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The International Society for Salt Lake Research

Since 1979, an informal international association of salt lake
researchers have sponsored a series of triennial conferences to
foster scientific exchange and further our understanding of saline
ELCE

In 1999, at the 7t International Conference on Salt Lake Research
held in Death Valley, CA, participants voted to incorporate the
International Society for Salt Lake Research (ISSLR)

ISSLR was founded to establish effective liaison between persons
interested in any aspect of inland saline waters, to encourage these
interests, and to educate the public in the scientific use,
management, and conservation of salt lakes

Our web site: http://isslr.org
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The drainage basin of
the Dead Sea
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Bathymetric map of
the Dead Sea

Flow through the Jordan river
in the past:
around 1000 x 10 m3/year

Presently:
less than 50 x 106 m3/year

Jordan River




Dead Sea water levels — 1800-2002

-390+

-395-

-400-

N
b
QO
=
Q
£
A=
-
O
:;:r
Q
=
2
(8]

-405+

4104

4154

420‘1 T | T T |
1800 1840 1880 1920 1960 2000

Years




The Dead Sea — May 2008







NORTH BASIN

Jordan

N o

Lisan formation

SCHEMATIC SECTION of the Dead Sea from north to south, with exaggerated vertical
scale, reveals the great depth of the north basin compared with the south basin which is
nowhere deeper than six metres. Below a depth of about 40 metres the water of the north
basin is 'fossil’ water; it is saltier and denser than the water above and has different salt
concentrations. Section also shows the faulting which has produced the two basins

Stratification ceased to exist in February 1979




The ionic composition of the Dead Sea

18496
(average)

Total dissolved salts: about 340 g/l

pH: about 6.0




“Life in the Dead Sea” — NATURE ' Sl-:nj‘mmnn 1'.7.,"'1936
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(WI I k a n S ky) . 1 9 3 6 orgunising, which have boon found {n ‘s Anlino lako of

solt concontration no high us 19-26 por: cont sodivin
chlorido by Rubon Tschik, T. Hof, Buas-Bovking and
others, caused us to doubt the accurady of the ropu-
tation of lifelessness, which tradition impites to the

Do Noa. Acdordingly, samples of Heind Sen water
woro taken undor sterily conditions al w distanens of
3-4 kin, from tho mouth of the Jordun nt various
sen dopths up to 7 metros.  Tha tothl salt coneen.
tration of tho wator Awmples woas 2K20 per cont,
Buctorial orgvhisns could bo grown in 1 per cont
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¥10. 1. Dead Ses micro-organising, x 550,

In addition, micrgscopie examimntion of a hanging
drop of the water Fevealed the presencs of a living
phytofligellate 13 long, which we believe is either
a Chlamydomonas or v Dunaliclla, Threo wiicro.
organisms havo 50 far been distinguished @ yenste
liko, Cram- negative orango  pigment  producer
1:6 % 1-6p (Iig, la), a Gram negative snmll rod-liko
organism 1-4+8x x -8y, and o Gran positive long
filamontoys organisin (I%ig. 16) 3+3 -0-0p Lo 170 ¥,
Tho invostigutions aro boing continuod,

Wo tako this oppoptunity of oxpressing our thanks
to Mr. M. A. Novomoysky, managing dircetor of the
Palostine  Potash Co. Ltd.,, for his mest kind
assistance.

B. WiLkaNsky,

Departmont of Hygicne und Bacteriology,

Hebrew Univoersity,
Jorusalem.




Dunaliella from the Dead Sea




Halophilic Archaea from the Dead Sea

Haloferax
volcanii

Haloarcula
marismortui

Halorubrum
sodomense

Halobaculum
gomorrense




C;, carotenoids of halophilic Archaea

bisanhydrobacterioruberin
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The 1980 archaeal bloom in the Dead Sea
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In the summer of 1980 the water was red!




An early record of a “red” Dead Sea?

“59 T WY R53 vpen
TR SETD DT DS 1IN T3 DY N T
e

(22-23 :2 n'n 2)

MoyTpy BCTanu OHM paHo, U Koraa CosiHue BOCCUSANO
Hag Bogoro, MoaButaHamMm usaganu nokasanachb 3Ta
BoAa KpPacHOI0, KaKk KpoBb. W cka3anu oHU: 3TO KPOBb;

And when they rose early in the morning, and the sun shone
upon the water, the Moabites saw the water opposite them as red
as blood. And they said: “This is blood ...”

(2 Kings 3: 22-23)




The 1980 Dunaliella bloom in the Dead Sea
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Phosphate is the limiting inorganic nutrient in
the Dead Sea

Nitrogen (NH,*) is abundantly available in the
Dead Sea




Comparison of the
1980 and 1992
microbial blooms

Dunaliella /7 ml

in the Dead Sea

Bacteria / ml




Dunaliella cells/mi

The biology of
the Dead Sea -
1980-1997

Bacteria/ml

Year




Metagenomics efforts:

1. The current (2007) microbial community in
the Dead Sea

2. Preserved material from the 1992 microbial
bloom




Aharon Oren

Moshe Rhodes

The Hebrew University of Jerusalem
Technion — Israel Institute of Technology, Haifa
Penn State University, University Park, PA, USA







Halorubrum

Uncultured haloarchaeon clone TX4CA_24 | EFBI0579
Uncultured archaeon clone WN-FSA-160 , DO432496
Uncullured archaeon clone WN-FWA-118 , DO432517
Uncultured archagon clone 3-04A | EF458704
Unculured haloarchaeon clone TX4CA_84 | EFG90639

Ila.lobaculurn gomorrensa IJISM .9297 [T]. ARB_1A51BAD4
12 Haloquadratum
Halogeometricum berinquense PR 3 [T), AFO02984
Haloferax

Haloarcula
Halomicrobium katesii strain Al-5 | EF533994
Halomicrobium mukohatasi JOMS738 [T] | EF645691
Ilalmlmplex cmlshddenw 2 B ‘ ITI MFSZEM?EI
FOS

Unculured archaeon clone WHN- FSA 155, 00432455
Uncultured Archaeon FOS_2 ARB_BAJ 2
A, 1000
Haloplanus natans RE 10 . DO4a17a3g
Uncoultured Archaeon FOS_12A, ARB_3EBAF2F1

Natronobacleriaceas

eon F (J" 4B, Al

Uncultured Archason FOS

WN-FSA-144

Halorhabdus

Uncultured Archazon FOS ARB_7975E3C4
Uncultured Prokasyote en_Ston, ARB_13FB24F7
Uncultured Archaeon FOS_12B, 441097

Uncultured haloarchaeon clone TX4CA 30 EFEQOSB'
Msp_1 (greengenes)

Halalkalicoccus

Uncultured Archaeon FOS_5
Uncultured Archaeon F
ured Archason

N'\‘rmomonae p.‘\'\'aoru‘: I']‘-:M 2160 [TI CnSJt\H.‘)r
Uneultured haloarchaeon clone TX4CA_63 ,
Uncultured Archaeon FOS_15A, ARB_7E211605
Uncultured haloarchason clone TX4CA_22 | EFGI0577

Halococeus
TX4CA_03 igreengenes)

TXACA_05 (greengenes)

i1t} Halobactarium

Uneultured euryarchaeote clone ST-3K67A, AJ347778
Haladaptatus paucit alophilus DX253 [T], DO344873
Uncultured archaeon clone CTDO0S-87A | AYB56363
Methanospirillum hungated JF-1, CPO00254




Uncultured Archaeon FOS_4B, ARB_E43D3656
Uncultured archaeon clone 1-39A , EF459702
Uncultured Arch DS E 2007 ARB_BOAO.
Uncultured Archaeon DS_ENV_2007_12, ARB_E406( E
Uncultured Archaeon DS_ENV_2007_3, ARB_F3CDFEF9
ired Archaeon DS_ENV 07_13, ARB_84EAEAOQ7
14, ARB_9EAECD54

— Uncult
Uncultured Archaeon DS_ENV i
Uncultured Archaeon FOS_16A, ARB_C1406623

Uncultured Archaeon DS_ENV_2007_1, ARB_E0868BBF

WN-FSA-144

Halorhabdus

Uncultured Archaeon DS_ENV_2007_2, ARB_FEABAAAB

Uncultured Archaeon FOS_19A, ARB_7975E3C4

Uncultured Prokaryote env_Ston, ARB_13FB24F7
Uncultured Archaeon FOS_12B, ARB_6F441D97
Uncultured haloarchaeon clone TX4CA_30 , EF690585

Msp_1 (greengenes)

Halalkalicoccus
Uncultured Archaeon FOS_5B, ARB_D9BE167
Uncultured Archaeon FOS_13A, ARB_449E9123
Uncultured Archaeon FOS_9D, ARB_71D0AC38
Uncultured Archaeon FOS_9A, ARB_EB1EBD12
Uncultured Archaeon DS_ENV_2007_10, ARB_C36D48AB
Uncultured Archaeon FOS_2D, ARB_67D179BB
Uncultured Archaeon FOS_18B, ARB_AS586E1DE
Uncultured Archaeon DS_ENV_2007_4, ARB_DB2EA950
Natronomonas pharaonis DSM 2160 [T] , CR936257
Uncultured haloarchaeon clone TX4CA_63 , EF690618
Uncultured Archaeon FOS_15A, ARB_7E211605
Uncultured haloarchaeon clone TX4CA_22 , EF690577

Halococcus
TX4CA_03 (greengenes)

13 TX4CA_05 (greengenes)
Uncultured Archaeon env6, ARB_4C52E7D3
Uncultured Archaeon env8, ARB_B4C £
Uncultured Archagon envi0, ARB_1F15470A
Uncultured Archaeon env?, ARB_B8ES9690
Uncultured Archaeon env2, ARB_63DC33EE
Uncultured Archaeon FOS2, ARB_28A4C9A7
Uncultured Archaeon env3, ARB_55E78AS5F
Uncultured Archaeon envd, ARB_1B23FF99
Uncultured Archaeon envs, ARB_GB7EF317
Uncultured Archaeon envd, ARB_67DESE3D
Uncultured Archaeon FOS8, ARB_ABB83F32B
Uncultured Archaeon FOS7, ARB_CDOB3FC
Uncultured Archaeon env1, ARB_9A98A43E

" Halobacterium

Uncultured euryarchaeote clone ST-3K67A, AJ347778

Haladaptatus paucihalophilus DX253 [T], DO2344973
Uncultured archaeon clone CTD005-97A , AY856363

Methanospirillum hungatei JF-1, CP000254

10




istent with the

<
©
)
W
o
G
T
¢ S
g O

re)
O &
%a
s €
= =
o O
= ©
© O
Q O
T ©
T
©
| -
)
c
)
o))

P

The polar |

-DGN-2

- §-TeGD

o o

11 12

13

9

Helobacterium halobium
Halobacterium salinarium
Haloarcula vallismortis

Haloarcula marismortui

Haloferax denitrificans

Halebacterium sodoemense

2/12/92
22/9/92

2717192

28/6/92
8/6/92

Dead Sea samples

Haloferax volcanit

Haloferax mediterranei




Salinibacter ruber

Haloguadratum walsbyi :,‘ Natronomonas pharaonis Halorubrum lacusprofundi
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Haloarcula marismortui Dead Sea 1992

S / bloom

X, ¢ Halobacterium NRCH1

.._;’, 3 /
; . -, ',  Dead Sea 2007
. Spanish Saltern = residual community
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GC% distribution of Dead Sea 1992 bloom and the 2007 residual
community fosmid-ends. Data for selected haloarchaeal and
halobacterial genomes as well as a Spanish saltern crystallizer pond

fosmid-ends are shown for reference.




% identity of recruited reads as a function of
recruited segment length
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- Dead Sea

1000 900 800 700
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1992
bloom

2007
brine inocula

Taxon distribution of top
BLASTn High Score
Pairs

Top pies represent
unassigned (white),
bacterial (black) or

archaeal (red for 1992
and blue for 2007) gene
assignments

Columns represent
archaeal assigned genes
at the species level
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Photographs: courtesy of the Tamar Regional Council
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The history of the “Med-Dead” and
“Red-Dead” canal plans




THE DEAD SEA,
A NEW ROUTE TO INDIA:

The first record of a planned
connection between the Red

WITH OTHEL FRAGMENTS AND GLEANINGS IN THE EAST.

BY CAPTAIN WILLIAM ALLEN, R.N.

Sea and the Dead Sea

(1855)

IN TWO VOLUMES.—VOL., I

LONDON:
LONGMAN, BROWN, GREEN, AND LONGMANS,
1853, T

( HUE s




The canals proposed by
Capt. William Allen in
1855

(“a new route to India”)
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Sketch for a
“Med-Dead”
canal with
hydroelectric
power plant

Max Burchart,

1899
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Proposed Med-Dead
canal alignments

Filling stage:

1.6 x 19° m3/year
Afterwards:

0.95 x 10°m3/year

Compare: National
Water Carrier:

0.4 x 10° m3/year
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Cross-section through the proposed

southern alignment

ELEVATION {m )

JUDEAN MOUNTAINS

BEER SHEVA VALLEY\ ot

UPPER RESERVOIR
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POWER STATION 570 Mw DEAD SEA

TAILRACE TUNNEL

(=]

120 6.40m

Power plant: 600-800 MW




The Johannesburg Summit —

September 2002

You are in: World: Middle East
Monday, 2 September, 2002, 14:56 GMT 15:56 UK

Dead Sea rescue plan unveiled

Water levels are gradually falling

Israel and Jordan have agreed on a plan to build an

$800 million pipeline to rescue the shrinking Dead
Sea, which they share.

They propose to pipe water north from the Gulflof
Agaba in Red Sea to the Dead Sea, which is falling
by about one metre (three feet) a year.

The pipeline will stretch about 320 km (200 miles),
according to the plans which were announced at
the World Summit on Sustainable Development in
Johannesburg.

BBC NEWS - 2/9/02

Israel, Jordan announce joint Dead Sea plan

September 1, 2002 Posted: 4:04 PM EDT (2004 GMT)

@& SAVE THIS (B[] EMAIL THIS
@2 PRINT THIS @Y% MOST POPULAR

JOHANNESBURG, South Africa (AP) -- Israel and Jordan announced
their largest-ever joint project at the World Summit on Sunday, a $800
million pipeline intended to save the shrinking Dead Sea from
environmental devastation.

The level of the sea, shared between the two countries that signed a peace
agreement in 1994, is sinking at the rate of nearly a meter (3.3 feet) a year and
could disappear in a few decades, damaging tourism in both countries and
indirectly draining scarce water supplies in the region, Cabinet ministers from
both countries said.

"It's a catastrophe underway and it might be apocalyptic if we don't challenge it
as fast as we can," Israeli Environment Minister Tzahi Hanegbi said.

The two governments said Sunday they hoped to work together to build a 300-
kilometer (190-mile)-long pipeline from the Red Sea through both countries to
halt the decrease in water level in the Dead Sea.

REUTERS - 1/9/02

Israel and Jordan Agree Plan to Save Dead
Sea

Reuters

JOHANNESBURG - Israel and Jordan agreed a plan on Sunday to
lay an $800 million pipeline to rescue the shrinking Dead Sea.

The two countries, meeting at the Earth Summit, said they would
study ways to pipe water north from the Red Sea to the Dead Sea,
which they share, in their biggest cooperation deal since a 1994
peace accord.

The pipeline would stretch about 200 miles and aim to help refill the
sea, which is falling by about three feet a year.

CNN - 1/9/02




JRV - Red Sea - Dead Sea Canal Plan and Profile Alignment
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What will be the effect on the ecosystem?

PaT—————




Simulation experiments in experimental ponds, in a
project undertaken by the Geological Survey of Israel
and The Dead Sea Works Ltd.







These and other simulation
experiments are being continued to
obtain information on the possible
biological effects of the “Peace
Conduit”

How much “alive” will the Dead Sea
eventually become?




DA DN R

TRTETIOY T M MoaThn ok AR

-5: T D mawn Sy ety nrr-r-‘:‘x TR

i B0 o Ny Senbs ‘ax PRRIIYR T UD)

WE n‘:xn Sl A WD D TR MR T T
o' vHv mi~raltsyuy bnsn Y NI2IR b: n

2R m*r:‘a LX) n*mn':\ i ::"7::: T *war:m
sbw TRID IONED ke 90 ST o e ot
Bait maw-b:: n‘azr Bn:n-'am Ehigh n‘mb WO
1~w-rn5 Fmp BRrRO 5y SRS ‘ﬂ:m-rv-‘w: byii=)
e fmooReT YR TR D R
il w‘m 5:&:'7




DR N TreRY

FRTETOY YT MeTen Moormhx o AR

-‘;: T o ma‘m oY nr:*'r-'ﬂx MIONTIRDY

T 5 oy s exby bs PRRIIR T WD) .

msm H5&‘!D‘?:‘1 rmw W3 “'mr: ﬁ:-\ T T (|/|eeKI/IVIJ1b 47:8-11 )

™ -rm‘a v ::~mn5 mrawr: o 5::7 Py *‘rarrr*
s‘m TN IONED e 7 ST o neTs oAt
il maw-‘;:: n‘a:r ‘an:n-ﬁm LM n’m‘a WET
1~m~rb e BhrNbY 9y 1o ‘ﬂ:m-rr‘ﬂ: b=
™ T ORET T W vAm P IR
e inlyd m‘am bigb

U ckazan mHe: 3Ta BoAa Te4yeT B BOCTOUYHYIO CTOPOHY 3eMJiu,
couaeT Ha paBHUHY U BOoNaeT B MOpe; U BOAbI €ero caenarTcs
3nopoBbIMU. U BCAKOe XuBYyLLee CyLecTBO, NpecMblKaloLeecs
Tam, rage BoMAyT ABe CTpyu, OyaeTt XKUBO; U pPbiObl OyaeT BecbMa
MHOro, NOTOMY YTO BOUAeT TyAa 3Ta BoAa, n Boabl [B mope]
caenarTcsa 300pOBbIMU, U, KyAa BonaeT 3TOT NOTOK, Bce byaeT
xuBo Tam. U dbyayT ctoAaTb noane Hero poidbonoBbl oT EH-Fapgau go
Jrnaumma, oyayT 3akmgbiBaTb ceTU. Pbiba OyaeT B cBoemM Buae W,
KaK B 00nbLOM Mope, pbiObl OyaeT Becbma MHoro. bornoTta ero n
NYXXN ero, KOTopble He caenarTcs 340POBbIMU, OyAyT OCTaBJIeHbI
Ans Conu.
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And he said to me, “This water flows toward the eastern region and

goes down into the Arabah; and when it enters the stagnant waters of
the sea, the water will become fresh. And wherever the river goes
every living creature which swarms will live, and there will be very
many fish, for this water goes there, that the waters of the sea may
become fresh; so everything will live where the water goes.
Fishermen will stand beside the sea; from Ein-ge’di to En-egla’im it
will be a place for spreading of nets; its fish will be of very many
kinds, like the fish of the Great Sea. .... But its swamps and marshes
will not become fresh; they are to be left for salt.




