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ABSTRACT

Annual water quallty d5manlcs Ln the ehaltord ltttoral of Lake
Klnneret hras followed by nonthly sanpllng at 1 n naxinun depth
durlng the pertod of August 1987 to Septeober 1988. Excludlng
short-terrn events uhlch could be related to allochthonous lnput
wlth runoff or to algal bloon, the water qualLty of the ehallow
llttoral remalns relatlvely unchanged throughout the year. Ttrese
events are detecLable ln the shallow water only, theLr tlulng and
nagnltude hras slte epeelflc. Ttrls speciflcity nay be attrlbuted to
the viclnity of the reglon to runoff sources and posltlon relatlve
to the dominant wind dl-rectlon.
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INTRODUCTION

Lake Klnneret ls a eartr oonomlctlc lake gltuated ln the northern
part of the Jordan Rtft Valley, about 20O n below gea level. The
lake 19 a cr5rptodepressLon of tectonlc orlgln. I t  ls approxlnately
L/g kn' ln gurface area, wtth a relatlvely regular shorel lne
(shore l lne development  index of  1 .16) ,  53 kn ln  length.  (Sernrya,
1978). The maxinum depth ls about 48n (according to recent
bath5rnetry, Berman pers. connunic. )

The I l t toral of the lake ls characterlzed by the absence of
submerged nacrophytes, excepb for occaslonal, sporadlc appearances
ln sheltered areas.

Based on the lower boundary of benthlc algae (Dor, 1970). bhe
llttoral zone in Lake Klnneret extends to a depth of about 3
neters. The botton gubstrate varles around the lake. It  lncludes
boulders and stones of various glzes conslst lng - of basalt.
llnestone and fllnt. Flner substrate naLnly coopoeed of sand and
sll t  Is algo found (Oaslth and Gafny, lD pness). Lake level
fluctuatlons perlodlcally expose and lnundate ghore aneas and
lnfluenee the slope and substrate of the llttoral reglon (Gasith
and Gafny.  ln  press) .
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Albhough Lake Klnnereb is one of the bet,ter studled waro lakes
(Serruya, 1978) there have been relatlvely few studles of the
l l t tora l  none deal lng wl th  water  gual l ty  aepecte (e.S. ,  Por ,  1 t6B;
Por  and Ei tan.  1970;  Dor ,  1970)

The purpose of the present lnvestlgat, l-on ls to study the dynaml,cs
of water quall ty in the shallow l l t toral zone around the lake ln
relatLon to the deeper l l t toral and the pelaglal reglons. Thts
st,udy ls part of a larger proJect alned at understandlng the
sLructure and functlon of the l l t toral of Lake Kinneret.

MATERIALS AND HET1IODS

Changes ln water quall ty ln the shallow l l t toral were fol lowed
monthly durlng the perlod of August 1987 to September 1988. Durlng
thls perlod the lake level dropped froo -21O.5m to a nlnloum of
-211m (in Noveruber) and Lncreased to -208.85n (tn l lay) fol lowed by
a decllne to -2O9.2n. Samples were taken durlng the nornlng houre,
at 1 rn maxLnun depth, 3ocn bellor the sater eurface. fron 7
statLons around the lake (FlS. 1). On two occaslons, durlng the

summer. sanples $ere taken durlng the afternoon hours as rreIl. The

samples were collected dlrectly Lnto the eanpllng bott lee. l{ater

temperature, Secchl depth and wlnd conditLons at the t lne of

sampllng were recorded.

Ftg.  1 :  Representablve sampl lng s tat ions tn  the ghal low l l t tora l

of Lake Klnneret (arrows lndlcate Lnflow and outflow of

the Jordan rlver).

The samples hrere transferred to the Klnneret Llnnologlcal
Laboratory wlthin two hours of samp1lng. The paraneters and
procedures of analyses were as fol lows:
amnonl .a  -  NH, t  (Solanzano.  1969) ,  n l t , rabe -  *03 and nLtrate -  NOZ
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(Strlckland and Parsons, 19721, KJeldahl nitrogen - TON (APHA,
1985), total phosphorus - TP. Soluble reactive phosphonre - DP
(Strlckland and Parsone , 19721, Saltnlty (APHA, 1985).
Chloropyll-a content was detennlned fluoronetrlcally on eanples
collecbed on GFIC fl l ters and extracted rtth 9Ol acetone
(Holm Hansen et al, 1965). Algae were ldentif led and counted with
an lnverted nlcroscope uslng Utennohl (1958) technlque. Algal
Blonass iras calculated frron neasured cel1 voluaes.

Water sanplee from the deep llttoral (5-8m deep, Hlthln l0our of
the shallow llttoral) and fron a statlon repreaentlng the pelagial
(St. A, lake center) were collected on the sade date and tlne by
the staff of the K{nneret Llnnologlcal Laboratory (Bertan et al.,
1989). Ttre daba allows cooparlson of the dynarlcs of water quallty
characterlstlcs of the ghallow llttoral rlth that of the deeper
llttoral and pelagtal reglons.

RESULTS AND DISCUSSION

Seasonal dynarulcs and spatial varlabll lty

A typlcal pattern of annual change of water quallty ln the ehallow
llttoral of Lake Klnneret ls demonstrated ln the dynaruLcs of
suspended sollds (FlS. 21. Excludlng narked changes of ghort-tern
events. water quallty of.the shallos l lttoral remalned relatlvely
unchanged throughout the year. Durlng these eventg. the values of
most of the parameters varLed wlthln two orders of nagnltude. The
lrregularltles were recorded durlng ilarch or Aprll. They could be
attributed to two naJor processes: a. An effect, of allochthonous
lnputs observed at the end of. wlnter (Harch, Flg. 3) and b.
lnt ,ernal  ef fects assoclated wlth algal  b looms tn Aprt l  (FfS. q).

The lmpact of these eventg dlffered atrong llttoral reglons around
bhe lake. Thts ls partly due to the fact that runoff and and
lnflow of f lood water nostly restrlcted to the northern part of
the lake. prLmartly by the Jordan Rlver (F{S. 1). Correspondingly,

.. northern l lttoral reglons (represented by l{29, W39, E32l were nore
'\ affected by thts process. It was reflected ln para.neters

assoclated wttlr particulate uatter such as SS and TP (Ffg. 3) as
well as ln Cl , a bLoLogtcally conservatl-ve, dlssolved paraneter
(Table 1). Chlorlde concentratlon ln runoff water 1g an order of
nagnltude lower bhan ln the lake thus allows traelng of the
runoff  current and l ts dl lut lons ef fect .  (Table 1).

Table 1. Lowest chlorlde value ln the shallow llttoral (recorded
tn  May) .

STATION: }'39 vt29 E.32 l{B 819 E5 E1

CHIORIDE (osl l) : 160 179 189 190 L92 tg2 196

The
the

data suggest a
effect and the

posltlve correlatlon
vlclnlty of the area

between the nagnltude of
to a naJor lnf low aouree.
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Flg 2: Seasonal dynamics of suspended soll-ds ln the shallow

l lb tora l  o f  Lake Klnneret  (s tat lon locat lon Ls Lndlcated ln
F is .  1 ) .

Indeed. the northeastern l lttoral reglon (t{39) whlch was closest,
to the lnflow of the Jordan River had the lowest Cl concentrablon
and hlghest level of sotre other water qualtty paraneters (Table 1,
F is .3 ) .  Berman e t  a l . ,  (1989)  found s ln l la r  e f fec t  fo r  DP fn  1987.

Littoral areas further to the south (819, 85, 81, WB) t{ere less
affected by runoff (Table 1) and were nore l lkely to be lnfluenced
by internal. lake processes. Phytoplankton dooLnate the productlon
in Lake KLnneret (Bernan and Poll lngher, 197q) showing perlodic
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blooms usually of Perldlnlun. Our data lndicated that t'he

southeastern regton oilttEffib (81. t6)-.-ghoned an Lncrease ln

some paraneterJ all refateJ ani colncldent slth a bloon of

Perldlnlun, r" np"rT tii,eoo sgln5. Fl8' q and Table 1 ln Beroan

;fffi6'ggl . Htwever,- a drfference was found betveen the water

quality dynarnlcs of southeastern and eoubhwestern reglons of the

l l t toral. For exanple, the southwegtern l l t toral reglon (t{B) had

consLstently slmllar waber quall ty throughout the year (FlS' q) '

Thts west .- east difference nay be explalned by the north-western

afternoon winds whlch prevall in Lake KLnneret durlng late aprlng'

summer and fall (Sernrya. 1978) and are llkely to concentrate the

algae (durtng Uioot i fme) leeward, l 'e" ln the southeastern

reglon of the lake.

Diurnal  var lab l l l tY

prel imlnary observatlons on the short-term. dlurnal varlabi l lby tn

water qualtty in the shallow I l t toral durlng sumoer. revealed

changes lnwa te rqua l l t ybe tweenno rn l ' nganda f t e rnoonhou rg .
malnly ir,  eastlrn s[attons (FiS. 5). Thls nay be attr ibuted to the

effect of the datly water turbulence generated by the north-

western wLnd. The effect on the deeper l l t toral ls yet unknown

(Berman er , i : ;  
- ig8g). 

The i.mpact of thls envlronnenLar

dlsburbance on the l l t toral and on bhe l l t toral-pelaglal

lnteractl-on ls yet to be Lnvestlgated'

3
4oo
il

,,8"
Ftg. Jz Diurnal variabl l i ty of suspended sollds (ss) and tot 'aI

phospho rus (TP) l n thesha l l cw l l l t o ro l l n t heno rn lng
ieut  and af ternoon (Pu)  hours on 2 '8 '88

Ef fect  o f  dePbh

shorb-tern changes ln water quall ty were observed ln the shallow

Ilt toral (Fles J-""a t{) for- events lnf luenced by al lochthonous

inputs as wei as that affected by an algal bloon. For the former'

it was reflected for exanple by peakJ ln SS and TP' For the

STATICN
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latter. peaks ln TON. chlorophyll-a and algal blomass were
observed. Thls change ln water quall ty dlsslpabed deeper ln the
l i t tora l  wi th in  few tens of  neters of fshore.  Dl lu t tons ln  deeper
water as werl as wind generated resuspenslon and transport of
algae and part lculate matter to the l l t toral nay be responslble
for  th is  d i f ference ln  water  qual l ty  dynamlcs between the shal low
lit t ,oral and deeper reglons of the lake.

Excruding shor t  per lods of  l r regular l t les,  water  qual t ty  ln  the
shal low l ib tora l  was s lml lar  to  that  o f  the deeper  l t t tora l  and
the pelagial (Ftgs. 3 and q). Thls eras partrcularly apparent in
regard to dissolved parameters such as NHq (Table 2), *03 and DP,

Table 2.  compar lson of  annual  ammonLa dynanlcs (vs/L)  in  bhe
shal low l l tbora l .  deep l i t tora l  and pelagla l  o f  Lake
K lnne re t .

DATE STATIONS

;HALI,o1.l LITl :ORAI DEEP L :TToRAL PELAGIAL
vJ29832 E19

-E6l
EI WB vl29 832 E1g E6 E1 WB A

1987

11.  B 27 39 9o tts 5o 55 37 36 23 1B 28 5I tt7

15.  9 1 10 t5 3 4 13 4 B B 22 It 7 7

27 . rO ztl 22 L9 19 1B 29 2L 26 L9 15 L7 2T 29

T7.L I 103 109 $5 104 77 t4z 5ll 8B 99 BO 110 B5 6z

29.12 r97 209 237 199 r95 255 210 2Lg 241 198 188 226 236

lgBB

12 .  1 258 281 306 309 30330ll 229 26L 290 29142383t7 273

9.  2 10 11 11 7 31 T2 1 2 1 2 5 3 t7

9.  3 53 7r 63 156 BO 90 5l{ 57 6B 59 63 53 6z

12.  q 4o 26 27 31 31 31 23 25 ztl 23 31 25 27

10.  5 t2 19 1B 19 19 33 19 t2 10 9 L5 21 22

5.  6 25 23 23 39 4g ttz r32 3q 25 4S 60 56 24

5.  7 1lf T6 L7 29 l fq t2 11 t2 9 L5 23 9 18

2.  B 2L 28 28 4o rtl 22 L5 20 20 r5 $ L5 t2
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the dynamics of whlch are prlnarl ly governed by processes rl thln

the lake.

It should be noted that only the southeestern reglon (t{B} shored a

conslstent slnl larl ty to the deep 1lttoral and the pelaglal.

throughout the year. Thls ls probably assocLated wlth l ts greater

distance from runoff sources as rel1 as l ts wlndward poslt lon

whlch reduces the effect of algal bloous.

During the reported perlod the lake level fluctuated about 2n'

None of bhe water qualtty changes ln the ghallor l l t toral could be

assoclated with thls rater f lucbuatlon.

CONCLUSIONS

The dynamlcs of water quallty ln the shallow reglons of the

l i t toral of Lake KLnneret ls characberlzed by short-tern anonalles

assoclated wlth transport of al lochthonous naterlals and/or

with algal blooms. These changes are less evldent ln the deeper

l l t toral and the pelaglal reglons. The lnpact of these events ln

the l i t toral ls slte speclf lc. belng lnf luenced by the vlclnlty to

runoff sources or the posLtlon of the llttoral reglon I'n regard to

bhe domlnant wlnd direct, ioh. Accordingly. there ls a naJor

north-south gradlent {n the change of runoff related water quall ty

parameters and a northwest - southeast gradlent of wlnd nedlated

e f fec ts .

Prel iminary evldence exlsts for dlurnal changes Ln water quall ty

of the l l t toral on leeward reglons as a result of datly, afternoon

wlnds caustng nassLve resuspension of bottoo sedl-nent ln the

shallow l l tboral, part lcularly ln sumoer and faIl .  Other than wlnd

generated resuspenslon, there ls as yet no evldence for obher

itt toral process whlch could slgnlf lcantly lnf luence the ragnltude

and dynanlcs of water quall ty ln thls zone. Investlgatlon should

be directed to ldentlfy and quantlfy such processes. For example,

can the rapld growttr of perlphyton (parbicularly ln wlnter)

functlon as a nutrlent pump and lnfluence the seasonal and/or

d lurnal  nut r ienb dynanlcs ln  the shal low l l t tora l .  Poss lb le  d l rect

and lndirect inf luences of the botton substraLe on l l t toral water

quall ty should not be overlooked.
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