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In arid and semi-arid areas, like inner Anatolia, small change in precipitation and evaporation rates
can have marked effects on the water environment of inland lakes at closed basins, This study
demonstrates the importance of detailed diatom analyses in attempt to identify lake level and lake
water quality changes of inland lakes in Turkey. An important first step in using diatoms as salinity
indicators is to obtain quantitative data on their ecological characteristics, such as optima and
tolerances along salinity gradients. We took 51 samples of living diatoms from 38 lakes and rivers in
the central part of Turkey, and calculated an abundance-weighted mean salinity (AWM) for each
taxon {Kashima,1996). On the basis of a strong relationship between diatom composition and salinity,
we defined the diatom-based transfer functions for salinity reconstruction, and then applied them to
Late Quaternary sediments in Turkey. Our drilling surveys were done at Kaman Kalehoyiik, Lake
Tuz, Konya Basin and in Akgél Marsh and its surrounding areas. The results show that there was a
number of alternations between fresh and saline conditions during the Late Quaternary (Kashima et
al., in press).

Key words: DIATOM, HOLOCENE, LAKE DEPOSIT, QUATERNARY, SALT LAKE, TURKEY.

INTRODUCTION

Following the rise in temperature after the last glacial maximum, dated to about 20,000 years
ago, climate characteristics such as precipitation and evaporation rates have apparently fluctuated
in many arid and semi-arid regions (Street and Grove, 1976, 1979). Although a number of papers
have been presented on the reconstruction of the fluctuations of precipitation and evaporation
rates during the last 20,000 years in Africa and North America (Street and Grove, 1979), there
have been few extensive studies undertaken on inland lake sediments to reconstruct similar
changes in Turkey (Erol, 1978).
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Diatom analysis is, like pollen analysis, one of the micro-paleontological methods for the
reconstruction of paleoenvironments. Unlike pollen analysis that uses vegetation succession as an
indicator of climatic change, diatom analysis is based on the change in aquatic environment that
is closely related to village settings and agriculture. Therefore, diatom analysis is expected to
provide archeological scientists with much interesting information.

In this paper, a new method is presented for quantitative reconstruction of paleosalinity
changes of inland saline lakes using diatom analysis. Particular emphasis is given to the use of
diatoms as indicators of water salinity. The data indicate great promise for generating predictive
relationships useful in reconstructing paleosalinity fluctuations in closed inland saline Iakes.
Also, the results suggest that diatom stratigraphy of lake sediments can provide a sensitive high-
resolution record of climate change, without the lags characteristic of many other paleoclimate
proxies.

LIVING DIATOM FLORAS OF INLAND LAKES IN TURKEY

(1) Samples

Sixty-eight samples of living diatom floras from 38 sites of 23 lakes, ponds and rivers were
collected in 1991 and 1992 (Kashima, 1996, Fig. 1, Table 1). Among these 68 samples, 51
samples are useful as data for diatom-based transfer function of paleosalinity reconstruction,
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Fig. 1. Sites investigated in Anatolia Plateau, Turkey

Arabic small numbers indicate the number of sampling sites for living diatoms,
Number 27 ~ 30 and 39 ~ 44 were sites for marine diatoms,

The 51 samples from 38 sites were available for this paper.

Large bold numbers indicate measured salinity valves of lakes (%o).

Black stars show the locations of drilling surveys.
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Table 1. Sampling sites for living diatoms in Turkey (see Fig.1)

No. Salinity | Ph Site No. SBalinity | Fh Site

1 1 7 ismall creek at Konya Basin 2la a3 7.9 IL.Krater

2a 8 11 L. Aci{(Konya) 2ib a3 79 |LKrater

2b 8 11 |L.Aci(Konya) 22aK* =100 7  |L.Tuz

3a ] 7  |L.Beyshehir 22a0% | >i00 7 |L.Tuz

3b 0 7 |L.Beyshehir 22b* >100 7 |LTuz

0 7 {L.Beyshehir 22c* >100 7 |LTuz

5 0 7 |L.Beyshehir 22dK >100 7 L.Tuz

6a 0 7 L.Beyshehir 22dQ* =100 7 jLTuz

&b 0 7  |L.Beyshehir 2aK* >100 68 [L.Tuz

7 0 7  |L.Beyshehir 23aQ* =100 { 68 |LTuz

8 34 8  |L.Krater 23b* >100 68 |LTuz

9 1 7 |smail creek near L. Sugla 24a 08 77  |Eshmekaya moor
10a <] 7 L Tuz 24bK* 08 7.7 |Eshmekaya moor
10b <] 7 |l Tuz 240) 08 7.7 {Eshmekaya moor

11* 85 7 L Tuz 24d* 08 7.7 |Eshmekaya moor
12% 0 7 R. Menderes 25 i5 87 |(L.Bafa

13a 08 8.5 |L.Isikli 25b 15 87 |LBafa

13b 08 85 LIsikli 25 15 87 |L.Bafa
14a* 02 7  [L.Karakuyu 2% 15 87 {LBafa
14b* 0.2 7 |L.Kamkuyu 26a 0 7.1 |small creck near R Menderes
15a 40 751 |L.Aci 26b* 0 7.1 |small creek near R Menderes
15b 40 791 [L.Aci 31 0 7.9  [small pond near Kaman
L5c* 40 1.9t |L.Ac 32 0 8.3  small pond ncar Kaman
16a i3 9.03 |L. Salda 33 0 9.4 |small pond near Kaman
16b 13 93 |L. Salda 34 ] 8.5 |small creck near Katnan
17a 23 89 |L. Burdur 35 o] 85 |small creek near Kaman
17b <] 89 |L. Burdur 36 >100 8 L. Seyfe
18a 0.2 88 1. Egirdir 37 ] 84 |RKizilirmak
18b 0.2 88 |L. Epirdir IR [} 86 |R.Kizilirmak
19a 02 8.6 |L.Beyshehir 45 a 675 |LKus
19b 0.2 8.6 L Beyshehir 46 0 839 (L. Uluabat
20a 25 9.1 |L.Akshehir 47 1} 856 |LIznik
20b 25 9.1 |L.Akshehir 48 0 T.14 |L.Sapanca
20c 25 9.1 |L.Akshehir 49% >100 | nodata I.Ak

The numbers with * were the samples omitted for calculation of the functions, because few diatoms existed in the samples.

because they contain enough diatoms for the calculation of the functions.

The central and western part of Turkey is a suitable region for diatom studies because of its
wide range in salinity conditions. Among the 51 samples used for the calculation, 29 samples
were taken from fresh water lakes, ponds and rivers; additional 22 samples were taken from
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saline lakes with a range in salinity of 8 to over 100 %. (Fig. 1).
(2) Grouping of living diatoms according to their salinity tolerances

Although taxonomic problems still remain, a total of 126 diatom taxa were identified from the
51 samples. We listed 61 taxa that occurred with at least 4 % abundance in any one sample. The
cumulative percentage of the 61 taxa is 96.1 % on average. Sample 20a showed the minimum
value of the cumulative percentage, which is 85 % (Table 1, 2). Using Cluster analysis, the 61
taxa were divided into 6 groups according to their salinity trends (Table 2).

Table 2. List of the 61 diatoms for caljbration models 1o infer palaeo-environment from lakes and rivers in Turkey (Kashima,1996).

Genus Species AWMS Genus Species AWMS
Nirzschia compressa 90.00 RAchnanthes minutissima 7.59
Cyclotella chocwhatcheeana| 84.12 |Navicula cryptocephala 6.84
Cymbella usilla 8172 [Diatoma tenuis 6.77
Gyrosigma strighis 76.12 WGomphonema _|parvulum 583
Amphora coffeaeformis 7526 )Cymbella minuta 5.50
Entomoneis  |alata 73.06 {Cymbella microcephala 5.15
Navicula cincta? 69.33 UNavicula cryplotenella 3.62
Nitzschia sigma? 63.00 ||Synedra wina 334
Cocconeis sp{Krater) 56,76 ||Epithemia adnata 2.08
Rhopalodia sp. 47.20 |[Cymbeila cistula 0.98
Pleurosigma__|sp. 4593 NGomphonema |gracile 0.83
Nitzschia consiricta 43.88 [IFragilaria vaucheriae 0.81
Stauroneis sp. 40.09 INitzschia dissipata 0.73
Synedra tabulata 36.84 |[Fragilaria brevistriata 0.37
Nitzschia obutusa 27.23 |lAmphora libyca 0.36
Anomoeoneis  |exilis 25.04 |Fragilaria pinnata 032
Nitzschia littolaris 2500 |ICocconeis placentura 020
Navicula capitata 24.25 ||Amphora pediculus 0.28
Navicula pygmasa 23.97 |[Rhopalodia gibba 0.18
Navicula | protracita 23.00 WEpithemia sorex 0.12
Synedra uichella 22483 |[Cyclotella comta 0.06
Amphorg ventricosa 15.00 fGomphonema _|inricatum 0.04
Mastogloia smithii 14.95 |INavicula eliginensis 0.03
Nitzschia ustulum 13.29 HCyclotella sp--1(Beyshehir) {  0.00
Cymbella lacastris 13.00 [lOpephora martyi 0.00
Campylodiscus |clypeus 11.98 [Navicula rotunda 0.00
Rhoicosphenia_|curvata 988 [lAchnanthes  llanceolata 0.00
Mastogloia elliptica 9.64 NGomphonema |truncatum 0.00
Nitzschia palea 820 [lAchnanthes  |[clevei 0.00
Anomoeoneis  |sphaerophora 8.00 [iNavicula tuscula 0.00
Cyciotella meneghiniana 79 |

Abundance-weight mean salinity (AWMS) of each taxa is based on the following function (Fritz and Battarbee, 1988, Fritz ez of.,
1991, Kashima, 1996).

m m
AWMS, = Z(ahi x MSi) / Tahi
=l i=1

AWMS i is an abundance-weight mean salinity (AWMS) value of taxon i (table 1),
ahi is an abundance (percentage) of taxon i in sample h.

MS 1 is a measured salinity value of sample h.

m is the number of samples. In this paper, m = 51.
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Group 1
Nitzschia compressa, Cyclotella chocwhatcheeana, Cymbella pusilla, Gyrosigma striglis
Amphora coffeaeformis, Entomoneis alata, Navicula cincta (7)

The salinity optima (AWMS) of these taxa are over 70 %o in the area studied, Those species
are adapted to high salinity and high concentration of sodium chleride which is more than double
that of marine water. However, they are also distributed widely in brackish lagoons and on coasts
in Japan. The salinity for the species is usually lower that 30 % in Japan. The difference between
the habitats of the species in Japan and in Turkey seems to be the key for understanding how
diatoms have adapted from low saline conditions to highly saline conditions.

Group I
Nitzschia sigma (7), Cocconeis sp. 1 (Krater),

These species are distributed in highly saline lakes, similar to those of Group 1. They have not
been reported in Japan yet, and thus may represent unreported new species that have not been
reported.

Group III
Rhopalodia sp., Pleurosigma sp., Nitzschia constricta, Synedra tabulata, Nitzschia obtusa,
Anomoeoneis exilis

The salinity optima (AWMS) of the species are 25 ~ 56 %o, slightly lower than those of Group

I. The other characteristics of their habitat are similar to those of Group 1.

Group IV

Nitzschia littolaris, Navicula capitata, Navicula pygmaea, Navicula protracta, Synedra
pulchella, Amphora ventricosa, Mastogloia smithii, Cymbella lacustuis, Anomoeoneis
sphaerophora, Cyclotella meneghiniana

The salinity optima (AWMS) of the species are below than 25 %e. Unlike the species in Group
V, Group 1V species are not found in freshwater samples.

Group V

Nitzschia frustulum, Campylodiscus clypeus, Rhoicosphenia curvata, Mastogloia elliptica,
Nitzschia palea, Achnanthes minutissima, Navicula cryptocephala, Diatoma tenuis Gomphonema
parvulum, Cymbella minuta, Cymbella microcephala, Navicula cryptoteneila, Synedra ulna,
Epithemia adnata

The salinity optima (AWMS) of the species are 2 ~ 14 %o. They are found not only in saline
lakes but also in freshwater lakes, ponds and rivers. They are also distributed widely in fresh
water areas in Japan.

Group VI

Cymbella ctstula, Gomphonema gracile, Fragilaria vaucheriae, Nitzschia dissipata, Fragilaria
brevistriata, Amphora libyca, Fragilaria pinnata, Cocconeis placentula, Amphora pediculus,
Rhopalodia gibba, Epithemia sorex, Cyclotella comta, Gomphonema intricatum var. pumila,
Navicula elginensis, Cyclotella sp.-1, Opephora marryi, Navicula rotunda, Achnanthes
lanceolata, Gomphonema truncatum, Achnanthes clevei, Navicula tuscula

These species are found only in freshwater lakes, ponds and rivers.
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DIATOM-BASED TRANSFER FUNCTION FOR QUANTITATIVE
SALINITY RECONSTRUCTION

In order to provide quantitative reconstructions of lake water salinity, Fritz ef al. (1991)
defined a diatom-based transfer function for the reconstruction of past changes in salinity of lakes
in the northern Great Plain region of North America and applied it to a Late-Glacial and
Holocene sediment record from Devil Lake, North Dakota. Their methods are applied here to the
analysis of the diatoms, from Turkish study lakes.

In spite of some remaining taxonomic problems, the total number of diatom taxa from the 51
samples was 126. Sixty one taxa that occurred with at least 4 %o abundance in any one sample
were listed and an abundance-weighted mean salinity (AWMS) was calcalated for each taxon
(Table 1). Most of the AWMS of the species are slightly higher than those of previous studies in
other areas (Fritz and Battarbee, 1989, Fritz ef al. 1991, Gasse, 1980). This difference seems to
have been caused by the small number of sampling sites for this study.

Predictive models developed from the surface sediment study of the lake samples in Turkey
were used to compute a diatom-inferred salinity (DIS) value. The strong relationship between
measured and diatom-inferred salinity supports the strength of the diatom-salinity model (Fig.2).
The data indicate a very close agreement between inferred and measured salinity.
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Fig. 2. The relationship between measured salinity (MS) and diatom inferred salinity (DIS)
Measured salinity values were taken using a reflective salinometer.
Diatom Inferred Salinity (DIS) of each sample was obtained by the following function (Fritz et al., 1991).
n n
DISh = Z(AWMSi x ahi) / Tahi
=1 i=1
DIS h is a DIS value of sample h,

AWMS i is an abundance-weight mean salinity (AWMS) value of taxon i (Table 1), ahi is the abundance (%) of taxon i in sample h,
1 is the number of taxa for DIS calculation. In this paper, n = 61.
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DIATOM ASSEMBLAGES FROM SALINE LAKE SEDIMENTS IN THE CENTRAL
PART OF TURKEY AND THEIR SEDIMENTARY ENVIRONMENTS

(1) Kaman Kalehiyiik; Japanese excavation site for archaeological studies

In 1991, 17 samples of sediment were taken from the drilling site in the northwestern part of
the Kaman excavation area. Enough diatom fossils were collected to compute diatom-inferred
salinity (DIS) values in 4 samples from the lower part of the core (Fig. 3). The DIS of the lowest
2 samples (sample number 16 and 17) are 10 ~ 15 %o. The DIS rose in the upper layers and
became 25 ~ 30 %o (sample number 14 and 15) (Kashima and Matsubara, 1995).
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Fig. 3. Diatom assemblages from samples of the well near Kamun Kalehoyiik (Kashima and Matsubara, 1995).

(2) Lake Tuz

At the southeastern part of the Lake Tuz basin, large scale sedimentation occurred between
20,000 and 13,000 years ago, and created widespread terraces along the lake side. The water
level during this period rose 10 ~ 30m higher than the present level and the lake area spread to
the southern edge of the basin (Kashima et al., in press). A drilling survey was done at 5 sites to
take bore-hole samples of the lake terrace deposits for lithostratigraphic and biostratigraphic
analyses. Although diatoms were severely fractured or strongly dissolved, with only the most
heavily silicified parts of the valve remaining in most of the layers, their siliceous remains are
well preserved in lake sediments from two layers of two sites (Fig.4, Kashima, 1996). The
composition of the diatom assemblages in both layers indicated that the water level rose and the
salinity decreased to the present level at Lake Tuz between about 20,000 and 13,000 years ago.
(3} Konya Basin

The Konya plain lies on the southern edge of the Anatolian plateau at an elevation of ca.
1,000m above sea level. A ground-hydrological and sedimentological study used to build up
lithostratigraphic sequences at the various places along the edge of the paleolake in order to
examine the relationships between alluvial, lacusirine and archaeological sediments (Roberts,
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Fig. 4. Diatom assemblages at Lake Tuz, central Turkey {after Kashima, 1996).

The drilling surveys were done at two sites (Yenikent and Yesilova} in the southeast part of Lake Toz.

1982, 1983, 1995).

A core of 60.85 m was taken at the central part of the basin (Fig.5; Kashima, 1996; Naruse, et
al. 1997; see Kitagawa ez al. in this volume). Although the lithoface of the core indicated a
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Fig. 5. Diatom assemblages at Konya Basin, central Turkey (after Kashima, 1996).
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lacustrine deposit, it contained diatoms in only one layer (7.9 m ~ 9.1 m depth). Diatom
assemblages indicated a hypersaline environment at this layer. Owing to the poor state of
preservation of the sample, and the dominance of only robust species, there may be no actnal
ecological significance to the assemblage.
(4) Akgil Marsh

Akgsl Marsh is the eastern part of the Konya Basin. It usted to be a fresh water to brackish
lake, the water level has fallen recently. Very shallow water overlays the marsh only during the
wet season. It is thus easy to take core samples close to the center of the marsh during summer
time,

A 30 m deep core (CAK core) was taken for paleoecological studies (Fig.6, Table 3). In nearly
half of the core, diatoms were well preserved with entire frustules. In the remainder of the core
sample, diatoms were severely fractured or strongly dissolved with only the most heavily
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Fig. 6. Diatom assemblages of CAK core samples at Akgs1 Marshes, central Turkey (after Kashima et.a/, in press).

silicified parts of the valve remaining (Fig.6).

Eight diatom zones were defined and values of diatom inferred salinity (DIS) of the zones
were calculated by their compositions of diatom assemblages (Table 3). DIS fluctuated ranging
from 0 to 43 %e. This might indicate that salinity of this area has changed from nearly fresh water
to a salinity higher than that of marine water, However, this DIS value must be treated with
caution as most of the dominant species in the core had strongly structured valves, like Epithemia
and Campylodiscus. Diatom species with fine structures were probably broken in the sediments.

QUATERNARY SUCCESSIONS OF LAKE SALINITY
INFERRED BY DIATOM ASSEMBLAGES

Diatom inferred salinity values of the three districts indicated that the salinity of the lake
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Table 3. Diatom zones and diatom inferred salinities at CAK core samples at Akgol Marsh, central Turkey,

A . . Diatom
Diatom Sample Depth Abundant Diatom Assemblages {nferred
Zone number (m) ..

Salinity
no diatom
Vi | 221812 | 26-3.4 [Nevidadiiradiaia, Naviadacincia, 30~40%0
Campylodiscus slypeus
) Diploneis ovalis, Epithemia adnata,
VI | 322-421 | 3.4~59 Naviculadifitradiata, Neidium sp.Surirella sp. 10~30%o
no diatom
) § Cymbellacistula, Epithemia adnata,
VI | S12-513 | 84~68 | Noviculacincta, Pinnuraliagibba 20%o
no diatom

Campylodiscus slypeus, Cymbellapussila,
v 6/1-1~6/2-4 |1 7.75~8.6 |Epithemiaadnata, Navicula cincta, Neidium sp. | 10~30%o
Pinmuralia gibba, Rhopalodia gibba
no diatom

Amphora lybica, Cymbella pusilia,
v 1-2~T7123 | 9.5~11.0 |Cymbellacistula, Epithemia adnata, 10~20%0

Epithemia sorex, Epithemiaturgida :
| 81-1~9/1-1 | 11.0~12.2 | Fragilariaconstruens | 0~5%

no diatom

: " |Campylodiscus slypeus, Diploneis smithii

il | 92-3~11/1-1 § 13.35~15.5| Epithemiaturgida, Eithemia sorex, 10%o
Epithemiaadnata, Surirellasp.

no diatom
Amphora lybica, Campylodiscus slypeus,
Diploneis smithii, Epithemiaturgida,
Eithemiasorex, Epithemiaadnata, Surirellasp.
Rhoicosphenia curvala

no diatom

I 17/2-4~1713-1] 25.1~26.1 10-20%e

fluctuated from 1 to more than 100 %¢ during the Late Quaternary, At Lake Tuz, low saline
layers were found, in contrast to the present hypersaline lake water. On the other hand, a layer of
hypersaline environment, similar to the present Lake Tuz, was found in the Konya Basin. At
Akgol Marsh, a series of salinity fluctuations is suggested by diatom assemblages.

Erol (1978) showed the distribution of lake terraces along Lake Tuz and of other lakes located
in central Turkey and discussed the lake level fluctuation during Late Quaternary using
geomorphological methods. The current lithological and paleontological surveys of lakes and
basins also show that the salinity in this lake varied during the Late Quaternary. The salinity and
lake level changes seem to have been caused mainly by fluctuations of climate characteristics
such as precipitation and evaporation rates.

CONCLUSION

Based on the strong relationship between diatom composition and salinity, the diatom-based
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transfer functions for salinity reconstruction were defined, and then applied to the Late
Quaternary sediments in Turkey. The drilling surveys at Kaman Kalehoyiik, Lake Tuz, Konya
Basin and Akgél Marsh show that diatom stratigraphy of saline-lake sediments can provide
sensitive high-resolution records of salinity changes. A number of alternations between fresh and
saline conditions is indicated by diatom assemblages in this survey. More dated samples are
helped to compile detailed Quaternary geohistories of lakewater salinity and water level changes
in order to make clear the regional evaporation or temperature changes in Turkey.

The lithological and paleontological survey at lakes and basins will be continued with the
focus on the geohistorical contrast between the lakes and basins during the late Quaternary in
Turkey.
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Plate 1. Photos of living diatoms from Turkish saline lakes in 1991 (Loc. 10 Lake Tuz; Salinity 83 %e, PH 7).

1: Navicula cincta 10: Amphora coffeaeformis
2: Navicula cf. erifuga 11 ~ 12: Nitzschia constricta
3 ~ 7 Navicula cincla 13 ~ 14: Nitzschia frustium

8 ~ 9: Cymbella pusilla 15 ~ 16: Enromoneis alara
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PH 8)

Salinity 54 %o,
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diatoms from Turkish saline lakes in 1991 {Loc. 8 Lake Krater;

iving

Plate 2. Photos of |

1 ~ 5b: Cocconeis sp.1
6 ~ 8: Synedra tabulata
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Plate 3. Photos of living diatoms from Turkish saline lakes in 1991

(Loc. 2 L. Aci (Konya), eastern part of Konya Basin

1: Pinnularia sp.

Salinity 8 %, PH 11).

4: unknown

Epithemia sp.
6: Cyclotella meneghiniana

5

2: Anomoeoneis sphaerophora

3: Amphora sp.



