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A B S T R A C T
Alakol Lake is a unique protected natural water body with a gradient of  salinity in 
which algal diversity has never been studied before our research. We revealed 208 
algal species from five taxonomic Divisions during 2016-2017 studies. Diatom spe-
cies were strongly prevailing in the 29 studied communities of  the lake. Statistical 
methods revealed a high correlation between the intensity of  algae development 
and the number of  species in the community, as well as the high individuality of  
the algae communities at the three studied sites on the CCA. The applied analysis 
of  the distribution of  taxonomic divisions and indicator categories using statistical 
maps showed that euglenoid species, which mostly correlated with organic mat-
ter input, are distributed in the lake from the Rybachje settlement. A mapping of  
bioindication groups revealed an influence of  hidden and inflowing rivers Urzhar 
and Zhamanty as sources of  organic pollution. This conclusion can be made on 
statistical mapping only in addition to bioindication results because environment 
variables usually are limited. This assessment of  protected lake can serve as a refer-
ence for future investigation of  the Alakol Lake as well as can help to plan a set of  
stations for monitoring.
K e y w o r d s : algae, bioindication, CCA, ecological mapping, organic pollution, Alakol 
Lake, Kazakhstan

Р Е З Ю М Е
Джиенбеков А., Баринова С., Бигалиев А., Нурашов С., Саметова Е., 
Фахима Т. Экологическое разнообразие водорослей в Алакольском 
природном заповеднике, Казахстан. Озеро Алаколь – это уникальный 
охраняемый природный водоем с градиентом солености, в котором разноо-
бразие водорослей никогда не изучалось до наших исследований. В течение 
полевых и лабораторных работ 2016-2017 гг. было выявлено 208 видов во-
дорослей из пяти таксономических отделов. Виды диатомовых водорослей 
сильно преобладали в 29 изученных сообществах озера. Статистические 
методы выявили высокую корреляцию между интенстивностью развития 
водорослей и числом чидов в сообществе, а также высокое своеобразие 
сообществ водорослей на трех изученных сайтах по ССА. Примененный 
анализ распределения таксономических отделов и индикаторных категорий 
с помощью статистических карт показал, что виды эвгленовых, которые в 
основном связаны с поступлением органического вещества, распространя-
ются в озере из поселения Рыбачье. Картографирование биоиндикацион-
ных групп выявило влияние скрытых и впадающих рек Уржар и Жаманты в 
качестве источников органического загрязнения. Этот вывод можно сделать 
на основе статистического картографирования только в дополнение к ре-
зультатам биоиндикации, поскольку данные о переменных среды ограниче-
ны. Эта оценка охраняемого озера может служить ориентиром для будущих 
исследований озера Алаколь, а также может помочь в планировании сети 
станций для мониторинга.
Ключевые слова: водоросли, биоиндикация, ССА, экологическое картогра фи ро-
ва ние, органическое загрязнение, озеро Алаколь, Казахстан
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Ecological diversity of algae in 
the Alakol Lake Natural Reserve, 
Kazakhstan

The old drainless system of  the large lakes in the territory 
of  Kazakhstan included Sasykkol, Uyaly, Zhalanashkol, 
and other smaller lakes, together with the Alakol Lake are 
forming the Alakol Lake system (Berezovikov 2006). Lake 
Alakol is a high-mineralized drainage lake located on the 
Balkhash-Alakol lowland, which is situated on the bor der 
of  the Almaty and East Kazakhstan regions, in the eas tern 
part of  the Balkhash-Alakol Basin. More than 15 rivers 
flow into the lake, of  which the main are the rivers Urzhar, 

Katynsu, Emelkysa, Ygrajty, Zhamanotkel, and Tasty that 
are permanently dry in the summer period excluding Zha-
man ty and Urzhar Rivers which are watered near the mouth 
at the end of  July. 

The Parliament of  Kazakhstan ratified the Convention 
on Biological Diversity in 1994, thus affirming its intention 
to pre serve the unique richness of  nature. A real step to-
wards the implementation of  these documents was the 
crea tion in 1998 of  the Alakol Lake State Reserve. A first 
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step of  investigation of  the new natural reserve monitoring 
was an identification of  the biological diversity. Whereas 
some aquatic invertebrates were already occasionally stu-
died (Krupa et al. 2010), the algal diversity examination is 
still at initial stage, thus, up to current research the in for ma-
tion about algal species of  the Alakol Lake was absent. Our 
preliminary study during 2016-2017 revealed 208 spe cies 
and infraspecies of  algae that lived the Alakol Lake com-
mu nities (Jiyenbekov et al. 2018). Only list of  species and 
its taxonomic analysis were represented in cited work. But 
ap plication of  bioindicational methods help us to reveal 
eco lo gical preferences of  revealed species that can help to 
cha rac terize species habitats in the Alakol Lake. 

Some statistical methods can help to reveal relationships 
bet ween biological data and environmental variables but it's 
using often is limited when environmental data are not rich 
that we have in the first stage of  the Alakol algae investigation.

It is very important to assess aquatic ecosystem state on 
the different parts of  the protected lake in purpose to re veal 
the pollution sources and the trophic level of  each stu died 
section of  the lake, its status in the system of  risk as ses-
sment (Detenbeck et al. 2000, UNEP/IPCS 2006), or clas si-
fication status in terms of  certain trophic elements (nit rates 
and phosphates concentration and other chemical va riables), 
and also on biological data expressed in terms of  saprobic 
indices, and other bioindication data (Barinova 2017c). 

The aim of  the present study was to define a distribution 
of  algal species, taxonomic, and bioindication groups on the 
lake using modern mapping techniques and comparative 
floristic for revealing areas and sources of  pollution.

M A T E R I A L  A N D  M E T H O D S
Study s i te  descr ipt ion

Lake Alakol and the adjacent part of  the basin of  its 
catch ment area is a protected natural area. The lake is a 
drainless lake, belongs to the ecoregion 624 (Balkash – Ala-
kul) according to the FEOW classification (The Nature 
Conservancy and World Wildlife Fund (WWF) 2013.) and 
in the past represented a single water system with Lake 
Balkhash. It is located at an alti tude of  348 m above sea 
level on the Balkhash-Alakol low land, which lies on the 
border of  the Almaty and East Ka zakh stan regions, in the 
eastern part of  the Balkhash-Ala kol depression (Fig. 1). 
Only Zhamanty River that in put to the Alakol Lake near 
Koktuma and Urzhar River in put ted near Rybachje are 
more or less permanent and were available for sampling at 
the end of  July and beginning the August of  2016-2017, 
its water volume is dependent to the season but all other 
tributaries are dry in the summer period (Berezovikov 
2006).

The area of  the lake (with islands) is 2,696 square kilo-
meters. The volume of  water is 58.56 cubic km. The length 
of  the lake is 104 km, and the width is about 52 km. The 
ave rage depth is about 22 m and the maximum depth is 
54 m. The length of  the coastline is about 348 km. There 
are few islands in the center of  the Alakol: Ulken, Kishkeni 
Aral tobe, Belkuduk, etc. A complex wind regime is ob ser-
ved above the lake. The maximum wind speed over the nor-
thern parts of  the lake reaches 40–50 m per second; over 

the southeastern and central parts is 50–60 m per second 
ma xi mum (Berezovikov 2006). The most active winds are 
in the autumn-winter period when the wave height can be 
up to 2–2.5 m. The landscape of  the catchment basin of  
the lake represents a not afforested surface with steppe type 
of  vegetation.

The climate of  the lake area is sharply continental in 
semi-arid zone of  Eastern Kazakhstan (Berezovikov 2006). 
The duration of  freeze-up is about 2 months (February-
March). The largest thickness of  ice is 0.8 m (in February). 
Mel ting ice is in a period of  April-early May. The water tem-
pe rature reaches 7–15°С in late May. The waters of  the lake 
are brackish, the composition is chloride-sodium and chlo-
ride-sulfate-sodium, the mineralization varies in the range 
of  0.8-9.5 g·l-1, depending on the lake area, with an average 
is about 5.9-7.8 g·l-1 (Krupa et al. 2010). A high content of  
fluorine and bromine is registered in the Lake Alakol water 
(Berezovikov 2006).

Sampl ing
The material for this study was obtained from pro ces-

sing 29 samples of  microphytobenthos, algae and phy to-
plank ton collected during July-August 2016–2017 summer 
field trips from three areas of  the Alakol Lake itself  and 
two river mouth that was watered in sampling period – 
the Zha manty and Urzhar rivers (Fig. 1). Phytoplankton 
samples were collected using Apstein net with a pore dia-
me ter of  20 μm. Microphytobenthos was collected from 
the stones, plants, and from the lake bottom by scratching 
of  its surfaces. The periphyton was placed in a sampling 
tube and fixed immediately with 4% neutral formaldehyde 
so lu tion. Samples of  charophyte algae were collected in the 
form of  whole plants and fixed in a place immediately after 
samp ling mainly by 4 % neutral formaldehyde solution or 
with 96 % ethanol.

Meteorological conditions of  the water, air, and geo gra-
phic coordinates of  sampling points were defined du ring 
the collection of  algae. The Secchi disk set the water trans-
pa rency depth, and water pH was measured with universal 
in di cator paper. 

Samples were transported to the laboratory of  the Ins ti-
tute of  Botany and Phytointroduction, Almaty in the icebox.

Laboratory process ing
Samples were processed in three replicates and viewed 

under light microscopes MBI-3, Amplival, and Carl Zeiss 
Axioskop-40 with high-resolution digital camera Axio-
Cam MRc-5 and the AxioVision 4.8 program under the 
600x-1000x magnification. The size of  the cells was ob tai-
ned using an ocular micrometer at the Institute of  Bo ta-
ny and Phytointroduction, Almaty. Samples were also pro-
ces sed at the Institute of  Evolution, University of  Haifa, 
Is rael, under light microscope M4000-D at magnifications 
400x – 1000x. The preparation of  glass slides with diatom 
algae was made using the peroxide method (Barinova 1988, 
Ba ri nova 2017a) and investigated in the media of  Eliashev 
and in Canadian balsam. 

The abundance of  each species in the slides was as ses-
sed based on 6-score scale as an abundance of  each spe cies 
cells within the sample volume revealed on the glass slide 
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under a microscope (Barinova et al. 2006, Barinova 2017a). 
The abundance of  charophytes was assessed as the per cen-
tage of  space that they occupied. The defined algal species 
were photographed under a microscope with digital camera 
OMAX A35100U or Motic MBI-300. 

The species composition was determined using inter na-
tional handbooks. The modern names of  taxa were unified 
with based on the algaebase.org website (Guiry & Guiry 
2018) and organized in accordance with the nomenclature 
sys tem of  Cavalier-Smith (2004).

Stat ist ical  treatment
One of  the methods that give an integral representation 

of  the results of  bioindication is environmental mapping. 
How ever, until recently, the methods used for mapping 
have been time-consuming, limited, and difficult to in ter-
pret (WISE 2012, Firoz et al. 2017). The modern ap proa-
ches with statistical instruments using for data visua li za-
tion are developed fast from modeling of  industrial da ta 
(Montgomery 2008) to implementation statistical instru-
ments to biological data analysis such in the Statistica 12.0 
Pro gram. Here program can generate plots that are simply 
in ter preted, better that data in tables and histograms. Up 
to now, mapped data never included species richness or 
bioindication results for plotting as surfaces maps avoid the 
measured by some equipment. The new instrument is able 
to construct the maps of  any biological or environmental 
data distribution on the surface if  the sampling points have 
GIS coordinates. 

Spatial organization of  the data includes their collection 
following the scheme (Barinova 2017b) as recommended in 
different countries (Higgins et al. 2005) for the basis of  the 
“GAP-analysis” (FitzHugh 2005) that includes optimization 
of  the work with using mapping in GIS. So, visualization 
with statistical methods can improve the bioindication re-
sults presentation and comparison. In the wafer-map are 
vi sua lize the data rendered as a contour 3D plot using the 
Wafer fit method in Statistica 12.0 program. The wafer fit 

me thod displays surface data in a direct format when the 
mul tiple values are averaged so that there is just one value 
for every similar pair of  data. The resulting plot can be dis-
played either in 3D form as a surface or in 3D form as a 
con tour plot, and we were constructing it for the lake the 
last variant.

Ecological preferences of  the species were assessed 
based on our database (Barinova et al. 2006). Ecological 
maps were constructed in Statistica 12.0 program. GRAPHS 
and Statistica 12.0 programs were used for the construction 
of  the dendrogram and dendrite for comparative floristics 
(Novakovsky 2004).

R E S U L T S  A N D  D I S C U S S I O N
The temperature of  water in the sampling points during 

2016–2017 summer field trips was about 22–23°C, and the 
pH of  the water was about 7.5. A total of  208 spe cies and 
in fra species of  algae and cyanobacteria from five ta xo no mic 
di visions were identified in 29 samples of  phy to plank ton and 
microphytobenthos of  the Alakol Lake (Jiyen be kov et al. 
2018). We choose the value of  the in di ca tor for the revealed 
species from our database (Barinova et al. 2006) and found 
out that all revealed taxa have indicators of  significance. 
Ecological parameters of  indicator species over three areas 
of  sampling stations of  the lake are re pre sen ted in Table 1.

Correlation matrix (Table 2) demonstrated a high po-
si tive correlation (0.99, p<0.05) between species richness 
and algal abundance, calculated as the sum of  scores. Water 
tem pe rature also stimulated algal abundance but Index sap-
ro bity S, which reflect organic pollution in the lake water 
has a low negative correlation with temperature and algal 
abun dance. The pairwise forward analysis for Abundance as 
a dependent parameter and water temperature, Index sap-
ro bity S, and species richness as independent variables also 
revealed species richness as the parameter which influenced 
algal abundance (R2=0.99, p=0.08). So, can be concluded 
that algae prefer grow in multispecific communities in the 
Alakol Lake.

Figure 1 The map of  the Alakol Lake with sampling points (yellow) and three sampling areas Kamyskala, Akshi, and Koktuma in 2016–2017
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The surface plots in Fig. 2 demonstrated increasing of  
species richness (Fig 2a), algal abundance (Fig 2b), and Cya-
no bacteria species number in communities (Fig 2c) with 
in creasing of  water temperature and Index saprobity S. 
Only Euglenophyta species richness preferred organically 
enriched waters of  low temperature (Fig 2d).

The CCA analysis of  relationships between envi ron-
men tal variables and abundant species data show (Fig. 3) 
joint influence of  species richness and algal abundance to-
gether with water temperature on the communities of  the 
Koktuma site. In the same time, algae in Kamyskala site 
more influenced by organic pollution and preferred tem pe-
rate temperature waters were formed of  low species-rich and 
low abundant communities. It is known that the Urzhar river 
delta is the most polluted in the region because the Ry bachje 
village is located near the river mouth (Rivers of  the East 
Kazakhstan region) and polluted the river and northern part 
of  the lake aquatory. Akshi site algae pre fer red moderate 
temperature low organically polluted water in which formed 
low abundant communities with low species number.

Therefore, we decide to clarify species and environment 
re lationships in Alakol Lake with the help of  bioindication 
(Table 1) and statistical methods. In this way, each revealed 
spe cies was characterized by its ecological preferences over 
ten ecological variables (Barinova et al. 2006, Barinova & 
Fahima 2017).

Ecological maps for species richness in each taxonomic 
division and for each of  the ecological indicators group were 
con structed using Statistica 12.0 program based on our data 
for each of  29 sampling points on the Alakol Lake surface. 
Our preliminary experience of  the statistical generation of  
maps demonstrated the simplicity of  data mining and the 
availability of  the method for all received variables (Ba ri no-
va 2017b). The mapping gives us a base for an ecological 
assessment of  the Balkhash Lake in Kazakhstan (Barinova 
et al. 2017a, Krupa et al. 2018), polluted Shardara reservoir 
(Ba rinova & Krupa 2016, 2017), as well as diverse examples 
for the lakes and reservoirs in Eurasia (Barinova et al. 
2017b). 

Distribution of  species richness of  five taxonomic 
di vi sions in the Alakol Lake community is shown on 
the Fig. 4a–e. The diversity of  diatoms, charophytes and 
chlorophyte al gae are high in the southernmost area near 
Koktuma, whereas cyanobacteria and euglenoids are more 
diverse in the northern part of  the lake near Kamyskala 
area. To tal species richness is the same as the distribution 
of  dia toms (Fig. 4f) because this taxonomic group of  algae 
was prevailing in the total species list. Structure indicator, 
the Shannon index, has similar distribution (Fig. 4g) with 
the highest value in the southern part; however, some com-

Table 1. Distribution of  species richness in taxonomic di-
vi sions and average number of  indicator taxa over three 
samp ling areas of  the Alakol Lake in 2016–2017.

Variable Kamyskala Akshi Koktuma
Total no. of  Species 79 19 114
Index saprobity S 0.56–2.86 1.31–2.47 1.08–3.50
Taxonomic division
Bacillariophyta 52 19 79
Charophyta 4 0 16
Chlorophyta 5 0 10
Cyanobacteria 13 0 8
Euglenozoa 5 0 1
Habitat indicators
S 3 1 1
B 44 14 70
P-B 28 4 29
P 4 0 8

Temperature indicators
cool 3 0 1
temp 7 6 18
eterm 0 0 2
warm 2 0 4
Oxygenation indicators
aer 3 0 3
str 8 7 8
st-str 31 4 38
st 6 2 14
Water pH indicators
acf 2 2 6
ind 27 4 37
alf 20 10 38
alb 1 0 4
Salinity indicators
hb 5 1 5
i 36 14 70
hl 9 1 9
mh 9 1 6
Watanabe saprobity indicators
es 12 7 31
sp 5 1 3
sx 8 4 15
Class of  water quality
Class 1 4 3 9
Class 2 28 6 41
Class 3 26 7 34
Class 4 9 1 8
Class 5 1 0 0

Trophic state indicators
ot 12 2 5
o-m 4 5 14
m 5 3 14
me 11 1 15
e 9 3 12
o-e 3 1 5
Nutrition type indicators
ats 8 9 14
ate 17 0 22
hne 0 2 2
hce 0 0 1

Note: Abbreviation of  the ecological groups of  indicators (Bari no-
va et al. 2006): Habitat preferences: P – planktonic, P-B – plank to-
nic-benthic, B – benthic, wide range, need some substrate; S – soil. 
Water temperature preferences: warm – warm-water in ha bi tants; 
cool – cool-water inhabitants; temp – temperate water tem pe ra-
ture inhabitants or indifferent; eterm – eurythermic. Oxy ge na tion 
in di cators: st – standing water, str – streaming wa ter, st-str – low 
strea ming water, aer – aerophiles. Salinity: hb – oligohalobes-ha-
lo phobes, i – oligohalobes-indifferents, mh – me so halobes, hl 
– ha lo philes. Acidity (pH) degree indicators: alb – alkalibiontes; 
alf  – alkaliphiles, ind – indifferents; acf  – acidophiles. Wa ta na be 
indicators of  organic pollution: sx – saproxene; es – eury sap robe; 
sp – saprophile. Nutrition type indicators (Van Dam et al. 1994): 
ats – nitrogen-autotrophic taxa, tolerating very small con cent-
rations of  organically bound nitrogen; ate – nitrogen-auto tro phic 
taxa, tolerating elevated concentrations of  organically bound nit ro-
gen; hne – facultatively nitrogen-heterotrophic taxa, nee ding pe rio-
dically elevated concentrations of  organically bound nitro gen; hce 
– obligately nitrogen-heterotrophic taxa, needing con ti nuously ele-
va ted concentrations of  organically bound nitrogen. Tro phic state 
in di cators (Van Dam et al. 1994): ot – oligotraphentic; o-m – oligo-
me sotraphentic; m – mesotraphentic; me – meso-eutraphentic; e – 
eutraphentic; o-e – oligo- to eutraphentic (hypereutraphentic).

Table 2. Correlation matrix between biological and en-
vi ronmental variables of  the Alakol Lake in 2016-2017. 
Negative correlations are marked by bold.

Temp. Abund. Index S No of  Sp. 
Temperature 1.000000
Abundance 0.403325 1.000000
Index S -0.049512 -0.010307 1.000000
No of  Species 0.396935 0.995557 0.013872 1.000000
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mu ni ties with euglenoids in the northern area were also 
stable with high Shannon index. These distributions are 
similar to those in the Balkhash Lake (Barinova et al. 2017a, 
Krupa et al. 2018), where species richness is specific in the 
gradients of  different environmental factors and is higher 
and diverse near the mouth of  the influent river.

Fig. 4h–k demonstrated more or less concentration of  all 
types of  substrate preferences indicators in the southern part 
of  the lake that correlated with the highest species rich ness. 
Only indicators of  well-oxygenated waters are suf fi ciently 
presented on the map (Fig. 4h) near the Kamyskala area.

Measurements of  water temperature of  the lake surface 
during summer trips showed its increase from north to 
south (Fig. 4l), which is consistent with the distribution of  
the bioindicators. Thus, indicators of  cool water (Fig. 4m) 
are marked in the Zhamanty River estuary as well as, most ly, 
near the Kamyskala area where water flows from the river 
Urzhar during spring rainy period. Indicators of  mo de-
rate temperature water are distributed over the lake with 
increasing of  its diversity near Akshi area (Fig. 4n). We re-
vealed only a few indicators of  warm waters. They were 
pre sent in communities of  the Zhamanty river estuary 
(Fig. 4o). Previous experience with the construction of  the 
maps for the cooling pond of  the Khmelnitsky Nuclear 
Power Plant, Ukraine (Barinova et al. 2017b) demonstrated 
dif ferent distribution due to its artificial nature with a large 
gra dient of  water temperatures. Thus, the distribution of  
tem pe rature indicators in the Alakol Lake reflected not only 

Figure 2 3D surface plots of  relationships species richness (a), 
abundance (b), Cya no bacteria species richness (c), Euglenophyta 
species richness (d), water temperature and Index saprobity S as 
evidence of  organic pollution in the Alakol Lake in 2016–2017

Figure 3 Canonical correspondence analysis (CCA) of  abundant 
spe cies and average environmental variables in three studied sites 
relationships. Abbreviations: ChaAsp – Chara aspera C.L. Willde-
now; CymCym – Cymbella cymbiformis C. Agardh; CymPar – C. parva 
(W. Smith) Kirchner; EpiAds – Epithemia adnata var. saxonica 
(Küt zing) R.M. Patrick; EpiGib – E. gibba (Ehrenberg) Kützing; 
GomMin – Gomphonema minutum (C. Agardh) C. Agardh; GomOli – 
G. olivaceum (Hornemann) Brébisson; GomPar – G. parvulum (Küt-
zing) Kützing; NitHya – Nitella hyalina (De Candolle) C. Agardh; 
NitNan – Nitzschia nana Grunow; RhoGib – Rhopalodia gibba 
(Ehrenberg) Otto Müller; SellSub – Sellaphora submuralis (Hustedt) 
C.E. Wetzel, L. Ector, B. Van de Vijver, Compère & D.G. Mann
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Figure 4 The maps of  various algae diversity and habitat indicators the Alakol Lake surface in 2016–2017. In species richness of  taxonomic 
divisions dist ri bution: Cyanobacteria (a), Ba cil lariophyta (b), Chlorophyta (c), Charophyta (d) and Euglenozoa (e); in alpha-diversity of  algae 
com munities (f) and Shannon Index (g); habitat preferences indicators distribution: aerophiles (h), benthic (i), plankto-benthic (j), planktonic 
(k); wa ter temperature (l) and temperature indicators: cool-water indicators (m), temperate-water indicators (n), warm-waters indicators (o); 
mo bility of  water and its oxygen saturation: standing-waters low oxygenated (p), standing-streaming waters medium oxygenated (q), strea-
ming-waters well-oxygenated (r)
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Figure 5 The maps of  various habitat indicators the Alakol Lake surface in 2016–2017. In water pH indicators: acidophiles (a), pH-indifferents 
(b), alkaliphiles (c), alkalibiontes (d); water salinity indicators: halophobes (e), indifferents (f), halophiles (g), mesohalobes (h); trophic state in-
di cators: ot – oligotraphentic (i), o-m – oligo-mesotraphentic (j), m – mesotraphentic (k), me – meso-eutraphentic (l), e – eutraphentic (m), o-e 
– oligo- to eutraphentic (hypereutraphentic) (n); nutrition type indicators: ats – nitrogen-autotrophic taxa, tolerating very small concentrations 
of  organically bound nitrogen (o), ate – nitrogen-autotrophic taxa, tolerating elevated concentrations of  organically bound nitrogen (p), hne 
– fa cultatively nitrogen-heterotrophic taxa, needing periodically elevated concentrations of  organically bound nitrogen (q), hce – obligately 
nit rogen-heterotrophic taxa, needing continuously elevated concentrations of  organically bound nitrogen (r) 
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natural water body properties, but also help us to reveal the 
underground flow of  the rivers that are almost dry during 
the sampling period.

Maps on the Fig. 4a–c help us to conclude that lake has 
more standing water near Koktuma area (Fig. 4p), whereas 
in di cators of  streaming waters are diverse near Akshi area 
(Fig. 4q). Mobility of  water in the lake is indicated not only 
in the southern part near Koktuma but also in the northern 
part of  the lake near hidden Zhamanty River estuary 
(Fig. 4r). This distribution is similar to the maps of  the 
Shar dara reservoir indicators, in which concentration of  in-
di ca tors of  moving and well-oxygenated waters can be seen 
near the inflowing rivers (Barinova & Krupa 2017).

The indicator species of  water pH shown sufficient 
dif fe rences of  its group’s distribution on the lake surface 
al though the water pH in the lake has small fluctuation 
am pli tude of  this variable measured during the field trips. 
Acidity influence can be related to the inflow of  the Urzhar 
Ri ver into the lake, but mostly revealed in the southern part 
of  the lake (Fig. 5a). Indicators of  neutral and low alkaline 
wa ters show a similar distribution and are concentrated 
near Koktuma area (Fig. 5b–c). The high-alkaline water in-
di cators, alkalibiontes are found only near Koktuma area 
(Fig. 5d).  Similar distribution with the correlation of  the 
aci dic water indicators and macrophytes in the water body 
near the river estuary can be seen in ecological assessment 
using statistical mapping of  the Shardara reservoir as well as 
al kali biontes near nude coast of  the lake (Barinova & Krupa 

2017). Revealed influence of  the inflowing of  hidden rivers 
on the lake water is similar to such in the Sasyk reservoir in 
Ukraine according to the result of  statistical mapping (Bari-
no va et al. 2016, Bilous et al. 2016).

Four ecological groups of  salinity tolerance indicators 
(Fig. 5e–h) show wide amplitude from halophobes to sa-
li ni ty to lerant mesohalobes. Although halophobes are 
mostly pre sent in communities of  the Akshi area (Fig. 5e), 
salt con cen tration indifferent indicators are correlated with 
total spe cies richness (Fig. 5f), whereas halophiles have 
flattened dis tri bution over the surface of  the lake (Fig. 
5g). Only meso halobes, the indicators of  saline waters, 
demonstrated the influence of  salinity from two different 
sources (Fig. 5h), the Koktuma area and the Rybachje settle-
ment in the Kamyskala area. Our mapping of  the Balkhash 
Lake and Shardara reservoir shows different results with 
the correlation of  water salinity mostly correlated with the 
rivers input (Barinova & Krupa 2017, Barinova et al. 2017a, 
Krupa et al. 2018). 

It is important to know the trophic state of  the pro tec-
ted lake because it can serve as a reference for future mo ni-
to ring of  the lake ecosystem. In our case, when we cannot 
assess trophic state with chemical methods in the initial 
stage of  investigation of  the Alakol Lake ecosystem the 
bio indi cation methods are very helpful. Thus, the ecological 
maps of  the trophic state of  the lake show (Fig. 5i–n) 
that the middle part of  the lake close to Kamyskala 
area can be oli go trophic in prognosis (Fig. 11i) whereas 

Figure 6 The maps of  various habitat indicators the Alakol Lake surface in 2016–2017. Organic pollution indicators according Watanabe: 
saproxenes (a), eurysaprobes (b), saprophiles (c), Index Saprobity S (d); Class of  Water Quality indicators: Class 1 (e), Class 2 (f), Class 3 (g), 
Class 4 (h)
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Koktuma area is mesotrophic (Fig. 
5j–k). Eutrophication started from the 
Rybachje settlement in the Kamyskala 
area (Fig. 5l) and increased its potential 
in the Koktuma area (Fig. 5m) with the 
maximal concentration of  the oligo- to 
eutrophic in di cators group (o-e) in the 
Zhamanty River estuary (Fig. 5n). We 
can see the similar distribution of  the 
trophic state indicators in the Balkhash 
Lake, in which source of  pollution was 
allocated near the fishing industry area 
(Ba ri no va et al. 2017a, 2018, Krupa 
et al. 2018), similarly to the Ry bachje 
settlement of  the Alakol Lake.

Algae, as photosynthetic primary 
producers, are respon sible for self-puri-
fi ca tion process in the lake ecosystem. 
Most of  the algal species have nutrition 
with photosynthesis only, but some 
spe cies have a possibility to uptake dis-
sol ved or ganic matters from the wa ter 
and demonstrate a hetero tro phic way 
of  nutrition. The facultative he te ro-
trophs choose photosynthetic way un-
der normal environmental con di tions, 
however, stick to heterotrophy when 
some che mi cals affect them. Map-
ping the dis tri bution of  nut ri tion type 
indicators on the lake surface de mon-
strate areas, in which normal photo syn-
the tic nutrition way was affected. The 

Figure 7 Dendrogram of  species richness similarity for the Alakol Lake algal communities in 2016-2017. Clusters are marked by different colors

Figure 8 An inclusion-crossing dendrite for the Alakol Lake algal communities in 2016-2017. 
Floristic cores are marked by different colors. The thickness of  connection lines is directly 
proportional to the value of  the relatedness
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distribution of  autotrophy indicator groups with a con cen-
tra tion of  this type of  species near Akshi area and some re-
pre sentation in other areas of  the lake is shown of  the Fig. 
5o, p. Indicators of  periodical heterotrophy are also pre sen-
ted most ly near the Akshi area (Fig. 5q). How ever, in di ca-
tors of  pre vailing heterotrophic way of  nut ri tion are con-
cen trated near the southernmost area of  Kok tu ma (Fig. 5r). 
This dist ri bution is similar to it in the Shar dara reservoir, 
where eutro phication source is related to the inflowing 
rivers and drai nage canals (Barinova & Kru pa 2017).

Therefore, organic pollution plays an important role in 
the process of  water quality formation. The maps of  the 
dis  tri bu tion of  diatom saprobity indicators show sources 
of  in fluences on the lake ecosystem. Whereas indicators of  
clean water are presented mostly near Akshi area (Fig. 6a), 
the group of  middle organic pollution indicators is con cen-
tra ted near Koktuma area (Fig. 6b). It is important that the 
map of  high organic pollution indicators distribution de-
mon strates input of  pollution from the Rybachje settlement 
in Kamyskala area, which influence can be seen even up to 
the Akshi area near the lake coast (Fig. 6c). Assessment of  
organic pollution was based on the species-specific index 
saprobity S that is related to the Water Quality Class. Our 
calculation of  index S take to account not only diatoms but 
also species from total taxa list and show highest S values 
near Kamyskala area as well as near Rybachje settlement 
(Fig. 6d) similarly to the situation in the Shardara reservoir 
(Barinova & Krupa 2017).

The distribution of  indicators of  water quality classes 
shows obvious presence of  water indicators Class 1 near Ak-
shi area (Fig. 6e), indicators of  Class 2 and 3 near Kok tu ma 
area (Fig. 6f–g), and polluted water indicators of  Class 4 near 
Koktuma area as well as near Rybachje settle ment (Fig. 6h), 
similarly to the Shardara reservoir (Bari no va & Krupa 2017).

We calculated the similarity of  the algal species lists 
in studied samples by Sorensen-Chekanovsky indices and 
con struc ted the tree of  similarity based on the Euclidian 
dis tance (Fig. 7) for the Alakol Lake communities using 
GRAPHS program. The dendrogram shows five different 
clus ters separated in the 50 % level of  similarity. Cluster 1 
in cluded two sites in Koktuma area with highest species 
rich ness (red circles). Cluster 2 combines four sites lists that 
have also high diversity and related to different areas, such 
as Koktuma, Akshi, and Kamyskala (dark blue circles), and 
included also community with macrophyte alga Chara aspera 
C.L. Willdenow in the Koktuma area. Clusters 1 and 2 re-
pre sent well-developed communities with 10–29 species, 
which indicate alkaline well-oxygen saturated water with 
me dium salinity and Class of  water quality 2–3. Cluster 3 
com bines three communities from Kamyskala area with a 
strong predominance of  macrophyte alga Chara vulgaris L. 
(green circles). The highlighted with yellow cluster 4 is the 
lar gest and includes 11 communities, which have low species 
num ber and distributed over all three studied areas. The last 
one cluster 5 included four communities from Koktuma 
and Kamyskala areas that have the same preferences as 
clus ters 1 and 2, but with low species richness (blue circles).

The dendrite of  inclusion-crossing for the Alakol Lake 
communities (Fig. 8) demonstrated three floristic cores of  

algal diversity. The first core includes Koktuma and Ka-
mys kala communities (orange) with species, mostly dia toms 
that are true photosynthetic and indicate well-sa tu ra ted by 
oxygen, low alkaline, oligo- to mesotrophic water. Second 
core (blue) comprised of  the communities of  mac ro phyte 
alga Chara vulgaris L. and diverse diatoms and eugle noids, 
which characterize low-alkaline, saturated by oxy gen, 
oligotrophic waters with developed phytobenthos from all 
three studied areas. Green-marked core included com mu-
nities with low species number, which preferred low alka-
line clear waters. Moreover, only two communities in the 
Kamyskala area have similarity, whereas all the others are 
clearly distinct from each other (Fig. 8).

C O N C L U S I O N
We studied algal diversity in the Alakol Lake Natural Re-

serve for the first time and found that there is no information 
about it in the recent publications. One of  the important 
things for new natural reserve studies is the registration of  
the species diversity. As a result of  our first step study in this 
pur pose, we revealed 208 algal species that are coming from 
our sampling trips during 2016–2017. The analysis of  the 
dis tribution of  algal species and their ecological preferences 
based on divisional diversity and bioindication results was 
done for the first time. Ecological mapping of  taxonomic 
spe cies and bioindication groups distribution as a new and in-
for mative approach was implemented for assessment of  the 
Alakol Lake Natural Reserve ecosystem. This statistical me-
thod is simple and informative and has been used previously 
for mapping of  environmental and biological variables of  
the Kazakhstan lakes and reservoirs. Our mapping results 
de mon strated high effectivity in revealing of  pollution sour-
ces as well as critical points for different variables of  the Ala-
kol protected the lake. Thus, despite the prevalence of  dia-
tom species, we, nevertheless, were able to reveal the spatial 
dis tribution of  species from other taxonomic division and 
conclude that euglenoids, which mostly correlated with or-
ga nic matter input, are distributed from the Rybachje settle-
ment across the lake near its eastern coast. Mapping of  bio-
in dication groups helped us to reveal an influence of  hidden 
and inflowing rivers no the Alakol Lake ecosystem. Most of  
them were indicated as sources of  organic pollution, such as 
the Rybachje settlement, and hidden during summer period 
the Urzhar River, as well as Zhamanty River near Koktuma 
area, which was similarly revealed by ecological mapping of  
the Balkhash Lake, Shardara reservoir in Kazakhstan, Sasyk 
re servoir in Ukraine and was in contrary of  distribution in 
the NPP Khmelnitsky artificial cooling pond in Ukraine. This 
con clusion can be made using easy operated and available sta-
tis tical program even when we were limited in terms of  the 
en vironment variables and used only bioindication results. 
Com parative floristics highlights also high individuality of  
com munities in the Alakol Lake with especial dominance of  
charophyte macroalgae and helps to characterize the lake as 
oligo- to mesotrophic, low alkaline, with insignificant pollu-
tion, and low saline that means that high salt saturation of  the 
lake water is caused mostly by sulfates than chlorides.

Therefore, this assessment of  the Alakol protected lake 
can serve as a reference for future investigations, which will 
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receive new data about algal communities and environmental 
variables of  the lake, as well as will to assist to plan the net of  
monitoring stations.
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