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ABSTRACT

The aim of this study was to assess the impact of gold and coal mining on aqua-
tic ecosystems in the region using the bioindicator properties of planktonic algae.
The work used previously widely tested methods of ecological mapping, JASP,
and analysis of “species-environment" relationships. For the Chara River, 211
indicator species of algae and cyanobacteria with a predominance of diatoms
were identified. An increase in the diversity and abundance of phytoplankton
was observed towards the mouth of the river from 48 species to 94. Ecological
mapping revealed not only sections of the river associated with existing gold and
coal mining, but also the impact of potential developments where exploration is
underway. A weak influence of organic pollution associated with subsoil mining
was revealed, but it was established that natural self-purification processes take
place in the studied river. The results obtained are suitable for assessing the level
of anthropogenic impact on aquatic communities in permafrost conditions.
Keywords: phytoplankton, microalgae diversity, ecology, bioindicators, ecological map-
ping, gold mining, coal mining, permafrost, Eastern Siberia

PE3IOME

T'a6eimres B.A., T'a6emmesa O.H., Bapunosa C.C. HMcnoap3oBanue pas-
HOOOpa3uA MHKPOBOAOPOCAEH AAA OLIEHKH BAHWAHHA 30AOTOAOOBIYU H
YTAEAOOBIYN HA PEUHBIE SKOCHCTEMBI B YCAOBHAX MHOTOAETHEN MEP3AOTHI
(ua npumepe pexu Uapa, Axyrusa). [leApro AAHHOTO HCCACAOBAHNA — OIICHKA
BO3ACHCTBUA 30AOTOAOOBIMH 1 YITAGAOOBIYIH HAa BOAHBIE SKOCHCTEMBI SIKkyTrn ¢
HCITOAB30BAHHEM OMOMHAHKAIIMOHHBIX CBOMCTB ITAAHKTOHHBEIX BOAOPOCACiL. B
paboTe MPIMEHAANCH PaHEE ATPOOUPOBAHHEIC METOABI 9KOAOTHYECKOTO KAPTH-
poBaHms, aHaAn3a B mporpamme JASP u nsyueHus cBA3e «BHABI—CpeAa». AAs
pekn Yapa 6s1a0 maeHTHUIIIPOBAHO 211 HHANKATOPHBIX BUAOB BOAOPOCACH
¥ IMAHOOAKTEPHI ¢ ITpeobAasarmemM AmaToMOBBIX. HabAroaaroch yBeanmdenue
PasHOOOPa3UA 1 OOHAUA (DUTOIIAAHKTOHA ITO HAITPABACHHIO K YCTBIO PEKH — C
48 A0 94 BHAOB. DKOAOIMYECKOE KAPTHPOBAHHE BEIIBHAO HE TOABKO YIaCTKH
peKn, CBA3AHHDIC C CYIIIECTBYIOIIEH AOOBIYCI 30A0TA U YTAA, HO 1 BO3ACHCTBHE
ITOTEHITHAABHBIX PAa3pabOTOK, TAC BEAYTCA PA3BEAOUHBIE PabOTH. OOHAPYKEHO
cA2b0€e BAMSHHE OPTaHMYECKOTO 3arpA3HEHHSA, CBA3AHHOIO C HEAPOITOAB3OBA-
HIEM, OAHAKO YCTAHOBACHO, ITO B HCCACAYEMOIT PEKE ITPOTEKAFOT IIPOIECCHI eC-
TECTBEHHOIO camMoounIeHud. [ToAydIeHHbIE PE3YABTATHI IIPUTOAHBI AAA OLICHKI
YPOBHS aHTPOITOICHHOIO BO3ACHCTBISA HA BOAHBIC COOOIIIECTBA B YCAOBHAX BEU-
HOI MEP3AOTBHL

KaroueBnie cAOBa: (DUTOIMAAHKTOH, PA3HOOOPA3HE MUKPOBOAOPOCACH, SKOAOTHA, OHO-
I/IHAI/IKQTOPI)I, 9KOAOTHUYCCKOC KapTI/IpoBﬂHI/IC, 30/\0'['0A06b1‘{2., yI'ACAOGI)I"Ia, BCYHAA l\le?r
Aota, Bocrounas Cubups

Eastern Siberia is a region where industrial mining began
in the 20th century and its scale is steadily increasing. Copper,
iron ore, coal and gold deposits are being mined in the Chara
River basin. The largest mining enterprises are located on
three tributaries of the river: the Tokko, Zhuya and Apsat
rivers. In the basin of the right tributary of the Tokko River,
there is a large gold mining enterprise Taborny (2020),
where up to a thousand workers are currently employed in
production, and the annual extraction and processing of
ore has reached 7.5 million tons. At the headwaters of the
left tributary of the river — the Zhuya River, there is a gold-
bearing deposit Sukhoi Log (2026) — the largest in the world
in terms of gold ore reserves. The Apsat coal and gas deposit
is estimated at 2.2 billion tons of coking coal and 55 billion

cubic meters of methane (NedraDV 2026). Its development
is carried out using an open-pit method, and deep well drilling
was carried out to assess methane reserves.

Open-pit coal mining is associated with landscape trans-
formation, disruption of water exchange, which can lead to
disruption of aquatic ecosystems and large-scale impacts on
a wide range of living organisms (Goswami 2015, Nikanorov
et al. 2015). Placer gold mining is also associated with sig-
nificant landscape transformation (Abdul-Wahab & Marikar
2012). The gold mining process requires large amounts of
water for various activities, such as washing and processing
of the mined ore (Laker 2023). This often leads to pollution
of water sources with sediments, chemicals and heavy metals
(Eisler 2004a,b). Hydrocarbon mining poses a major po-
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tential threat to biota due to the risk of film formation on the
surface of water bodies, accumulation of toxic hydrocarbons
(Mendelssohn et al. 2012). In addition to potential damage to
aquatic flora and fauna, mining can lead to deterioration in
the quality of drinking water available to the local population
(Irfan et al. 2024). The negative impact of mining on biota
is exacerbated in the conditions of the north and permafrost
zone, which is due to the extremely low restoration potential
of northern ecosystems.

In the last decade, residents of villages located at the
mouth of the Chara River have regularly raised the issue
of declining river water quality in the local press. Frequent
complaints from local residents and environmental activists
about the decline in water transparency and deterioration
of its organoleptic properties have been the reason for the
organization of multiple inspections of the activities of
subsoil users in the region by local and federal authorities.

Numerous local and regional factors that can reflect
the overall health of aquatic ecosystems and influence their
structure and functions are closely related to the state of the
phytoplankton community structure and any changes in it
(Henson et al. 2021). In addition, the species composition
of phytoplankton and the overall level of biodiversity of
plankton communities is a reliable indicator of water quality
in different types of freshwater ecosystems (Chandel et al.
2024). Therefore, it is critical to understand the influence of
environmental factors on the composition and diversity of
phytoplankton communities to assess the impacts of human
activities on aquatic systems (Katsiapi et al. 2012).

The Chara River is located in a remote area and remains
difficult to access for researchers so information about the
aquatic ecosystem of its basin and, in particular, algae is scarce.
Zhuldybina (2010) provided information on the content of
the main ions, salinity level and pH in the Chara River. The
study is based on the materials of hydrometeorological ser-
vice, according to data from an observation point located
in the Chara settlement (upper reaches of the river). The
author notes the low mineralization of the river waters and
its seasonal decrease in June, as well as an increase in the pH
value with an increase in the stream discharge of the river; a
correlation was found between the river runoff and fluctua-
tions in the concentration of the main ions. Sudakova et al.
(2020) studied the flora of soil algae of the Chara Depression
in the vicinity of the village of Chara. The authors provided a
list of 34 algae species belonging to 5 phyla: Cyanoprokaryo-
ta, Euglenozoa, Ochrophyta, Chlorophyta and Streptophyta.
Comprehensive information on phytoplankton and the che-
mical composition of the Chara River waters was presented
in 2012-2023 (Gabyshev & Gabysheva 2012, 2018, 2023).

This study continues our work in which we hypothesize
that biodiversity and indicator properties of river phyto-
plankton species ate suitable for reliably characterizing the
anthropogenic impact of extractive industries on the aquatic
ecosystem in the permafrost zone with severe climatic
conditions.

The aim of this study was to spatially characterize the dy-
namics of biodiversity along the gold and coal mining basin
of the Chara River, conduct an ecological analysis using indi-
cator species, and identify the most important ecological fac-

tors influencing the diversity of this group of aquatic orga-
nisms in the studied river basin with statistical methods and
ecological mapping.

MATERIAL AND METHODS
Site description

The Chara River is a large second-order tributary of the
Lena River. The river is 851 km long and its basin atea is
87.6 thousand km? (Chistyakov 1964). The Chara originates
from Bolshoe Leprindo Lake, located on the southern slope
of the Kodar Range, and flows into the Olekma River near
its confluence with the Lena. The average annual water dis-
chatge at the tiver mouth is 850 sq. m s (Sokolov 1952).
The river basin is characterized by continuous permafrost;
the permaftrost thickness in the river valley reaches 200 m
or more (Shepelev 2009). The climate is sharply continental,
with maximum air temperatures in summer reaching +37°C
and minimum temperatures in winter reaching -60°C (Gvoz-
detsky & Mikhailov 1978). The Chara basin is home to the
Kodar Glacial Region, the only one in the south of Eastern
Siberia. The river is fed by rain, snow and glaciers.

Field data were collected from June 8 to 13, 2011,
along the river section from the settlement of Chara to its
mouth (762 km) (Figs 1, 2, Table 1). For the first 110 km,
in the upper part of the section we studied, the river flows
through the Chara Depression. The valley here is wide, low
and swampy. The riverbed forms meanders. The flow rate
vaties from 1.3 to 1.5 m s™. The river depth is small and is
1.5-2.5 m along the fairway. Water transparency is 1.1-1.2 m
according to the Secchi disk, at the mouth of the tributary
(the Apsat River) — 2.2 m. The banks of the river and the
bottom of its channel are composed mainly of sand and a
sandy-silty mixture.

On the next section, 241 km long, the river crosses the
Kodar Range. The valley here is sharply narrowed; the river
is a whitewater with a cascade of large rapids. The flow rate
in some places reaches 5.5 m s. Near the mouth of the Sen
River, the valley of Chara widens, the river leaves the gorge
and flows along the edge of the Olekma—Chara Plateau to
the mouth of the Zhuya River. Here, underwater and above-
water rocks are found in the riverbed, the flow rate decreases
to 1.9-2.5 m s™. The depth is small — up to 2 m. Aufeises is
common along the banks of the river.

In the section from the mouth of the Zhuya River to
the mouth of the Chara, the river goes around the Olekma-
Chara plateau, and before flowing into the Olekma River, it
flows along the Prilenskoye plateau. The valley of the Chara
River widens even more here. The banks and the bottom are
mainly sandy and pebbly, silted in places. The depth of the
channel varies from 2.7 to 9.5 m. The flow rate is less than
in the previous section —0.9-2.6 m s and decreases towards
the mouth of the river.

Sampling, water chemistry and
algological analysis

A total of 20 water samples for hydrochemical analysis
and 40 planktonic algological samples were collected and
processed, including 20 samples for qualitative and the same
number for quantitative analysis. Samples were collected near
the river banks or along the fairway from the surface wa-
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Figure 1 Sampling site on the Chara River. Blue dots as sampling points, yellow
dots as mining facilities, black squares as settlements, brown line indicating Baikal-
Amur Mainline, blue arrows show the course of the river, red dot on world maps
indicating the geographical location of the study area. The Chara River basin is
outlined in black. Partial basins tinted green (Apsat River basin), blue (Zhuya
River basin) and pink (Tokko River basin)

Table 1. Sampling station points on the Chara River with geographical
coordinates and abbreviated names

Station name Abbr. Latitude Longitude

N E
Chara River above the Apsat River mouth Chl  57°02'14" 118°30'16"
Apsat River mouth A 57°0223" 118°30'31"

Chara River below the Apsat River mouth ~ Ch2  57°02'17" 118°30'52"
Chara River above Bol. Tora River mouth Ch3  57°46'51" 118°40'20"
Bol’shaya Tora River mouth BT  57°46'51" 118°40'10"
Chara River below Bol. Tora River mouth Ch4  57°47'13" 118°39'54"
Chara River above the Sen’ River mouth Ch5 57°59'21" 118°26'11"
Sen’ River mouth S 57°59'35" 118°25'53"
Chara River below the Sen’ River mouth Ch6  58°00'06" 118°25'57"
Chara River above the Zhuya River mouth ~ Ch7  58°45'25" 118°10'29"

Zhuya River mouth Zh  58°45'43" 118°09'15" Figure 2 Sampling points: Chara River above the mouth
Chara River below the Zhuya River mouth ~ Ch8  58°46'25" 118°08'45" of the Apsat River (A), Chara River above the mouth
Chara River fairway Ch9  58°57'57" 118°52'17" of the Bol'shaya Tora River (B), Chara River above the
Chara River above the Molbo River Ch10  59°45'08" 119°22'12" mouth of the Zhuya River (C), mouth of the Chara
Molbo River mouth M 59°4526" 119°22'06" River (D), phytoplankton sampling on the Chara River

below the mouth of the Apsat River (E), Chara River

Chara River below the Molbo River mouth ~ Ch1l  59°45'51" 119°22'42 above the mouth of the Sen' River (F)

Chara River above the Tokko River mouth ~ Ch12  59°50'58" 120°21'02"

Tokko River mouth T 59°50'23" 120°21'57"
Chara River below the Tokko River mouth ~ Ch13  59°51'18" 120°24'09"
Chara River mouth Ch14 60°18'45" 120°53'26"
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ter horizon (0—0.3 m). Samples for studying the qualitative
composition of phytoplankton were collected using an Ap-
stein net (SEFAR NITEX fabric, mesh size 15 pm). Hyd-
rochemical samples, as well as quantitative phytoplankton
samples, were collected by simply scooping up 1.5 1 of water.
Planktonic samples for quantitative analysis were sedimented
in situ under pressure on filters (Sartorius AG, Gottingen,
Germany). All algological samples were fixed by adding 3 %
neutral formaldehyde. Chemical analysis of water samples
was performed using generally accepted methods (Semenov
1977). Unified methods were used in processing and analy-
zing the phytoplankton material (Vasser et al. 1989). Species
identification of phytoplankton was carried out using an
Olympus BH-2 light microscope (Olympus Corporation, To-
kyo, Japan). The taxonomic affiliation of species was clarified
in accordance with data from the algacbase.org portal (Guiry
& Guiry 2024).
Bioindication

Bioindicator analysis was performed according to
Barinova (2017a) with species-specific ecological preferen-
ces of revealed indicator taxa (Barinova et al. 2019). Water
Ecosystem State Index (WESI) (Barinova 2017b, 2025) was

calculated to assess the toxic pollution influence on the
aquatic ecosystems using equation:

WESI = Rank Index S/Rank N-NO;

The index values vary from 0 to 5. If the index values
are less than one, then the ecosystem is exposed to toxic
pollution, which inhibits photosynthesis.

The BioDiversity Pro 2.0 program was used for similarity
calculation (McAleece et al. 1997). Pearson coefficients cal-
culation was done in (Wessa 2017).

Ecological analysis

Ecological maps constructed on the basinal basis as re-
commended in Barinova (2017¢) and Krupa et al. (2019) for
the major variables of water quality. The network analysis
in JASP (Jeffreys’s Amazing Statistics Program), significant
only, was doing on the botnet package in R Statistica
package of Love et al. (2019).

Canonical Correspondence analysis (CCA) was done
with CANOCO program for calculation of biological
dominated variables and environment variables relationships
(Ter Braak & Smilauer 2002).

RESULTS
Chemical data

The water of the Chara River was slightly warmed up
during sampling, which is due to the glacial feeding of the
river and the presence of many icings along the banks. The
water temperature increased from headwaters to mouth
(Appendix Table A1, Fig. 3). The flow rate is high and in the
mountainous area it reached 2.5 m s'. A dectease in trans-
parency was noted around the mouth of the Zhuya River
and downstream of the Chara up to the mouth of the Mol-
bo River. River water pH is close to slightly alkaline. The
oxygen regime is within normal limits. The carbon dioxide
content is low and relatively stable in all areas.

According to the component composition of the main
ions, the waters belong to the sulfate class (21-40 % eq.),
calcium group (21-34 % eq.), type I1I. Hydrocarbonates
account for 12-21 % eq. of the total amount of cations
and anions, magnesium accounts for 10-19 % eq., chlorides
for 4-10 % eq., sodium for 3—7 % eq., and potassium for
1-2 % eq. The percentage ratio of elements in different
sections of the river does not change significantly. The wa-
ters of the Chara River are fresh, low-saline, and very low
hardness (Appendix Table Al).

The waters of the Chara River are poor in nutrients and
organic matter (Appendix Table Al). Low levels of nitrite
and nitrate nitrogen, as well as silicon, are noted. The con-
centration of phosphorus compounds (phosphates and
total phosphorus) and ammonium nitrogen is low. The
complex of easily oxidizable organic substances (according
to BOD5), phenols, oil products and detergents also charac-
terized by low values. No features in the spatial distribution
of nutrients and organic matter along the river were noted
but the main ions fluctuated sufficiently. So, concentration
of calcium, magnesia, hydrocarbonates, sulfates, COD,
TDS, and watercolor were suddenly increased in the Molbo
tributary. Fig. 3 shows by the trend lines decreasing CO-
concentration, increasing water temperature and stabile
values of oxygen with the altitude of the river stations.

Phytoplankton data

Altogether 211 species and intraspecies of algae and
cyanobacteria from seven phyla were revealed in 40 phyto-
plankton samples from the Chara River sampling sta-
tions in 2011 (Appendix Table A2). Diatoms were notice-
ably dominant with 126 species. The dynamics of species
richness at the river stations is shown in Fig; 4. It is evident
that the total species richness at each station is 90 % dia-
toms. However, the fluctuation in the number of species in
the divisions was almost synchronous with the increase (ac-
cording to the trend lines) towards the mouth of the river.

A compatison of the species composition at the river
stations shows that there is virtually no division into clus-
ters (Fig. 5), that is, the representation of species in the
communities is quite uniform.

Only a few diatom species were found in significant num-
bers at most stations (Achnanthidium nodosum (Cleve) Tseplik
& Chudaev, Encyonema silesiacum (Bleisch) D.G. Mann,
Hannaea arcus (Ehrenberg) RM. Patrick, Tabellaria flocculosa
(Roth) Kiitzing), which characterizes the main core of
the communities of the studied river. However, in the
overall abundance of communities, it is shown (Appendix
Table A2) that there is a slight division into clusters in
Fig. 6. The community of station 1 is separated from the
entire compared community richness. The rest are difficult
to separate into indistinct clusters, uniting around the com-
munities of the tributaries.

Bioindicators

Among the identified diversity of algae and cyanobac-
teria, indicator species turned out to be up to 99 % in each
analyzed community (Appendix Table A3). Bioindicators
were distributed among 9 systems of environmental para-
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meter assessment according to the ecological preferences
of species (Appendix Table A4). Figures 7, 8 and 9 show
the distribution of the percentage composition of indicator
species by stations of the Chara River. Species richness in
each phylum was also used as an indicator, allowing us to
identify the response of diversity to environmental condi-
tions at each specific station (Fig; 7). Itis evident that diatoms
were prevalent at all stations of the river and tributaries
(Fig. 7a). However, the enrichment of communities with
species of other phyla occurred starting from station M, a
lower left tributary of the river and below. The indicators
show that throughout the river, benthic and planktonic-
benthic habitats were preferred for them (Fig. 7b). The
indicators of moderate temperature waters (Fig. 7c¢) and
moderate oxygen saturation (Fig. 7d) predominated.

Abiotic variables
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Figure 4 Phytoplankton species richness dynamic in the Chara River
stations according to Appendix Table A2

Bray-Curtis Cluster Analysis (Single Link)

Linear (Altitude)

Fresh neutral water indicators prevailed throughout the
river (Fig. 8a, b), and only in the BT tributary was slight
desalination and acidification observed, while in the M tri-
butary subsalination and pH growth observed. Diatoma-
ceous water indicators of organic pollution (Fig. 8c) show
a small influx of organic matter from the A, BT, Zh, M and
T tributaries, which is quickly consumed by the river eco-
system. The indication of the algae nutrition type indicates
the predominance of autotrophs (Fig. 8d). However, in the
middle reaches of the river mixotrophs also appear among
the community, which indicates a negative impact on photo-
synthesis. The Fig. 8 also shows that the suppression of algae
activity begins with the A tributary, then the activity is res-
tored at the S tributary and falls again after the M tributary.

Water trophic state indicators show the dynamics of

all groups with a predominance of oligotrophic and
eutrophic species (Fig. 9a) with an increase in the
proportion of eutrophic species towards the river
mouth. Outbreaks of oligotrophic species were
observed at stations Chl and BT, while a sharp
increase in the proportion of eutrophic species was at
the mouths of tributaries A and M. The number of
indicator species of the second class of water quality,
determined by the species-specific saprobity index S,
prevailed along the entire length of the river (Fig. 9b).
Up to 30 % of species also belonged to the third class
and this ratio did not undergo significant changes.

Thus, the distribution of indicator species groups
significantly complements the results of the analysis
of chemical indicators and taxonomy of river
communities. The comparison of the composition
of indicator species by constructing a tree of
similarities shows that the communities can already be
differentiated into four clusters, uniting most of the
stations of the upper and middle reaches together with
tributaries A and M, as well as three others, where the
communities of a few stations of the riverbed have
similarities with the communities of tributaries S, T
and BT (Fig. 10).

Correlation analysis of the indices linking commu-
nity complexity and environmental assessment showed
a high negative correlation of saprobity indices with

Bray-Curtis Cluster Analysis (Single Link)

Zh Ch4
_ ——cChM Ché
M Ch11
Ché —LI T
'1_| Chg L] M
S Ch10
BT Ch13
A Zh
Ch10 Ch7
Ch14 S
ch13 __| BT
T Ch14
Ch12 Ch12
Ch9 Ch9
Ch7 Ch8
Chs Chs
Ch4 Ch3
Ch3 Ch2
Ch2 A
Ch1 Ch1

0. % Similarity 50.

Figure 5 Tree of Bray-Curtis similarity for the phytoplankton
species richness in the Chara River stations according to Appendix
Table A2
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uptake metabolism (Aut-Het) (Van Dam et al. 1994): ats — nitrogen-autotrophic taxa, tolerating very small concentrations of organically
bound nitrogen, ate — nitrogen-autotrophic taxa, tolerating elevated concentrations of organically bound nitrogen, hne — facultative nitrogen-
heterotrophic taxa, needing periodically elevated concentrations of organically bound nitrogen

Shannon structural indices (-0.660, p < 0.0007), as can be
seenin Fig. 11. There was no significant correlation between
the number of species and abundance (-0.324, p < 0.08).
The remaining indices did not have clearly expressed values
of correlation indices. Indices WESI, calculated for each
station, show high capability to utilize organic pollutants
because its value was above 1 (Appendix Table A4).

The tree of similarity constructed on the basis of all
chemical, taxonomic and bioindication data showed the

separation of the river source and tributaries A, BT, M into
separate clusters, and the remaining stations were grouped
together with tributaries S, T and Zh (Fig. 12). Thus, it was
possible to identify the high habitat-forming role of the
tributaries of the Chara River.

Based on the findings on the significant impact of tribu-
taries on phytoplankton communities and water quality, a
calculation of the similarity of bioindicator data was per-
formed in the JASP program. It turned out that the bio-
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the Chara River stations according to Appendix Table A4

Figure 11 Tree of Bray-Curtis similarity for the phytoplankton
species richness, bioindicators, indices, and main chemical
variables in the Chara River stations according to Appendix Table
A1, Table A2, and Table A4

indicators divide the stations into two clusters, the first of
which is grouped with tributaries A, M and T, and the se-
cond is reliably separated from tributaries S, Zh and BT
(Fig. 13). That is, the analysis shows that the commonality
of the environment and biota in the Chara River basin has
two continua.

Species-environment relationships
CCA biplot (Fig. 14) for the phytoplankton species rich-

ness and main environmental variables shows that the main
environmental factors are divided into two bundles, among
which the first is oxygen, and the second is pH, TDS, CO2
and water transparency that influenced community of sta-
tions Ch 11 and M.

Figure 15 shows that the second bundle of environmental
parameters stimulates the development of green algae and
cyanobacteria, which is not hindered by a decrease in the
oxygen concentration from the first bundle.

Ecological mapping

Ecological mapping was carried out using the saprobity
index S. The index reflects not only the saturation of water
with dissolved organic matter but is also an indicator of the
state of the aquatic ecosystem. On the map (Fig. 16), sec-
tions of the river and tributaries are painted in EC colors
corresponding to water quality classes. Thus, it is clear
that tributary station A has waters of class 4 (orange), the
riverbed below and above it is of class 2 (green). Further,
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Figure 14 CCA biplot for the phytoplankton species richness and
main environmental variables in the Chara River stations according
to Appendix Table A1 and Table A2

starting from the tributary BT and up to station Ch 9, the
waters were of class 3 (yellow). However, below Ch 9 and
up to the confluence of the river with the tributary M, the
waters were of class 4. Below the tributary M, water quality
class 3 is again noted, including the entire tributary T and
up to the confluence of the Chara and Olekma.

Thus, the ecological mapping of the water quality of
the Chara River basin shows the areas of significant influ-
ence of coal and gold mining enterprises. But it also reveals
areas of potential impact, both in the upper section of the
river (coal-bearing Apsat and gold mining in Sukhoi Log)
and in the lower section (tributary T from the Taborny gold
mining). The map also indicates the section of the middle
course of the river in the area of the confluence of the tri-
butary M, where we have no reliable data on mining opera-
tions, but exploration may be underway there.

DISCUSSION

The species composition of algae found in the plankton
of the Chara River is quite diverse. The biodiversity of phy-
toplankton of the studied river increases from the source to
the mouth. JASP analysis indicates a high habitat-forming
role of the tributaries of the Chara River. This is due to the
enrichment of the species composition due to the tributary
system, as well as due to the increase in the number of bio-
topes in the riverbed itself. This fact is described as a phe-
nomenon of "tiver continuum", expressed in the successive
replacement of some groups of biotopes by others (Van-
note et al. 1980).

In technogenic landscapes of placer gold mining, as a
result of water erosion and discharge of industrial waters,
the removal of suspended matter increases many times over,
metal concentrations increase, and pollutants spread along
watercourses far beyond the gold mining sites (Zamana &
Vakhnina 2020).

Figure 15 CCA biplot for the phytoplankton species in Taxonomic
Divisions, abundance, indices saprobity S, and WESI, and main
environmental variables in the Chara River stations according to
Appendix Table A1 and Table A2

The decrease in transparency we have noted in certain
sections of the river is man-made in nature. One of the
problems of gold mining at placer deposits is the increase in
the concentration of suspended particles in river water due
to the work of the dredge. The increase in turbidity makes it
difficult for light to penetrate into the water column. In tur-
bid water, the growth of algae and macrophytes is inhibited
due to a decrease in photosynthesis and physical suppression
of vegetation at the bottom of the reservoir. The number
and diversity of benthic invertebrates decreases as a result
of reduced vegetation, clogging of the food apparatus with
small, suspended particles and the lack of suitable living
conditions in the bottom layer (Radomskaya et al. 2021).
In the community, those species that are better adapted to
living in highly turbid waters gain an advantage.

The long-term nature and delayed type of impact of coal
mining on aquatic ecosystems is shown in the study devoted
to a legacy of underground and surface coal mining in the
Canadian Rockies (Cooke et al. 2024). The data obtained
by the authors in the analysis of dated cores from bottom
sediments from Crowsnest Lake indicate an increase in the
content of selenium, lead, carbon, nitrogen and polycyclic
aromatic compounds, which are closely associated with past
mining at now mothballed and reclaimed coal mines. And
episodic penetration into surface water runs off from tailing
dumps leads to a periodic (but short-term) increase in the
content of iron, various metals, and suspended matters.

Studies in various regions on the impact of subsoil mi-
ning on aquatic ecosystems have revealed significant changes
in water quality and biodiversity. For example, in the polar
part of the Krasnoyarsk Territory on May 29, 2020, as a
result of an omission in the design and construction of the
pile foundation of the Norilsk Nickel oil storage tank, it was
damaged and leaked with a volume of 21 thousand tons (Ki-
rakosyan & Molchanova 2021). By October 2020, the main
stages of the accident cleanup were completed at the acci-
dent site: 90 % of the spill was collected, and the removal
of contaminated soils was completed. Nevertheless, an
analysis of the consequences of this accident showed high
concentrations of organic carbon in bottom sediments, and
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Figure 16 Ecological map of water quality in the Chara River basin according
indices saprobity S. The line color as in the EC scale

the content of polycyclic aromatic hydrocarbons reached
3764.4 ng ¢'. Lakes were most affected due to theit slow
water exchange. According to experts, the large polar lake
Pyasino will probably never be restored to its original state.
It should be added that some of the oil products entered
the marine ecosystem of the Kara Sea.

For northern water bodies affected by mining, a number
of authors note a tendency towards a decrease in the biodi-
versity of algal communities (Nikolaeva & Kopyrina 2023,
Systerova 2023).

The impact of stressors on freshwater ecosystems is of-
ten complex and has a synergistic effect, leading to irrever-
sible or complex consequences, the counteraction of which
is expensive in many situations (Bindduc et al. 2024). The
taxonomic composition in flow-through systems exhibits
stochastic distributions due to physical disturbances, in
contrast to stagnant aquatic ecosystems (MacArthur &
Wilson 1967).

Research conducted using statistical mapping methods
on water bodies in Western Yakutia in the zone of influence
of oil and gas production and diamond deposit development
made it possible to determine the main abiotic factors af-
fecting the vegetation of diatom communities, among
which the researchers named chlorides (in the diamond mi-
ning area) and copper (in the oil and gas production area)
(Barinova et al. 2024).

A study of the diversity of algae in the Ershovskoye
oil field swamps of the Khanty-Mansiysk Autonomous

Okrug — Yugra (KhMAO-Yugra) using
bioindication and ecological mapping methods
made it possible to identify the impact of
salinization and organic pollution in oil-conta-
minated areas. The results on the distribution
of indicator species showed a disturbance of
oil-contaminated habitats and a deviation of
indicators from those typical for the region's
nature (Skorobogatova et al. 2019).

In addition to direct impacts, indirect
threats  from
and production can also exacerbate nega-
tive impacts on ecosystem functioning and
biodiversity loss regardless of continent or
climate zone, as shown in Brazil and the Polar
Urals (Esterhuyse etal. 2022, Anhalt et al. 2020).
Oil and gas activities in the Mississippi River
Basin have contributed significantly to the loss
of wetlands in the river delta (Ko & Day 2004).
The impact is associated not only with the
toxicity of spilled oil, but also with secondary

hydrocarbon  exploration

and indirect consequences, such as changes
in hydrology. Impacts on plant communities
include disruption of plant-water relationships,
direct effects on plant metabolism, toxi-
city to living cells, and a decrease in oxygen
exchange between the atmosphere and water.
Impacts include growth retardation, reduced
productivity, altered metabolic systems and
biomagnification of hydrocarbon compounds.

The features of phytoplankton
reorganization in response to anthropogenic
factors (eutrophication, heavy metal pollution, acidification,
thermofication) were demonstrated using the example of
northern lakes in the North-West of European Russia
affected by subsoil development activities (Sharov 2021).
It has been proven that in northern water bodies, the
complex effect of heavy metals and biogenic elements
leads to the suppression of phytoplankton, and the effect
of acidification in combination with heavy metals enhances
the toxic effect of the latter. A feature of the response to
acidification is an increase in the variability of phytoplank-
ton biomass dynamics. The main limiting factor in the de-
velopment of phytoplankton in cold-water lakes is tempe-
rature and the content of nutrients in the water. The influx
of biogenic and organic substances with domestic waste-
water leads to eutrophication, characterized by an increase
in the total biomass of phytoplankton to 20 mg I and a
restructuring of the dominant phytoplankton complexes —
an increase in the proportion of cryptophytes to 30 % and
green volvocine algae to 60 %. Under the influence of low
pH and heavy metals, there is a decrease in species diversity
and an increase in the variability of phytoplankton biomass.

The results of the bioindication analysis show a small
influx of organic matter not only from the tributaries of the
Chara River, where gold and coal mining enterprises are al-
ready operating, but also the influence of potential develop-
ments, where exploration work is being carried out. How-
ever, the identified organic pollution is quickly absorbed by
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the river ecosystem. Our data confirms the high capacity of
the Chara River to utilize organic pollution.

CONCLUSION

Thus, 211 species and varieties of algae were found in
the plankton of the Chara River in Eastern Siberia according
to the results obtained in June 2011 at a 762 km stretch of
the river. Diatoms were distinguished by the highest diversity
species. The biodiversity of the river phytoplankton increa-
ses towards its mouth, which is obviously due to the high
habitat-forming role of the tributaries of the Chara River.
Our data indicates a decrease in the transparency of river
waters, which is of a technogenic nature and is noted in
sections of the river that are under the influence of gold
mining. The results of the bioindication method point to
organic pollution associated with subsoil mining in the
river basin. At this stage, the river ecosystem has a high
capacity for self-purification and can recycle organic runoff,
as shown by ecological maps of water quality in the Chara
River basin. The significant impact of coal and gold mining
operations reduced water quality to Class 4 in the tributaries.
However, the river ecosystem subsequently recovered from
the organic runoff, and water quality increased to Class 3 in
the lower reaches of the river. The number of species in the
communities also showed a significant increase downstream,
demonstrating the ecosystem's biotic activity.. The Chara
River basin is a unique area for research. It combines, on the
one hand, technogenic factors of gold mining operations
and coal and gas deposit development. On the other hand,
the risks of global climate change affecting this region as
a zone of continuous permafrost distribution may have
an unexpected effect. This study has shown the relevance
of monitoring studies of aquatic ecosystems in northern
regions where intensive development of subsoil extraction
industries is underway. In addition, further development
of bioindication methods adapted to specific pollutants
and types of ecosystems will increase the accuracy and
applicability of monitoring and risk assessment programs.

ACKNOWLEDGEMENTS

This research was carried out within the state assignment of
the Ministry of Science and Higher Education of the Russian
Federation for the project “Patterns of natural and anthropo-
genic transformation of plant communities in terrestrial and
aquatic ecosystems within the eastern sector of the cryolithozone
(the case study is Yakutia)” (teg. No 126021217283-5) (wotk of
V.A. Gabyshev) and for the project “Post-pyrogenic and an-
thropogenic transformation of soil cover and terrestrial eco-
systems on ancient alluvial deposits of Central Yakutia” (reg.
No 126021217281-1) (work of O.I. Gabysheva). We are grate-
ful to the Isracli Ministry of Aliyah and Integration for partial
support of this work.

Conflicts of interest: The authors declare no conflicts of interest.

LITERATURE CITED

Abdul-Wahab, S.A. & EA. Marikar 2012. The environmental
impact of gold mines: pollution by heavy metals. Central
European Jonrnal of Engineering 2:304—313.

Anbhalt, E.M., L.A. Dobrodomova & Z.N. Ryabinina 2020.
Environmental and economic assessment of the impact

of oil and gas production on the state of landscape and
botanical complexes in the Urals. IOP Conference Series:
Materials Science and Engineering 962:042011.

Biniduc, D., A. Curtean-Banaduc, S. Barinova, V.L. Lozano,
S. Afanasyev, T. Leite, P. Branco et al. 2024. Multi-interac-
ting natural and anthropogenic stressors on freshwater
ecosystems: Their current status and future prospects for
21st century. Warer 16:1483.

Barinova S., V. Gabyshey, S. Genkal & O. Gabysheva 2024.
Diatoms’ diversity in the assessment of the impact of
diamond and oil and gas mining on aquatic ecosystems
of the Central Yakut Plain (Eastern Siberia, Yakutia)
using bioindication and statistical mapping methods.
Diversity 16(8):440.

Batinova, S. 2017a. Essential and practical bioindication
methods and systems for the water quality assessment.

International Journal of Environmental Sciences and Natural
Resonrces 2:1-11.

Barinova, S. 2017b. On the classification of water quality
from an ecological point of view. International Journal of
Environmental Sciences & Natural Resonrces 2(2):1-8.

Barinova, S. 2017c. Ecological mapping in application
to aquatic ecosystems Biolndication: Problems and
methods. International Journal of Environmental Sciences &
Natural Resources 3:1-7.

Barinova, S. 2025. Database of Ecological Indicators of Freshwater
Algae and Cyanobactetia. Eclogy and Diversity 2(2):10003.

Chandel, P, D. Mahajan, K. Thakur, R. Kumar, S. Kumar,
B. Brar, D. Sharma & A.K. Sharma 2024. A review on plan-
kton as a bioindicator: A promising tool for monitoring
water quality. World Water Policy 10(1):213-232.

Chistyakov, G.E. 1964. Water resources of the rivers of Yakutia.
Nauka, Moscow, 255 pp. (in Russian). [Yucraxos I'.E. 1964.
Boamsre pecypcrr pex fxyrun. Mocksa: Hayka. 255 c.].

Cooke, C.A., CA. Emmerton & PE. Drevnick 2024. Legacy
coal mining impacts downstream ecosystems for decades
in the Canadian Rockies. Environmental Pollution 344:123328.

Eisler, R. 2004a. Arsenic hazards to humans, plants, and
animals from gold mining. In: Reviews of environmental con-
tamination and toxicology, volume 180 (G. Ware, ed.), pp. 133—
165, Springer, New York.

Eisler, R. 2004b. Mercury hazards from gold mining to hu-
mans, plants, and animals. In: Reviews of environmental con-
tamination and toxicology, volume 180 (G. Ware, ed.), pp. 139—
198, Springer, New York, USA.

Esterhuyse, S., N. Redelinghuys, P. Charvet, P. Fearnside,
V. Daga, R. Braga, W. Okello et al. 2022. Effects of hydro-
carbon extraction on freshwaters. In: Encyclopedia of inland
waters, 2-nd edition, volume 3 (T. Mehner & K. Tockner, eds),
pp. 189-209, Elsevier, Amsterdam.

Gabyshey, VA. & OI. Gabysheva 2012. The structure of phy-
toplankton of Chara River (Eastern Siberia) and its habi-
tat conditions in eatly summer (June). Izvestiya Penzenskogo
Gosudaestvennogo Pedagogicheskogo Universiteta Imeny V'.G. Belinskogo
29:144-151 (in Russian with English summary). [I'abpmrren
B.A, T'aGemmesa O, 2012, Crpykrypa urornsaskrona
p. Yaper (Bocroumas Cnbupp) m cpeaa ero obwraHus B
HAYAAC ACTHEIO IIepuoAa (exons) // Vssecrns [enserckoro
TOCYAAPCTBEHHOIO IIEAATOINHECKOro yHuBepcurera um. B. T,
Beanrcxoro. Ecrecrennsre mayxu. Ne 29. C. 144-151].

Gabyshev, V.A. & O.d. Gabysheva 2018. Phytoplankton of the
largest rivers of Yakutia and adjacent territories of Eastern Siberia.
SibAk, Novosibirsk, 414 pp. (in Russian). [I'absimes B.A.,
T'abbrmesa O.J1. 2018, OUTOMAAHKTOH KPYIHBIX PEK

Sxyrau u conpeaeApHbIX Teppuropuii Bocrounoit Cu-
6upu. Hosocubupck: Msza. AHC «CubAK». 416 c.].

50 Botanica Pacifica. A journal of plant science and conservation. 2026. 15(1): 41-60



Microalgal indicators of mining impact in a river ecosystem in the permafrost zone

Gabysheva, O1. & V.A. Gabyshev 2023. The chemical compo-
sition of the waters of large rivers in the northeast of Russia and
the components of aquatic biota (on the example of planktonic
mixotrophs) under conditions of seasonal permafrost degradation.
Izd-vo SB RAS, Novosibirsk, 121 pp. (in Russian). ['a-
Opiriea O.1., T'abpunes B.A. 2023. Xumuyeckuii cocras
BOA KpymHBIX pek CeBepo-Bocroka Poccnn 1 kommonen-
Tl BOAHOH OHOTBI (Ha IIpUMEpe IAAHKTOHHBIX MUKCO-
TPO(POB) B YCAOBHUSAX CE30HHOH ACTPAAALIMN MEP3AOTHL.
Hosocubupck: Msaareascrso CO PAH. 121 c/].

Goswami, S. 2015. Impact of coal mining on environment.
European Researcher 92(3):185-196.

Guiry, M.D. & G.M. Guiry 2024. A/gaeBase. World-wide
electronic publication. National University of Ireland,
Galway. Available from: https://wwwalgaebase.org/.
Last accessed 14.12.2024.

Gvozdetsky, N.A. & N.I. Mikhailov 1978. Physical geography of the
USSR. Asian part. Mysl, Moscow, 512 pp. (in Russian) [I'sos-
acukuit HA. Muxaiiros HI. 1978. ®usmueckas reorpa-
s CCCP. Asmarckas gacts. Mocksa: Mbicas. 512 c.].

Henson, S.A., B.B. Cael, SR. Allen & S. Dutkiewicz 2021.
Future phytoplankton diversity in a changing climate.
Nature Commmnications 12:5372.

Hustedt, F. 1957. Die Diatomeen flora des FluB3systems der
Weser im Gebiet der Hansestadt Bremen. _Abhand/ungen
des Naturwissenschaftlichen 1 ereins zu Bremen 34(3):181-440.

Hustedt, F 1938-1939. Systematische und Okologische
Untersuchungen tber die Diatomeenflora von Java, Bali
und Sumatra. Archiv fiir Hydrobiologie, Suppl. 15:131-177,
393-506, 638—790, Suppl. 16:1-155, 274-394.

Irfan, A., H.P. Perangin-Angin & G. Y.S Purba 2024. Com-
munity perception of gold mining affecting the water
quality of the Wariori River. Daengku: Journal of Humanities
and Social Sciences Innovation 4:852—856.

Katsiapi, M., A.D. Mazaris, E. Charalampous & M. Moustaka-
Gouni 2012. Watershed land use types as drivers of fresh-
water phytoplankton structure. Hydrobiologia 698:121-131.

Kirakosyan, D.V. & Y.P. Molchanova 2021. Analysis of first con-
sequences of the oil spill in Norilsk. Uspekhi 1 Khinzii 1 Khinz-
cheskikh Tekhnologiyakh 35(2):43—46 (in Russian). [Kupakocssa
AB., Moawanosa SLIT. 2021. AHaAw3 HEPBBIX TOCAEACTBIE

nedyrsnoro pasansa B Hoprabcke // Verexu B xumnm 1 xu-
mrrdeckoit Texaoaormm. T. 35, Ne2 (237). C. 43-406).

Ko, J.Y. & J.W. Day 2004. A review of ecological impacts of
oil and gas development on coastal ecosystems in the Mis-
sissippi Delta. Ocean & Coastal Management 47:597—623.

Krupa, E., S. Barinova & S. Romanova 2019. Ecological
mapping in assessing the impact of environmental factors
on the aquatic ecosystem of the Arys River Basin, South
Kazakhstan. Dipersity 11:239.

Laker, M.C. 2023. Environmental impacts of gold mining —
With special reference to South Africa. Mining 3:205-220.

Love, J., R. Selker, M. Marsman, T. Jamil, D. Dropmann,
J.A. Verhagen, A. Ly et al. 2019. JASP: Graphical statis-
tical software for common statistical designs. Journal of
Statistical Software 88:1-17.

MacArthur, RH. & E.O. Wilson 1967. The theory of island bio-
geography. Princeton University Press, Princeton, 203 pp.

McAleece, N, ].D.G. Gage, PJ.D. Lambshead & G.L.J. Pa-
terson 1997. BioDiversity professional statistics analysis software.
Jointly developed by the Scottish Association for Marine
Science and the Natural History Museum London.
Available  from:  https://www.sams.ac.uk/science/
outputs/. Last accessed 11.01.2025.

Mendelssohn, I.A., G.L. Andersen, D.M. Baltz, R.H. Caffey,
K.R. Carman, ].W. Fleeger, S.B. Joye et al. 2012. Oil im-

pacts on coastal wetlands: Implications for the Mississippi
River Delta ecosystem after the deepwater horizon oil
spill. BaoScience 62:562-574.

NedraDV 2026. Website of media company NedraDV’. Available
at https://nedradv.ru/ Last accessed 05.02.2026.

Nikanorov, A.M., V.M. Ivanic & O.S. Reshetnyak 2015. Mo-
nitoring of water bodies within the technogenic disturbed
geosystems of the coal industrial areas. In: Proceedings of
the Geoecological problems of coal industrial territories, N.E. Za-
krutkin et al, eds), pp. 250-262, Izdatel'stvo Yuzhnogo
Federal'nogo universiteta, Rostov-on-Don (in Russian
with English abstract). [Huxarmopos A.M., sannk B.M.,
Perreraak O.C. 2015. MOHHTOPHHT BOAHBIX OOBEKTOB
B IIPCACAAX TEXHOITCHHO HAPYIICHHBIX ICOCHCTEM YIAC-
IIPOMBIIIACHHBIX paiioHoB // I'eoskosormaeckue mpo-
OAEMBI YIAEIIPOMBIIIAEHHBIX TeppHTopI/If/i / oA pea.
B.E. 3axpyrkmna n Ap. Pocros-na-Aony: Msaareascrso
IOxm0r0 peaepasnnoro yuusepcnrera. C. 250-262].

Nikolaeva, N.A. & L.I. Kopyrina 2023. Evaluation of some
aspects of the state of rivers and landscapes in Wes-
tern Yakutia under anthropogenic impact. Uspekhi Sovre-
mennogo Yestestvoznaniya 6:59—64 (in Russian with English
summary). [Huxoaaesa H.A., Komwipmaa AM. 2023.
OreHKa HEKOTOPBIX ACHEKTOB COCTOSIHUS PEK H AAHA-
11apTOB 3aI1aAHOM SKyTHI B yCAOBHAX aHTPOIIOICHHOTO
BOsAelicTBuA // VCIIexu COBPEeMEHHOIO €CTECTBO3HAHMUA.

Ne 6. C. 59-64].

Radomskaya, V.I., S.M. Radomskiy, A.S. Segrenev & S.Y. Ku-
lik 2021. Contamination of the Dzheltulak-1 river basin
under alluvial gold mining (the Amur region). Nauki o
Zemle i nedropol'zovanie 44(4):471—484 (in Russian with Eng-
lish abstract). [Paaomckas B.M., Pasomckuit C.M., Cerpe-
nes A.C., Kyauk C.A. 2021. 3arpssHenne Gacceiina pexkn
Asenryaak-1 rmpu pocchItHOM 30A0TOA0OBIUE (AMypCKas
obaactp) // Hayku o 3emae n neaporioabszosanue. T. 44,
Ne 4. C. 471-484].

Semenov, A.D. 1977. Guidance on the chemical analysis of surface
waters of the land. Gidrometeoizdat, Leningrad, 541 pp. (in
Russian). [Cemenos A.A. 1977. PykoBoAcTBO 11O XMMH-
YECKOMY 4HAAM3Y IOBEPXHOCTHBIX BOA CYIIH. /\CHHH-
rpaa: 'mapomereonsaar. 540 c.].

Sharov, AN. 2021. Phytoplankton of cold-water lake eco-
systems under the influence of natural and anthropogenic
factors. Voprosy sovremennoi al'gologii 1(25):42—49 (in Russian
with English abstract). [[Ilapos A.H. 2021. ®uromaank-
TOH XOAOAHOBOAHBIX O3€PHBIX 9KOCHCTEM IIOA BAUAHHCM
LPUPOAHBIX M aHTpONoreHHbix (haxropos // Bompocst
cospemennon aasrosormm. Ne 1 (25). C. 42—49].

Shepelev, V.V. 2009. Permafrost. In: The Republic of Sakba
(Yakntia), complex: atlas (N.N. Fedorenko et al., eds), pp. 30—
31, FGUP “Yakutskoye aerogeodezicheskoye predptiya-
tiye”, Yakutsk (in Russian). [[Llemeaés B.B. 2009. Muo-
roaetnss mepsaora // Pecriybanka Caxa (Axkyrus), kom-
nAekcHbI ataac / oA pea. HH @eaopenko u Ap. Axyrek:
Sxyrckoe asporeoaesmaeckoe npeanpusrue. C. 30-31].

Skorobogatova, O., E. Yumagulova, T. Storchak & S. Bari-
nova 2019. Bioindication of the influence of oil produc-
tion on Sphagnum bogs in the Khanty-Mansiysk Autono-
mous Okrug—Yugra, Russia. Diversity 11(11):207.

Sladecek, V. 1986. Diatoms as indicators of organic pollu-
tion. Acta Hydrochimica et Hydrobiologica 14:555-5606.

Sokolov, A.A. 1952. Hydrography of the USSR. Gidrometeoizdat,
Leningrad, 287 pp. (in Russian). [Cokoros A.A. 1952. T'ua-
porpadust CCCP. Aernnrpaa: I'mapomereomsaar. 287 c..

Sudakova, E.A., IN. Egorova, E.N. Maksimova & E.M. Vy-
sokikh 2020. To the flora of the soil algae of the northern
territories of Baikal region: Baikal-Patom and Stanovoi

Botanica Pacifica. A journal of plant science and conservation. 2026. 15(1): 41-60 51



Gabyshev et al.

uplands (Russia). Problemy botaniki yuzhnoi Sibiri i Mongolii
19(1):179-184 (in Russian with English summary). [Cyaa-
kosa E.A., Eroposa I1.H., Makcumosa E.H., Bercokux E.M.
2020. K crope 1mOUBEHHBIX BOAOPOCAEH CEBEPHBIX Tep-
puropuii GafikaAbCKOro permoHa: batikaso-ITatomckoe
n Cranoeoe naropps (Poccnst) // TTpoGaemsr GoTanmkn
rosxnon Crbnpu nm Morroann. T. 19, Nel. C. 179-184.

Sukhoi Log 2026. Website of company Sukhoi 1.gg. Available
at https://polyus.com/ru/operations/development_
projects/sukhoy-log/ Last accessed 05.02.2026.

Systerova, A.V. 2023. River’s algoflora of Perm Krai oil
fields. In: Proceedings of the All-Russian Conference Ecological
safety in conditions of anthropogenic transformation of the natural
environment (S.A. Buzmakov, ed.), pp. 494—496, Perm State
National Research University, Perm (in Russian with Eng-
lish summary). [Ceicreposa A.B. 2023. Aasrodaopa pex
Ha TeppUTOPHH HeTAHBIX MecTOpoxAcHMIT [ Iepmckoro
kpad // Dxororudueckas GE30IACHOCTD B YCAOBHAX AHT-
POIIOreHHOM TpaHC(OPMAIINE IPUPOAHOH CPEABL: MATE-
puaasr Beepoceniickor HaydHOW KOH(EPEHIINN MOAO-
ABIX YYEHBIX, ITOCBAIeHHON mamata H.@. Pefx’mepca "
®.P. [Ituasmapra / oA pea. C.A. Bysmakosa. ITepmb:
HepMCKHﬁ TOCYAAPCTBEHHBIN HAIIMOHAABHBIM HCCAEAO-
BareAbckuil yausepcurer. C. 494-496].

Taborny 2026. Website of company Taborny. Available at
https://notrdgold.com/ru/operations/production/
Taborny/ Last accessed 05.02.2026.

Ter Braak, C.J.FE. & P. Smilauer 2002. CANOCO reference
manual and CanoDraw for Windows user’s guide: Software for
canonical community ordination, version 4.5. Microcomputer
Power Press, Ithaca, NY, 500 pp.

Van Dam, H., A. Mertens & J. Sinkeldam 1994. A coded
checklist and ecological indicator values of freshwater

diatoms from the Netherlands. Netberland Journal of
Agnatic Ecology 28:117-133.

Vannote, R.L., G.W. Minshall, K.W. Cummins, J.R. Sedell &
C.E. Cushing 1980. The river continuum concept. Canadian
Journal of Fisheries and Aquatic Sciences 37(1):130-137.

Vasser, S.P,, N.V. Kondratyeva, N.P. Masyuk, G.M. Palamat-
Mordvintseva, Z.1. Vetrova, E.I. Kordyum, N.A. Mosh-
kova et al. 1989. Algae: Handbook. Naukova Dumka, Kyiv,
608 pp. (in Russian). [Baccep C.I1., Konaparsesa H.B.,
Macrox H.IL., ITaaamape-Mopasunnesa I'M., Berpo-
Ba 3.11., Koparom E.A., Momkosa H.A. nr ap. 1989. Bo-
asopocan: Crpapounnk. Knes: Haykopa aymxa. 608 c.].

Watanabe, T., K. Asai & A. Houki 1986. Numerical estima-
tion of organic pollution of flowing water by using the
epilithic diatom assemblage — Diatom Assemblage Index
(DAIpo). Science of Total Environment 55:209-218.

Wessa, P. 2017. Pearson correlation (v1.0.13) in free statistics soft-
ware (v1.2.7). Office for Research Development and Edu-
cation. Available from: https://www.wessa.net/rwasp_
correlation.wasp/. Last accessed 25.122024.

Zamana, L..V. & I.L.. Vakhnina 2020. The influence of allu-
vial gold mining on the natural complexes of river valleys
of Amur River basin (Eastern Transbaikalia, Russia) Geo-
sfernye issledovaniya 2:83—-89 (in Russian with English ab-
stract). [3amama A.B., Baxarma MLA. 2020. Bansamue poc-
CBIITHOH 30AOTOAOOBIMH Ha IIPUPOAHBIC KOMIIACKCHI PEY-
HBIX AOAUH Dacceitna p. Amyp (Bocrounoe 3abaiikasne,
Poccust) // T'eocdepunre uccaeposanns. Ne 2. C. 83-89].

Zhuldybina, T.V. 2010. Hydrochemical regime of water-
courses of the Chita region. Geografiya i prirodnye resursy
1:99—102 (in Russian). [Kyaasromaa T.B. 2010. I'uapo-
XUMHYECKUH PeKUM BOAOTOKOB UntnHckoi obaactu //

T'eorpadus u mpupoasnsie pecypest. Nel. C. 99-102].

APPENDIX
Appendix Table Al. Table of averaged data of environmental variables in the sampling stations of the Chara River basin,
2011.
Variable Chi A Ch2 Ch3 BT Ch4 Ch5 S Ch6 Ch7 Zh Ch8 Ch9 Ch1l0 M Chll Ch12 T Chi13 Chl4
Altitude, m a.s.l. 685 685 685 432 432 430 367 368 359 251 244 241 203 158 158 151 149 137 146 120
Velocity 5 05 12 12 12 12 12 12 12 19 19 22 25 19 07 11 14 06 14 09
T°C 64 45 72 72 42 56 48 43 43 68 83 80 87 98 139 141 103 123 125 119
Transparency, m 22 14 13 12 17 18 14 14 19 06 05 06 08 17 11 09 30 33 11
Depth, m 20 15 15 20 15 18 30 1.7 50 50 50 50 90 51 27 50 95 30 95 95
pH 732 736 745 730 0684 702 701 700 704 752 775 772 782 777 825 833 805 800 804 793
O, mgl! 1073 1170 11.01 1111 1203 1058 11.79 1234 1230 1136 1097 11.02 1086 10.67 945 955 1048 9.70 9.74 10.19
6 mg I ! 528 440 484 462 418 396 528 352 330 440 440 352 418 396 616 616 352 440 396 352
TDé mg I ! 37.61 4411 5175 2734 2405 2594 2213 3207 31.69 46.09 61.98 54.11 50.43 63.82 179.31 173.81 63.38 87.69 83.66 66.27
N- NH , Mg I 037 015 037 045 035 030 023 017 017 029 040 049 030 035 049 045 035 009 009 026
N- NO2 mg I 0.004 0.003 0.004 0.004 0.005 0.003 0.004 0.002 0.004 0.004 0.007 0.007 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004
N-NO. mg I ! 007 007 012 007 012 006 005 004 008 008 016 016 009 009 009 010 008 004 003 0.006
P-PO rng; I 002 000 000 001 006 000 000 000 000 000 008 007 003 003 000 000 002 000 001 002
Ptot, mg I 002 004 007 012 032 012 002 006 004 002 032 027 016 010 002 004 012 004 002 0.006
Si, mg I 144 124 124 128 094 134 114 124 104 120 144 148 124 094 124 124 084 112 124 088
BOD mgO I 139 174 188 119 201 057 157 222 218 123 146 1.64 142 132 080 105 148 130 111 148
Fetot mg I 037 027 027 020 052 020 016 007 004 016 087 070 037 037 007 007 020 004 004 020
TSS, mg I'! 148 148 148 140 140 140 160 164 160 140 140 140 124 152 152 152 160 160 160 124
Color Pt/ Co® 24 9 31 20 18 24 29 16 13 25 29 32 23 26 38 39 24 24 27 32
0,% 95 99 99 98 98 89 96 100 100 97 97 97 96 97 95 96 96 94 94 98
Hardness mg I ! 048 052 062 032 028 032 028 042 040 058 08 068 062 076 224 214 082 110 114 084
Ca, mg I 361 721 842 401 281 401 401 681 481 0681 1042 1042 882 10.82 34.07 30.86 1202 14.83 13.63 10.82
\/Ig mg I 365 194 243 146 17 146 097 097 194 292 34 194 219 267 0656 729 267 437 559 3.65
Na, mg I'! 9 23 26 19 16 13 10 12 16 15 16 16 16 39 54 59 19 37 34 25
K, mg 1! 05 06 05 05 05 04 04 04 04 04 05 05 04 04 04 05 03 03 03 04
HCO ,mg 1" 1098 976 17.09 3.66 3.66 488 3.66 244 244 1709 2197 1831 2197 1831 8299 8177 20.75 31.73 854 2197
Cl, mg I 496 213 39 284 177 284 248 248 177 248 248 213 248 851 1099 1099 461 922 993 532
S() mg I 1201 2017 1681 1297 1201 1105 9.61 17.77 1873 1489 21.61 1921 1297 1921 389 365 21.13 2354 4227 21.61
C()b mgO I ! 18 10 12 12 10 10 10 10 10 17 10 10 17 18 28 20 10 10 10 10
Phenols mg I 030 030 030 030 030 030 026 026 026 026 026 026 030 030 030 030 030 030 030 030
Detergents mgl? 001 001 001 001 001 001 001 001 001 001 001 001 001 002 002 002 001 001 001 002
Oil, mg I 0.001 0.001 0.001 0.001 0.001 0001 0001 0.001 0001 0.001 0001 0.001 0001 0.002 0.002 0002 0.001 0.001 0.001 0.002
52 Botanica Pacifica. A journal of plant science and conservation. 2026. 15(1): 41-60
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Microalgal indicators of mining impact in a river ecosystem in the permafrost zone

Appendix Table A3. Ecological preferences of algae and cyanobactetia species from 20 sampling stations of the Chara

River basin in 2011.
Taxa Hab T OXY HAL pH D AUT-HET TRO IndexS$S
Bacillariophyta
Ac/mant/yey%xe//ﬂ - - - - - - - - -
Achnanthidinm nodosum B - - hb acf - - ot 1.00
Amphora ovalis B temp st-str i alf sX ate e 1.50
Apneumastus tusculus P-B - st i alb - ate o-¢ 0.90
Asterionella formosa P temp st-str i alf sX ate me 1.35
Aulacoseira iz{/ngem P-B tem st-str i alf sp ate ot 0.80
Aulacoseira distans P-B coo str i acf sp ats ot 0.40
Aulacoseira granulata P-B temp st-str i alf es ate e 2.00
Aulacoseira granulata vax. angustissima P temp st-str i alf es ate e 2.10
Aulacoseira subarctica P temp st-str i alf - ats om 1.70
Cocconeis placentula P-B temp st-str i alf es ate me 1.35
gymaz‘ap eura elliptica P-B temp st-str i alf - ate e 1.40
Cyﬂmta Jenra solea var. gracilis B - - i alf - - - -
mbella aspera B - st-str i neu es ats e 0.30
mbella cistula B - st-str i alf SX ats e 1.20
Cy mbella cymbiformis B temp st-str 1 alf sX ats om 2.00
Cymbe//a lanceolata B temp st-str i alf es ate e 2.50
Cymbe//a parva B - - i ind - - om 2.00
mbella stuxcbergii B - - i neu - - ot 1.00
Cy mbella tumida B temp st-str i alf sX ats me 2.20
é}ﬂbop/mm amphicephala B - st-str i ind - - - -
Cym/mp/mm cuspidata P-B temp st-str i alf - - - -
Cymbap/eﬂm inaequalis B - st-str i alf - - - 1.10
Dymlaop/mm subcuspidata P-B - str i acf X ats om 1.00
iatoma elongata P-B - st-str hl alf - - - -
Diatoma tennzs P-B temp st-str hl alf - - om 2.40
Didymosphenia geminata B - st-str i ind - - - 2.00
Diploneis smithit B - - mh alf - - - -
Encyonema silesiacum B temp st-str i ind - - - -
Entomoneis palndosa P-B - - mh alf - - - -
gpz}‘beﬂziﬂ adnata B temp st-str i alb - - - 1.20
Withemia sorex B temp st-str i alf - - - -
%pii/yemz’a turgida B temp st-str i alf - - - 1.10
Sunotia arcis B tem st-str i acf sxX ats ot 0.40
Eunotia bidens P-B,aer coo st-str hb acf - - ot 1.00
Eunnotia bigibba B - str i acf - - ot 0.40
Eunotia diodon B cool st-str i acf - - - -
Eunotia exigna P-B,aer  temp st-str hb acb - - ot 1.00
Eunotia flexcuosa B temp st-str i acf - - - 0.40
Eunotia lunaris B - - - - - - - -
Eunotia major B - st-str hb acf - - - 1.00
Eunotia monodon B - st-str hb acf es ats ot 0.40
Eunotia papilio B - - i acf - - - -
Eunotia pectinalis var. ventricosa B - st-str i act - ate ot 0.20
Eunotia polydentula B - - hb acf - - - -
Eunotia praerupta P-B cool st-str hb acf - - - 0.30
Eunotia robusta B - st hb acf - - ot 1.00
Eunotia valida P-B - - hb acf - - ot 1.00
Fragilaria crotonensis P-B temp st-str i alf - - - -
Fragilaria montana aer - - - - es ate - -
Frustulia rbonboides B temp st-str hb acf es - - 1.00
Gomphonema longiceps ~var. montanum £. suecicun - - - - - - - - -
Gomphonema acuminatum B temp st-str i ind - - - 0.80
Gomphonema constrictum - - - - - - - - -
Gomphonema coronatum B - st i ind - - - -
Gomphonema intricatum B - st-str i ind - - - -
Gomphonema longiceps vax. subclavatum - - - - - - - - -
Gomphonema montanum B - str i ind - ate - -
Gomphonema productum B - str i ind - - - 1.00
Gomphonema punilum B tem - i alf - - - -
Gomphonema ventricosnm B coo str i ind - - - 1.00
Gomphonema vibrio B - str i alf - ats ot 0.30
Gyrosigma acuminatum B temp st-str i alf - - - -
émﬂgzﬂa attennatum P-B temp st-str i alf - - - -
annaea arcis B temp str i alf - - - -
Hannaea inaequidentata P-B - - hb neu - - - -
Hantzschia amphioxys B, aer temp st-str i ind - - me 3.00
Hantzschia amphioxys var. major B - st-str i ind - - - -
Hantzschia elongata B - aer i acf - - - -
Imm’/?a biseriata P-B temp st-str i alf es - m 1.00
Tconella hibernica B - st i ind es ats ot 2.00
Iconella tenera P-B temp st i alf - ats ot 0.20
Lindavia costata - - - - - - - - -
Melosira varians P-B temp st-str hl ind - - - 2.40
Meridion circulare P-B temp st-str i ind - - - -
Meridion constrictum P-B temp st-str hb ind - - - -
Navicula radiosa B temp st-str i ind sxX - - -
Navicnla reinbardtii - - - - - - - - -
Navicula viridula B - st-str hl alf - - - -
Neidium amphigomphus - - - - - - - - -
Neidinm dubinm B - str i alf - - - -
Neidinm iridis B temp st-str hb ind - - - -
Neidinm productum P-B temp st-str i ind - - - -
Nitzschia acicularis P-B temp st 1 alf es ats om 1.40
Nitzschia flexa B - - oh alf - ate me 1.50
Nitzschia flexoides B - - - - - - - 1.50
Nitzschia linearis B temp st-str i alf - - - -
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Appendix Table A3. Continued.

Taxa Hab T OXY HAL pH D AUT-HET TRO IndexS$
Nitzschia recta B temp st-str i alf - - - 1.00
Nitzschia sigmoidea P-B - st-str i alf - - - -
Nitzschia vermicularis P-B tem st-str i alf - - - -
Odontidinm hyemale P-B coo st-str hb ind - - - -
Pantocsekiella knetzingiana P-B temp st 1 ind - - - -
Peronia fibula B - str hb acf - - - 3.00
Pinnularia abanjensis vax. linearis B temp st-str i ind - - - -
Pinnularia divergens B - st hb ind - - - -
Pinnularia interrupta B - st-str i ind - - - -
Pinnularia lata P-B - str i act - - - 0.30
Pinnularia macilenta B - - - - - - - 0.90
Pinnularia major B temp st-str i ind - ats m 1.00
Pinnularia mesolepta P-B temp st-str i ind - - ot -
Pinnularia microstauron P-B temp st-str i ind - ats ot 0.30
Pinnularia stanroptera - - - - - - - - -
Pinnularia viridis P-B temp st-str i ind - - ot 0.90
Psendostanrosira parasitica P-B temp st-str i alf - ate ot 1.00
Psendostanrosira subconstricta P-B, Ep - st-str i alf - - - -
Reimeria sinnata P-B,aer  temp st-str i ind - - - -
R/Joz'm;p/)em'a abbreviata B temp st-str i alf es ate me 1.90
Rhopalodia gibba P-B temp st-str i alf es ate om 1.40
Stanroneis acnta B - st-str i alf - - m -
Stanroneis anceps P-B temp st-str i ind sX ats om 1.30
Stanroneis phoenicenteron P-B temp st-str i ind - - - -
Stanrosira leptostanron P-B temp st-str i alf - - - 1.30
Surirella angusta P-B temp st-str i alf - - - -
Surirella hibernica P-B - st-str i alf - - - -
Surirella librile P-B temp st-str i alf - hne - -
Tabellaria fenestrata P-B - st-str i ind - - - 1.90
Tabellaria fenestrata vax. geniculata P - - hb - - - - 2.80
Tabellaria flocculosa P-B cterm st-str i acf - - - 3.00
Tabnlaria tabulata B - - mh alf - - - -
Tetracyclus glans P-B temp - i acf - - ot 1.00
Ulnaria acus P-B warm st-str i alf es ate me 1.85
Ulnaria amphirbynchus P-B - - i alf es hne om 2.00
Ulnaria capitata P-B - st-str i alf es ats e 2.00
Ulnaria contracta - - i alf es hne - 2.40
Ulnaria oxyrhynchus P-B - st-str i alf es ats e 2.40
Ulnaria ﬂ?;d P-B temp st-str i alf es ate e 2.40

Charophyta
Actinotaeninm truncatnm P-B - - - acf - - m -
Closterium ebrenbergii P-B - st-str hb ind - - me 1.50
Closterium gracile P-B - st-str hb ind - - om 1.50
Closterinm intermedinm P-B - st - acf - - om 0.80
Closterium knet3ingii P-B - st i acf - - m 0.70
Closterinm leibleinii P-B - st-str - ind - - e 2.60
Closterium littorale £. minus - - - - - - - - -
Closterinm littorale P-B - - - ind - - e 2.40
Closterium monilifernm P-B - st-str i ind - - me 2.10
Closterinm peracerosum - - - - - - - - -
Closterinm pritchardiannm P-B - - - ind - - m -
Closterinm ralfsii varx. hybridum P-B - - hb acf - - m 0.50
Closterinm rostratum B - aer - ind - - m 0.70
Closterium rostratum vax. brevirostratum B - - - ind - - m 0.70
Closterinm strigosum P-B - st-str - ind - - e 1.90
Closterinm subnlatum B - - - ind - - me -
Cosmarium anceps B, aer - aer - acf - - m -
Cosmarinm botrytis P-B - st-str i ind - - m 1.90
Cosmarium formosulum P-B - - - ind - - me 1.80
Cosmariunt humile vat. substriatum P-B - - - ind - - m -
Cosmarinm pokornyanum B, acr - aer hl acf - - m -
Cosmarinm punctulatum P-B - - hb ind - - m 1.30
Cosmarinm pygmaenm P-B - st-str - acf - - om -
Cosmarium quadratum var. willei - - - - ind - - m 0.80
Cosmarinm reniforme P-B - st-str hb ind - - me 1.00
Cosmarium speciosum var. simplex B, aer - aer - acf - - m -
Cosmarinm subcrenatum B, aer - aer - acf - - m 1.10
Cosmarinm turpinii P-B - - i ind - - me 0.70
Gonatogygon kinahanii - st-str - acf - - - 1.10
Hyalotheca dissiliens P-B - - hb ind - - - -
Stanrastrum avienla P-B - - - ind - - m -
Stanrastrum avienla var. lunatum P-B - - i ind - - e -
Stanrastrum basidentatnm - - - - - - - - -
Staurastrum dilatatum P - - - - - - m -
Staurastrum polytrichum B - - - acf - - m -
Stanrastrum punctulatum P-B - st-str i ind - - ot -
Stanrastrum ralfsii B - - - acf - - m -
Stanrodesmus glaber B - - - acf - - ot -
Staurodesnus megacanthus var. scoticus - - - - acf - - m -

Chlorophyta
Actinastrum hantzschii P-B - st-str i - - - - 2.30
Ankistrodesmus arcuatus P-B - st-str i - - - - 2.10
Colemanosphaera charkowiensis - st-str - - - - - 2.20
Desmodesmus armatus P-B - st-str - - - - e 1.90
Messastrum gracile P-B - st-str - - - - - -
Monoraphidium contortum P-B - st-str i - - - - -
Monoraphidinm griffithii P-B - st-str i - - - e 2.50
Neglectella solitaria P - st i ind - ats - 0.80
Pandorina morum P - st i - - - m -
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Appendix Table A3. Continued.

Microalgal indicators of mining impact in a river ecosystem in the permafrost zone

Taxa Hab T OXY HAL pH D AUT-HET TRO IndexS$S
Peninm spirostriolatum B - - - acf - - - -
Psendopediastrum boryanum P-B - st-str i ind - - e 2.10
Pseudopediastrum boryanum var. longicorne P-B st-str - - e 2.10

Cyanobacteria
Apnabaena oscillarioides P-B - - - - - - e 2.00
Chamaesiphon confervicola B - st-str - - - - ot 1.10
Merismopedia tennissima P-B - - hl - - - e -
Nostoc caernlenm B - - i - - - - 1.40
Oscillatoria limosa P-B - st-str hl alf - - - -
Oscillatoria tenuis P-B, S - st-str hl - - - - -
Tolypothrix distorta B, - - - - - - ot 0.95
Tolypothrix tenuis B,S - st i - - - ot 1.00

Euglenozoa
Lepocinclis acus P eterm st i ind - - - 2.40

Miozoa
Ceratinm hirnndinella P - st-str i - - - e 1.30
Naiadininm polonicum P - st i - - - - -
Peridinium bipes P - st-str oh - - - - 1.40
Peridininm cinctum P-B - st-str i - - - - 1.40
Peridininm willei P - st - - - - - -

Ochrophyta
Dinobryon bavaricum P-B - - i - - - 1.20
Dinobryon borgei P - - - - - - - 1.10
Dinobryon cylindricum P-B - - i - - - - 1.20
Dinobryon divergens P-B - st-str i ind - - - 1.20
Dinobryon divergens vat. schaninslandii P - - oh - - - - 1.20
Dinobryon sertularia P-B - - i - - - - 1.30
Dinobryon sociale P - - i - - - - 1.30
Dinobryon sociale vax. americanum P - - - - - - - 1.30
Dinobryon stipitatum P - - - - - - - 1.20
Dinobryon snecicum P - - i - - - - 1.10
guqe//ze(ia chodatii - - - - - - - - 150

ipyxis ramosa - - - - - - - .
Egzp ﬁxz': tabellariae Ep - - - - - - - 0.80
Lsthmochloron trispinatum lJj - - oh - - - - -
Mallomonas coronata P - - i - - - - 1.40
%ﬂﬂrﬂ uvella P-B - st - - - - - 1.10

ribonema pyrenigerum - - - - - - - - -
Tribonema subtilissimum B - - i - - - - -
Tribonema viride P-B - - i - - - - 0.70
Tribonema vulgare P-B - - i - - - - 1.40

Note: “0%, not found. Abbreviations: Habitat (Hab) (P — planktonic, P-B — plankto-benthic, B — benthic, Ep — epiphytes; aer
— aerophytes); temperature (T) preferences (cool — cool-water, temp — temperate, eterm — eurythermic, warm — warm-water);
oxygenation and water moving (Oxy) (aer — acrophiles, str — streaming water, st-str — low streaming water, st — standing);
pH preferences groups (pH) (alb — alkalibiontes; alf — alkaliphiles, ind — indifferent; acf — acidophiles, acb — acidobiontes);
salinity ecological groups (Sal) (hb — oligohalobes-halophobes, i — oligohalobes-indifferent, hl — halophiles; mh — mesohalobes;
oh — oligohalobes); organic pollution indicators (D): sx — saproxenes; es — eurysaprobes; sp — saprophiles; nitrogen uptake
metabolism (Aut-Het): ats — nitrogen-autotrophic taxa, tolerating very small concentrations of organically bound nitrogen;
ate — nitrogen-autotrophic taxa, tolerating elevated concentrations of organically bound nitrogen; hne — facultative nitrogen-
heterotrophic taxa, needing periodically elevated concentrations of organically bound nitrogen; Trophic state indicators (Tro):
(ot — oligotraphentic; om — oligomesotraphentic; m — mesotraphentic; me — mesoeutraphentic; e — eutraphentic; o-e — oligo
to hypereutraphentic); Index S, species-specific index saprobity.
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Appendix Table A4. Taxa indicators of algae and cyanobacteria in 20 sampling stations of the Chara River basin in 2011.
Abbreviated station names as in Table 1.

Variable Chl A Ch2 Ch3 BT Ch4 Ch5 S Ch6 Ch7 Zh Ch8 Ch9 Chl0 M Chl1Ch12 T Ch13Chl4
Division
Bacillariophyta 38 42 43 41 20 51 47 27 28 57 33 28 33 38 39 42 38 66 58 51
Charophyta 2 6 5 2 2 9 4 2 4 5 1 6 5 3 8 6 6 11 12 3
Chlorophyta 0 0 1 0 1 0 1 0 1 1 0 1 0 0 5 3 1 7 6 1
C Vanobacterla 1 2 1 2 0 1 2 0 3 1 1 2 1 0 5 4 0 3 2 3
Euglenozoa 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Miozoa 1 3 3 1 0 3 3 1 1 3 0 0 1 1 1 4 1 1 2 1
Ochrophyta 6 7 6 4 1 4 4 5 5 5 2 1 4 4 8 9 6 6 5 4
Habitat
Ep 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 1 0
B 15 20 20 18 10 30 26 18 18 30 19 18 17 19 19 21 22 31 31 25
P-B 2629 28 24 12 29 27 10 16 29 14 16 20 19 35 33 22 51 43 29
P 4 8 7 4 0 7 5 4 3 7 2 1 4 4 7 8 5 6 7 3
aer 2 1 3 1 2 3 2 0 1 2 2 0 1 2 1 1 0 2 3 2
Temperature
oo 4 2 3 4 3 4 2 2 4 4 2 2 3 3 1 2 3 3 2 2
temp 21 21 22 20 9 24 20 8 10 24 15 15 18 21 23 23 18 38 32 25
eterm 1 2 1 1 1 2 1 1 1 1 1 1 1 1 2 1 1 1 1 1
warm 0 1 1 0 0 1 1 0 0 1 0 0 0 0 1 1 0 1 0 0
Oxygen
aer 1 0 3 0 0 1 1 0 1 0 0 0 0 1 0 0 1 2 1 0
str 3 2 4 3 2 6 5 2 5 6 5 2 3 3 1 2 5 5 3 5
st-str 34 34 33 31 14 42 33 16 18 41 21 24 27 25 42 42 28 59 52 41
st 2 8 6 2 1 7 8 3 2 4 0 0 3 4 8 7 3 7 5 2
Salinity
hb 7 8 8 7 7 11 9 5 7 10 6 5 6 7 0 3 6 7 6 7
i 33 40 37 31 14 44 40 20 23 43 23 23 27 28 47 48 33 64 56 39
hl 2 3 4 4 0 2 2 1 2 4 3 2 2 2 4 3 3 4 4 5
mh 1 1 0 1 0 0 1 2 0 2 1 1 1 1 1 1 1 2 1 1
Water pH
acb 1 1 1 0 1 1 1 0 0 1 1 0 0 0 0 0 0 0 0 1
acf 6 6 9 7 6 14 8 8 11 14 7 6 7 7 1 5 9 10 o6 6
ind 18 20 19 18 10 25 19 10 12 21 11 15 15 13 20 17 19 28 27 21
alf 14 17 17 16 3 19 18 7 7 20 12 9 14 17 27 23 14 35 31 20
alb 0 1 0 0 0 0 1 0 0 1 1 0 0 0 1 1 0 1 1 1
Watanabe
SX 4 2 5 4 1 7 4 3 4 5 2 5 6 6 4 4 7 6 6
es 4 9 8 4 0 8 6 3 3 8 4 2 3 4 8 7 3 12 12 8
sp 2 1 0 1 1 1 1 0 1 1 0 1 1 0 0 0 0 1 1 0
Autotrophy-Heterotrophy
ats 7 3 5 1 8 4 6 7 9 7 4 6 5 3 4 11 9 7
ate 5 9 7 6 1 8 9 1 3 6 3 2 5 5 9 9 5 12 11 7
hne 1 0 1 0 0 1 0 0 0 2 0 1 1 1 2 2 0 2 2 1
Trophic state
ot 10 5 7 6 7 9 9 6 7 7 7 5 6 6 4 5 9 11 10 8
om 2 4 4 3 0 4 2 0 3 5 3 3 2 2 4 5 2 8 5 5
m 2 2 4 2 0 5 1 2 2 5 2 4 2 1 3 1 2 6 7 1
me 3 6 4 2 2 7 5 1 0 6 1 2 6 4 7 6 4 8 7 2
e 3 5 6 6 0 7 4 3 5 4 4 4 3 4 12 9 5 10 11 9
o-e 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Class of Water Quality
Class 1 2 5 2 1 4 3 4 5 6 3 4 2 4 1 2 3 3 3 2
Class 2 18 25 21 17 9 25 22 10 11 22 14 9 15 15 22 23 18 31 31 24
Class 3 7 11 9 8 3 13 10 4 6 11 6 7 6 8§ 17 13 6 19 19 9
Class 4 1 1 1 1 2 4 2 2 2 3 2 1 3 1 3 2 2 2 2 3
Index S 1.11 292 1.02 1.02 2.13 2.29 1.81 2.00 2.32 2.11 2.16 2.35 1.81 2.94 2.54 1.69 2.13 2.22 1.96 1.70
Abundabce, thous. cellsI! 3.3 6.6 9.7 22.4100.0 35.1 38.3 223 9.6 32.0 57.2 50.9 31.8 16.1 12.9 19.3 47.8 25.7 47.9 22.4
No of Species 48 61 59 50 24 69 o61 35 42 72 37 38 44 46 67 68 52 94 85 063
Index Shannon H’ 1.5050.1570.5280.5780.5510.322 0.59 0.2690.1060.4590.5610.4360.6890.2830.0710.5640.5630.6260.6350.616
Index WESI 1.50 3.00 1.50 1.50 2.50 2.50 4.00 4.00 2.50 2.50 2.50 2.50 2.00 3.00 3.00 2.00 2.50 2.50 2.00 2.00

Note: “0%, not found. Abbreviations: Habitat (Habitat) (P — planktonic, P-B — plankto-benthic, B — benthic, Ep — epiphytes;
aer — acrophytes); temperature (Temperature) preferences (cool — cool-water, temp — temperate, eterm — eurythermic, warm
— warm-water); oxygenation and water moving (Oxygen) (acr — aerophiles, str — streaming watet, st-str — low streaming watet,
st — standing); pH preferences groups (pH) (alb — alkalibiontes; alf — alkaliphiles, ind — indifferent; acf — acidophiles, acb —
acidobiontes); salinity ecological groups (Salinity) (hb — ohgohalobes halophobes, i — oligohalobes-indifferent, hl — halophiles;
mh — mesohalobes); organic pollution indicators (D): sx — saproxenes; es — eurysaprobes; sp — saprophiles; nitrogen uptake
metabolism (Autotrophy-Heterotrophy): ats — nitrogen-autotrophic taxa, tolerating very small concentrations of organically
bound nitrogen; ate — nitrogen-autotrophic taxa, tolerating elevated concentrations of organically bound nitrogen; hne —
facultative nitrogen-heterotrophic taxa, needing periodically elevated concentrations of organically bound nitrogen; Trophic
state indicators (Trophic state): (ot — oligotraphentic; om — oligomesotraphentic; m — mesotraphentic; me — mesoeutraphentic;
e — eutraphentic; o-e — oligo to hypereutraphentic); Index S, species-specific index saprobity.
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