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N "INIPDIR" SYPWA W22 .3 59NN 2% AN T°OI0 MW 2°pNn IWRD DA A YO0 NOYnn

Dublyansky & ) 2°2017°R MMawgm 10 IR 7 DY (rims) 19w vpwn Frostwork
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,077 2977 772 (3% 1anD) /IR R wxn Sarbu & Lascu (1997) .(Pashenko, 1997
TN R MAYNTA FONAW WM (72IMN) 2920 NIYRY DO VRO SYPWIY TID0MALRT

J1I9RT HW ODITRIT PONT WOV O YN 1o
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W MRIWIW 1507 .(spheres MI9D) AN 9917 ¥ 200 Sya (170p2) 2wy Yo .2

;TOW "IMT 7127 2PNk 7P NNNW 7719077 NYPNR NANONMA 7190 93 WK N1NOD
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,OOPY9 VR DO MR 023 DY 0220%A 2IMIT 2T L,00NK 023 DY YO0 YW onmon
-1 boxwork 7132 %1379 0072 23 NOTVIA 7027 PIXINI 2°I12IAT Q°O01 201V MR AT 7NN
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W MDY NP P2 IR DA WK DTN 28 MY (vents) NNIR rno 4
1WA .A0A D7D WA P I IR L72YN 209 MNNANT MR 27 YR N O IR NN

;WA 991 OR MR AND HW XXV 0E5R (rims) N1 YW Avpwa 9apnn oopni

798 D°0°3% ;N°7°9710 712°202 D232 VXY N9YNT YW TPRhN2 00X 0232 1997 00 L5

3P YPW 1PANR PN AW R 211 02T O°N°0N Q%P2 ,MT2 °X0 NINT OMX

condensation ) D°2Wnn Q%A YW 20T 19012 DOIXNT 720N MDY YW 2017 .6
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M2YNAA 7077 200 YW W 2225w 7Y NRT YW IR0 2907 DR e 10
IDIN2 TITA? N1 VD VNI AT TTRAN2 DOMWPR 2°NPIRDODT DO17ORAT DW MmN NVEARD

.(Audra et al 2007, 2009) R 2w 72°77 2P MY ,AM0I9RY P

WYPR — IR e 1.4
TN WIW W00 ,NLNIDID NNWRI NUIXC OV NID0IAA NPMIPRT MR 210
MIWRY MINE° 5V MDA NPOWAIR WS 07N LJAMD II0PY TANIR MPRd waws
Corliss ) 7amD ¥M12°p% MITIR PRI MANMA NPINMROR N12107N NRAN DY 172 ,0°0N001°
MY 5w P12 ann 20 17 aR%T 5w MR Naran noana nnk .(and Dymond, 1979
TPDOR IR WA MR XD NMRMPNAT MIYR ,0PIROPIN 197277 0°00777 NP2 PN 0% NPNIPK
NN M0 THAN = W2°2) MPOIVINI’D NONWRT MR O¥ NMIDDANM CNLIIPR SN WA W

nNMEPa T By nvzamsa (anoh Mpn anan CO, ,MoRY I = DI TAIIRD PR
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PRy R (Tunnicliffe, 1992) 2929070 0712 MpRw 70 MIXNINT
MWRT MY PC 1 5y 2C -5 nuva a9TYa IR TORI0 MIRANN DOPTON SW NIDIININD

.(Ruby et al, 1987) 1mrna 0»»5w §"°C *57w o¥9apnn Twun

7RI 953) AR 775NV ST MNP R YA NIDNRA NYPIR NN 72020

X7 LR TY02 .(2PNNYM 2PRYI - 0°°N2°207 DMWY W2 NS AN 72 TN NTTan
I PRI LYINT R INPAY 112 23190 7IYna 270,197 LNPLN10IYID NNWRI MINYY NIWORNA
70 9V IR L,TIPNR2 IR Y12 0902 DY 7vnY 0°01017 01 V2 MYXNRA YPIPT NNY AT SR
2y Tanch oo M2 onn L po1n L(Poulson and White, 1969) 0mind R pxnd o
TR LIRNA L, TOPI0 130) NMANINN N1 N12127N NIREAI IWRD NPOIIVIVIRIA®D NOIWRT MY
NXT ST DY 1NN DODMILIRMD NIIR Ljxan 2TYn2 (Sarbu et al, 1996) jxnm (TN

.(Ehrlich, 2000) (S°) n™uinbR 0935 Hwn% , 775910 2w L 9RM0RI

nayn bw nmuesepr 1.4.1

JIOWT 010 DR MIMNSM MAMPT MAVAT 17 27RY? NN MAvan 217 ,0°7277 vaons
R Phn onpn WK L(trogloxenes) 2°I0P12AN0 HW NPDIZNINR 210 MNP YR MIyna
0°92101 WK (troglophiles) 0°2°91231711 MW °10 Y¥n QMW 1ATT IRW MIWHA QnPw 0O
%10 DY 01 WK D97 12 2% 012 CLINT WP MW 1OTY IR YPIRT NN 00 00 2w
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7292 D»YPIP-NN ITX N2 0»hn oY 07 L(stygobiotic) D°W2MWO 02 O3 DT
D°TIX2 21T IWRD LD 1D IR) YPIPT 2191 TIT°A RIND WMNONY 20 2PN .ON2°A07 DARNIA
YR 2701302 593 7172 RIT DOV NPR PRI NPDIRIIRD T e (20 nn
IR LTUWN O PO LPRWY AT 9732 IR SN2°20 W 9932 Auwa 101 WMN MYna Pn
MINNONT .anYR JWNT DX DIWORNT DOXIN QW XYM YRR NN OX 1170 WK 20K 20N%a
T32) AW OMAR MDD (RPAT? LTIYAT ORIND 070 MR 291 NARNA 791710 2P0 A0
ST 0¥ 1IN MomAY MPANDM DUWIA NN MMIPRY MYaN0T L(AWCN MY IR 201K DOWINN
7IVA7 N2°202 MIXINI JPRW MDD TIOR2 719172 7WnY M2AN0TT ,JTORD .0MIT 19270 NORS
T 92 IR DY YW 0IMA MRY TV DO1YT MIMNI2 RDANAT AMKIT NP1 TINR A0
.(Chapman, 1982) o»1y?

T°mAT D220 2UYDI O WRD ,D’J’bm?ﬁ'm P°y2a ,D’U’D'IZ?MWUJ D’bPﬂJ N2 o°Yd

Thermosbaena mirabilis 70707 DW D102 AN DR MIYA P3O ,MIPYA 17 21N M2 0w
1070 IRXNI QW 190 o yp2a 77185 221770 209 MY 40°C W a70onna 7w
DARWI DWW AP onyy Turcolana reichi  TOWRM Tethysbaena relicta

.(Longley. 1981) 010 "n N2XW M2pya ondw 7°°mmi N2°207
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,allobiosphere-7 M>»w ,078% NMN2MAN ,N1PYPIR NN N12°202 NPNIPRIT MOWNT 210
1R 1A ,A0WT 2192 NPOVIVINIVID NOIWRI MITXO2 1MPAY K217 213X NI NN 190

WY DORY W DT L AUW 2101 SR WA 200,008 VX0 ,009%%) 09970y Hw
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.(Sarbu, 2000)

TOBR NPR NINDIPRT DDA B 7 1.4.2
TR DM 172 NPAPR NMIDWR MPOR WK MOYR SW 2T T50n MM avwa
Sarbu et al, 1996; Hose and ) 112 Mpnd No10IDIRI’Y MINX° HY MDDNT 020 123070
INDWM 2199 27 TAT TLW 210 PR MWIPR 1 AR MR Yw veionn 1210 L(Pisarowicz 1999
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Dimentman and Por, 1991; Por et al, ) 01172 7min X2 791 19X 17790 MNpnn ,noni
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MPIA% T 79797 2ONAY 0°NL OIUPIRY 110°NT 292 PRW 070 V9YaY DORXKRY 07 98 00
o3 R¥A1 2»ypap-nn o0 .(Dimentman and Por, 1991; Por et al, 2001) nwa7p nvm
72 01 MOWT %19 OR 721 DRI TR IR QTR 702 30mN? TV T70 anYaw oW navna
YT L0 103207 7"T) [uwa 2100 TIYRT PR 2TINT 202 C1TIR I PW Pion By 0°001an
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QPom PR D W RN OPYN LN RXWAN OPYNW H2W 2700 SHYa 1NN ,NPO1DIINMD
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DINANRT 22w OPKR NMWYA MUW 210 HW N3N R IR 990 WP A RY N9OR
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mg/1 %
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Watertable | Temp EC
date (m, asl) (°C) pH 0, (mg/l) | (ms/cm) | ORP
14/05/2007 15.11 28.7 6.93 1.10 2.27
19/06/2007 14.68 29 6.95 0.11 2.25
26/07/2007 14.15 29 6.92 0.12 2.23
06/09/2007 13.49 29 6.93 0.13 2.22
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Sample | source | 6"C (%o,PDB) | 8"N (%o, air N,) C:N Taxa
Bl 1 -35.8 0.9 5.5 Bacterial mat
Al0 1 -33.0 -2.2 4.2 Cyclopoidae
A8 1 -36.0 -2.6 4.7 Tethysbaena sp.
B5 1 -35.9 -0.2 5.1 Typhlocaris ayyaloni
bipgfala) 1 -35.2 -1.0 4.9
1N N0 1 1.5 1.7 0.6
B7 2 -32.7 -10.1 5.0 Collembola
B6 2 -32.6 -3.7 4.4 Ayyalonia dimentmani
Al2 2 -32.8 -5.6 5.1 Akrav israchanani
bR ata) 2 -32.7 -6.5 4.8
1PN N0 2 0.1 33 0.4
B8 3 -41.8 5.5 27.4 Chlorophyta
A3 3 -22.2 14 9.8 Ostracoda
D10 3 -29.6 8.1 4.5 Corixidae
C3 3 -32.0 3.1 4.8 Coleoptera
C4 3 -32.2 3.0 4.1 Coleoptera
C5 3 -29.7 6.5 4.9 Coleoptera
C6 3 -31.9 9.1 5.7 Cyclopoidae
C7 3 -33.7 10.0 54 Cyclopoidae
C8 3 -30.7 10.3 4.4 Chironomidae
C9 3 -25.6 6.3 4.2 Coleoptera
C10 3 -30.2 7.2 3.6 Zygoptera
Cl1 3 -29.3 3.6 3.7 Hyla (tadpole)
C12 3 -32.5 33 3.8 Triturus (tadpole)
D2 3 -37.9 3.2 6.1 Hydracarina
D11 3 -33.5 3.1 3.4 Notonectidae
piptafala 3 -31.5 5.6 6.4
e 3 4.6 2.9 6.0
B9 4 -28.4 -0.8 34 Acrididae
D3 4 -27.4 0.4 33 Grylloidea
B4 4 -314 9.6 43 Gryllotalpidae
A4 4 -27.7 4.7 4.7 Aranae
B10 4 -24.4 -1.3 7.0 Chilopoda
B11 4 -25.5 5.3 3.7 Scorpiones
Cl1 4 -27.4 2.7 4.3 Aranae
D1 4 -24.7 1.4 6.0 Coleoptera
D7 4 -27.4 1.8 6.0 Limacus
D8 4 -25.5 8.5 4.2 Aranae
D9 4 -24.7 5.0 5.1 Coleoptera
piptafala 4 -26.8 34 4.7
PN D00 4 2.1 3.6 1.2
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This thesis is dedicated to the Memory of Achikam Amichai
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Achikam volunteered in the Hebrew University's cave research team for two years
while he appealed to overturn a medical exemption from the IDF. During this period
he discovered and mapped dozens of caves with endless enthusiasm and dedication,
showing thoroughness and precision. He always sought to get to the bottom of things,
seldom hesitating to question what other thought obvious. Behind his quiet, modest
appearance laid a humorous, friendly and observing personality. Achikam
accompanied me from the discovery of the Ayalon Cave onwards, taking part in the
complicated mapping work and the ensuing research phases, and contributed greatly
to their success.

Achikam love of Israel was evident in his numerous hikes along its trails.

On Friday, 28" December 2007, Achikam and his friend David Rubin were murdered
by terrorists as they hiked the Telem stream in the Judean hillsides.



Abstract

The current research deals with the hydrology, the karst system and the
ecosystem of the Ayalon cave. We aimed for understanding the processes that created
the cave, the changes that occurred in the hydrologic system through time,
understanding the structure and the general functioning of the ecosystem and its
reaction to changes in the hydrological system. For that purpose, the cave was
mapped and vertical & lateral cross-sections were plotted; the physical and chemical
properties of the groundwater exposed in the cave were monitored; the speleological
patterns and secondary depositions were examined. New species of organisms in the

cave were defined and researched.

The Ayalon cave is located in the inner costal plane of Israel, 21 km from the
Mediterranean sea, near the city of Ramla. In this location the groundwater of the
Judea Group aquifer is warmer and more brackish than the surrounding groundwater,
has reduced conditions and contains hydrogen sulfide. This phenomenon was recently
referred to as "Ayalon Saline Anomaly" (ASA). The location of an open quarry in the
center of ASA has exposed a karstic anomaly with numerous cavities, with distinct

characteristics.

The ground water exposed in the cave is highly representative of the ASA, with
chloride concentration of 524 mg/L and total dissolved solids of 1371 mg/L. the
sulfide concentration is 5 mg/L and the water temperature (29°C) is 5°C higher than
the average temperature in the aquifer. No presence of dissolved oxygen was
measured in the water, but we assumed its presence since it is crucial for the aquatic
organisms. The water table in the area dropped by 13 meters since 1951. During the
research period alone, the groundwater level dropped by 5.2 meters. However, there
were no significant changes in the water chemical composition, and no significant
correlation between the water properties and the groundwater level. Comparison of
ionic ratios of the water in the cave and water wells in the vicinity reveals a mixture
of two different salinity sources of water, and shows that the water in the Ayalon cave

1s closest to the saline end-member.

The cave comprises two stories of horizontal passages, each with distinct
characteristics. The upper story is a network maze cave. The passages have well

rounded smooth walls and the ceiling is rich with cupolas and rising cupolas chains.



The cave morphology and water properties show that the cave was formed by
aggressive water that penetrated upwards through vertical shafts and fractures in the
bottom of the passages. The findings suggest that the cave was formed is the phreatic
zone, beneath the water table, by slow water flow from a deep source into the cave

formation zone.

A layer of soft weathered rock on the walls and secondary gypsum and calcite
deposits in the upper stories passages, indicate condensation corrosion and associated
deposition. These processes are an outcome of air convection that took place under
vadose conditions, after the water table dropped. The nature and distribution of these
deposits allowed us to estimate the tracks of the air convection currents. These
currents of air convection supplied oxygen to and received heat from the surface of
the groundwater and resulted in secondary convection in the groundwater and

distinctive dissolution pattern of vertical water flow.

The lower story is characterized by large collapse halls and debris piles
covering the bottom of the passages and halls. The morphology of this story indicates
phreatic speleogenesis. Until recently, speleogenesis activity occurred on most of
this story surface, but anthropogenic over-use of the regional aquifer since mid 20™
century lowered the water-table to the point that this story has almost dried out.

Consequently, the "wetland" was reduced to a fraction of its original size.

The Ayalon cave allows a rare un-obstructed look into the typical ecosystem in
the region's groundwater. Lacking sunlight and a constant supply of organic material,
the ecosystem is based on chemoautotrophic primary production, by Beggiatoa
bacteria that creates a bacterial mat on the water surface. The isotopic composition of
carbon and oxygen in the fauna and the bacteria shows that the latter are the energy
source for the system. The cave groundwater contains four new species of eyeless,
pigment-less troglobite Crustaceans. Two troglobite terrestrial Arthropods were

found in the adjacent area within the cave.

At least two other species were part of the ecosystem until the last decades,
when they apparently became extinct, probably due to the massive phreatic surface
drop and the resulting reduction in primary production at the water surface.
Continuation of groundwater over-use and the quarrying near the cave places the

survival of the ecosystem in grave danger.



