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ABSTRACT. A hydroacoustic survey of the distribution of aggregations of Macrohectopus branickii
(Amphipoda) in Barguzinsky Bay of Lake Baikal was conducted for the first time in the last 30 years.
The hydroacoustic complex “Echo-Baikal” was used in the research. Verification of hydroacoustic data
is based on the results of synchronous net catches with a JOM net. The present study demonstrates that
macrohectopus aggregations are confined to slope zone areas with depths of 100-150 m. The depen-
dence between the strength of the mean volume backscattering and the density of macrohectopus was
obtained, based on which its biomass in Barguzinsky Bay was estimated at 2.7-10° kg.
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1. Introduction

The pelagic amphipod species of Lake Baikal
Macrohectopus branickii (Dybowsky, 1874) dominates in
the lake ecosystem (Rudstam et al., 1992) and is a food
resource for fish and mammals (Watanabe et al., 2020;
Didorenko et al., 2020; Petrov et al., 2021). It is known
that planktonic animals can form aggregations under
the influence of various factors (temperature, illumi-
nation, wind mixing, etc.). The changes in behavioral
patterns, in particular the amplitude of migrations, are
one of the mechanisms of their adaptation to a dynamic
habitat (Sato and Benoit-Bird, 2019). M. branickii is the
only representative of the macrozooplankton of Lake
Baikal, individuals of which form dense aggregations
that perform active migrations, which complicates
research and resource work.

Zooplankton of Lake Baikal is traditionally
studied by sampling with nets of various designs
(Karnaukhov et al., 2019; Naumova et al., 2020;
Karnaukhov et al.,, 2021). Modern remote sensing
methods, including hydroacoustic ones, are widely used
worldwide for research and monitoring of fish (Brisefio-
Avena et al., 2015; Fore et al., 2018; Lertvilai, 2020;
Mallet et al., 2021; Chacate et al., 2024) and various
species of invertebrates (Dunn et al., 2022; Lertvilai
and Jaffe, 2022; Oh et al., 2023; Liu and Tang, 2024).
The hydroacoustic method, in combination with clas-
sical net sampling, is recognized as a reliable tool for
monitoring the abundance and biomass of macrozoo-
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plankton in large lakes (Megard et al., 1997; Hembre
and Megard, 2003; Holbrook et al., 2006).

M. branickii is not only the main component of
the diet of the Baikal omul Coregonus migratorius (Georgi
1775), but also its competitor in the consumption of
zooplankton, and, due to its high biomass, it is a key
link in the trophic network of the lake's pelagic zone. It
was previously shown that the total consumption of M.
branickii by pelagic fish species significantly exceeds its
production (Mel'nik et al., 1995). The annual produc-
tion of M. branickii, calculated on the basis of daily bio-
mass increments (B/I coefficients), is 330 thousand tons,
with the total biomass of this species in the lake being
110 thousand tons (Beckman and Afanasyeva, 1977).
Previous studies of the distribution of M. branickii using
the hydroacoustic method in Barguzinsky Bay of Lake
Baikal were conducted in 1988 and 1989 (Rudstam et
al., 1992; Melnik et al., 1993).

As a result of the decrease in the number of the
Baikal omul, a ban on its industrial and recreational
fishing was introduced in October 2017 (Order...,
2017). One of the main limiting factors affecting fish
productivity is the thermal regime of the water column,
which determines the state of the food supply (Smirnov
et al., 2015). The decrease in the number of the Baikal
omul in traditional fishing areas (Sokolov and Peterfeld,
2018) is likely associated with a reduction in the bio-
mass of macrozooplankton. This showed the relevance
of developing quantitative accounting methods and the
need to assess the resources of M. branickii.
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The aim of this research is to obtain the depen-
dence of the mean volume backscattering strengths and
the biomass density of M. branickii to assess its reserves
in Barguzinsky Bay of Lake Baikal.

2. Materials and Methods

The work was carried out in the waters area of
Barguzinsky Bay of Lake Baikal at a local site of 67 km?
(Fig. 1). Hydroacoustic survey was carried out from
the shipboard of R/V “G.Yu. Vereshchagin” on August
13-14, 2021 using the hydroacoustic complex “Echo-
Baikal” (Makarov et al., 2020). The total length of
the acoustic tacks was 158 km, of which 76 km were
completed during the daytime and 82 km at night. The
hydroacoustic complex was adjusted for two-frequency
operation mode with the following parameters: probing
signal frequency was set at 28 and 200 kHz, directional
pattern at -3 dB level, 20.9° and 12° respectively, pulse
duration at 1.0 ms, integration threshold at -86 dB.
Hydroacoustic antennas were located on an external
tow on the left side of the research vessel, at the depth
of 1.5 m in a streamlined steel hull. The hydroacoustic
complex was calibrated in accordance with the stan-
dard method (Simrad, 2003) using a copper sphere
with a diameter of 60 mm with a calculated target
strength (TS) value at a frequency of 200 kHz equal to
-33.61 dB.

Hydroacoustic data was processed using
the EchoView software package (Myriax Software,
Australia). The vertical was divided into six horizontal
layers, excluding acoustic interference from the surface
and bottom of the lake. The signal was integrated every
500 m of the traveled distance, which is equivalent to
3.2 min at a vessel speed of 5 knots. In this way, the
value of the mean volume backscattering strengths
(MVBS) was obtained for each integration interval.
The original acoustic data was corrected, using cor-
rections for energy loss due to sound propagation and
attenuation, the latter were calculated in accordance
with the absorption coefficient for each frequency (28
and 200 kHz), and water temperature was also taken
into account. Integration thresholds were used to
exclude very low values of the volume backscattering
strength, in cases where, despite the presence of scat-
terers, they were close to the internal minimum of the
hydroacoustic system. The maximum MVBS values for
the areas without sound scattering layers - SSLs were
used as threshold values, and only values higher than
this were used in the subsequent analysis. Fragments
with high MVBS values caused by scattering from fish
were removed from the echo integration area. For this
purpose, the data of the low-frequency echo sounder
channel (28 kHz) was analyzed, on which the signals
from fish were clearly distinguished (for example, the
average TS estimates for the Baikal omul are within the
range of values from -43 to -34 dB). Fragments of the
hydroacoustic recording in which individual fish and
aggregations were identified, were excluded from fur-
ther analysis.

At each station, vertical hydrophysical profil-
ing was performed with a CTD probe Rinko AAQ-177
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Fig.1. Area of hydroacoustic research: 1-5 — sampling
stations, —— hydroacoustic tacks, isobaths are indicated for
depths of 50, 100, 200, 500 and 1000 m.

(Japan) to a depth of 100 m. Data on surface water
temperature on August 14, 2021 were obtained using
the MODIS satellite system (Table). Macrozooplankton
samples were collected simultaneously with the hydro-
acoustic survey (Table). When collecting samples, a
JOM closing net with an inlet diameter of 82 cm and
a filter sieve mesh size of 160 um was used. The exact
positioning of the net by depth was determined, using
an RBR Duet submersible probe (Canada) attached to
it. Net samples were collected at five stations: 4 sam-
ples during the day and 1 sample during the night, in
two layers of 0-100 and 100-300 m. After fixation with
4% formalin, M. branickii individuals were counted,
their body length was measured and their gender was
determined. The measured body length was used to cal-
culate biomass according to the length-mass regression
W=0.047-L>%, as in the works (Rudstam et al., 1992;
Melnik et al., 1993).

The results of net sampling from different depths
for each station were combined to obtain additional
integral values of the biomass density from maximum
depths to the surface. In total, 15 values of the M.
branickii biomass density were obtained for the hydro-
acoustic survey area (Table: integral values are high-
lighted in bold).

To assess the relationship between MVBS and the
actual density of M. branickii biomass, the MVBS values
were analyzed in the layers where the net sampling was
performed. The density values recalculated to a cubic
meter were compared with the MVBS value at the net
sampling points. In further work, the obtained rela-
tionship MVBS=-73.18+10.24-Log,,W (r*=0.75) was
used, where MVBS is the mean volumetric backscatter-
ing, W is the density in mg/m?® (Fig. 2).

3. Results and discussion

Vertical distribution of sound scattering layers.
During the hydroacoustic survey, dense SSLs were
detected at a frequency of 200 kHz. At a frequency of
28 kHz, SSLs were not recorded or were at the noise
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Table. Comparison of net sampling data, hydrophysical parameters and acoustic measurements in Barguzinsky Bay on

13-14.08.2021.

Station | Water surface Time of Bottom Fishing Biomass MVBS,
No. temperature, °C day depth, m depth, m g/m? mg/m? dB

04:35 343 0-55 4.36 79.3 -55.8

1 14.3 04:50 343 55-165 15.9 144.6 -48.9
0-165 20.3 122.9 -50.1

12:30 625 0-85 2.87 33.8 -58.3

2 15.2 12:45 600 85-250 4.38 26.6 -59.8
0-250 7.25 29.0 -59.3

8:20 835 0-100 2.01 20.1 -59.4

3 15.4 8:50 935 100-300 10.4 52.0 -58.3
0-300 12.4 41.4 -58.6

9:42 454 0-85 8.69 102.3 -52.2

4 16.3 9:55 466 85-220 14.1 104.5 -53.2
0-220 22.8 103.6 -52.8

11:30 459 0-85 1.43 16.8 -57.0

5 17.3 11:40 462 85-250 10.3 62.3 -53.8
0-250 11.7 46.8 -54.5

level. Very low estimates of target strength for macrozo-
oplankton predicted at frequencies of 120 and 38 kHz,
-101 and -113 dB, respectively (Greenlaw, 1977), mean
that even with biomass density recorded in net samples
up to 123 mg/m3, MVBS is close to the threshold values
of the hydroacoustic system.

During the daytime, two dense SSLs were
recorded at depths from 0 to 300 m: from 0 to 80 and
from 80 to 250 m, respectively (Fig. 3A). The upper
layer was characterized by MVBS values from -72.47
to -54.06 dB (mean -61.11 dB), which corresponded
to biomass densities from 1.17 to 73.65 mg/m?® (mean
15.09 mg/m?). The denser lower layer was characterized
by MVBS values from -66.61 to -42.97 dB (-58.19 dB),
which corresponded to biomass densities from 4.38 to
891.65 mg/m?® (29.10 mg/m?). Control samples showed
that the SSLs consisted mainly of M. branickii: the upper
layer consisted of individuals 6-15 mm long, and the
lower layer consisted of juveniles and males up to
5 mm, as well as females over 15 mm long. Earlier, the
hydroacoustic observations in Barguzinsky Bay of Lake
Baikal showed that daytime aggregations of M. branickii
were recorded at depths from 70 to 120 m (Mel’nik et
al., 1995), which, according to our data, corresponds to
the lower layer of the SSLs (Fig. 3, 4).

At night, the maximum depth of SSLs recording
reached 250-300 m. M. branickii dispersed from the sur-
face to depths of 200-250 m (Fig. 3B). The SSLs density
was uneven with a maximum at a depth of 10-30 m,
which was evidenced by an increase in the MVBS value
from -69.56 to -46.64 dB (-56.35 dB), which corre-
sponded to a biomass density of 2.26 to 390.66 mg/
m?3 (44.01 mg/m?). At depths of 50-200 m, MVBS corre-
sponded to values from -73.49 to -52.07 dB (-64.89 dB),
which corresponds to a biomass density of 0.93 to
115.22 mg/m3 (6.45 mg/m?). As we approached the
shore, the depth decreased, which led to the concentra-
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tion of the SSLs and an increase in density to maximum
values.

The CTD data obtained for each station showed
that the temperature profile was typical for this time
of year (Fig. 4). The section of the vertical profile at a
depth of 40-50 m with a water temperature of 4.0-4.5
°C can be characterized as a thermocline zone in which
the recorded SSLs was located. We assume that in this
water column, following a sharp decrease in tempera-
ture, there is an increase in water density, which is
perceived by planktonic animals as a “solid” boundary
and contributes to the formation of dense clusters. The
SSLs recorded at a depth of 25-50 m, is reflected in the
vertical profiles of chlorophyll-a, and dissolved oxygen,
in the form of local maxima (Fig. 4). In general, a high
concentration of dissolved oxygen in the water at all
depths with an average value within the range from 9
to 14.5 mg/1 is typical for Lake Baikal (Domysheva et
al., 2016).
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Fig.2. The relationship of MVBS and biomass density:
1-5 — stations.
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Horizontal distribution of the SSLs. The rela-
tionship of MVBS and the M. branickii biomass den-
sity obtained in our work MVBS=-73.2+10.2:Log,,\W
(r*=0.75), is close to the regression obtained earlier
(Rudstam et al.,, 1992), MVBS=-66.8+10.9-Log,,W
(r*=0.72), where MVBS is the average volume back-
scattering, W is the biomass density in mg/m3. The dif-
ference in the regression coefficients can be explained
by the differences in the M. branickii biomass density
that we obtained from the net samples. The average
value of the biomass density for daytime stations in our
work is 65.7 mg/m?, and in the work (Rudstam et al.,
1992) - 169.5 mg/m?. The maximum biomass density
also differs; in our work it did not exceed 123 mg/m3,
whereas in the work (Rudstam et al., 1992) there were
values of over 1200 mg/m?. The minimum estimates
of biomass density were comparable and corresponded
to values of 10-20 mg/m?®. Our findings confirm that
the sizes of M. branickii individuals in plankton nets are
consistent with those reported by L.G. Rudstam et al.
(1992).

We used the obtained relationship to estimate the
biomass density distribution in the area of the hydro-
acoustic survey, using acoustic data. The area of the
surveyed water area was 67 km?2, which corresponds
to 16% of the bay area that is of 415 km? deeper than
the 50 m isobath. The MVBS values along individual
tacks were different. For example, over greater depths,
deeper than the 500 m isobath, the MVBS corresponded
to a value of -62.2 dB, which, when converted to the
density of the M. branickii accumulation, was 12.3 mg/
m? (2.9 g/m?). At the stations with the highest MVBS
estimates and based on the results of plankton net, val-
ues of -48.9 dB were recorded, which corresponds to
a aggregation density of 144 mg/m?® (34 g/m?), while
the average MVBS estimate for the surveyed area was
-58.8 dB, i.e. 25.4 mg/m? (5.9 g/m?). Consequently, the
total biomass of M. branickii in the surveyed water area
is 0.39-10%kg.

The distribution of biomass density over the sur-
veyed water area is not uniform. It should be noted,
that aggregations were mainly observed along the 300-
100 m isobaths in the eastern part (Fig. 5A), possibly
caused by the influence of the Barguzin River waters.
In Barguzinsky Bay, the system of currents leads to

on: during the day (A) and at night (B).
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the transfer of river waters from the mouth along the
northern shore, i.e. along the Svyatoy Nos peninsula
(Sorokovikova et al., 2010). However, the temperature
map (Fig. 5B) and CTD probing data (Fig. 4) did not
show the influence of river water.

The obtained data allow us to estimate the bio-
mass of M. branickii for the entire bay. Based on the
average estimate of the biomass density for the sur-
veyed polygon of 25.4 mg/m?® (5.9 g/m?), for the entire
water area of the bay, deeper than the 50 m isobath,
the total biomass of M. branickii is 2.7-10° kg. According
to L.G. Rudstam et al. (1992), it was estimated at
3.7-10% kg, which is 27% more than our estimates.
The differences are explained by the fact that there
were more significant catches in plankton nets, which
means there were larger stocks of M. branickii in 1988
and 1989. M.Yu. Beckman and E.L. Afanasyeva (1977)
make an estimate of the total biomass of M. branickii
of 110-10°% kg (15.7 mg/m? or 3.7 g/m?) for the entire
Lake Baikal, the area of which is 29.746 km? below the
50 m isobath. Extrapolation of these data to the area of
Barguzinsky Bay yields a total biomass value of about
1.53-10° kg, which is less than the estimate obtained in
our work. Thus, our estimate of the total biomass of M.
branickii is reliable, and its low value indicates a lower
abundance and biomass in Barguzinsky Bay compared
to the estimate of L.G. Rudstam et al. (1992). Further
research is required to confirm this.
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Fig.5. Maps of the distribution of the acoustic density of amphipod aggregations at a depth of 0-250 m (A) and surface tem-
perature according to MODIS data (B), isobaths are shown for depths of 50, 100, 200, 500 and 1000 m.

4. Conclusion

M. branickii is a key species of the lake ecosys-
tem, therefore, up-to-date information on its abundance
and biomass, as well as on its distribution and dynam-
ics, is necessary to understand the ecological processes
occurring in Lake Baikal at present. The dependence
of the average volume backscattering strength and the
density of M. branickii was obtained, on the basis of
which its biomass in Barguzinsky Bay was estimated at
2.7-10° kg. The advantage of this integrated approach
is shown, as well as the fundamental possibility of
conducting an areal survey of the distribution of M.
branickii clusters throughout the entire water area of
Lake Baikal, the results of which will further help to
adjust the existing estimates of the abundance and bio-
mass of this species.

The conducted studies show that quantitative
assessments of the M. branickii biomass in Lake Baikal,
using the acoustic method in combination with control
catches using plankton nets will contribute to obtaining
new knowledge on the ecology of animals. In addition,
they will also determine the causes of changes in the
distribution of the Baikal omul in areas of traditional
fishing.
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Poccua

AHHOTALUA. l'ngpoakycTrdeckas cbeMKa paclpeesieHus CKOIIEHUH MakporekTomyca Macrohectopus
branickii (Amphipoda) B Bapry3uHckom 3ajiiBe o3epa Batika BhIIIOJIHEHa BIiepBhie 3a mocsieaaue 30 jeT.
B paboTe 1cnosib30BaH ABYXYACTOTHBIN OJHOJIyYeBOM T'MAPOAKyCTUYeCKHI KOMILIeKC «Oxobalikai».
Bepudukanusa rupoakyCcTUYecKUX AaHHBIX BHIIOJHEHA IO pe3yJibTaTaM CHHXPOHHBIX CETHBIX JIOBOB
IJIAaHKTOHHO!M ceThio J[xOM. [lokaszaHa mpuypoOuYeHHOCTb CKOIUJIEHWII MaKporekTolyca K ydacTKaM
CKJIOHOBOH 30HHI ¢ riryouHaMmu 100-150 m. [TosyyeHa 3aBHCHMOCTD CUJIBL CpeJHero 00beMHOro oopar-
HOI'O paccesAHMA U IUIOTHOCTH MakKporeKTollyca, Ha OCHOBE KOTOpOH ero 6uomacca B BaprysmuHckom

3aJiMBe olleHeHa B 2,7-10° k.

Kiioueanie ciioga: Baiikasn, Macrohectopus branickii, 6uomacca, ruJpoakycTHika

Jlna mutupoBanusa: Makapos M.M., [13106a E.B., 3aiiasikos 11.10., Haymosa E.10. I'mgpoakycTryeckue uccaefoBaHUA MaKpO300-
IIJIaHKTOHA 03. Baiikas // Limnology and Freshwater Biology. 2024. - No6.-C.1491-1502.D0O1:10.31951/2658-3518-2024-A-6-1491

1. BBeaenue

[Menarnveckuii Buj ambunon baiikana — Makpo-
rekronyc Macrohectopus branickii (Dybowsky 1874)
JOMUHUpYeT B dKocucTeMe o3epa (Rudstam et al.,
1992) u sBJsieTCA KOPMOBBIM PECYPCOM PBIO, a Takxe
miekonuTtamomux (Watanabe et al., 2020; JJumopeHKo
u ap., 2020; ITetpos u ap., 2021). M3BecTHO, YTO ILJIaH-
KTOHHbIE XHBOTHbIE MOTYT OOPAa30BHIBATH CKOIIEHHSA
noji AelicTBUEM pa3HOOoOpa3Hbix (aKTOpoB (Temre-
paTypa, OCBeIleHHOCTh, BETPOBOE IEpeMEeNINBAaHUE U
ap.). CMeHa noBeJleHYeCKUX NMATTEPHOB, B YaCTHOCTU
aMIUTUTYAbl MUTPALU, SBJISIETCS OJHUM K3 MeXaHU3-
MOB X aJanTanuyl K OUHAMHUYHOHN cpefe oOWUTaHUA
(Sato and Benoit-Bird, 2019). MakporekTomyc SBJis-
eTCs eAUHCTBEHHBIM IIPeJICTaBUTeIeM MaKpO30O0ILIaH-
KTOHa o3epa Baiikas, oco6u KOTOporo o6pasyoT IJIOT-
HbIe CKOIUIEHUs, COBEPIIAIONIIE aKTUBHBIE MUTDALIVH,
YTO OCJIOXKHSET IPOBEAEeHUE KCCIIeJOBATEIBCKUX U
pecypcHbIX paboT.

300mIaHKTOH 03. Baiikan TpaguIOHHO H3Y-
YaeTcsa ¢ MOMOIIbI0 0TOOpa mpo0b ceTAMHU pa3jIMYHbIX
koHcTpykuuii (KapHayxoB u gap., 2019; Naumova et
al., 2020; Karnaukhov et al., 2021). CoBpeMeHHbIE IHC-
TAHIWOHHBIE METOXBI, BKJIIOYAs THPOAKYCTHUYECKUE,
IIIPOKO NPUMEHSIOTCS B MUpe [JIA UCCIIeNOBAHUN U
MoHHuTOpUHTA pHIO (Brisefio-Avena et al., 2015; Fgre et
al., 2018; Lertvilai, 2020; Mallet et al., 2021; Chacate et
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al., 2024) u pa3TMYHBIX BULOB OECTIO3BOHOYHBIX KUBOT-
geix (Dunn et al., 2022; Lertvilai and Jaffe, 2022; Oh
et al., 2023; Liu and Tang, 2024). T'uapoakycTU4eCKU
MeTO[, B COYeTaHUM C KJIACCUYECKUMHU CeTHBIMU
JioBaMu, NpU3HaH HaJeXHbBIM MHCTPYMEHTOM MOHUTO-
PpHHTra YKCJIEHHOCTU U 61oMacChl MaKpO300ILJIAaHKTOHA
B Gospmux o3epax (Megard et al., 1997; Hembre and
Megard, 2003; Holbrook et al., 2006).

MaxkporeKkTolnyc He TOJIbKO OCHOBHOM KOMIIOHEHT
nuTtaHusA Oaibikasibckoro omyJisa Coregonus migratorius
(Georgi 1775), HO U ero KOHKYpPeHT B MOTpebJeHuun
300IJIAHKTOHA, a, OJylaromapsA BBICOKOHM Ouomacce —
KJII0YeBOe 3B€HO B Tpo(duUeckol ceTH MeJsaruaiu
o3epa. PaHee ObIO MoOka3zaHO, 4TO obuiee morpebJie-
HHMe MaKporeKkTollyca IejlarhYecKuM{ BHUAaMU PBIO
3HAuYMTEJIbHO IIpeBBIIaeT ero npoAaykuuio (MeJsbHUK
u ap., 1995). l'ogoBas mpoAyKIys MaKpOTeKToIyca,
paccunMTaHHas Ha OCHOBE CYTOYHBIX IPUPOCTOB OHO-
maccsl (I1/B koaddunuenTos), cocrasiseT 330 THIC. T,
mpu oO1miell 6romacce 3Toro Buja B o3epe 110 ThiC. T
(bexmaH u AdaHacwseBa, 1977). Ilpeasigymue ucciie-
JI0BaHUA paclipefieJIeHnsA MaKpOreKToIIyca ¢ UCI0JIb30-
BaHNEM I'MAPOAKyCcTH4ecKoro Meroja B baprysunckom
3ayBe o3epa batikan nposojusrch B 1988 1 1989 rr.
(Rudstam et al., 1992; Melnik et al., 1993).

B pesynbraTe cHMXeHUA YHUCJIEHHOCTH Oalikasib-
CcKOro omyJsA, ¢ okTsA6pss 2017 r. ObLT BBedeH 3amper
Ha €ero IPOMBIIUJIEHHBI U JIIOOUTEJIbCKUN BBLJIOB
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(Ilpukas ..., 2017). OgHUM 13 OCHOBHBIX JINMUTHUPY-
I0IUX (PAaKTOPOB, BJUAIIINX HA NPOAYKTUBHOCTH PHIO,
ABJIAETCA TepMHYECKUl PeXHUM BOAHOM TOJIIIH, OIpe-
JeJIAIIUN cocTossHMe KOopMoBo# 6a3pl (CMHPHOB U
ap., 2015). Ilpennonaraercsi, 4TO OAHON W3 MPUYUH
CHIXXEHUS YMCJIEHHOCTH, a TakXe M3MeHeHUH B Xxapak-
Tepe paclipefiesieHnsa 0aiikajIbCKOTO OMYJIS B paiioHax
TpaauloHHOro npoMeicia (CokosoB u Ilerepdenbn,
2018) MoxeT ABIATHCA CHIXeHHe O0MoMacchl MaKpo-
300IJIAHKTOHA. JTO MOKa3ajio aKTyaJbHOCTh PasBUTUA
METOJI0B KOJIMYEeCTBEHHOI'O0 ydyeTa U HeoOXOOUMOCTb
OLIeHKU pecypcoB Makporekromyca. Llenp wucciaemo-
BaHUA: INOJIydyeHHe 3aBHUCHMOCTU CHJIBI CpeAHero
00BeMHOr0 O0paTHOI'O paccesHUs U IJIOTHOCTU OHO-
Macchl MaKpOreKToIyca AjA OLeHKH ero 3alacoB B
BaprysuHckoM 3asuBe o3epa batikai.

2. MaTepuanbl U MeTOADI

PaboTel npoBOAMIIN B aKBaTOPUHU BaprysmuHckoro
3anuBa o3epa balikan Ha JiokaJIbHOM ydYacTKe ILJIOIIA-
apo 67 km? (Puc. 1). T'MOpoakyCTHYECKYIO CBEMKY
BHINOJIHATIA € OopTa HayyHO HCCJIeJOBATEeIbCKOIO
cygHa «I'.10. Bepemarun» 13-14 asrycra 2021 r. npu
IIOMOIIM TUAPOAKYCTHMYECKOro KOMIUIeKca «IJXO-
Barikan» (Makarov et al., 2020). O06m@as OpOTKeEH-
HOCTh aKyCTHMYeCKHX rajicoB cocTaBuia 158 kM, us
KOTOPHIX B IHEBHOE BpeMsA — 76 KM, a B HOUHOe — 82 KM.
Komniiekc HacTpauBajid Ha JBYXYaCTOTHBIM PpexXUM
paboTHL cO ceAyIIUMHU MapaMeTpaMu: YacToTa 30H-
aupymomero curHana 28 u 200 xI'l, AJUTESIBHOCTD
nMnyasca 1,0 mc, mopor uHTerpupoBaHus -86 Ab.
I'mgpoakycTryeckre aHTeHHBI paclojiarajy Ha BBIHOC-
HoOI mrtanre 1o jesoMy 6opty HUC, Ha riy6une 1,5 M B
o0TekaeMOM cTaJIbHOM Kopimyce. KanubpoBky ruapoa-
KyCTU4€eCKOro KOMILJIeKca BBIIIOJIHAN [0 CTaHAapTHOMN
Metoauke (Simrad, 2003) mpu oMoy MeIHON cdheph
AuaMeTpoM 60 MM ¢ pacuyeTHBIM 3HaueHHeM CHJIbI eJii
(TS) na yacrote 200 kI'y paBHBIM -33,61 Ab.

I'mgpoakyctuueckre OaHHBle oOpabaTbiBaju B
nporpaMmMHoM kKoMiutekce EchoView (Myriax Software,
Australia). Beprukasp fenuiu Ha 6 TOPU30HTAJIBHBIX
CJIOEeB, MCKJII0Yas akyCTU4ecKue [OMeXU OT IOBepx-
HOCTH Y AHa o3epa. CUrHajJ MHTErpUpPOBaJld KaXXble
500 M mpoliieHHOH AUCTAHIWU, YTO SKBUBAJIEHTHO
3,2 MUH IIpY CKOPOCTH CyJHa 5 y3yi0B. Takum obpasom
[OoJIyYai BeJIMUYHMHY cpeJHero o0beMHOro o0paTHOIo
paccesHuA Ui KaXJ0ro MHTepBajla MHTerpUpOBaHUA,
nanee — MVBS (anri. Mean volume backscattering
strengths). VcxonHble akycTHUUecKue NaHHBE KOppeK-
TUPOBaJIM, WCIOJb3ysA MONPaBKU Ha MOTEPI0 SHepruu
3a cYeT pacnpocTpaHeHUA U 3aTyXaHUA 3ByKa, ocjied-
HUe PacCUYUTHIBAJIM B COOTBETCTBUHU C KO3(PPUIIIEHTOM
MOTJIOIEeHUA AJ1 Kaxkaon yacToThl (28 u 200 kI'l), Tak
’Ke YUYUTBIBAJIM TeMmnepaTypy Boabl. Iloporu uHTerpu-
POBaHMA HCIOJIb30BAJIM [JIA UCKJII0YEHUsA OYeHb HU3-
KHUX 3Ha4YeHU CHUJIbl 00beMHOI0 00paTHOI'O paccesHus,
B CJIyvasX, Korja HecCMOTpsA Ha Hajluue pacceuBare-
Jel, oHU ObUTH OJIN3KU K BHYTPEeHHEMY MUHUMYMY
TUpOaKyCTUYeCKON cucTeMbl. MakcuMmasbHble 3Ha-
yenuss MVBS nns obiacreii 6e3 3ByKOpacCenBaoIUx
ciioeB (3PC) mpuMeHAIU B KaueCTBe IIOPOTOBLIX 3Haye-
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Puc.1. PaiioH npoBeieHUs T'MAPOAKyCTUYECKUX HCCJIe-
JoBaHuil: 1-5 — crannuu or6opa npob, —— ruApoaKycTuie-
CKUe TaJICHl, M300aThl yKa3zaHsl [yia riryous 50, 100, 200, 500
u 1000 m.

HUI, ¥ TOJIbKO 3HaUYeHWA BhIIIe UCI0JIb30BaJIU B IIOCJIe-
aylomeM aHanusde. M3 o0JsacTu 5XOHMHTErpHpOBaHUA
yaasanu ¢pparMeHTHl ¢ BEICOKMMY 3HaueHuAMu MVBS,
BbI3BaHHBIE paccesHUeM OT puib. [[jid aToro aHaiImusu-
poBaJi JaHHBIe HU3KOYACTOTHOrO KaHaja 3X0JIoTa
(28 xT'y), Ha KOTOPOM CHUTHAJIBl OT PHIO BBIIEAINCH
OoTYeTJINBO (Halpumep, cpegHue oieHku TS nuis Gaii-
KaJIbCKOr0 OMYJIA HaxoJATCA B OuUanasoHe 3Ha4eHUN
oT -43 mo -34 nb). ®parMeHTH TUAPOAKYCTUYECKON
3alMCcl B KOTOPHIX HOEHTHUOUIMPOBAIN OTHebHBIX
oco0ell 1 CKOILJIeHNA PBI0 NCKIII0YaIN U3 JabHelIero
aHasusa.

Ha xaxmoil craHIUM BBINOJIHAJMU BepTHUKAaJIb-
Hoe rufpodusndeckoe npodpunrposanre CTD 3o0Hg0M
Rinko AQQ-177 (fAmonus) mo ray6unst 100 M. JJaHHBIE
0 TeMIlepaType BOAbl Ha IOBepXHOCTHM 14 aBrycra
2021 r. moJsiy4asny npu NOMOIIU CIIyTHUKOBOU CHCTEMBI
MODIS (Tabnuua). OgHOBpeMeHHO € THApOaKycTuye-
CKOUI CheMKOI 0TOupasiu Mpobbl MaKpO30O0IJIAHKTOHA
(Tabnura). IIpu oTrb6ope npob HCNOJIb30BATIA 3aKPHIBa-
romyloca cetb [pkOM ¢ guameTpoM BXOJHOI'O OTBep-
ctua 82 cMm U pasMepoM AYer QUIBTPYIOLIEro CUTa
160 mxM. TouHOe MO3UITMOHUPOBaHNE PabOTHl CETH IO
ryOrHe onpenesisaiyd C IOMOIIbI0 NPUKPEIJIEHHOIO K
Hell nmorpyxHoro 30oHAa RBR Duet (Kananma). CeTHble
IIpoOBI cOOMpasIu Ha IATH CTAaHIMAX: JHEM — 4 1 HOYbIO
-1, B gByX cinosax 0-100 u 100-300 m. ITocrne pukcanyu
4% ¢popmasiHOM, 0cobell MaKpOTeKTOoIyca MOICUUTHI-
BaJIM, U3MepsUIM AJIMHY TeJla U ONpeleJiAid MOJIOBYIO
[IpUHAAJIeXHOCTh. Mi3aMepeHHy10 AJIVMHY TeJjla UCIOJIb30-
BaJIM AJIA pacyeTa 6oMacchl B COOTBETCTBHUM C perpec-
cvel IMHBL 1 Macchl W= 0,047-L%%°, kak u B pabotax
(Rudstam et al., 1992; Melnik et al., 1993).

Pe3ysibTaThl CETHBIX JIOBOB C Pa3HBIX IJIyOUH AJIA
Kax oM CTaHLIUM OObeANHSAIN AJIA N0JIyYeHUA AOMOJI-
HUTEJIbHBIX MHTerpajbHbIX 3HaUeHU! IJIOTHOCTU OHO-
Macchl MaKporeKkTolyca oT MaKCUMaJIbHBIX TJIyOuH A0
oBepxHOCTU. Bcero nosiyuninu 15 3HaueHUH IIJIOTHO-
cTH OmoMacchl MakporeKkTolyca [Jia palioHa Imapoa-
KycTuuyeckoil cbeMku (Tabiuia: UHTerpajbHble 3Haue-
HUA BbI/IeJIeHbl XXUPHBIM HIpUPTOM).
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Ta6suna. CpaBHeHNe JaHHBIX CeTHBIX JIOBOB, TAPO(GU3NYECKUX ITapaMEeTPOB U aKyCTUYeCKUX n3MepeHuii B bapry3uHckoMm

3aiuBe 13-14.08.2021 r.

Homep | Temmepatypa Bpemsa [Iiy6una go| Isry6unma Buomacca MVBS,
CTaHIUM | MOBEPXHOCTHU CyTOK JOHa, M 06J10Ba, M nb
BOabI, C /D i

04:35 343 0-55 4,36 79,3 -55,8

1 14,3 04:50 343 55-165 15,9 144,6 -48,9
0-165 20,3 122,9 -50,1

12:30 625 0-85 2,87 33,8 -58,3

2 15,2 12:45 600 85-250 4,38 26,6 -59,8
0-250 7,25 29,0 -59,3

8:20 835 0-100 2,01 20,1 -59,4

3 15,4 8:50 935 100-300 10,4 52,0 -58,3
0-300 12,4 41,4 -58,6

9:42 454 0-85 8,69 102,3 -52,2

4 16,3 9:55 466 85-220 14,1 104,5 -53,2
0-220 22,8 103,6 -52,8

11:30 459 0-85 1,43 16,8 -57,0

5 17,3 11:40 462 85-250 10,3 62,3 -53,8
0-250 11,7 46,8 -54,5

Jlna oueHku cooTHomeHusAa MVBS c daxtuue-
CKOHM TIUIOTHOCTBIO OMOMAacChl MaKpOTeKTOITyca aHa-
Jau3npoBany 3HadeHusA MVBS B ¢j0sAX, B KOTOPBIX
MPOBOAWUINA OTOOp MPOO CceThio. 3HAUYEHUA MJIOTHOCTHU
nepecyuTaHHOEe K KyOWM4eCKOMY METPY COMOCTaBJLAIN
co 3HaueHreM MVBS B TOuKax CeTHBIX JIOBOB. B gaiib-
Helmel paboTe HCIOJIb30BaJIM IOJIy4eHHOE COOTHO-
menne MVBS=-73,18+10,24:Log, W (r* =0,75), tne
MVBS - cpegHee o6beMHOe obpaTHOe paccesHue, W —
IUIOTHOCTH B Mr/m° (Puc. 2).

3. Pe3aynbTaTthbl U 06Cy)KAeHHME

BepmukaibHoe pacnpedesieHue 3PC. B xome
TUIPOAKYCTUYECKON CHEMKHU TJIOTHHIE 3BYKOPACCEU-
Baromue cjou 01 06HapyxeHbl Ha yactoTe 200 I,
Ha uacrtote 28 kI'if 3PC He perucTpupoBajuch, JUOO
HaXOJIWJIMCh HA ypoBHe myMa. O4eHb HU3KHE OI[eHKU
CUJIBI IeJIN JJIA MaKpPO30OIUIAaHKTOHA, MpeJicka3aHHbIe
Ha vactoTax 120 u 38 kI'u, -101 u -113 gb cooTBeTt-
ctBeHHO (Greenlaw, 1977), o3HauaiT, YTO AaxXe IpU
IUIOTHOCTH GMOMACCHl 3aperuCTPUPOBAHHON B CETHBIX
npob6ax 0 123 mr/m® MVBS 6113K0 K IOPOTOBBIM 3Ha-
YeHUAM TMPOaKyCTUUYEeCKOU CUCTEMBEI.

B nueBHOe BpeMs Ha riyouHax ot 0 1o 300 m
OBLJIO 3aperucTpupoBaHo nBa IUIOTHBIX 3PC: ot 0
1o 80 u ot 80 o 250 M, cooTBeTcTBeHHO (Puc. 3A).
BepxHuil cjioii xapakrepusoBasics 3HaueHusaMu MVBS
ot -72,47 no -54,06 nb (cpenHee 3HaveHue -61,11 nb),
YTO COOTBETCTBOBAJIO IIOTHOCTHU Omomacchl oT 1,17
no 73,65 mr/m® (cpenHee 3Hauenwe 15,09 wmr/md).
BoJtee MJIOTHBIN HIKHUI CJIOM XapaKTepHU30BaJIiCs 3Ha-
yenusaMu MVBS ot -66,61 no -42,97 nb (-58,19 nBb),
YTO COOTBETCTBOBAJIO IIJIOTHOCTH Omomacchl ot 4,38
no 891,65 mr/m® (29,10 mr/m3). KOHTpPOJIbHEIE JIOBBI

MVBS, dB

nokasasny, yTo 3PC coCTOsAIM B OCHOBHOM U3 MaKpOTeK-
TOITyCca: BEPXHUH CJIOU — U3 0cobel IJIMHON 6-15 MM,
a HIKHUN — U3 MOJIOJU M CaMIIOB [0 5 MM, a Takxe
caMoK AJMHOHN OoJiee 15 MM. PaHee ruppoakycTude-
ckue HaOmoAeHus B baprysnHckoM 3ajivBe [TOKa3ail,
YTO JJHEBHBIE CKOIJIEHU MaKpOreKToIlyca 3aperucTpu-
poBaHsl Ha rirybuHax ot 70 go 120 m (MeJsipHUK U Ap.,
1995), yTo MO HAMIUM JAHHBIM COOTBETCTBYET HIX-
Hemy cJioto 3PC (Puc. 3, 4).

B HOYHOe BpeM: MakcruMaJsibHasA IJIyOMHa peru-
crpauuu 3PC pocrturana 250-300 m. MakporekTomyc
paccpefoTOYNBaICA OT MOBEPXHOCTU A0 IuryouH 200-
250 m (Puc. 3B). IlnotHoCcTh 3PC Gbly1a HEpAaBHOMEPHOM
¢ MakcuMyMmoM Ha riybuse 10-30 m, 06 sTOM cBUAe-
TEJIbCTBOBAJIO yBeandeHue 3HaueHus MVBS ot -69,56
1o -46,64 b (-56,35 gB), 4TO COOTBETCTBOBAJIO IIJIOTHO-
ctu 6uomMacchi ot 2,26 1o 390,66 mr/m2 (44,01 mr/m3).
Ha riy6unax 50-200 M MVBS coOTBeTCTBOBaJI 3Haye-

MnoTHocTb Bromacchbl, mr/m3 100

10

Puc.2. CoorHomeHue MVBS U IUIOTHOCTH OHMOMAacChI
Makporekronyca: 1-5 — craHuuu.
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Puc.3. 3xorpamma pacrnpefenenus 3PC: quem (A) u Houbio (B).
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HUAM ot -73,49 fo -52,07 ab (-64,89 nb), uTo cOOTBET-
CTBYET IJIOTHOCTU Gmomaccer ot 0,93 g0 115,22 mr/m3
(6,45 mr/m®). Ilpu npubmkeHuu K Oepery, riiy6uHa
yYMeHbIIaJIach, YTO MIPUBOAUIIO K KOHIleHTpanuu 3PC u
YBeJIMUEeHUI0 IUIOTHOCTU 10 MaKCHMaJIbHBIX 3HaYeHU.

[losyyenHble AJiA KaXOOH CTaHIUMU [JaHHbIE
sonaupoBaHus CTD mnokasasny, YTO TeMIepaTypHBIH
npodusib OB XapaKTepHBIM [JIA 3TOr0 BpeMEHU roja
(Puc. 4). YuacTox BepTHUKaJbHOro Inpoduis Ha IJIy-
6une 40-50 M c TemnepaTypoii BoAsl 4,0-4,5 °C, MOXHO
OXapakTepu30BaTh KaK 30HY TepMOKJIMHAa B KOTOPOH
pacmnoJarascs 3apeructpupoBanHbiil 3PC. Mul npearno-
jlaraeM, 4TO B 3TOI 30He 3a Pe3KHUM CHIKEeHUEeM TeM-
neparyphl, IPOUCXOAUT yBejnudeHre IIJIOTHOCTU BOJBL,
KOTOpOe BOCIIPUHMMAaeTCs IJITaHKTOHHBIMU )KUBOTHBIMU
KaK «TBepJas» IpaHulla U crocobcTByeT popMupoBa-
HUIO UMM IUIOTHBIX CKOIUJIEHUH. 3aperucTpupOoBaHHBIN
Ha riybuHe 25-50 M 3PC, HaXoOuT CBOe OTpa)keHusd
Ha BepTUKAJIbHBIX NpodUIAX xJopodpuisia-a U KHUC-
Jopoja, B BUJe JIOKaJdbHbIX MakcumyMmoB (Puc. 4). B
1[eJIOM BBICOKAs KOHIIEHTpalWsA KHCJIOpOoJa B BoJle Ha
Bcex IJTyOMHax co CpeJHUM 3HaueHNeM B Auama3oHe OT
9 no 14,5 mr/n xapakrepHa Ajia batikana (JJoMeinieBa

u 1p., 2016).
TI'opuzonmasnvHoe pacnpedesieHue 3PC.
[lomyyenHoe B  Hamel paboTe COOTHOIIEHUE

MVBS u nnotHoctu Ouomaccel MaKporeKkToIyca
MVBS=-73,2+10,2"Log,,W (r*=0,75), 06au3Ko K
perpeccuu, mosyueHHou paHee (Rudstam et al., 1992),
MVBS=-66,8+10,9Log, W (r’=0,72), tne MVBS -
cpeqHee oObeMHOe oOpaTHoe paccesnue, W — mjoT-
HOCTb GHMOMAacChl MaKporekTomyca B Mr/m°. Pasiuuue
K03(pPULINEeHTOB perpeccuyd MOXHO OOBACHUTh pas-
JIMYUAMU B NOJIyYeHHOU HaMU IJIOTHOCTH GHOMacChl
MaKporekToIyca o ceTHHIM npo6am. CpeAHee 3Haue-
HUe IUIOTHOCTU 61oMacchl MakporekTomnyca A JHeB-
HBIX CTAHIWI B Hallel paboTe cocTaBisAeT 65,7 Mr/m3,
a B pabore (Rudstam et al., 1992) - 169,5 mr/m3. Tak xe
OTJIMYAIOTCA U MaKCUMaJslbHas IIJIOTHOCTh OOMAacchl, B
Hale paboTe OoHa He mpeBbimana 123 mr/m3, Torma
kak B pabore (Rudstam et al., 1992) npucyTcTBOBau
sHaueHusa 6ostee 1200 mr/m3. MUHUMAaJIbHBIE OL[EHKUA
IJIOTHOCTY GrioMacchl ObUIM COIOCTABUMBI M COOTBET-
cTBoBaIM 3HauveHusAM 10-20 mr/m®. B Hameir pabote
pa3Mepsl ocobeli MaKpOTreKToIlyca B CEeTHBIX Ipobax He

() BHMGAL |

- 325

- 350

OTJIMYAJINCh OT UX pa3MepoB B paborte L.G. Rudstam c
coasTopamu (1992).

Ha ocHOBe 10JIly4eHHOTO COOTHOIIEHUS, TIO
aKyCTHYeCKUM JAaHHBIM MbI OLIEHWJIM paclpejesieHne
IUIOTHOCTH GuOMacchl B paliOHe NPOBeNeHUs THJPO-
aKycTthueckon cwemku. Ilmomaap o6ciieqoBaHHON
aKBaTOpUM COCTaBUJA 67 KM% 4YTO COOTBETCTBYET
16% ot mromaay 3aymBa 415 kM2 riy6xe n“306aThI
50 m. 3HaueHus MVBS BO0JIb OTAEJIbHBIX IaJICOB ObLINU
pasnuuHel. Hanpumep, Hajg OoJibmMMHU TJTyO6uHaMU,
riaybxe 500 MmeTrpoBoil usobaTtel, MVBS cOOTBETCTBO-
BaJI 3HaueHUIo -62,2 aB, 4TO B nepecyeTe Ha MJIOTHOCTh
CKOILJTEHUSI MaKpOreKTomyca coctaBuio 12,3 mr/m®
(2,9 r/m?). Ha cTaHnuAX ¢ MAaKCUMAaJIbHBIMU OLIEHKAMU
MVBS u 1o pesyJsibTaTaM CETHBIX JIOBOB, PErUCTPUPO-
BaJIMCh 3HaueHusA -48,9 nb, 4TO COOTBETCTBYyeT IJIOT-
HOCTH CKOIUIEHUs Makporektomyca 144 mr/m° (34 r/
M2), IpU 3TOM CcpefHsAsa oleHka MVBS mis obciemye-
MO IUIomanau cocrasmia -58,8 nb, To ects 25,4 mr/
M2 (5,9 r/m2). CriemoBaTesibHO, CyMMapHas Guomacca
MakporekTornyca Ha o00cJieJOBaHHONM aKBaTOPUU
cocrasset 0,39-10° kr.

PacnpeniesieHue MJIOTHOCTHM OWOMACCH! MO ILJIO-
maau obcjieJOBaHHON aKBaTOPMU He paBHOMEPHO.
HyXHO OTMeTUTb, 4YTO B OCHOBHOM CKOILIEHUsI HaOJIIo-
nanuch Baosib n3otat 300-100 M B BOCTOYHOM 4YacTU
(Puc. 5A), BO3MOXHO 3TO CBSI3aHO C BJIMAHUEM BOJI P.
Baprysun. B Bapry3suHckoMm 3aimBe cucTeMa Te4eHUH
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Puc.4. BeprukasnbHble npodunu TeMepaTyphl, XJIOpO-
(¢usta-a ¥ pacTBOPEHHOIO KHCJIOPOAA.
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Puc.5. KapTsl pacrnpefesneHUs: akyCTUYECKON TIJIOTHOCTH CKOIUIeHUH ambunon Ha riiyouHe 0-250 M (A) ¥ MOBepXHOCTHOM
Temmepartypsl o gaHnHeIM MODIS (B), nzo6aTsl ykasaHsl is riryous 50, 100, 200, 500 u 1000 M.

MPUBOJUT K IEPEHOCY BOJ PEKU OT YCThs BJIOJIb CEBep-
Horo Gepera, To ecTb BJI0JIb IIOJIyocTpoBa CBATOH HOC
(CopokoBukosa u ap., 2010). OgHako Ha TeMmnepaTyp-
Hoi kapTe (Puc. 5B) u mo qaaueiv CTD 30HaMpOBaHusA
(Puc. 4) BIUSHUA PEYHBIX BOJI HE MPOCJIEXUBAJIOCS.

[TosryueHHBIE JAaHHBIE TIO3BOJISAIOT OLIEHUTH OMO-
Maccy MaKporeKkTomyca JiJisi Bcero 3aimBa. Mcxomsa us
CpeJlHEel OLEHKHU IJIOTHOCTU OGroMacchl AJjig o6cyieso-
BaHHOro mnoJjmrona 25,4 mr/m® (5,9 r/m?), nya Bcen
akBaTOpuUu 3ayBa, riyoxkxe 50 M m3006aTh, o0mas
6uoMacca Makporekromyca cocraepiyser 2,7-10° kr. B
pabore L.G. Rudstam c coaBropamu (1992) ona ore-
HeHa B 3,7-10° kr, uTo GoJsiblle Ha 27% MOJTyYEHHOM
Hamu. Paznuuus o0bACHAIOTCA 00Jiee 3HAYMMBIMU YJI0-
BaMU B IUIAaHKTOHHBIX CETAX, TO €CTh (paKTUUeCKU 00JIb-
MMM 3amacaMu Makporekromyca B 1988 n 1989 r. B
pabote M.IO. Bexman u 3.JI. AdanacrseBoti (1977) npu-
BOJUTCA OIleHKa oO0Iell 6romMacchl MakporeKTomyca B
110-10° kr (15,7 mr/m® unu 3,7 T/m2), IS BCero o3epa
Batikas, Iiomanb KOTOPOTO coOcTaBiisieT 29746 km?
riryoxe 50 M M300aThl. DKCTPANOJIANUA 3TUX AAHHBIX
Ha IUIOm[@ap Bapry3wHCKOro 3ajiMBa JaeT 3HAUYeHUe
obmeii 6momMaccel okosio 1,53:10° kr, 4YTO MeHbIie
OLIeHKU IT0JIyuyeHHO! B Harmlell paboTe. TakuM o6pa3om,
MoJIyYeHHasA HaMU OIleHKa obieii 6rnoMacchl MaKpo-
reKTOIyca, JOCTOBEPHA, a ee HU3KOe 3HaueHUe CBU-
JEeTeJIbCTBYeT O MEHbIIeH YHCJIEHHOCTH U Gromacchl
MakporekToryca B Bapry3mHcKkoM 3aJjiviBe 1O CpaBHe-
HUI0 ¢ oneHKoi L.G. Rudstam c coaBTopamu (1992),
4yTO TpeOyeT TOMOJIHUTEIbHBIX UCCJIENOBAHNI.

4. 3aknioueHue

MaxkporekTonyc ABJIAETCA KJIIOYEBBIM BHUIOM
SKOCHUCTEMBI 03€pa, I03TOMY AKTyaJIbHbIE CBEAEHUA O
ero YncJIEHHOCTU U OruoMacce, a TakXe 0 pacupejesie-
HUU U AVWHAMUKU HeOoOXOJUMBI AJiA MOHUMAaHUA 3KO-
JIOTUYEeCKUX MPOIeccoB, MPOUCXOANMX Ha Balikaie B
Hacrosmee BpeMs. [TosydeHa 3aBUCUMOCTD CHJIBI CPeJ-
HEro o0beMHOro OOpaTHOr0 pacCesHUsA U MJIOTHOCTU
MaKpOreKToIlyca, Ha OCHOBe KOTOpPOI ero 6uomacca B
Bapry3uHckoM 3ayuBe oljeHeHa B 2,7-10° kr. [TokazaHo
NpEeUMYIIECTBO [aHHOTO KOMIIJIEKCHOIO IIOAXOAa,
a Takxe IpUHIMINNAJbHAs1 BO3MOXHOCTb IIpOBeje-
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HUA IUIOMIAAHON CBhEMKH paclipefiejieHusA CKOIIeHUN
MaKporekToIyca [0 Bcell akBaTopuu osepa barikai,
pe3yJibTaThl KOTOPOIi, B IepCleKTUBe, IIOMOI'YT CKOp-
PeKTHpOBaTh CYILIECTBYIOLMEe OLIeHKU YMCJIEHHOCTU U
OuromMaccel 3TOro BUjA.

BrinosiHeHHBIE KcCIeOBaHUSA [IOKA3bIBAIOT, YTO
KOJIM4eCTBEHHble OLleHKH OroMacchl MaKporeKToIyca
B o3epe Baiikas akycTUuecKuM MeTOAOM B COBOKYIIHO-
CTH C KOHTPOJIBHBIMU JIOBaMM [LITAHKTOHHBIMU CETAMU
OyayT crmocoOCTBOBATH IMOJIYYEHUI0 HOBBIX 3HAHUU 00
9KOJIOTUM XUBOTHBIX. Kpome 3TOro, oHM MOryT OBITH
[10J1Ie3HBI IPU BBIACHEHUY [IPUYMH M3MeHeHUH B Xxapak-
Tepe pacrpejiesieHuss 6aliKaabCKOro OMYJis B paliloHax
TPaJULOHHOT0 IIPOMEICJIA.
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