ISSN 2413-5577, Ecological Safety of Coastal and Shelf Zones of Sea, 2025, No. 2, pp. 135-148.

Original paper

The Abundance and Distribution
of Individual Bacterial Groups
in Coastal Waters of the Kamchatka Peninsula

K. M. Zaripova ' *, E. A. Demidova2, E. A. Tikhonova !,
N. V. Burdiyan !, Yu. V. Doroshenko !, E. D. Basova*

' A. O. Kovalevsky Institute of Biology of the Southern Seas of Russian Academy
of Sciences, Sevastopol, Russian Federation

2 Moscow Institute of Physics and Technology, Dolgoprudny, Russian Federation

3 Institute of Oil and Gas Problems of the Russian Academy of Sciences, Moscow,

Russian Federation

* e-mail: zaripova_km@jibss-ras.ru

Abstract

The paper presents the results of microbiological study in the coastal waters of the northwest-
ern Pacific Ocean and the Sea of Okhotsk, obtained during the expedition of cruise 23/4 of
PV Professor Multanovsky (August—September 2023) within the Floating University Pro-
gram. Quantitative characteristics and spatial distribution of bacteria transforming major
classes of organic compounds, including petroleum hydrocarbons (diesel fuel), lipids, and
phenols, in the surface and bottom layers of the water column were determined. The abun-
dance of heterotrophic bacteria in the surface and bottom layers ranged from 103 to 10°
cells/mL. The abundance of hydrocarbon-oxidizing bacteria ranged from 1 to
10? cells/mL in the surface layer and from 1 to 10 cells/mL in the bottom layer. The abun-
dance of lipolytic bacteria varied from 10 to 10* cells/mL in both layers. The phenol-oxidiz-
ing bacterial group ranged in abundance values from 1 to 10? cells/mL in both the surface
and bottom layers. The investigated bacterial groups exhibited non-uniform distribution in
the coastal waters of the Kamchatka Peninsula. Maximum values are associated with the an-
thropogenically loaded Avacha Bay, exploited bays, and sites of active river runoff. During
the study period, the water temperature of the surface layer ranged from 11.0 to 16.1°C, and
the bottom layer ranged from 1.3 to 11.3°C. The pH values in surface water varied from 8.38
to 8.49. The depth at the bottom water sampling stations was from 13.5 to 780 m in the Pacific
Ocean and from 26 to 62 m in the Sea of Okhotsk. No significant correlation was found
between the abundance of identified microbial groups and the recorded physical and chemi-
cal parameters.
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AHHOTAIMA

[IpencraBneHsl pe3ynbTaThl MUKPOOHOJIIOTHYECKHUX UCCIIeIOBAaHUN TPUOPEKHON aKBaTOPHH
ceBepo-3anaaHoi yacTu Tuxoro okeana u OXOTCKOTO MOpsI, TIOJyYEHHBIE B X0JI€ 3KCIIE/IU-
un petica 23/4 TIC «IIpodeccop MymnpraHOBCKHi» (aBrycT — ceHTs0ps 2023 T.) B paMKax
nporpammbl «[lmaByunii yHuUBepcuTeT». OmpeneneHsl KOINIeCTBEHHBIE XapaKTEePUCTHKU
1 M3Y4YCHO MPOCTPAHCTBEHHOE pacmpeielieHne 0akTepuid, TpaHCHOPMHUPYIOIINX OCHOBHEIE
KJIaCChl OPraHUYECKUX COCMHEHHH, BKIIIOYas YIIIeBOIOPOAbI HeTH (IU3eIbHOE TOILUIUBO),
TUNAARL U PEHONBI B TOBEPXHOCTHOM W MPUIOHHOM CJIOSIX BOXHOW TONIIH. UHMCICHHOCTH
reTepoTpOHBIX GAKTEPUI B 3THX CNOsAX Bapbuposana oT 103 go 10° kn/mi. YucneHHOCTH
YIJIEBOIOPOIOKUCIISIIOMINX GaKTepHii cocTapysia oT 1 10 10? Ki1/MJI B TOBEPXHOCTHOM CJIOE
n ot 1 o 10 xi/Mit — B npugOHHOM. UUCICHHOCTD JIMIOJIUTHYECKUX OaKTepuil M3MeHsIach
ot 10 10 10° k11/MJ1 B 060HX 04X, @ (PEHOTOKHUCIIAIONIEH rPyIIIbl 6akTepHil Koaebanach oT 1
10 10% xkn/mit. UccnieioBaHHbIE TPYTINbI GAKTEPHUIA PACTIPEIEIEHBI B IPHOPEXKHON aKBATOPHH
n-oBa Kamyarka HepaBHOMepHO. MaKkcHMallbHbIE TTOKa3aTesi ObUTH 3a(MKCHPOBAHbI B aH-
TPOTIOr€HHO Harpy>KeHHOW aKkBaTOPHH ABaYMHCKOHN I'yObl, SKCIUTyaTHPYEeMBIX OyXTax U Me-
CTax aKTUBHOTO PEYHOTO CTOKAa. B paccMaTpmBaeMblil IEpHO]] TEMIIEpPaTypa BOJBI IOBEPX-
HOCTHOTO CJ10s1 u3MeHsach ot 11.0 mo 16.1 °C, mpumonHoro cios — ot 1.6 mo 11.3 °C. 3Ha-
YeHHS BOAOPOJHOTO ITOKAa3aTelsl B BOAE MOBEPXHOCTHOTO TOPH30HTA KOJIeOaINCh B AMAIIa-
30He oT 8.38 mo 8.49. I'myOmHa Ha cTaHIUAX OTOOpa MPUIAOHHOW BOIBI BapbHpOBaja
ot 13.5 no 780 m B Tuxom okeaHe u oT 26 10 62 M B OXOTCKOM MOpe. 3HAYUMBIX KOppe-
JIAITUOHHBIX cBsI3eH MEKIY YHUCIICHHOCTBIO OMNPCACIIAEMbBIX I'PYIIIT MUKPOOPTAaHU3MOB U YKa-
3aHHBIMH (PM3UKO-XMMUYECKHMU ITapaMeTpaMH BhISBJICHO HE OBLIO.

KuaioueBsle ciioBa: rereporpodHbie OakTeprH, IpUOPEKHBIE BObI, NOIyocTpoB KamuaTka,
ABauuHckuii 3amuB, OX0TCKOE MOpE
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Jisi muTupoBaHusi: YuCIEeHHOCTh W paclipelie]ieHre OTACIbHBIX TPYNI OaKTEepHil B BOJE
npuOpexHO# akBaTopuu moayoctpora Kamuarka / K. M. 3apunoga [u ap.] // Dxonornaeckas
06e30macHOCTh NpHOPEKHON M menbhoBoi 30H Mops. 2025. Ne 2. C. 135-148.
EDN VUFBCX.

Introduction

Coastal marine waters represent a contact zone where land and sea pollutant
fluxes are mixed. Furthermore, these bodies of water are frequently subject to inten-
sive economic activities. A variety of organic substances are introduced into marine
ecosystems, thereby becoming a significant and permanent environmental factor.
These substances are then degraded by microorganisms [1]. Hydrocarbons are the
most prevalent organic pollutants in ecosystems [2, 3]. Petroleum hydrocarbons and
phenols play a substantial role in the contamination of the marine waters surrounding
Kamchatka V.

When water bodies are polluted, increases in populations of individual bacterial
groups are often observed before changes in water chemistry can be detected. There-
fore, microbiological methods can be significantly more sensitive than sanitary-
chemical ones [4]. Thus, we consider the number of hydrocarbon-oxidizing bacteria
(HOB) as indicators of water pollution by hydrocarbons, the number of phenol-oxi-
dizing bacteria (POB) — by phenol, the number of lipolytic bacteria (LLB) — by lipid
substances [5]. In consideration of the fact that diesel-fuelled ships are moored in the
study area ? and that fuel transportation and bunkering of ships are in constant oper-
ation [6, 7], one of the common types of hydrocarbon raw materials, namely diesel
fuel, was selected as the sole source of carbon and energy for HOB.

Studies aimed at monitoring pollution levels and assessing the quality of natural
waters pay special attention to the heterotrophic component of microbial communi-
ties. This component plays a key role in the energy balance of aquatic ecosystems
and in the self-purification of water bodies.

1) Ministry of Natural Resources and Environment of the Kamchatka Krai, 2023. [4 Report on the State
of the Environment in the Kamchatka Krai in 2022]. 418 p. (in Russian).

2) Kasperovich, E.V., 2011. [Technogenic Influence of Marine Vessels on the State of Near-Kamchatka
Ecosystems]. Extended Abstract of PhD Thesis. Petropavlovsk-Kamchatsky, 25 p. (in Russian).
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In the coastal waters of East Kamchatka and the Sea of Okhotsk, the microbial
indication method was previously used for operational characterisation of the water
pollution degree (the number of heterotrophic microorganisms, including some
physiological groups such as HOB and POB) in the surface water layer in the area
of Avacha Bay, in the coastal water areas of Sakhalin and in the water area of the port
of Magadan in 2001 [8]. Furthermore, in 1997-1999, microbiological studies were
conducted in Avacha Bay and in the vicinity of the north-eastern coast of Sakhalin
Island (as well as in the northern Primorye region and in the Peter the Great Gulf).
Heterotrophic microorganisms from the surface and bottom water layers were stud-
ied, though within the context of evaluating the ecological status of water bodies
subject to elevated levels of heavy metal pollution [9, 10]. In 2004-2006, the abun-
dance of heterotrophic bacteria (HB), E. coli bacteria, HOB and LLB was investi-
gated in the coastal waters of southern Sakhalin Island ?. In 2015, a study was con-
ducted in Avacha Bay to ascertain the number of saprophytic microorganisms in
marine water and other sanitary and microbiological indicators by determining the
relevant measurements at six stations in different seasons [11]. In 2021, HOB were
studied as indicators of watercourse pollution in the city of Petropavlovsk-Kam-
chatsky [12]. It can be concluded that studies of the abundance of heterotrophic
microorganisms of different ecological and trophic groups were mainly episodic. Fur-
thermore, the studies were localized in Avacha Bay, within the area of coastal waters
of the Kamchatka Peninsula, while other areas were insufficiently investigated. The
2022 report on the state of the environment in Kamchatka Krai contains information
on marine pollution in only two areas: Avacha Bay and Khalaktyrsky Beach V.

The work aims to reveal the peculiarities of the distribution of different bac-
terial indicator groups in the southeastern and southwestern coastal waters of
the Kamchatka Peninsula in summer and autumn period.

Materials and methods

The studies were carried out in the summer and autumn period of 2023 dur-
ing the cruise of PV Professor Multanovsky in the northwestern Pacific Ocean and
the Sea of Okhotsk (Fig. 1, Table 1).

Sampling stations are linked to areas of potentially high anthropogenic impact:
they are located in bays, in the marine mouths of large rivers and in pre-estuary
areas with settlements, agricultural and industrial facilities in their catchment ar-
eas (Fig. 1). Thus, stations /-3 are located in Avacha Bay, including directly
at the mouth of the Avacha River, station 4 — in the strait connecting Avacha Bay to
the ocean, station /5 — a few kilometres from the bay’s outlet. Stations 6—8 are lo-
cated near Khalaktyrsky Beach — next to the mouth of Nalycheva River where “red
tides” were recorded in 2020 [13, 14]; station /2 —near the mouths of the Vakhil and
Ostrovnaya rivers; station24 — in the water area of Vilyuchinskaya Bay

9 Repina (Smirnova), M.A., 2009. [Petroleum- and Hydrocarbon-Oxidizing Microorganisms of
Coastal Waters of the Southern Sakhalin Island]. Extended Abstract of PhD Thesis. Vladivostok:
FEFU, 22 p. (in Russian).
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Fig. 1. Map of sampling points in the coastal zone of the Kamchatka
Peninsula, 2023

where the Vilyucha and Zhirovaya rivers flow into; station 30 was carried out
in Russkaya Bay; station 35 — in Listvennichnaya Bay where the river of the same
name flows into; station 56 — near the mouths of the Lysaya and Krivaya rivers;
station 70 — around the mouth of the Ozernaya River near the settlement of
Ozernovskiy.

Water samples were taken from the surface layer using a bathometer, while
bottom water was taken directly from a box corer.

HB, HOB, LLB, POB abundance was determined in surface and bottom water
layers. No inoculation was carried out for samples from the surface layer at sta-
tion 28, from the bottom layer at station 7 (and at station /5 for LLB and POB).
Bacterial abundance was determined by the method of limiting dilutions using
liquid nutrient media. Peptone medium was used for HB ¥, Voroshilova—Dianova
medium — for HOB and LLB [15], modified Kalabina medium — for POB [16]. As
the sole carbon and energy source, 1% sterile diesel fuel was added to each tube after
inoculation for HOB and 1% sterile vegetable oil for LLB. The salinity of seawater
was taken into account when preparing the media. The most probable number of
microorganisms per unit volume was calculated using the McCredie table based on
the method of variation statistics. Samples were processed no later than two hours
from the time of collection .

4 Mironov, O.G., ed., 1988. [Biological Aspects of Oil Pollution of the Marine Environment). Kiev:
Naukova Dumka, 248 p. (in Russian).

3 Netrusov, A.lL, ed., 2005. [Practical Course of Microbiology]. Moscow: Akademiya, 608 p.
(in Russian).
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Table 1. Numbers, coordinates and depths of sampling stations
on cruise 23/4 of PV Professor Multanovsky

:ﬁ?:g; Latitude, N Longitude, E Depth, m
1 52°59.53’ 158° 32.42' 25.0
2 53°00.79' 158°35.61' 22.0
3 52°59.30 158°31.62’ 26.0
4 52°49.63' 158° 42.48' 59.0
6 53°08.08’ 159° 14.30’ 15.0
7 53°08.16’ 159° 14.76¢' 15.0
8 53°08.34' 159° 15.43’ 13.6

12 53°09.64 159° 26.02’ 24.0
15 52° 44,53’ 158° 46.80’ 780.0
24 52°37.52 158°26.95' 14.0
28 52° 3341 158° 41.42' 119.0
30 52° 24.65' 158°26.16' 26.0
35 52°20.94' 158°31.61' 31.0
52 51°02.34' 156° 33.73' 33.0
56 51°07.49' 156° 28.44' 62.0
63 51°36.75' 156° 25.30’ 26.0
70 51°30.38’ 156° 20.24' 57.0

To profile coastal waters as microbial habitat, temperature and salinity in the sur-
face and bottom layers were recorded using a CTD probe (CTD Sea-bird SBE 911plus)
and pH values in the surface water layer were determined using a pH meter
(FireSting-PRO).

The map of sampling points was constructed in QGIS 3.34.11 software using an
OpenStreetMap basemap.

Results and discussion

During the study period, surface water temperature at stations /—35 in the north-
western Pacific Ocean varied from 11.0 to 15.7°C, bottom water temperature ranged
from 1.6 to 11.3°C. Water salinity ranged from 26.8 to 30.8 PSU in the surface layer
and from 31.2 to 34.1 PSU in the bottom layer. Bottom water sampling depths ranged
from 13.6 to 780 m (Tables 1, 2).

In the Sea of Okhotsk, at sampling stations 52—70, surface water temperature
varied from 7.8 to 12.1°C and bottom water temperature ranged from 3.6 to 6.7°C.
Recorded water salinity in the surface layer varied between 31.9 and 32.5 PSU and
in the bottom layer between 32.5 and 32.9 PSU. Bottom water sampling depths
ranged from 26 to 62 m (Tables 1, 2).
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Table 2. Temperature and salinity in the surface and bottom water
layers at sampling stations

Station Surface layer Bottom layer

number t,°C S, PSU t,°C S, PSU
1 14.40 27.48 4.05 31,70
2 14.53 27.97 3.57 31.95
3 14.30 26.83 4.04 31.95
4 11.04 30.43 2.13 32.93
6 15.30 29.66 9.80 31.49
7 14.70 30.03 9.07 31.50
8 15.00 29.54 11.32 31.15
12 15.57 29.66 5.40 32.28
15 15.73 29.86 3.58 34.11
24 13.31 30.50 8.70 31.60
28 14.40 30.80 1.60 33.05
30 12.77 30.18 3.99 32.67
35 13.90 30.16 3.61 32.71
52 7.80 32.55 6.70 32.50
56 10.20 32.46 4.23 32.87
63 12.05 32.01 6.56 32.63
70 11.47 31.87 3.57 32.94

Organic matter-degrading bacteria were detected in all water samples from both
layers (Fig. 2). HB abundance in both surface and bottom layers varies from 10° to
10° cells/mL. No statistically significant differences between the bacterial abun-
dance values in these two layers were observed. Based on the HB abundance we
determined, according to state standard GOST 17.1.2.04-77, 75% of water samples
from the northwestern Pacific Ocean are classified as oligo- and beta-meso-
saprobic waters. Exceptions are samples from the surface layer at stations 8, 24 and
30 and from the bottom layer at stations 30 and 35: water from these samples
belongs to polysaprobic, i. e. to “dirty” water according to the organic pollution de-
gree. In the Sea of Okhotsk, water samples taken from the surface layer (from the
bottom layer at station 52) are classified as polysaprobic (state standard GOST
17.1.2.04-77) based on the number of heterotrophic microorganisms. High HB abun-
dance indicates water pollution with organic substances and high degree of adapta-
tion of microorganisms to destruction of these substances.
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Fig. 2. Abundance of heterotrophic bacteria in the surface and
bottom layers of the water column at the studied stations

Station & is located near the mouth of the Nalycheva River (the largest catch-
ment area among the rivers of the Avacha group of volcanoes) and probably falls
within the high turbidity contour of the river turbidity plume [17]. Higher HB abun-
dance in the surface layer compared to the bottom layer at station 8 can indicate the
input of organic matter with river runoff.

Stations 24, 30 and 35 are located in bays with high recreational value, which
are often visited by tourists travelling by water transport, resulting in a certain an-
thropogenic load. Furthermore, these bays contain the mouths of minor rivers, which
can serve as a source of organic matter input to the water areas under study.

HOB were isolated in 100% of samples. The abundance of hydrocarbon-ox-
idizing bacteria in seawater at most stations is 10 cells/mL in samples from
the surface layer. The exceptions are station 3 (in Avacha Bay) and station 35
(in Listvennichnaya Bay) on

he Pacific coast of southeastern Kamchatka: at these stations, their abundance
reaches 100 cells/mL in the surface layer and 1 cell/mL at stations /5 and 24. The
highest concentrations of dissolved hydrocarbons in Avacha Bay are regularly rec-
orded in areas where ships are moored, ship repair plants and transport enterprises
discharge wastewater. At the same time, tidal and surge currents contribute to the
spread of petroleum hydrocarbons over the entire water area of the bay [18]. It should
be noted that in May 2022, a discharge of oil products was detected near the pier of
Okeanrybflot JSC (15 tons of oil products fell into the bay). During the spill, high
concentrations of petroleum hydrocarbons were observed in the surface layer of the
bay (at the level of 22-38 MPC, up to 1.7 mg/L), but six months after the spill
clean-up, the content of hydrocarbons in the water in the accident area decreased
2.5 times [18].

142 Ecological Safety of Coastal and Shelf Zones of Sea. No. 2. 2025



107

14 M
1 2 E] 4 6 7 & 12 15 24 28 30 35 52 56 63 70
Station number

Abundance, cells/mL
=
o

@ Surface layer m Bottom layer

Fig. 3. Abundance of hydrocarbon-oxidizing bacteria in the sur-
face and bottom layers of the water column at the studied stations

The abundance of HOB in the bottom layer at most stations is also 10 cells/mL
but minimum single values were recorded at stations 28, 30, 52, 56 and 70
(Fig. 3).

No statistically significant differences between the bacterial abundance values
in the surface and bottom layers of the marine water were recorded.

Oil hydrocarbons and phenols make the greatest contribution to the pollution of
near-Kamchatka waters. It is noteworthy that, according to Kamchatka Hydromete-
orological Service, the mean content of petroleum products in the water of 22 rivers
of the peninsula from 2019 to 2022 decreased more than eight times and in 2022,
the exceedance of MPC was approximately two times. In Kamchatka marine
coastal waters — in Avacha Bay and in the coastal part of the gulf (Khalaktyrsky
Beach area) — the mean content of dissolved petroleum hydrocarbons decreased from
about 2 MPC in 2019 to 0.3 MPC in 2022 but in isolated cases, elevated values were
observed in Avacha Bay ".

POB were isolated in 87.5% of samples from the surface layer. At most stations,
their abundance was 10 cells/mL, at stations 7 and § (Khalaktyrsky Beach area, at dif-
ferent distances from the mouth of the Nalycheva River) and at station 30 in Russ-
kaya Bay (Fig. 4) it reached 100 cells/mL and at stations / and 24 it was 1 cell/mL.

POB were isolated in 93.3% of samples from the bottom layer. At most stations,
their abundance was 10 cells/mL, at station 6 (Khalaktyrsky Beach area) and at sta-
tion 30 in Russkaya Bay (Fig. 4) it reached 100 cells/mL and at stations 3, 52 and 70
it was 1 cell/mL.

No statistically significant differences between the POB abundance in the sur-
face and bottom layers were recorded.

Over the five-year (2018-2022) observation period of Kamchatka Hydrometeo-
rological Service, the mean annual amount of phenols in coastal marine waters
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Fig. 4. Abundance of phenol-oxidizing bacteria in the sur-
face and bottom layers of the water column at the studied sta-
tions

decreased from 2 to 0.3 MPC. Concurrently, phenol is a principal pollutant contam-
inating the river network of the peninsula. Its mean content in the river water re-
mained at a level of 5-6 MPC from 2019 to 2022 V.

LLB were isolated in 100% of samples. The abundance of bacteria capable of
lipid oxidation varied greatly from 1 to 1000 cells/mL in water samples from both
surface and bottom layers (Fig. 5).

In the surface layer, the maximum abundance value (1000 cells/mL) was observed
at stations 3 u 70, the minimum one (1 cell/mL) was at station 63. In the bottom
layer, the maximum value (1000 cells/mL) was recorded at station 63, the minimum
one (1 cell/mL) was at station 70.

No statistically significant differences between the LLB abundance in the sur-
face and bottom layers were recorded. The correlation coefficient between the abun-
dance of HOB and LLB is 0.4 (P = 0.05), which corresponds to a weak positive
correlation. It is important to note that lipids can be formed during the process of oil
biodegradation.

The abundance of microorganisms in seawater is determined by a number of
factors, including temperature, salinity, depth, etc. The data on water temperature
obtained during the study correspond to optimal conditions for the development of
psychrophilic and psychrotrophic microorganisms. The findings of the study indicate
that the values of the water hydrogen index in the designated area are conducive to
the existence of HOB [19].

No significant correlations were found between the abundance of the studied
microorganism groups and values of such indicators as surface and bottom water
temperature, salinity and depth.
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Fig. 5. Abundance of lipolytic bacteria in the surface and bot-
tom layers of the water column at the studied stations

The obtained HB abundance is comparable to the data for the coastal waters of
Sakhalin Island in 2004-2006: the summer range of fluctuations in the average abun-
dance of heterotrophic microorganisms was from 6-10° cells/mL (the settlement of
Prigorodnoye) to 45-107 cells/mL (the port of Korsakov). In summer, the waters
of the ports of Kholmsk and Korsakov as well as Lososey Bay corresponded to the
category “very dirty” and the waters of the other stations — “dirty”. Sakhalin coastal
waters represent an area with multiple sources of oil pollution of both anthropogenic
and natural origin: in summer, the share of HOB in the total number of heterotrophs
here ranged from 60% (the village of Okhotskoye) to 80% (the village of
Zolotorybnoye) ¥, which is several times higher than the HOB quantitative charac-
teristics we obtained (see Fig. 3). It is also noted that the values of the absolute abun-
dance of planktonic heterotrophic colony-forming microorganisms were previously
studied in water samples collected from Avacha Bay in July 1999: their abundance
was from 1.63-10* £ 0 cells/mL in Turpanka Bay to 7.98-10° + 0.83-10° cells/mL in
Rakovaya Bay [9].

Conclusions

The study characterised the spatial distribution and quantitative characteristics
of various organic-oxidising bacteria in the surface and bottom water layers near the
southeastern and southwestern coasts of the Kamchatka Peninsula in August—Sep-
tember 2023. The abundance of all investigated groups of bacteria fluctuated within
wide limits and was unevenly distributed in the peninsula coastal waters. The maxi-
mum values were recorded in the anthropogenically loaded water area of Avacha
Bay, in occupied bays and places of active river runoff. Local high abundance of HB
indicates both pollution of waters with organic substances and high potential of wa-
ters for self-purification.
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The studied physiological groups of bacteria exhibited no significant differences

in abundance in the surface and bottom layers. No significant correlations were iden-
tified between the abundance of bacteria of different groups and such parameters as
salinity, temperature and depth.
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