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The finding of some diatom species, which are known as brackish species,

from hyper-salineinland lakesin Turkey

Kaoru Kashima'

Abstract: There are alot of inland saline lakesin the central part of Turkey. We found diatoms
which were known as " brackish diatom species”, from the inland hyper-saline lakes whose
salinities exceeded twice or third as much as the marine salinity.

The diatoms from the hyper-saline lakes were divided into following four species groups.
Group a; the species which were reported coastal areas and brackish lagoons in Japan
(Cyclotella hakanssoniae, Nitzschia compressa, Nitzschia constricta, Amphora coffeaeformis,
Entomoneis alata)

Group B; the species which were reported from freshwater areas and low saline areas in Japan

(Fragilaria fasciculata, Navicula cincta)

Group C; the species which was not reported before in Japan (Cymbella pussila)
Group D; the new finding species which should be described as a new specie (Cocconeis sp.

_1)

The geological surveys presumed that the inland saline lakes in Turkey had been formed by
glacial and interglacia climatic changes during the Quaternary. Therefore, the adaptation of
“hbrackish species” into the hyper-saline environment occurred during the Quaternary. It
indicated that some of brackish diaotms have high ability to change of salinity.

Key words: adaptation, brackish species, inland saline lake, Quaternary, Turkey
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RAKIBICIE, ZOBRBEISEID L 725 a OB A
ARBLTWS., flzI1E, 5E# 2BV Tl Cycotela
hakansoniae 255 L CREHL L TH Y, #MDLE D
oo T KRG R IS B B EERER D 80-
90% ML & EHTwa (R, 1994). [AEDOHE
&, dviEEREEN (BB 199), FEIREIR FHER
AEIERED Hih (APRIZ 2, 1999) 7 EI2B W T
bEgE s, FE O DY 10% L T oK Iz 3
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RLTW2 (iR, 2001) . 213, BUEEKE D
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Cyclotella hakansoniae 23859 % & 9 7K 5512
MR LFAELIZ LD, K=Yy 7a7REos
MEVHEESINTWS (KRH - B, 1997; & HIZ
7, 1998).
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Fig. 1 Research areasin Turkey
The numbers in this figures indicated the site number

shown in Table 1.
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F1). EEIEEEDOOLRDY O VHNEEDE
PEHED D B, S50 40%0 % B 2 B i e & 7
B, Y5 D% 40% LA T g R & 7 WiEIC oW
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7z,

e SR

EEEHORR)
WAL B 2 AR L LT, K, iR,

F 1MV IIIBUT B EERE
Table 1 Diatom samples from inland saline lakes, fresh-
water lakes and rivers and brackish lagoonsin Turkey

Salinity [1991[1992]{2000}2001
(Hyper Saline Lakes)

1 Lake Seyfe >100 0 0 *
2 Lake Ak >100 [0} * *
3 Lake Boliuk >100 0]

4 Lake Meke >100 0]

5 Lake Tuz 92 o] o] * *
6 Lake Krater(Aci) 61 [¢] [¢] [e)

7 Lake Aci 40 [¢] * *

(low Saline Lakes)

8 Lake Burdur 25 [e] 6] [0}
9 Lake Duden 19 [¢] 6]
10 Lake Akshehir 17 [¢] [¢] (0]
11] Lake Kucuk Duden 9 [¢] 0O
12] Lake Aci (Konya) 8 6]

13 Lake Salda 8 0] @] (0]
14 Lake lica 4 [¢] 0O

(Fresh Water Lakes)

15 Lake Egridil 0 [¢] 0] [¢]
16| Lake Beyshehir 0 6] 0

17 Lake Isikli 0 [¢] 0
18 Lake Karakuyu 0 o

19 Lake Kus 0 o
20 Lake Uluavat 0 [0}
21 Lake Iznik Q (0]
22 Lake Sapanca 0 0]
23 Lake Mogan 0 @]
24 River Kizirilmak 0 6] [¢]

(Brackish lagoons)

25 Lake Dil 20-36 [¢]
26 Lake Bafa 19 0] @]

O sampling sites of diatoms
samples could not be taken because lake level became very shallow

*
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ph I3HEHF Ph X — & — % vy, /N —H7 F TR
L7z, KBIZEREFHC X 2 HE 24T 72,
(EEEHBOMIE &3 A)
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7 — FOFERE, NIV IHERO T M) T EE
T CTiT - 72,

PRELL 7250kHE, Eamar B0k, @ERbkEKRE
A CTHEE L, HEROSEE GRS DS %
fTo7z. 20k, B OTHHICE o THIFEL, &
=0 FAFIZIET L, WEREO%, ~7 2 MXT 1
TEMZ, KATL/ST—F & LTEALZ.

PASE T2 U IH MM EE % v 1000 5 CEIZE L 72
#7308 200-500 1K % [FE L 7-.

PRIBIEANREMAN, SEH L /-
[k | EE5AE

MNEER B OFE 25 96 FOEEE N E#LEE S
72, A%, F 12 Krammer and Lange-Bertalot (1991,
1997 a, 1997 b, 2000) , Krammer (2000) , Lange-Bertalot
(2001) Z M7z, 72720, TS OLHTIE, w2k
BICBITAT— TR aTE R WD, 77080
PIREITE % Fedk L 7 Gasse (1986), 1 A F Z)ILVOWH
W8 % 508k L 72 Herlich (1995) # &R L7-. $7-,
HEOERBEEICOVWTIE, Eiioxmolir, £
NEFTOMEOLIC L 2EH%E T & o7 Lowe
(1976) D7 — ¥ R— R, BLUOHEHIZ L L HEOH
e RS 7.

N BEEPEIE 2 5 e L 7R M IC O W»
T, ZTOEBREEOEZ LFto kI & - THERR
T5HE, WINOMED I F TIIPHREEER & 134
CERLDIEHETTOELDPHESINTNREHDOT
Hotz. FLT, ZOIFLALITINF T [HAN
ffi| L s Tn2dbDThHo 7.

VU, $E557%% 40%0 % Bk 2. % s ¥ N B 198 20 &
WU R EEMICOWTERT S (2, ™
hit 1).

(1) Cyclotella hakanssoniae

AMIE, REMCHROELTL2FEEERETD
D, IKEEHEREY > O EH T 5 HEET O 80%
DEZEEOTWE, FEikoIGE, fEM, B (&
MRSV MEIEEE) 22 &S THEIZE SN, 55 10%0
LT OARIR 53 DR KGHITE THRABIZREL L T B f

22 RIEMEELSER Lo EEEEMIZBIT S
RE IR

ZEOTH, GHERMENNE, YOGHE - I, R
KB BT BERIRL S R L7,
Table 2 the distribution of hyper-saline diatomsin Turkey

8 g
HEHBHAE
2lo2lelslg |-
SRR
S|51515|alg| 835
S1S|S|0|FIV|T| e
Slelelels|eie|gle
SEHEHELERE
NEHEHEINNEISE
(Hyper Saline Lakes) salinity {%o)
Lake Seyfe >100 Ol+]+]© +]0O
Lake Ak >100
Lake Bolluk >100
Lake Meke >100 +|+ [e]
Lake Tuz 92 Oj+]© O]+
Lake Krater(Aci) 61 + Q[+ +[®
Lake Aci 40 + +
(low Saline Lakes)
Lake Burdur 25 © +
Lake Duden 19
Lake Akshehir 17 O [e]
Lake Kucuk Duden 9 ©|© ©
Lake Aci (Konya) 8 +
Lake Salda 8
Lake lica 4 + +
{Fresh Water Lakes)
Lake Egridil 0 +
Lake Beyshehir 0 + 1+ +
L ake Isikli 0 +
Lake Karakuyu 0
Lake Kus 0
Lake Uluavat 0
Lake Iznik 0
Lake Sapanca 0
Lake Mogan 0 +
River Kizirimak 0 +
{Brackish lagoons)
Lake Dil 20-38 O+ +
Lake Bafa 15 + + |+ O]+

© dominant (>30%)
O abundant (10-39%)
+ rare (<10%)

EWz b (B, 1994, 1996; Af#1341998) . 2
FTIE, BE - /K (1985) 128D\ T, Cydotdla
caspia L WA ML EHWT & 727 (FEE, 1994,
2001) , {K/KEED Cyclotella 122\ Tld, ZD44EIC
DWW T 1990 “FACLARE, EIREERED VKR 7 L
7 & CO#RRAET 51T & 72, Krammer and Lange
-Bertalot (2000) (2 X % &, KA Cyclotella caspia
DY A THEARLIZWS PISRORPRL L L,
¥ 7> Cyclotella hakanssoniae &\ ) X4 2SE % L T
X7z kickh, Do L Tid, Cycotla
hakanssoniae = V2 5.

RV a T, 1992 2BV BT, WKk
A 100% % B 2 5 Seyfe i 5 e L 72, T4,
Seyfe il TIL§H 2 % KA DK T A4 L, 2000 4E,
2001 FEOBP TR AL RN T A2 L 1ETE R
N7z,

MV D Seyfeitf» b e L 72 EARIL, #OKE
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1-11: Cyclotella hakanssoniae 12-13: Nitzschia compressa 14-15: Nitzschia constricta
16: Amphora coffeaeformis 17-18: Entomoneisalata 19-20: Fragilaria fasciculata 21-23: Navicula cincta
24-25: Cymbella pussila 26-27: Cocconeis sp. -1
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S, MO, D) Q) ORER &%, il
DI REMEZE & &0 THRET L7225, BRI T, 5
WMo @EH LS O LR L Cydotdla
hakanssoniae & [ & 3§ % DA% Y & H S 7z,
E51Z, MV aTEOIBEEKBETH 5 Bafaibl
(3855 15%0) 705 b [T D BE M HSHERE S L7z,

(2) Nitzschia compressa, Nitzschia constricta, Amphora
coffeaeformis

KRR - (KT, ZCERTLHEETD
A, T, BAKRMOMER SICAEBLTBY, WiE
J& R BSER O R —1) 7 aTEHE S b LR
b, MERKEEOBEMRE L THWOHNS.

IV I T, Nitzschia compressa (3 Seyfe il T,
Nitzschia constricta & Amphora coffeaeformis 1% Seyfe
W, Tuzifl, Mekeil7Ze &, MGG CTLET S
MRS NI, S HICHRBE D 2 1L, Akshehir
it - K.Duden it} 7 & 554325 40%0 LT O 55 35 VR Fe
BB THL CER L, WEEEMEME» S EERT
HREMLEHEHE LI L TV 5.

FIT, oz, bV aATEEOIREEAHE
T&H % Dil it (345 20-38%) TkFl& DILE % 4T -
7z. Dil iAo 1%, EFEo 32z T, Nitzschia
granulata, Achnanthes hauckiana, Achnanthes brevipes,
Cocconeis scutellum, Amphora holsatica, Amphora
ventricosa 7 EASEEH L, T OFERERIE, HARDEK
WMBEI3ITIET 5, Lo L, BED 6 MIZIEMEA
FESEVEMErOEL T2 2 L3 o7z,

(3) Entomoneis alata

AL, MEEOREBEZET2HEMTH L. T
A DIEVIKIE, SREEABIZEL 5 2 &5
HENTW B (Krammer and Lange-Bertalot, 1997 a) .
HARDEAMB TS, Yo~ oFKEHEREY R )
SOREEPRER SN TWAED, ZORE I RV,

MV aTlE, Ad i, Tuz iz & o3 rEmE,
Akshehir il 72 & O 5935 EIE CREH L 72,
(4) Fragilariafasciculata

ARFElE, 2N F T Yynedrafasciculata & LT, Fi#k
L T & 7:7%, Krammer and Lange-Bertalot (2000) |2
¥, X, K% Synedra 2> 5 Fragilaria B IZBJE L,
Fragilariafasciculata &\ 9) J&ff4; 2 IRV, A
T, WFSE M~ R & S (Lowe, 1974) , #RIK
Bir & T O L A KB TOAEEPHSENTE
7> (Krammer and Lange-Bertalot, 2000) .

MLV ZIZBWTIE, 345 54~65% 7 Krater (Aci)
WTCESRICER L7z, [FRE T, 1991 4F, 1992
4, 2000 4E 0 3 [AIFE 2 RN L 722%, WIhoGs

THEEEE L THZE SN 512, FRKH
B o Bafa il (345 15%) 2B W T b, 1992 4F &
2001 4F- DM FRATRFIZ & b IZRE L 72,

(5) Navicula cincta

R, PROERE - HROMATIKE, &
To¥Es % & A AERT 5 L S (Krammer
and Lange-Bertalot, 1997 a), HAZHM TH % D
HHEAZED 5N D, bV aONEEEE T,
SRIETED Seyfe i, Tuz i, §93EVED Akshehir iiff,
llcaiffi 7 &C, OA FEM L7z, R, o130k
A - W, IR ERKEIE O Bafa il & b A
DHERR S 7z,

AIEIZIEZ K OEFEDEH ), Z O ILEEL
o7z, EHOSCHL (Lange-Bertalot, 2001) % Fl \»
T, #E, BE, SHOEELZOBELR & ERET
L7273, BRI CIIARTESY &3 5 O05H Y &k L
7z.

(6) Cymbella pussila

KX INFET, HETOWESEEHEAERCEE
DENKIB, ARG %% EATSKIBIZERT 5 2
ENHE SN TW A (Krammer and Lange-Bertaot,
1997 a) . HAEANTIX, FEHHH LR TIIEH D
WAER SN, F72 Lowe (1974) O A MIh 4
HEBEOGLBO LW L6, @E T2 O MBIHE
DINEWFETHDLEEZ LN,

Lo L, MVvaoNEEENE I, Mo
Meke i, Tuziil, Seyfeii, Krater (Aci) i, §93EME:
@ Aci itfl, Akshehir il, K.Duden il T L 72, Afd
X (1) ~ (6) CREE L7 MEE R, Mok
TR R KB OB 0 S 3BIE T E o 7z,
(7) Cocconeis sp. -1

A X, Cocconeisplacentula & e THELL L T
% . Cocconeis placentula |2l TEEDIMED 2
o TWBILAEDZELL, BOKEE - LHEE
7 E O BT Cocconeis placentula ® 2L E TD
FC#k (Krammer and Lange-Bertalot, 1991) & (32—
T5. BRIk T AL, EREENSH T ICLHER
DR EFEN TN/, KAFRTIHFEENIC
Cocconeis sp. -1 & L Cre#k L 7.

Cocconeisplacentula 1%, #KAEDEEHETH Y, M
W7 ETEET AT TH S (Lowe,1974). H
RIZBWTYH, BKIEZ L THRD O HEIKTE
TOERPZEOLNZ. PLVIIZBWTH HAR L
KEIZ, Beyshehir i 7 & O ki, llcailfi, Akshehir
M7 EOFGIEEONEEEMEIE, Bafail Zz & O
BRI S D EMD RO bz, THITH LT,
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Cocconeis sp. -1 (& Krater (Aci) il (M%) 54~67%0)
THEERICHER L7z, Krater (Aci) i1 Tld 1991 4E,
1992 4, 2000 40 3 [EFEE 2RI L 7225, W ho
¥4 b Z @ Cocconeis sp. -1 258 5§ 2 BRAERE LAY
BlgEs .

RIRE D SRIEMEIRIE (TNt § B B D@ IS E

VIO, HERKD 25 ~3 5 &) Eik
DMy % 29 5 MR B OB 2304 L Tw
. INSHDEBISLEO, bR e
BEAEDSEH L7225, 2o 0RO 3T, il
WIHTIIERLR LB T COERPMON TS
D THho7.

IV I QN EESREMEIRE L, 50U O IR O 5
BEEFHOHRTERINIZEDTHL I LWMENT
W5 (Kashima, 2000). NV I HifEio 2 > 4 i -
N ZIC BT AR—1) v THREOKRELD, 20
HWIgII R & A LORBINCIZIRE, HOREINC IR
& B EBEEBOMEINDRED b, IS T,
KEBE L WIKBRBE DO ET S U7z 2 LA b Tn
L. WA OY G, 2~3 T AERT O AR oK iR B 1S
(&, WIKAZIE 30mIE< b AL, kDS E%
KISED o7z 20K, BKPIOmBEILIZHEY,
AT L, K DS b 50% L E3ginL 722 &
AfEsE S 7z (Kashima, 2000).

SO ENS, PVIZBUAMIEMEEL, B
PRSI, HPEAYIZRREEE S N7z IRE TR S L7
BECThHLEVZ L., £ LT, ELOWE - w)ll-
KB E0 6, HES BE) - &S, Sk
RETCOMBOARRREZER LIz EHEESND.
COB\IET, HEMOH L ZE N ThhTH
D, ZHUIEEEOBIEN RIS BEICRENIC L B2 b D
EEZOND, AR, MIVIOPEAIE - e &
MPOELL72107THD ) b, 40% &R 5 &9 %l
WHEREED O QW L7-0id 26 ff, iR KA
MNOHREL L7240 ) HsiEkREIC B W T
HL-DIX18HTH - 7.

sEIRPENBEEE 2 S RE L -0 % <X, H
RE2EOTABHILOMTETIE, I F THRAKEIZA
HBYpHE LTHONTWZbDTH-T2. FNb
X (a) #EEERKMBCOER ML N T vz
(Cyclotella hakanssoniae, Nitzschia compressa, Nitzschia
congtricta, Amphora coffeaeformis, Entomoneis alata 7z
), (b) WAKE»SHTOWD AT 5K TO
AR S T w7 (Fragilaria fasciculata,

Naviculacincta 7z &), (c) K2 S T D5

BT AKIBTOERT A EDEHINTIENS D
DD, ZOEMIPHRD THTH - 72F (Cymbella
pussila 72 &) IZX &7z, E512, (d) bFH»T
3D 5 DBICERP A SN, BIFEE L CoREDL
2 &R S 72 FE (Cocconeis sp. -1 72 &) D LS
N5 ehhrhnoi.

209 b, (a) - (b) - (c) DEMERITZNF TR
—OHEPHIE—HICERT A LTV EE R
SNTE7. LaL, MvaossiatmiEs oIk
—WE» S OEEHDFER SN, I TIER oz
W R TR TR S LT W 5,

TER, BRI OWTIE, K ERAD
HROBREICAEBT L LW I LERIND D
EDE Dol OB RS, UL, EARIZIED
AVE D, WIWR &I L) ESEEAEE AL,
L2bZOEHERIRKEVE W) SRS L. 20
728, PRARMEA TR R R A AR L2 R T,
LD RHEIH RIS T e R o T EE R
SNA. Al MVaoWEREBEICES 2k
AR EIEEBREA~O M, T OIS LI
T HEAREEOBRNITEICE 23D THY, FFiown
COMPDRTIX, 100% % Bz H1E5 T TOERD
TRTHALIERZRLTVA.

O L) WRHEDE Y AT A0S, HA
D &9 T Mg TUE R RKIR & v ) BR S L 7-BREE
TORTELRTLIONPE VD HIZOWTIE, #AIE
RLWRTIEENENICEFOFEDIT ) BAERIZLD
HMLTBY, BAET M % W RKIR & EE
EWVIOIBRBETCFOERBEZHE L L-EEZ LN
b, FDI, FAKEEEESE VS, —/, 2
EENLZCEBREE T X DML L 2 BREDEISR I NS 2 b
7 o7z,

3 & &

NV 3 ERIZ A 9 B N BEIEVEINE O3k 2 &
9 FEDEEENIBE SN2, CNHDOFEDITE AL
INFE TR & LT, {RKRBUIFRI 2 B
B L CHEEINTERLLDTH A,

COHGL, KB OO B AT 5
DR SICEDLEDTH Y, HAKEDEY O
DOEDERLTVAELDEEZ LD,

WARBESRKRECELRY, 2 L CHHEMICLEEN
TS TR L 2 R E S R o2 L izonT
X, ABREEERLEOLIMAT, LR EH
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B LET. B, RBFZEIE, 2000 FREREM Y = v
ATMBREEIT TR B R & [ 825 3812 B U 2 iR Y
FEMBICBIT 2 EM DL L TDOEE] 12X £
L7z, st LT~ L 7.

51 B X ®

Ehrlich, A.(1995) Atlas of the Inland-water Diatom
Flora of Isradl . Publications of the Israel Academy of
Sciences and Humanities, Jerusalem, p.166.

Gasse, F.(1986) East African Diatoms, Taxonomy,
ecological distribution. Biblitheca Tiatomomologica,
Band 11. J.Cramer, Berlin - Stuttgart, p 201.

KHF— - FEE & (1997) WKHERE Y 20 & W72k
i O B2k 1000 4F [ O H BRBE 458 . LAGUNA
(RAIEARSE), 4, p.69-76

PER  7E (1994) Wil - SREWIC BT A HEL LU
LAEEEEREICBE S 2 R OFFE. LAGUNA (15
KIERFZE), 1, 37-43.

FEE  EE (1996) HE7EMl - H 1~ ol ECHERE W 2
LT O N-EEEEEAEE. LAGUNA (FRKIZAT
72), 3,p.33-39.

Kashima, K. (2000) The geo-archaeological program for
the environmental reconstruction during Late
Quaternary at central Anatolia in  1995-1999,
Anatolian Archaeological Sudies, 9, 177-192.

FEE 7 (2001) HAK H O R EAKIIE IC B
5 SR DR H), LAGUNA (VRZK I
72), 8,1~14

APRIEF, PO, BER  #E (1999) FEJE &5 IR ik
SRR MEIERE O K EREE. LAGUNA (PRI
72) 6, 261-271

Krammer, K. (2000) The genus Pinnularia, Diatom of
Europe (Edited by H. Lange-Bertalot), vol. 1, A.R.G.
Gantner Verlag K.G., Ruggell, p.703.

Krammer, K. and Lange-Bertaot, H. (1991)
Bacillariophyceae Teil 4: Achnantaceae, Kritische
Erganzungen  zu (Lineolatae) und
Gomphonema Gesamtliteraturverzeichnis Teil 1-4.
SiiRwasserflora von Mitterleuropa (Ettel et.al. edi),
Teil 4/2, p 437, Gustav Fischer Verlag, Stuttgurt/Jena.

Krammer, K. and Lange-Bertalot, H. (1997a)
Bacillariophyceae Teil 1: Naviculaceae, Durchgesehener
Nachdruck der 1. Auflage. SilRwasserflora von
Mitterleuropa (Ettel et.al. edi), Teil 1/2, p 876, Gustav
Fischer Verlag, Stuttgurt/Jena.

Krammer, K . and Lange-Bertalot, H. (1997b)
Bacillariophyceae Teil2: BAcillariaceae, Epithemiaceae,
Surirellaceae, Erganzter Nachdruck der 1. Auflage.
SiiRwasserflora von Mitterleuropa (Ettel et.al. edi),
Teil 3/2, p 611, Gustav Fischer Verlag, Stuttgurt/Jena.

Krammer, K. and Lange-Bertaot, H. (2000)
Bacillariophyceae Teil 3: Centrales, Fragilariaceae,
Eunoctiaceae, Unter Mitarbeit von H. Hakansson und
M.Norpel . SiiRwasserfloravon Mitterleuropa (Ettel et.
a. edi), Tel 3/2, p 599, Gustav Fischer Verlag,
Stuttgurt/Jena.

Lange-Bertalot, H.(2001) Navicula sensu stricto 10
Genera Separated from Navicula sensu lato Frustulia.
Diatom of Europe (Edited by H. Lange-Bertalot) , vol.
1, A.R.G. Gantner Verlag K.G., Ruggell, p.703.

Lowe, R. L.(1974) Environmental Requirements and
Pollution Tolerance of Freshwater Diatoms. National
Environmental Research Center, Office of Research
and Development, U.S. Environmenta Project
Agency, Cincinnati, Ohio, p.333.

HHIEZ - R E - &Ik (1998) K HEREDY)
DEBEEBGREE D ST S Nz - FHE O
% 10000 41 O EIRZAE, LAGUNA (JAKIH
ff3e), 5,38-47.

ME &R/ 5L (1985) % - KK EH B
Cyclotella J& @ 3 ffi, C. atomus, C. caspia, C.
meduanae DM E. HAR 75 > 7 b V%4
¥, 32, 101-109.

Navicula



