 249
MM, aged 5+, sp.br. = 20, Il = 89; c - FL = 229 MM, aged 6 +,
sp.br. = 21,1l = 89; d - FL = 296 mwm, aged 3+, sp.br. = 27,1
= 92; e - FL = 203 mm, aged 4+, sp.br. = 18,1l = 87;f-FL =
257 mm, aged 4+, sp.br. = 22, Il = 93) in the Nizhnetulomskoye
Reservoir (Tuloma River basin), 2018-2022. Sp.br. — the number
of gill rakers on the first branchial arch, n, Il — the number of
perforated scales in the lateral line, n.
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(caudal peduncle length (pA)), the main negative con-
tribution was made by the head parameter — the upper
jaw height (hmax) (Table 4).

Summarizing the above, we can talk about the
presence of individuals of the sr whitefish morph in
the NTR with such morphotypes as “humpbacked”,
“low-bodied”,  “wide-bodied”,  “dolphin-snouted”,
“high-bodied”, that is, the presence of a polymorphic
population of the sr whitefish morph in the NTR, for
which generalized biological characteristics will be
given below.

The generalized table with meristic and the
size-adjusted morphometric characteristics of the sr
whitefish morph from the NTR is presented in Table 5.

The Isp.br. in the sr whitefish morph varied from
1.7 to 4.6 (2.9 = 0.03) mm, while in mr whitefish
morph it was 2.5 and 3.8 mm (Table 5). The ssp.br. in
sr whitefish varied from 0.6 to 2.1 (1.2 *= 0.01), in mr—
from 0.5 to 0.7 mm (Table 5). The distribution of the sr
whitefish morph from NTR according to the Il is formed
by heterogeneous groups (Fig. 6) (statistical analysis
showed a significant difference in this distribution from
the normal one in 3 out of 6 tests). Given the range of
numbers of Il in sr whitefish in the reservoir (Table 5),
it included both small scaled, medium scaled and multi
scaled whitefish.

3.4. Age and sex composition of whitefish

According to our data, in the NTR the sr white-
fish morph is represented by 10 (from 0+ to 9+ years)
age groups (Table 6), fish aged 3+, 4+ and 5+ years
predominated (63% of the whitefish sample) (Table 6).
The mr whitefish morph in the NTR were represented
by individuals aged 2+ years. The sex ratio of the sr
whitefish in the NTR corresponded to an average of 1:1
(Table 6).

3.5. Length-weight characteristics of
whitefish

The distribution of whitefish from the NTR by
length and weight is presented in Figures 7a, b. In terms
of length, sr whitefish morph have a normal distribu-
tion; the most common are individuals with a length
from 181 to 240 mm (Fig. 7a). The weight distribution
of the sr whitefish is formed by heterogeneous groups
(Fig. 7b).

In whitefish from the NTR, the measured length
and weight of males and females at different ages did
not differ significantly (Table 7); therefore, below we
will present generalized length-weight characteristics
of fish (Table 7). We observed significant differences in
the measured length and especially the weight of fish of
the same age (min.-max. values), with some fish being
up to thirteen times larger than others (weight 46-615
g, age 4 + years) (Table 7). The mr whitefish morph at
the age of 2+ years had a length of 178-183 mm and a
weight of 40-42 g. Linear growth rates were calculated
using the scale back-calculation method only for sr
whitefish morph from the NTR due to the large sample
size. The relationship between the measured length of
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Table 4. Contributions of plastic characteristics to princi-
pal components (PCs) 1-4 in the morphotypes of sparsely rak-
ered whitefish from the Nizhnetulomskoye Reservoir (Tuloma
River basin), 2018-2022

Parameters PCs

1 2 3 4
FL 0.02 0.08 -0.04 0.07
0.25 -0.08 -0.27 -0.33
h 0.18 0.02 -0.03 -0.06
aA 0.05 0.02 -0.09 0.003
av 0.03 -0.04 -0.07 0.03
aD -0.02 0.07 -0.07 -0.02
aP -0.16 0.01 0.02 -0.02
DC 0.08 0.17 -0.09 0.09
vC 0.07 0.09 -0.05 -0.01
AC 0.05 0.10 0.09 0.05
PA 0.12 0.02 -0.12 -0.01
PV 0.13 -0.07 -0.13 0.08
VA 0.11 0.08 -0.18 -0.12
PA 0.03 0.38 0.06 0.12
pD 0.05 0.15 0.04 -0.02
D 0.11 0.09 0.17 0.17
1A 0.22 -0.01 0.42 0.02
v 0.11 -0.06 0.27 0.18
P 0.10 -0.03 0.56 0.07
hD 0.20 0.06 -0.30 0.42
hA 0.07 -0.17 0.07 0.12
@ -0.15 0.07 -0.02 -0.09
r -0.07 0.09 0.10 -0.46
(o] -0.47 0.01 -0.003 0.09
-0.62 0.12 -0.01 0.24
po -0.04 0.09 -0.17 0.02
Chi -0.11 -0.13 -0.16 -0.12
Ch2 0.03 -0.17 -0.15 -0.06
Imax -0.18 -0.10 0.19 -0.44
hmax -0.06 -0.79 -0.01 0.18
Imd -0.04 -0.01 0.002 -0.21
Eigenvalue, % | 37.46 13.28 7.60 6.57

Note: The maximum contributions of parameters are high-
lighted in bold. The length of the eigenvector is 1. FL — Smith
length, sp.br. — number of rakers on the first branchial arch, Il -
number of perforated scales in the lateral line, H — highest body
height, h — caudal peduncle height, aA, aV, aD, aP - anteanal,
anteventral, antedorsal, antepectral distances, respectively, DC,
VC, AC - dorsocaudal, ventrocaudal and analcaudal distances,
respectively, PA, PV, VA - pectroanal, pectroventral, ventroanal
distances, respectively, pA — caudal peduncle length, pD - post-
dorsal distance, ID, IA, IV, IP - the length of the dorsal, anal,
ventral and pectoral fins, respectively, hD, hA - length of the
bases of the dorsal and anal fins, respectively, C — head length,
r — snout length, o — eye diameter, b — pupil diameter, po —
postorbital distance, Chl and Ch2 - head height at the level of
the eye and the back of the head, respectively, Imax and hmax
— length and height of the upper jaw respectively, Imd — lower
jaw length.
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Table 5. Some meristic and size-adjusted plastic characteristics of the sparsely rakered whitefish morph from the

Nizhnetulomskoye Reservoir (Tuloma River basin), 2018-2022

Parameters M+m S cy min-max
FL, mm 231 + 5.5 (55) 40.9 17.7 133 -338
sp.br.,, n 20.7 * 0.10 (377) 2.01 9.71 16 — 28

Isp.br.Xi, mm 2.9 = 0.03 (201) 0.45 15.65 1.7-4.6

ssp.br.Xi, mm 1.2 = 0.02 (201) 0.14 12.14 0.6-2.1

ILn 87.6 = 0.58 (50) 4.12 4.70 80 -98
CXi, mm 44.9 + 0.26 (55) 1.89 4.22 40.7 — 49.9
rXi, mm 11.0 = 0.13 (55) 0.94 8.51 8.7-13.0
0Xi, mm 11.7 = 0.13 (55) 0.93 7.98 9.5-13.1
bXi, mm 5.3 = 0.08 (55) 0.59 11.20 4.3-6.5
poXi, mm 23.0 *+ 0.08 (55) 1.21 5.29 20.4 - 26.2

ChIXi, mm 21.6 * 0.19 (55) 1.38 6.41 17.7 - 25.3

Ch2Xi, mm 32.7 * 0.25 (55) 1.88 5.74 29.0 - 36.6

ImaxXi, mm 13.2 = 0.14 (55) 1.07 8.11 10.1 -15.4

ImdXi, mm 18.0 = 0.18 (55) 1.31 7.31 15.6 - 21.0
HXi, mm 54.1 + 0.58 (55) 4.34 8.01 45.1-67.4
hXi, mm 16.3 += 0.12 (55) 0.88 5.40 14.0-18.4
aAXi, mm 166.1 + 0.37 (55) 2.74 1.65 160.0 - 173.0
aVXi, mm 112.5 *= 0.42 (55) 3.15 2.80 106.2 - 120.6
aDXi, mm 104.0 = 0.35 (55) 2.56 2.47 99.1 -108.9
aPXi, mm 44.9 * 0.27 (55) 2.02 4.52 41.0 - 49.5
DCXi, mm 120.1 *= 0.43 (55) 3.18 2.64 114.3-129.5
VCXi, mm 112.2 *= 0.34 (55) 2.49 2.22 107.0-117.3

ACXi, mm 56.3 + 0.28 (55) 2.11 3.74 51.9 - 60.7
PAXi, mm 122.6 * 0.45 (55) 8,35 2.74 114.7 - 132.0
PVXi, mm 67.9 * 0.40 (55) 2.97 4.37 61.3-76.9
VAXi, mm 56.6 *+ 0.34 (55) 2.54 4.48 50.6 — 62.9

PAXi, mm 28.2 + 0.29 (55) 2.17 7.70 24.1-33.2

pDXi, mm 90.4 + 0.38 (55) 2.84 3.15 85.3-96.5
IDXi, mm 38.1 = 0.30 (55) 2.24 5.90 32.2-43.6
[AXi, mm 23.0 = 0.18 (55) 1.36 5.90 20.4 - 26.6
lVXi, mm 31.1 = 0.22 (55) 1.66 5.35 27.2-35.2
[PXi, mm 34.6 * 0.32 (55) 2.38 6.89 29.3 -40.3
hDXi, mm 27.2 * 0.31 (55) 2.28 8.39 23.1-32.7
hAXi, mm 26.4 * 0.25 (55) 1.83 6.93 22.7 — 30.6

Note: M + m — mean value and standard error, S — standard deviation, cv — coefficient of variation, min-max — minimum
and maximum value of the characteristic, FL — Smith length, sp.br. — number of rakers on the first branchial arch, Isp.br. — central
gill raker length, ssp.br. — distance between the gill rakers, Il - number of perforated scales in the lateral line, H — highest body
height, h — caudal peduncle height, aA, aV, aD, aP — anteanal, anteventral, antedorsal, antepectral distances, respectively, DC,
VC, AC - dorsocaudal, ventrocaudal and analcaudal distances, respectively, PA, PV, VA — pectroanal, pectroventral, ventroanal
distances, respectively, pA — caudal peduncle length, pD - postdorsal distance, ID, IA, 1V, [P — the length of the dorsal, anal, ventral
and pectoral fins, respectively, hD, hA — length of the bases of the dorsal and anal fins, respectively, C — head length, r — snout
length, o — eye diameter, b — pupil diameter, po — postorbital distance, Ch1 and Ch2 - head height at the level of the eye and the
back of the head, respectively, Imax and hmax — length and height of the upper jaw respectively, Imd — lower jaw length, Xi - is
the size-adjusted plastic measurement. Above the line is the average value of the characteristics and its error, below the line is
the minimum and maximum value of the characteristics. The number of whitefish specimens is shown in parentheses, n.
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sr whitefish and their anterior diagonal radius of scales
is presented in Figure 8 and is well described by both
the linear regression formula and the power regression
formula. The regression line does not pass through the
origin, hence, we find the formula for back-calculation
length for sr whitefish from the NTR: InL, = In37.53 +
InR/InR_ X (InL - In37.53) (Fig. 8). Based on the gen-
eralized results, the Rosa Lee “phenomenon” is absent
in reverse growth calculations, which indicates the cor-
rectness of our chosen methodology (Chugunova, 1959;
Bryuzgin, 1969; Mina, 1981; Khurshut, 2000; 2003).
The sr whitefish morph from the NTR were caught

throughout the year, but 83% of the fish in the sam-
ple were caught in the summer-autumn-winter period
(August-December), that is, the fish had almost com-
pleted their full growth of the current year. Therefore,
the best agreement between the measured and
back-calculated lengths is obtained by comparing the
average measured length estimates of whitefish with
the average back-calculated lengths at the time of the
current annual ring formation (Fig. 9). The variability
of the back-calculated length of sr whitefish, based on
the analysis of the values of the coefficient of variation
(cv), gradually increases from the first to the sixth year

Table 6. Age and sex composition of the sparsely rakered whitefish morph in the Nizhnetulomskoye Reservoir (Tuloma River

basin), 2018-2022

Age

o+ | 1+ | 2+ | 3+ | a4+

5+ | 6+ | 7+ | 8+ | o+

juv/ males / females, n
(share of age group from the whole sample size, %)

In whole for the sample
juv/ males / females, n

1/0/0

5/4/14

4/19/22

0/41/44

0/43/47

0/31/48

0/32/21

0/9/10

0/3/3

0/1/1

(0.2)

(5.7)

(11.2)

(21.1)

(22.3)

(19.6)

(13.2)

(4.7)

(1.5)

(0.5)

10/183/210

Table 7. Length (FL), mm and weight (W), g of the sparsely rakered whitefish morph the Nizhnetulomskoye Reservoir
(Tuloma River basin) at different ages, 2018-2022

Sex Age
0+ 1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+
FL
male! - |138 + 6.7|181 + 7.7| 205 = 4.8 | 215 + 5.4|235 + 4.2 252 + 7.0| 239 + 9.0 [ 247 + 0.9 270
- 128-157 | 142-253 | 162-277 | 162-335 | 196-272 | 192-333 | 201-286 | 245-248
(4 (19) (41) (43) (31) (32) (9) (3) 1)
female? - 148 = 3.1|1176 + 6.1]| 205 *+ 3.5 | 224 + 4.5]|240 + 4.9237 + 7.2 |252 + 13.2|279 + 15.0] 256
- 133-177 | 135-250 | 148-293 | 170-280 | 182-293 | 189-318 | 197-320 | 253-305
a4 (22) (44 (47) (48) (21) (10 (3) 1)
t1-2 - 1.60 0.58 0.00 1.37 0.67 1.37 0.78 2.17
common | 104 |145 = 2.3|176 * 4.4| 205 = 3.5 | 220+3.5 | 238 + 3.4 246*+5.1 | 246+8.1 | 263 * 9.9 |263+7.0
128-177 | 135-253 | 148-293 | 162-335 | 182-293 | 189-333 | 197-320 | 245-305 |256-270
1) (23) (45) (85) (90) (79) (53) (19) (6) (2)
w
male! - 30 = 4.4 182 + 12.6| 112 + 9.3 |137 + 15.4|172 + 12.4|226 * 20.3|157 + 22.7|193 + 14.6] 230
- 25-43 20-199 48-271 46-615 74-336 80-405 74-306 166-216
4 (19) (41) (43) (31) (32) (©) (3) 1)
female? - 38 + 44|67 +9.1 (125 + 10.1|155 =+ 11.2|201 + 14.1|192 + 24.5|228 + 38.6(348 + 79.2] 245
- 24-59 24-188 30-277 59-364 62-401 78-492 80-408 251-505
a4 (22) (44 (47) (48) (21) (10 (3) 1)
t1-2 - 1.46 0.97 0.94 0.97 1.42 1.06 1.54 1.92
common| 9 [34+19|69 +6.8]|118 + 69| 147+9.4 | 189+9.9 (213 + 15.7| 195+23.9 | 271+49.9 |238+7.5
22-59 20-199 30-277 46-615 62-401 78-492 74-408 166-505 | 230-245
1) (23) (45) (85) (90) (79) (53) (19) (6) (2)

Note: Student’s t-test. Differences were considered statistically significant at p < 0.05.
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Component 2

Fig.5. Arrangement of individuals of sparsely rakered whitefish morph in the space of 1-2 main components according to
morphometric characteristics in the Nizhnetulomskoye Reservoir (Tuloma River basin), 2018-2022: — “humpbacked” whitefish
morphotype, - “low-bodied” whitefish morphotype, - “wide-bodied” whitefish morphotype, — “dolphin-snouted” whitefish

morphotype, — “high-bodied” whitefish morphotype.

of life and reaches a maximum value of 13.5% (aver-
age), after which it gradually decreases again (Table 8).
The absolute linear increments in sr whitefish morph in
the first year of life are maximum, then, they gradually
decrease until the age of seven years (Table 8). From
the age of eight, there is an alternation of larger and
smaller increments (Table 8). Starting from the second
year of life, estimates of back-calculated lengths made
on the basis of relative increments are generally similar
to estimates made on the basis of absolute increments
(Table 8).

3.6. Feeding of whitefish

The share of feeding individuals of the sr whitefish
morph from the NTR in different months ranged from
80 to 100% (Table 9). The highest degree of stomach
fullness in whitefish was observed in the spring-sum-
mer months (May-August) and averaged 2.9-3.4 points

Number of fishes, n

120 |
n =406
80 A
40 A
0 —
N N N A\ N} Q O Q O ) )
AR NN S N SR A AR - 3
ST T @ N ST
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Number of fishes, n
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n=55

80 83 86 89 92 95 98

Number of perforated scales in the lateral ling, n
Fig.6. The sparsely rakered whitefish distribution by
the numberof perforated scales in the lateral line in the
Nizhnetulomskoye Reservoir (Tuloma River basin), 2018-
2022. Sr — sparsely rakered whitefish morph.
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Fig.7.The European whitefish distribution by the measured length (a), mm and weight (b), g in the Nizhnetulomskoye
Reservoir (Tuloma River basin), 2018-2022. Sr - sparsely rakered whitefish morph, mr — medium rakered whitefish morph.



Zubova E.M. et al. / Limnology and Freshwater Biology 2024 (2): 58-97

Table 8. Back-calculated length (FL), mm and absolute increments, mm/ relative growth rate according to Schmalhausen-
Brody of the sparsely rakered whitefish morph in the Nizhnetulomskoye Reservoir (Tuloma River basin), 2018-2022

Age
1 2 3 4 5 6 7 8 9
Back-calculated length (FL), mm
105 +0.6; 140+0.8; 171+1.2; 191 +1.5; 209+ 2.0; 221+3.3; 228 +5.0; 240+8.1; 244+7.8,;
11.1 11.0 12.8 12.3 13.2 13.5 11.7 10.1 4.5
72-159 104-230 125-294 145-278 152-299 170-295 188-290 208-292 236-252
(404) (384) (343) (253) (159) (80) (28) (9) (2)
Absolute increments, mm
105 | 35 31 | 20 | 18 | 12 | 7 12 4
Relative growth rate according to Schmalhausen-Brody
- | 043 | os0 | o030 | o041 | o031 | o020 | o038 | o014

Note: Above the line is the average value of the characteristic, its error and coefficient of variation, %, below the line is the
minimum and maximum value of the characteristic. The number of specimens of the whitefish, n, is presented in parentheses.

400 FL=561Rs + 96.52

n=404 R?=0.74

(on a scale of 0-4 points); in the autumn-winter months,
it gradually decreased and reached an average of 1.9-
2.1 points.

In 31 individuals of sr whitefish morph (33% of
the sample of sr whitefish with examined stomachs)
ranging from 207 to 318 mm in length; only pelleted
feeds were found, which were used to feed rainbow
trout at fish hatcheries in this reservoir. In the remain-
ing 62 whitefish (67%) with a length of 130 to 333 ' . ' . . . . . '
mm, only natural food was found in the stomachs, 9 14 19 24 29 34 39 44 49 54
which consisted of representatives of 6 invertebrate
animals’ taxonomic groups and fish eggs (Table 10).
Bivalve mollusks of the genera Euglesa and Sphaerium
play a greater role (IR = 59.7%) in the natural diet of
the NTR whitefish (Table 10). Gastropods of the gen-
era Limnea and Valvata were less common in the food
bolus, in contrast to bivalves (8.6%). Chironomid larvae
(Chironomus, Procladius, Prodiamesa, Psectrocladius,
Sergentia) (Table 10) are the second most important
in the diet of sr whitefish morph (up to 16.7% IR).
For zooplankton organisms, this index was only 3.9%
(Table 10). Zooplankton was represented by large pred-
atory cladocerans and copepods belonging to the gen-
era Acanthocyclops and Eurycercus. The stomachs of two
mr whitefish morph, caught in the NTR were empty.

_--®

" FL=37.53Rs057

300 1 . R?=0.77

Length (FL), mm

200 1

Eyepiece micrometer units
Fig.8. The ratio of the measured length (FL), mm and
the anterior diagonal radius of the scales (Rs), eyepiece
micrometer units of sparsely rakered whitefish morph in
the Nizhnetulomskoye Reservoir (Tuloma River basin),
2018-2022.

350 1

3.7. Maturation of whitefish ’s

The sr whitefish morph with a juvenile stage of
gonad development (with poorly developed gonads)
in the NTR was found in age groups of 0+-2+ years
(Table 6). Sexually mature males and females of the
sr whitefish were found at ages from 2+ years to 9+
years (Table 11). The modal age of maturation in both
sexes was 4+-5+ years (on average, 50-60% of the
sample of sexually mature whitefish of different ages)
(Table 11). The average observed length-weight char-
acteristics of mature males and females of sr whitefish
morph at different ages did not differ significantly
(Table 11): fish began to mature at a length of 162-
173 mm and a weight of 45-56 g, the average length of

Length (FL), mm

150

—=— Measured length
—s=— Back-calculated length

50 T T T T T T T T T )

Age
Fig.9. Comparison of the measured length (FL), mm
with the back-calculated length (FL), mm of sparsely rakered
whitefish morph in the different ages in the Nizhnetulomskoye
Reservoir (Tuloma River basin), 2018-2022.
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Table 9. The share of the feeding sparsely rakered whitefish morph in different months, % from the Nizhnetulomskoye

Reservoir (Tuloma River basin), 2018-2022

Date of catching (month, year)
January, |February,| March, May, June, July, August, [September,| October, |November,|December,
2021 2021 2019 2019 2019 2022 2019 2019 2019 2019 2018
2022 2020 2020 2020 2020 2020 2020 2019
2021 2021 2021 2021 2021 2021 2020
2022 2022 2022 2022 2021
2022
- - - 100 (24) | 91 (11) | 80(25) |97 (103) | 99 (67) 81 (72) 91 (35) 94 (17)
Note: “-” — absence from the sample; the number of studied fish is presented in parentheses.

mature fish was 225-226 mm, weight was 158-165 g.
The only sexually mature female mr whitefish morph
from the NTR at the age of 2+ years had length-weight
characteristics of 168 mm and 40 g.

Whitefish with flowing reproductive products
(stage V of gonad development) in the NTR began to
be found in catches in the first ten days of October and
were found until mid-November.

4. Discussion

Our research enabled to identify the peculiarities
of the functioning of the NTR ecosystem. Currently, we
observe the process of eutrophication in the reservoir.
High concentrations of total phosphorus and nitrogen
are recorded in the water, the sources of which are cage
farms for growing rainbow trout. It is considered that
cage farming significantly exceeds all other types of
aquaculture in terms of negative impact on the envi-
ronment (Duktov and Lavushev, 2022). Besides, in the
reservoir’s catchment area, there are large agricultural
areas of the “Tuloma” enterprise, large settlements
(Tuloma, Murmashi, Prichalnoe), and intensively devel-
oping dacha and villa communities, which also make
a significant contribution to the processes of anthro-
pogenic eutrophication. In addition to the pollution of
water bodies with biogenic and organic compounds,
one of the factors contributing to the negative impact
of cage aquaculture is the entry into the ecosystem in
large quantities of a new type of food for autochthonous
aquatic organisms. Despite the high content of biogenic
elements in the NTR water, the average quantitative
parameters of planktonic communities and chloro-
phyll a correspond to the oligotrophic status. In addi-
tion to the development of eutrophication processes,
regulation of the flow regime at the spillway of the
Nizhnetulomskaya HPP (the reservoir remains a lotic
system, where the flow is maintained and planktonic
organisms are carried away), as well as temperature
conditions are the most significant factors determin-
ing the seasonal dynamics of plankton. According to
ecological characteristics, the bulk of phyto- and zoo-
plankton communities were representatives typical of
subarctic reservoirs of the northern taiga zone, as well
as cosmopolitans with a wide biogeography.The con-
sequences of anthropogenic eutrophication of the NTR
waters are manifested in the development of cyanopro-
karyotes in phytoplankton communities, mainly in the
autumn (up to 85%), including potentially toxic species
that can cause water blooms.
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Macrozoobenthos of the NTR littoral zone is rep-
resented by groups that are typical and widespread in
freshwater bodies of the Murmansk region (Yakovlev,
2005; Valkova, 2020). High quantitative parameters
(abundance and biomass) of macrozoobenthos with the
dominance of a limited number of species in the mac-
rozoobenthos of the littoral zone are possible response
of the community to reservoir water eutrophication
(Yakovlev, 2005; Kashulin et al., 2012; 2018; Valkova,
2020; Lukin et al., 2003; Mousavi et al., 2003; Denisov
et al., 2020; Zubova et al., 2020a). The seasonal dynam-
ics of zoobenthos abundance and biomass were closely
related to the life cycle of chironomids, which were
the dominant group of benthic fauna throughout the
entire observation period. The maximum average abun-
dance and biomass of macrozoobenthos in the littoral
zone was observed in summer, and the minimum - in
autumn.

It is known that 17 species of fish live in the
Tuloma River basin (Berg and Pravdin, 1948; Galkin et
al., 1966; Nelichik, 2005): Arctic lamprey Lethenteron
camtschaticum (Tilesius), Atlantic salmon (salmon),
brown trout, Arctic char Salvelinus alpinus (Linnaeus),
European vendace, European whitefish, European gray-
ling, northern pike, common minnow Phoxinus phoxi-

Table 10. Feeding according to the index of relative
importance (IR), % of the sparsely rakered whitefish morph in
the Nizhnetuloma Reservoir (Tuloma River basin), 2018-2022

Characteristics IR, %
Min.-max. length (FL), mm of whitefish 130-333
with an examined stomach
Zooplankton 3.9
Macrozoobenthos: 87.6
chironomids 16.7
caddisflies 2.2
alderflies 0.4
bivalves 59.7
gastropods 8.6
Fish caviar 0.2
Uncertain mass 8.3
Number of fish with examined stomach, n 62
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Table 11. Measured length (FL), mm and weight (W), g in mature males and females of sparsely rakered whitefish morph
from the Nizhnetulomskoye Reservoir (Tuloma River basin), 2018-2022

Sex Age In whole for
o+ |1+ | 2+ 3+ 4+ 5+ 6+ 7+ 8+ 94 | thesample
FL
male - 200+26.7| 204+7.1 |211+6.3(238+4.7(248+7.8|235+12.2|247+1.5| 270 225+3.5
- - | 173-253 | 165-266 | 162-335 | 197-271 | 200-333 | 201-286 | 245-248 - 162-335
(3; 16) (18;43) | (32;68) | (22;65) | (22;69) | (6;78) (2; 67) | (1;100) (107)
female | - - [180+11.7| 212+7.7 | 218+5.3|236+5.6 |228+5.4 (242+10.3|279+15.0] 256 226=+3.0
- - | 162-202 | 158-265 | 170-280 | 182-290 | 189-260 | 200-273 | 253-305 - 158-305
(3; 14) (14; 30) (33;69) | (34;71) | (16;73) (7; 64) (3; 100) |(1; 100) (112)
w
male - - 1104+47.3] 116+16.3 (131+19.5(177+14.1(212+23.2(157+33.5(191 +25.0| 230 158+9.7
- - 56-199 48-271 46-615 | 74-319 | 82-435 74-306 | 166-216 - 46-615
female | - - 166+£14.7 |1138+137.7|142+14.0(188+16.9(155+14.9(196+32.5(348 +79.2| 245 165+8.6
- - 45-94 46-239 59-364 | 62-401 78-271 80-296 | 251-505 - 45-505

Note: Above the line is the average value of the parameter and its error, below the line is the minimum and maximum value
of the parameter. The number of whitefish specimens, n and % of sexually mature individuals within the age group are presented

in parentheses.

nus (Linnaeus), burbot, European perch, three-spined
stickleback Gasterosteus aculeatus Linnaeus, nine-spined
stickleback, fourhorn sculpin Myoxocephalus quadricor-
nis (Linnaeus) *, European flounder Platichthys flesus
(Linnaeus)* (* — species that live only in the estuarine
zone of the river).

Before the construction of hydroelectric dams,
the Tuloma River was characterized by the dominance
of salmonids in the ichthyofauna. Since 1960, pink
salmon Oncorhynchus gorbuscha (Walbaum) acclima-
tized in the seas of the North, began to enter the fish
passage of the Nizhnetulomskaya HPP. From 1979 to
1985, 258.8 million larvae of small European smelt were
released from Lake Onega in order to reproduce the
food supply for salmon predators in the VIR (Tuloma
River basin). In the reservoir, smelt adapted well (gave
numerous offspring) and in terms of growth rate signifi-
cantly surpassed its relative from Lake Onega (Nelichik,
1998; Mitenev et al., 2007). It is currently distributed
throughout the Tuloma River system.

Taking into account the presented literature
and modern data, the structure of the fish community
in the NTR is currently also undergoing significant
changes. Smelt introduction into the Tuloma River sys-
tem resulted in the development of a reservoir contain-
ing whitefish and salmon instead of a reservoir con-
taining only whitefish and smelt within about half a
century.The short life cycle of smelt, low abundance
of predatory fish (northern pike, burbot) in the reser-
voir, inefficient commercial removals, and successful
reproduction in tributary rivers make smelt a successful
species in the NTR. Smelt can occupy different ecologi-
cal niches throughout its life cycle leading to increased
food competition with other fish species in the res-
ervoir (Kashulin et al., 2012). In the water bodies of
the Murmansk region, smelt under 100 mm in length
is a typical planktonophages, while larger individu-
als feed on both benthic organisms and fish (mainly
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vendace and nine-spined stickleback) (Zubova et al.,
2020b; 2020c). Directly in the NTR, smelt feed on both
artificial pelleted feed from fish nurseries and natural
food. In smelt specimens 150-222 mm long, fish such
as nine-spined stickleback and vendace had greater
importance in their natural diet. Also, bivalves, chi-
ronomids, and cladocerans were found in the stomachs
of smelt 150-188 mm long (own unpublished data).
Thus, in conditions of intensification of water eutro-
phication processes and regional and climatic changes,
including abnormal temperature deviations against the
backdrop of a warming trend, advantages are gained
by “universal species” of fish that are better adapted
to high temperatures, such as perch and smelt, which
have multichannel feeding and are capable of forming
intraspecific groups within a reservoir (Zubova et al.,
2020c; Kashulin and Bekkelund, 2022; Polyakov et al.,
2002; McBean et al., 2005; ACIA, 2005; Ylikorkko et
al., 2015; Sa'nchez- Herna ndez et al., 2021; Smalés et
al., 2023).

Currently, whitefish remain the dominant species
in the catches from the NTR. According to Reshetnikov
(1980), the Tuloma River basin is mainly inhabited by
the sr whitefish morph with the number of sr.br. 20-30
(on average 24-25) (58 specimens each). The author
also described here the only mr whitefish morph with
the number of sr.br. 33.In his work on the main areas of
the VTR, the Note River, and the flooded Lake Katskim,
Shuster (1985) notes the presence of multiple ecologi-
cal morphs of whitefish and their “polymodality in the
sr.br. number”. For the indicated areas, the average
number of whitefish sr.br.,according to Shuster, was
24.8 + 0.06 (18-34) (1576 specimens each). In more
recent works on the ichthyofauna of the VTR and NTR
(Ilmast et al., 2018; 2019), only the sr whitefish morph
is also described, but with a lower (p = 0.001) average
number of sr.br. — 23.3 = 0.45 (35 specimens each). In
our catches from the NTR, whitefish had a wider range
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of extreme values of sr.br. than indicated in the litera-
ture: 16-39 instead of 18-34. Mostly sr whitefish morph
were also present (99.5% of the whitefish sample) with
the sr.br. number from 16 to 28 (20.7 + 0.10), the
remaining percentage (0.5%) was mr whitefish morph
with the sr.br. number 32 and 39. Taking into account
the current literature data on the structure of the first
whitefish gill arch from five large lake-river systems of
the Murmansk region (basins of the Pasvik, Tuloma,
Niva and Umba rivers), the sr whitefish morph with
the lowest average sr.br. number inhabits the NTR (p =
0.05) (Zubova et al., 2022; 2023): 21 gill rakers against
22-26 gill rakers. Among the sr whitefish morph of the
NTR based on the structure of the head and body, up
to 5 additional morphotypes are visually distinguished,
the reasons for the differences of which we cannot
know and are based on the available data. Also, given
the range of the Il number (80-98) in the sr whitefish
of the reservoir, it consists of both small-, medium- and
multi scaled additional morphs of whitefish (Bochkarev,
2022). The coexistence of different whitefish morphs
according to the Il number was observed by us in other
studied water bodies of the Murmansk region, and the
division into small, medium, and multi scaled morphs
was characteristic of both sr whitefish and mr whitefish
morphs (Zubova et al., 2019; 2022). It is believed that
the Il number is an evolutionarily more neutral trait
than sr.br. number, since a direct connection between
the I and the morphological characters and ecolog-
ical preferences of whitefish has not yet been found
(Bochkarev, 2022). Thus, the Il number may reflect
phylogenetic relationships to a greater extent than the
sr.br. number (Bochkarev, 2022).

Thus, the whitefish in the NTR is represented by
a polymorphic population, which may be the result of
a “mixing” in the Tuloma River of lake and lake-river
whitefish from numerous subsidiary river systems of
the basin and anadromous (“sea”) whitefish from the
Barents Sea. Assessment of the origin of whitefish of
the NTR polymorphism is impossible without modern
genetic research methods.

Analysis of the modern age composition of the sr
whitefish morph from the NTR, its length-weight char-
acteristics, and sexual maturation relative to the litera-
ture data on the VTR whitefish for 1966-1984 revealed
a number of changes (Shuster, 1985). In theNTR sr
whitefish, the number of age groups decreases almost
by half from 20 + years to 9+ years, the rate of linear
and weight growth decreases, and maturation occurs
earlier,at the age of 2+ years instead of 3-4+ years at
lower length-weight characteristics of fish. The time of
fish spawning (the first ten days of October to mid-No-
vember) corresponds to literature data (Shuster, 1985).
We have not discovered mass spawning sites for the
NTR whitefish. Possible spawning sites for the NTR
whitefish can be considered tributaries (the rivers
Pyaive, Sholgoch, Kercha, etc.), as well as their pre-es-
tuary areas in the reservoir itself, where there is less
siltation of the bottom and more favorable oxygen and
hydrological regimes for the development of eggs.

Taking into account modern data on the biolog-
ical characteristics of intraspecific groups of whitefish
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from reservoirs of various river basins of the Murmansk
region (Pasvik, Niva, Umba), sr whitefish morph from
the NTR, according to length-weight characteristics, can
be classified as a group of medium-sized whitefish with
early maturation (Zubova et al., 2022; 2023). The sr
whitefish morph with similar biological characteristics
are also found in relatively clean (Lake Virtuovoshjaur)
and heavily polluted (Lake Kuetsjarvi) water bodies of
the Pasvik River basin (Zubova et al., 2022).

Based on the type of feeding, the srwhitefish
morph from the NTR can be classified as benthophages
with a wide range of consumption of food organisms.
The stomach contents of sr whitefish morph in the sum-
mer-autumn period in water bodies of the Murmansk
region usually correlate well with the hydrobiologi-
cal characteristics of fish habitats (Reshetnikov, 1980;
Zubova et al., 2023). The high content of bivalves in
the stomachs of the sr whitefish from the NTR probably
indicates that they were consumed from the profundal
zone of the reservoir, since their numbers and biomass
were insignificant in the littoral macrozoobenthos. The
second most important food organisms, chironomids,
could be consumed from both the littoral and profundal
zones of the reservoir.

Additional artificial feed from numerous nurser-
ies of trout farms in the reservoir is currently of great
importance in the feeding of the NTR sr whitefish.
Artificial pelleted feed was also found in the stomachs
of smelt. Perhaps this is the main reason for the large
differences in the minimum-maximum values of the
measured length and especially the mass of the NTR sr
whitefish morph of the same age.
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OpuruHaAbHan cTaTbA

EBponeuckumn cur Coregonus lavaretus I IMNOLOGY
HmXHeTyAOMCKOro BoAOXpaHUAHLLA FRESEIWATER
(6accenn pexku Tyrnoma, MypmaHckan BIOLOGY

obnacTb) M yCAOBMA ero oouraHuna -

3y6oBa E.M.'*, TepentbeB I1.M.!, Kamysua H.A.!, boukapeB H.A.?, lenucos [.B.,
BasipkoBa C.A.!, UepenanoB A.A.!, IToctHoBa C.B.!

I HHcmumym npo6tem npombluLteHHot skostoeuu Cegepa, @edepastbHulll uccsredosametbekull yeHmp Kostbekutll HayuHblil yeHmp
Poccutickoti akademuu Hayk, Akademeopodok, 14a, MypmaHckas obsiacms, Anamumst, 184209, Poccua

2 @edepartbHoe cocydapcmaeHHoe 6:00x%cemHoe yupedsicdeHue Hayku HHecmumym cucmemamuxu U 5K0102Ull Icu8omHulx Cudupckozo
Omoesterua Poccutickotl Akademuu Hayk, YJ1. @pyHse, 11, Hosocubupck, 630091, Poccua

AHHOTAILHA. VccoenoBainch COBpeMeHHbIe OM0JIOTNYeCcKe XapaKTepUCTUKY Hanbosiee pacnpocTpa-
HeHHOro B CeBepHoil EBpore nmoinumopdHoro Buaa epomerickoro cura Coregonus lavaretus (L.) (manee
CUr) B YCJIOBUAX ero obuTaHusa B crapeimeM B MypMaHCKON 00JiacTH BOAOXPaHWJIMILE PYCJIOBOIO
TUna. BeIABIIeHHI pAA 0co0eHHOCTel QyHKINMOHUPOBAHUSA 3KOCHUCTeMbl HIKHETYJIOMCKOT0 BOAOXPaHU-
auma (HTB), Bxitoyas sBTpodupoBaHre BOJOEMA, COIIPOBOXAA0IIeecs pasBUTHEM [[aHONIPOKapUoOT B
cocTaBse coo0IecTB GUTONJIAHKTOHA, B TOM 4MCJIe M IMOTEeHIHaJIbHO TOKCUYHBIX BUAOB. B pesysbTare
WHTPOAYKLUY ITOJIBEKA Ha3aJ OHeXCKoM Kopiomku Osmerus eperlanus (L.) B cuctemy p. Tysioma mpouc-
X0OUT TpaHchopMalusa CTPYKTYyphl peiOHOI yacTti HTB 13 CUroBO-JI0COCEBOM B CUTOBO-KOPIOIIKOBYIO.
Cur B HTB npefcraBjieH oauMopdHON NomyiALrel 1 10 JIMHEHHO-BeCOBbIM XapaKTepUCTHKaM OTHO-
CUTCA K Ipylle CpeJHUX CUIroB BogoeMoB MypMaHCKOI o0JacTU ¢ paHHUM co3peBaHUeM. IIo Tumy
NUTAHUA €ro MOXHO OTHEeCTH K OeHTodaraM ¢ HIMPOKUM CIEKTPOM IOTpeOJieHNsA KOPMOBBIX OpraHU3-
MoB. CofiepXuMoOe XeJIyAKOB cura B JIeTHe-OCeHHUI ITepro/] XOPOIIO KOppeJIupyeT ¢ Ce30HHOCTBIO pas-
BUTHA BOAHBIX 0ecll0O3BOHOYHBIX. boJsibmioe 3HaueHne B nuTaHuu cura HTB B HacToslee BpeMs UMeIOT
HCKyCCTBEHHble KOpMa, HCIIOJIb3yeMble (opesieBRIMU X03AKWCTBaMM BoAoxpaHuuma. [loHuManue
MeXaHU3MOB CTPYKTYPHO-(PYHKINOHAJIbHONU AuddepeHIuanuy MOMyJIANul cura uMeeT, Kak GyHaa-
MeHTaJIbHOe 3HaueHue IIPY pacKpbhITUYA MeXaHU3MOB 1 HallpaBJIeHHOCTH MUKPO3BOJIIOLMN 1 ajanTanun
PBIO B M3MEHSAIOINXCSA YCIIOBUAX OKPYKaIoIIel cpelibl, Tak ¥ NPUHIUNKAJIbHOE IPaKTUYecKoe 3HaueHue
IIpY OCYIIeCTBJIEHUN OXPaHbl M PaliOHAJIbHOI'O IIPOMEBIC/IA PBIO, MX UCKYCCTBEHHOM BOCIIPOU3BOJICTBE.

Kimouegvie citoga: esporetickuti cur Coregonus lavaretus, 610JIOTHYECKUE XapaKTePUCTUKY, HIKHETYIIOMCKOE
BOJIOXPAHILIULIE

JAnsa gutupoBaHusa: 3y6osa E.M., TepentbeB I[I.M., Kamynun H.A., boukapes H.A., [denucoB /[.b., BanbkoBa C.A.,
YepenaHoB A.A., IToctHoBa C.B. EBpomeiickuii cur Coregonus lavaretus HUXHETYJIOMCKOTO BoJoXpaHWUIa (6acceilH peku
Tynoma, MypmaHcKkas o6y1acTh) U ycjioBusA ero oburanus // Limnology and Freshwater Biology. 2024. - No 2. - C. 58-97.
DOI: 10.31951/2658-3518-2024-A-2-58

1. BBeAeH“e JTare OCHOBBIBAJIOCh Ha CTPOUTEJIbCTBE THUAPO3JIEK-

Tpuveckux crannuii (I'DC) (KysuernoBa u KoHoBasoBa,
2021). B pesysbraTe 3aperyJHMpOBAHUS OTAEJIbHBIX
KPYNHBIX 03ep U pek B MypmaHckoi obsactu ¢ 1930
no 1972 rr. 6sU10 co3gaHo 0K0JI0 20 BOAOXPaHMJIMII.
BomoxpaHuiuiia MOXHO OTHECTU K MPUPOTHO-TEXHO-
TeHHBIM T'e0CHCTEMAaM, Pa3BUTHE KOTOPHIX MPOUCXO-
JUT TOJT AeWCTBMEM BHYTPEHHUX (eCTeCTBEHHBIE MPO-
1IeCCHI) ¥ BHEITHUX (pa3JIMvHble BUABl aHTPOIOTEeHHBIX
U NPUPOIHBIX BO3JeHcTBUil) GakTopoB ([[BUHCKUX U

MypmaHckas 00J1acTb OTHOCUTCA K 4MUCJIy pau-
OHOB C BBICOKUM YypOBHEeM IHOTpebjeHUA 3JIeKTpU-
YecKOM OHepruu, KOTopoe olpejesiseTca OoJbIIon
SHEProeMKOCTbI0 TOpPHO-000TaTUTEJIbHBIX IpeArpus-
TUI U [BETHOHM MeTaJUlypruu, noTpedjaeHre KOTOPBIX
COCTaBJIAET OKOJIO 2/3 OT CyMMapHOro mnorpebjeHus
aJIeKTpuuecKkoi sHepruu B perroHe (Kysneros u Aap.,
2020). CospmaHue U pa3BUTHE 3JIEKTpOIHepreTuye-
CKOM cucTeMbl Ha KoJIbCKOM IOJIyOCTpOBE Ha IEPBOM

*ABTOp ISl HEPENUCKU.
Anpec e-mail: seelewolf84@yandex.ru (E.M. 3y6oBa)
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Kurtae, 2008; 2014). McKycCTBEHHO CO3/IaHHbBIE KO-
CHUCTeMBl BOJOXPAHWJINIL, COBMeLIAoIIe 3JIeMeHTHI
JIOTUYeCKUX U JIeHTUYEeCKUX CHCTeM, XapaKTepU3yITcA
HEYCTOMYMBHIM PABHOBECHEM JKOJIOTUYECKUX B3aUMO-
NEeNCTBUN ee YeThIPeX OCHOBHBIX KOMIIOHEHTOB: aTMOC-
depoii, rugpocdepoii, gutochepoii U Ouochepoil.
OHo omnpepesigeTcs peryJjupyeMbelM TIAPOJOTUYeCKUM
PEXHMOM, KaK MPaBUJIO, OTJIMYAIUMCA OT IPUPOJI-
Horo (JIBunckmx u Kwutaes, 2014). D10, 0COOEHHO B
yesoBusax Kpatinero CeBepa, IpUBOAUT K HAapyIIeHUAM
OMOreoXUMNYECKNUX LUKJIOB, CE30HHOCTU OMOTHUYECKUX
[IPOLIECCOB U B KOHEYHOM UTOTe K CHIXXeHHI0 O10JIOTU-
YeCcKoro pasHooOpasus U TpaHchOpMaly CTPYKTYPHI
ruapoOUOI[eHO30B.

Tysnoma siByisieTcsi OQHOW M3 KPYyNMHEHIINX ped-
HbIX cucteM MypmaHckoii obsactu (Kartasor..., 1962).
[Tocsie PEKOHCTPYKIUM TEPPUTOPUM C MOMOIIBIO IIJIO-
TuH I'0C, Gosbiias yacTth peku TysaomMa NpPUHALJIEKUT
BOJIOXPaHUJIUII[AM PYCJIOBOTO TUIA: BepxHeTyJIOMCKOM
u HwxHerysioMmckoii. B pesysibTaTe, ecTecTBeHHBIE
ycyioBus 0OacceiiHa peKu IpeTepriesid CyIeCTBeHHbIe
uaMeHeHus. [Ipu 3ToM HccieJoBaHNe COCTOSHUSA SKOCH-
CTeMBI [10CJIe 3aperyJIMpoBaHNtsA CTOKA PeKU U3yvalioch
TOJIBKO B 00Jiee MOJIONOM BepXHeTyI0MCKOM BOJIOXpa-
Huuie (BTB) (Peiboxo3siicTBeHHEBIE..., 1985). B TO
BpeMs KaK COCTOSIHME 3KOCHUCTEMBI OJHOTO W3 CaMBIX
CTapbIX PYCJOBBIX BoAoxpaHuui MypmaHckoi obJia-
cTu — HUXXHETYJIOMCKOTO - MPAaKTUYECKU He HCCJIeLO-
BaJioch. MIMeloTcs OTAesibHble pabOThl O MOJLITIOCKAM
nurtopanbHoii 30Hb HTB (Hexaes, 2006; ®poJios, 2009)
U IO YPOBHIO 3apa)XeHHOCTU PBIO BOJOXPaHUJIUIIA
napasutuiyeckumu depBsamu (Kapaces u ap., 2020;
VBanuukas u fp., 2022). Takxe n3yyeHbl HEKOTOpPBIE
MOMYJIALIMOHHBIE XapaKTePHUCTUKN MOJIOAU aTJaHTHuye-
ckoro Jiococs Salmo salar L. HTB (CamoxBaJjioB u [p.,
2014) - Ha BojoxpaHwWIulle nMeeTcs 3)HEeKTUBHBIN
JelCTBYIOUMII JIeCTHUYHBIHN priooxof (KoHoBasoBa u
KysHneros, 2020).

B nmanHOn paGoTe IpeAcCTaBJIeHBI pPe3yJIbTaThl
HCCJIEIOBAHUI OMOJIOTUYECKUX XapaKTepUCTUK CHra
Coregonus lavaretus (L.) HTB u ycioBuii ero oburanus.
OTo HauboJlee pacIpoOCTPAaHEHHBIN BU/l TPECHOBOIHBIX
pbi6 CeBepHoli EBpombl. B 3aBrcuMOCTH OT yCJIOBUH
o0uTaHusA, cur obpasyer MHOXECTBO KaK aslyIoNaTpu-
YeCKHX, TaK M CUMIIATPUYECKUX (HOPM M TOMYJIAINM,
pasaudaroniuxca Mopdosioruer, cTpaTerusAaMu KU3HeH-
HOTO IMKJIA, SKOJOTUYEeCKUMU HUlaMu (PeleTHUKOB,
1980; Kahilainen et al., 2004; 2007; 2009; 2014; @stbye
et al., 2005; Kahilainen and @stbye, 2006; Siwertsson et
al., 2008; 2010; Harrod et al., 2010; Pr&bel et al., 2013
u 11p.). Cunraercs, 4To 0Opa3oBaHUE CUMIIATPUUECKUX
GopM B yCJIOBUAX HU3KOTO BHUIOBOTO pa3HOOOpasus
CeBepHbIX BOJOEMOB I03BOJIAET PHIOHOI YacTu Hace-
neHus OoJsiee 3PpPeKTUBHO WCIOJIB30BaTh AOCTYIIHBIE
pecypchl U obecrnieyrBaeT CTaOMJIBHOCTh SKOCHCTEMBI
(PemeTtnukoB, 1980; Mouceenko, 1983; Kamyiua u
ap., 1999; Amundsen et al., 2004a; Kahilainen and
@stbye, 2006; Siwertsson et al., 2008; 2010; Harrod et
al., 2010; Laske et al., 2019; Skulason et al., 2019 u
ap.). IloHnMaHue MeXaHU3MOB CTPYKTYPHO-(GYHKIU-
oHaJIbHOU AuddepeHnrauy MOMyJIAUN CUra NMeeT
KaKk (QyHAaMeHTaJIbHOe 3HaYeHWe TIPU PACKPHITHU

79

MeXaHU3MOB U HAaIpaBJIEHHOCTH MUKPOSBOJIIOIUU U
afanTaiiu peid B MU3MEHSIOIUXCSA YCIOBUAX OKpyXa-
I0Illell cpelbl, TaK W MPUHIMINAIBHOE MPaKTUYECKoe
3HaueHue MPU OCYN[ECTBIEHNN OXPAaHbl M palllOHaIb-
HOT'O TIPOMBICJIA PHIO, X UCKYCCTBEHHOM BOCIIPOU3BO/-
ctBe (Muna, 1986; Antyxos, 2004).

2. MaTepuan ¥ MeTOAbI
2.1. O6wan xapaKTepuCcTHKa paoHa
HCCAEAOBaHMUA

Bacceiin p. Tynoma HaxoguTcs Ha ceBepo-3a-
nage Mypwmanckoii obsactu (Puc. 1). Peka mo 3ape-
ryJupoBaHusa Opajia Hayasio u3 o3. Hotozepo (c 1962
r. — vacth BTB miomaasio 745km?). TyJjioma BnagaeT
B Kosbckuii 3ammB BapenneBa mops (Puc. 1). Iocie
3aperyJiipoBaHus IUIOTMHAMu HipkHeTysioMcKON U
Bepxuerynomckoii I'DC Gosbliiasg yacTb peKu SABJIA-
ercsa HTB (Puc. 1). [InmuHa peku cocTapisgeT 59.8 kM,
wIomaap BoAocOopHoro 6GacceriHa - 18231.5 kwm?
(Karasor..., 1962). Bogoc6opHsiii 6accelin p. Tysoma
IIpefiCTaBjleH CJIOXKHBIMA U TPOTSXKEHHBIMH O03ep-
HO-pEeYHBIMM CHCTeMaMU, JPEHUPYIOUMMH TeppUTO-
puro 3anagHon yactu MypMaHCKol 00JiacTu, Ha KOTO-
POl Haxo[ATCA MHOIOYMCJIEHHble BO3BBIIIEHHOCTH U
TyHApHL. CasibHble TyHAPH! ABJIAIOTCA YacTbI0 BOJOpPa3-
Jerna Mexnay O6acceiiHamu bapeniieBa u besoro moperi.
Ha cxjioHax BO3BBIIEHHOCTEHI M Ha IpHJIerammux
3a00JI0YeHHBIX paBHHMHaX (GOpMUPYeTCA CTOK OCHOB-
HBIX TPUTOKOB P. Tysioma — pek Hota u JloTTa, 6epymmx
cBoe Havasio Ha Teppuropun ®uniaHguu. Ha Bogoc-
6ope Tysomel HaxoauTcs OoJsiee 5 Teic. o3ep. [lajeHue
peku 48 M, cpeanuii ykiaoH 0.3%. Ha ropHom yuactke
peKa HaXOAUTCA B y3KOM U TJIyOOKOM ymesibe (TJIy-
6una Bpeszanusa 200-300 M) u dhopmupyeT Bpe3aHHBIE
n3JyuynHbl. Ha peke MHOro noporos. B HU30Bbe peku
(Huxe noc. Mypmarin) cKkasbBaeTcA BJIMAHNE MOPCKUX
npuiansob. Ha Tysiome fABe TUAPO3JI€KTPOCTAHIINN:
Bepxuetynomckas I'SC (c 1965 r.) u HuxHeTtysioMckas
I'SC (c 1937 r.), obpasytomie cooTBeTcTBeHHO BTB 1
HTB (Karasor..., 1962; Pecypcsl..., 1969).

® Touxs or6opa fpo6
Q TwapoaneKTpoCTaHLMN
| I Hnxerynomcxoe soaoxpanmL

Puc.1. Touku orOOpa TrUAPOXMMHUYECKUX, THUAPOOUO-
JIOTUYECKUX W MXTUOJIOTUYECKUX NMpo6 B HINKHETYJIOMCKOM
Bopoxpanusuile (6acceii p. Tysoma) B 2018-2022 rr.
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HixHeTyJIOMCKOe BOJIOXPAHUJIMIIE PYCIJIOBOTO
TUna 3anojiHeHo B 1934-1936 rr. IIpu co3manuu BOJO-
XpaHuuma ObUIo 3aTomieHo 170 ra ceibxo3yroguil.
[Tmomaae BoaHOTOo 3epkasia 38 kM2, o0beM 0.39 kwm?®
(13 Hero nose3Hsiid — 0.037 kM3), AJIMHA OKOJIO 16 KM,
HauOoJsbmas mupuHa 1.6 KM, cpenHsAs riyOnHa 12
M, MakcuMmaJsibHasA riayouHa 20 M. YpoBeHb BepXHero
Obeda BoOXpaHWIIMINA COCTaBjAeT: HOPCUPOBAHHBIN
—18.5 m, HopMmaJsbHBIH — 18.0 M, MUHUMAaIBHBIA — 17.0
M; Hamop: MakCUMaJIbHbIH — 20.3 M, MUHUMAJIbHBINA —
17.0 M; cpeqHUI MHOTOJIETHUIT pacxofd — 234.0 m%/c.
C ceBepa BnagawoT peku IlaiiBe u Ilosrou, ¢ roora —
Kepua (Karasor..., 1962; Pecypcsl..., 1969). Ha aksa-
topuu HTB pacrnosnoxeHsl ppiOHBIE X035ICTBa IO BHIpa-
MUBAHUIO PaAyXHOH Gopenu Oncorhynchus mykiss
(Walbaum).

OceHHUe Jie/IoBble SBJIEHUs Ha peKe HavlHa-
I0TCSI B TIEPBOU JleKajle OKTAOps. Peka MOKPHIBAETCA
JBOM B KOHIle Nekabps. Ha mjecoBbIX ydacTKax OH
yCTaHABJIUBAETCA B Cepe/iuHe HOs0ps, Ha MOPOXU-
CTHIX yYacTKaX — ropasfio nosxe. BckpriBaeTcs peka B
Havajie Mas, JIeJIoOXO — OO Hayvajla WIOHA. B HIkKHeM
orede Hirxuerynomckoii I'DC u panee 0 ycThsA P.
Tysioma noaBepxeHa MOITHOMY MPUJUBHO-OTJIMBHOMY
uukIiy non BausHueM Kosibekoro 3anusa. Kpome toro,
B JaHHOM 4acTU peka He 3aMep3aeT 3umol (Karasior...,
1962; Pecypcsl..., 1969).

B 6Gacceiine p. Tysoma uccjiefqoBaHue cura u
ycJioBUH ero oburtaHus nposofuiock B HTB (Puc. 1).

[Iporpamma ucciiefoBaHUsA BKJIIOYaja U3yye-
HUe MPOAYKTHMBHOCTH BOJOXpaHWIUIA (colepkaHue
obmero d¢ochopa (Mkr/ma), obuero azora (MKr/un),
cofepxaHue xJjopodpmuia «a» (Mr/m®), Guomaccel
dpuronankrtoHa (r/m®)), IOOCTYIMHOCTA KOPMOBBIX
OpraHusMoB Ay peib (pasHoobpasue, YUCIEHHOCTh U
6romacca 300IUIaHKTOHA (9k3/M* U r/M®) U MaKpo30-
obeHToca (9K3/M? U I/M?), KJTIOUEBBIX XapaKTEPUCTUK
A7 peibHOTO coobiiecTBa (BH0OBOI cocTas, %) U OHO-
JIOTUYECKUX XapaKTepUCTHUK cura (BHYTPUBUAOBOU
coctaB, MOPGOJIOTHs, MOJIOBOH W pa3MepHO-BECOBOM
COCTaB, TEMIIBl POCTa, MUTAaHUE U CO3peBaHUeE).

2.2. TMAPOXMMHUYECKUEeUCCAEAOBaHUA

IIpoGel BonBI ¢ mOBepxXHOCTHOTO cjiosg (1 M or
MOBEPXHOCTH) U MpupoHHOro cjios (1 m ot aua) HTB
0oTOMpaInCh IJIACTUKOBBIM OaTomMeTpoM obobeMoMm 2.0
. OTtoOpaHHBIe TTPOOBI BOABI TPAHCIOPTHUPOBAJINCH B
IJIACTUKOBHIX OyThIJIKax o6bemMoM 1.0 J1. XumudecKuil
coCTaB BOJBI OMNpedeiaiii B LIEHTPe KOJIJIEKTUBHOTO
noJsib3oBanusa UIIIDC Kosasckoro HIT PAH no equHbiM
Metoaukam (Standard..., 1999; AHTpONOTeHHBIE...,
2002; CaungmmupoB u aAp., 2019). Ilepmoasl ot6opa
TUAPOXUMMYECKUX MPO0 U UX KOJIMYECTBO MpUBedeHbI
B TabGsmme 1.

2.3. M'mapo6HonoruuecKue HCCAeAOBaHUA

[TogpoOHasa nHpopmanusA o cpokax coopa 1 o0b-
eMe ruApoOHOJIOTNYECKOTr0 MaTepuasa IpefcTaBjieHa
B Tabmune 1. KosmyecTBeHHbIe TPOOH! GUTONIIAHKTOHA
orbupanuck 6atomeTpoM PyTTHepa ob6bemom 2.2 s B
nHTepBaJie I1youH 0-5 M ¢ nocJieyonell KOHI[eHTpa-
UelN ¢ MOMOIIbI0 TIJIAHKTOHHON ceTtu Ixenu. Kaxmas
nojydyeHHasa 1npoba (¢ukcupoBajsach pacTBOPOM
Jliorosis, B 1abopaTopuy ONOJHUTEBHO KOHIIEHTPH-
poBajiach OTCTOMHBIM MeToi1oM (PyKoBOJICTBO..., 1992;
CaHaumupoB U 1p., 2019). Buomacca purtoniaHkToHA
[IOACYMTHIBAJIACh CYETHO-OObeMHBIM METOAOM Ha
OCHOBe onpefesieHHs WHAUBUYaJIbHOIO o0beMa Kile-
TOK (WJTM TIJIOTHBIX KOJIOHUI) KaXXJOro BUA, PacCiu-
TaHHOTO 1o popMysiaM obbemMa CXOAHBIX reoMeTpuye-
ckux ¢ouryp (T'yceBa, 1959; KyspmuH, 1984; Tikkanen,
1986). IlomcueTr 4YMCJIEHHOCTH U TaKCOHOMMYEcCKas
naeHTuduKanya BOAOpOcsel U UaHOIPOKapUoT OCy-
miecTBjsJIach B kaMmepe HaxoTra oobemom 0.1 mu Ha
cBeToBOM MuKpockorne «Motic BA300» ¢ nMMepcuoH-
HbIM OOBEKTHBOM. MCII0sb30BaINCh YyBEeJIWYEHUs OT
400 go 1000 pa3. Ha3BaHusA TakCOHOB NpPUBEAEHHl B
COOTBETCTBUM C MeXJyHapOAHOHN aJIbloJIOrNYecKomn
6asoit gaHHbIX (Guiry and Guiry, 2024).

JnA oneHky (U3MOJIOTUYECKOrO0 COCTOAHMUA U
(orocuHTeTHYECKONI aKTMBHOCTH BOJOPOCJIEH U IjHa-

Ta6auna 1. XapakTepucTHUKHU UCIIOJIb30BAaHHOI'O THIPOXUMUYECKOr0, FTHAPOOHOJIOrHYeCKOr0 U UXTUOJIOTMYeCKOro MaTepu-
asna B HuxHeTysioMcKkoM BofoxpaHuiuie (6acceiis p. Tynoma), 2018-2022 rr.

II, VIIL, XI 2022 r. | I-III, V-XI 2020 r.,
I-I1I, V-XII 2021 r.,
exemMecAa4YHo

c I o XII 2022 1.

ITepuoxn or6opa I'XIT ITepuiox or6opa I'BIT KosmmuectBo |Ilepuox or6opa HUII| n1 | n2 | n3 | n4
npo6
o, 3 M X |o,3| M
1V, Vv, VII, X 2019 ., VII 2018 r., exeMecA4YHO 16 | 176 | 46 XII 2018 r., 408|379 | 55 | 107
I-11, V, VII, IX, XII eXeMeCAYHO c Voo XI eXeMeCAYHO
2020r., 2019-2022 rr.
VI 2021 r., clmo X 2019r., ¢ Voo XII

2019-2020 rr.,
V, VIII-XII 2021 r.,
III, VII-XII 2022 1.

IIpumeuanmne: I'XIT — ruapoxumMnueckue npoosl, I'BI1 — ruapobuosornueckue npoosl, UIT — uxtroaorunyeckue npoosl, @ —
PUTOMIAHKTOH, 3 — 300IJIAHKTOH, M — Makpo3006eHTOC, nl — KOJIM4eCcTBO PhI6 ¢ 00CeJOBAaHHBIMU JJIMTHOHM, MacCOH, BO3PaCTOM,
cTaauell pa3BUTHSA MOJIOBBIX MPOAYKTOB, TEMIIOM JIMHEHTHOTO POCTa, n2 — ¢ 00caeqOBaHHOM xabepHo qyroi, n3 — ¢ o6cieJoBaH-

HOI MopdoJiorueli Tesna, n4 — ¢ 06cIeJOBAaHHBIM XKeJTy AKOM.
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HOINPOKapHoT OBbUIO NMPOAHAJM3HUPOBAHO COJIepKaHue
xjiopodusyia a B IJIAHKTOHE; OTOOp mpoO oOcylecT-
BJIAJICA exemecsayHo. [IpoOsl Boasl oOobemoMm 600 Mt
dunpTpoBasnCh 4yepe3 MeMOpaHHBIN (QUIBTP C Aua-
MetpoM nop 0.47 Mxm ¢ nomomeio mmpuna Millipore
puapTpoBasIBHON HacaAkon. @UIbTpALUA TPOU3BOAU-
Jlach HENmOCpeACTBEHHO Ha BojoeMe 4TOObl n30exaThb
U3MeHeHUH cofiepkaHuA POTOCHHTETUYECKUX MUTMeH-
TOB IIPU TPAHCIOPTUPOBKE NPOO BOABI. OJKCTPAKIMA
XJIOpO(UILIIOB IPOBOAMIIACH pacTBOPOM arjeToHa (90%.
YJIA), onrTryeckas IJIOTHOCTh SKCTPAKTOB U3Mepsslach
Ha crnekTpodoTtomerpe «I13-5400YD». KoHneHTpanuu
doTocuHTEeTHYECKUX XJIOPODUILIA a PACCUYUTHIBAINCH
CTAHJAPTHBIMU OOMIENPUHATHIMUA B MUPOBOH U OTe-
yeCcTBEHHOUW mpakTuke Metojamu (Determination...,
1966; MuneeBa, 2004; JleaucoB u Kamymuna, 2013).
Tpoduueckuii craTyc BoJ OIEHUBAIU MO COAEPKAHUIO
xJiopopuisia a CcorjlacHoO kKjaaccupukanuu, MOpeayio-
xenHoi C.I1. KuraeseiMm (2007).

KonmuecTBeHHble NPOOHI 300IJIAHKTOHA OTOU-
panu Gatomerpom PyTTHepa oOGbemoM 2.2 jHa TIy-
ouHax 2 M, 2-5 M, 5-10 m, 10-gHO, KOJIMYECTBEHHbIE
— ceTpi0 AmmurteiiHa (auameTrp 38 cM, pa3Mep AUeNKU
30 MxM). BepTukasipHOe TpajieHue aeT 6oJiee MoJiHble
JaHHBIE O MIJTAHKTOHHOM HaceJIeHUU M3y4aeMoro BoJo-
ema. HaTsokeHue IJIaHKTOHHOWU CeTH CHU3Y BBEPX — CO
JHa Bojj0eMa Ha IOBepXHOCTh. DUKCATOpP — pPacTBOP
Jlroronsa (PykoBoAcTBo..., 1992; CanaumMupos, 2019).

KosnuecTBeHHBIE U KaueCTBEHHbIE ITPOOHI JIUTO-
panpHOrOo Makpo3oobeHToca B HTB otbupanuce Ha
KaMeHMCTO-TaJIeUHbIX U KAMEHUCTO-BaJIyHHBIX TPYHTaxX
Ha riaybuHax oT 0.3 M mo 0.5 M c moMmoIbl0 THUPO-
OHOoJIOrnYecKoro cayka-ckpeOKa, OCHAI[eHHOTO paMou
25x25 cM, a Takxe BBIOMpPAINCh KUBOTHBIE C OTJEJIb-
HbIX KaMHel. CobpaHHbIe TPOOBI XPaHUJIUCh B IJIACTH-
KOBBIX OaHkax. CoOGpaHHBIe IPOOBI Makpo3006eHToca
¢uxcuposanmu 4% pactsopoMm (opmanuHa uinu 70%
pacTBOpPOM 3TaHOJIA.

OO6paszupl 300IJIaHKTOHA M MaKpo3000eHToca
OBLIM JOCTABJIEHBI B J1ab0paToOpUi0 U UAEHTUDUIMPO-
BaHBbI IO MUKPOCKOIIOM (IIpeUMyI[eCTBEHHO 0 PoAa)
(Merritt and Cummins, 1984; Omnpenenuress..., 2000;
2001; 2016), oTcOpTUPOBAHBI, MOACUYUTAHKI (THIC. IK3./
M3 1 9K3./M? COOTBETCTBEHHO) U B3BelleHbl (r/mM° u 1/
M2 cooTBeTcTBeHHO) (PykoBOACTBO..., 1992). I noj-
cyeTa 300IUIaHKTOHA B IIpobe MCIojb3yeTcsA Kamepa
BoropoBa. JlaHHasA kamepa IpefcTaBjsAeT COOOM TOJI-
CTYyI0 IJIACTUHY M3 CTEeKJIa MJIM OPrcTekJa ¢ HaceuKom
B BuAe JjabupuHTta. OueHKy Tpoduueckoro craryca
1o 6momMacce 300IJIaHKTOHA M MaKpo3000eHToca IMpo-
BOAWJIN MO IKaje, npemyoxeHHon C.II. KutaeBwsiM
(2007).

2.4. UXxTHONOTHYECKHE UCCAEAOBAHUA

I[Mogpobuasa uHpopmanusa o0 oO0beMe MaTepu-
ajia ¥ BpeMeHH JIoBa PBIO MpejcTasjeHa B Tabiaune 1.
W3yueHue cocTaBa uxTruodayHbl HccjieJOBAaHHBIX BOJO-
€MOB IIPOBOAMWJIOCH C IPHUMEHEHHEM MeTOJIOB 00JI0Ba
IIpY [TOMOII[ CTaBHBIX abepHBIX ceTeil. OGIOBHI OCy-
IIEeCTBJISUINCh CTAaHAAPTHBIM HAOOpOM ceTell JJIMHOU
25 m u BeicoTou 1.5 m ¢ srueent 10, 12, 16, 18, 20, 30,
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35, 40, 45, 50, 55 u 60 mM. CeTu ycTaHaBJIUBAJIMCh
B JINTOPAJIbHONM 30HE, B MeJIarHaIN U MPOoQyHIATbHON
3oHe. CeTu cTaBMIM HOUBIO (0K0JIO0 24 u). Pniba, 13b-
ATasg U3 ceTel Ha ciefnymooilee yTpo (okoso 6-10 u),
HeMeJJIEHHO YMEePIIBJ/IsJIach MPOKAJIbIBAHMEM MO3Ta.
Bce ppIOBI ObLIN MAEHTUGUIMPOBAHHBL B JJAOOPATOPHBIX
yemoBusx Ao Bupa (Fricke et al., 2024). Bcero 6bL10
BBUIOBJIEHO 408 3K3eMIUIApOB cura. Bce oToOpaHHbIE
ocobu cura ObIM M3MepeHsH! (irHa o Cmury (masee
FL) = 1 mm) u B3BemieHH (o6maa macca (W) = 1 ).
[TarpaecAT mATh ocobell cura O6puTH choTorpadupo-
BaHbI UdpoBeM doToanmaparoMm Nikon d610 ¢ o6bek-
tBoM 60 mm f/2.8G ED AF-S Micro-Nikkor (Boukapes
u ap., 2013; Menexun u gAp., 2021). Breigesnenue
dopm cura mMpoOBOAUIIOCH HA OCHOBE YHCJIA THIYUMHOK
Ha 1-oi1 xabepHou nyre (masiee sp.br.): MajOTHIYMH-
koBaa — 16-30, cpemHeTbrumHKOBasgs — 31-42, MHOroO-
ThiunHKOBass — 43-65 (IIpaBguH, 1954; PeleTHUKOB,
1980). Taxxe Ha OCHOBe uucJa IPOOOJEHHBIX Yellyi
B GokoBoi yimHuYU (II) GBLTY BBIJIEJIEHB MaJIOYelyiva-
Thle — 76-83, cpenHeuemyiiuaTele — 83-86 1 MHOroye-
myiuaTeie — 86-98 curu (bBoukapes, 2022). Iloxacuer
sp.br. TpoU3BOIMUJIN MO MHUKPOCKOIIOM TPU yBeJilue-
Hun X 10. s BbIABJIEHUA O0COOEHHOCTEN CTpOeHUsA
1-of1 xxabepHOU OyTW CUTOB TakXe W3MepPSUIU JJIUHY
(£ 0.1 mM) ueHTpasbHON XabepHOW THIYUHKU (Isp.
br.) (IlpaBauH, 1966). Paccrosaue (£ 0.1 MM) MexAay
)KaGepHBIMU ThIYMHKaMH (ssp.br.) BBIUMCJIATIOCH TIO
Metoauke K. Kahilainen u K. @stbye (2006). ITo moJy-
YeHHBIM U300pa)keHUsAM PbIO MPOBOJIUINCH MPOCYETHI
Il B 60KOBOW JINHUU CUTOB M C MOMOIIBIO MTPOrPaMMBI
ImageJ namepenus (+ 0.1 MM) IIacTUYECKUX IPHU3HA-
koB Tesia pei0 (30 mpusHakoB) no H.A. BoukapeBy u
E.N. 3yiikosoii (2010) ¢ He6OABIINMU N3MEHEHUAMU:
H — HanboJibIllast BBICOTA TeJjia, h — BBICOTA XBOCTOBOTO
crebJis, aA, aV, aD, aP — aHTeaHaIbHOE, aHTEeBEHTPaJIb-
HOe, aHTeJ0opcajibHOe, aHTeNeKTpaJibHOe PacCTOSHUA
cootBercTBeHHO, DC, VC, AC - popcokayfajbHOE,
BEHTpOKayAaJibHOe WM aHaJIbHOKayAaJIbHOe PacCTOs-
HHUS COOTBETCTBeHHO, PA, PV, VA — mexTpoaHajbHOE,
MeKTPOBEHTPA/JIbHOE, BEHTPOAHAJBHOE PACCTOSHUA
COOTBETCTBEHHO, pA — AJIMHA XBOCTOBOro cTebJiA, pD
— moctaopcajbHOe paccrosinue, LD, A, 1V, [P- miuHa
CIIUHHOTO, AaHAJIbHOTO, OPIOIIHOTO W TPYAHOTO IIJIaB-
HUKOB COOTBETCTBeHHO, hD, hA — njvMHa OCHOBaHWU
CIIMHHOTO W aHAJIbHOT'O TJIABHUKOB COOTBETCTBEHHO,
C - pnvHa TOJIOBHI, I' — AJINHA pbUIa, 0 — JUAMETP
rjasa, b — guaMeTp 3pauka, po — 3arjasHUYHOe pac-
crosiivie, Chl u Ch2 — BBIcOTa TOJIOBBI Ha YPOBHE TJIa3a
U 3aThLJIKA COOTBETCTBEHHO, Imax m hmax — nivHa u
BBICOTA BEpPXHEH UestocTd, Imd — qjiHa HUXKHEN YeJTio-
ctu. [Ipu aHanuse mopdosiorndeckux AaHHbx (Isp.br.,
ssp.br. 1 IIacTUYecKye MPU3HAKU TeJia) UCIOJIb30BaIN
npeoOpa3oBaHHble AeCATHUYHBIE JOorapudmbl IMpoMe-
POB, TepecYMTAHHbIE [0 yPaBHEHUIO aJIJIOMeTpUYe-
CKOU 3aBUCUMOCTH JiJisi peib cpenHert anuubl (Thorpe,
1975): X,= 10", rae X, — 3HaueHne MIPU3HAKa C MIONPaB-
Kol Ha pasmep, Y, = log M, - b(log, (L, - log, L ) rae
Y. u Y, — cOOTBETCTBEHHO MpPeoOpasoBaHHOE U UCXOZ-
HOe 3HaueHue MpU3HaKa y [ —Toir ocobu. FL, — ayuHa
i —Tori ocobu (Mm), FL  — cpeaHss mjvuHa ocobeidl B
BBIOOPKe, b — ayutoMeTpuueckuii koaddurpeHT (TaH-
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reHC yTJjia HaKJIOHa JIMHUU perpeccuu jorapudma mpo-
Mepa no jorapudmy nHbeL). Takoe rpeoOGpa3oBaHue
cunuTaeTcAa OJHUM U3 HauboJiee aJleKBaTHHIX METOJIOB
yCTpaHeHUA BJIUAHUA pa3Mepa Tejia. Mepucrtuueckue
MOoJCYeThl UCCIefOoBaJiu KaK HeoOpaboTaHHBIE [OaH-
Hble. [[JiA NMPU3HAKOB PacCUUTHIBAJIA CpefqHee 3Haue-
Hue (M), cTaHAapTHY OmMOKy (m), MUHUMAJIbHOE U
MaKCHUMaJIbHOe 3HAauYeHHe, CTaHJapTHYIO JeBuanuio (S)
u koaddunuent Bapuanuu (cv). (HopmaspHoe pacmpe-
JeJjieHUe NMPU3HAKOB IIPOBEPAIU B IIporpamMe Statistica
10 (acummeTpusi u 3Kciecc, TecThl KoJyimoroposa-
CmupHOBa, [llanupo-Yuska, Ba rpadrka HOpMaIbHOMN
BepoATHOCTH). Tak Kak BU3yasibHbII aHaIN3 BHEUIHETro
CTPOEHUA CUTOB IIPU BBUIOBE U 00pabOTKe MaTepuala,
a TaKXe IOJIYYEHHBIX M300paXeHUN PBIO N3YIEeHHBIX
PaliOHOB BBIABUJI HEKOTOPBIE PA3JINYHA B MOP(OJIOTHU
TOJIOBHL U TeJjla OTAEJIbHBIX 0CO0ell MaJIOTHIYMHKOBOM
dopwmel cura, riactudeckre (CKOPPEKTHPOBAHHBIE IO
pa3Mmepy) u3MepeHHus IOJIBEPrajiiCh MHOTOMEPHOMY
aHaym3y (MeTo[ TJIaBHBIX KOMIIOHEHT) B IIporpamme
Statistica 10. CpaBHeHUe NAHHBIX NPOBOJUIN C IIOMO-
urpio t-kputepusa CreiofeHTa. Paznmuuus cuuTanu cra-
THUCTUYECKU 3HauuMbIMU nipu p < 0.05.

PrI6bI ObLIM OTHECEHHI K MTOJIOBO3PEJIBIM (K Hepe-
CTAIUMCA B 3TOM TOJy, OTHEPEeCTUBLIMMCA B 3TOM
rofy), ecJiM UX rOHaAbl UMesiu ctaauio pazsutus -1V,
V, VI, VI-II (ITlpaBauH, 1966; PenieTHrukoB 1 borgaHos,
2011). Bo3spacT peI0O ompepesisasicsA MO 4Yellye NepPBbIM
aBTOPOM I10 U3BecTHBIM MeToauKkaM (Van Oosten, 1929;
PemetHukoB, 1966). HccienoBaHue TEeMIIOB JIMHEN-
HOr0 pOCTa cura 1o delmlye MPOBOJUJIOCH COTJIACHO
MeTofuke 3y6oBoii u ap. (2016). [y BEIOOpPOK cura
oIpeJie/IAJIv MPOIeHT 0cobell ¢ MyCThIMU XKeJIyIKaMu
U XeJIyJKaMU, CoAep KalliMU NUIeBble KOMIIOHEHTHI C
Mas 1o Aekabpb. 114 aHaIM3a KaueCTBEHHOT'O U KOJIH-
YeCcTBEHHOT'0 MUTaHNsA CUTOB € Mas 110 ieKkabpb IPOCMO-
Tpenu cofepxaHue XxeayakoB 107 3K3eMIJIAPOB PhIO
(Tabsmma 1), corsacHo pykosoacTtsaMm (PykoBoAacTso...,
1961; Meroauueckoe..., 1974). Xenyaku peid u3BJie-
Kaim 1 pukcuposaiu B 70%-HOM pacTBOpe 3TUJIOBOIO
criypra He nosgHee 2-3 4 mocjie IOMMKHU. Matepuas
obpabaThiBajiu B JJaOOPATOPHBIX YCJIOBUSAX C HCIOJIb30-
BaHHeM MMKpockomna. [IuieBsie 00BbeKTHl B XeJlyaKax
uaeHTUGUUUPOBAIU IO BO3MOXHOCTH [0 poAa WU
cemetictBa (Omnpenenurtesib..., 2000; 2001; 2016) u
usMepsiu ceipyio Macey (+ 0.1 r) kaxaoi kaTeropuu.
J1a xapakTepuCTUKU CIIeKTpa MUTAHUA UCIIO0JIb30BaId
IR — nHAEeKC OTHOCUTEJIbHOM 3HaunuMocTu: IR = (FiPi/
2Fi Pi) X 100%, rae: Fi — 9acTOTa BCTPEYAEMOCTHU KaX-
J0ro KOMIIOHeHTa NUIH, Pi — 0JiA o Macce; 3HaUeHue
i nu3amensercsa oT 1 o n (n — KOJIMYeCcTBO BUAOB MHUIIe-
BBIX KOMIIOHEHTOB BO BCEM COJIEPKHMOM JXEJTy]IKa)
(TTormoBa u PemeTHukoB, 2011).

3. PesyAbTarthbl
3.1. MappoxumMmHuecKue u
ruppo6uonoruueckmue XxapaKkrepucTuKu

[lo 3HAYUTESIPHOMY COJAEpXaHUI0 OHOTeHHBIX
asieMeHTOB (obuero ¢dochopa u azora) HTB moxHO
OTHECTH K Me30TPOGHBIM BOJOEMaM C MPU3HAKAMU
spTpodukanuu (Tabmura 2). [Ipu 3TOM cpegHUe KOJIH-

YeCcTBEHHbIE MoKa3aTesu (YMCJIeHHOCTh, 9K3/M° 1 O1o-
Macca, I'/M>) IJIaHKTOHHBIX COOOIIECTB U XJI0podULIa
a (Mr/m®) COOTBETCTBYIOT Q-OJIMTOTPOGHOMY Tpoduye-
ckoMmy crarycy (Tabauma 2). KosmdyecTBeHHBIE [TOKa3a-
TeJTU OTJIMYAIOTCA PEe3KUMM HU3MEHEHHUsIMU B TeueHUe
roja, MpoIlecCchl Beretanuu (pUTOIJIAHKTOHA MPOIOJI-
JKalTCA U B MOJJIeIHBIN Nepuod. HaGmomamics cpas-

Ta6auna 2. CpeHUe TUAPOXUMUYecKre U TUAPOOHOJIO-
ruvyeckye mnoxasareiu B HUXKHETYJIOMCKOM BOAOXPaHUJIULIE
(6acceiin p. Tysnoma), 2018-2022 rr.

IToxasaTesm

O6uuit docdop, MKr/j1 13.3 £ 1.45

OOuuii a30T, MKT/JI 228.5 = 18.49

Tpoduuecknii cratyc* Me30TpOhHBIN
C IpU3HaKaMU
3BTpodUKAIUU

Buomacca GuTONIaHKTOHA, I/M> 0.65

CofiepxaHue XJI0poduiLia «a», Mr/M> 1.42

Tpoduueckuii cratyc** Q-0JIUTOTPODHEIH

YucjieHHOCTh 300IJIaHKTOHA, %

KOJIOBPATKU 84.1
paxooOpa3Heble 15.9
Bbuomacca 3oormmankToHa, %
KOJIOBPAaTKU 53.3
paxooOpasHble 46.7
OO011as Y1CJIEHHOCTh 300TJIAHKTOHA, 143.1
9K3/M°
O6masa 6romacca 300IJIaHKTOHA, T/M> 0.4

Tpoduueckuii ctaryc** Q-0JINTOTPOQHBIN

YU CJIEHHOCTH JINTOPAJIBHOTO
Makpo3oobeHToca, %

XUPOHOMU/BI 72
PyYeHHUKN
JIByCTBOpYAaThle MOJLIIOCKU

OpPIOXOHOTYIE MOJLITIOCKU

OJINTOXEThI 11
Jpyrye rpynisl OpraHu3MoB 7
Buomacca J1MTOpajIbHOrO
Makpo3oobeHToca, %
XUPOHOMU B 60
py4elHUKHN 4
JIByCTBOpYATHIE MOJLTIOCKU 2
OpI0XOHOTHE MOJLITIOCKU 14
OJINTOXEThI 10
Apyrye Ipynnbl OPraHu3MOB 10
O611as YMCIeHHOCTh JINTOPAJIHbHOTO 3642
MaKpo3000eHTOoCa, 9K3/M?>
O61as 6roMacca JIMTOPaIbHOTO 16.0
MaKpo3000eHTOca, I'/M>
Tpoduueckuii craryc** 9BTPODHEBIN
IIpuMmeuanue: * — mo: Likens, 1975, ** — mo: Kurtaes,

2007.
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HUTEJIBHO [JINTEJIbHbIE, MPAKTUYECKH [0 JIeJOCTaBa,
MEPUO/Ibl OCEHHE! BereTaluy, IogaepKUBae 610-
Maccy 300IJIaHKTOHA Ha YPOBHE JIETHUX 3HAUEHUI.

CoobmecTBa (UTOIJIAHKTOHA XapaKTepHU30Ba-
JINCh BUJOBBIM COCTaBOM C JOMUHUPOBAaHUEM IUATO-
MOBBIX U 30JIOTHUCTBIX, & TAKXXKe MPUCYTCTBUEM IIpea-
CTaBUTEJIEN XapOBhIX (JecMUIUEBBIX) Bogopocsen. I1o
9KOJIOTUYECKUM XapaKTEPUCTUKAM OCHOBHYIO Maccy
COCTaBWJIM MPEICTAaBUTEIN (UTOIIAHKTOHA, Xapak-
TepHBle JJIA CyOapKTUYECKUX BOJOEMOB 30HBI CEBEP-
HOHM TaWry, a TakXe KOCMOTIOJIMTHI C HIMPOKOU OHo-
reorpadueit: Aulacoseira islandica (O.Miill.) Simons.,
Asterionella formosa Hass., Tabellaria fenestrata (Lyngb.)
Kiitz., Dinobryon divergens Imh. Taxxe Habiomaercs
Pa3BUTHE [IMAHOMPOKAPHOT B COCTaBe coobmecTB (10
85%), mpenmMyIiecTBeHHO B OCEHHUI epuo/i, BKJIoYas
MOTEHI[UAJIbHO TOKCUYHBIE BUJBI, CIIOCOOHbBIE BBI3BI-
BaTh IBeTeHue BOJ: (Aphanizomenon flos-aquae Ralfs
ex Born. & Flah., Dolichospermum lemmermannii (Rich.)
Wack., L.Hoff. & Komér. u Planktothrixa gardhii (Gom.)
Anag. & Komar.).

CooOuiecTBa 300ILUIAaHKTOHA BOJOXpaHUJIUIIA
XapaKTepHU30BaJIUCh JOMUHUPOBAHUEM 3BPUOUOHTHBIX
BHUIOB, XapaKTEPHBIX il CyOApKTUYECKUX BOOEMOB.
B uccienqyemoM BOAHOM OOBEKTE TaKCOHOMHYECKUN
cocTaB okaszaJsics cpaBHUTeJbHO OefeH (18-19 BuIOB).
ITo yucyiieHHOCTH Tpeobiiafanu KosoBpaTku: Keratella
cochlearis Gosse, Polyarthra vulgaris Carlin, Synchaeta
pectinata Ehrb, pons pakoo6pasnsix — Eudiaptomus
gracilis Sars, Bosmina obtusirostris Sars, Daphnia sp.— 6112
Huxe (Tabaurna 2). ITo sK0JI0rn4eckuM XapaKTepruCTH-
KaM 300IUIAHKTOHHOE COOOIIECTBO COOTBETCTBOBAJIO
POTapHO-KJIAJIOIEPHOMY Y  POTApPHO-KONENOAHOMY
TUIY B 3aBUCHUMOCTH OT MTeproa HabJII0JeHHH.

Makpo3006eHTOC JIUTOpaJid HKCCJIEJOBAHHBIX
patioHoB HTB TUNMYHO NpecHOBOAHBIM. 3a Mepuos
WCCIEJOBAaHUA  3aperucTpUpOBaHbl  GECrO3BOHOY-
Hble, MpUHAJJIeXale K 13 cucTeMaTUYeCKUM TpyII-
mam: 1wiockue udepBu (Turbellaria), Kpyrjsle uYepBU
(Nematoda), onuroxetrsl  (Oligochaeta),  TUABKA
(Hirudinea), nBycTtBOpuYaThle MoJUTIocku (Bivalvia),
6proxoHorue MoJutiocku (Gastropodae), BOAHbIE KJIELTH
(Hydracarina), xupoHomupsl (Chironomidae), nBy-
kpeutsle (Diptera), mnoiyecTKOKpbulble (Hemiptera),
pyueninuku (Trichoptera), monenku (Ephemeroptera),
BUCJIOKPBUTKY (Megaloptera). Makpo3006eHTOC JIUTO-
panu HTB xapakTepur3oBajicsi OTHOCUTEJIBHO BBHICOKOM
YHUCJIEHHOCTBI0 U OMoMaccoi — 3BTPOGHBIN Tpoduue-
ckuii crarayc (Tabmuma 2). CTpyKTypy coobiecTBa
M0 YKMCJIEHHOCTU (GOPMUPOBAJIM XUPOHOMUIB (HOMU-
HupoBaiu Cricotopus u Diamesa) U OJINTOXETHI, CyM-
MapHas JI0JisT KOTOpeix mocturana 83% (Tabiuma 2).
CTpykTypa Makpo3oo6eHTOca MO Ouomacce Takxke
XapaKTepu3oBajach TNpeobJialaHeM XUPOHOMHZ U
osiuroxet (Tabsuna 2). JJOMUHUPYIOMNNA KOMILIEKC
JOMOJHAIN o0OWTaTesId KaMeHHUCTON JINTOpaau —
oproxoHorue MmoJutocku (Lymnaea sp., Valvata sp.),
pyuettnuku (Polycentropus flavomaculatus Pict., 1834,
Oxyethira sp., Limnephilidae), musBku Glossiphonia
complanata L., 1758, eJUHUYHO OTMEUYEHBI KJIOIbI, BUC-
JIOKpBUIKY U niofieHku (Tabiuma 2).

3.2. BupoBoM cocTas pbib

Bxopme paboT, mpoBOAMMBIX HaMu B TeueHue 201 8-
2022 rr., B coctaBe uxtuodayHsl HTB ObL710 BHIBsJIEHO
JecsATh BUMOB PbIO: pamgyxHas ¢opesb, Kymxka Salmo
trutta Linnaeus, cur, eBporeiickasa panyuika Coregonus
albula (Linnaeus), eBpomeiicKkas KOPIOIIKA, €BPOIIeH-
ckuii xapuyc Thymallus thymallus (Linnaeus), eBpo-
nerickuil okyHb Perca fluviatilis Linnaeus, Hamum Lota
lota (Linnaeus) u ceBepHas myka Esox lucius Linnaeus.
B xesynkax Haimuma W pagyXHOH (opesd, a TakXe B
npubpexHoU 30He BofgoeMa Obljia OTMeueHa AeBATUU-
rJ1as Koyomka Pungitius pungitius Linnaeus.

K yncny gomuHupyromux sugos HTB oTHocuTcA
CUT, J10J1s1 KOTOPOTO B yJIOBax Bapbupyert oT 43 1o 53%
B 3aBHMCUMOCTH OT ce3oHa (Puc. 2a, 6). Tak, B JieTHe-0-
CeHHMH NepuoJ] YMCJIEHHOCTh cura B BEIOOpDKe AOCTU-
rasia 6osiee 80%. B snerHe-oceHHuUi nepuod 52% cUros
OBLIIM BBUIOBJIEHHI B MPpodyHAJIbHON 30He BojoeMa U
48% — B IMTOPAJIbHOM.

eBponenckuin
xapuyc
0.6%

ceBepHas Liyka
0.7%

papyxHas dopenb
7.1%

(]

eBponeiickas psnyLuka
7.2%

€BPONENCKNIA OKYHb
3.9%

Kymxa
ceBepHas LLyka 0.7%

1.3%
papyxHasi
dopenb
10.5%
|

esponenckas ___—— \_€Bponemnck1i
KOpIOLLKa OKYHb
17.8% 0.7%

Puc.2. CoctaB yyj0BOB 13 HMXHETYJIOMCKOrO BOJOXpa-
Hunma (6accerin p. Tysioma) B mepuof OTKPHITON BoAH! (Q)
U noyteAHbIN niepuof (6), 2018-2022 rr.
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YucIeHHOCTh €BPOIENCKON KOPIMmKY (1asee
KOpIOIIKa) B I[eJIOM 3a BeCh NEPUO]T MCCJIENOBAaHUN
nocturana 18-23% (cy6momuHauTHBIN BUp) (Puc. 2a,
6). MeHee MHOTOYMCJIEHHBIMH B YJIOBax OBLIU TIpe-
CTaBJIEHBI €BPOMENCKAs PAMyIMKa (PAMYIIKA) U PagyX-
Haa Qopesib, mepuoguUecku cOerammas U3 CagKoB IO
ee BBIpalyMBaHUI0. [[01A TakuxX PeIO COCTaBJIAET OT 7
no 16% (Puc. 2a, 6). EBponelickuii oKyHb (OKyHb) U
HaJINM BCTPEYAIOTCA pexe. YNCJIeHHOCTh OKYHS JOCTH-
rajia npaktudecku 4% B IepuoJi OTKpHITON BoAs!l (Puc.
2a), Torja Kak AJi1 HaJuMa 3aKOHOMEPHO 0oJiee BBICO-
Kas BCTpeuaeMoCThb B yJioBax (9%) xapakTepHa i
3umHero mnepuoaa (Puc. 26). OcrajyibHble BHUIBI PHIO
BCTPEYAJIUCH eJUHUYHO.

3.3. Ocob6eHHOCTH pacnpeAeneHun
BHYTPUBHUAOBbBIX pOpM cUra M UX
Mmop¢donoruuecKan XxapakrepucTuka

B ysnosax u3z HTB B OCHOBHOM IIpUCYyTCTBOBaJia
MaJIOThIYMHKOBass (¢opma cura (gasee sr) ¢ 4HCIIOM
sp.br. ot 16 mo 28 (20.7 = 0.10) (Puc. 3). Ha npots-
JK€HUU BCero nepruoja 1ucciieJoBaHuA ObUIO BbLJIIOBJIEHO
TOJIBKO IBE 0coOu cura ¢ yucjom sp.br. 32 u 39, koro-
PBIX MOXHO OTHECTU K CPeJHETBIYMHKOBOM (popme (mr)
(Puc. 3). BusyanbHbIii aHaju3 BHENIHEr0 CTPOEHUs
curoB u3 HTB npu BbUIOBe U 06paboTKe Marepuasa,
a Takxe H3yuyeHMe IIOJIyYeHHBIX H300paxxeHuil puio
BBIOOPOK BBIABUJI HEKOTOPbIe pa3jnuusa B MopdoJioruu
T'OJIOBHI M TeJla OTAeJIbHBIX 0cobeil st popMel cura. Tak
B HTB BCcTpeyanuce:

1. curu c rojoBoi CJIOXKHOM (HOPMBI U C 3aMETHBIM
ropOoM 3a 3aTBIJIKOM C IOJIyHWXHHM-KOHEUYHBIM
proM (Puc. 4a, 6) (nanee «rop6atsiii» MOppOTHUIL);

2. IINPOKOTeJIble CUTY C MaJIeHbKOU T'0JIOBOMH, TYIIBIM
PBUJIOM U MOJIYHMXXHUM-KOHEeYHBIM pToM (Pric. 4B)
(«tmpoxoTeTBIN» MOP(OTHUIL);

3. BBICOKOTEJIbIE CUTHM C 0oJiee OCTPBHIM PBLJIOM
U KoHeuHbIM prToM (Puc. 4r) («BBICOKOTEJIBII»
MopdoTuUm);

4. HU3KOTeJble CUTU C 60Jiee OCTPHIM PBHLIOM, 0OJIb-
IITMM TJIa30M U KOHEeYHBIM pToM (Puc. 411) («HU3KO-
TEJIBI» MOP(MOTHI);

5. «aenb(pUHOPBLIbIE»
Mopdotumn) (Puc. 4e);

curd  («1ebMUHOPBLIBIN»

6. ocobu cura, KOTOPBHIX OBLJIO TPYJHO OTHECTH IO
BHEIIHUM XapaKTepUCTHUKAM K BBIIIEONCAHHBIM
IpyIIMpPOBKaM win MopdoTtunam («HeonpeaeseH-
HBII» MOPQOTHII).

Hanuuue BblesieHHBIX MOP(OTUIOB Sr cura B
HTB Ttakxe ObUIO HOATBEPXAEHO MCCJIEOBATEJIAMU
curoBeix pei6 CO PAH u KHII PAH npu wusyyeHUU
u300paxeHuil CUroB BBIOOPOK (HeomyOJIMKOBaHHBIE
JTaHHBIE).

HaubGonee mnoapoOHO Mopdosoruieckue IMpu-
3HaKU OBLJIU M3yueHBl y 55 ocobeil sr popmbl cura us
HTB. Curu MaJIOTBIYMHKOBOM (POPMBI OBLIIM OTHECEHBI
K OJHOMY W3 BBIIIEONMCAHHBIX HIeCTH MOPQOTHUIIOB.
Y natu mopdotunos (kpome mopdoTuna «Heorpe-

84

Yucno pbl6, n

120 1
n=377

15

18 21 24 27 30 33 36 39

Yuncno TbIYMHOK, n
Puc.3. PacnpejesieHre €BpPOMNENCKOrO0 CUTa IO YUCITY
TBIYMHOK Ha IepBOH kxabepHoi Ayre, n B HIKHETYJIOMCKOM
Bopoxpanuiuie (6acceiin p. Tysoma), 2018-2022 rr. Sr —
MaJIoThIYMHKOBasg ¢dopma cura, mr — CpeAHEeTBYNHKOBAs
¢opma cura.

JleJIeHHBIV») ObUIM MpOaHaIW3UpOBaHbEl U CpaBHEHBH
MepuCTHYecKre U IulacTudyeckue npusHaku (Tabsiuna
3). Tak umcyo sp.br. u Il BeieJIeHHBIX IPYNIIUPOBOK B
OCHOBHOM IlepekpbiBasioch (Tabiuna 3). JlocToBepHBIE
pa3nuuuA B cpenHeM uncie sp.br. (p = 0.05-0.001) u
I (p = 0.05) ObUTH BBIABJIEHBI TOJIBKO y «BBICOKOTE-
JIBIX» CHTOB II0 CPaBHEHUIO C JPYrUMH MopdoTumnamu
(Tabmuia 3): 26 THIYMHOK MPOTUB 20-22 THIUMHOK U 91
yemrys IpoTuB 86-88 yeniyii COOTBETCTBEHHO.

[MIpu wucciaegoBaHuM MOPGHOJIOTUM TOJIOBBL Y
BBIIeJIEHHBIX MOP(OTUIOB cura 3HaueHUs Ipeobpa-
30BAHHBIX IPU3HAKOB IMepeKpbBainchk (Tabmuma 3).
Hawnbosiee 6sn3kue MokasaTesiyd MapaMeTpOB T'OJIOBBI
OBLTH XapaKTepHBI [JIA «rOopOaThix» U «HU3KOTEJIBIX»
curoB. OHu umesu goctoBepHo (p = 0.05-0.001) 601b-
IIyI0 JUIMHY TOJIOBBI, pbUIa, Ijla3a M 3payka, BepxHel
1 HuxHen vesmocTern (Tabswuija 3). BeicoTa TrOJIOBHI
Ha ypoBHe IJla3a M 3aTbUlKa Obuta OoJsipiieii (p =
0.05-0.001) y «IIMPOKOTEJIBIX» U «eJIb(PHUHOPBLIIBIX>»
CUroB. J[J1 «BBICOKOTEJIBIX» CUTOB OBLIN XapaKTEePHBI
HauMmenbinve (p = 0.05-0.001) 3HavueHUs TPU3HAKOB
rosioBel (Tabsuna 3). Takum o6pa3om, KpallHUe 3Have-
HUSA IPU3HAKOB I'0JIOBE B OCHOBHOM OBLJIM XapaKTePHBI
[ «ropOaThiX» U «HU3KOTEJIBIX» CUroB (HanOoJibline
3HauyeHUs) U «BBICOKOTEJIBIX» CUTrOB (HauMeHblIle 3Ha-
yenwus) (Tabmaura 3).

CpenHsAA [yMHA 1O BHIOOPKE Y «BBICOKOTEJIBIX»
curos 6bu1a 6osibiie (p = 0.05-0.001), yem y ocTaib-
HbIXx MopdoTtunos cura (Tabmurma 3). [Ipu uccienosa-
HUM MOp®oJIoruu Teja y BBIJEJIEHHBIX I'PYIIHPOBOK
cura 3HauyeHHs I[peoOpa30BaHHBIX I[IPHU3HAKOB Ilepe-
kpeiBasiuch (Tabiuma 3). Paziauuusa B cTpoeHUU Tesa
OBLIIM He3HAYMTeJIbHBIMU 1 B OCHOBHOM HaOJII01asIlCh
TOJIBKO y «rop0artbix» curos. OHU MMesin HauMeHbIIne
3HaueHus (p = 0.05-0.001) mpusnakoB aA, aV u PA
10 CpaBHEHUIO ¢ OocTaJibHBIMU MopdoTunamu (Tabsuia
3).

Takum o6pa3oM, MBI MOXeM TOBOPUTh O HaJIU-
yuy pa3HooOpasys IO HEKOTOPBIM MepHCTHYeCKUM
IIpYM3HaKaM U IJIaCTUYeCKUM INpU3HaKaM T'OJIOBBI y ST
¢opmel cura B HTB npu orcyTeTBum xuatyca. B pany
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Ta6smna 3. HekoTopble MepUCTHYECKHE U TpeoGpa3oBaHHbIE MIaCTUYECKHe XapaKTePUCTUKU MOPGOTHUIIOB MAJIOTBIYMHKO-
BOU opMbI cura u3 HikHeTyJioMcKkoro BogoxpaHuuia (6acceiit p. Tysioma), 2018-2022 rr.

IMpusnaku MopdoTuns! sr GopMsI cura
«rop6arblii» «HU3KOTEJIBbII» «IIMPOKOTEJIbIH» |«IeIbPUHOPLLIBII» | «BBICOKOTEJIBII»
FL, MM 226 £ 12.7 206 = 2.4 222 + 13.1 234 + 13.7 286 + 14.4
161 — 293 (10) 196-213 (6) 133-299 (12) 177 — 263 (6) 239 - 338 (7)
sp.br., n 20.2 *+ 0.32 19.8 + 0.66 20.5 *+ 0.69 22.0 + 0.89 26.2 + 0.87
18-21 (10) 18 — 22 (6) 17 — 24 (12) 20 - 26 (6) 22 -28(7)
ILn 86.0 + 1.21 88.2 + 2.26 87.8 + 1.23 87.0 + 1.37 91.0 + 1.46
80-92 (10) 83 -98 (6) 82-93(12) 84 - 93 (6) 86 — 97 (7)
CXi, MM 45.9 + 0.46 45.9 + 0.38 43.5 = 0.40 45.6 = 0.62 43.4 + 0.66
42.4-47.5 (10) 44.4 - 47.2 (6) 41.2-45.9 (12) 44.0 - 47.5 (6) 40.7 — 45.5 (7)
rXi, MM 11.2 + 0.18 11.6 + 0.28 10.5 + 0.18 11.4 + 0.37 10.6 + 0.45
10.0-12.0 (10) 10.6 — 12.4 (6) 8.8-11.2(12) 10.1 -12.3 (6) 8.7 -12.1(7)
oXi, MM 11.8 + 0.28 12.3 + 0.28 11.5 + 0.26 11.7 + 0.32 10.8 + 0.35
10.5 -13.0 (10) 11.2-13.1 (6) 9.5-12.6 (12) 11.0-12.9 (6) 9.8 -12.3 (7)
bXi, mm 5.5 + 0.19 5.6 + 0.19 5.0 + 0.14 5.1 + 0.16 4.8 + 0.14
4.6 — 6.5 (10) 4.8-6.2 (6) 4.3-5.7(12) 4.7 - 5.8 (6) 4.4-5.4(7)
poXi, MM 23.0 + 0.50 22.8 + 0.30 22.2 *+ 0.29 23.0 = 0.30 22.6 + 0.23
20.9 - 26.2 (10) 22.0 - 23.8 (6) 20.4-23.9 (12) 21.8 -23.8 (6) 21.9-23.7 (7)
ChXil, mm 21.4 + 0.27 21.3 + 0.26 22.1 + 0.49 21.8 + 0.38 21.0 + 0.49
20.2 - 22.6 (10) 20.6 — 22.2 (6) 18.9 -25.2 (12) 21.0 - 23.6 (6) 17.7 - 21.8 (7)
Ch2Xi, mm 32.1 + 0.36 32.0 = 0.58 32.9 + 0.59 34.5 + 0.66 30.8 + 0.48
30.2 - 33.5 (10) 30.1 - 33.7 (6) 29.8 -36.1 (12) 32.1 -36.5 (6) 29.0 - 32.3 (7)
ImaxXi, Mmm 13.0 + 0.29 13.6 + 0.29 13.4 + 0.39 13.2 + 0.32 12.5 + 0.63
11.9 - 14.8 (10) 13.9-14.7 (6) 10.9 -15.3 (12) 12.1 - 14.5 (6) 10.1 - 15.4 (7)
ImdXi, mm 18.5 + 0.52 17.7 + 0.72 18.1 + 0.30 17.9 + 0.38 16.8 + 0.32
16.0 — 21.0 (10) 15.6 — 20.1 (6) 16.5-19.7 (12) 16.4 - 19.1 (6) 15.7 - 18.3 (7)
HXi, MM 55.1 + 1.12 50.2 + 1.61 54.9 + 1.46 57.6 + 1.35 53.2 + 1.66
48.6-59.4 (10) 45.1-55.4 (6) 48.6-67.4 (12) 52.5-61.8 (6) 46.2-60.4 (7)
hXi, mm 16.2 = 0.21 15.7 £ 0.14 16.4 £ 0.25 17.0 + 0.34 16.3 + 0.33
15.2-17.4 (10) 15.4-16.2 (6) 15.3-17.6 (12) 16.1-18.4 (6) 15.4-17.6 (7)
aAXi, MM 163.7 = 0.67 165.6 + 0.78 166.7 = 0.76 166.7 + 0.76 166.7 + 0.69
160.0-166.8 (10) 163.4-168.2 (6) 162.0-170.3 (12) 162.0-170.3 (6) 163.8-169.0 (7)
aVXi, Mm 109.5 + 0.53 113.4 + 1.51 113.2 + 0.87 112.5 + 1.33 111.9 + 1.33
106.2-112.7 (10) 106.9-118.1 (6) 109.1-119.2 (12) 107.9-116.1 (6) 108.8-120.6 (7)
aDXi, MM 105.7 + 0.72 105.5 + 1.10 104.0 + 0.89 103.4 + 0.83 103.4 + 0.76
102.0-108.5 (10) 102.2-108.9 (6) 99.1-107.3 (12) 101.1-105.9 (6) 100.8-105.9 (7)
aPXi, MM 43.9 + 0.43 47.2 + 0.54 44.4 + 0.48 44.1 + 0.74 44.1 + 0.85
41.6-45.4 (10) 45.5-49.2 (6) 42.2-47.4 (12) 41.9-46.4 (6) 41.0-46.8 (7)
DCXi, MM 121.5 + 0.59 118.3 + 0.62 119.9 + 1.24 120.6 + 1.27 122.1 + 1.45
117.9-124.2 (10) 116.8-120.6 (6) 114.3-129.5 (12) 116.4-124.6 (6) 115.5-125.7 (7)
ACXi, MM 57.3 *+ 0.63 57.0 = 0.71 55.4 + 0.47 56.8 + 0.68 56.3 *+ 1.03
54.0-60.0 (10) 55.3-60.0 (6) 53.7-58.5 (12) 55.1-59.1 (6) 51.9-59.8 (7)
PAXi, MM 120.4 + 0.85 119.6 + 0.71 124.4 + 0.66 123.4 + 0.90 123.4 + 0.80
116.2-123.8 (10) 117.3-122.1 (6) 121.6-128.6 (12) 120.9-126.7 (6) 120.8-127.3 (7)
PVXi, MM 65.8 + 0.60 66.4 + 0.96 69.8 + 0.89 68.6 + 1.36 67.7 + 1.31
61.3-67.9 (10) 62.3-69.6 (6) 67.1-76.9 (12) 65.3-73.5 (6) 64.9-75.0 (7)

85
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IMpusHaxku MopdoTtumnsi sr popMsI cura
«rop0OaThIi» «HU3KOTEJIbIH» «IIMPOKOTEJIBIH» | «IeIb(PUHOPBLIBII» | «BBICOKOTEJIBII»

VAXi, MM 56.2 + 0.77 54.9 + 1.15 56.3 + 0.58 57.8 + 0.97 57.3 + 0.48
50.6-59.2 (10) 51.3-58.1 (6) 52.8-60.5 (12) 54.2-61.1 (6) 56.0-60.0 (7)
PAXi, MM 29.2 + 0.73 28.9 + 0.60 27.7 + 0.54 28.6 = 0.93 28.9 + 0.81
25.4-33.2 (10) 27.0-30.8 (6) 25.4-31.3 (12) 24.7-31.4 (6) 26.6-32.1 (7)
pDXi, Mmm 90.4 * 1.02 90.3 + 1.10 89.3 + 0.64 91.5 + 1.32 91.3 *+ 1.39
85.3-94.8 (10) 85.3-92.6 (6) 86.0-92.6 (12) 88.4-96.0 (6) 86.0-96.1 (7)
IDXi, MM 37.6 + 0.84 36.6 = 0.58 38.0 + 0.69 39.2 + 0.90 39.2 + 0.59
32.2-42.5 (10) 34.7-38.1 (6) 34.5-41.5 (12) 35.3-41.4 (6) 36.7-41.0 (7)
[AXi, MM 23.1 + 0.39 23.3 + 0.56 22.6 + 0.41 23.4 + 0.76 22.8 + 0.29
21.1-25.0 (10) 21.9-25.9 (6) 20.5-26.1 (12) 20.4-25.7 (6) 21.7-23.9 (7)
IVXi, MM 30.9 + 0.35 30.6 + 0.82 30.8 + 0.69 31.3 + 0.52 31.4 + 0.42
29.3-32.7 (10) 27.2-32.6 (6) 27.3-35.2 (12) 29.7-32.7 (6) 29.7-32.7 (7)
[PXi, MM 34.5 + 0.85 35.2 + 0.90 33.3 £ 0.81 35.2 + 1.04 33.9 + 0.66
29.5-38.8 (10) 33.0-38.8 (6) 29.3-40.3 (12) 30.9-38.6 (6) 32.3-37.5 (7)
hDXi, Mmm 27.7 * 0.84 25.9 * 0.76 27.9 * 0.97 27.0 = 0.86 27.6 * 0.77
24.4-32.0 (10) 23.4-28.9 (6) 23.6-32.7 (12) 23.2-29.2 (6) 25.4-30.4 (7)
hAXi, Mmm 26.7 = 0.81 26.3 + 0.84 26.7 * 0.41 25.7 £ 1.11 25.5 * 0.78
22.7-30.6 (10) 24.3-29.4 (6) 24.5-28.4 (12) 22.8-28.6 (6) 23.2-28.6 (7)

IIpumeuanue: Sr — MaJOTEIMMHKOBasA Gopma cura, FL — qimuHa pei6sl 1o CMUTY, sp.br. — 41CII0 TEIYMHOK Ha MEPBOI xabep-
HOU ayre, Il — ynco mpo6OIeHHBIX Yellyil B G0KOBOI JuHUN, H — HanboJiblas BeICOTA TeJia, h — BBICOTA XBOCTOBOTO CTe0JIA,
aA, aV, aD, aP — aHTeaHaJIbHOE, aHTEBEHTPAJIbHOE, aHTeJOPCaJIbHOe, aHTeNeKTPAJIbHOEe PaCcCTOSAHUA COOTBeTCTBeHHO, DC, VC,
AC — popcokayajibHOe, BEHTPOKaydaJIbHOE U aHAaJIbHOKAydaJIbHOEe PacCTOSHUA COOTBETCTBEeHHO, PA, PV, VA — nmeKkTpoaHasb-
HOe, IeKTPOBEHTPAJIbHOE, BEHTPOAHAJIBHOE PACCTOSHUA COOTBETCTBEHHO, DA — JIJITHA XBOCTOBOTO cTeb1A, pD — moctnopcasibHoe
paccrosiHue, D, IA, 1V, [P- qjvHa CIMHHOTO, aHAJIBHOTO, OPIOLTHOTO U TPYJHOTO IJIABHUKOB COOTBETCTBEHHO, hD, hA — ainHa
OCHOBaHMI CIIMHHOTO Y aHAJIBHOTO IUJIABHUKOB COOTBETCTBEHHO, C — JJIMHA T'OJIOBHI, I' — AJIMHA PbUIa, 0 — JUAMETp TIJia3a, b —
JauaMeTp 3pavka, po — 3arJIa3HuYHOoe pacctossaure, Chl u Ch2 — BeicoTa TOJIOBBI Ha YPOBHE IJ1a3a U 3aThJIKA COOTBETCTBEHHO, Imax
u hmax — AJHa U BICOTa BEpPXHEN Yesi0CTH, Imd — [yTMHa HIKHEN YesTiocTd, Xi — 3HayeHne IpU3HaKa ¢ ToMpaBKoil Ha pa3Mep.
Hap yepToii npeicTaBieHO cpeiHee 3HaUYeHNe PU3HaKa U ero omubka, o] 4epToil — MUHMMAaJIbHOe M MaKCHUMaJlbHOe 3HaUeHe

npr3HaKa. B ckobkax [peACcTaBJIeHO YKMCIIO SK3EMIUIPOB CUTa, M.

M3MeHEeHUH IJIaCTUYeCKUX IPU3HAKOB I'OJIOBB U MepU-
CTUYECKUX IPU3HAKOB IATHU BblJIeJIEHHBIX MOP()OTHUIIOB
KpaliHue cpe[HNe 3HAaueHUs XapaKTepHH A «ropba-
TBIX» — «HU3KOTEJIBIX» CUTOB (HauboJblliie 3HAUYeHU:A
[IPM3HAKOB TOJIOBBl M HavuMeHbIINe 3Ha4eHUs Mepu-
CTUYECKUX IPU3HAKOB) U «BBICOKOTEJIBIX» CUTOB (Hau-
MeHblIlIe 3HaUeHN:A [IPU3HAKOB r'OJIOBBE Y HAaUOOJIbIINe
3HaYeHUs MepUCTUYeCKUX IMPU3HAKOB). 3HaUeHUs AJ1A
STHUX MPU3HAKOB Y «IIHPOKOTEJBIX» U «HeJIbPUHO-
PBUIBIX» CUTOB 4Yallle HOCAT [IPOMeXYTOYHBII XapakTep.

[lo pesysnpraTaM aHaju3a BKjIaja IpeoOpaso-
BaHHBIX IJIACTMYECKUX I[IPHU3HAKOB B IJIaBHBIE KOMIIO-
HeHTol (I'K), paccmarpuBaTh CTOUT TOJIBKO Ipaduk
I'K2 nporus I'K1, TK3 u I'K4 umeroT Huskue pakTopu-
anbHble Harpy3ku (Tabsuma 4). Ha PucyHke 5 deTko
BhbIflesifeTcs IPYIINPOBKA «BbICOKOTEJIBIX» CUI'OB, Hau-
Oosiee OJM3KO K HeMy CTOAT CUTH, OTHOCAMMECA K
MopdoTtuny «AeabGUHOPELIbIe», HauboJIee AaJIeKO OT
HUX HAaXOATCSA «rOpOaThie» U «HU3KOTEJIBIE» CUTH, TIPO-
MeXyTOYHOe I0JIOXKeHHEe 3aHMMAalOT «IIHPOKOTeJIble»
curi. OCHOBHOI MOJIOXKUTEJIbHBI BKJIaJ B IEepPBYIO
IJIaBHYI0 KOMIIOHEHTY BHeC/IM IpU3HaKu (GOpMHI Tesa
(manbospmas (H) m Hammensbiiass (h) BBICOTHI Teja,
nnuHa cnuHHoro (ID) u aHansHOro (IA) nIaBHUKOB), a
OCHOBHOU OTpHUIIAaTeJbHBIN BKJIa[ — MPU3HAKU (POPMEI
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roJioBel (TIOTIEPEYHBIM auaMeTp TJia3a (0) M 3pavka
(b), u gnmuHa BepxHeil yemoctu (Imax)) (Tabauna 4).
Bo BTOpyI0 I'JITaBHYI0 KOMIIOHEHTY OCHOBHOMH ITOJIOXHU-
TeJIbHBIN BKJIAJ] BHEC MMPU3HAK TeJjia (JIJTMHA XBOCTOBOTO
crebsisi (pA)), OCHOBHOUM OTpUIIATEIbHBIN BKJIA[ BHEC
MPU3HAK TOJIOBBI — BBICOTA BepxHeil desmoctu (hmax)
(Tabmuma 4).

Pe3toMupysi BhIIIECKAa3aHHOE, MOXHO T'OBOPUTH
0 HaJIMYUM OTHeJIbHBIX ocobell sr ¢popmnl cura B HTB
¢ TakuMmu MopQOTHUIIAMU, KaK «ropOaThlii», «HU3KOTe-
JIBIN», «ITUPOKOTEIBIN», «IeTb(UHOPBLIBI», «BBICOKO-
TEJIBI», TO €CTh O HAJTUYUY MOJTUMOPGHOU MOy JIANNN
sr ¢opwmsl cura B HTB, ni1s1 koTopoii Aasiee Oy Ay T IPHUBO-
AUThCA 000011ieHHbIe OMOJIOTUYEeCKIe XapaKTepUCTUKH.

Huxe mnpepncraBjieHa oOoOmieHHasa Tabjauna c
MEPUCTHUYECKUMH U TpeoOpa30BaHHBIMU IJIACTHYeE-
CcKMMU Tipu3Hakamu sr ¢hopmsl cura uz HTB (Tabsmia
5).

JluHa 1[eHTpasJIbHOM XabepHOMN TBIYUHKU Y ST
¢opwms! BapbupoBaa ot 1.7 1o 4.6 (2.9 = 0.03) MM, B
TO BpeMs KaK y mr CUros oHa cocrasuia 2.5 1 3.8 MM
(Tabsmurna 5). PaccrosHue MeXy TBIYUHKAMU Y ST CUTa
Bappuposajio ot 0.6 fo 2.1 (1.2 += 0.01), y mr — ot 0.5
no 0.7 mM (Tabusuia 5).

Pacnpenenienue sr ¢opmel cura u3 HTB mo [l
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obpasyeTtcs rereporeHHsMU Tpymnmnamu (Puc. 6) (cra-
TUCTUYECKUI aHajni3 I[oKaszajl 3HauuMoOe OTJINYHne
9TOTO pacupeiesieHuss OT HOPMaJIbHOTO 1Mo 3 TecTaM U3
6). YuuThsiBass quamasoH [l y sr cura BOJOXpaHUJIHIIA
(Tabsuma 5), oH BKJIIOYAJI KaK MaJjio-, CpeAHe-, TaK U
MHO]"O'-IeH.ny/’I'-IaTbIX CHUT'OB.

3.4. Bo3pacTHOM ¥ NOAOBOM COCTaB cUra

[To Hamnm mauHBIM, B HTB sr dopma cura npef-
crassieHa 10 (ot O+ Ao 9+ JieT) Bo3pacTHBIMU I'PyI-
mamvu (Tabsmia 6), nmpeobisiaganu peidObl B BO3pacTe
3+, 4+ u 5+ ner (63% ot BeIOOpKU cura) (Tabswura
6). CpenHeTtbunHKOBas dopma cura B HTB Obuta npen-
cTaBjieHa 0co0AMU B Bo3pacTe 2+ jeT. COOTHOIIeHUe
nojoB y sr ¢opmel cura B HTB cooTBeTcTBOBajio B
cpenneM 1:1 (Tabsmma 6).

3.5. AMHelHO-BeCOBbIe XapaKTePUCTUKHU
cura

Pacnpepenenue cura us HTB no asiuHe 1 Macce
npejicTaBjieHo Ha Pucynkax 7a, 6. ITo fjnHe y sr cUroB
HabJTI0jaeTcsA HOpMaJibHOe paclipejiesieHre, Hauboiee
4acTo BCTpevarTcs ocobu yuHon oT 181 mo 240 MM
(Puc. 7a). Pacnpenenenue sr gopmel cura u3 HTB no
Macce oOpasyeTrcs rereporeHHeIMU rpynmnamu (Puc.
76).

V cura n3 HTB HabiofeHHbIe UIMHA M Macca
CcaMI[OB U CaMOK B Pa3JIMUYHBIX BO3paCTax JOCTOBEPHO
He pasiuuanuch (Tabnuua 7), mostoMmy fasnee OyAyT
MpUBOAUTHCA 00OOIIeHHbIe JINHEHO-BECOBble Xapak-
Tepuctuku peid (Tabsuna 7). Mel oOHapyxuau 60Jib-
mMe pas3jnuyvs B HaOJIIOJeHHON [AJIMHE U O0COOEHHO
Macce pei6 OJHOro Bo3pacTa (MUH.-MakcC. 3HaUeHUs),
WHOTAAa OHU [JOCTUTajii TPUHAAIATUKPAaTHOTO pas-
Mepa (Macca 46-615 1, Bo3pact 4+ jet) (Tabnuna 7).
CpenHeTsluMHKOBasA (opMa cura B Bo3pacTe 2+ JieT
nMesia gumHy 178-183 mM, maccy — 40-42 r. Temmnnbl
JIMHEHHOro pocTta OBUIM pacCYMTaHbl IO MeTOAy
o0paTHOro pacuucjeHusA MO dellye TOJIbKO [JIA ST
curoB u3 HTB B cuiy 0oJiblIoro pasmepa BBIOOPKU.
3aBUCHMOCTb MeXJy HaOJI0[AeHHOU MAJMHON CHUroB
U UX NepefHUM [AUaroHaJbHBIM PaJuyCcoOM 4Yellyu
npefcTaBjeHa Ha PucyHke 8 u XOpOIIO ONMKCHIBAETCA
Kak (popMmyJs0oHl JIMHENHON perpeccuy, Tak M CTeleH-
HOM. JIMHUA perpeccuy He MPOXOAUT Uepe3 Hayvajio
KOOpAUHAT, OTCIofa HaxoAum Gopmysly Ojd obpart-
HOI'0 pacuucjIeHusA AJIUHBL 1A st cura u3 HTB: lnLi =
In37.53 + InR/INR, x (InL, - In37.53) (Puc. 8). Ilo
0000I11eHHBIM pe3yJibTaTaM B OOpaTHBIX PaCUYMCJIEHUAX

Puc.4. BHelHu# BU MaJIOTBIYMHKOBOM (popMel cura (a —
FL = 161 MM, 2+ gnet, sp.br. = 20, Il = 81; b - FL = 249 mm,
5+ net, sp.br. = 20, ll = 89; ¢ —FL = 229 mwm, 6 + Jier, sp.br.
= 21,1l = 89;d - FL = 296 mwm, 3+ Jert, sp.br. = 27,1 =
92; e — FL. = 203 MM, 4+ nert, sp.br. = 18,1l = 87; f-FL =
257 MM, 4+ Jier, sp.br. = 22, Il = 93) u3 HUXHETYJIOMCKOTO
BopoxpaHwmmia (6acceitt p. Tysoma), 2018-2022 rr. Sp.br.
— YKCJIO THIYMHOK Ha MepBOil jxabepHoil ayre, n, Il — uucio
po6OIeHHbIX Yellyil B G0KOBOH JIMHUU, N.
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IIMHBL «(eHoOMeH» Po3bl JI OTCYTCTBYET, YTO TOBOPUT
0 BEPHOCTU BHIOpAaHHOUW Hamu MeTomuku (UyryHoBa,
1959; bprosrun, 1969; Mwuna, 1981; Xypmyt, 2000;
2003). MastoTerunHKBEIe curu 13 HTB BpUIaBIMBAJINICh
Ha MIpOTsKEeHWU Bcero ropa, Ho 83% poei6 BBHIOOPKU
OBLTM BBUIOBJIEHB B JIETHE-OCEHHE-3UMHHUN MEePUO.
(aBrycr-gexabpp), TO ecTb y PBHIO OBUI MPaKTHUYECKU
3aBepIlleH IMOJIHBIN MPUPOCT TeKyiero roga. I[loaromy
JIydIliee COOTBETCTBHE HaOJIIOeHHON W PaCUUCJIeH-
HOU JUIMHBI JaeT CpaBHEHHE CPeAHUX HaOJI0JeHHBIX
OI[€HOK JUTMHBI CUTOB CO CPEeJHUMU PaCUYUCIIEHHBIMU
JJIMHaAMHM Ha MOMEHT (POPMUPOBAHUA TEKYIIETO T'OM0-
Boro kouiblia (Puc. 9). M3MeHYMBOCTh PaCUYMCJIEHHON
JUIVHBL ST cCUT'a Ha OCHOBe aHasni3a 3HaueHu Koabdu-
nueHTa Bapuanuu (Cv) MOCTENEeHHO PacTeT C MEPBOTO
IO IIEeCTOM TI'oJl XWU3HU U JJOCTUTaeT MaKCHMAaJIbHOI'O
3HaveHus - 13.5% (cpenHss), mocjie yero CHOBA MOCTe-
neHHo cHukaetrcs (Tabsura 8). AGCOJIIOTHBIE JIMHEN-
Hble PUPOCTHI ST CUTOB B MEPBHIN I'0f| XU3HU MaKCH-
MaJibHBIe, 3aTe€M OHH IIOCTENeHHO YMEHBINAITCA [0
cemurogoBasioro Bo3pacra (Tabsurma 8). C BocbMuUro-
JI0BaJIOT0 BO3pacTa MPOUCXOJUT dYepefoBaHue OO0Jib-
mMX U MeHbIux npupoctos (Tabauna 8). HauuHas co
BTOPOTO TOJla XM3HU, OLIEHKU PaCUYMCJIEHHOW JIJIMHBI,
clleJlaHHBle HA OCHOBE OTHOCHUTEJIbHBIX MPUPOCTOB, B
[IeJIOM aHaJIOTUYHBI OlleHKaM, CIeJJaHHBIX Ha OCHOBe
abcoJmoTHBIX pupocToB (Tabnuia 8).

3.6. NMutranue cura

Josa nutatomiuxcs ocobeti sr dopmsl cura HTB B
pasHble MecsIpl cocTabysia oT 80 o 100% (Tabsauia
9). HaubouJibi1as cTerneHb HaNOJTHEeHNs JKeJIyJKa y CUT0B
HabJTI0ja1ach B BeCeHHe-JIeTHUE MecAlbl (Mail-aBrycr)
U cocTaBJsyia B cpeiHeM 2.9-3.4 Gasna (no mkasie 0-4
Oasta), B OceHHee-3UMHUE MeCAIBl — OHa MTOCTENeHHO
CHUXaJjlach U JJOXO[uIa B cpefHeM fio 1.9-2.1 6assios.

Y 31 ocobu sr cura (33% ot BeIOOpPKHU Sr cura
C UCCJIeIOBaHHBIMU XeayakamMu) JinHoi ot 207 no
318 MM OOHapyXMBaJINCh TOJIBKO I'PaHyJIMpOBaHHEBIE
KOpMa, HCIOJIb3yeMble MOJid KOPMJIEHUA pagyXHOHI
dopes Ha PHIOOBOHBIX MPEANPUATHUAX ITOTO BOJIO-
eMa. Y ocTajibHbIX 62 curos (67%) maauHou ot 130 go
333 MM B XkeyyaKax OblIM OOHapyXeHBI TOJIBKO ecTe-
CTBEHHBIE KOpMa, KOTOpPble COCTOSJIM U3 MpeJCcTaBU-
Tejell 6 TaKCOHOMUYECKUX TpPyHn OeCrto3BOHOYHBIX
KUBOTHBIX U UKpPH pbi6 (Tabmuma 10). Béabiiee 3Ha-
YyeHUe B €CTeCTBEHHOM mnuTaHuu sr cura HTB urpawnt
JIByCTBOpYaThlie MOJUTIOCKU pofoB Euglesa u Sphaerium
(IR = 59.7%) (Tabauma 10). BproXoHOTHIE MOJLTIOCKHU
ponoB Limnea u Valvata B cocTaBe MHINEBOr0 KOMKa
BCTPEYAJINCh peXe B OTJINYME OT [IBYCTBOPYATBHIX —
8.6%. BTopoe MecTO MO 3HAUYUMOCTH B NUTAHUU ST
curoB (710 16.7% IR) npuHAJIEXUT JTAYUHKAM XUPOHO-
mup (Chironomus, Procladius, Prodiamesa, Psectrocladius,
Sergentia) (Ta6suna 10). 1A 300IJIaHKTOHHBIX Opra-
HU3MOB 3TOT HHJEKC cocTaBui Bcero 3.9% (Tabimna
10). 300IUIaHKTOH OB IpeACTaBJieHB KPYNHBIMU
XUI[HBIMUA BETBUCTOYCHIMU U BECJIOHOTWMU PavYKaMU,
oTHOcAMMMUCA K poaam Acanthocyclops u Eurycercus.
XKenynxku AByX mr CUroB, BbUIOBJeHHBIX B HTB, Obuin
My CThIMU.
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Tab6auna 4. Bxiajpl IJIACTUYECKUX IIPU3HAKOB B TIJIAB-
Hble koMnoHeHTH (I'K) 1-4 y MopdoTuUIIOB MajIOTHIYMHKOBOM
dopmebl cura n3 HKHETYJIOMCKOTO BojoXpaHuIuina (GacceiH p.
Tynoma), 2018-2022 rT.

IIpusHaxku I'K

1 2 3 4
FL 0.02 | 0.08 | -0.04 | 0.07
0.25 | -0.08 | -0.27 | -0.33
h 0.18 | 0.02 | -0.03 | -0.06
aA 0.05 | 0.02 | -0.09 | 0.003
av 0.03 | -0.04 | -0.07 | 0.03
aD -0.02 | 0.07 | -0.07 | -0.02
aP -0.16 | 0.01 0.02 | -0.02
DC 0.08 | 0.17 | -0.09 | 0.09
vC 0.07 | 0.09 | -0.05 | -0.01
AC 0.05 | 0.10 | 0.09 | 0.05
PA 0.12 | 0.02 | -0.12 | -0.01
PV 0.13 | -0.07 | -0.13 | 0.08
VA 0.11 0.08 | -0.18 | -0.12
PA 0.03 | 0.38 | 0.06 | 0.12
pD 0.05 | 0.15 | 0.04 | -0.02
ID 0.11 0.09 | 0.17 | 0.17
1A 0.22 | -0.01 | 0.42 | 0.02
v 0.11 | -0.06 | 0.27 | 0.18
P 0.10 | -0.03 | 0.56 | 0.07
hD 0.20 | 0.06 | -0.30 | 0.42
hA 0.07 | -0.17 | 0.07 | 0.12
© -0.15 | 0.07 | -0.02 | -0.09
r -0.07 | 0.09 | 0.10 | -0.46
-0.47 | 0.01 |-0.003| 0.09
-0.62 | 0.12 | -0.01 | 0.24
po -0.04 | 0.09 | -0.17 | 0.02
Chl -0.11 | -0.13 | -0.16 | -0.12
Ch2 0.03 | -0.17 | -0.15 | -0.06
Imax -0.18 | -0.10 | 0.19 | -0.44
hmax -0.06 | -0.79 | -0.01 | 0.18
Imd -0.04 | -0.01 | 0.002 | -0.21
CoOcTBeHHOe 3HaueHue, % | 37.46 | 13.28 | 7.60 6.57

IIpumeuvanue: XupHbeIM WPUGTOM BbIAEIE€HBl MaKCUMaJlb-
HbIe BKJIQ/Ibl TPU3HAKOB. J[JInHAa COOGCTBEHHOTO BEKTOpa paBHa 1.
FL — pyuHa peiOBl 10 CMUTY, Sp.br. — 4MCJIO TBIYMHOK Ha Iep-
BOM xabepHOH Ayre, Il — uncyio0 NpOGOAEHHHIX YenTyl B GOKOBOH
nvHuKM, H — HauboJibiast BRICOTA TeJjia, h — BRICOTA XBOCTOBOTO
crebis, aA, aV, aD, aP — aHTeaHaJIbHOE, aHTeBEHTPaJIbHOe, aHTe-
JopcajibHOe, AHTENeKTPaJIbHOe PpAacCTOSHUS COOTBETCTBEHHO,
DC, VC, AC - nopcokayaaJjibHOe, BEeHTpOKayAaJIbHOE 1 aHAJIbHO-
KayJjaJbHOEe pacCTOsAHMUA COOTBeTCTBeHHO, PA, PV, VA — nekTpo-
aHaJbHOE, MEeKTPOBEHTPAJIBHOE, BEHTPOAHAJIbPHOE DPAaCCTOSHUA
COOTBETCTBEHHO, pA — AJIMHA XBOCTOBOrO cTebJisA, pD — mocTAop-
caJIbHOe paccTosiHue, ID, [A, IV, [P- qjvHa CIMHHOTO, aHAJIBHOTO,
OPIOIIHOTO ¥ TPYOHOrO IJIABHUKOB COOTBETCTBEHHO, hD, hA —
IJIMHA OCHOBAHUE CIIMHHOTO W aHAJIbHOTO TJIABHUKOB COOTBET-
CcTBeHHO, C — JIJTMHA 'OJIOBHI, I' — JIMHA PBLIA, 0 — JUaMeTp IJ1a3a,
b — nmamertp 3pauka, po — 3arjasHu4HOe paccrosuue, Chl u Ch2
— BBICOTA T'OJIOBBI HA YPOBHE IJjla3a U 3aThLJIKA COOTBETCTBEHHO,
Imax n hmax — nyuHa U BeIcOTa BepxHel yemoctH, Imd — mymmHa
HUXXHEN YeJTFOCTH.
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Tabauma 5. HekoTopble MepucTHuecKre U MpeoOpa3oBaHHBIE IJIACTUYECKHe XapaKTepHUCTUKA MaJOTBIYMHKOBON (HOPMBI
cura 3 HwkHeTystomckoro Bogoxpanuimmia (6acceiin p. Tysioma), 2018-2022 rr.

IIpusnaxku M=*=m S cy min-max
FL, MM 231 + 5.5 (55) 40.9 17.7 133 -338
sp.br., n 20.7 * 0.10 (377) 2.01 9.71 16 — 28

Isp.br.Xi, MM 2.9 = 0.03 (201) 0.45 15.65 1.7-4.6

ssp.br.Xi, Mmm 1.2 = 0.02 (201) 0.14 12.14 0.6-2.1

ILn 87.6 = 0.58 (50) 4.12 4.70 80 -98
CXi, MM 44.9 + 0.26 (55) 1.89 4.22 40.7 - 49.9
rXi, MM 11.0 = 0.13 (55) 0.94 8.51 8.7-13.0
0Xi, MM 11.7 = 0.13 (55) 0.93 7.98 9.5-13.1
bXi, mm 5.3 = 0.08 (55) 0.59 11.20 4.3-6.5
poXi, MM 23.0 + 0.08 (55) 1.21 5.29 20.4 - 26.2

ChiXi, Mmm 21.6 * 0.19 (55) 1.38 6.41 17.7 - 25.3

Ch2Xi, Mmm 32.7 * 0.25 (55) 1.88 5.74 29.0 - 36.6

ImaxXi, Mmm 13.2 = 0.14 (55) 1.07 8.11 10.1 -15.4

ImdXi, Mmm 18.0 += 0.18 (55) 1.31 7.31 15.6 - 21.0
HXi, MM 54.1 + 0.58 (55) 4.34 8.01 45.1-67.4
hXi, Mmm 16.3 += 0.12 (55) 0.88 5.40 14.0-18.4

aAXi, MM 166.1 + 0.37 (55) 2.74 1.65 160.0 - 173.0
aVXi, MM 112.5 *= 0.42 (55) 3.15 2.80 106.2 — 120.6
aDXi, Mm 104.0 = 0.35 (55) 2.56 2.47 99.1 -108.9
aPXi, Mmm 44.9 * 0.27 (55) 2.02 4.52 41.0 - 49.5
DCXi, MM 120.1 *= 0.43 (55) 3.18 2.64 114.3-129.5
VCXi, MM 112.2 *= 0.34 (55) 2.49 2.22 107.0 - 117.3
ACXi, MM 56.3 * 0.28 (55) 2.11 3.74 51.9 - 60.7
PAXi, MM 122.6 *= 0.45 (55) 8,35 2.74 114.7 - 132.0
PVXi, MM 67.9 * 0.40 (55) 2.97 4.37 61.3-76.9
VAXi, MM 56.6 *+ 0.34 (55) 2.54 4.48 50.6 — 62.9

PAXi, MM 28.2 + 0.29 (55) 2.17 7.70 24.1-33.2

pDXi, Mmm 90.4 + 0.38 (55) 2.84 3.15 85.3-96.5
IDXi, MM 38.1 = 0.30 (55) 2.24 5.90 32.2-43.6
[AXi, MM 23.0 = 0.18 (55) 1.36 5.90 20.4 - 26.6
IVXi, mm 31.1 = 0.22 (55) 1.66 5.35 27.2-35.2
[PXi, MM 34.6 * 0.32 (55) 2.38 6.89 29.3 -40.3

hDXi, mm 27.2 * 0.31 (55) 2.28 8.39 23.1-32.7
hAXi, Mmm 26.4 + 0.25 (55) 1.83 6.93 22.7 — 30.6

IIpumeuanue: M + m — cpefiHee 3HaUeHUe U CTaHAAPTHAsA OmMOKa, S — CTaHAApTHAA JieBUaIN, cv — KoabdUuLreHT Bapu-
anuu, min-max — MUHAMAaJIBHOE U MaKCHMaJlbHOe 3HaueHue Npu3Haka, FL — ayHa peiosl 1o CMUTY, sp.br. — 4ncsio TEIYMHOK Ha
epBoi xabepHo ayre, Isp.br. — NyivHA LeHTPpaJIbHOH )XabepHOU THIYMHKH, SSp.br. — paccTosHIE MEXAY XkabepHBIMU ThIYMHKAMHU,
Il — uncsio npo6oAeHHBIX Yelryi B 60K0BOI JIMHUY, H — HanboJblias BEICOTA TeJja, h — BRICOTa XBOCTOBOTO cTebis, aA, aV, aD, aP
— aHTeaHaJIbHOE, AaHTEeBEHTPaJIbHOE, aHTeI0pCaIbHOE, aHTEIeKTPAJIbHOe PACCTOSHUA CO0TBeTCcTBeHHO, DC, VC, AC — nopcokay-
JlaJIbHOe, BeHTpOoKayJaJibHOe U aHAJIbHOKay[abHOe PACCTOSHUA COOTBETCTBEHHO, PA, PV, VA — meKTpoaHaJIbHOE, IeKTPOBEH-
TpajbHOe, BeHTpOaHaJIbHOE PACCTOSHUA COOTBETCTBEHHO, DA — [IJIIHA XBOCTOBOTr0 cTebJiA, pD — mocTopcabHOe paccTosHuUe, ID,
[A, 1V, [P- qjuHA CIMHHOTO, aHAJIBHOTO, OPIOLIHOTO U IPYAHOro IVIABHUKOB COOTBETCTBEHHO, hD, hA — AJIMHA OCHOBAHUM CIHUH-
HOT'0 ¥ aHAJIBHOTO IJIABHUKOB COOTBETCTBEHHO, C — JJIMHA TOJIOBHL, I' — JUIMHA PbLJIA, 0 — AUAMETD TJla3a, b — fuaMmerp 3pauka,
Do — 3aryiasHu4Hoe paccrosHue, Chl u Ch2 — BeIcOTa I'oJIOBH Ha YPOBHE IJIa3a U 3aThIJIKA COOTBETCTBEHHO, Imax 1 hmax — [iuHa
U BBICOTA BEpXHEW uesiiocTy, Imd — AyirHa HUXKHEH yesTiocTy, Xi — 3HaueHre MPU3HaKa C [ONPaBKoi Ha pa3Mep.

89



3y6osa E.M. u dp. / Limnology and Freshwater Biology 2024 (2): 58-97

Ta6smuna 6. Bo3pacTHOII 1 MOJI0OBO COCTaB MaJIOTBIYMHKOBOroi ¢GopMsl cura B HuxHeTysioMckoM BoAoxpaHuuiie (6acceiiH p.
Tynoma), 2018-2022 rr.

Bospacr, Jer

B nesom fuis BEIGOpKU
juv/ cammpl/ camMKy, n

0+ | 1+ | 2+ | 3+ | 4+ | 5+ | 6+ | 7+ | 8+ | 9+
juv/ camiipl/ caMKH, n (0J1A BO3PACTHOI I'PyNIbl OT O0Iell YMCJIeHHOCTH BEIOOPKH, %)

1/0/0 | 5/4/14 |4/19/22|0/41/44|0/43/47 (0/31/48|0/32/21 | 0/9/10 | 0/3/3 0/1/1

(0.2) (5.7) (11.2) (21.1) (22.3) (19.6) (13.2) 4.7) (1.5) (0.5)

10/183/210

Tab6smua 7. HabmoaenHas anuxa (FL), mm 1 macca (W), T y MaJIOTBIYMHKOBOM (popMBI cura B HUXXHETYJI0MCKOM BOZOXPaHUJIULIE
(6acceiin p. Tysioma) B pa3HbIX Bo3pacTax, 2018-2022 rr.

ITon Bospacr, Jjert
0+ 1+ 2+ 3+ 4+ Dhis 6+ 7+ 8+ 9k
FL
camuer'| - 138 £ 6.7| 181 = 7.7 | 205 + 4.8 | 215 = 5.4 | 235 = 4.2 | 252 = 7.0 | 239 = 9.0 | 247 = 0.9 270
- 128-157 | 142-253 162-277 162-335 196-272 192-333 201-286 245-248
4 (19) (41) (43) (€19) (32) 9 3) (€3]
camkn?| - 148 £ 3.1| 176 = 6.1 | 205 = 3.5 | 224 = 4.5 | 240 = 4.9 | 237 £ 7.2 |252 = 13.2]1279 * 15.0 256
- 133-177 | 135-250 148-293 170-280 182-293 189-318 197-320 253-305
(14) (22) (44) (47) (48) (21) (10 3 €3]
t1-2 - 1.60 0.58 0.00 1.37 0.67 1.37 0.78 2.17 -
obmee | 104 |145 = 2.3| 176 = 4.4 | 205 = 3.5 | 220+3.5 | 238 = 3.4 | 246=*5.1 246+8.1 | 263 = 9.9 | 263+7.0
128-177 | 135-253 148-293 162-335 182-293 189-333 197-320 245-305 | 256-270
€3] (23) (45) (85) (90) (79) (53) (19) (6) (2
w
camuer!| - 30 = 4.4 | 82 = 12.6 | 112 = 9.3 |137 + 15.4(172 = 12.4|226 + 20.3|157 + 22.7[193 * 14.6 230
- 25-43 20-199 48-271 46-615 74-336 80-405 74-306 166-216
4 (19) (41) (43) (€19) (32) 9) (3) €3]
camkn?| - 38 £ 44 | 67 =9.1 |125 = 10.1|155 + 11.2(201 * 14.1|192 = 24.5|228 + 38.6(348 * 79.2 245
- 24-59 24-188 30-277 59-364 62-401 78-492 80-408 251-505
(14) (22) (44) (47) (48) (21) (10) 3) €9)
t1-2 - 1.46 0.97 0.94 0.97 1.42 1.06 1.54 1.92 -
obmmee 9 34 19| 6968 [118 £6.9| 147+94 189+£9.9 (213 *= 15.7| 195+23.9 | 271+£49.9 | 238+7.5
22-59 20-199 30-277 46-615 62-401 78-492 74-408 166-505 | 230-245
@ (23) (45) (85) (90) (79) (53) (19) (6) (2

IIpumeuanue: t-kpurepuil CTbIoeHTa. Pa3inuma cuuTaam CTaTUCTAYECKU 3HaYUMbIMU 1Ipu p < 0.05.

Tab6suna 8. PacuncienHas aymmHa (FL), MM 1 aGCOJTIOTHBIE IPUPOCTHL, MM/ YJieJIbHasA CKOPOCTh pocTa 1o IlImassrayseny-Bpoau y
MaJIOTBIYMHKOBOI (popMEl cura B HikHeTysioMcKOM Bofoxpanunuile (6acceis p. Tysaoma), 2018-2022 rr.

Bo3pacT, roasl
1 2 3 4 5 6 7 8 9
Pacuucnennas mgmHa (FL), MM
105=*0.6; 140=0.8; 171+1.2; 191+1.5; 209+2.0; 221+3.3; 228+5.0; 240+8.1; |244+7.8; 4.5
11.1 11.0 12.8 12.3 13.2 13.5 11.7 10.1
72-159 104-230 125-294 145-278 152-299 170-295 188-290 208-292 236-252
(404) (384) (343) (253) (159) (80) (28) 9 (2)
AOCOMI0THBIE IPUPOCTHI, MM
105 | 35 | 31 | 20 | 18 | 12 | 7 | 12 | 4
Y nenpHasA ckopocTh pocta no IlImasnerayseny-bpoan

- | 0.43 | 0.50 | 0.39 | 0.41 | 0.31 | 0.20 | 0.38 | 0.14

ITpumeuanue: Han yepToii mpeAcTaBjIeHO cpefHee 3HaYeHUe NIpU3HaKa, ero omuoka u koabdunueHTt Bapuanuu, %, 0oa 4epTon
— MUHHMMAaJIbHOE M MaKCHUMaJIbHOe 3HaueHHe NpH3Haka. B ckobkax NnpefCcTaBIeHO YKCJIO SK3eMIUIAPOB MaJIOTBIYNHKOBOIO CUTa, 1.
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Ta6uuna 9. oA nuTaloeicsa MaJOTEIUMHKOBOM (GOPMBI cUra B pa3Hble MecALbl, % B HIXXHETYJIOMCKOM BOJIOXpaHUJIUIIE
(6accetin p. Tysioma), 2018-2022 rr.

JlaTta otsioBa (Mecs1, rox)

fAnBapsp, | ®espasnp, | Mapr, Maii, HioHb, Hio1b, Asryct, |CeHTAOpS, | OkTAGPS, | Hos6pD, | Jekabps,
2021 2021 2019 2019 2019 2022 2019 2019 2019 2019 2018
2022 2020 2020 2020 2020 2020 2020 2019
2021 2021 2021 2021 2021 2021 2020
2022 2022 2022 2022 2021
2022

- - - 100 (24) | 91 (11) 80 (25) | 97 (103) | 99 (67) 81 (72) 91 (35) 94 (17)

IIpuMeuaHue: «-» — OTCYTCTBHE B BRIOOPKE, B CKOOKAX [IPEJCTABJIEHO YKMCJIO UCCIIEJOBAHHBIX PHID.

3.7. CospeBaHue cura Ta6auna 10. [IuTaHue COTIacHO MHEKCY OTHOCHTEIIb-

Holl 3HauumocTu (IR), % MaJIOTBIYMHKOBOH (GOpMBI cura B

MaJIOTBIUMHKOBBIE CUTH C IOBEHAJIPHON CTaguei HmxuerynomckoM BogoxpaHuiuile (6acceiin p. Tysoma),

pasButuA ToHaA (co ciabo pasBUTHIMU TTOJIOBBIMU 2018-2022 rr.
xkesiezamu) B HTB BeTpeuasnucs B rpymnmnax 0+-2+ JieT XapakTepuCcTHKU IR. %
(Tabsmna 6). [TosioBO3pesible caMIfbl U caMKU ST GOPMBI 2
cura BCTPeYyasIuCh B BO3pacTe OT 2+ Jjer o O+ jeT MuH.-MakKc. JJIMHa (FL), MM CHI'OB C HICCJIeJO- 130-333
(TaGauma 11). MopasibHBIA BO3PacT CO3PEBAHUS Y BAHHDBIM JKEJIyAKOM
oboux noJioB coctaBui 4+ -5+ et (B cpenHeM 50-60 300IUTaHKTOH 3.9
0,
% OT BBIOOPKHU MOJIOBO3PEJIBIX CUTOB Pa3HOI'O EOBpaCTa) Makpo30oGenToc: 87.6
(Tabmmra 11). CpenHuie HaOJI0/IeHHbBIE JIMHEIHO-BECO-

XMPOHOMUIbI 16.7

BBlE€ XapaKTEPHCTUKU IOJIOBO3PEJIBIX CaMI[OB I CAMOK
Sr cura B pasHOM BO3pacTe 3HAuMMO He pas3jidvyallicCh PYYENHUKY 2.2
(Tabsmia 11): ppiObl HAUNMHAIU CO3peBaTh NPU AJINHE

BUCJIOKPBIJIKU 0.4
162-173 MM u macce 45-56 r, cpeqHAA OJIMHA I10JIO-
BO3peJibIX peIb cocTaBuia — 225-226 MM, macca — 158- ZBYCIBODRZINE MO LEoCKy 597
165 r. EquHCTBEHHAs II0JI0BO3peasa caMKa mr (pOpMEI OpI0XOHOTHE MOJLITIOCKU 8.6
cura u3 HTB B Bo3pacTe 2+ JieT uMmeJia JUHENHO-BeCo- Hxpa peI6 0.2
BbI€ XapakTepucTuku 168 mm u 40 r. Amopéuas macca 8.3

Curn ¢ TeKy4MMH IIOJIOBRIMKA npogykramu (V
cTagueil pa3BuTus roHan) B HTB HaumHammu BCTpe- ucs1o phi6 ¢ Mec/IeJOBAHHBIM XeJTy/IKOM, N 62
4aThCA B yJIOBaX B IIEPBOH JieKafie OKTAOPS U OOHApy-

KMBAJIUCh [0 CEPeUHBI HOSAOPA.

Component 2

Component 1

Puc.5. PacnosioxeHne ocobeil MaJIOTBIYMHKOBON (OPMBI CHTa B IPOCTPAHCTBE 1-2 IJIABHBIX KOMIIOHEHT 110 IIJIACTUYECKUM
npusHakaMm u3 HipkHeTystomckoro BomoxpaHuwinma (6acceitH p. Tysoma), 2018-2022 rr.: — “rop6atsiii” MopdoTun cura, —
LA LM

“Hu3KoTeJsbIH” MopdoTul cura, — “mIMpokoTesibli’” MopdoTull cura, — “meabGUHOPHUIBIN” MOpdOTHUIl cura, —“BbBICOKOTEJIBIN”
mopdoTun cura.
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4. 06cy)xpenue

Hamu ucceioBaHUA NO3BOJIMJIN BBIABUTH OCO-
OeHHOCTH (GYHKLUMOHMpPOBaHMA 3KocucteMsl HTB. B
HacTosllee BpeMsA Mbl HabilofaeM Ipoliecc 3BTPO-
dupoBaHusa BogoeMa. B Boae GUKCUPYIOTCA BBICOKHE
KOHI[eHTpanuu obiiero ¢gochopa u azora, UCTOUYHH-
KaMH KOTODBIX SBJIAIOTCA CaJIKOBble XO3AKCTBA IO
BBIDAIIMBAaHUIO paAyXHON ¢openn. CuuTaercs, 4TO
CaJIKOBbIe XO3ANCTBA [0 HEraTUBHOMY BO3[AENCTBUIO
Ha OKpYyXawIlylo cpefy 3HaUUTeJbHO IIPEBOCXOJAT BCe
ocTaJIbHBlEe BUABI aKBaKyJbTypel (JykToB u JlaByies,
2022). Kpome TOro, Ha BojOCOOpe BOJIOXPAHUJIMIIA
pacnoJiaralTcs 3HauyuTesbHBIE IO IUIOIAAy TEPpH-
TOpUM CeJIbXO3Ha3HaueHUs MNpeanpuAatusa «Tysmomar,
KpyIlHble HacejieHHble NyHKTH (Tysioma, Mypmarmiuy,
[TpuyaspHOE) ¥ MHTEHCUBHO pa3BUBaloL[yecs HayHble
U KOTTeJKHBIE IOCEJIKY, KOTOPhIe TaKKe BHOCAT CylIe-
CTBEHHBIN BKJIaJ B MPOIECCH aHTPOIOTeHHOr'0 3BTPO-
¢upoBanusa. ITomnmo 3arpsa3HeHUsA BOJOEMOB OHOTeH-
HBIMU U OpraHWYeCcKUMHU COeOUHEeHUsAMH, OJHUM U3
(paKTOpOB OTPHUILIATESIPHOTO BO3[EUCTBUSA CAJKOBOU
aKBaKYJIBTYPHI ABJIAETCA MOCTYIJIEHUE B JKOCUCTEMY B
OOJTIBIINX KOJIMYECTBaX HOBOT'O THIIA MUINU I aBTOX-
TOHHBIX TUAPOOMOHTOB. HecMOTpsi Ha BBICOKOE cofep-
’)KaHue OMOreHHBIX dJieMeHTOB B Boge HTB cpemHue
KOJIMYeCTBEHHbIE [IOKa3aTejd IJIAHKTOHHBIX CO00-
L[eCTB U XJIOpOPUIIa @ COOTBETCTBYIOT OJIUTOTPOQ-
HoMy TpodudeckoMy craTycy. [IToMruMoO pa3BUTUA MPO-
11ecCcOB 3BTPOMUPOBaHNSA, PETYJIALNA pexrMa CToKa Ha
BojiocOpoce HuxuHerysomckoit I'DC (BogoxpaHUIUILE
ocCTaeTcs JIOTUUECKOU CUCTEMOM, Ifle COXpaHeHo Teue-
HHMe U MPOMCXOAUT CHOC TJIAHKTOHHBIX OPraHNU3MOB),
a TaKxe TeMIepaTypHble YCIJIOBUA SABJIAIOTCA HauboJiee
3HAQUUMBIMU (AaKTOpaMU, ONpeJeIAINMU CE30HHYIO
AVHAMUKY IUIaHKTOHA. [0 3KOJIOTMYecKUM XapakTe-
pUCTHKaM OCHOBHYIO Maccy cOoOIIecTB GpUTO- U 300-
[UIAHKTOHA COCTABWJIM TpeICTaBUTEJIM, XapaKTepHBIe
A7 cybapKTHYeCKHX BOJOEMOB 30HBI CeBEPHOM Taiiry,
a Takxe KOCMOIIOJIUTHI C IIMPOKOH Ouoreorpaduei.
[TocnencTBrsA aHTpoONOreHHOU 3BTpodukaluu Bogq HTB
MPOsIBJIAIOTCA B PA3BUTUM I[[MAHOIIPOKApPUOT B COCTaBe
cooOImiecTs (PUTOIIAHKTOHA, IPENUMYIIeCTBEHHO, B
oceHHUl mnepuof (mo 85%), BK/II0OYAsA MOTEHI[UAJIBHO
TOKCHUYHBIE BUBI, CIOCOOHBIE BBI3BIBATH LIBETEHHE BOJ.

Yucno pbi6, n

120 |
n =406

LOnuHa (FL), mm
Puc.7. PacnpenesneHve pa3iandHbeix ¢opm cura mo HabmogeHnHou miavHe (FL), MM (a) u macce, T (6) B HiKHETYJIOMCKOM
BomoxpaHuiuie (6acceiis p. Tynoma), 2018-2022 rr.

Yucno pbi6, n

9 -

n=>55

80 83 86 89 92 95 98

Yucno npoboaeHHbIX Yellyi, n
Puc.6. PacnpepeneHue  MaJOTBIUMHKOBOTO — CHra
M0 YMCJy TPOOOJEHHBIX Yelmlyd B OOKOBOW JIMHUU, N B
HwxuaetyomckoMm BogoxpaHuwiuie (6acceiin p. Tysoma),
2018-2022 rr. Sr — MaJIOTBIYMHKOBasA (GopMa cura.

Maxkpo3zoob6enToc sutopanu HTB npexacrasieH
rpynmnamMyi, TUMAYHBIMU U IIMPOKO PaCIPOCTPaHEH-
HBIMU B IIPECHOBOJIHBIX BogoemMax MypmaHCKo# obJia-
ctu (SIxoiteB, 2005; BaipkoBa, 2020). BeicOKMe KOJIU-
yecTBEHHbIE MOKasaTeju (YHCJIEHHOCTh M Onomacca)
MaKpo30006eHTOca ¢ JOMUHUPOBAHUEM OT'PAHUYEHHOTO
yurcJia BUAOB B MaKpo30006eHTOCe JIMTOPAJIU SBJIAETCA
BO3MOXHOHN peakIiell 300lleH03a Ha 3BTPOQHUPOBa-
HMe BoJ BogoxpaHmmima (Akosnes, 2005; Kamyaua u
ap., 2012; 2018; BaspkoBa, 2020; Lukin et al., 2003;
Mousavi et al., 2003; Denisov et al., 2020; Zubova et
al., 2020). Ce3onHas AWHAMUKA YKCJIEHHOCTU U OHO-
Macchl 3000eHTOca HaXO/I1UJIach B TECHOM CBSI3U C XKH3-
HEHHBIM ITMKJIOM XHPDOHOMUJ, KOTOpBIe OBLIN JJOMMU-
HUpYIOILell Tpynnoil JOHHOU (ayHBl Ha MPOTKEHUU
Bcero nepuojia HabsofgeHui. MakcumaspbHasA cpeHsis
YH1CJIEHHOCTh U OrioMacca MakKpo3000eHToca JIUTopasu
HabI01aJMCh JIeTOM, MUHHMMAaJibHasgA — B OCEHHHUU
repuof.

HW3BecTHO, uTO B H6acceiiHe p. Tysoma oburaet 17
Bu0B phi6 (Bepr u IIpaBauH,1948; l'ankuH u ap., 1966;
Henuuuk, 2005): apkTuyeckas MuHora Lethenteron
camtschaticum (Tilesius), aTJaHTUYEeCKUH JIOCOCH
(cemra), Kymxa, apKTAYecKUi roJjer] Salvelinus alpinus

Yucno pbi6, n

90 -
n=2 n =406

60 -
Bsr

Emr

30 A
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(Linnaeus), eBporieiickas pAMYIIKa, eBPOIENCKUI CUT,
eBpOIIEICKUIl XapuycC, CeBepHas IIykKa, OOBIKHOBEH-
HbIM ToJbsiH Phoxinus phoxinus (Linnaeus), HaJuM,
€BPOIENCKUY OKYHb, TPeXUrjas KoJiomka Gasterosteus
aculeatus Linnaeus, [OeBATUUIJIAs KOJIIOIIKA, YEThI-
pexporas porartka-kepuak Myoxocephalus quadricornis
(Linnaeus)*, eBpomnerickas kamb6asna Platichthys flesus
(Linnaeus)* (* — Buapl, 0OOUTAOI[ME TOJIBKO B 3CTyap-
HOU 30HE peKun).

Jlo mocTpo¥iky IJIOTUH F'UAPO3JIEKTPOCTAHLIUMU P.
TysomMa xapakTepr3oBajiach JOMHHHUPOBAaHHEM JIOCO-
ceBBIX pBIO B cocTtaBe nxtuodayHel. C 1960 r. B pribo-
xon Huxuetysomckoil I'DOC crana 3axoauTh ropoOyuia
Oncorhynchus gorbuscha (Walbaum), akkIuMaTHU3Upy-
emasa B Mopsax Cesepa. C 1esibl0 PenpOAYLMPOBaHUA
KOPMOBOU 0asbl JIJIs1 JIOCOCEBUIHBIX XUITHUKOB, B BTB
(6aceeiin p. Tysnoma) B nepuof ¢ 1979 o 1985 rr. 651710
BhINyIIeHo 258.8 MJIH. IMYMHOK MeJIKON eBpOIlelicKoMn
kopiomikyu u3 OHexckoro osepa. B BopoxpaHuuige
KOPIOIIKA XOPOIIO aganTHpoBaiach (Jajia MHOTOYKC-
JIeHHOe MOTOMCTBO) U IO TEMIY POCTa 3HAYUTEIHHO
MIPEB30IILJIa CBOI0 POJICTBeHHUNY M3 OHEXCKOro o3epa
(Henmuuuk, 1998; Murenes u ap., 2007). B nHacros-
Illee BpeMs OHA paclpoCTpaHeHa IO BCEH CHCTEME pP.
Tysioma.

VuuTeBasg IpejAcCTaBJeHHBIE JINTepaTypHbIE U
COBpeMeHHbIe JaHHbIe, B HACTOSAIee BpeMs CTPYKTypa
pbioHOI yactTu HTB Takke mpereprieBaeT cylecTBeH-
Hble U3MeHeHUs. B pe3ysibTaTe MHTPOAYKIUU KOPIOIIKH
B cucteMy p. Tyjioma IpUMepHO 3a IO0JIBEKA BMeECTO
CUT'0BO-JIOCOCEBOT'0 BOJ0EMA Pa3BUJICA CUT'OBO-KOPIOII-
KOBBIH BojioeM. KopoTkuii K1M3HEHHBIN I[UKJI KOPIOIIKY,
HU3Kasg YHCJIEHHOCTh XMIHBIX PHIO (ceBepHas IIyKa,
HaJIUM) B BOJOXpaHWJIMINE, MaysodddeKTHBHOE Ipo-
MBICJIOBO€ U3BATHE, YCIIEIIHOEe BOCIIPOU3BO/ICTBO B IIPU-
JIaTOYHBIX peKax JeJIaloT KOPIOIIKY YCHEIIHBIM BHUIOM

400 1 FL=5.61Ry + 96.52

n=404 R?=0.74

e

FL = 37.53R4057

300 1 . R?=0.77

® FL
TNuHenHas (FL)

OnunHa (FL), Mmm

200 1

Crenennas (FL)

24 29 34 39 44 49 54
EAnHNLBI OKYNSp-MUKpOMETpa

Puc.8. CooTHolleHue HaOIIOAeHHON AaUHBL (FL), MM

U TiepeqHero AuaroHaJIbHOro paguyca uerryu (Ru), ef. OK.-

MUKp. ¥ MaJIOTBIYUHKOBOUM (OpMEI cura B HIKHETYJIOMCKOM

BojtoxpaHuuie (6acceiix p. Tysioma), 2018-2022 rr.

350 -
263 263
g 250 -
iy
@
sy
s
a
150
104140 —s=— HabntoaeHHasn anvHa
105 —=— PacuncneHHas anuHa
50 T T T T T T T T T ]
0 1 2 3 4 5 6 7 8 9

Bospacr, ner, rogpl
Puc.9. CpaBHenue HabmoneHHoi aauHbl (FL), MM ¢
pacuuciyieHHoH gyuHoH (FL), MM y MaJIOTBIYMMHKOBOH (HOpPMBI
cura B pa3HOM Bo3pacTe B HIKHETYJIOMCKOM BOAOXPaHU-
nue (6acceiin p. Tysmoma), 2018-2022 rT.

Ta6auna 11. Habmonennas giuxa (FL), MM u Macca (W), T y M0JI0BO3peJbIX caMIlOB 1 CAMOK MaJIOTHIUMHKOBON (HOpPMBI

cura B HikHeTyJsioMcKOM BofoxpaHuiuire (6acceiit p. Tysoma), 2018-2022 rr.

IToa Boapacr, jer B nesiom miia
o+ |1+]| 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+ BIGOpKH
FL
camIpl | - - 1200£26.7| 204%=7.1 | 211+6.3 | 238+4.7 | 248+7.8 |235+12.2| 247 1.5 270 225+3.5
- - | 173-253 | 165-266 | 162-335 | 197-271 | 200-333 | 201-286 | 245-248 - 162-335
(3;16) (18;43) | (32;68) | (22;65) | (22;69) | (6;78) (2;67) | (1;100) (107)
caMKH | - - [180%x11.7| 212+7.7 | 218+5.3 [ 236*+5.6 | 228 +5.4 |242+10.3|279+15.0| 256 226+3.0
- - | 162-202 | 158-265 | 170-280 | 182-290 | 189-260 | 200-273 | 253-305 - 158-305
(3;14) (14;30) | (33;69) | (34;71) | (16;73) | (7;64) (3; 100) | (1;100) (112)
W
camme | - - [104+47.3]1116+16.3 (131+19.5(177+14.1|212+23.2|157+33.5{191 +25.0| 230 158+9.7
- - 56-199 48-271 46-615 | 74-319 | 82-435 | 74-306 | 166-216 - 46-615
caMKy | - - |166+14.7 [138+137.7|142+14.0/188+16.9|155+14.9(196 +32.5(348 £79.2| 245 165+8.6
- - 45-94 46-239 59-364 | 62-401 | 78-271 | 80-296 | 251-505 - 45-505
IIpumeuanue: Hax 4epToil mpeAcCTaBJIeHO cpefHee 3HAYeHHe MpU3HAKa M €ro ommnbKa, MOZ YepToil — MUHUMAJIbHOE U

MakcHUMaJsbHOe 3HayeHue Mpu3HakKa. B ckobkax MpefcTaBIeHO YKCJIO 9K3eMIUIAPOB CUra, n U % I0JI0BO3pesIbiX 0cobell BHYTPU
BO3PaCTHOU IPYNIIIPOBKU.
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B HTB. Ha npotsxeHun X1U3HU KOPIOLIKA MOXET 3aHU-
MaTh pasHble 5KOJIOrMYecKre HUIIM, TaKuM 00pas3oM,
co3faBasg AOMOJIHUTEJIbHYI0 NHIIEeBYI0 KOHKYPEHINIO
OCTaJIbHBIM BuJaM pbl0 Bogoxpanunuma (Kamryaux
u ap., 2012). B Bomoemax MypmaHcKkoil obJiacTu
KopIoliKa, He fgocturmas giuHel 100 MM, ABjAerca
TUMIUYHBIM TJIJAaHKTOHOdAaroMm, a 6oJiee KpymnHble 0coOu
MUTAITCA Kak 0€HTOCHBIMU OpraHU3MaMU, TaK 1 peIOoi
(B OCHOBHOM PAMYIIKON U AEBATHUUTJION KOJIIOIIKO)
(ByboBa u mp., 2020a; b). Hemocpenctsenno B HTB
KOpIOIIKa NUTaeTCsA KaK MCKYCCTBEHHBIMU I'PaHyJIUpO-
BaHHBIMH KOPMaMH, IOCTYyHAOIUMU U3 PbIOOBOAHBIX
CaJIKOB, TaK U eCTeCTBEHHBIMU. Y 0co0ell KOpPIOLIKKU
gnHon 150-222 MM OoJiblllee 3HAUEHME B €CTeCTBEH-
HOM IMTaHWU UMeJia pbiba — JeBATUUIJIasA KOJIIOIIKA 1
panymka. Takxke B keJlyJjKax KOPIOWIKU AJIMHON 150-
188 MM ObuIM OOHapyXXeHBl IABYCTBOpYAThlE MOJLIIO-
CKM, XMPOHOMUABI U BETBUCTOYChle payku (COOCTBEH-
Hble HeollyOJIMKOBaHHbIe AaHHbIe). TakuMm oOpas3oMm, B
YCIIOBUAX UHTEeHCU(HUKAI[UN MTPOLIECCOB 3BTPOdUKAIUU
BOJl, PETMOHAJIbHBIX M KJIMMATHYEeCKUX W3MeHeHUH,
BKJIIOYAsl aHOMAJIbHBIE OTKJIOHEHUsA TeMIlepaTyphl Ha
doHe TpeHAA HaA NOTeIUIEHUE, IPEHMMYyIIecTBa IIOJIy-
YalT «yHHBepCaJIbHble BUAB» PHIO, JIydlle aganTHpO-
BaHHble K BBICOKOU TeMIlepaTtype Takue, Halpumep,
KaK OKYHb U KOPIOIIKA, UMEII[re MYyJIbTUKaHaJIbHOe
MUTaHHUe U crocoOHble 00pa30BHIBATh BHYTPUBHIOBEIE
TPYIIUPOBKU BHYTpU BojgoeMa (3y6osa u nip., 2020b;
KamynmuH u Bekkenyng, 2022; Polyakov et al., 2002;
McBean et al., 2005; ACIA, 2005; Ylikorkko et al., 2015;
Sa'nchez-Herna ndez et al., 2021; Smalas et al., 2023).

B Hacrosee BpeMsA CUT OCTaeTcA JOMUHAHTHBIM
BuioM B yJsioBax u3 HTB. ITo }0.C. PemeTHukoBy (1980)
B OacceriHe p. Tyjoma B OCHOBHOM obutaert sr opma
cura c sp.br. 20-30 (B cpegHem 24-25) (mo 58 5k3.).
Takxe aBTOpPOM 37ech ObLJI ONMCaH eIUHCTBEHHBIN mr
cur ¢ sp.br. 33. B.W. Ilyctep (1985) B cBoeii paboTe
10 OCHOBHBIM paiioHam BTB, p. HoTe u mopaToIieH-
HOMy 03. KankuMm ykasblBaeT Ha «IIOJIMMOZIAJIbHOCTD
B KoJIM4ecTBe KabepHbIX TBIYMHOK» y CUTa U BO3MOX-
HOCTb OOMTaHUA 3[]eCh HECKOJIBKUX ero 9KOJIOTMYeCKUX
dopm. Mo ykasaHHBIM palioHaM cpeliHee YHCJIO sp.br.
y curoB 1o B.U. Illycrepy coctasuiio 24.8 = 0.06 (18-
34) (o 1576 3k3.). B 6ostee no3gHux paboTax Mo UXTU-
odpayne BTB u HTB (Mipmact u gp., 2018; Ilmast et
al., 2019) Taxxe OImMCHIBaeTCsA TOJIBKO Sr popMma cura,
HO ¢ MespmM (p = 0.001) cpemaum uuciom sp.br. —
23.3 = 0.45 (mo 35 3k3.). B nammux ynoBax uz HTB
cur uMes 6oJsiee MUPOKUN JUANA30H KPAWHUX 3HaUe-
HUP 4uciia sp.br., HEXeIM 3TO yKa3aHO B JINTEPATyp-
HBIX MCTOYHHMKax: 16-39 Bmecto 18-34. B ocHOBHOM
Takxe MpUCYTCTBOBAJI st cur (99.5% oT BbIOOPKU cura)
¢ urcjom sp.br. ot 16 go 28 (20.7 + 0.10), ocTajpHOM
npoueHT (0.5%) cocTaBJAJIM mr CUTH C YUCITIOM Sp.br.
32 u 39. YuuThiBas coOBpeMeHHbIe JINTepaTypHble JaH-
HbIe 0 CTPOEHUM N1epBoli xkabepHOI AyTY CUI0B U3 MIATU
KPYIIHBIX O3€pHO-peYHBIX cucTeM MypMaHCKo obJia-
ctu (6acceiinnl pek IlacBuk, Tysioma, Hua u Ym0a), B
HTB oburaer sr Gopma cura ¢ HauMeHbIIUM CpeJHUM
yuciiom sp.br. (p = 0.05) (Zubova et al., 2022; 2023):
21 ThrYMHKa npotuB 22-26 TEIYMHOK. Cpeau sr GOpMEL
cura HTB mo cTpoeHWI0O IOJIOBH U Tejla BU3YyaJIbHO
BBIAEJIAIOTCA OO0 S5 MOPQOTHIOB MAONOJHUTEIBHO, O
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[IPUYMHAX Pa3JINuMii KOTOPHIX MBI He MOKeM 3HaTh Ha
OCHOBe HMEIOIUXCA JaHHBIX. Takxe, y4UTHIBAsA JUa-
na3oH uucia Il (80-98) y sr cura BOAOXpaHWJININA, OH
COCTOUT KaK U3 MaJlo-, CpeJiHe-, Tak 1 MHOroYellyiiva-
THIX JIONIOJIHUTEbHBIX (popm curoB (boukapes, 2022).
CocymiecTBOBaHUe pas3janyHBIX GOpPM cura Mo 4YUcCiy
Il B 60KOBO¥ JIMHUM HAOJIIOAAJIOCh HAMHU U B APYIUX
HM3y4eHHBIX BojoeMax MypmaHCKOH 00JiacTH, IIpu4yeM
pasfiejieHre Ha MaJjlo-, CpefHe- U MHOroyellyiyaTble
(opMB! OBLTIO XapaKTepHO Kak JJiA ST CUI'OB, TaK U AJIA
mr curos (3y6oBa u gp., 2019; Zubova et al., 2022).
Cuuraercs, yto umcio [ 3BoJOIMOHHO GoJlee Hell-
TPaJIbHBIN [IPU3HAK, YeM YKCJIO Sp.br., Tak Kak IpsSMON
cBA3M MexAy unciioM Il u mopdoJsiornyeckuMy npusHa-
KaMU U 9KOJIOTMYeCKHMMHU NpeNIOYTeHUsAMU CUT0OB I10Ka
He oOHapyxeHO (Boukapes, 2022). TakuMm oOpazom,
qucsio [l MoxeT oTpaxaTth GuIoreHeTUYeCKle CBA3M B
O6JpLIeN cTerneHu, YeM uuco sp.br. (Boukapes, 2022).

Takum ob6pasom, cur B HTB npencrassien nosu-
MOpGHOI1 NomnyJsAnyei, YTo MOXeT ObITh pe3yJIbTaTOM
«cMellleHus» B p. TysloMa 03epHBIX U O3€pHO-PEUYHBIX
CUrOB M3 MHOTOYHCJIEHHBIX MPUJATOYHBIX PEYHBIX
cucteM 6acceliHa 1 IPOXOJHOTO («MOPCKOT0») CUra u3
BapenueBa Mopsa. OueHka IPOMCXOXAEHUA MOJIMOP-
¢usma cura HTB HeBo3MOkHa 6e3 COBpeMeHHBIX reHe-
TUYECKUX METOJ0B UCCJIe/IOBAHUS.

Ananu3 coBpeMeHHOIo BO3pPacTHOIO COCTaBa Sr
dopmbl cura HTB, ero jnHeNHO-BECOBBIX XapaKTepu-
CTUK U IIOJIOBOTO CO3PEBAaHUA OTHOCUTEJIBHO JIMTepa-
TYPHBIX JaHHBIX 110 cury BTB 3a 1966-1984 rr. BIABUI
pan uaMmeHeHuii (Illycrep, 1985). ¥V sr cura HTB mpo-
HUCXOUT YMeHbIlIeHNe Yricjia BO3PACTHRIX I'PYII MOYTH
B JBa pa3a — ot 20+ JieT Ao 9+ Jer, yMeHbIIAITCA
TEeMIIbl JIMHEHHOTO 1 BECOBOI'O POCTa, IIOJIOBOE CO3pe-
BaHUe HaCTyIaeT paHbllle — B Bo3pacTe 2+ JIeT BMECTO
3-4+ JeT — npy MeHbIINX JIMHeleHO-BeCOBbIX XapKTe-
puctukax pei6. Bpemsa Hepecta pei6 (mepBas Aekada
OKTAOpsA — cepelriHA HOSIOPsI) COOTBETCTBYET JIMTEPA-
TypHBIM AaHHBIM (Illyctep, 1985). MaccoBrie HepecTU-
quma curos HTB Hamu He oOHapyXeHbl. BO3MOXHBIMU
mecraMu Hepecra curos HTB moryT paccmarpuBartbes
nputoku (peku IIaiie, [llosrou, Kepua u 1p.), a Takxe
UX IIpefyCcTbeBble YYacTKU B caMOM BOJOXPaHUJIUIIE,
rJle MeHblllee 3aWjMBaHue AHA U OoJiee OJIarOmpHAT-
HBIM KUCJIOPOAHBIA U TUAPOJIOTUYECKUIN PEXUMBI AJIA
Pa3BUTHUA UKPHL

YuuThiBasg coBpeMeHHBle MJaHHBE O 6uoJIo-
rUYecKUX XapaKTepUCTHKaX BHYTPUBUIOBBIX IpyI-
IIMPOBOK CHra K3 BOAOEMOB Ppa3/MYHBIX OacceliHOB
pek Mypwmanckoii o6sactu (ITacBuk, Husa, YM6a), sr
curoB u3 HTB mo JinHeHO-BECOBBIM XapaKTepPUCTU-
KaM MOXHO OTHECTU K IpylIe CpeJHUX CUIOB C paH-
HUM co3peBaHueM (Zubova et al., 2022; Zubova et al.,
2023). MaJIOTBIYMHKOBBIE CUTU C OJIM3KUMU OUOJIO-
rMYecKUMH XapaKTepUCTHKaMH TakXe BCTpedaloTcsa B
OTHOCHUTEJIBHO YMCTHIX (03. BUPTYOBOIIbAYpP) U CUJIBHO
3arpsi3HeHHbIX (03. KyaTchapBu) Bojjoemax baccelina p.
ITacBuk (Zubova et al., 2022).

MasioTeiurHKOBBIX curos HTB mo Tumy nuraHuio
MOXHO OTHeCTH K OeHTodaraM € HIMPOKHUM CIIEKTPOM
norpebJieHNsA KOPMOBBIX OpraHusMoB. CojepxXumoe
XKeJIyIKOB Cura B JIeTHe-OCEHHU NepuoJ B BoJoeMax
MypMaHckoll 067acTi OOBIYHO XOPOIIO KOppesnupyeT
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¢ ruAPOOHOJIOTHUYECKUMU OCOOEHHOCTSAMU MeCTOO0U-
TaHuii pei6 (PemetHukoB, 1980; Zubova et al., 2023).
Bricokoe copepxaHue ABYCTBOPYATHIX MOJIJIIOCKOB B
kesyakax sr ¢opmel cura u3 HTB, BeposaTHO, cBue-
TEJIBCTBYET O TOM, YTO OHHU NOTPeOIANINCh U3 NPOodyH-
JaJIbHOM 30HBI BOJl0E€Ma, MOCKOJIbKY B JINTOPaJIbHOM
MaKpo3000eHToCce MX YMCJIeHHOCTh U Oromacca ObLn
He3HauyuTeJbHBIMUA. BTOphle 0 3HAYMMOCTHU NUILEBBIE
OpPraHu3Mbl — XHUPOHOMMIBl - MOTIJIM MOTPeOJIATHCA
KaKk U3 JIUTOPAJIbHOW, TaK W MPOPYHAAIBHON 30HBI
BOJIOXPaHUJINIIA.

bospmoe 3HaueHue B nuTaHuu sr curos HTB B
HacTosAllee BpeMs MMEHT [IONOJIHUTEJIbHbIE MCKYC-
CTBEHHBIE KOPMA, MOCTyHaI1e U3 MHOTOYMCJIEHHBIX
caJikoB (opeJsieBhIX X03AKUCTB BogoeMa. MickyccTBeHHbIe
rpaHyJIMpOBaHHble KOpMa OOHapyXMWBaJIMCh TaKXe B
JKeJIyJIKax KOPIOIIKUA. BO3MOXHO, 3TO ABJIAETCA OCHOB-
HOU MpPUYMHOM OOJIBIIMX Pa3IMuUil B MHHUMAJIb-
HBIX-MaKCUMAaJIbHBIX 3HaueHUAX HaOJII0eHHON [IJIMHEBI
U1 0COOEHHO Macchl ST CUTOB ofHOTO Bo3pacta HTB.
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ABSTRACT. The objective of the study was to evaluate the water quality status and the aquatic arthro-
pod species composition of the Idim Eye-Asana River, Edebom 1, between May and July 2023. The
sampling area was divided into four (4) sampling sites with unique coordinates. The physico-chemical
parameters such as dissolved oxygen (DO), pH, temperature, total dissolved solute (TDS), inorganic
contents; nitrate, sulphate, nitrite, and phosphate were measured using standardised methods. The
aquatic arthropod specimens were collected using standardised circular-framed net with a 0.05um mesh
size and 35cm in diameter with an iron handle of 2m in length. Single factor pollution index (Pi),
Biological Monitoring Working Party (BMWP) index, and diversity indices were calculated to evaluate
the water quality status of the river. The physico-chemical parameter results revealed that they were dif-
ferently significant between the sampling sites. The inorganic contents (contaminants) results showed
that nitrate, phosphate, nitrite, and sulphate were differently significant at a 95% t-test between the
sampling sites. The Pi values for the inorganic contents revealed that the water quality at site 2 was
moderately polluted (3.25) with nitrite, whereas sites 3 (2.85) and 4 (2.50) were lightly polluted. Three
(3) arthropod classes, sorted into seven (7) orders, and thirty-four (34) families were collected. Through
the BMWP index results, the water quality classification for the water status at site 1 was regular (mod-
erately contaminated), site 2 (poor), and sites 3 and 4 (Good water quality). Sites 3 and 4 sections of
the river had good water quality, and as indicated by the results, it was concluded that the sites (i.e., 3
and 4) have better ecological conditions that can sustain the development and survival of the aquatic
arthropod species.

Keywords: Physico-chemical parameters, inorganic contents, single factor pollution index, diversity indices,
biological monitoring working party index
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1. Introduction Water quality refers to the chemical, physical,

and biological characteristics of water, which deter-
mine its suitability for various uses, such as drinking,
irrigation, and sustaining aquatic life. Many rivers
in Nigeria are impacted by anthropogenic activities,
including industrial discharges, agricultural runoff,
and domestic sewage, which can degrade water qual-
ity. Physicochemical parameters of water quality and
nutrients include dissolved oxygen (DO), pH, turbidity,
total suspended solids (TSS), nitrate, nitrite, phosphate,
sulphate, and chloride, whose alteration in the river
system could lead to pollution (Ochekwu and Odeh,

Freshwater ecosystems are critical components
of the Earth's biosphere, supporting a diverse range
of arthropod biodiversity and providing a variety of
ecosystem services (Dudgeon et al., 2006). Rivers are
natural freshwater streams that flow into other rivers,
lakes, or the sea (Er”os and Lowe, 2019). River ecosys-
tems benefit society in multiple ways, such as by pro-
viding water and food, acting in climate regulation, and
serving as recreational spaces (Orozco-Gonzalez and
Ocasio-Torres, 2023).
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2018), and the latter influence the habitat quality of a
river for aquatic arthropods (Ademoroti, 2005).

Inorganic contents, particularly nitrogen and
phosphorus, play a significant role in the health of
aquatic ecosystems. Excessive nutrient inputs can lead
to eutrophication, algal blooms, and oxygen deple-
tion. In Nigeria, nutrient loading is often associated
with agricultural runoff, urbanization, and animal and
industrial discharges (Ololade, 2020). Johnson and
Williams (2011) and Martinez et al. (2017) reported
that higher nutrient concentrations in rivers were asso-
ciated with variations in macroinvertebrate community
composition, regularly supporting pollution-tolerant
species over sensitive ones.

The continuous deterioration in water quality
and decline in arthropod diversity constitute a threat
to freshwater bodies, and this reduces their ecosystem
services to man and the environment (Bis and Mikulec,
2013). These different forms of degradation of the fresh-
water bodies have led to changes in the water quality,
which in turn causes changes in the composition of the
arthropod fauna inhabiting the river, which is usually
evidenced in the reduction of taxon richness, species
diversity, and evenness (Maddock, 1999; Mophin-kani
and Murugesan, 2014; Esenowo et al., 2016; 2017).

Arthropods, which include many organisms such
as insects and crustaceans, are essential components
of freshwater ecosystems (river, stream) (Statzner and
Hildrew, 2010). As a group, arthropods are sensitive to
environmental changes and respond highly to changes
caused by nature and human perturbation, which lead
to different forms of degradation of the freshwater body
(Barbour et al., 2013). Interests have evolved in the last
years over the study of the group of aquatic macro-in-
vertebrates (arthropods, mollusks, annelids), with little
consideration of the arthropod groups. It is important
to study the ecological dynamics; nutrient cycling,
organic matter decomposition, and food source for
higher trophic levels, of arthropod groups in rivers and
the use of this group to assess aquatic ecosystem health
(Tonkin et al., 2017). The composition and abundance
of arthropod groups can provide a direct indication of
water quality (Barbour et al., 1999).

Despite growing studies and publications on
macroinvertebrates and the water quality of rivers
(Bauernfeind and Moog, 2000, Asonye et al., 2007,
Esenowo and Ugwumba, 2010, Andem et al., 2015;
Esenowo et al., 2016, 2017; Rosenberg and Létourneau,
2016; Dala-Corte et al., 2020), this work will provide
baseline information with emphasis on arthropod
groups as bio-indicators for assessment of the water
quality of the Idim Eye-Asana river system in the Nsit
Ibom local government area of the south-south region
of Nigeria.

There is a dearth of information and knowledge
regarding the pollution status and arthropod species
composition of the Eye-Asana River system, and this
formed the core rationale for this study. The dearth of
this information and knowledge about the river could
be a barrier preventing the safe use of this water source
for human consumption in the area.

This work stands to incorporate a single factor
pollution index to assess the pollution status of water
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quality nutrient loads, diversity indices, the Biological
monitoring working party (BMWP) score sheet (as
adopted from Alba-Tercedor, 1996), and the Average
score per taxon (ASPT) for a better representation and
assessment of the pollution status of the Eye-Asana river
ecosystem. BMWP assigns scores to each macroinver-
tebrate taxa according to their sensitivity to pollution
caused by organic materials, and it is once assigned to
a family regardless of the number of individuals col-
lected. ASPT is the average sensitivity of the families
of the macroinvertebrate organisms present (Orozco-
Gonzalez and Ocasio-Torres, 2023).

2. Materials and methods
2.1. Study area

The river is known as the Idim Eye-Asana River
and is located in Edebom 1, Nsit Ibom Local Government
Area, Akwa Ibom state, south-south Nigeria. Nsit Ibom
shares common boundaries with Ibesikpo Asutan,
Etinan, and Nsit Ubium Local Government Areas. The
Idim Eye-Asana River is a significant freshwater body
located in the Edebom area of the Nsit Ibom Local
Government Area. The river takes its origin from Aba
Ukpo and flows un-directionally through bushes and
other villages within the Local Government and others.
The river serves as a vital lifeline for the local commu-
nities, providing water for various home and agricul-
tural activities. It also serves as a harbour for sand min-
ing, swimming, and domestic activities such as bathing,
laundry, and fetching water, as well as a water source
for a fish farm nearby. The bank of the river is mostly
surrounded by riparian vegetation, which includes
shrubs and trees such as Raffia palm (Raphia vinifera)
and Screw pine (Pandamus spp.). Tropical hydrophytes
include emergent, free-floating, and submerged aquatic
plants such as Water hyacinth (Eichhorina crassipe)
and Water lilies (Nymphaea lotus).

2.2. Study site selection

Four representative sections of the river that
were accessible with canon and with unique ecolog-
ical characteristics were selected for sampling of the
water and arthropods. Site 1 lies between Latitude
4.8925306N and Longitude 7.8960408E (Fig.1), which
is the entrance into the river. Here, the water was shal-
low and transparent. A few plants such as water hya-
cinth (Eichhorina crassipe) characterised the study site.
Site 2 lies between Latitude 4.8923615N and Longitude
7.8962651E. This site is closest to the right side of the
fish farm. It is covered with aquatic vegetation such as
water lilies (Nymphaea lotus), water Primrose (Ludwigia
repens), and submerged plants of common eelgrass
(Zostera marina). This site served as the receiving point
for the effluence discharged from the fish farm, which
then flows through the flow channel of the river.

Site 3 is located at Latitude 4.8915003N and
Longitude 7.8956837E, this site was characterised
by the over-heard bridge. The river water at this site
flowed through the embankment of the bridge. Some
aquatic plants found here were water lilies (Nymphaea
lotus), water Primrose (Ludwigia repens), and bamboo.
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Activities at the site included bathing, washing, and
sand mining. Site 4 lies between Latitude 4.8913260N
and Longitude 7.8954292E. Bamboo (Bambusa vulgaris)
and Algae of Chlorophyta species are some of the aquatic
macrophytes around this sampling site. Each sampling
site was 120 m in length away from each other.

2.3. Collection of samples

The collection of samples was carried out between
May and July 2023. Water samples and arthropod spec-
imens were collected from each sampling site. Water
samples were also subjected to a comprehensive water
quality analysis, which included measurements of dis-
solved oxygen, pH, temperature, and nutrient concen-
trations. Several species of arthropod specimens were
collected using the sweep-net method.

2.4. Water sample collection

Surface water samples were collected from each
site for three (3) months from May to July 2023 at
9:00 a.m. and 11:00 a.m. Water samples were collected
using clean 330 ml amber bottles from the four sam-
pling sites. Dissolved oxygen (DO), temperature, con-
ductivity, and pH were measured in situ using the Water
Analysis kit model WA (Taiwan, 2015). From the water
samples collected, about 10 ml was turned into a coni-
cal flask for in situ readings. The water analysis kit was
turned on, and each parameter was measured twice to
attain two readings each, and then the mode of the kit
would be changed to measure the next parameter. This
continued until all the parameters had been recorded
properly. Afterward, all the samples were properly
sealed and well stored in a bucket, covered, and taken
to the Department of Chemistry, Faculty of Physical
Science, University of Uyo for analysis of inorganic
contents (nitrate, phosphate, sulphate, and nitrite) and
Biological Oxygen Demand (BOD,) following standard
methods provided in (James, 2007).

2.5. Collection of arthropod samples

The arthropod specimens were collected from the
four (4) selected sampling sites using a Circular-framed
net made of a 0.05um mesh-size net of 35c¢cm in diam-
eter, with an iron handle of 2m in length. Following
standard methods, the net was submerged in the water
and pushed repeatedly, backward and frontward,
against and through marginal and aquatic vegetation
for 30 minutes to dislodge invertebrates. This was car-
ried out at all the sampling sites with the aid of Canon
Man. Flying specimens were also collected using the
net. At each sampling site, the whole content of the net,
which included leaves, logs, sediment, and other loose
debris, is carefully emptied into a properly labeled field
sample container (with the site and date information)
containing 10% formalin by inverting the net, and
carefully sharking the net to ensure that no arthropod
specimen remains attached to the net. The field con-
tainers and their contents are taken to the laboratory of
the Department of Animal and Environmental Biology,
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Fig.1. Map showing the selected study sites
Source: Cartography Studio, Department of Geography
and Natural Resources Management, University of Uyo, Uyo.

University of Uyo, Uyo. In the laboratory, each of the
field containers is emptied into a white tray, and water
from the tap is made to run over the sample until a clean
sample is observed. The leaves, logs, and other debris
are carefully examined for any clinging invertebrates
before putting them away in the trash. The specimens
are harvested from the tray using forceps and hand-
picking methods and stored in 40% ethyl alcohol for
later sorting, identification, and counting (Dickens and
Graham, 2002; Orozco-Gonzalez and Ocasio-Torres,
2023). The identification was carried out using guides
provided by Danladi et al. (2013) to the genus level.

3. Statistical analysis

Calculation of pollution status (water quality)
indexes:
1) Single Factor pollution index:

Pi=—
Sl
where G measured value of pollutant content
recorded in mg/L
S, is the standard value of environmental
quality of the pollutant (mg/L)
The results as calculated will be compared with

the standards in Table 1.

1)

Table 1. Water Quality classification using the Single
Factor Pollution Index

Water Quality Category | Pollution Assessment Pi
I No pollution =1
II Slightly polluted 1-2
11 Lightly polluted 2-3
I\ Moderately polluted 3-5
\Y Seriously polluted >5
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2). BMWP=2ti (Orozco-Gonzalez and Ocasio-
Torres, 2023).
where ti is the score assigned to the pollution tolerance
family

2 = is the summation of the assigned score.

The resulting summation values from BMWP
are compared to determine the pollution status in the
water of the river, according to the categories listed in
Table 2.

3) The average score per taxa (ASPT) value was
calculated using the formula below:

ASPT 2 BMWP score/total number of taxa
species sampled (Bartram and Balance, 1996; Bawa et
al., 2018)

The data was entered with Microsoft Excel
2019 and analysed for comparison of means of phys-
iocochemical parameters, and inorganic contents, and
diversity indices using SPSS 26.0 version and PAST
4.09 version, respectively.

4. Results
4.1. Physico-chemical parameters

The mean (=SE) physico-chemical results
revealed that the water temperature is in the range of
26.0 — 28.0°C, with a total concentration of 27.3 +0.3°C
across the sampling sites, and was differently signifi-
cant between the sampling sites at the significant value
of 0.433. The water pH of the river was 5,8 +0.2 and
5.5+0.2 at site 1 and site 2, respectively, within the
range of 5.4 — 6.2 with a mean total of 5.8 0.1 between
the sampling sites. The dissolved oxygen (DO) was rela-

Table 2. Water quality categories (pollution status)
according to the values of BMWP (Source: Bawa et al., 2018,
but modified)

S/N | BMWP Water Quality
1 =77 Good - not heavily polluted with
contaminant
3 57-76 Regular—eutrophic, moderately
contaminated
37-56 Poor—water contaminated
18-36 Poor—water very contaminated
<10 [ Very poor—water extremely contaminated

tively high at site 1 (2.1 £0.0mg/L) followed by sites 2
and 3 (1.9+0.1mg/L) with a mean total concentration
of 1.9+0.00mg/L. The physico-chemical parameters
were significantly different between the sampling sites
(Table 3a).

The inorganic contents (contaminants) results
revealed that nitrate expressed in mg/L, phosphate
(mg/L), sulphate (mg/L), and nitrite (mg/L) were dif-
ferently significant at a 95% t-test between the sam-
pling sites. The single factor pollution (Pi) results
revealed that the classification of nitrate (mg/L), sul-
phate (mg/L), and phosphate (mg/L) across the sam-
pling sites was not polluted, less than 1 (< 1), whereas
the single factor pollution (Pi) index was 2.50 for nitrite
(light pollution), but its value at site 4 was 3.25 (mod-
erately polluted) (Table 3b).

Table 3a. Mean (= SE) results of the physico-chemical parameters and inorganic contents

Sites Temperature (°C) pH Conductivity DO (mg/L) BOD, (mg/L) TDS (mg/L)
(ps/cm)
Site 1 27.1+0.1 5.8+0.2 15.3+0.8 2.1+0.0 0.8+0.2 7.8+0.4
Site 2 27.8+0.5 5.5+0.2 26.2+2.6 1.9+0.1 0.7+0.1 13.0+1.3
Site 3 27.6+0.8 6.1+0.2 20.8+0.5 1.7+0.1 0.5+0.2 10.5+0.2
Site 4 26.7+0.4 6.0+0.3 18.3+0.8 1.9+0.0 0.5+0.2 9.3+0.4
Range 26.0 - 28.0 5.4-6.2 15.00 - 26.5 1.6 -2.3 0.49 - 0.82 7.5-13.4
Total 27.3+0.3 5.8+0.1 20.2+1.1 1.9+0.0 0.6 +0.1 10.2+0.5
p (< 0.05) 0.433* 0.225* 0.000* 0.014* 0.481* 0.000*

Table 3b. Mean (+ SE) results from inorganic contents and single factor pollution index (Pi) of the inorganic contents

Sites Nitrate Pi Sulphate Pi Nitrite Pi Phosphate Pi
(mg/L) (mg/L) (mg/L) (mg/L)

Site 1 3.3£0.2 | 0.067 (NP) | 7.6%+0.1 0.076 (NP) 0.5%0.0 0.75 (NP) 1.9+0.0 0.55 (NP)
Site 2 3.9+0.0 | 0.078 (NP) | 8.7%0.0 0.087 (NP) 0.8%0.0 3.25 (MP) 2.1+0.0 0.072 (NP)
Site 3 3.3+0.2 | 0.067 (NP) 7.5%+0.2 0.075 (NP) 0.6+0.0 2.85 (LP) 21+0.1 0.61 (NP)
Site 4 3.1+0.1 | 0.063 (NP) 7.1+0.2 0.072 (NP) 0.7+0.0 2.50 (LP) 2.1+0.0 0.59 (NP)
Range 3.0-3.5 7.0-9.0 0.49 - 8.20 1.85-2.00

Total 3.4+0.1 (0.69+0.003| 7.7+0.1 |0.078+0.003| 0.6+0.0 |[2.17+0.714| 2.1+0.0 (0.46+0.128

p (< 0.05) 0.019* 0.000* 0.000* 0.000* 0.000* 0.056* 0.052* 0.038*

Note: * = significant. NP =Not polluted; LP = lightly polluted; MP = moderately polluted
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4.2. Arthropod species composition

The collected aquatic arthropod species were
collected and classified into three (3) arthropod classes:
Arachnida, Crustacean, and Insecta; seven (7) orders:
Araneae, Decapoda, Coleoptera, Diptera, Hemiptera,
Lepidoptera, Mantoidae, Odonata, Orthoptera, and

Trichoptera, and thirty-four (34) families. Arachnura
sp., Cheiracanthium sp., Harpactea sp., Lycosidae sp.,
Pholcus sp., Pisaura sp., Sassacus sp., Sibianor sp.,
Tetragnatha sp, Cardisoma sp., Macrobrachium sp., and
Palaemon sp. are among the aquatic arthropod species
that were collected and identified (Table 4).

Table 4. Aquatic arthropod species collected in the study areas of the Idim Eye-Asana River during the study period

S/N Class Order Family Scientific Name Common Name
1 Araneidae Arachnura sp. Scorpion sp.iders
2 Cheiracanthiidae Cheiracanthium sp. Black-footed yellow-sac sp.ider
3 Dysderidae Harpactea sp. Hunting sp.iders
4 Lycosidae Lycosidae sp. Wolf sp.ider
5 Arachnida Araneae Pholcidae Pholcus sp. Daddy longlegs
6 Pisauridae Pisaura sp. Nursery web sp.ider
7 Sassacus sp. Jumping sp.iders
Salticidae . . .
8 Sibianor sp. Jumping sp.ider
9 Tetragnathidae Tetragnatha sp. Long-jawed orb weaver
10 Gecarcinidae Cardisoma sp. Patriot/Moon Crab
11 Crustacea Decapoda . Macrobrachium sp. River Prawn (Crayfish)
Palaemonidae
12 Palaemon sp. Caridean shrimp
13 Altica sp. Common flea beetle
14 Chrysomelidae Charidotella sp. Golden tortoise beetle
15 Chrysochus sp. Blue milkweed beetle
16 Coleoptera Dytiscidae Neobidessus sp. Diving beetle
17 . Heteronychus sp. Long-jointed black beetle
Scarabaeidae
18 Protaetia sp. Beetles
19 Tenebrionidae Prionychus sp. Black beetle
20 Diptera Muscidae Musca sp. Housefly maggot
21 Alydidae Leptocorisa sp. Paddy ear head bug
22 Aphrophoridae Philaenus sp. Sp.ittlebugs
23 Belostomatidae Lethocerus sp. Giant water bugs
24 . Gerridae Gerris sp. Water striders
Hemiptera . .
25 Notonectidae Notonecta sp. Back swimmer
26 . Brochymena sp. Stink bug
Pentatomidae .
27 Halyomorpha sp. Brown marmorated stink bug
28 Reduviidae Reduvius sp. Assassin bugs
Insecta X
29 . Dinoponera sp. Black ant
Hymenoptera Formicidae . i
30 Formica sp. Field ants
31 Elachistidae Elachista sp. Moth larvae
32 . Erebidae Lymantria sp. Nun moth
Lepidoptera o
33 Tineidae Acrolophus sp. Tubeworm moths
34 Yponomeutidae Eucalantica sp. Small white moth
35 Mantoidea Mantidae Polysp.ilota sp. Madagascan marbled mantis
36 Calopterygidae Calopteryx sp. Damselfly
37 L Argia sp. Pauite Dancer (Damselfly)
Coenagrionidae . .
38 Odonata Ischnura sp. Citrine forktail (Damselfly)
39 . Neurocordulia sp. Dragonfly
Corduliidae .
40 Procordulia sp. Dragon fly
41 L Chrysochraon sp. Short-winged grasshopper
Acrididae
42 Orthoptera Omocestus sp. Green grasshopper
43 Romaleidae Romalea sp. Romalea grasshopper
44 Trichoptera Rhyacophilidae Rhyacophila sp. Caddisfly larvae
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4.3. Composition and distribution of the
arthropod species

The composition and distribution revealed that
Arachnura sp. and Altica sp. were only present at site 3,
and Sassaccus sp. and Cardisoma sp. were only present
at site 4 (Table 5). The composition and distribution of
the other arthropod species at the study sites are pre-

sented in Table 5.

4.4. Diversity indices and biomonitoring
indexes (BMWP score and ASPT)

The highest number of Taxa species and individ-
uals of the aquatic arthropod species were collected in
sites 3 and 4, whereas site 2 recorded the least Taxa
species (10), and site 1 (20) recorded the least individ-
ual aquatic arthropod species. Site 3 (4.178) and site
4 (4.26) recorded the highest ShannonH_log2 species
diversity, and site 2 (2.755) recorded relatively low
species diversity (H). The BMWP scores were high for
site 4 (110) and site 3 (110), and low for site 2 (4.3).
ASPT was also calculated and the results are expressed

in Table 6.

4.5. Correlation between physico-
chemical parameters, single factor
pollution index (Pi) of the contaminants

(inorganic content), bio-indicator indexes,

and diversity indices

The Pearson correlation results between physi-
co-chemical parameters, single factor pollution index
of the contaminants (inorganic content), bio-indicator
indexes, and diversity indices in Table 7, indicate that
TDS and conductivity positively correlated significantly
0.917, p = 0.01). BMWP and pollution index of
0.917,
p = 0.05), but positively correlated significantly with
PiNitrite. Taxa species showed a positive correlation
with pH (r = 0.943, p = 0.05) but inversely correlated
significantly with BOD, (r = 0.905, p = 0.05). pH pos-
itively correlated significantly with Shannon_H species
0.994, p = 0.05) (Table 7). The results
of the correlation of the Shannon_H species diversity
with the pollution level of the contaminants (inorganic

(r =
sulphate (PiSulphate) inversely correlated (r =

diversity (r =

contents) are also expressed in Table 7.

5. Discussion

The physico-chemical parameters of the Idim
Eye-Asana River’s water were taken into consideration
to evaluate the water quality. In this study, it was
deduced that temperature, pH, DO, and conductivity
were in the range favourable for the survival and sus-
tainability of life of aquatic organisms. The correlation
results strengthened the fact that the physico-chemical
parameters and single-factor pollution index of the inor-
ganic contents are integral parts of the test indexes for
the evaluation of the biomonitoring of the water qual-
ity of a river. Thus, by the indication of the correlation
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Table 5. Aquatic arthropod species composition and dis-
tribution across the study areas during the study period

S/N Scientific names Sampling Sites
1 2 3 4
1 Arachnura sp. - - + -
2 Cheiracanthium sp. - = 45 o
3 Harpactea sp. + + + +
4 Lycosidae sp. - + o -
5 Pholcus sp. - + + +
6 Pisaura sp. = - - +
7 Sassacus sp. - - + -
8 Sibianor sp. - = . s
9 Tetragnatha sp. - - + +
10 Macrobrachium sp. I - - 4
11 Palaemon sp. + + + +
12 Cardisoma sp. - = = +
13 Acrolophus sp. - + - _
14 Altica sp. - - + -
15 Argia sp. - - + -
16 Brochymena sp. - - = +
17 Calopteryx sp. - + + +
18 Charidotella sp. - - = +
19 Chrysochraon sp. + + + +
20 Chrysochus sp. - = o -
21 Dinoponera sp. - - - +
22 Ectobius sp. - = . &
23 Elachista sp. + - - -
24 Eucalantica sp. - - . 5
25 Formica sp. - - + -
26 Gerris sp. - - 4k -
27 Halyomorpha sp. - - - +
28 Harmonia sp. - + - +
29 Harpalus sp. - - + .
30 Heteronychus sp. = 4 - _
31 Ischnura sp. - - - +
32 Leptocorisa sp. - = = -
33 Lethocerus sp. - - + -
34 Lymantria sp. - - + -
35 Musca sp. + - - -
36 Neobidessus sp. - - = +
37 Neurocordulia sp. + + + +
38 Notonecta sp. - - + +
39 Omocestus sp. - + + -
40 Philaenus sp. - = - +
41 Polysp.ilota sp. + - + -
42 Prionychus sp. - - - a
43 Procordulia sp. - - - +
44 Protaetia sp. + - = -
45 Reduvius sp. + - - -
46 Rhyacophila sp. + - = +
47 Romalea sp. + - + +

Note: - = absent, + = present
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Table 6. Diversity Indices and Biomonitoring indexes (BMWP score and ASPT) of the water quality of the Idim Eye-Asana

River
Variables Site 1 Site 2 Site 3 Site 4
Taxa Species 13 10 25 24
Individuals 20 48 91 64
Dominance_D 0.05789 0.2083 0.0779 0.07341
Simpson_1-D 0.9421 0.7917 0.9221 0.9266
ShannonH log2 3.917 2.755 4.178 4.29
Evenness_e"H/S 1.162 0.6749 0.7241 0.8152
Menhinick 2.907 1.443 2.621 3
Margalef 4.006 2.325 5.32 5.53
Equitability_J 1.059 0.8293 0.8997 0.9357
Fisher_alpha 16.1 3.843 11.38 13.95
BMWP scores for determination 69 43 100 110
of the pollution status of the
river
Water quality classification Regular — water Poor-water quality | Good water Good water
is moderately quality quality
contaminated
ASPT 5.31 4.30 4.00 4.58

results, it was revealed that as the pH level increases
the taxa species richness, BMWP scores, and species
diversity (ShannonH _log2) increase. This explains the
reason sites 3 and 4 recorded more taxa groups and
individuals of the arthropod species.

Dissolved Oxygen (DO) is an important parame-
ter that determines the survival of aquatic organisms.
The low DO values record in these results suggest
high loads of inorganic pollutants discharged from the
nearby settlements, which are harmful and toxic for
fauna growth. The decomposition of these inorganic
contents by microorganisms and inorganic pollutants
r esulted in the depletion of DO at the sampling sites
(Jonah et al., 2020).

The physio-chemical parameters of a water
body, such as temperature, pH, and salinity can have
an impact on the levels of the nutrients (Gopalkrushna,
2011). The physico-chemical parameters were relative
to the nutrient levels in the study area. The high level
of nitrate in Site 2 is likely relative to the highest level
of temperature in that the site had an increase in tem-
perature level, which gave rise to the rate of nitrifica-
tion. This is complimentary to the high level of nitrate
and nitrite in Site Two, as the reverse was the case in
Site 4 for both inorganic contents™ relativeness to tem-
perature levels.

Sulphate is an important inorganic content load
for aquatic arthropod species and has a significant effect
on their survival and reproduction in water (Coria et
al., 2007). A high level of sulphate can lead to stress
and mortality, while a low level can lead to reduced
growth and reproduction (Ga et al., 2000).

Phosphates are more readily soluble in water
with a low pH and may increase in concentration at
higher pH levels (Golterman, 2004). This was typically
the case in all sites, as the pollution index of phosphate
was positively significant for pH levels.
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Nitrate and Phosphate had similar trends, with
high concentrations in sites 2 and 4, which could be
because of the discharge of minute inorganic pollutants
in the sites through point and non-point sources. Wastes
from nearby shores and anthropogenic activities inside
the water could also contribute to the variation of the
values in sites 2 and 4. Chapman (1996) reported that
nitrate values up to 5 mg/L in surface water are likely
influenced by human activities. On the other hand,
Mandal et al. (2012) associated high phosphate values
with human activities. Okorafor et al. (2014) reported
that leaching of fertilizer residues from cultivated
farmlands and household effluents could contribute to
high concentrations of phosphate in water. The vari-
ability in physico-chemical characteristics and anthro-
pogenic perturbations in the water body of the Idim
Eye-Asana River, Edebom 1, influenced the abundance
of the aquatic arthropod species (Orozco-Gonzalez and
Ocasio-Porres, 2023).

The use of aquatic arthropod species as bio-indi-
cators of the water quality of the river made it possi-
ble to determine the water quality of the river and its
degree of contamination through the calculation of the
indices. The results showed that the families such as
Aphrophoridae, Palaemonidae, Elachistidae, Mantidae,
Calopterygidae, Corduliidae, and Rhyacophilidae, with
the highest abundance at the sampling sites obtained
high BMWP quality scores (= 7), indicating that their
presence and abundance reflect that the water quality
of the river is good and that there is a low degree of
contaminants (Gutiérrez et al., 2016; Orozco-Gonzalez
and Ocasio-Porres, 2023). The presence of the fam-
ilies Tineidae, Pholcidae, and Acrididae at sampling
site 2, which had low scores (< 3) on the BMWP score
quality index, indicates that their presence and level
of abundance reflect poor water quality at site 2 of
the river, and this indicates a relatively high degree
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of pollution at the site. These results are corroborated
by the single factor pollution indices (Pi) calculated in
this study, which revealed the presence of a high con-
centration of nitrite, an inorganic content, at sampling
site 2, marking that the water quality at the sampling
site is contaminated and polluted. During the study, it
was observed that the farm that is located uphill of the
river system, discharged wastewater from the pig pen,
fish ponds, and poultry pens into the river at the point
of sampling site 2, and this further explained the high
level of the inorganic content contaminants at the site.

Taxonomic abundance at each sampling site
revealed that fewer taxa were recorded at site 2 than
at any other site. Taxa species richness equals the total
number of taxa represented within the sample, and the
healthier the community is, the greater the number of
taxa found within that community (Mason, 2002; Bytyci
et al., 2018). The diverse structure of aquatic arthropod
species showed that the water quality of the Idim Eye-
Asana River is impacted by anthropogenic activities.
Comparison of communities to identify biotic distur-
bances or level of stability can be done with species
diversity indices as useful tools (Olawusi-Peters and
Ajibare, 2014), and the indices increase as the com-
plexity or stability of the habitat increases (Leinster and
Cobbold, 2012). The Shannon-Weiner diversity values
recorded at all the sites were within a range that could
indicate a moderately polluted environment. The index
categories calculated in this study indicated that val-
ues for sampling site 2 mid values of 2 and 3, which
prostrated the water quality to be moderately polluted
and contaminated, while for sampling sites 1, 3, and
4, the values were > 3 and the water quality at these
sites could be described as having fewer contaminants
and the sections of the river could be said to be of sta-
ble environment with sustainable and survival condi-
tions for the aquatic arthropod species inhabiting these
section (Mason, 2002, Yeom and Kim, 2011, Shah and
Pandit, 2013). The low diversity recorded as reflected
in the community structure (Shannon-wiener, Margalef,
Simpson, and Evenness indices) may be attributed to
anthropogenic impacts (Anyanwu et al., 2019). The
anthropogenic impacts exerted on the river may have
well led to arthropod species drifting from one section
of the river to another, which may eventually lead to
the complete drift of the arthropod species of impor-
tance from the river to another river that is away from
the village.

6. Conclusion

The use of the physico-chemical parameters,
inorganic contents, and the aquatic arthropod species
to calculate the single factor pollution index, diversity
indices, BMWP, and ASPT to evaluate the water qual-
ity status of the river was a great success. The four (4)
water quality monitoring indexes revealed that site 2 is
contaminated with inorganic contents because it is the
receiving point from the farm yard located uphill of the
river. The effects of the direct channeling of effluents
from the farm are extended to site 1. Sites 3 and 4,
which are at the downstream section of the river, by
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the monitoring indexes results revealed that the water
quality status was of good quality. As evident by the
results, it could be concluded that the sites have bet-
ter ecological conditions that can sustain the develop-
ment and survival of the aquatic arthropod species col-
lected during this study. Nevertheless, the river should
be managed properly given its ecological importance.
Also, the farm should look elsewhere to channel their
effluent.
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