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THE STUDY OF SALINE AND SODA LAKES OF KAZAKHSTAN 
(REVIEW)

A bstract. This article provides information about the degree of study of soda and salt lakes in Kazakhstan. Salt 
lakes are unique natural ecosystems that contain a significant amount of mineral salts. Soda lakes are considered a 
special type of such reservoirs.

Currently, the use of natural resources is inhibited due to poor knowledge of soda and salt lakes. Biomonitoring 
will allow us to assess the ecological state and solve some scientific and practical problems on topical issues o f salt 
and soda lakes in Kazakhstan.

Keywords: environment, ecology, salt lakes, soda lakes, biodiversity.

In tro d u c tio n . There are m ore than  48 thousand  lakes on the territo ry  o f  the R epublic o f  K azakhstan, 
and  only  21 large ones, reaching an  area  o f  100 k m 2. M ost o f  the lakes are concentrated  in  the N orth  o f  
K azakhstan  (about 45%  o f  all lakes), in the Central and southern  -  36% , in  o ther regions there  are only 
19% o f  lakes [1].

The study o f  lakes located  on the territo ry  o f  K azakhstan  includes three stages. The first lasted  until 
the  early  90-ies o f  the  X IX  century. D uring th is period, the lakes w ere considered  only  as a  source o f  
fishing, w ater transport, and salt fishing; facts about the  physical properties o f  the lakes w ere collected. 
The second period  covers the 90th year o f  the X IX  century. A t th is  tim e, the theoretical and m e thodo­
logical foundations o f  lake science w ere accum ulated  and approved. The th ird  period  lasts from  the 
beg inning  o f  the X X  century  to  the present. A t th is tim e, w e began to  consider o ther issues th a t w ere 
directly  related  to  the problem  o f  using new  resources, a  sufficient num ber o f  fresh w ater bodies, etc. 
R esearch w as conducted  in  the  in terests o f  econom ic use o f  th e ir  natural resources.

H ow ever, m ost o f  the  lakes are still no t fu lly  explored. This is due to  the lack  o f  research  and the lack 
o f  reliable data, low  efficiency in  collecting  and processing  inform ation, as w ell as analysis o f  the use o f  
available lake resources.

Taking into account the tasks o f  the State w ate r resources m anagem ent program  o f  K azakhstan  
(decree O f  the P resident o f  the  R epublic o f  K azakhstan  dated 04.04.2014 N  786), it is re levant to  analyze 
the d istribution and  specify  the estim ates o f  quantitative and qualitative characteristics o f  lakes in 
K azakhstan , w hose resources can be used  efficiently  and  effectively  in  various sectors o f  the  state 
econom y [2].

On the territo ry  o f  K azakhstan , m ost o f  the lakes (about 90%  o f  the  to ta l num ber) have an area  o f  no  
m ore th an  1 km 2. M oreover, a  significant part o f  them  is occupied  by  so-called  tem porary  lakes: in  the 
spring, they  are overflow ing w ith  w ater, and by  autum n, they  dry  up and tu rn  into litter and salt m arshes. 
In recen t years, there  has been  an increase in  the tendency  to  instab ility  o f  the area and  regim e o f  lakes, as 
w ell as the  overall salinity  and salt com position  o f  w aters. This is due to  the variab ility  o f  clim atic 
conditions. The w ater and salt balances o f  lakes are directly  related to  zonal features [3, 4].



The m ain  reason  fo r the m ineralization  o f  lakes is the lack  o f  ru n o ff and  h igh evaporation . Therefore, 
there  are quite a  lo t o f  lakes w ith  brack ish  and salty  w ater on the fla t te rrito ry  o f  K azakhstan. In the  m ost 
arid  areas, self-seeding lakes are found, w hich  contain  a  sign ifican t am ount o f  various salts.

C urrently, the  study o f  salt and  soda lakes is given increased  attention , since the un ique chem ical 
com position  o f  w ater and  the d iversity  o f  life gave reason to  believe th a t such reservoirs existed  at the 
early  stages o f  the origin o f  the g lobal ecosystem  o f  the E arth, m oreover, th ey  serve as im portan t natural 
resources w ith  sign ifican t aesthetic, cultural, econom ic, recreational, scientific, environm ental and 
environm ental values [5].

Salt lakes are unique natural ecosystem s th a t contain  a  sign ifican t am ount o f  m ineral salts. Soda lakes 
are considered a  special type o f  such reservoirs. T hey  are characterized by  fractions o f  alkaline carbonates 
N a  and K , w hich  cause a  consisten tly  h igh  pH  level in  these reservoirs. The ecosystem s o f  the w orld 's salt 
lakes are im portan t natural resources th a t have sign ifican t aesthetic, cultural, econom ic, recreational, 
scientific, environm ental and environm ental value [6]. This is especially  true fo r the unique accum ulation  
o f  trace elem ents [7, 8] and  b iodiversity  [9-11] o f  soda lakes and basins.

Soda lakes are a  unique perm anently  haloalkaline system . D espite the harsh  conditions, they  are 
inhabited  by  abundant, m ostly  prokaryotic, m icrobial com m unities. Soda lakes d iffer greatly  from  other 
h igh-sa lt system s in  term s o f  m icrobial richness and activity. The m ain  physical and  chem ical features o f  
the tw o dom inan t salts - N aC l determ ine the reason fo r th is difference in  neutral salt system s and sodium  
carbonates in  soda lakes, w hich  affect the am ount o f  energy required  for osm otic adaptation  [12].

Soda and salt lakes are com m on around the globe, bu t are m ost com m only found  in terrestria l biom es 
such as deserts and steppes.

M any studies on salt and soda lakes have been  conducted  a t the m icrobio logical level.
A ccord ing  to  research  by  R ussian  scientists, N am saraev  B. B. and B arkhutova D. D ., the distinctive 

characteristics o f  soda lakes is h igh salinity  and  extrem e alkaline pH  values. The m ain  role in  the 
p roduction  o f  organic m atter in  these ecosystem s is played by  cyanobacteria, w hich  are the structural basis 
o f  the  local population. Since m any studies have trad itionally  relied  on m icroscopy, identification has been 
ham pered  by  the fact th a t m any soda lakes contain  poorly  studied species th a t are unique to  these 
relatively  unusual habitats and  in  m any cases considered endem ic [13].

Scientists E. Y. Z arub ina  and D. A. D urn ik in  w ere engaged in  taxonom ic, ecological-b io logical and 
arealogical analysis o f  the flo ra  o f  18 salt lakes o f  the K ulundy p lain  (R ussia), located  in  the  South o f  
W estern  Siberia. T hey  proved th a t the  degree o f  m ineralization  directly  affects the com position  and 
structure o f  the  flo ra  [14, 15].

In R ussia, E. G. R achenkova has been  studying aquatic and coastal vegetation  since 1995, w hich  is 
one o f  the  m ost im portan t com ponents o f  aquatic ecosystem s, so its study is o f  g rea t in terest and  has a 
sign ifican t p ractical significance. A quatic and coastal p lants ac t as a  m echanical filte r and participate in 
the detoxification  o f  harm ful substances o f  various chem ical nature. It w as found th a t aquatic  and coastal 
p lants are able to  secrete phytoncides th a t affect the surrounding p lan t and anim al organism s. It w as also 
found  th a t in  th ickets th a t are subm erged in  aquatic plants, the  conten t o f  pathogenic bacteria  is 
significantly  low er th an  in  open  areas. W ith  in tensive overgrow th o f  reservoirs w ith  h igher p lants, the 
am ount o f  phytoplankton  decreases sharply. A m ong h igher aquatic and coastal aquatic  p lants, m any 
species have a varie ty  o f  practical significance as raw  m ateria ls fo r the pulp and  paper, m edical, perfum e 
industry, construction  m ateria ls, fertilizers fo r fields, food fo r people and pe t food [16-18].

K azakhstan  is located  in  the very  cen ter o f  C entral A sia, and therefore , in  addition to  environm ental 
problem s associated  w ith  unstable w eather conditions, it faces the problem  o f  lack  o f  access to  the  W orld 's 
oceans. Previously, there w as no com prehensive study o f  salt and soda lakes on the territo ry  o f  
K azakhstan. F o r a  long tim e, the  practical significance o f  studying such lakes w as lim ited  to  the study o f  
th e ir  m ineral content.

F o r m any years, one o f  the  authors o f  the article, H ungarian  scientist Em il B oros, has been  studying 
the in ternal salty  surface w aters o f  E urasia  on a  large geographical scale [19, 20]. H e also carried  out a 
num ber o f  studies on the chem ical com position  and trophic  state o f  sm all salt steppe lakes in  N orthern  
K azakhstan , tak ing  into account the potential consequences o f  an thropogenic d isturbances. W ater depth, 
tem perature, pH , electrical conductivity, basic  ions, to ta l d issolved solids, to tal organic carbon, to tal 
n itrogen  and phosphorus, nitrates, soluble reactive phosphorus, and chlorophyll a w ere m easured. The



troph ic  state o f  these lakes in  m ost cases exceeded  the hypertrophic  level. The increase in salin ity  causes 
changes in the chem ical com position  and  affects the developm ent o f  phytoplankton  regardless o f  the size 
o f  the w ater surface, and anthropogenic in terventions have slightly  affected  the troph ic  state o f  shallow  
salt lakes in  th is region o f  K azakhstan  [21].

H ow ever, including th is k ind o f  lim ited  aspect o f  the study o f  soda and salt lakes at the p resen t tim e 
does no t lim it all the  possib ilities o f  using  such a  w ide range o f  th e ir natural resources. For exam ple, it can 
be m ineral (various salts, zeolites, uranium , lithium , brom ine, iodine, etc.), energy (conversion o f  therm al 
energy into electrical energy), b io logical (cultivation  and extraction  o f  individual algae Spirulina, 
D unaliella , and one o f  the m ain  forage aquacultures -  crustacean  A rtem ia  salina)  and recreational [22].

K azakhstan  has a variety  o f  habitats tha t are also associated  w ith  a unique and diverse flo ra  and 
fauna. T hey  differ in  location, properties, ecosystem s, and o ther relevant factors. E ach area  is 
characterized by  its ow n biodiversity , and currently  the study o f  each system  is in  dem and.

In the coastal areas o f  lakes, you  can observe a  g rea ter varie ty  o f  anim als and plants. H igher aquatic 
plants, m ollusks, rep resen t benth ic  species d iversity  etc. T heir num ber is directly  proportional to  the 
increase in depth  increase.

In tem perate clim ates, there is a  certain  pattern  o f  vegetation  distribution  th a t depends on depth: 
C arex sp. it grow s in  the coastal zone and at a  depth  o f  no m ore th an  8-12 cm, P hragm ites sp. it occurs at 
a  depth  o f  up to  1 m , Scirpus  -  2 m , N ym phaea  -  2.5 m , P otam ogeton  -  about 3 m  [23]. Tow ards the 
cen ter o f  the lake, the am ount o f  p lankton  is no ticeably  reduced.

The unusual G eochem istry  o f  soda lakes contributes to  an increase in an  im pressive num ber o f  
m icroorganism s o f  ecological and econom ic im portance. C om prehensive studies o f  phytoplankton  
com m unities o f  cyanobacteria in  fresh  and soda lakes have show n tha t the type o f  reservoir has a 
significant im pact on the species com position  o f  th is  group o f  organism s. It w as found  that in  fresh  lakes, 
the species d iversity  o f  cyanobacteria  is on average g rea ter than  in  soda lakes, w here filam entous form s o f  
cyanobacteria  predom inate. The contribu tion  o f  cyanobacteria  to  the  production  o f  organic m atter is 
determ ined. It is show n th a t the developm ent o f  cyanobacteria  in the  studied fresh  and soda lakes depends 
on tem perature, pH , and the conten t o f  sodium  chloride and carbonate [24].

Soda lakes belong to  extrem e ecosystem s w here h igh salinity, h igh alkalin ity  and pH  o f  w ater cause 
the developm ent o f  alkalophilic  m icroorganism s [25]. D ue to  the h igh pH  o f  the  environm ent, soda lakes 
are unique habitats o f  extrem ophilic  fauna and flora, fo r exam ple, som e autochthonous m icroorganism s 
th a t are no t found in  o ther ecosystem s [26]. th is indicates the need and im portance o f  studying the 
b iodiversity  o f  hypersalted  and hyperalkaline habitats, m echanism s o f  adaptation  o f  organism s to  extrem e 
environm ental conditions [27].

The num ber o f  studies on soda and salt lakes, in  com parison  w ith  o ther ecosystem s, is very  small. 
T herefore, b iom onitoring  w ill allow  solving som e scientific  and practical problem s on top ica l issues o f  
salt and soda lakes o f  the  R epublic o f  K azakhstan. B iom onitoring, in  o ther w ords, studies o f  soda lakes, 
can allow  scientists to  look at soda lakes from  the outside, understand the sim ilarities and  differences w ith 
o ther ecosystem s, and  analyze and p red ic t the state o f  lakes in  m ore depth.

F u n d in g . This w ork  w as carried  ou t w ith in  the fram ew ork  g ran t funding o f  scientific and 
technological research: IR N  A P08856160 “A ssessm ent o f  the ecological state o f  unique soda-saline 
ecosystem s in  K azakhstan” .
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А ннотация. Представлена информация о степени изученности содовых и соленых озер Казахстана. 
Солёные озёра относятся к уникальным природным экосистемам, в которых отмечается значительное коли - 
чество минеральных солей. Особым видом таких водоёмов считаются содовые озёра.

В настоящее время из-за слабой изученности содовых и соленых озер тормозится использование есте - 
ственных богатств. Проведение биомониторинга позволит дать оценку экологического состояния и решить 
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