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{ate. quslity in the shallot littoral ol Lake Kinneret tas exanined du'ins a
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leke or betseen tbe littoral and the ope. tater. Lo{e.ing of the lake lerer

in l,ake Xinneret is associated tith a najo. clange in the nature ol the

botton of the ltttoral lone in nanv sites' fron rcckv substrtte in hidh leke

leve ls  ( )212n be lo t  sea  leve l )  to  sandv  o .  c lav  in  lo {e r  le re ts  Dur ing

norti-easterly sto.ns, in tinte.' lhe concentrations of suspended solids and

totat lhospho.us {ere nerkedlv hisher in lee{ard litto'8l 6ites conpared to

otber recio;s of the llttoral zon€ This lav be attributed to resuspensioh

of  sed iments  by  tbe  tsave ac t ion  over  the  so f t  bo t ton .  In  re inv  r lnLers '

runoff. Dainlv J;rdan River input, lav locallv affect the Nater qualitv and

result in a nortb soulh gradient
KEY [oRDs: l,ittoral, Iater qualitv' [ate. level, Lale {inneret'
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Ef fec ts  o f  ra te r  Ieve l  l luc tna t ions  on  ta te .  qua l i l v  i '  tbe  l i t to 'a l  lone  o f

i . t . "  i "  ' - i " t t .  (osborne e t  a I . ,  198?) .  i los t  o f  the  s tud ies  'epor ted  a

si€nificdnt change in tsater quatitv nainlv due to deconposition ot d€cavind

iii"""l"t*, oxid;tion of o.danic subslances and release or ninerals f'oi
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(e  s  ,  Nees,  1964 i  coope.  1966 i  oss  and cs '  1969;
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"i"" 
i""""... shorerine erosion a'd thus enharee resuspension

of botton sediDerts in sites that are less exposed at hi8her lake .l€vels
ic . i r " . ,  rser ;  s ranson,  196? i  ceen,  19?4 i  Bar ton  aDd car te r '  1982;  c lav ton '
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TAIEBIILS AiD IENTODS

{ate! qurlliy ,.6 er.btned drrlhg the period oI NoveDber 1990 to Feb.us.y
1991. D!.14 this pa.iod tbe I*e tevet v$ied f!o! 212.95D to 212.05!
b . . ,1 .  SeveD B i teE (2  i * te rn ,  1  southeo,  3  eas te$  ud  1&. thern ,  FrB,  r )
rsr€ luDled lix tile5 over thi! Deriod, SlDDling ias ca..i€d out during
Donin8 hou.s' !t h llxitrlo depth, 30co belo{ the r4te! 6u!f&€. on tso
occsio!6, the 6&Dles f,ele taken ,hen st.ong !..th-e.6terly ilhds
pr€ylilad. The5e iin& clu8ed hiSh rsae &tton €EDecially in the
south-tegtetn sho.es. Thd F.opling procedure ud dalyse5 !.e descrlb€d
elserhere (oafny ard Gaslth, 1989).

ria. l: BelEsehtativ€ E..Dling stltlds iD the sh.Ilor litto.rl ot tatre
(iDeret (&Fis ldicrte inltor ed outrbr of the Jorde !ire.).

itsrJl,Ts lxD olsct gglon

The natule of the liltoral 8lbstrst. s.ound the llke ed alolg lerpendicular
offEhore tlansects chsnsed draDsttcaUy aB r result ol rater level
lluct$tton6. tecliDe iD the la&e le?€i f.o! 209.5 to 213n b.s,l. has
resulted ln d llc.€ase iD the proportion of sddy sho.e6 floo 6 to 701.
respectiyely, Changos oC Lho botLon substiate at the .epressntative Bites i;
3horh ln Tebte 1, Rocky subst.ate at high lake levels rs lelhced by soft
s€dtronts (sqd' cky) 3t lor lake level8.
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Trble l: Co.DuiM of the n.tu.e ol the lDttor subst.aie qt higlt (209.
h.r.r,) dd lor (213r b.s.l) hke ldels .t ..p.Esert6ttae litto.ll
sitee aouDd t*e [inneret.

ETATIOf, E1 E6 E19 t3? t39 29 Ii8

20 !  b .B . l sloNxs CRAVAL 310NlS AAND STONESSTONDS

2 1 3  b . s . rCIAY SAND SAND SAND SAIID SAND SAND

cobos. lson  o l  EeIe .Led Hster  qua l i t v  par&eters  in  reDre lenLat lve  s i te r
a.o;nd the rake is sunmarized ln TfiI6 2

Tlble 2: selected iater qulltt p..uele!6 (ledtd ud rage, in

representitiYe litto.al sites !rcund l,nte f,iDEo.et'

E1 E6 E l9 832 YA

3 . 4
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3 . 4
3 , 2 - 3 . 6

3 . 4
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, 3 3
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, 4 2
, 0 1 6 - 1 , 1
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. 1 4 1
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24\
247-243
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5 , 0 3 3 . 3 t

1 ,30-3 .90
7 , 1 0
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A stDiler concentlation of particulate uatter, represented by EuEpended
6otid. (SS) ra neasu.€d ih the dlffereht Bites around the lake on catr
days. ,4n example is 6ho{n in Fig, 2a. The concentr4tion of the 8S durind
these days ras sinila. to that neasured during the B3ue period iD the open
rtter (!e.nan, pers. conD. i Bernan et al. ' 1989). The conceDilation of the
dissolved puaneters (e.g., s&P, ToN, NIia) did not sho{ a coGistent patter.
of chsnge aDong the sites.

on Eiormy days of no.th-easterly rin&, {hich are typical in Lake fii.leret
dutng ,inter, the concentration of the s3 at the leer3.d Eites rcre than
doubled {St, 81, l{8, Fig. 2b). A sidilar incre6s€ qas De4sured also iD tbe
concentrstioD of the toial phospho.us (e,8. rP )0.048 !g/l ln the lee{srd
. i te ,  81 ,  corpared to  <0 .02  ng l l  i !  the  o the .  s i t€s ) .  The d isso lved
para&eterE Bho{ed no auch cltanBe (e.s. sRP, FtB. 3).

2 0

1 6

E 6  E 1 9  E 3 2  W A  W 2 9  W 3 9  A

2 0

E

B  1 2
E

q 8

' t6

E t  E 6  E 1 9  E 3 2  W A  W 2 9 t Y 3 9  A
STATION

li8l. 2: snspended lolids. variauon in le!!$dtstiae ltttoral sites
around hke (inDeret, {sr csh dayr Decerbe. 25!h 1990' b: ro.th-
edt.rly atortr, Jeuary 1st 1991), StauonAls a mid-lake conlrol stte.
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Pig. 3: Soluble .eactive DlosDhorus conceDtration in repreamt.tiYe
litto.al Bites 8ou.d Ldte Kinne.et durinB ! no :h-e@terly 6to[
(J$uary l8t, 1991).

fiele &tio! and ,rt6r mvenents a.e ahong the nost significant f&tor8
4flecting th€ rate. quslity iD the shrllo{.egions of lAtee (ltutchi.6on,
1975i B4rion and ca!te.' 1982)t €specially du.tn8 storN {lstnch &nd PeteF'
1984). The eff€ct of the rave dctio. in lakes is usually ltnlted to the
shalloi litto.at and dec.eases ,lth depth (Barto! and carte., 1982i ca.per
and Bachnann, 1984; T{inch and Peters, 1984; sarton' 1986), strong eflect of
rave action aE reftected by an ircrease of the suspended Bolidg
concent!4tion saE .epo.ted' for ex.nple' ir the liLtolalore of Lak€
Itichigd (chanb€.s and E6die! 1981). tbis effect sas not det.ct€d in th€
deep€. pa.ts of the lAke (Eidie et a1.' 1984), Ba.ton and lytes (19?8)
reported an elf€ct of rare &ctlon on i4te. quality at l€€{a.d sltes of th.
shr l loH l i t to ra l  o f  Lake Er ie .

A siSnillcant Doliliv€ co..€latton {aE found bet,een the 8S sd the TP
conc€ntrations in Lake (in.eret {Tsble 3). rhe couelation coeffictentg
bet,eer tb€ SS' and chlorophyU 5 and {ith dissolved pardeterE Buch as sRP
ud Nlt.at€ iele lor snd not siSnificst (Tabl. 3). tccordinslv, th€
increse in SS is a.Eocisted qith .es$pension of bottor sedirent and not
{ith slgal celts, ReleaEe of digsorved nutrientE froD inteBtiilal ,ate!5
{ould be diflicult to detect due to a dilution eff€ct.

A sirilar rate! qusllty {aB recold€d in the littorsl ,o!e in {inters of bt8}
(198?/88) and ro{ (1990/91) lake l€vels except lor perio& ol sho.t-tetu
eve.ts, llCher concentrations of particulate Mtter were loc"llv recotded in
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T$le 3: co!..l.tion @erficient (r) {d ley€l ol siStrirtcdce {p) betteer
the @rcelilttion oI susletrded $lids ed ol chlo.oDbyll-a, NO!,
sAP Dd TP (n-35 ).

tlot SBP TP

0 . 2 6 0 , 3 1 0 . 3 9 0 . 8 0

> 0 . 1 > 0 . 1 > 0 . 1 0.001

the littoral zone 4i hign Iale levels !4iDly lollo{itrg dnoff eveDts! rs a
r€sult of trsnsDolt of allochthorcus Dste.ial (Caftrv and oasith, 1989). At
lo{ la}e levels, htth coDcent!4tions of particultte !f,tt€. re.€ onlv
detected follorind strong riDdB, rt t€€ia.d sites. ThiE Day be att.ibuted to
Lhe e t fec t .q f  s t rong u4ve ac t  ion  o /e r  po f t . .ed iDen ls  'h icb  c la raq te l i re  los l

detected st htgh lale relels (198?/88) i! suDDe., 6 period of Etrons, daily
.olth-r€st rin&. Ih thiE csse, resuElehsioh of botto! sedinents {aE mo6t
aplarert on easte.n sites rhlch cohEist oostly of solt Bedilent (Gafny snd
cas i t l ,  1989 i  cs i th  md ca fDy,  1990) .

lilnte. inputs fro! the Jord& Eiver rnd other st.€es Day toc.Ily affect the
concentretion oI dissolved coDpounds. Thi. 3$ evidenced for exeple i. a
lorer chlo.ide corc€ntmtion .€cord€d at the northem site (ti39) ald at the
north-xe6ter. shore (1i29) durins tbe laiDy sinter of 198?/88. such effect
'as not detected durihs tite dry {inte. of 1990/91 (T.ble 4).

Table 4: chlorid€ concentlatioh (rCll) idBuled on *!rch 1?, 1988 (ltiDy
rinte!) Dd lebnary 19, 1991 (dry 'iDt..) iD .eD..senttrtive
litto.at sit$ amntrd f,ate Kinreiet.

st^tlOlr E1 85 El9 832 Il39 1129 t8

202 205 202 205 1,74 195 200

238 239 239 237 234 216 234

The eflect ot sllochthonou3 inDuk o. xave rction can be delofttrated 4IBo
by a bultivariate hielalchical ch$iticalion of the rster qualitt in the
diffe.ent sites ri dlffereht rlke Ievel8 (averege cluter aalyBis, (.els'
1989). Figure 4a shorE th&t, Ior exaople, o 21,12,81, tbe &rthe.D sito ir
the vicinity ol the iDflor o! the Jord.n Biver (139) diff€.ed f.o!,It other
Etations (Euclldic distance, 0,?1), The oiher 3tations shoHed relatively
E6all diflelences in eaier quality (Euclidic distanca <0.3), Du.ing the
rinte. oI 1990/91 (ror lake revers) th€ rater quallty tn the northern 3ite
(t{39) r4 liDilar to that of DoBt othe. stationB (Fig. 4b). o. days of
nolth-reste.n rinds th€ orte. qnality in the southen .€gion (e.t., E1,
25 .12 ,90)  d i f fe led  f rob  th8 t  o I  a l l  o ther  B ta t ions  (Euc l id ic  d is tance >6,
amng o ther  s ta t , ion .  <2 ,  F i8 .4b) .
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Rig. 4: luDl€s of chst.! otltsts ol i.t€t {u.litt i. .eYd
leDredertltlte llttoEl sltes Eoud lilo f,iDeet. . _ 19'12.8?'
(rootf tnDut). b - ?5.12.90 (ro!th-*6!t€rlt ,ttrd).

@rcLUSIOllg

Itinillr rlter qusttly *u found ln the st.llox llttoral .rou.d !!k3 f,Inncret
st high (198?/88) o! to" (1990./91) hlc levels in ihte. .xc6Dt lor cert.lr
lesiotr; {hlch D€ l.oc.lly lflect.d bt sltort-te.r .eents such .6 runolf o.
6t;ond rlnds). Bunolf, lainly Jordd B1v€. 1D!ut!, loclllv lllect ltttor.l
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s iLes  in  ra i  H in te r  od  cdu ld  resu l t  in  a  de tFc lab lF  no .Lh  south  g 'adren l
of rsier quality. the ettett oI the vind effect day choge s a function or
the tale leael. r{ind driven .esus!€tsior Ey inflnence tle ,ater qualitv in
teesard litlo.at sites pa.ticul.rlY dDring ]ot lake levels. This is probablv
sssocisted rith the iD..ease in littorul lreE of soft sedilents as a resurt
of th€ decline ir the l.ke level.

at osilu! take lwel (ca 209 b.s.l.) tare attac& causing sho.e erosio. ia
e*pected to aflect raler Nality itr tlte shalloe litto.al. SoDe elfect on
rater quality Day also be exp€cted s . .e5ult of inundation of vegetatior
rhich has develoFed on tbe expo3ed sltor* du.ing periods ot lor lale levels
Earlier esiiuate of the vegetative biooss 3trggests only rino. elfect or the
concent.ation of the or6anic !.tter in the lake coopa.ed to the cont.ibution
lror alsal p.odclion dd allochthonous iDluts (Gsitn dd cafnv, 1990).
These aspects should be further investigated.

ACf,NOflI,EI]GEI{ANT

{e {isn to t}!dk T. Berran, B. [aDlo dd the stali of the Xi.ne.€t
Liunological Labo.atory, Y. Geifd dd tle staff of ihe Ueko.otl fl8te.
Quality Analysis for thei. Lind ssislance in the analysis of the {ater
sadples. This stndy rs sulported by t g.et f.o! the later coDbission.
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