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ABSTRACT 

 
Sediment core samples (H002, H003, H005 and 

H006) recovered from the basin of Lake Hazar lo-
cated in the South East Region of Turkey. Core sam-
ples were collected from the four sampling stations 
by UWITEC corer to determine diatom flora distri-
bution in Lake Hazar. Diatom counts and identifica-
tions were made from the sediments sampled at 1-2 
cm intervals. Total of 142 species of diatoms were 
recorded, most of them were pennate diatoms.        
Ulnaria ulna, Nitzschia gracilis, Synedra nana, and 
Cyclotella ocellata dominated the assemblage in the 
sampling points. Our objective was to investigate the 
environmental and ecological history of Lake Hazar, 
and to recover diatom microfossil profils using 
paleolimnological techniques. 
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INTRODUCTION 
 
The siliceous valves of diatoms and chryso-

phyte cysts are generally abundant and well pre-
served in lake sediments. So, Lacustrine algal re-
mains (e.g. diatoms, pigments and chrysophyte 
scales) can serve as valuable indicators of past envi-
ronments and can act as indices of present and past 
trophic conditions [1]. They are useful for revealing 
successional changes in glacial and postglacial ecol-
ogy, limnology and climate, especially changes in 
aquatic productivity [2].  

Diatoms are extremely sensitive to changes in 
water chemistry, with specific species being adapted 
to a particular environment. Due to their short life 
cycle, they quickly respond to changes in their envi-
ronment. For that reason, they are often used to track 
pollution and evaluate environmental health of 
aquatic habitats [3]. When diatoms die, the frustule 
sinks to the bottom and is added to the sedimentary 
record. The diatom assemblage preserved at depth in 

a sedimentary sequence provides information on 
past water chemistry and environmental conditions 
[4]. 

Paleolimnological approaches can be used to 
define physical, chemical and biological variations 
(changes) even there is no record of environmental 
measurements data base [5]. Subfossil diatoms are 
used as indicators of environmental conditions (e.g. 
pollution, pH, nutrients, water level) and climate 
changes. For this reason, they provide a tool for ex-
amining environmental change. For decades, dia-
toms have been used successfully to describe the en-
vironmental histories of lake systems [6]. However, 
the studies on this subject are not sufficent. 

 
 

MATERIALS AND METHODS 
 
Site Description. The oligotrophic Lake Hazar 

is the second largest natural lake in Eastern Anatolia. 
The lake is monomictic, with the incomplete mixing 
in spring and the complete mixing between autumn 
and early winter. It is stratified from June to Septem-
ber, forming a thermocline between 10 and 20 me-
ters [7].  

Lake Hazar, formed by faulting of the Eastern 
 N, 

 E. Lake Hazar covers about 100 km2 of the 
basin area with an NE-trending elongated-shape 
along the East Anatolian Fault. According to bathy-
metrical measurement of the lake, various maximum 
depths ranging between 80 and 210 m (Figure 1). 
The bathymetry map shows two distinct areas: an ir-
regular 216 m-deep sub-basin in the northeastern 
half of the lake and a much flatter and shallower sub-
basin occupying its southwestern half. These two 
main sub-basins have been named the Deep and Flat 
basins to facilitate the description of the basin [8]. 

The lake level was about 80 m lower at the start 
of the Holocene than in 2007 and may have reached 
its present height only during the last two centuries. 
These relatively recent lake-level fluctuations appear 
to be mainly caused by tectonic  
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FIGURE 1 

The bathymetry map and sediment core locations of Lake Hazar 
 
forcing. However, the main rises of the lake level 
since the last glacial period are close in time with 
documented climatic changes in this region. Conse-
quently, the climatic factor may also have contrib-
uted to the water-level rise of Lake Hazar during the 
Holocene period [8]. 

 
Core Sampling. Four Gravity Cores were col-

lected in Lake Hazar by a UWITEC corer. The 
lengths of HZ002, HZ003, HZ005 and HZ006 cores 
were 84, 92, 68 and 74 cm respectively, and the 
depths taken were 5.2, 5, 20.4 and 57.2 meters re-
spectively. Diatom valves were separated from the 
organic matrix of the sediments using standard tech-
niques [9]. Small samples of dry sediment 
were digested in a solution of 50:50 concentrated 
sulfiric and nitric acid. Digestion was accelerated by 
placing the samples in a boiling water bath for 1 h. 
Digested slurries were rinsed several times in dis-
tilled water until neutral pH was reached. On a slide 
warmer, slurries were dried overnight on coverslips, 
and then mounted onto microscope slides using En-
tellan, a permanent mounting medium. Diatom 
valves were enumerated and identified using an 
Olympus system microscope (BX53). For each slide, 
a minimum of 300 valves was counted along a tran-
sect. Species identifications were based primarily on 
the Krammer & Lange-Bertalot [10-13]. 

 
 

RESULTS  
 
Based on the trophic status classification, the 

surface water of the pelagic zone of Lake Hazar ex-
hibited oligotrophic characteristics in terms of total 
nitrogen and mean and maximum chlorophyll-a con-
centrations, but it was mesotrophic in total phospho-
rus. Overall, the main physicochemical characteris-
tics suggest that Lake Hazar is an oligotrophic, hard-

water, and alkaline soda lake with to the surface wa-
ter of the pelagic zone [7].  

A total of 142 species of diatoms were recorded 
in the core samples of Lake Hazar. Navicula (31 
taxa), Cymbella (21 taxa), Nitzschia (16 taxa),   
Gomphonema (12 taxa), Fragilaria (9 taxa),          
Amphora (8 taxa) and Epithemia (8 taxa) were the 
most common diatom genera in Lake Hazar sedi-
ments. Also Cyclotella ocellata, Gomphonema       
olivaceum, Navicula cryptocephala, Surirella        
linearis and Ulnaria ulna species were found in all 
core samples. But in terms of abundance, U. ulna, 
Nitzschia gracilis, Synedra nana, and C. ocellata 
were to be remarkable species especially until 69 cm. 
Diatom assemblage zones were defined by cluster 
analysis. According to this analysis, four zones were 
defined as A, B, C, and D in the sediments of Lake 
Hazar (Figure 2). 

 
A Zone. In the deepest part of the core (below 

6 cm), the diatom assemblage shows the marked 
dominance of Cyclotella species, mainly C. ocellata, 
a species typical of mesotrophic lakes [14]. This 
zone is characterized by increased abundance of C. 
ocellata forming 52 % of diatom community. This 
species was registered as the most abundant species 
especially in H006 core station and especially at the 
first 6 centimeters.  

 
B Zone. This zone between 11 and 34 cm was 

the most important part of the core samples as spe-
cies abundance and species diversity. This zone is 
characterized by an initial increase in the abundance 
of Nitzschia gracilis and Synedra nana, followed by 
the sequential appearance of eutrophic species, such 
as Nitzschia palea, Nitzschia fonticola, Navicula 
cryptocephala, and Epithemia turgida. N. gracilis 
and S. nana species became co-dominant species as 
abundance in this zone forming  
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FIGURE 2 

Dendrograms using complete linking of Bray-Curtis similarities 
 
32-34 % of total diatoms, respectively. The only dif-
ference in the dominance of both species was it that 
while N. gracilis was registered as dominant at 17-
18 cm, 19-20 cm, and 29-30 cm, S. nana species was 
found as dominant between 31-32 cm. Additional 
taxa emerging in increased relative abundance in this 
zone include Ulnaria ulna. This species, character-
ized by continuous presence in all depths of this part, 
was subdominant species in this section of the core 
(Figure 3).  

 
C Zone. Ulnaria ulna species was the most im-

portant part of this zone. In this zone, U. ulna, the 
subdominant species in B zone, was dominant com-
posing 78 % of total diatoms. This zone is character-
ized by continuous presence of U. ulna in all depths 
of this part, like in B zone.  

 
D Zone. There is a serious decline in number 

of organisms to the topmost 23 cm. This zone is 
characterized for all species by the low abundance. 
This zone is the nearest to the benthic area. The most 
important species of this zone was Synedra nana and 
Nitzschia palea whose relative abundance however 
didn’t reach the values found in the B zone of the 
core. It was the first time for all depths that these 
species were seen in such a low abundance.  

Significant increases were registered in the 
abundance of diatoms after 13 cm. Ulnaria ulna, 
Nitzschia gracilis, Synedra nana, and Cyclotella    
ocellata were found to be important diatoms in the 
sampling areas (Figure 3). The dominance of     
Fragilariaceae family may be related to the high sur-
face-to-volume ratio of small cells. The other im-
portance of this group is higher specific growth rates. 

So, this may be a competitive advantage to small 
taxa under low nutrient conditions [15]. Further-
more, these taxa may quickly form blooms and out-
compete larger and/or planktonic diatoms during the 
short growing season [16].  

Ulnaria ulna, Nitzschia gracilis, Synedra nana, 
and Cyclotella ocellata were found to be the most 
important species in the Lake Hazar core samples 
(Figure 4). Although planktonic diatoms were occa-
sionally dominant in some lakes [17], benthic dia-
toms base on epilithic, epipelic, epipsammic, epi-
phytic species were found dominant in most lakes 
same as Lake Hazar. However, planktonic diatoms 
were found commonly in Saint-Louis and Saint 
Francois Lakes’s core samples [18]. 
 
 
DISCUSSION 
 

Algal remains provide an internally consistent 
record of ecosystem response to several well-defined 
natural and anthropogenic events, reaffirming the 
close interrelationship within this trophic level. It is 
clear from the figures presented here that there is re-
markable coherence across a diverse range of biotic 
and abiotic proxy records recorded in the sediments, 
which demonstrates the inter-dependence of the en-
tire lake-catchment system as it responds to environ-
mental change. 

Paleolimnological analyses based on diatoms 
aid to determine at present day degredation of water 
quality and the timing of the events that cause the 
changes of great ecosystem. At each zone of core  
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FIGURE 3 

Depth-based distributions of common species in the core samples of Lake Hazar 
 

 
FIGURE 4 

Depth-based variations of total organisms at four core sampling stations (H002, H003, H005, H006) 
 
samples the differences have been observed in the 
number and variety of paleolimnetic diatoms in Lake 
Hazar. These changes are reflected by modifications 
of diatom assemblages in the lake, specially in the 
dominant species. The changes in organic matter and 
dominant species in the sedimentary diatom assem-
blages of Lake Hazar indicate that changes in the sil-
ica content, modifying the nutrient availability in the 
water. According to Barker and his colleagues [19], 

fluctuating of the diatoms abundance associates with 
the silica content in the water. By this expression it 
is likely that while the silica availability at the last 23 
cm is rather low with falling diatoms abundance, the 
silica content between 11-69 cm is partially high 
with increasing diatoms abundance in our study area.  

Both planktonic and benthic diatoms occurred 
in these sediments. The majority of the diatom flora 
is typical of oligo-mesotrophic and eutrophic lakes. 
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While oligo-mesotrophic species were common at 
first period, eutrophic species peaked at later periods 
(B and C zone). For the trophy of final phase we 
can’t say an obvious expression because of lowing 
diatoms abundance. 

At the initial period of the lake’s existence (A 
Zone, especially lower part of H006) the frequency 
of open-water diatoms increased. The genus            
Cyclotella often dominates species assemblages in 
paleolimnology and can cause difficulties or loss of 
information in paleoenvironmental reconstructions 
due to the ongoing taxonomic uncertainty in the fam-
ily of Stephanodiscaceae [20]. The development of 
planktonic Cyclotella ocellata and the low frequency 
of benthic Ulnaria ulna and Nitzschia fonticola indi-
cate higher water level. The dominant taxa in this 
part of the core point to a mesotrophic environment. 
Accordingly, the development of Cyclotella spp. 
suggest a lower trophic status of the lake; the ecolog-
ical amplitude of C. ocellata has not been entirely 
clarified, however. This taxon is found in shallow as 
well as deep ultra-oligotrophic [21], oligo-meso-
trophic [22] and mesotrophic lakes [23]. According 
to Haworth and Hurley [24], Cyclotella spp. grows 
in habitats with high silica availability and, in many 
cases, the distribution of this species is related to a 
volcanic horizon with high silica content. Also, 
Reynolds and his colleagues [14] stated that               
C. ocellata lives generally in mesotrophic small me-
dium lakes and is sensitive to Si depletion and pH 
rise. The increase of C. ocellata at the fist 6 cm in 
core samples may be explained with the high silica 
availability at these santimeters.  

In the next parts of core samples (B and C 
Zones, especially medium parts of H003 and H005) 
was dominated by benthic and epiphytic diatoms 
such as Nitzschia gracilis, Synedra nana and           
Ulnaria ulna. This suggests a shallow water level 
and turbid water. N. gracilis population growth in 
Lake Hazar was apparently controlled by certain 
physical features.  The role of nutrients in N. gracilis 
population dynamics easily understood, since this di-
atom appears to thrive in environments with widely 
varying N:P and Si:P ratios. Phosphorus appeared to 
be inversely related to N. gracilis length in E1 Porcal 
lake. This has been expressed by Cobelas and Gar-
cia-Morato [25] as a side effect of the phosphorus 
effect on population growth. In our core samples 
(H002, H003, H005, H006), N. gracilis had peak 
only in H005 sampling point in the ranges of 17-18, 
19-20 and 29-30 cm. So, we can’t say for zone B, 
silica and phosphorus had been low level in the past. 
However, Reynolds and his colleagues [14] stated 
that U. ulna and Nitzschia spp. prefer to enriched tur-
bid waters as habitat and are sensitive to nutrient de-
pletion. However, Sienkiewicz [17] stated that         
U. ulna (Synedra ulna) have wide trophy tolerance 
and can live in oligo-eutrophic waters. Unlike the eu-
trophic-featured benthic species mentioned above, 

some diatoms preferring eutrophic conditions oc-
curred at low frequency in this period of the Lake 
Hazar (e.g. Epithemia turgida, Gomphonema           
olivaceum, Navicula cryptocephala, N. veneta, 
Nitzschia fonticola, N. palea, N. paleaceae, Surirella 
linearis). This result shows that the lake at this time 
probably had good habitat conditions for promoting 
benthic algal growth: warmer seasonal temperature 
and nutrient-rich surface water. Consequently, the 
diatom assemblages indicate that the lake had an eu-
trophic environment at the later period of lake’s de-
velopment (B and C Zone). 

For the final phase of the lake’s existence (D 
Zone, upper parts of core samples) we can’t com-
ment owing to low diatom abundance. If we need 
necessarily to make a comment on trophic status of 
lake’s these layers, it can be expressed that according 
to the available species in a small number (Nitzschia 
fonticola, N. palea, Synedra nana), this period of the 
lake was eutrophic. The frequency of both me-
zotrophic and eutrophic species fell suddenly espe-
cially Cyclotella ocellata, Ulnaria ulna, Synedra 
nana that were commonly present in other zones, 
perhaps due to occuring of tectonic movements in 
the last part of sediment. Thus, it is likely that 
changes in hydrological and/or climatic conditions 
derived from tectonic movements may have caused 
instantaneous decrement of the diatom abundance 
and diversity. 

 
 

CONCLUSION 
 
Evaluating the trophic structure of the Lake 

Hazar on the basis of diatom from the present to the 
past about 100 years, it is seen that the lake’s trophic 
structure has changed from oligotroph to eutroph in 
the past although the Lake Hazar is an oligotrophic 
structure in nowadays. Contrary to many other stud-
ies [17], planktonic and benthic diatoms in Lake 
Hazar have been distributed throughout all zones. 
The changes in the water level of the lake from past 
to present changed the trophic structure of the lake 
and the distribution ratios between planktonic and 
benthic diatoms. The abundance of planktonic dia-
toms in the community suggests that the lake was ol-
igo-mesotrophic at the beginning of its development. 
Possibly the best conditions for growth of the diatom 
flora were the later period of lake’s development (B 
and C zones), marked by the highest development of 
diatoms based on bentic area, nutrient-rich. The ma-
jority of diatoms were alkaliphilous and alkalibiontic 
taxa, confirming the high trophic status of Lake 
Hazar. As seen in Lake Hazar, the best conditions for 
the diatoms were found to be second period (the Bo-
real and early Atlantic) in Lake Skaliska [17]. But, 
dominant diatom species in this period of the lake 
were generally open-water diatoms such as              
Cyclotella ocellata, Aulacoseira spp.,                   
Stephanodiscus spp. that differs from Lake Hazar. 



© by PSP  Volume 29 – No. 12A/2020 pages 11129-11135                        Fresenius Environmental Bulletin 

11134 

Finally a change in sediment lithology took place at 
the beginning of D zone (69 cm).   
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