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The Effects of Environmental Factors on Artemia Population
in Tuz Lake (Central Anatolia, Turkey)

Mine KIRKAGAC', Ela GUMUS', Goktug YOKUS'

ABSTRACT: Artemia population was investigated monthly between November 2013-July 2014 in Tuz Lake and
5 stations were selected; one from the west side, 4 from the east side of the Lake. Some physical and chemical
parameters (depth, secchi depth, water temperature, dissolved oxygen, conductivity and pH were measured
monthly and ammonium nitrogen, nitrite nitrogen, nitrate nitrogen, orthophospate, alkalinity, total hardness,
chlorophyll a, silicate concentrations were measured seasonally) of the Lake water were also determined. Artemia
was found only once at the second sampling on March, in the 5th station in metanauplius form about 3,67x10°
individual.m, cycts were not found during the research. At the stations, chlorophyll a concentration (0.18-2.70 pg 1)
and orthophosphate concentration (0-1.07 mg 1'") values were found to be quite low, and ammonium nitrogen
concentration values varied between 1.25 mg 1'and 3.25 mg I'!. It is thought that Uluirmak and Pecenekézii Brooks
and DSI Drainage Channel flowing into the basin of Tuz Lake affected the ammonium-nitrogen and orthophosphate
concentrations in the Lake. The long-term investigations of the biological, physical and chemical properties of Tuz

Lake will contribute to revealing the factors that caused to the present condition of the Lake.
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Tuz Golii’nde Cevresel Faktorlerin Artemia Populasyonu’na Etkisi

OZET: Artemia popiilasyonu Tuz Golii’niin batisinda 1, dogusunda 4 olmak iizere secilen toplam 5 istasyonda,
Kasim 2013- Temmuz 2014 yillar1 aylik olarak arasinda arastirilmistir. Es zamanl olarak goliin bazi fiziksel ve
kimyasal 6zellikleri de (derinlik, seki derinligi, su sicakligi, ¢6ziinmiis oksijen, kondiiktivite ve pH dlglimleri aylik,
amonyum azotu, nitrit azotu, nitrat azotu, ortofosfat, alkalinite, toplam sertlik, klorofil a, silikat konsantrasyonlari
mevsimlik olarak) belirlenmistir. Arastirma siiresince kiste rastlanmazken, Artemia sadece bir kez Mart aymdaki
ikinci orneklemede 5. istasyonda metanauplius formunda (3,67x10° birey.m~) bulunmustur. Arastirma siiresince,
ozellikle su sicakligl, ¢oziinmiis oksijen ve tuzluluk degerleri son 20 yila iligkin verilerle karsilastirildiginda
artiy gostermis, su derinligi ise goliin tamaminda azalmistir. Istasyonlarda, klorofil @ konsantasyonu
(0.18-2.70 ugl')ile ortofosfatkonsantrasyon degerleri (0-1.07 mg 1) olduk¢a diisiik diizeylerde bulunmus, amonyum
azotu konsantrasyonu degerleri ise 1.25-3.25 mg I arasinda degisim gostermistir. Tuz Go6li’ne akan Uluirmak,
Pegenekodzii Dereleri ve DSI Drenaj Kanalinin géle iliskin amonyum-azotu ve ortofosfat konsantrasyonlarini
etkiledigi diisiiniilmektedir. Tuz Golii’niin biyolojik, fiziksel ve kimyasal 6zelliklerinin uzun siireli arastiriimas,
g6liin bugiinkii durumuna neden olan faktérlerin de ortaya konmasina katki saglayacaktir.

Anahtar kelimeler: Abiyotik faktorler, Artemia, biyotik faktorler, Tuz Golii
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INTRODUCTION

Salinity and aquatic biodiversity are inversely
related in lake waters. So, salinity degree is the the
determinant of the community structure in water
bodies (Williams, 1998, Demir, 2007). In hypersaline
(salinity>50g.I'") lakes, the brine shrimp Artemia
Leach, 1819 is the dominant zooplankton. Their grazing
activity is very important for controlling the water
clarity or holobacteriums and algal blooms, especially
for the salt lakes where salt processing and refining are
the main task. The salt quality is affected and so the
bigger salt crystalize is ensured by Artemia grazing
activity (Persoone and Sorgellos, 1980). Beside, it is
also very important live feed for marine fish larvae.

Tuz Lake is located in the Central Anatolia. It has a
closed basin without outflowing. Its saline concentration
is about 32% and with this salinity degree it is the second
one following Dead Sea in the World. The salt supplied
form Tuz Lake is about 70% of Turkey’s requirement
(Kili¢ and Uyanik, 2001). There are two regions with
different chemical and physical conditions in the lake;
as shallow and deep regions, their salinities are about
300-350 g.I"" and 80 g.I"", respectively (Uygun and Sen,
1978). In recent years, global warming is threatened
the Lake and its area is getting smaller. In 2000 years,
Tuz Lake was declared a specially protected area
(Anonymous, 2007).

The presence of Artemia population was reported
from the deep region at the east side of Tuz Lake in
a 10 km coastline in 1994-1995 years, their highest
abundance was about 106-114 individual.m? in May.
By the increasing salinity and temperature in the
lake, the abundance decreased in June (Basbug and
Demirkalp,1997; Basbug, 1999).

Global warming threatened most of the saline
lakes, especially their biological features. This study
was carried out to put forward the case of a saline lake
from the Central Anatolia of Turkey. So the present
status of Artemia population was aimed to determined
in related to the environmental factors in Tuz Lake.

MATERIAL AND METHODS
Study area

Tuz Lake (38°44°N 33°23’E) located in the Central
Anatolia, it is tectonic lake and fed by ground waters
and surface waters (Fig 1). It has no outlet. In the most
of the years it is very shallow. Its surface area is about
1700 km?, the lenght and width of the lake are 90 km
and 35 km, respectively. During the summer the lake
dries up exposing an average of 30 cm thick salt layer
in August. The Lake is also special for some birds for
their breeding (Anonymous, 2007).

Figure 1. Tuz Lake and sampling stations
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Collection of Samples

The research was carried out between July 2013
and July 2014. Samples were collected from 5 stations
in the Lake. Samples for Artemia were collected with
15 days intervals in spring and summer, monthly in
autumn and winter. A plankton net with 55um mesh
size was used horizontally to collect the samples. Those
samples were preserved in 4% formaldehyde solution
(Tanyolag, 2006). Samples were examined, identified
and counted under binoculer and inverted microscopes
(Edmondson, 1959; Edmondson and Winberg, 1971;
Koste, 1978; Mc Cauley, 1984; Wetzel and Likens,
1991; Smith, 2001).

Water samples for chemical parameters collected
seasonally. The water temperature, dissolved oxygen,
electrical conductivity, pH, depth and secchi depth
were measured in situ. Because of the dry season,
neither samples for Artemia nor water samples for some
water parameters couldn’t be taken in July, August and
September.

The analysis for ammonnium-nitrogen (NH,-N),
nitrate-nitrogen (NO,-N), nitrite-nitrogen (NO,-N),
total hardness, alkalinity, orthophospate, concentrations
of the lake were determined in The Central Laboratory
of Soil, Fertilizer and Water Resources of Ministry
of Food, Agriculture and Livestock according to
Anonymous (1998). Chlorophyll @ concentrations were
determined spectrophotometrically after filtration of

water samples through Whatmann GF/C filter paper
and extracted with aseton (Strickland and Parsons,
1972) and silica (SiO,) concentrations were determined
by fotometer with test kits which have ranges between
0.2-5mg.I"" and 0.1-1.4 mg.I'" concentration.

Statistical analysis were carried out by using SPSS
17 Statistic Program. Variance analysis (ANOVA) and
Duncan multiple range test were computed to evaluate
the differences in terms of the water quality parameters
of the Lake (Kesici and Kocabas, 2007).

RESULTS AND DISCUSSION

This study was put forward the status of Artemia
population after 20 years in related to environmental
factors in Tuz Lake. Artemia population was investigated
for the first time in Tuz Lake by Basbug (1994) and
our chosen stations had been same naturally with their
stations because those were the ones that could be better
to reach to the Lake. In our study, Artemia was found to
be about 3,67 x10° individiual. m* in metanauplii form
only in the 5. station at the end of the March (Table 1).
Apart from that, during the research no Artemia was
found in the stations. Apart from that, there was no cyst
accumulation neither ashore nor surface of the lake
during the study period. However, copepods mostly
in nauplii stages and rotifers were encountered in low
abundance in March and May at the 1th and 4th stations.

Table 1. Zooplankton abundance in stations and months in Tuz Lake (average abundance + standard deviation)(x10%) (individual.m)

Stations
Months
1 2 3 4 5
March 31.20+2.52 - - - -
April 4.03+0.37 1.96+0.47 1.94+0.34 0.7+0.18 0.36+0.27
May 1.37+0.24 - - 0.36+0.48 -

Basbug (1994) determined the distribution of the
Artemia population on the east side of the lake on a
10 km coast line which is the depth region of the lake
and reported that the first generation of the population
occured at the mids of the April and the adult forms
at the end of the May. The second generation was
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observed in June and all of them reach to adult form
in the July. In addition to this, it was indicated that the
cysts of Artemia was collected out of the April-July
period. The highest abundance in that study was about
106-114 individual.m? (Basbug, 1997; Basbug and
Demirkalp, 1999).
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Tuz Lake is the reproduction site of waterfowls,
especially flamingos (Phoenicopterus ruber) which
is fed on zooplankton (Burgis and Morris, 1987).
In 2014 year, it was reported thar the population of
the flamingos reduced from 22000 fry to 2650 fry,
because of the low water depth and insufficient feed
in the lake (Balkiz, 2015). Our observations in the
same year supplied this report. We could observe a
few flamingos only in the last half of the March at the
1th station where we found mostly copepods nauplii.

The differences in the values of water temperature,
salinity and electrical conductivity were found to
be statistically significant according to the stations
and months (p<0.05) (Figure 2). The differences in
the values of pH were found statistically significant
according to the months (p<0.05), insignificant
according to the stations (p>0.05). The differences in
the values of dissolved oxygen were insignificant both

in the months and stations (p>0.05).

The highest average water temperatures were
measured in 5Sth station about 30.60+0.55° C and
30.50+0.86° C in May and July, respectively. The
lowest one was measured in November in the 4th
station as 0.84+0.05°C (Fig. 2). Saygi and Demiralp
(2002), measured the lowest water temperatures as
-3.8° C in November in Tuz Lake, the highest one was
measured in June about 32°C. In this study, the lowest
water temperature was measured about 0.84+0.05°C
in November and the highest values were about 30°C
in June and July. In our study, we had never measured
water temperature in minus values in the Lake. In the
last 20 years, climatic conditions made differences in
water temperatures.

During the study, the highest average dissolved
oxygen values was determined as 7.55+0.31 mg.I"! in
3.station in November. In December and January, the
lowest values of dissolved oxygen were measured as
1.63+0.13 and 2.15+0.01 mg.1"!, respectively (Fig. 2).
In Tuz Lake, the dissolved oxygen concentration was
changed between 1.3 mg.I''- 9.0 mg.I"" in 1993-1994
years (Basbug and Demirkalp, 1997).

In this study, the highest average dissolved
oxygen concentration was measured about 6.90 mg.I
"'and it was lower than the value 9.0 mg.l"! that was
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measured 20 years ago. It is known that the Artemia
populations can not tolerate dissolved oxygen below
2 mg.I"' (Dhont and Van Stappen, 2003). In our study,
the dissolved oxygen concentrations were under the
toleration limits for Artemia in December and June.

In the study period, the average salinity values
were ranged between 405+10 g.I"' and 217+7 g.I!
(Fig. 2). The highest average electrical conductivity
values were found to be 21441 mS.cm™ at the 2th and
3th stations in May whereas the lowest value was
about 118+1 mS.cm™ in the 2th station in November.
uring the study, the average salinity values were
changed between 217+7 g.I"' and 405+10 g.I"". This
range was about 114-395 g.I'! between 1993 and 1994
years (Basbug and Demirkalp, 1997). Uygun and Sen
(1978) carried out hydrochemical investigation in
1976-1977 years in Tuz Lake and exhibited seasonal
changes of salinity and they claimed two regions
separated from each other by a thresold. One was
the shallow main region the other part is the depth
region and their salinity were about 249-274 g.l'!
and 66-76 g.I', respectively. In our study, the salinity
values were found to be lower in the last two stations
in the east side of the lake than the stations in the
west side. However, it was observed that the salinity
values were found to be higher according to Basbug
and Demirkalp (1997) and Uygun and Sen (1978).
Besides, there was no visible two regions in the lake
as mentioned by Uygun and Sen (1978). In this study,
the salinity values increased by the months. It was
mentioned that increasing salinity causes decrease
in plankton diversity and species richness (Hammer,
1993; Wen and Zhi-Hui, 1999). In our study, the
electrical conductivity results were generally lower
than the values in 1993-1994 years period. However,
the lowest electrical conductivity value was same with
Basbug and Demirkalp (1997).

During the study the average pH values were
changed between 7.53+0.02 and 7.89 +0.01 in the
stations. In the Lake, pH values generally found to be
lower according to Basbug and Demirkalp (1997) and
were similiar to the results of Uygun and Sen (1978)
except the 5th station whereas pH values were not
increased above 7.9. This value was below the value
that was indicated by Uygun and Sen (1978).
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Figure 2. Average water temperature, salinity, dissolved oxygen, electrical conductivity and pH values in Tuz Lake during the study
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The differences in measured values of the average
water depth and secchi depth in sampling periods (Fig
3) were found to be statistically significant according
to months and stations (p<0.05). During the study the
highest average water depth was about 28+1 cm at the
1. station in March, the lowest one was about 3+1 cm
at the 2th station in January. In December, there was
drawdown in all stations. In March, the bottom of the
lake was mud by the rainfalls. In April, drawdown was
observed again in the Lake. After May, salt stratification
was occured at the Lake bottom and water depth
decreased. In July, lake water was disappeared in the
first three station by the evaporation. In the 4th and 5th

stations, lake water was maintained by the low depth.
Secchi depth values were same with the water depth in
March, April and May in stations except 4th and 5th
stations whereas 2+1 cm and 4+1 cm, respectively.
However, in spring and summer months the color of the
lake water was changed to red in those last two stations.

It was reported that the average depths in the lake
was about 30-40 cm in 1993-1994 years (Basbug,
1994). In 1995 years, it was about 70 cm in autumn and
above 70 cm in spring in the shallow region whereas
it was above 1 m in the depth region during the study
(Camur and Mutlu, 1995).
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Figure 3. Average water depth and secchi depth values in Tuz Lake during the study

In 1996 years, it was measured about 50-80 cm in
shallow region and about 1 m in the depth region (Kilig
and Uyanik, 2001). In our study, the depth was measured
up to 20 cm in the east side (depth region), that was the
lowest depth value according to the previous studies.

Besides, it was observed that in spring and summer
the color of the lake water turned to red in 4th and
5th stations in the same side. It was indicated that
the source of this colouration, was algae, Dunelliella
salina, blooms in the lake (Demir and Arisoy, 2013;
Cakmak et al., 2014).

So, during the study secchi depths were all same
with the water depths in the stations except in 4th and
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Sth stations whereas secchi depths fell and remained
low in spring algal blooms.

Chlorophyll a, total
orthophospate, ammonium nitrogen, nitrate nitrogen,

alkalinity, hardness,
nitrite nitrogen, silica were determined seasonally in
Tuz Lake (Table 2). While the variations in the average
concentrations of alkalinity, total hardness, nitrite
nitrogen, silica were found to be significant statistically
according to seasons and stations (p<0.05), average
concentrations for nitrate nitrogen were insignificant
(p>0.05). The differences in the average concentrations
of chlorophyll a were statistically significant according
to seasons (p<0.05), insignificant according to stations
(p>0.05).
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Table 2. The average chlorophyll @ (p.1"), alkalinity (mg.l"), total hardness (FS°), orthophospate (mg.l""), ammonium nitrogen (mg.l"),
nitrite nitrogen (mg.l"), nitrate nitrogen (mg.1"), silica (mg.l"") concentrations according to the months and stations (means+SD)

Stations
Season Parameter
1 2 3 4 5
0.56+0.25b*

Chloropyll a e 0.24+0.12bB 2.70+1.19aA 0.82+0.42aB 1.08+1.14aB
Alkalinity 207+12bA 147+12abC 169+20bBC 190+£10aAB 177+12aB

= T.Hardness 1419+312dB 1291+406bB 2837+803abA 2519+624aA 3224+54aA

§ Orthophosp. 0.00 0.00 0.00 0.004+0.001 0.006+0.001

< Amonnium-N  2.25+0.10bcB 2.50+0.20bA 2.25+0.10bB 1.70+0.05bC 1.75+0.05bC
Nitrite-N 0.007+0.00bA 0.006+0.00bA  0.008+0.015bA  0.008+0.015bA  0.006+0.002aA
Nitrate-N 0.001+0.00 0.003+0.000 0.002+0.000 0.003+0.001 0.002+0.000
Silica 0.15+0.01cD 0.18+0.02bD 2.1540.20aC 4.30+0.05aA 2.5+0.05aB
Chlorophyll a 1.65+0.40aA 1.91+0.11aB 2.02+0.40abB 0.98+0.19aB 1.64+0.49aA
Alkalinity 177+£54bB 116£21bD 189+8bA 123+2bC 127+6bC
T.Hardness 2874+158bBC 1857+402bC 2074+283bC 2366+270aB 3145+268aA

fg Orthophosp. 0.032+0.001 0.00 0.00 0.00 0.002+0.002

= Amonnium-N  3.00+0.50aA 2.00+0.50bB 2.00+0.25bB 2.20+0.76aB 2.25+0.10aB
Nitrite-N 0.006+0.003bAB  0.013+0.002bB  0.005+0.003bAB  0.005+0.002cB  0.008+0.001aAB
Nitrate-N 0.002+0.000 0.004+0.003 0.001+0.01 0.002+0.00 0.002+0.001
Silica 0.33 £0.01bB 0.21+0.02bC 0.2340.03¢cC 0.50+0.10bA 0.23+0.05¢cC
Chlorophylla  0.93+0.25bC 1.52+0.58aB 2.15+0.24abA 0.744+0.16aC 1.33+0.64aB
Alkalinity 236+45abA 159+18aC 157+15bC 141+5bC 172+11bB
T Hardness 2274+£200cB 1811£161bCD  2004+292bBC 1569+£186bD 2761+389aA

%" Orthophosp. 0.004+0.001 0.00 0.00 0.002+0.001 0.003+0.001

% Amonnium-N  2.00+0.50cA 2.25+0.05bA 2.30+0.02bA 2.00+0.15aA 2.25+0.25aA
Nitrite-N 0.016+£0.005bA  0.013+0.005bA  0.016+£0.005bA  0.020+0.00aA  0.013+£0.005aA
Nitrate-N 0.010+0.00 0.013+0.005 0.009+0.00 0.010£0.00 0.009+0.00
Silica 0.50+0.10aB 0.46+0.05aC 0.85+0.15bB 1.03+0.15bA 0.70+0.10bB
Chlorophylla  0.45+0.51bA 0.60+0.22bA 2.53+0.52aA 0.1840.01aAB  0.94+0.02bA
Alkalinity 296.00+45aA 158.66+18aB 206.66+11aB 172.00+10aB 173.06+39aB
T.Hardness 4410+408aA 3645+804aAB  3455+964aAB 3132+622aAB  2761+£389bB

g Orthophosp. 1.07+0.05 0.00 0.00 0.00 0.00

c% Amonnium-N  2.75+0.25abB 2.75+0.05aB 3.254+0.25aA 1.30+0.10cC 1.25+0.25¢C
Nitrite-N 0.266+0.14aA 0.230+0.111aA  0.266+0.047aA  0.010+0.00bB  0.043+0.057aB
Nitrate-N 0.153+0.07 0.100+0.010 0.010+0.009 0.096+0.132 0.056+0.056
Silica 0.3240.11aA 0.13+0.05bB 0.134+0.0cbB 0.13+0.05bB 0.24+0.05cAB

*Means with different letters in the same column are significantly different (p<0.05)
** Means with different letters in the same line are significantly different (p<0.05)
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Contrarily. the differences in the average
concentrations of ammonium nitrogen were statistically
significant according to stations (p<0.05). whereas
insignificant according to seasons (p>0.05). The
average orthophospate concentrations were very low
during the study and changed between 0.00-1.068 mg.I-
!'in stations. The only and highest value was determined
in the 1th station in summer. In the other seasons except
autumn. orthophospate concentration was measured in
the 1th station again. Orthophosphate concentrations
were determined in very low concentrations in 4th and
Sth stations in spring and autumn however it was not
determined in the 2th and 3th stations during the study.

Chlorophyll a concentrations are about 0.5-3.5 pg.I
"in Great Salt Lake of Utah whereas Artemia franciscana
produce dormant cysts that are harvested and used in the
aquaculture industry. In Urmia Lake (Iran), it is about
0.5-0.8 pg.l!' (Eimanifar and Monthshebbi. 2007).
Our results of chlorophyll ¢ measured seasonally and
changed between 0.18+0.01pg.1" and 2.70+1.19ug.I"!
during the study. Those concentrations were lower than
Big Salt Lake and higher than Urmia Lake. Tuz Lake
is oligotrophic. with those annual chlorophyll a levels
(Anonymous. 2015). It is mentioned that temperature.
quality and quantity of food source will influence the
availability of Artemia populations (Wurtsbaugh and
Gliwicz. 2001).

In Tuz Lake,
values were changed between 296.00+45.07 mg.l!
and 116.00+21.16 mg.I"". Because of the dominancy
of the bicarbonate ions. alkalinity is higher in the
Lake correspondingly pH range was stayed between
7.53+0.02 and 7.89+0.01 during the study (Erenc¢in and
Koksal. 1981). It was declared that higher alkalinity
lead to supress of diversity and species richness in water
bodies (Zhao and He. 1999). From this point of view, it
can be talled that alkalinity as well as salinity influences

seasonally average alkalinity

biological diversity (Wen et al.. 2005). However, total
hardness values were also higher in the Lake and it
was reported that there is a strong correlation among
increasing salinity, alkalinity and hardness in water
bodies (Wen and Zhi-Hui. 1999).

Uygun and Sen (1978) were investigated
the hydrochemical features of Tuz Lake and they
reported that they didn’t determine ortophosphate
and ammonium nitrogen concentrations in the Lake
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water. In our study. orthophospate was determined in
low concentrations. up to 1.06 mg.l"! in 4th. 5th and
Ith stations in some months. However. ammonium
nitrogen concentrations were found to be high in the
all stations during the study. Anonymous (2013) was
determined the ammonium nitrogen concentrations in
the influent Brooks of the Lake such as Pegenek Brook
(0.035-0.038 mg.I""). Degirmendzii Brook (0.026-0.032
mg.1"). Insuyu Brook (0.018-0.024 mg.I'') and Main
Discharge Canal ( 0.069-0.071 mg.1") of State Water
Works in April-May 2013. We can say that the source of
ammonium nitrogen presence in the Lake was mainly
antropogenic.

Uygun and Sen (1978) determined silica in the
Lake. In our study. the highest silica value was adjusted
with the lowest silica value with the previous study. so
we can say that silica values decreased in the Lake.

CONCLUSION

It was mentioned that there was two regions in
the lake. One is shallow main region and the other
is depth region (Uygun and Sen. 1978). Basbug and
Demirkalp (1997) supported this by their results. They
indicated that there were differences in pH salinity
and temperature values between two regions. Also in
the depth region whereas Artemia populations located.
electrical conductivity. salinity values were lower and
in summer and spring months dissolved oxygen and
depth were higher. In our study depth decreased to 20
cm in the depth region and when it was compared with
the previous studies depth level fell down in September
2013-July 2014.

By this study, it was observed that the district
differences were dissappeared between two regions
by the global warming that caused to lack of raining.
Therefore, climatic conditions induced the changes
in the Lake’s physical and chemical water features of
depth region where the Artemia populations located in
the past. Especially. the changes of water temperature
and salinity limited Artemia growing in the Lake.
Factors caused the current status of the Tuz Lake were
unconscious use of groundwaters reduction of the basin.
precipitation caused by global warming and decreased
of rainfalls. the surrounding settlements. agriculture
activities and brooks and canal influents carrying
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pollution changed some physical and chemical water
parameters of the Tuz Lake and caused the dismissed
of the Artemia which is the dominant zooplankton of
salt lakes. Instead of it. copepods nauplii and rotifers
determined in a few stations. Tuz Lake should be
monitored physically. chemically and biologically in
long term. Besides. Tuz Lake was compansated salt
requirement of the country because of this. Lake is under
threat and new saltpans shouldn’t be constructed. They
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will give harm to the feeding cells of the Lake. So, the
lake water will reduce with new saltpan constructions.
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