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Northeast Asia is a vast region encompassing diverse natural and climatic zones, from arctic tundra to taiga, with
much of it located within permafrost. This study of the regional diatom communities helped identify a number of im-
portant patterns and assess processes associated with past global climate change, as well as current climate trends and
anthropogenic impacts. Protected Areas serve as natural laboratories for studying the response of biota to geographic
and climatic conditions. Diatoms have long been recognised by experts as reliable bioindicators of the environment.
However, such research in the regional Protected Areas remains insufficient. The main goal of our study was to as-
sess the resilience of diatom communities across a broad gradient of geographical and climatic factors in Northeast
Asia, using Protected Areas with the best-studied diatom floras as an example. Our studies were conducted in the
Olyokma State Nature Reserve (Russia) as a model area in 2011 and 2024. Using scanning electron microscopy, we
have increased the diatom species list of the Olyokma State Nature Reserve by 269 species. At most stations within
the Olyokma State Nature Reserve, genera such as Pinnularia, Eunotia, and Gomphonema predominate in terms of
the number of taxa; representatives of these three genera clearly play a key role in the studied flora. The intraspecific
variability index Subspecies/Species for the water bodies of the Olyokma State Nature Reserve ranged from 1.00 to
1.06. Overall, 66% of diatom species in Olyokma State Nature Reserve are classified in one or more threat catego-
ries by IUCN; five diatom species are in the «Critically Endangered» category. Bioindication and statistical meth-
ods showed that the waters of the Olyokma State Nature Reserve correspond to natural water properties. Indicator
characteristics demonstrate a significant response of diatom species composition to changes in salinity and pH. For a
comparative analysis of our results, we selected 11 most well-studied diatom floras in Protected Areas of Northeast
Asia using the Willis criteria. Comparative analysis revealed an increase in the number of taxa in coastal areas, which
may be related to the ecotone effect occurring at the interface between continental and marine habitats. In Protected
Areas without permafrost, with a milder climate and a longer open-water period, increased intraspecific variability
and a specific number of species per unit area were observed. Patterns in the spatial distribution of diatoms were
identified in 12 Protected Areas. Geography and the associated permafrost-climate interface play a significant role in
shaping diatom communities in Protected Areas. The study is important for developing a framework for monitoring
biodiversity in Protected Areas and climate change in the region.
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DIATOMS OF PROTECTED AREAS OF NORTHEAST ASIA AS INDICATORS

Introduction

Protected Areas are the basis of the surviving
biosphere and serve as wildlife benchmarks against
which to assess the scale of anthropogenic changes.
Studying the Bacillariophyta diversity in Protected
Areas is important not only for microflora inventory
but also for ecology and conservation. Diatoms, as
single-celled organisms that provide about a quar-
ter of global primary production (Field et al., 1998;
Tréguer et al., 2018), are an important component of
continental aquatic ecosystems and ideal «sensors»
of environmental health. Protected Areas serve as
natural laboratories, where ecosystems develop with
minimal anthropogenic impact. Studying of diatoms
here allows us to establish background water qual-

ity indicators (Cantonati & Spitale, 2009). Analysis
of diatom communities in Protected Areas helps to
establish reference communities unaffected by an-
thropogenic impact. Many rare, endemic diatom
or stenobiont species survive only in pristine wa-
ter bodies of Protected Areas, which act as refugia.
This has been demonstrated in the case of isolated
high-altitude lakes, which have proven to be criti-
cal habitats for Red List diatom species (Ossyssek et
al., 2022). Diatoms are extremely sensitive to water
temperature and pH. Due to their short life cycle,
they respond to climate change faster than other
aquatic organisms (fish, vascular plants). In Pro-
tected Areas, where there is no direct pollution, the
«noise» of anthropogenic factors is cut off, which


https://orcid.org/0000-0002-1656-4383
https://orcid.org/0000-0001-9915-2503
https://orcid.org/0000-0001-6475-4029
https://orcid.org/0009-0008-3230-737X
https://orcid.org/0000-0001-5910-8372

Nature Conservation Research. 3anoseonasn nayxa 2026. 11(3)

https://dx.doi.org/10.24189/ncr.2026.022

makes it possible to see the net response of the biota
to warming (Smol & Stoermer, 2010). Diatoms pro-
vide important ecosystem services; this was demon-
strated by the example of how the structure of dia-
tom communities in pristine locations ensures the
stability of the entire aquatic ecosystem (Soininen,
2007). The study of diatoms in Protected Areas is
the basis for the creation of databases for organising
environmental monitoring, allowing us to evaluate
the effectiveness of conservation measures, and also
predict the consequences of climate change for the
region’s water resources.

Northeast Asia can be called the planet’s «cli-
mate pendulum», where microalgal communities
respond to the slightest changes in temperature and
hydrochemistry. The region spans from the taiga to
the Arctic tundra. The permafrost zone has a great
impact on the stability of Northeast Asia’s diatom
communities. Permafrost degradation releases
large quantities of organic matter and microele-
ments into the water. The duration of ice cover is a
critical factor. Warming leads to an earlier breakup
of water bodies and an extended open water period,
which inevitably impacts biodiversity and leads to
biological invasions. The continental gradient and
the proximity of specific habitats to the ocean coast
can significantly influence aquatic communities
within this region, contributing to the formation
of ecotone zones and changing the importance of
stenobionts (Barinova et al., 2023).

Studies of diatom communities in the region
across a spatial gradient of climatic parameters and
water chemistry have shown that water conductivity
is the best indicator of environmental conditions, and
a qualitative leap, or «turnovery, i.e. a sharp change
in community composition, occurs at the boundary
of the forest-tundra and northern taiga (Pestryakova,
2008; Pestryakova et al., 2018). It was found that
communities in lakes in the tundra zone are less
diversified and more sensitive to warming. Palaeo-
ecological studies have allowed us to establish the
response of diatoms to glaciation and Holocene
warming, and to determine how diatom communi-
ties have changed in response to modern warming
since the beginning of the XX century (Biskaborn
et al., 2023). The resilience of planktonic and ben-
thic species to extreme Arctic ice conditions over
a million years was assessed (Snyder et al., 2013).
Current trends and anthropogenic influence on the
community structure of the region are illustrated by
the example of Lake Khamra, where a sharp shift
occurred after 1970: planktonic species (Discostella
stelligera (Cleve & Grunow) Houk & Klee) began

to displace the common species of the genus Au-
lacoseira due to changes in the timing of ice melt
(Stieg et al., 2025). Using the isotopic composition
of diatom valves, researchers have been able to as-
sess changes in precipitation and water balance in
the region (Stieg et al., 2024).

Researchers have found that diatom communi-
ties in Northeast Asia exhibit a high «memory» of
environmental changes. Although they are adapted
to extremely low temperatures, current global
warming is causing a process of «homogenisationy
where unique arctic-alpine species are gradually
being replaced by more common temperate spe-
cies (Seastedt & Oldfather, 2021). However, bio-
indication studies of diatom communities across
a gradient of geographical and climatic factors in
Protected Areas across the vast region of Northeast
Asia are still lacking.

The study of the diatom flora of Olyokma State
Nature Reserve, which can be used as a model site,
has so far been conducted only using light micros-
copy; there have been no studies using an electron mi-
croscope before our research. Moreover, only plank-
tonic diatom communities have been studied, while
periphyton communities have remained unexplored.
The first algological material within the Olyokma
State Nature Reserve was obtained by researchers on
the River Olyokma and River Amga during the open
water period from 1992 to 1995 (Vasilyeva et al.,
1996, 1997, 1998; Rozhkova, 1996, 2001). In 2011,
we obtained data on planktonic algae of the River
Olyokma, on its section within the Olyokma State
Nature Reserve (Gabyshev & Gabysheva, 2013).
Based on the totality of these studies, 195 species
and varieties were identified in the diatom flora of
the Protected Area. The aim of our study was to ob-
tain new data on the diatom flora of Olyokma State
Nature Reserve and to assess the stability of diatom
communities in a wide gradient of geographical and
climatic factors of Northeast Asia using the example
of 12 of the best-studied floras of Protected Areas.

Material and Methods

Description of the study area

The Olyokma State Nature Reserve is situated
in Northeast Asia, in a zone of continuous perma-
frost, within the middle taiga subzone (Fig. 1). The
climate is sharply continental, with significant an-
nual temperature fluctuations. Minimal January
temperatures are -60°C, maximal July tempera-
tures are +34°C (Izyumenko, 1968). Stable snow
cover lasts approximately 200 days. The open wa-
ter period lasts 134 days.
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Fig. 1. Study area of Olyokma State Nature Reserve (a), with numbers of sampling stations. Designations: 1 — Mouth of River
Tas-Haiko; 2 — Lake 7; 3 — Lake Podskalnoye; 4 — River Olyokma above the mouth of River Oryus-Miele; 5 — Mouth of River
Oryus-Miele; 6 — River Olyokma below mouth of River Oryus-Miele; 7 — River Olyokma above mouth of River Krestyakh;
8 — Mouth of River Krestyakh; 9 — River Olyokma below mouth of River Krestyakh; 10 — Lake 4; 11 — Lake 3; 12 — Lake 1;
13 — Lake 2; 14 — River Olyokma; 15 — Lake Bolshoy Sordonokh; 16 — Pool 1; 17 — Swamp 1; 18 — Lake 5; 19 — Stream 1; 20
— Stream 2; 21 — Lake Mundunda. Northeast Asian Protected Areas and permafrost extent in Russia (b), including continuous
(1), discontinuous (2), sporadic (3) permafrost. In the upper left corner is the map of Russia, where red dot indicates the
Olyokma State Nature Reserve. Name codes of Protected Areas: Ze — Zeya State Nature Reserve; La — Lazovsky State
Nature Reserve; SA — Sikhote-Alin State Nature Reserve; Bo — Botchinsky State Nature Reserve; BH — Bolshekhekhtsirsky
State Nature Reserve; Ba — Bastak State Nature Reserve; Ko — Komsomolsky State Nature Reserve; No — Nora State Nature
Reserve; BT — State Nature Sanctuary Bolshoye Toko; Ol — Olyokma State Nature Reserve; El — State Nature Sanctuary

Elgygytgyn Lake; LD — Lena Delta State Nature Reserve.

The hydrographic network of Olyokma State
Nature Reserve is a part of the River Lena basin
and includes tributaries of the River Olyokma and
the upper part of the River Amga basin. There are
no large lakes, but there are numerous small wa-
ter bodies, represented mostly by oxbow lakes lo-
cated in river valleys.

Sampling

Sampling was carried out in the Olyokma State
Nature Reserve from 30.06.2011 to 1.07.2011 and
from 12.08.2024 to 18.08.2024. We surveyed
various water bodies located in the River Oly-
okma floodplain on 21 stations, including several
small oxbow lakes, a swamp, a pool on a salt lick,
streams, and the River Olyokma itself (Table 1).
Lake 5, Swamp 1, Stream 2, Pool 1, Lake Mund-
unda, and Lake Bolshoy Sordonokh are located
within the buffer zone of the Protected Area; the
remaining water bodies are located within its
boundaries (Fig. 1a). The River Olyokma flows

for 130 km through the Olyokma State Nature
Reserve, and upstream, several mining operations
are located on its banks. The selection of sampling
sites along the River Olyokma channel, includ-
ing the river course and its floodplain water bod-
ies that connect with it during flood periods, was
motivated by the need to assess the impact of an-
thropogenic factors on the aquatic ecosystems of
the Protected Area. In addition, we used data ob-
tained between 1992 and 1995 on the River Oly-
okma and River Amga sections located within the
boundaries of Olyokma State Nature Reserve (sta-
tions 22, 23) (Vasilyeva et al., 1996, 1997, 1998;
Rozhkova, 1996, 2001). Station numbers are or-
dered by increasing latitude (Table 1).

A total of 24 samples were collected, including
plankton, biofilms, moss extracts, and stone scrap-
ings (Table 1) in accordance with the methods gen-
erally accepted in algology (Abakumov, 1983). An
Apstein net (SEFAR NITEX fabric, mesh size 15
um) (Sefar Holding AG, Thal, Switzerland) was
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used to collect plankton and moss extracts. Bio-
film was removed from the surface of the lake silt
with a spatula, and stone scrapings were washed
off with a brush. All samples were fixed with neu-
tral formaldehyde solution and transported to the
lab for analysis.

Northeast Asia is a vast region with diverse
natural and climatic conditions, as well as vary-
ing degrees of anthropogenic impact on aquatic

ecosystems, most of which are situated in the per-
mafrost zone. Our study used data from 11 other
Northeast Asian Protected Areas (NAPAs), which
diatom flora has been best studied (Fig. 1b, Table
2). These NAPAs include areas in the Northeast
part of Eurasia that are located on the meridional
direction from south to north both within the per-
mafrost zone (including continuous, discontinu-
ous, and sporadic permafrost) and beyond.

Table 1. Information on the type of samples and sampling locations in the Olyokma State Nature Reserve in 1992—-1995, 2011, and 2024

Station Name of water body Sampling date Number and type Altitude, m a.s.l.| Latitude, °N | Longitude, °E
number of sample

1 River Mouth of Tas-Haiko 30.06.2011 1 220 58.17449 121.61271
2 Lake 7 17.08.2024 2 236 58.50153 121.62024
3 Lake Podskalnoye 17.08.2024 3,3b 199 58.59180 121.50616
4 River Olyokma above the mouth of River Oryus-Miele | 01.07.2011 4 199 58.59583 121.50170
5 Mouth of River Oryus-Miele 01.07.2011 5 195 58.60170 121.49432
6 River Olyokma below mouth of River Oryus-Miele 01.07.2011 6 194 58.61239 121.49639
7 River Olyokma above mouth of River Krestyakh 01.07.2011 7 180 58.92738 121.67821
8 Mouth of River Krestyakh 01.07.2011 8 175 58.92814 121.68592
9 River Olyokma below mouth of River Krestyakh 01.07.2011 9 215 58.93161 121.69260
10 |Lake 4 13.08.2024 10 169 59.03040 121.76072
11 Lake 3 13.08.2024 11, 11b 170 59.03211 121.75743
12 Lake 1 12.08.2024 12, 12b 165 59.03387 121.78001
13 Lake 2 12.08.2024 13 164 59.03545 121.78547
14 |River Olyokma 18.08.2024 14b 165 59.03722 121.77220
15 Lake Bolshoy Sordonokh 16.08.2024 15 168 59.07370 121.81822
16  |Pool 1 16.08.2024 16b 168 59.07783 121.80769
17 Swamp 1 14.08.2024 17b 155 59.18480 121.76170
18 Lake 5 14.08.2024 18 155 59.18483 121.75874
19 Stream 1 14.08.2024 19b 200 59.19830 121.78297
20 Stream 2 14.08.2024 20b 157 59.21868 121.69631
21 Lake Mundunda 14.08.2024 21 162 59.21925 121.70235
22 River Olyokma (averaged data for 1992-1995) n/a n/a n/a n/a n/a
23 River Amga (averaged data for 1992-1995) n/a n/a n/a n/a n/a

Note: Sample type: number without letter index is a plankton sample, number and «b» index is a periphyton sample. «n/a» — data are not available.

Table 2. Data on Northeast Asian Protected Areas

Tiig;e Names of Protected Areas Administrative district | Latitude, °N | Longitude, °E References

Ze |Zeya State Nature Reserve Amur Region 53.96278 127.37250 |Medvedeva (2010a)

La |Lazovsky State Nature Reserve Primorsky Krai 43.23333 133.40000 |Goncharov et al. (2002), Medvedeva (2005)

SA |[Sikhote-Alin State Nature Reserve Primorsky Krai 45.03333 136.33333 |Medvedeva (2001, 2016)

Bo |Botchinsky State Nature Reserve Khabarovsky Krai 48.13639 139.22111 |Medvedeva (2015)

BH |[Bolshekhekhtsirsky State Nature Reserve Khabarovsky Krai 48.20500 134.85889 |Medvedeva (2019)
Medvedeva & Savateev (2007), Savateev

Ba |Bastak State Nature Reserve Jewish Autonomous Okrug| 48.94361 133.12028 |(2008), Savateev & Medvedeva (2008),
Medvedeva (2024)

Ko [Komsomolsky State Nature Reserve Khabarovsky Krai 50.81000 137.71917 |Barinova & Medvedeva (1989)

No [Nora State Nature Reserve Amur Region 52.50111 130.29250 |Medvedeva (2010b)

BT |State Nature Sanctuary Bolshoye Toko Yakutia 56.26667 130.53333 [Barinova et al. (2025¢)
Vasilyeva et al. (1996, 1997, 1998),

Ol |Olyokma State Nature Reserve Yakutia 58.65611 122.25778 |Rozhkova (1996, 2001), Gabyshev &
Gabysheva (2013), and present research

El |State Nature Sanctuary Elgygytgyn Lake Chukotka 67.50000 172.00000 |Kharitonov & Genkal (2012)

LD |Lena Delta State Nature Reserve Yakutia 73.18111 125.31583 |Barinova et al. (2023)
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Diatom analysis

Diatom valves were freed from organic matter
by cold combustion (Balonov, 1975). The suspen-
sion of cleaned valves was applied to a stage and
dried at room temperature. Specimen preparation
was carried out by sputter gold, using an Eiko IB
3 ion coater (Eiko Engineering, Ltd.; Hitachinaka,
Japan). The material was examined under a JSM-
6510LV scanning electron microscope (JEOL Ltd.;
Tokyo, Japan). The preparations are stored in the
collection of Sergey I. Genkal (Institute of Biology
of Inland Waters of RAS, Russia). Algal abundance
was assessed using a six-point frequency scale (Ba-
rinova, 2017a). For taxonomic identification of dia-
toms, reference books and individual articles were
used (Krammer & Lange-Bertalot, 1986, 1988,
1991a,b; Lange-Bertalot & Moser, 1994; Kram-
mer, 1997a,b, 2000, 2002, 2003; Lange-Bertalot &
Genkal, 1999a,b; Reichardt, 1999; Lange-Bertalot,
2001; Werum & Lange-Bertalot, 2004; Levkov,
2009; Genkal et al., 2011; Lange-Bertalot et al.,
2011, 2017; Kharitonov & Genkal, 2012; Levkov
etal., 2013, 2016; Kulikovskiy et al., 2016; Beauger
et al., 2022). Names of taxa were adopted in accor-
dance with algaebase.org (Guiry & Guiry, 2026).
Threatened species are designated based on the dis-
tribution data of well-studied diatoms in Central Eu-
rope (Hofmann et al., 2018) in comparison with the
TUCN criteria (IUCN, 2012).

Data analysis

Data on the physicochemical composition of
the water of the studied water bodies, used in the sta-
tistical analysis of this study, have been published
previously by Gabysheva & Gabyshev (2023) and
Barinova et al. (2025a) and represented in Elec-
tronic Supplement 1. Bioclimatic variables for sta-
tistical analysis were obtained from the worldclim.
org portal (Fick & Hijmans, 2017; Zomer et al.,
2022) and include data about precipitation, water
temperature, wind speed and solar radiation in the
mentioned geographical co-ordinates. The source
of composite Dynamic Habitat Indices (DHI)
based on the MODIS (Moderate Resolution Im-
aging Spectroradiometer) collection, also used in
the statistical analysis, is the portal Spatial Analy-
sis for Conservation and Sustainability by SILVIS
LAB (Myneni et al., 2015).

For analysis of the completeness of diatom
floras in NAPAs, we examined three classes of spe-
cies — area relationship (SAR) models: (i) log-log
models following the Arrhenius-Wilson-MacArthur
formulation (Arrhenius, 1921; MacArthur & Wil-

son, 1963); (i1) semi-log models of the Gleason type
(Gleason, 1922); and (iii) «direct models» describ-
ing the dependence of species richness on area with-
out logarithmic transformation. For each class, we
considered both a basic formulation, with NAPAs
area as the sole predictor, and climatically extended
versions, in which area was combined with an addi-
tional climate-related factor (Barinova et al., 2025b).

Bioindicator analysis was performed according
to Barinova (2017b) with species-specific ecologi-
cal preferences of revealed taxa (Barinova, 2025).
The saprobity index S was calculated on the data
and equation represented in Barinova (2025). Sta-
tistical maps were constructed with Statistica 12.0
program (StatSoft, USA). The network analysis in
JASP (significant only) and correlation analysis was
done on the botnet package in R Statistica package
(Love et al., 2019). The BioDiversity Pro 2.0 pro-
gram was used for Index Shannon H’ and similarity
calculation (McAleece et al., 1997). For the calcula-
tion of the average values of the species per genus
index, the genus index and the species index was
performed using Microsoft Excel.

The diatom flora of the Olyokma State Nature
Reserve was shown to be relatively rich (Electronic
Supplement 2), allowing us to analyse the degree
of its endemism and clarify questions regarding
threatened species. Research devoted to the study of
diatom species under threat in Russia is currently
scarce (e.g. Geltman, 2018a,b; Degteva et al., 2021).
We used a well-established and regularly updated
resource, Germany’s Red Data Book of diatom spe-
cies (Hofmann et al., 2018), as a basis for identify-
ing potentially endangered species in the Olyokma
State Nature Reserve.

Results

Taxonomic analysis of diatom community in
the Olyokma State Nature Reserve

Using electron microscopy, a considerable di-
versity of diatoms (329 taxa; Electronic Supplement
2; Fig. 2) was identified for the first time in water
bodies of the Olyokma State Nature Reserve in
communities of 21 sampling stations (Fig. 1). This
allowed us to expand the total floristic list of dia-
toms in the Protected Area, which, considering pre-
viously identified 151 diatom species mentioned for
the station 22 and station 23, amounted to 420 taxa
(Electronic Supplement 2). Hence, the species com-
position of diatoms in the Protected Area increased
by 269 species. The number of species in the diatom
flora of the Protected Area alone is now 420, and the
number of genera is 81 (Electronic Supplement 3).
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Fig. 2. Electron micrographs of diatoms of studied water bodies of Olyokma State Nature Reserve (Russia). Designations: a —
Actinella punctata F.W.Lewis, b — Aulacoseira crassipunctata Krammer, ¢ — 4. lacustris (Grunow) Krammer, d — Brachysira
liliana Lange-Bertalot, ¢ — Chamaepinnularia witkowskii (Lange-Bertalot & Metzeltin) Kulikovskiy & Lange-Bertalot, f
— Cymbella cymbiformis C.Agardh, g — C. hustedtii Krasske, h — Eunotia circumborealis Lange-Bertalot & Norpel, i — E.
metamonodon Lange-Bertalot, j — Gogorevia exilis (Kiitzing) Kulikovskiy & Kociolek, k — Gomphonema jadwigae Lange-
Bertalot & E.Reichardt, | — G. pseudacuminatum Kulikovskiy, Kociolek & Solak, m — Hantzschia abundans Lange-Bertalot,
n — Pinnularia gentilis (Donkin) Cleve, o — P. isselana Krammer, p — P. neohalophila Kulikovskiy, Genkal & Mikheeva, q —

Stauroneis subgracilis Lange-Bertalot & Krammer.

According to a six-score frequency scale,
the three most abundant plankton species in
the studied water bodies were Aulacoseira al-
pigena (Grunow) Krammer, 4. italica (Eh-
renberg) Simonsen, and 4. valida (Grunow)
Krammer (scale score = 3); in periphyton, five
species: Didymosphenia geminata (Lyngbye)

Mart.Schmidt (scale score = 4) and Aulacoseira
valida, Navicula radiosa Kiitzing, Rhoicosphe-
nia abbreviata (C.Agardh) Lange-Bertalot,
Tabellaria flocculosa (Roth) Kiitzing (scale
score = 3; Electronic Supplement 2). Of all the
species detected, more than half were found in
plankton samples (241 taxa) collected at 16 sta-
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tions and slightly fewer (214 taxa) in periphyton
from eight stations.

The highest number of diatom taxa was
found at station 12 (Lake 1) and station 22 (River
Olyokma, averaged data for 1992-1995) (Table
3). Among plankton samples based on 2024
data, the highest number of taxa was found at
station 2 (Lake 7); among periphyton samples —
station 12b (Lake 1) (Electronic Supplement 4).
The smallest number of taxa was noted at sta-
tion 11 (Lake 3), station 3 (Podskalnoye Lake),
and station 17b (Swamp 1) (Electronic Supple-
ment 4). The species-only number in the stud-
ied communities varied from nine at station 11
(Lake 3, plankton sample) to 104 at station 22
(River Olyokma, averaged data for 1992—-1995).
The average species per genus index ranged
from 1.5 to 3.0 (averaged 1.4) and was the high-
est at station 12, where out of 38 genera only
three included 39% number of taxa: Pinnularia
(16 taxa), Eunotia (15 taxa) and Gomphonema
(14 taxa). The index of intraspecific variability
(taxon richness per species) ranged from 1.0 to
1.06 with a maximum value at station 22 and
station 23 (Table 3). The saturation of revealed
genera by species was calculated for each dia-

tom community in the Protected Area and repre-
sented in Table 3 and shows that usually genera
are 1-2 species rich, apart from the community
of station 12, where were up to 3 taxa per genus.
The infraspecific variability index calculated as
number of taxa per species number (Subspecies
/ Species index) varied in low range and dem-
onstrated a high specificity of revealed species
(Table 3).

Station 12 (Lake 1) and station 22 (River
Olyokma, averaged data for 1992—-1995) also
stand out in the distribution of the ten richest
genera of diatoms in the Protected Area (Fig.
3a). At most stations, such genera as Pinnu-
laria, Eunotia, and Gomphonema predominate
in terms of the number of taxa; representatives
of these three genera obviously play a crucial
role in the Protected Area’s flora (Fig. 3b).
However, in the upper and lower parts of the
River Olyokma valley, Cymbella species are of
great importance. The genus Navicula is distin-
guished by many taxa at station 15, station 16,
and station 23. The genus Nitzschia is present at
station 16 and station 21. In the middle part of
the River Olyokma valley, Sellaphora species
have a great proportion (up to 20%).

Table 3. Distribution of diatom diversity data over sampling stations in the Olyokma State Nature Reserve in 1992—

1995, 2011 and 2024

Station Number of taxa Genus Species/Genus index Species only Subspecies / Species index
1 24 15 1.6 24 1.00
2 61 33 1.8 61 1.00
3 50 25 2.0 50 1.00
4 38 24 1.5 37 1.03
5 40 25 1.6 39 1.03
6 39 23 1.7 38 1.03
7 47 31 1.5 46 1.02
8 49 31 1.6 49 1.00
9 43 27 1.6 42 1.02
10 39 20 2.0 39 1.00
11 77 40 1.9 76 1.01
12 116 38 3.0 115 1.01
13 49 21 2.3 49 1.00
14 48 28 1.7 48 1.00
15 35 19 1.8 35 1.00
16 28 13 22 28 1.00
17 15 8 1.9 15 1.00
18 57 30 1.9 57 1.00
19 17 11 1.5 17 1.00
20 51 35 1.5 51 1.00
21 50 28 1.8 50 1.00
22 110 47 2.2 104 1.06
23 64 34 1.8 61 1.05

Note: Sampling station numbers refer to Table 1.
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Fig. 3. Distribution of ten richest genera of diatoms on sampling stations in the Olyokma State Nature Reserve (Russia).

Sampling station numbers refer to Table 1.

Bioindicators of diatom community

The ecological preferences of diatoms identi-
fied in the Olyokma State Nature Reserve are pre-
sented in Electronic Supplement 2 and Electronic
Supplement 4. The distribution of indicator species
by ecological preference is shown in Fig. 4. Spe-
cies of benthic and planktonic-benthic habitats pre-
dominate (Fig. 4a). Species preferring moderate
temperatures, as well as indicators of moderately
aerated waters, find the best habitat conditions here
(Fig. 4b,c). Low salinity indicators and indifferent
species predominate (Fig. 4d). Water pH indica-
tors demonstrate a predominance of alkaliphile and
pH-indifferent groups (Fig. 4e). Organic pollution
indicators according to the Watanabe classification
allow us to characterise the studied water bodies as
clean (Fig. 4f). Among nutritional indicators, auto-
trophs (ats and ate) strongly predominate (Fig. 4g).
Trophic state indicators are distributed unevenly
across groups, with two peaks observed in the oli-
gotrophic and eutrophic (ot and e) groups, reflect-
ing some impact on aquatic ecosystems, leading to
increased trophic status in individual water bodies
(Fig. 4h). The water quality was determined using
the species-specific saprobity index S for classes
1-5: indicators of organic-free waters in class 2 and
class 3 predominate (Fig. 41). Detailed information
on the distribution of indicator species in the Oly-
okma State Nature Reserve across ecological groups
is presented in Electronic Supplement 4.

Environmental — biological variables rela-
tionships in the Olyokma State Nature Reserve

An analysis of the identified diatom diversity and
their predominant groups of environmental prefer-
ences as dependent variables (Electronic Supplement
4) was conducted in comparison with hydrochemi-
cal data as independent variables (Electronic Supple-
ment 1). Since the RDA method commonly used for
such analysis showed insufficiently reliable results
(eigenvalue = 0.654; p = 0.44), we conducted a cor-

relation analysis of the same data and constructed a
heatmap (Fig. 5).

Fig. 5 shows that the number of taxa has a highly
significant correlation (r = 0.56-0.94; p < 0.01,
p < 0.001) with the Shannon index and all other
groups of bioindicators. A significant negative corre-
lation was found between the water pH and TDS (to-
tal dissolved solids), calcium, carbonate, nitrate, and
ammonium nitrogen concentrations (from r=-0.58 to
r=-0.78; p<0.01, p<0.001) and a positive correla-
tion with the number of indicators for slow-flowing
(st-str), slightly alkaline waters (alf), with low salinity
(1) (r=0.45-0.58; p < 0.05, p < 0.01). The group of
oligotrophic indicators has a positive correlation with
the water temperature (r = 0.466; p < 0.05). Mac-
roscale factors, such as bioclimatic variables and DHI
(Electronic Supplement 5, Electronic Supplement 6)
did not reveal a significant relationship with diatom
communities in the Olyokma State Nature Reserve,
given the relatively small area of its territory and, ac-
cordingly, the small gradient of climatic indicators.

As it was previously established (Gabysheva
& Gabyshev, 2023; Barinova et al., 2025a), hydro-
chemical parameters of water, except for pH, increase
along the river flow in the Protected Area. Therefore,
we analysed the response of communities to increas-
ing element concentrations. The saprobity index S
was chosen as one of the indicators of trophic organic
load. The community structure, species richness, and
the dynamics of the saprobity index values were ana-
lysed for phytoplankton and phytoperiphyton sam-
ples, collected in the Protected Area. Fig. 6 shows
that these parameters have opposite dynamics along
the river flow. Thus, the trend lines show that phyto-
plankton communities tended to increase in the num-
ber of species and structural complexity (Shannon in-
dex), simultaneously with an increase in the saprobity
index S values (Fig. 6a). Phytoperiphyton communi-
ties showed a smoother change in these parameters
and a decrease against the background of increasing
element concentrations in the water (Fig. 6b).
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The similarity of the diatom community and
the ecological preferences of its constituent spe-
cies was calculated using Electronic Supplement
4 to identify the similarities between sites within
the Protected Area that responded similarly to
changes in environmental parameters. Fig. 7
shows that the taxonomic and ecological simi-
larity at the stations was quite high, exceeding
70%. However, at the 75% level, two clusters
can be seen, cluster 1 highlights station 17 and
station 19, while Cluster 2 includes all the oth-
ers. Stations 17 and station 19 are distinguished
by the poorest periphyton communities (Fig. 3a,
Fig. 6b) in a small swamp and a stream in the
lower reaches of the River Olyokma.

To identify the importance of hydrological
conditions for the survival of diatom communi-

ties in the Protected Area, a JASP Network plot
(Fig. 8) was constructed based on data on spe-
cies diversity, structure, ecological preferences,
and saprobity indices (Electronic Supplement 4)
for stations 1-21. The data were correlated by
habitat type — river, lake, or swamp. Fig. 8 iden-
tifies two clusters. The first cluster includes only
lotic habitats, while the second cluster contains
all other lentic and weak-flow stations.

Diatom diversity and threatened categories
of IUCN

The distribution of diatom species in the
Olyokma State Nature Reserve by conserva-
tion category is shown in Fig. 9. Five species
were classified as highly threatened: Eunotia
circumborealis Lange-Bertalot & Norpel (its
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electron micrograph can be found in Fig. 2), E.
faba Ehrenberg, E. serra Ehrenberg, Pinnularia
nobilis (Ehrenberg) Ehrenberg, and Tetracyclus
glans (Ehrenberg) F.W.Mills. The photo table
in Fig. 2 contains electron micrographs of the
valves of several other rare diatoms, classified
in the following IUCN categories: Endangered
(Brachysira liliana Lange-Bertalot, Cymbella
cymbiformis C.Agardh, and Eunotia metamon-
odon Lange-Bertalot), and Vulnerable (Cham-
aepinnularia witkowskii (Lange-Bertalot &
Metzeltin) Kulikovskiy & Lange-Bertalot, Cym-
bella hustedtii Krasske, and Pinnularia gentilis
(Donkin) Cleve).

Comparative floristics

Our analysis of the completeness of the
study of diatom floras in NAPAs revealed that of
the 14 floras analysed, only 12 satisfy the Willis
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criterion (Willis, 1922; Barinova, 2017b), while
floras of the Vitimskiy State Nature Reserve and
Kostyanoy Nos State Nature Reserve were ex-
cluded from analysis, since they do not satisfy
Willis’s criteria. These 12 floras were selected
for comparative floristic analysis (Table 2, Fig.
10). As a result of our consolidation of data on
diatom flora of the 12 best-studied NAPAs, the
species list consisted of 1463 taxa (including
1319 species) (Electronic Supplement 7).

The total number of genera of the studied
flora is 172 (Electronic Supplement 8) and varies
in the studied NAPAs from 34 to 124; the index
of genus saturation with species ranges from 2.1
to 4.9 (Table 4). In terms of the number of taxa,
Lena Delta State Nature Reserve, Sikhote-Alin
State Nature Reserve, State Nature Sanctuary
Elgygytgyn Lake and Olyokma State Nature Re-
serve stand out (Table 4).
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Fig. 5. The heatmap plot for biological and environmental variables relationships in the Olyokma State Nature Reserve
(Russia). Abbreviation names and data of variables are in Electronic Supplement 1 and Electronic Supplement 4. Significance:

*_p<0.05, %% —p<0.01, *** _p<0.00l.
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Table 4. Biodiversity data on diatom algae in 12 Northeast Asian Protected Areas

Codes of Protected Area names Ze SA La Ko BH Bo Ba No BT El LD (0}
Number of taxa 84 498 270 299 183 161 348 82 279 479 664 420
Genus 39 105 73 68 50 57 74 34 73 95 124 81
Species/Genus 2.1 42 3.5 3.9 34 2.7 43 2.4 3.5 4.9 4.9 4.9
Species only 82 442 257 262 172 155 321 81 254 463 612 400
Subspecies/Species 1.02 1.13 1.05 1.14 1.06 1.04 1.08 1.01 1.10 1.03 1.08 1.05
Area, km? 994 4016 1210 644 455 2674 1271 2112 2608 1400 14330 8500
Subspecies/Area 0.08 0.12 0.22 0.46 | 0.40 0.06 0.27 0.04 0.11 0.34 0.05 0.05
Cluster 2 1 2 1 2 2 1 2 1 1 1 1

Note. Cluster names refer to Fig. 11. Name codes of Protected Areas refer to Table 2.

To assess the exploration level of the diatom
floras on 12 Protected Areas (Electronic Supplement
7), we tested the extent to which the observed distri-
bution of genera by the number of taxa they contain
fit the theoretical expectation established for well-
explored biota (Barinova, 2017b). We found that
Pearson correlation coefficients between the log-
transformed number of species and the log-trans-
formed number of genera were significantly nega-
tive for all 12 examined NAPAs (from r = -0.846 in
Olyokma State Nature Reserve to r =-0.955 in Zeya
State Nature Reserve; Fig. 10). These strong nega-

tive linear relationships suggest a sufficient level
of floristic exploration across the studied NAPAs,
which is a prerequisite for reliable further analysis.
Comparative analysis of 12 NAPAs biodiver-
sity data (Table 4) and climatic variables (Electronic
Supplement 9, Electronic Supplement 10) shows
that the area of the NAPAs emerged as a significant
predictor in Gleason-type semi-log models and in
direct-relationship models, but not in Arrhenius-
Wilson-MacArthur models. Specifically, in the basic
Gleason model, the area was significant (p = 0.031),
with a moderate overall fit (R? = 0.387). In the direct-
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relationship model, the effect of the area was stronger
(p=0.011), and the model explained a larger propor-
tion of variance (R* = 0.490). The inclusion of cli-
matic predictors did not improve the performance of
Gleason-type models. In contrast, direct-relationship
models were substantially improved by incorporating
latitude. In this case, both area and latitude remained
significant (p = 0.001 and p = 0.030, respectively),
and the overall fit increased markedly (R* = 0.706,
p=0.004). Notably, both predictors exhibited positive
effects, such that species richness tended to increase
with larger NAPAs area and with higher latitude.

In addition to SAR models, we evaluated mod-
els that excluded the area altogether and relied ex-
clusively on climatic predictors. Among these, Bio
15 (Precipitation Seasonality) provided the best
performance, explaining approximately 54% of the
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Network plot of comparative floristics of
diatom algae in 12 Northeast Asian Protected Areas. The
line thickness reflects the correlation value. Blue lines are
the positive correlation; red lines are the negative correlation.
Clusters are outlined by dashed lines and numbered. Name
codes of Protected Areas refer to Table 2.
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variation in species richness (p = 0.007). A slightly
weaker, yet still strong, performance was observed
for Bio 5 (Max Temperature of Warmest Month),
Bio 8 (Mean Temperature of Wettest Quarter), and
Bio 10 (Mean Temperature of Warmest Quarter),
each explaining about 45-46% of the variation
(p=0.015-0.017).

A JASP Network plot of comparative diatom al-
gae floristics in the 12 NAPAs (Fig. 11), conducted
for the administrative units where the compared
floras are located, showed that the entire diatom
species composition (1463 taxa) forms two clusters.
Cluster 1 unites floras of northern territories, while
cluster 2 includes more southern areas. An analysis
of the distribution of species richness of the floras
of the 12 NAPAs is reflected on the statistical maps
in Fig. 12. It was noted that the species diversity is
higher in coastal Protected Areas (Fig. 1, Fig. 12a).
The index of intraspecific variability is higher in
areas without permafrost (Fig. 1, Fig. 12b), and
the specific number of species per unit area is also
higher in non-permafrost Protected Areas (Table 4).

Discussion

After consolidation of old, previously published
data on the diatom flora of the Olyokma State Na-
ture Reserve (Vasilyeva et al., 1996, 1997, 1998;
Rozhkova, 1996, 2001; Gabyshev & Gabysheva,
2013) and new data obtained in this study, the list
of diatoms in the Protected Area includes 420 taxa.
The calculation of the Willis criterion also indicates
a sufficiently high degree of study of the diatom
flora of this territory and the possibility of using
these data for taxonomic and bioindication analysis.
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Fig. 12. Statistical map of distribution of diatom algae taxa number (a) and index of intraspecific variability (b) in 12 Northeast

Asian Protected Areas over GIS co-ordinates (Table 2).
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The situation with diatoms in the Red Data
Books of Russia is quite specific. At the federal level
(Geltman, 2024), diatoms are currently not repre-
sented. The main list includes mainly macroscopic
algae (charophytes, brown algae, red algae). Diatom
species are absent from the federal lists, which is usu-
ally explained by their microscopic size and the diffi-
culty of identification. However, diatoms are actively
included in regional Red Data Books. In the regions,
especially where there are unique aquatic ecosystems,
the situation is different. In total, 12 species are listed
in the Red Data Book of St. Petersburg (Geltman,
2018b) and the Red Data Book of Leningrad Region
(Geltman, 2018a), namely Achnanthidium daonense
(Lange-Bert.) Lange-Bert., O. Monnier & L. Ector,
Gomphoneis clevei (Fricke) Gil, Brachysira serians
(Bréb.) Round & D.G. Mann, Neidium binode (Eh-
renb.) Hustedt, Pinnularia streptoraphe Cleve, Fistu-
lifera pelliculosa (Bréb. ex Kiitz.) Lange-Bert., Acan-
thoceras zachariasii (Brun) Simonsen, Ellerbeckia
arenaria (G. Moore ex Ralfs) R.M. Crawford, Diat-
oma hiemalis (Roth) Heiberg, D. mesodon (Ehrenb.)
Kiitz., Hannaea arcus (Ehrenb.) R.M. Patrick, Frag-
ilaria magocsyi Lacsny. Diatoms are most widely
represented in Central Europe, with several hundred
species (Hofmann et al., 2018). Overall, 279 of the
420 diatom species in the Olyokma State Nature Re-
serve are classified into one or more threat catego-
ries (66%), highlighting the fundamental role of the
Protected Area as key habitats for the conservation of
threatened diatom species.

The response of diatom community diversity to
environmental parameters in the Olyokma State Na-
ture Reserve was determined using bioindication and
statistical methods. The composition of the indica-
tors was found to characterise waters of the Protected
Area as consistent with natural parameters. As previ-
ously noted, electrical conductivity, pH, temperature,
nitrates, and nitrites are the most effective factors de-
termining the composition of the diatom community
(Taurozzi et al., 2024). The saprobity index S, which
reflects not only pollution, which is not a concern in
the Protected Area, but also the state of the ecosystem
as a whole, is also included in the list of indicators for
monitoring in clean waters (Bere, 2016).

The analysis showed that the hydrological regime
influences the composition of communities (Fig. 8),
with processes occurring differently in plankton and
periphyton (Fig. 6) (Ma et al., 2023). Periphyton com-
munities are recommended for continued monitoring
(Vilmi et al., 2016). They are less sensitive to stochas-
tic processes but reflect the local state of the environ-
ment, for assessing aquatic ecology and interregional

algal biomonitoring. This study also notes that benthic
diatoms are the best indicators of river bioassessment,
even during flood periods, when the reservoir is un-
stable under the influence of extreme climatic condi-
tions. This is important for maintaining the balance
of biota and the environment in Protected Areas. The
hydrological factor is also important for understand-
ing the connections between the river continuum and
the adjacent lakes of the narrow River Olyokma val-
ley within the Protected Area (Schofield et al., 2018).
Periphyton of lentic water bodies, which abound in
the northern part of the Protected Area, are located in
the outer river channels, not permanently connected to
the main channel but typically fed by alluvial soil (Al-
exander et al., 2018) and, therefore, subject to impacts
affecting the entire Protected Area. Therefore, when
monitoring the Protected Area, it is most productive to
observe the development of periphyton communities,
regardless of the type of aquatic habitat.

The observed increased number of taxa in coastal
Protected Areas may be related to the ecotone zone
effect, which occurs at the boundary of continental
and marine habitats, as Barinova et al. (2023) previ-
ously observed when studying diatom communities
in the Lena Delta State Nature Reserve (Russia). Sta-
tistically confirmed formation of two different cores,
south and north, suggests that geography and the as-
sociated permafrost climatic boundary play a signifi-
cant role in shaping the communities of NAPAs.

The increase in intraspecific variability in areas
without permafrost reflects the influence of milder
climatic conditions, when the role of intraspecific
competition for resources decreases. The milder cli-
mate and longer open water period of non-permafrost
Protected Areas have a beneficial effect on the in-
crease in the specific number of species per unit area
(Bogatov & Nikulina, 2010). However, at genus level
(the number of genera and the richness of genera with
species), the influence of climate is not evident. As
previously noted, indices of intraspecific variability
are associated with the latitude of the flora (Barinova,
2011), as well as with the altitude of the habitat (Sahin
& Barinova, 2022). The results of statistical mapping
of diversity indices revealed not only an ecotone ef-
fect (Fig. 12a) but also the influence of geographically
(altitude) and climate-related (permafrost) environ-
mental factors (Fig. 12b). Bioclimatic variables and
DHI have a weak relationship with diatom communi-
ties in the Olyokma State Nature Reserve, but on the
scale of Northeast Asia, correlations by both area and
latitude remained significant, and climate predictors
such as solar radiation in April, Bio 5 (Max Tempera-
ture of Warmest Month), Bio 8 (Mean Temperature
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of Wettest Quarter), Bio 10 (Mean Temperature of
Warmest Quarter), and Bio 15 (Precipitation Season-
ality) showed a significant effect on the variability of
diatom species richness. Global warming modelling
has revealed a trend showing that over the past 100
years, the Earth’s temperature has increased by ap-
proximately 0.5 K (Beltrami & Bourlon, 2004). Since
plants and animals migrate to higher altitude habitats
and poles as temperatures rise (Pauli & Halloy, 2019),
the trends in diatom community diversity identified
in our data can serve as predictors for climate change
monitoring, and solar radiation, temperature, and pre-
cipitation, which have significant influence on diver-
sity, can be monitored in Protected Areas.

Conclusions

In 2011 and 2024, scanning electron microscopy
analysis revealed a high diversity of diatoms (329
taxa) on 21 stations within the Olyokma State Na-
ture Reserve. The diatom flora in the Protected Area
counts now 420 taxa in total. Our study concluded
that the Olyokma State Nature Reserve water bodies
located along the River Olyokma are not affected by
anthropogenic impacts of mining operations located
upstream in the River Olyokma basin. Conservation
measures implemented within the Protected Area
should be considered effective. Two-thirds of the dia-
tom species in the Olyokma State Nature Reserve
are categorised by the [IUCN, demonstrating the in-
valuable contribution of the Protected Area system
to the conservation of threatened diatom species.
Using spatial statistical mapping, RDA, and JASP
methods, we identified the most important climatic
(permafrost, temperature, and precipitation) and
hydrochemical (pH and ammonium) factors associ-
ated with the geographical location of habitats that
influence the composition of diatoms in Northeast
Asia. We hypothesise that the results of this study
can be used to create a database of diatom biodiver-
sity as indicators of change in pristine areas and as
critical sensors for monitoring the climate change.
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JIMATOMOBBIE BOJOPOCJIA 3AIIOBEJHbIX TEPPUTOPUIA
CEBEPO-BOCTOKA A3UHU KAK BUONHIUKATOPBI B I'PAIUEHTE
I'EOT'PAONYECKHUX U KIIMMATHYECKHUX ®PAKTOPOB

B. A. I'nopimes’ "=, C. bapunosa?'”/, C. U. Tenkas®' /', 3. M. TI'aobimes* >, JI. A. Measeaena®

Unemumym 6uonozuueckux npodiem kpuoaumosonust CO PAH, Poccus
*e-mail: v.a.gabyshev@yandex.ru
2Vuusepcumem Xatigot, Hapaunw
SUncmumym 6uonocuu srympennux 600 umenu M J1. Ilananuna PAH, Poccus
*Tocyoapcmeennbiil npupoonbill 3anoeeonux « Onexmunckuily, Poccus
SDedepanvhviil Hayunvlll yenmp buopaznoobpaszus nazemnoi duomoi Bocmounoi Azuu JJBO PAH, Poccus

CeBepo-Bocrounass A3us — OOIIHMPHBIN PErvoH, OXBATHIBAIOIIUI Pa3HOOOpA3HBIC MPHPOTHO-KINMMATHICCKIE
30HBI, OT apKTHYECKON TYHJAPHI A0 TaWTH, 3HAUNTEIbHAs YacTh KOTOPOTO PACIIONIOKEHA B 30HE MHOTOJIETHEH
Mep310ThL. VMcenenoBanus cOOOMIECTB UATOMEH PErHoHa MO3BOIMIIH BEISIBUTH PS BAXKHBIX 3aKOHOMEPHOCTEH,
" OLICHUTH MPONECCChI, CBA3AHHBIC C MI00AIBLHBIMA KIMMATHYECKUMU N3MCHCHUAMU, MPOUCXOAUBUINMU 31€CH
B IIPOIILIOM, a TaK)K€ COBPEMEHHBIEC KIIMMaTH4YEeCKUe TPEH bl U aHTpororeHHoe BiusiHue. Ocobo oxpaHsieMble
nipupoaubie Tepputopun (nanee — OOIIT), ABASIOTCS «IIPUPOAHBIME Ja00PATOPUSIMIY ISl M3YUCHHS PEAKIHN
OHMOTHI Ha TeorpaUIecKie H KIINMaTHIeCKUe (aKkTopbl. J{naTroMoBBIe BOOOPOCIH JaBHO IIPU3HAHBI KCIIEPTAMU
B KaueCTBE HaJIS)KHBIX OMOMHANKATOPOB COCTOSTHUS OKpY>Karomien cpenbl. OTHaKo MOJ0OHBIX HCCIeOBAaHIA Ha
OOIIT mno-npesxHEMy HEIOCTATOYHO. [ TaBHAS [IENb HAIETO WCCIICAOBAHMS 3aKIIF0YaNach B OICHKE yCTOWYH-
BOCTH COOOIIECTB JAMATOMOBBIX BOAOPOCIEH B IIUPOKOM JHarnia3oHe reorpaduueckux U KIMMaTHIeCKuX (ak-
TopoB CeBepo-Bocrounoii Asun, ncrnons3ys B kadectse npumepa OOIIT ¢ nanbonee nzydeHHbIMH (ropamu
JIMaTOMOBBIX Bojiopocieil. Hamm coOGcTBeHHBIE HCCIIeJ0BaHNS TPOBOAMINCH B TOCYIAPCTBEHHOM HMPUPOIHOM
3anmoBeqHAKe «OICKMUHCKHIT» B KA4ECTBE MOJEIBbHON TeppuTOpru. C TIOMOIIBIO CKAHUPYIOIICH AIICKTPOHHOM
MHKPOCKOITNH, BUIOBOH COCTAB THATOMOBBIX BOZOPOCIIEH TOCYIapCTBEHHOTO MIPHPOIHOTO 3amoBefHIKA «OJeK-
MUHCKHUI» OBUT HaMH paciuupeH Ha 269 BumoB. Ha OonbpIIMHCTBE cTaHINN HAOMIONEHUI Ha TEPPUTOPUH TOCY-
JIAPCTBEHHOTO MPUPOHOTO 3anoBeIHUKa « OJIEKMUHCKUI» 110 TAKCOHOMHYECKOMY COCTaBy IPe00IaIatoT Takue
ponel, kak Pinnularia, Eunotia u Gomphonema; IpeficTaBUTENN 3TUX TPEX POJOB SBHO MI'PAIOT KIIIOUEBYIO POJIb
B M3y4aeMoii ¢uiope. MHiekc BHYTPUBHUI0BOM M3MEHUMBOCTH subspecies/species it BogoeMoB OJIEKMHHCKOTO
3anoBeAHuka BapbupoBaics ot 1.00 go 1.06. B uenom, 66% BUIOB AMATOMOBBIX BOAOPOCIIEH rOCyapCTBEHHOTO
TIPUPOAHOTO 3anoBeAHNKA «OnekMHUHCKHI Kiaccupumupyrorcss MCOII B onHOM MITH HECKOTBKUX KATETOPUIX
yrpo3bl. [T BUIOB AMAaTOMOBBIX BOIOPOCIICH HAXOAATCS B Kareropuu «Haxonsamuecs moq KpUTHIECKOH yrpo-
301 MCYE3HOBEHMUSY. BI/IOI/IH}II/IK&HHH N CTaTUCTUYCCKHUE MCTOABI IMO3BOJIHUIIN ONPCACINTDb, YTO BOABI rocyaap-
CTBEHHOTO IIPUPOHOTO 3aroBeHNKa «OJIEKMUHCKHUID COOTBETCTBYIOT MPUPOIHBIM [TOKa3aTeNsIM. XapaKkTepH-
CTUKH WHJIMKATOPOB JEMOHCTPHUPYIOT 3HAUUTEIbHYIO PEAKIMIO BHIOBOTO COCTaBa JMATOMOBBIX BOIOPOCIEH
Ha U3MEHEHUs coieHocTr u pH. it cpaBHUTENFHOTO aHaN3a C TIOJTYYCHHBIMU HAMH PE3yJIbTaTaMH, MBI OTO-
Opanu 11 Xopo1ro N3y4eHHBIX OXpaHIeMbIX THaTOMOBHIX (iop CeBepo-BocTouHOM A3HH, HCTIONB3YS KPAUTEPHI
Bummca. CpaBHUTENIBHBIN aHAIW3 BBISBII YBEINYCHUE YHCIIa TAKCOHOB HAa MPUMOPCKUX TEPPHTOPHSX, UTO
MOXKET OBITh CBSI3aHO C SKOTOHHBIM 3(D()EKTOM, BO3HHKAIOIIMM OJIM3 IPAHUIBI KOHTUHEHTAJIbHBIX U MOPCKUX
MectoobuTanuii. Ha OOIIT ¢ Oonee MIATKUM KJIMMAaTOM K 00JI€€ UTUTEILHBIM BEreTAI[HOHHBIM TICPHOIOM, TJIC
OTCYTCTBYET MHOTOJIETHSISI MEP3JIOTa, OTMEYAJIOCh yBEIMUYCHUE BHYTPUBHIOBOW M3MEHUMBOCTH H, CJEIOBa-
TEJIBHO, CHIDKCHIE BHYTPUBUIOBON KOHKYPEHITUH 32 PECYPCHI, a TAK)KE YBEINMICHUE YICTHHOTO YHCIa BUIOB HA
eIMHUITY TUTOIIA M. BrUTH BBISIBICHBI 3aKOHOMEPHOCTH ITPOCTPAHCTBEHHOTO PaCTIpeIeICHHUs JHATOMOBBIX BOIO-
pocineii Ha 12 OOIIT CeBepo-Bocrounoit Azun. OcoOeHHOCTH TeorpapuIecKoro MOJOKESHHsI, MHOTOJICTHSIS
MEp3JI0Ta U KIMMATHYCCKUE YCIIOBHSI UIPAIOT 3HAYUTEIIBHYIO POJib B (DOPMUPOBAHUU CTPYKTYPBI COOOIICCTB
nuatoMoBbIx Bogopociuei Ha OOIIT. JlanHoe uccinenoBaHue BakHO JUIs pa3paOOTKU CHCTEMbl MOHUTOPHMHIA
6nopaznoobpaszus Ha OOIIT B ycnoBusX 1o0aJIbHBIX KIMMAaTHYECKUX N3MEHEHUH B PETHOHE.

KuaroueBble ciioBa: omonnnukaropsl, kianmat, MCOII, pazHooOpa3sue, cpaBHUTENbHAS (IOPUCTHKA, CTaTHCTH-
Yyeckoe KapTorpadupoBaHue, yrpoxKaeMblil BUJI, IKOJIOTHU
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