
E
nv
ir
on
m
e
nt
al

G
e
oc
h
e
m
is
tr
y

K
2
0
1
0
 

W
or
ks
h
op
s

A
s
s
a
f 
S
u
k
e
n
ik

T
h
e
 Y

ig
a
l
A
llo

n

K
in

n
e
re

t
L
im

n
o
lo

g
ic

a
l
L
a
b
o
ra

to
ry

M
o
n
it
o
ri
n
g
 t
h
e
 w
e
ll
b
e
in
g
 

o
f 
L
a
k
e
 K
in
n
e
re
t

(S
e
a
 o
f 
G
a
li
le
e
),
 I
s
ra
e
l

Is
ra

e
l 
O

c
e
a
n
o
g
ra

p
h
ic

 &
 

L
im

n
o
lo

g
ic

a
l
re

s
e
a
rc

h
, 
Is

ra
e
l



Tiberius J
o

rd
a
n

 R
iv

er
 

o
u

tf
lo

w

Golan 
Heights

J
o

rd
a
n

 R
iv

er
 i

n
fl

o
w

L
a

k
e 

K
in

n
er

et
 (

S
ea

 o
f 

G
a

li
le

e)
 -

p
h

y
si

ca
l 

fe
a

tu
re

s

P
h
y
s
ic
a
l

•
T
o
ta

l 
a
re

a
 (
a
t 
-2

0
9
m

)
1
6
8
.7

 k
m

2

•
C

ir
c
u
m

fe
re

n
c
e

5
6
 k

m

•
L
e
n
g
th

 
2
1
 k

m

•
D

e
p
th

2
5
 m

 (
4
2
 m

a
x
)

•
V

o
lu

m
e

4
.3

 1
0

9
m

3

•
E

le
v
a
ti
o
n

-2
1
1
+
2
 m

 A
S

L

•
A

n
n
u
a
l 
w

a
te

r 
in

fl
o
w

 
4
0
0
 -

6
0
0
 1

0
6

m
3

•
A

n
n
u
a
l 
w

a
te

r 
o
u
tf
lo

w
3
0
0
 -

5
0
0
 1

0
6

m
3

•
W

a
te

r 
re

te
n
ti
o
n
 t
im

e
8
 y

rs

•
w

a
te

r 
s
o
u
rc

e
s

J
o
rd

a
n
  
 6

6
%

O
th

e
r 
  
 3

4
%

M
o
rp
h
o
lo
g
ic
a
l

•
A

re
a
 t
o
 C

ir
c
u
m

fe
re

n
c
e
 r
a
ti
o
  
-

L
o
w

 

•
D

ra
in

a
g
e
 b

a
s
in

 t
o
 l
a
k
e
 v

o
lu

m
e
 -

L
o
w

 (
0
.6

)

N
W

C



K
in

n
er

et
 L

im
n

o
lo

g
ic

a
l

L
a

b
o
ra

to
ry

P
h
o
to

g
ra

p
h
 b

y
 A

lb
at

ro
s
L
td

.

In
te

r-
d
is

c
ip

lin
a
ry

 

m
o
n
it
o
ri
n
g
 p

ro
g
ra

m
 

p
ro

v
id

e
s
 a

 c
lo

s
e
 

s
u
rv

e
ill
a
n
c
e
 a

ft
e
r 

c
h
a
n
g
e
s
 i
n
 t
h
e
 l
a
k
e
 

e
c
o
s
y
s
te

m

T
h
e
 r
e
s
e
a
rc

h
 i
s
 a

im
e
d
 a

t 
 

u
n
d
e
rs

ta
n
d
in

g
 m

a
in

 

lim
n
o
lo

g
ic

a
l
p
ro

c
e
s
s
e
s
 i
n
 

L
a
k
e
 K

in
n
e
re

t

R
es

ea
rc

h
R

es
ea

rc
h

M
n

o
to

ri
n

g
M

n
o
to

ri
n

g

E
co

lo
g
ic

a
l 

m
o
d

el
s

E
co

lo
g
ic

a
l 

m
o
d

el
s

M
a
n

a
g
em

en
t 

re
co

m
m

en
d

a
ti

o
n

s
M

a
n

a
g
em

en
t 

re
co

m
m

en
d

a
ti

o
n

s

S
ce

n
a
ri

o
 e

v
a
lu

a
ti

o
n

 &
 R

is
k

 a
ss

es
sm

en
t

S
ce

n
a
ri

o
 e

v
a
lu

a
ti

o
n

 &
 R

is
k

 a
ss

es
sm

en
t



M
o

n
it

o
ri

n
g

 g
o
a

ls
 

•
C

o
ll

ec
ti

o
n

 o
f 

li
m

n
o
lo

g
ic

a
l

d
a
ta

•
E

st
a
b

li
sh

m
en

t 
a
n

d
 m

a
in

te
n

a
n

ce
 o

f 
m

u
lt

i-
a
n

n
u

a
l 

d
a
ta

 b
a
se

 

•
Id

en
ti

fi
ca

ti
o
n

 q
u

a
n

ti
fi

ca
ti

o
n

 a
n

d
 e

lu
ci

d
a
ti

o
n

 o
f 

li
m

n
o
lo

g
ic

a
l

p
ro

ce
ss

es
 a

n
d

 t
h

ei
r 

ef
fe

ct
 o

n
 w

a
te

r 
q

u
a
li

ty

•
A

w
a
re

n
es

s 
 a

n
d

 a
le

rt
s 

o
f 

w
a
te

r 
a
u

th
o
ri

ti
es

 o
n

 s
h

o
rt

 a
n

d
 l

o
n

g
 

te
rm

 c
h

a
n

g
es

 i
n

 w
a
te

r 
q

u
a
li

ty

•
A

n
a
ly

si
s 

o
f 

lo
n

g
 t

er
m

 r
ec

o
rd

s 
to

 s
u

p
p

o
rt

 s
ci

en
ti

fi
ca

ll
y
 b

a
se

d
 

m
a
n

a
g
em

en
t 

d
ec

is
io

n
s 

•
P

er
io

d
ic

 r
ep

o
rt

 o
n

 L
a
k

e 
K

in
n

er
et

 c
o
n

d
it

io
n

s

L
a

k
e 

K
in

n
er

et
 m

o
n

it
o

ri
n

g
 p

ro
g

ra
m



M
o
n
it
o
ri
n
g
 s
ta

ti
o
n
 i
n
 L

ak
e 

K
in

n
er

et
an

d
 i
ts

 C
at

ch
m

en
t 
B
as

in
 

F
e
c
a
l 
in
d
ic
a
to
rs

N

A
ri

k
 B

ri
d

g
e

D
a
n

W
es

te
rn

 C
a
n

a
l

Y
o
se

f 
B

ri
d

g
e

H
u

ri
B

ri
d

g
e

D
a
li

o
t

Y
a
h

u
d

ia

M
es

h
u

sh
im

A
m

u
d

B
a
n

ia
s

H
a
zb

a
n

i

S
h

ea
r 

Y
es

h
u

v

J
a
rm

u
k

L
ak

e

K
in

n
er

et



L
a
k
e
 K
in
n
e
re
t 
m
o
n
it
o
ri
n
g
 1
9
6
9
-
p
re
s
e
n
t

•
M

e
te

o
ro

lo
g
ic

a
l

• 
P
h
y
s
ic

a
l

•
C

h
e
m

ic
a
l 
(c

o
n
c
e
n
tr
a
ti
o
n
 &

 r
a
te

s
)

•
B
io

lo
g
ic

a
l 
(c

o
n
c
e
n
tr
a
ti
o
n
 &

 r
a
te

s
)

•
S
a
n
it
a
ti
o
n

•
C

o
n
ti
n
u
o
u
s
, 
re

a
l 
ti
m

e
 m

e
a
s
u
re

m
e
n
ts

P
a
ra
m
e
te
rs
 



P
e
ri
o
d
ic

 /
 M

o
n
th

ly
 /
 w

e
e
k
ly

 /
 d

a
ily

  
c
h
e
c
k
 u
p





C
W
Q
I[
1
0
0
] 
1
9
9
2
-2
0
0
7
, 
s
e
m
ia
n
n
u
a
l:

w
in
te
r-
s
p
ri
n
g
 (
W
S
) 
a
n
d
 s
u
m
m
e
r-
a
u
tu
m
n
 (
S
A
)

R
2
=
 0
.4
7

R
2
=
 0
.0
0
1
 

2
0

6
0

1
0
0 19

92
19
93
19
94
19
95
19
96
19
97
19
98
19
99
20
00
20
01
20
02
20
03
20
04
20
05
20
06
20
07

CWQI

W
S

S
A

A
. 
P
a
rp
a
ro
v
 



E
co

ra
ft

M
o

n
it

o
ri

n
g

 a
n

d
 r

es
ea

rc
h

 
in

-l
a

k
e 

p
la

tf
o

rm

h
tt

p:
//

w
w
w
.o

ce
a
n.

or
g.

il
/

4
 p
ro
fi
le
s/
d
ay
:

•T
e
m
pe
ra
tu
re

•C
on
d
uc
ti
vi
ty

•p
H

•D
is
so
lv
e
d
 o
x
yg
e
n

•C
h
lo
ro
ph
yl
l

•T
ur
b
id
it
y

--
--
--
--
--
--
--
-

•M
e
t 
st
at
io
n

•D
us
t 
sa
m
pl
e
rs

•C
ur
re
nt
 m
e
te
r



L
ak

e 
K

in
n
er

et
 E

co
ra

ft
-
R
ea

l-
ti
m

e 
o
n
 l
in

e 
m

o
n
it
o
ri
n
g
 p

la
tf
o
rm



P
h
y
to

p
la

n
k
to

n
 b

lo
o
m

 d
y
n
a
m

ic
s
, 
J
a
n
-A

p
r 
2
0
0
3

F
e
b
ru

a
ry

J
a
nu

a
ry

A
pr

il
M

a
rc

h

Pe
ri
d
in
iu
m
  
b
lo
om

A
ul
ac
os
ei
ra
 (
=M

e
lo
si
ra
 )
 b
lo
om

C
o
m

m
o
n
 s

c
a
le

: 
0
 (
b
lu

e
) 
to

 5
0
 (
re

d
) 
u
g
 C

h
l 
L

-1

S
o
u
rc

e:
 T

. 
Z
o
h
ar

y
 



F
lu

o
re

sc
en

ce
 s

ig
n

a
l 

o
f 

p
h

o
to

sy
n

th
et

ic
 b

a
ct

er
ia

 i
n

 t
h

e 
m

et
a

li
m

n
io

n
-

S
ep

 2
0
0

4



A
u
to

R
e
e
l
-
T
h
e
 n

e
w

 g
e
n
e
ra

ti
o
n



T
(1

5
-2

0
)

C
(1

1
7

0
-1

2
3

0
)

D
O

(s
a

t)
T

u
rb

(0
-2

0
)

C
h

l
(0

-2
0

)

O
R

P
( -

3
5

0
-2

0
0

)
p

H
(7

-9
)

0 5

1
0

1
5

2
0

2
5

3
0

3
5

2
5
/1
2
/0
9

0 5
1
0

1
5

2
0

2
5

3
0

3
5

2
7
/1
2
/0
9

0 5

1
0

1
5

2
0

2
5

3
0

3
5

2
8
/1
2
/0
9

A
u
to

R
e
e
l
p
ro

fi
le

s
 -

D
e
c
e
m

b
e
r 
2
0
0
9



T
(1

5
-2

0
)

C
(1

1
7

0
-1

2
3

0
)

D
O

(s
a

t)
T

u
rb

(0
-2

0
)

C
h

l
(0

-2
0

)

O
R

P
( -

3
5

0
-2

0
0

)
p

H
(7

-9
)

0 5

1
0

1
5

2
0

2
5

3
0

3
5

2
5
/1
2
/0
9

0 5
1
0

1
5

2
0

2
5

3
0

3
5

2
7
/1
2
/0
9

0 5

1
0

1
5

2
0

2
5

3
0

3
5

2
8
/1
2
/0
9

D
a
ta

: 
W

. 
E
c
k
e
rt
 ,
 K

L
L



3
/1
3
/2
0
1
0
  
1
:5
7
:1
8
 P
M

-4
0

-3
5

-3
0

-2
5

-2
0

-1
5

-1
0-50

C
h
l

C
o
n
d
u
c
ti
v
it
y

D
o
s
a
t

T
e
m
p
e
ra
tu
re

3
/1
3
/2
0
1
0
  
7
:5
7
:1
8
 P
M

-4
0

-3
5

-3
0

-2
5

-2
0

-1
5

-1
0-50

C
h
l

C
o
n
d
u
c
ti
v
it
y

D
o
s
a
t

T
e
m
p
e
ra
tu
re

2
1
.7

3
1
6
.2

3
T
em

p
er

at
u
re

1
9
2

2
1
.7

D
o
sa

t

1
1
7
0

1
1
0
6

C
o
n
d
u
ct

iv
it
y

2
7
.1

1
2
.9

1
C
h
l

m
a
x

m
in

p
a
ra

m
et

er

2
0
.9

4
1
6
.2

4
T
em

p
er

at
u
re

2
0
4
.9

1
7
.4

D
o
sa

t

1
1
7
0

1
1
2
8

C
o
n
d
u
ct

iv
it
y

3
0
.4

2
.8

7
C
h
l

m
a
x

m
in

p
a
ra

m
et

er

M
a
rc

h
 2

0
1
0
, 
d
o
m

in
a
n
t 
p
o
p
u
la

ti
o
n
 o

f 
C
e
ra
ti
u
m
h
ir
u
n
d
in
e
lla

D
a
ta

: 
W

. 
E
c
k
e
rt
 ,
 K

L
L



M
ar

ch
 2

9
, 
2
0
0
7

M
ar

ch
 4

, 
2
0
0
7

F
eb

ru
ar

y
 4

, 
2
0
0
7

C
h
lo

ro
p
h
y
ll 

d
is

tr
ib

u
ti
o
n
 i
n
 w

in
te

r 
s
p
ri
n
g
 2

0
0
7
 c

a
lc

u
la

te
d
 f
ro

m
 s

p
e
c
tr
a
l 
im

a
g
e
s
 c

o
lle

c
te

d
 b

y
 M

E
R

IS
 

s
a
te

lli
te

 a
n
d
 p

ro
c
e
s
s
e
d
 b

y
 S

IS
C

A
L
 s

y
s
te

m
. 

L
a
te
ra
l 
d
is
tr
ib
u
ti
o
n
 o
f 
P
e
r
id
in
iu
m
(d
in
o
fl
a
g
e
ll
a
te
) 
in
 L
a
k
e
 K
in
n
e
re
t 

(S
o
u
rc

e
: 
D

r.
 G

. 
T
ib

o
r)



T
h
e
 v
is
io
n
 –
a
u
to
m
a
te
d
 u
n
-m
a
n
n
e
d
 m
o
n
it
o
ri
n
g
 a
ir
c
ra
ft
  

D
e
v
e
lo

p
 r

e
a
l 
ti
m

e
 m

o
n
it
o
ri
n
g
 

ca
p
a
b
ili

ti
e
s 

b
a
se

d
 o

n
 a

u
to

m
a
te

d
 

u
n
-m

a
n
n
e
d
 a

ir
cr

a
ft

 (
A
U

A
) 

a
n
d
 

sp
e
ct

ra
l 
d
a
ta

 a
n
a
ly

si
s 

a
ss

is
te

d
 b

y
 

S
IS

C
A
L
 t

e
ch

n
o
lo

g
y
. 

A
U

A
 -

M
ic

ro
B

fr
o
m

 B
lu

e
B
ir
d

M
ic

o
cy

st
is

b
lo

o
m

, 
F
e
b
 2

, 
2
0
1
0
 w

e
st

e
rn

 
sh

o
re

lin
e
 o

f 
L
a
k
e
 K

in
n
e
re

t
(P

h
o
to

: 
Id

a
n

S
h
a
k
e
d
)

C
h
lo

ro
p
h
y
ll 

co
n
ce

n
tr

a
ti
o
n
 F

e
b
 2

0
, 

2
0
1
0

T
ib

o
r 

2
0
1
0



U
n

d
er

w
a

te
r,

 T
o

w
ed

 U
n

d
u

la
ti

n
g

 M
o
n

it
o

ri
n

g
 S

y
st

em
 (

U
-T

U
M

S
)



3
5
.5

2
3
5
.5

4
3
5
.5

6
3
5
.5

8
3
5
.6

3
5
.6

2
3
5
.6

4

L
o
n
g
it
u
d
e 

E

3
2
.7

2

3
2
.7

4

3
2
.7

6

3
2
.7

8

3
2
.8

0

3
2
.8

2

3
2
.8

4

3
2
.8

6

3
2
.8

8

Latitude N

0
.0

0
0
.0

8
0
.1

6
0

.2
4

0
.3

2
0
.4

0

C
h
lo

ro
p
h
y
ll
 (
m

g
/L

)

5

1
0

1
5

2
0 3
5
.5

4
3
5
.5

6
3
5
.5

8
3
5
.6

3
5
.6

2

0
.0

6

0
.1

0

0
.1

4

0
.1

8

0
.2

2

0
.2

6

0
.3

0

0
.3

4

Chlorophyll (mg/l)

5

1
0

1
5

2
0 3
5
.5

4
3
5
.5

6
3
5
.5

8
3
5
.6

3
5
.6

2

8
5

1
0
1

1
1
7

1
3
3

1
4
9

Turbidity
U

n
d

er
w

a
te

r,
 T

o
w

ed
 U

n
d

u
la

ti
n

g
 M

o
n

it
o

ri
n

g
 S

y
st

em
 (

U
-T

U
M

S
) 

-
A

p
ri

l 
2
0
0

3



3
5
.5

2
3
5
.5

4
3
5
.5

6
3
5
.5

8
3
5
.6

3
5
.6

2
3
5
.6

4

L
o
n
g
it
u
d
e 

E

3
2
.7

2

3
2
.7

4

3
2
.7

6

3
2
.7

8

3
2
.8

0

3
2
.8

2

3
2
.8

4

3
2
.8

6

3
2
.8

8

Latitude N

0
.0

0
0
.0

8
0

.1
6

0
.2

4
0
.3

2
0
.4

0

C
h
lo

ro
p
h
y
ll
 (
m

g
/L

)

U
n

d
er

w
a

te
r,

 T
o

w
ed

 U
n

d
u

la
ti

n
g

 M
o
n

it
o

ri
n

g
 S

y
st

em
 (

U
-T

U
M

S
) 

-
A

p
ri

l 
2
0
0

3

C
h

lo
ro

p
h

y
ll

 d
is

tr
ib

u
ti

o
n

 a
t 

a
 4

 m
 d

ep
th

 l
a
y

er



D
a
ta

 s
o
u
rc

e
:
A
. 
R

im
e
r
-
K
L
L

H
y
d
ro

lo
g
ic

a
l 
s
e
rv

ic
e
, 
M

e
k
o
ro

t

4
0

0

6
0

0

8
0

0

1
0

0
0

1
2

0
0

1
4

0
0

1
6

0
0

1
8

0
0

4
0

0

6
0

0

8
0

0

T
o
ta

l 
fl
o
w

L
in

e
a
r 
c
o
rr
e
la

ti
o
n

P
re

d
ic

te
d
 f
lo

w

Q
in

=
-6

.8
0
3
 x

 y
e
a
r 
+
 1

4
2
4
9

QinMCM

P
re

d
ic

ti
o
n
 e

rr
o
r

p
re

d
ic

te
d

m
e
a
s
u
re

d

1
9
6
0

2
0
2
0

1
9
8
0

2
0
0
0

2
0
4
0

1
7
0

4
7
0

3
7
0

2
7
0

Salinity mg ClL-1 In
 l
a
k
e
 r
e
s
p
o
n
s
e
s
:

D
e
te

ri
o
ra

ti
o
n
 o

f 
W

Q

C
h
a
n
g
e
s
 i
n
 b

io
lo

g
ic

a
l 
d
iv

e
rs

it
y

F
lo
w

S
a
li
n
it
y

C
h
an

g
es

 i
n
 e

co
lo

g
ic

al
 d

ri
v
in

g
 f
o
rc

es



D
a
ta

 s
o
u
rc

e
:
M

e
k
o
ro

t/
 K

L
L
/ 
W

a
te

r 
A
u
th

o
ri
ty

C
h
an

g
es

 i
n
 e

co
lo

g
ic

al
 d

ri
v
in

g
 f
o
rc

es
 –

N
 &

 P
 l
o
ad

s

1
/1

/7
0
  

1
/1

/8
0
  

1
/1

/9
0
  

1
/1

/0
0
  

1
/1

/1
0
  

Winter TP load (ton)

0

5
0

1
0
0

1
5
0

2
0
0

2
5
0

1
/1

/7
0
  

1
/1

/8
0
  

1
/1

/9
0
  

1
/1

/0
0
  

1
/1

/1
0
  

Winter TDP load (ton)

0

1
0

2
0

3
0

4
0

5
0

1
/1

/7
0
  

1
/1

/8
0
  

1
/1

/9
0
  

1
/1

/0
0
  

1
/1

/1
0
  

Winter NH4 load (ton)
0

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
/1

/7
0
  1

/1
/7

5
  1

/1
/8

0
  1

/1
/8

5
  1

/1
/9

0
  1

/1
/9

5
  1

/1
/0

0
  1

/1
/0

5
  1

/1
/1

0
  

Winter NO3 load (ton)

0

1
0
0
0

2
0
0
0

3
0
0
0



J
a
n
 -
 J
u
n
e

TN (mg N l
-1
)

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

1
.2

1
.4

8
0
−

8
9

  
  

  
  

  
 0

0
−

0
9

8
0
−

8
9

  
  

  
  

  
 0

0
−

0
9

8
0
−

8
9

  
  

  
  

  
 0

0
−

0
9

8
0
−

8
9

  
  

  
  

  
 0

0
−

0
9

J
u
l 
- 
D
e
c

TN (mg N l
-1
)

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

1
.2

1
.4

8
0

−
8
9

  
  

  
  

  
 0

0
−

0
9

8
0

−
8
9

  
  

  
  

  
 0

0
−

0
9

8
0

−
8
9

  
  

  
  

  
 0

0
−

0
9

8
0

−
8
9

  
  

  
  

  
 0

0
−

0
9

J
a
n
 -
 J
u
n
e

TP (mg P l
-1
)

0
.0
0

0
.0
1

0
.0
2

0
.0
3

0
.0
4

0
.0
5

8
0

−
8

9
  

  
  

  
  

 0
0

−
0

9
8

0
−

8
9

  
  

  
  

  
 0

0
−

0
9

8
0

−
8

9
  

  
  

  
  

 0
0

−
0

9
8

0
−

8
9

  
  

  
  

  
 0

0
−

0
9

8
0

−
8

9
  

  
  

  
  

 0
0
−

0
9

8
0

−
8

9
  

  
  

  
  

 0
0
−

0
9

8
0

−
8

9
  

  
  

  
  

 0
0
−

0
9

8
0

−
8

9
  

  
  

  
  

 0
0
−

0
9

TP (mg P l
-1
)

0
.0
0

0
.0
1

0
.0
2

0
.0
3

0
.0
4

0
.0
5

J
u
l 
- 
D
e
c

C
h
a
n
g
e
s
 i
n
 e

c
o
lo

g
ic

a
l 
p
a
ra

m
e
te

rs

In
 L

a
k
e
 K

in
n
e
re

t
(T

N
 &

 T
P
)

1
9
8
0
-1

9
8
9
 v

s
2
0
0
0
-2

0
0
9



J
a
n
 -
 J
u
n
e

Chlorophyll (mg m
-2
)

0

1
0
0

2
0
0

3
0
0

4
0
0

5
0
0

6
0
0

7
0
0

8
0

−
8

9
  

  
  

  
  

 0
0

−
0

9
8

0
−

8
9

  
  

  
  

  
 0

0
−

0
9

8
0

−
8

9
  

  
  

  
  

 0
0

−
0

9
8

0
−

8
9

  
  

  
  

  
 0

0
−

0
9

J
u
l 
- 
D
e
c

Chlorophyll (mg m
-2
)

0

5
0

1
0
0

1
5
0

2
0
0

2
5
0

8
0

−
8

9
  

  
  

  
  

 0
0

−
0

9
8

0
−

8
9

  
  

  
  

  
 0

0
−

0
9

8
0

−
8

9
  

  
  

  
  

 0
0

−
0

9
8

0
−

8
9

  
  

  
  

  
 0

0
−

0
9

J
a
n
 -
 J
u
n
e

Primary Production (mg C m
-2
d
-1
)

0

5
0
0

1
0
0
0

1
5
0
0

2
0
0
0

2
5
0
0

8
0

−
8

9
  

  
  

  
  

 0
0

−
0

9
8

0
−

8
9

  
  

  
  

  
 0

0
−

0
9

8
0

−
8

9
  

  
  

  
  

 0
0

−
0

9
8

0
−

8
9

  
  

  
  

  
 0

0
−

0
9

J
u
l 
- 
D
e
c

Primary Production (mg C m
-2
d
-1
)

0

5
0
0

1
0
0
0

1
5
0
0

2
0
0
0

2
5
0
0

8
0

−
8

9
  

  
  

  
  

 0
0

−
0

9
8

0
−

8
9

  
  

  
  

  
 0

0
−

0
9

8
0

−
8

9
  

  
  

  
  

 0
0

−
0

9
8

0
−

8
9

  
  

  
  

  
 0

0
−

0
9

C
h
a
n
g
e
s
 i
n
 e

c
o
lo

g
ic

a
l 
p
a
ra

m
e
te

rs

In
 L

a
k
e
 K

in
n
e
re

t
(C

h
l
&
 P

P
)

1
9
8
0
-1

9
8
9
 v

s
2
0
0
0
-2

0
0
9



P
e
ri
d
in
iu
m
 g
a
tu
n
e
n
s
e

N
y
g
a
a
rd

 –
a
 t
h
e
c
a
te

d
in

o
fl
a
g
e
lla

te
 f
ro

m
 L

a
k
e
 K

in
n
e
re

t 
(A

. 
A

ls
te

r)
.

2
0
 µ µµµ
m

P
e
ri
d
in
iu
m
 g
a
tu
n
e
n
s
e

N
y
g
a
a
rd

p
o
p
u
la

ti
o
n
-
C

e
lls

 o
f 
d
if
fe

re
n
t 

s
iz

e
s
 (
A

. 
A

ls
te

r)
.

W
in

te
r 
s
p
ri
n
g
 b

lo
o
m

s
 o

f 
th

e
 d

in
o
fl
a
g
e
lla

te
P
e
ri
d
in
iu
m
g
a
tu
n
e
n
s
e

in
 L

a
k
e
 K

in
n
e
re

t
b
e
c
a
m

e
 a

 r
a
re

 e
v
e
n
t 
d
u
ri
n
g
 t
h
e
 l
a
s
t 
1
5
 y

e
a
rs

2
0
0
8

2
0
0
9

2
0
0
5

2
0
0
4

2
0
0
6

2
0
0
1

2
0
0
3

2
0
0
0

1
9
9
8

1
9
9
7

1
9
9
5

1
9
9
6

1
9
9
4

B
io
m
a
s
s
 B
e
lo
w
 

1
0

0
g
/m
2

B
io
m
a
s
s
 a
b
o
v
e
 

3
0
0
 g
/m
2

F
ro

m
 L

a
k
e
 K

in
n
e
re

t
d
a
ta

 b
a
s
e
 –

D
r.
 T

. 
Z
o
h
a
ry

1
9
6
8

1
9
7
0

1
9
7
2

1
9
7
4

1
9
7
6

1
9
7
8

1
9
8
0

1
9
8
2

1
9
8
4

1
9
8
6

1
9
8
8

1
9
9
0

1
9
9
2

1
9
9
4

1
9
9
6

1
9
9
8

2
0
0
0

2
0
0
2

2
0
0
4

2
0
0
6

2
0
0
8

2
0
1
0

Peridinum biomass [g(ww)/m
2
]

0

1
0
0

2
0
0

3
0
0

4
0
0

5
0
0

1
9
9
0

1
9
9
2

1
9
9
4

1
9
9
6

1
9
9
8

2
0
0
0

2
0
0
2

2
0
0
4

2
0
0
6

2
0
0
8

2
0
1
0

Peridinum biomass [g (ww)/m
2
]

0

1
0
0

2
0
0

3
0
0

4
0
0

5
0
0

N
o
n
-P
e
ri
d
in
iu
m
 

y
e
a
rs

N
o
n
-P
e
ri
d
in
iu
m
 

y
e
a
rs

N
o
n
-P
e
ri
d
in
iu
m
 

y
e
a
rs

N
o
n
-P
e
ri
d
in
iu
m
 

y
e
a
rs



T
h
e 

re
la

ti
o
n
sh

ip
s 
b
et

w
ee

n
 w

at
er

 i
n
fl
o
w

 o
r 
n
u
tr
ie

n
t 
lo

ad
s 
an

d
 

th
e 

se
as

o
n
al

 b
lo

o
m

 o
f 
P
er
id
in
iu
m

in
 L

ak
e 

K
in

n
er

et

D
e

c
J
a

n
F

e
b

M
a

r
A

p
r

M
a

y
J
u

n

Water inflow (MCM/month)

0

3
0

6
0

9
0

1
2

0

1
5

0

1
8

0

2
1

0

2
0

0
4

2
0

0
3

D
e

c
J
a

n
F

e
b

M
a

r
A

p
r

M
a

y
J
u

n

TP load (Ton/month)

0

2
0

4
0

6
0

8
0

1
0

0

1
2

0

2
0

0
4

2
0

0
3

D
e

c
J
a

n
F

e
b

M
a

r
A

p
r

M
a

y
J
u

n

TN load (Ton/month)

0

2
0

0

4
0

0

6
0

0

8
0

0

1
0

0
0

1
2

0
0

2
0

0
4

2
0

0
3

A
B

C

J
a

n
F

e
b

M
a

r
A

p
r

M
a

y
J
u

n
J
u

l

Peridinium Biomass (g WW/m
2
)

0

1
0

0

2
0

0

3
0

0

4
0

0

5
0

0

2
0

0
3

2
0

0
4

D

D
e

c
J
a

n
F

e
b

M
a

r
A

p
r

M
a

y
J
u

n

Water inflow (MCM/month)

0

3
0

6
0

9
0

1
2

0

1
5

0

1
8

0

2
1

0

D
e

c
J
a

n
F

e
b

M
a

r
A

p
r

M
a

y
J
u

n

TP load (Ton/month)

0

2
0

4
0

6
0

8
0

1
0

0

1
2

0

D
e

c
J
a

n
F

e
b

M
a

r
A

p
r

M
a

y
J
u

n

TN load (Ton/month)

0

2
0

0

4
0

0

6
0

0

8
0

0

1
0

0
0

1
2

0
0

2
0

0
1

2
0

0
0

2
0

0
0

2
0

0
1

2
0

0
1

2
0

0
0

A
B

C

2
0

0
1

J
a

n
F

e
b

M
a

r
A

p
r

M
a

y
J
u

n
J
u

l

Peridinium Biomass (g WW/m
2
)

0

1
0

0

2
0

0

3
0

0

4
0

0

5
0

0

2
0

0
0

D

W
at

er
 i
n
fl
o
w

P
h
o
sp

h
at

e 
lo

ad
N

it
ro

g
en

 l
o
ad

P
er
id
in
iu
m

b
io

m
as

s

D
e

c
J
a

n
F

e
b

M
a

r
A

p
r

M
a

y
J
u

n

Water inflow (MCM/month)

0

3
0

6
0

9
0

1
2

0

1
5

0

1
8

0

2
1

0

D
e

c
J
a

n
F

e
b

M
a

r
A

p
r

M
a

y
J
u

n

TP load (Ton/month)

0

2
0

4
0

6
0

8
0

1
0

0

1
2

0

D
e

c
J
a

n
F

e
b

M
a

r
A

p
r

M
a

y
J
u

n

TN load (Ton/month)

0

2
0

0

4
0

0

6
0

0

8
0

0

1
0

0
0

1
2

0
0

A
B

C

1
9

9
0

1
9

9
0

1
9

9
0

1
9

9
1

1
9

9
1

1
9

9
1

J
a

n
F

e
b

M
a

r
A

p
r

M
a

y
J
u

n
J
u

l

Peridinium Biomass (g WW/m
2
)

0

1
0

0

2
0

0

3
0

0

4
0

0

5
0

0

1
9

9
0

D

1
9

9
1



R
e
la

ti
o
n
s
h
ip

s
 b

e
tw

e
e
n
 w

in
te

r 
w

a
te

r 
fl
o
w

 a
n
d
 m

a
x
im

a
l 

P
e
ri
d
in
iu
m

b
io

m
a
s
s
 i
n
 L

a
k
e
 K

in
n
e
re

t

W
in

te
r 
fl
o
w

 [
M

C
M

]

0
1
0
0

2
0
0

3
0
0

4
0
0

5
0
0

6
0
0

7
0
0

Maximal Peridinum biomass 

[g(ww)/m
2
]

0

1
0
0

2
0
0

3
0
0

4
0
0

5
0
0

6
0
0

1
9
6
8
-1

9
9
4

W
in

te
r 
fl
o
w

 [
M

C
M

]

0
1
0
0

2
0
0

3
0
0

4
0
0

5
0
0

6
0
0

7
0
0

Maximal Peridinum biomass 

[g(ww)/m
2
]

0

1
0
0

2
0
0

3
0
0

4
0
0

5
0
0

6
0
0

r2
=
0
.8
0
6

9
6

9
7

0
6

0
0

0
8

0
1

0
5

1
9
9
5
-2

0
0
8

F
ro

m
 L

a
k
e
 K

in
n
e
re

t
d
a
ta

 b
a
s
e



D
o
e
s
 J

o
rd

a
n
 R

iv
e
r 
w

a
te

r 
a
ff
e
c
t 
P
e
ri
d
in
iu
m

b
lo

o
m

 e
v
e
n
ts

 ?

E
v
id

e
n
c
e
 f
ro

m
 L

a
b
o
ra

to
ry

 e
x
p
e
ri
m

e
n
ts

T
h
e
 e

ff
e
c
t 
o
f 
fl
o
o
d
 w

a
te

r 
fr
o
m

 J
o
rd

a
n
 R

iv
e
r 
a
n
d
 M

e
s
h
u
s
h
im

tr
ib

u
ta

ry
 o

n
 t
h
e
 g

ro
w

th
 o

f 
P
e
ri
d
in
iu
m
–

L
in

d
s
tr
o
m

 X
1
 m

e
d
iu

m
 c

o
m

p
le

m
e
n
te

d
 w

it
h
 2

5
%

 w
a
te

r 
c
o
lle

c
te

d
 f
ro

m
 e

it
h
e
r 
J
o
rd

a
n
 R

iv
e
r 
o
r 
M

e
s
h
u
s
h
im

ri
v
e
r

Rel. Growth rate 
(normalized to control)

0
.6

0
.8

1
.0

1
.2

1
.4

1
.6

Rel. Cell yield
(normalized to control)

0
.6

0
.8

1
.0

1
.2

1
.4

1
.6

  
 J
o
rd
e
n
  
  
  
  
  
M
e
s
h
u
s
. 
  
  
 C
o
n
tr
o
l

  
 J
o
rd
e
n
  
  
  
  
  
 M
e
s
h
u
s
. 
  
  
C
o
n
tr
o
l

D
a
ta

 s
o
u
rc

e
 :
 J

e
s
s
ic

a
 S

im
le

r



Rel. Growth rate 
(normalized to control)

0
.6

0
.8

1
.0

1
.2

1
.4

1
.6

Rel. Cell yield
(normalized to control)

0
.6

0
.8

1
.0

1
.2

1
.4

1
.6

  
C

o
n
tr
o
l 
  
 J

o
rd

a
n
  
 C

a
n
a
l 
Z
  
  
A
g
m

o
n
 E

x
.

  
C

o
n
tr
o
l 
  
 J

o
rd

a
n
  
 C

a
n
a
l 
Z
  
  
A
g
m

o
n
 E

x
.

T
h
e
 e

ff
e
c
t 
o
f 
w

a
te

r 
c
o
lle

c
te

d
 f
ro

m
 t
h
e
 H

u
la

 v
a
lle

y
 o

n
 t
h
e
 g

ro
w

th
o
f 
P
e
ri
d
in
iu
m

L
in

d
s
tr
o
m

 X
1
 m

e
d
iu

m
 c

o
m

p
le

m
e
n
te

d
 w

it
h
 w

a
te

r 
c
o
lle

c
te

d
 f
ro

m
 A

g
a
m

o
n

re
c
o
n
s
tr
u
c
te

d
 w

e
t 
la

n
d
: 
J
o
rd

a
n
 (
e
n
tr
a
n
c
e
) 

C
a
n
a
l 
Z
 (
e
n
tr
a
n
c
e
 o

f 
p
it
 d

ra
in

a
g
e
 w

a
te

r)
 A

g
a
m

o
n

E
x
. 
(w

a
te

r 
o
u
tf
lo

w
)

Cont. - MicE

Con.+ MicE

JorA 

JorF

CanalZ

Growth rate (day
-1
)

0
.0

0

0
.0

2

0
.0

4

0
.0

6

0
.0

8

0
.1

0

Culture collapsed

M
ic

ro
-e

le
m

e
n
t 
d
e
p
le

te
d
 P
e
ri
d
in
iu
m

c
u
lt
u
re

 i
n
c
u
b
a
te

d
 i
n
 L

in
d
s
tr
o
m

 X
1
 m

e
d
iu

m
 c

o
m

p
le

m
e
n
te

d
 w

it
h
 e

it
h
e
r 
m

ic
ro

-e
le

m
e
n
t 
s
o
lu

ti
o
n
 

(C
o
n
t+

 M
ic

E
) 
o
r 
w

a
te

r 
c
o
lle

c
te

d
 f
ro

m
 A

g
a
m

o
n

re
c
o
n
s
tr
u
c
te

d
 w

e
t 
la

n
d
 (
J
o
rA

) 
J
o
rd

a
n
 f
lo

o
d
s
 (
J
o
rF

) 
o
r 
C

a
n
a
l 
Z
 (
p
it
 d

ra
in

a
g
e
 w

a
te

r)

D
a
ta

 s
o
u
rc

e
 :
 J

e
s
s
ic

a
 S

im
le

r



Agmon

East Canal

Z-canal

Jordan R.

LK-epi

LK-hypo

Se [ng l-1]

0

2
0
0

4
0
0

6
0
0

1
0
0
0

1
2
0
0

1
4
0
0

1
6
0
0

1
8
0
0

T
o
ta

l 
S

e
 

S
e
(I
V
)

S
e
(V

I)

S
e
le

n
iu

m
 i
s
 p

o
s
tu

la
te

d
 a

s
 a

n
 e

s
s
e
n
ti
a
l 
tr
a
c
e
 e

le
m

e
n
t 
th

a
t 
is

 

o
ri
g
in

a
te

d
 f
ro

m
 t
h
e
 p

it
 s

o
il 

o
f 
H

u
la

 V
a
lle

y
 a

n
d
 r
e
q
u
ir
e
d
 t
o
 s

u
p
p
o
rt
 t
h
e
 

s
p
ri
n
g
 b

lo
o
m

 o
f 
P
e
ri
d
im
iu
m



W
h
a
t 
h
a
p
p
e
n
s
 i
n
 t
h
e
 a

b
s
e
n
c
e
 o

f 
P
e
ri
d
in
u
im

?

•
In

 t
h
e
 a

b
s
e
n
c
e
 o

f 
P
e
ri
d
in
iu
m

th
e
 s

u
b
s
ti
tu

ti
n
g
 p

o
p
u
la

ti
o
n
s
 n

e
v
e
r 
re

a
c
h
 i
ts

 

e
n
h
a
n
c
e
d
 b

io
m

a
s
s

•
S
h
o
rt
 b

lo
o
m

s
 o

f 
c
h
lo

ro
p
h
y
te

s
w

it
h
 t
e
m

p
o
ra

ry
 d

o
m

in
a
ti
o
n
 –

i.
e
. 
M
o
u
g
e
o
ti
a

(3
0
 g

 w
w

m
-2
)

•
E
n
h
a
n
c
e
d
 p

o
p
u
la

ti
o
n
 o

f 
M
ic
ro
c
y
s
ti
s

–
A
 t
o
x
ic

 c
y
a
n
a
b
a
c
te

ri
u
m

W
h
y
 t
h
e
 P
e
ri
d
in
iu
m

b
lo

o
m

 b
e
c
a
m

e
 a

n
 i
rr

e
g
u
la

r 
e
v
e
n
t 
?
 

•
C

h
a
n
g
e
s
 i
s
 w

in
te

r 
fl
o
o
d
s
 -

ti
m

in
g
 a

n
d
 i
n
te

n
s
it
y

•
C

h
a
n
g
e
s
 i
n
 t
h
e
 r
e
la

ti
v
e
 c

o
n
tr
ib

u
ti
o
n
 o

f 
d
if
fe

re
n
t 
re

g
io

n
s
 i
n
 t
h
e

w
a
te

r 

s
h
a
d
e
 a

re
a
 o

f 
n
u
tr
ie

n
ts

 m
ic

ro
-
e
le

m
e
n
ts

 (
S
e
) 
a
n
d
 a

g
ri
c
u
lt
u
ra

l 
p
o
llu

ta
n
ts

 

•
In

te
ra

c
ti
o
n
s
 w

it
h
 o

th
e
r 
p
h
y
to

p
la

n
k
to

n
 p

o
p
u
la

ti
o
n
s

•
O

th
e
r 
e
n
v
ir
o
n
m

e
n
ta

l 
c
o
n
s
tr
a
in

s
, 
i.
e
. 
te

m
p
, 
s
a
lin

it
y
?



In
v
a
d

er
 s

p
ec

ie
s

In
v
a
d

er
 s

p
ec

ie
s co
m

m
o
n

Ja
n
 2

0
0
6

C
h
lo

ro
p
h
y
te

E
u
a
st
ru
m
sp
.

N
ew

 N
2
-f
ix

er
, 
co

m
m

o
n
 

ev
er

y
 s
u
m

m
er

S
u
m

m
er

 2
0
0
0

cy
an

o
b
ac

te
ri
a

C
yl
in
d
ro
sp
er
m
o
p
si
s

ra
ci
b
o
rs
ki
i �

H
u
g
e 

b
lo

o
m

, 
M

ay
 2

0
0
5

M
ay

 1
9
9
8

C
h
lo

ro
p
h
y
te

M
o
u
g
eo
ti
a
g
ra
ci
ll
im
a

ch
lo

ro
p
h
y
te

d
es

m
id

d
es

m
id

cy
an

o
b
ac

te
ri
a

G
ro

u
p

W
as

 a
b
u
n
d
an

t 
in

 w
in

te
r-

sp
ri
n
g
 t
il
l 
~
 0

3
1
/1

1
/1

9
9
8

T
et
ra
ed
ro
n
 m
in
im
u
m

(n
ew

 f
o
rm

) 

C
o
m

m
o
n
 e

v
er

y
 f
al

l
5
/7

/1
9
9
8

S
ta
u
ra
st
ru
m
 

co
n
to
rt
u
m

C
o
m

m
o
n
 e

v
er

y
 f
al

l
1
3
/5

/1
9
9
7

S
ta
u
ra
st
ru
m
 

m
a
n
sf
el
d
ti

B
lo

o
m

s 
ev

er
y
 s
u
m

m
er

1
2
/9

/1
9
9
4

A
p
h
a
n
iz
o
m
en
o
n
 

o
va
li
sp
o
ru
m

C
u

rr
en

t 
si

tu
a
ti

o
n

F
ir

st
 

o
cc

u
rr

ed
S

p
ec

ie
s

D
a
ta

: 
T
. 
Z
o
h
a
ry

 -
K

L
L



T
ox
ic
 c
ya
no
b
ac
te
ri
a 
in
 L
ak
e
 K
in
ne
re
t 

F
e
b
 2
0
0
2

A
ph
an
iz
om

en
on
 o
va
lis
po
ru
m

C
yl
in
d
ro
sp
er
m
op
si
s 
ra
ci
b
or
sk
ii

S
um

m
e
r 
–
F
al
l 
po
pu
la
ti
on
s

W
in
te
r 
–
S
pr
in
g 
po
pu
la
ti
on
s

A
-
A
la

L
-
L
e
u

A
pr
il
 2
0
0
9



T
o
x
ic

it
y
 o

f 
c
ly

n
d
ro

s
p
e
rm

o
p
s
in

a
n
d
 i
ts

 d
e
ri
v
a
ti
v
e
s

S
um

m
e
r 
–
F
al
l 
to
x
ic
 b
lo
om

s



C
y
lin

d
ro

s
p
e
rm

o
p
s
in

in
 L

a
k
e
 K

in
n
e
re

t 

11
/2
0
0
8

-
2
.3

10
/2
0
0
8

-
1.
8
-3
.0

0
9
/2
0
0
8

7
.8

2
.1

0
7
/2
0
0
5

14
-

0
6
/2
0
0
5

3
5

-

10
/2
0
0
4

2
10
-7
8
0

0
.6

11
/2
0
0
1

-
1.
2

10
/2
0
0
1

-
1.
8

0
9
/2
0
0
1

-
1.
6

0
7
/2
0
0
1

-
2
.2

µ µµµ
g 

g-
1

(d
w
)

µ µµµ
g 

L
-
1

T
im
e

C
y
li
n
d
ro
sp
e
rm
o
p
si
n



I
sr

a
e
l 
O

ce
a
no

gr
a
ph

ic
 &

 L
im

no
lo

gi
ca

l
R
e
se

a
rc

h
 L

td
  

  
  

  
ע

 ב
אל

שר
לי

ם 
מי

אג
 ו

ם
מי

 י
קר

ח
"

מ

Y
ig

a
l
A
llo

n
K
in

ne
re

t 
L
im

no
lo

gi
ca

l
L
a
b
or

a
to

ry
  

  
  

  
  

ת 
נר

הכ
ר 

חק
 ל

ה
בד

ע
מ

ה
ע 

 ”
ש

ון
אל

ל 
א

יג
 

1
9
9
7

0

5
0

1
0
0

1
5
0

2
0
0

2
5
0

3
0
0

0
1

2
3

4
5

6
7

8
9

1
0

1
1

1
2

1
3

M
o
n
th

NO3 or TN (Ton/month)

03691
2

1
5

NH4 (Ton/month)

N
O

3
T
N

N
H

4

M
on
th
ly
 l
oa
d
s 
(t
on
s)
 o
f 
D
I
N
 s
pe
ci
e
s 

in
 1
9
9
7
 f
ro
m
 R
iv
e
r 
J
or
d
an
 t
o 
L
ak
e
 K
in
ne
re
t.
  

T
h
is
 i
s 
a 
ty
pi
ca
l 
pa
tt
e
rn
 t
h
at
 d
e
sc
ri
b
e
s 
w
e
ll
 o
th
e
r 
ye
ar
s.
 



I
sr

a
e
l 
O

ce
a
no

gr
a
ph

ic
 &

 L
im

no
lo

gi
ca

l
R
e
se

a
rc

h
 L

td
  

  
  

  
ע

 ב
אל

שר
לי

ם 
מי

אג
 ו

ם
מי

 י
קר

ח
"

מ

Y
ig

a
l
A
llo

n
K
in

ne
re

t 
L
im

no
lo

gi
ca

l
L
a
b
or

a
to

ry
  

  
  

  
  

ת 
נר

הכ
ר 

חק
 ל

ה
בד

ע
מ

ה
ע 

 ”
ש

ון
אל

ל 
א

יג
 

0
.0

0

0
.0

5

0
.1

0

0
.1

5

0
.2

0

0
.2

5

0
.3

0

0
.3

5

0
1
00

20
0

3
00

40
0

D
a
ys

DIN, NH 4 ; NO 2 ; NO 3 (mg/L)

N
H

4
N

itr
it
e

N
it
ra

te
D

IN

S
e
as
on
al
 v
ar
ia
ti
on
s 
in
 t
h
e
 c
on
ce
nt
ra
ti
on
s 
of
 D
I
N
 s
pe
ci
e
s 

(N
it
ra
te
, 
N
it
ri
te
 a
nd
 A
m
m
on
iu
m
) 
an
d
 i
n 
to
ta
l 
D
I
N
 i
n 
th
e
 

up
pe
r 
w
at
e
r 
la
ye
r 
of
 L
ak
e
 K
in
ne
re
t 
(1
9
9
7
)



I
sr

a
e
l 
O

ce
a
no

gr
a
ph

ic
 &

 L
im

no
lo

gi
ca

l
R
e
se

a
rc

h
 L

td
  

  
  

  
ע

 ב
אל

שר
לי

ם 
מי

אג
 ו

ם
מי

 י
קר

ח
"

מ

Y
ig

a
l
A
llo

n
K
in

ne
re

t 
L
im

no
lo

gi
ca

l
L
a
b
or

a
to

ry
  

  
  

  
  

ת 
נר

הכ
ר 

חק
 ל

ה
בד

ע
מ

ה
ע 

 ”
ש

ון
אל

ל 
א

יג
 

0
.0

0
.1

0
.2

0
.3

0
.4

0
.5

0
.6

0
3
0

6
0

9
0

1
2
0

1
5
0

1
8
0

2
1
0

2
4
0

2
7
0

3
0
0

D
a
ys

Dissolved Inorganic N (mg/L)

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

1
.2

Dissolved Inorganic N (mg/L)

1
9
9
0

1
9
9
1

1
9
9
3

1
9
9
4

1
9
9
2

0
.0

0
.1

0
.2

0
.3

0
.4

0
.5

0
.6

0
3
0

6
0

9
0

1
2
0

1
5
0

1
8
0

2
1
0

2
4
0

2
7
0

3
0
0

Dissolved Inorganic N (mg/L)

2
0
0
0

2
0
0
1

2
0
0
2

2
0
0
3

2
0
0
4

y
 =

 3
.3

2
8
7
e

-0
.0

2
8
2
x

R
2
 =

 0
.9

0
3
1

0
.0

0
.1

0
.2

0
.3

0
.4

0
.5

0
.6

0
3
0

6
0

9
0

1
2
0

1
5
0

1
8
0

2
1
0

2
4
0

2
7
0

3
0
0

D
a
y
s

Dissolved Inorganic N (mg/L)

M
ul
ti
-a
nn
ua
l 
an
d
 s
e
as
on
al
 v
ar
ia
ti
on
s 
in
 t
h
e 
co
nc
e
nt
ra
ti
on
s 
of
 D
I
N
 i
n 
th
e
 u
pp
e
r 

w
at
e
r 
la
ye
r 
of
 L
ak
e
 K
in
ne
re
t 
fo
r 
th
e
 y
e
ar
s 
19
9
0
-1
9
9
4
 a
nd
 2
0
0
4
-2
0
0
0
 



I
sr

a
e
l 
O

ce
a
no

gr
a
ph

ic
 &

 L
im

no
lo

gi
ca

l
R
e
se

a
rc

h
 L

td
  

  
  

  
ע

 ב
אל

שר
לי

ם 
מי

אג
 ו

ם
מי

 י
קר

ח
"

מ

Y
ig

a
l
A
llo

n
K
in

ne
re

t 
L
im

no
lo

gi
ca

l
L
a
b
or

a
to

ry
  

  
  

  
  

ת 
נר

הכ
ר 

חק
 ל

ה
בד

ע
מ

ה
ע 

 ”
ש

ון
אל

ל 
א

יג
 

•
R

a
in

y
 y

e
a
r 
–
m

o
n
th

ly
 w

a
te

r 
in

fl
o
w

 e
x
c
e
e
d
e
d
 8

0
 M

C
M

 a
t 
le

a
s
t 
d
u
ri
n
g
 o

n
e
 w

in
te

r 
m

o
n
th

. 

•
A
v
e
ra

g
e
 y

e
a
r 
-
m

o
n
th

ly
 w

a
te

r 
in

fl
o
w

 r
a
n
g
e
d
 b

e
tw

e
e
n
 4

0
 a

n
d
 8

0
 M

C
M

 a
t 
le

a
s
t 
d
u
ri
n
g
 o

n
e
 m

o
n
th

. 

•
D

ry
 y

e
a
r 
-
m

o
n
th

ly
 w

a
te

r 
in

fl
o
w

 n
e
v
e
r 
e
x
c
e
e
d
e
d
 4

0
 M

C
M

 d
u
ri
n
g
 t
h
e
 w

in
te

r 
m

o
n
th

s
.

S
u
m

m
a
ry

 o
f 
e
x
p
o
n
e
n
ti
a
l 
d
e
c
a
y
 r
a
te

 o
f 
D

IN
 c

a
lc

u
la

te
d
 f
o
r 
e
v
e
ry

 y
e
a
r 
fo

r 
th

e
 

s
p
ri
n
g
-s

u
m

m
e
r 
p
e
ri
o
d
 b

a
s
e
d
 o

n
 s

e
a
s
o
n
a
l 
v
a
ri
a
ti
o
n
s
 i
n
 D

IN
 c

o
n
c
e
n
tr
a
ti
o
n
 i
n
 t
h
e
 

u
p
p
e
r 
w

a
te

r 
la

y
e
r 
in

 L
a
k
e
 K

in
n
e
re

t

Y
e
a
r

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

Exponential decay  rate (d
-1
)

0
.0

0

0
.0

1

0
.0

2

0
.0

3

0
.0

4

R
a
in

y
 y

e
a
r

D
ry

 y
e
a
r

A
v
e
ra

g
e
 y

e
a
r

A
v
e
ra

g
e
 =

 0
.0

1
4
 d

-1

A
v
e
ra

g
e
 =

 0
.0

2
4
 d

-1



W
h
ile

 P
e
ri
d
in
iu
m

p
o
p
u
la

ti
o
n
 w

a
s
 c

h
a
ra

c
te

ri
z
e
d
 b

y
 h

ig
h
 b

io
m

a
s
s
 c

o
n
c
e
n
tr
a
ti
o
n
s
, 

M
ic
ro
c
y
s
ti
s

b
io

m
a
s
s
 i
s
 m

u
c
h
 l
o
w

e
r.
 I
t 
is

 o
rg

a
n
iz

e
d
 i
n
 r
e
la

ti
v
e
ly

 l
a
rg

e
 c

o
lo

n
ie

s
 t
h
a
t 

fl
o
a
t 
to

 t
h
e
 w

a
te

r 
s
u
rf
a
c
e
 d

u
ri
n
g
 t
h
e
 d

a
y
 w

h
e
n
 c

a
lm

 a
n
d
 w

a
rm

 c
o
n
d
it
io

n
s
 p

re
v
a
il 

  
 9

0
    

 9
1
    

 9
2
    

 9
3
    

 9
4
    

 9
5
    

 9
6
    

 9
7
    

 9
8
    

 9
9
    

 0
0
    

 0
1
    

 0
2
    

 0
3
    

 0
4
    

 0
5
    

 0
6
    

 0
7
    

 0
8
    

 0
9
    

 1
0
  

Microcystis biomass [g (ww) /m
2
]

0

1
0

2
0

3
0

4
0

5
0

6
0

7
0

M
a
rc

h
 2

0
0
9

F
e
b
ru

a
ry

 2
0
0
2

F
e
b
ru

a
ry

 2
0
1
0



F
ro

m
 L

a
k
e
 K

in
n
e
re

t
d
a
ta

 b
a
s
e
 –

D
r.
 W

. 
E
c
k
e
rt

T
h
e
 d

e
v
e
lo

p
m

e
n
t 
o
f 

M
ic
ro
c
y
s
ti
s

s
c
u
m

 L
a
k
e
 

K
in

n
e
re

t
-
F
e
b
ru

a
ry

 2
0
1
0

F
e
b
 2

0
1
0

W
IN

D
 D

IR
E
C

T
IO

N

P
h
o
to

: 
Id

a
n

S
h
a
k
e
d



A
t 
e
a
rl
y
 s

ta
g
e
s
 o

f 
e
c
o
s
y
s
te

m
 d

e
te

ri
o
ra

ti
o
n
, 
v
a
ri
a
b
le

s
 r
e
fl
e
c
ti
n
g

e
c
o
s
y
s
te

m
 

fu
n
c
ti
o
n
in

g
 s

u
c
h
 a

s
 p

ri
m

a
ry

 p
ro

d
u
c
ti
o
n
, 
n
u
tr
ie

n
t 
le

v
e
ls

, 
a
n
d
 r
e
s
p
ir
a
ti
o
n
 a

re
 

n
o
t 
a
lt
e
re

d
, 
a
n
d
 a

re
 t
h
u
s
 p

o
o
r 
in

d
ic

a
to

rs
 o

f 
e
a
rl
y
 s

tr
e
s
s
; 

A
m

o
n
g
 t
h
e
 e

a
rl
ie

s
t 
re

s
p
o
n
s
e
s
 t
o
 s

tr
e
s
s
 w

o
u
ld

 b
e
 c

h
a
n
g
e
s
 i
n
 s

p
e
c
ie

s
 

c
o
m

p
o
s
it
io

n
 o

f 
s
m

a
ll,

 r
a
p
id

ly
 r
e
p
ro

d
u
c
in

g
 o

rg
a
n
is

m
s
 w

it
h
 w

id
e
 d

is
p
e
rs

a
l 

p
o
w

e
rs

, 
s
u
c
h
 a

s
 p

h
y
to

p
la

n
k
to

n
, 

T
h
e
re

 i
s
 a

 n
e
e
d
 f
o
r 
lo

n
g
-t
e
rm

 r
e
c
o
rd

s
 i
n
 o

rd
e
r 
to

 l
e
a
rn

 a
b
o
u
t 
th

e
 r
e
s
p
o
n
s
e
 o

f 

e
c
o
s
y
s
te

m
s
 t
o
 n

a
tu

ra
l 
v
e
rs

u
s
 a

n
th

ro
p
o
g
e
n
ic

 p
e
rt
u
rb

a
ti
o
n
s
.

S
c
h
in

d
le

r 
D

.W
. 
(1

9
8
7
) 
D

e
te

c
ti
n
g
 e

c
o
s
y
s
te

m
 r
e
s
p
o
n
s
e
s
 t
o
 a

n
th

ro
p
o
g
e
n
ic

 

s
tr
e
s
s
. 
C
a
n
a
d
ia
n
 J
o
u
rn
a
l 
o
f 
F
is
h
e
ri
e
s
 a
n
d
 A
q
u
a
ti
c
 S
c
ie
n
c
e
s
, 
4
4
, 
6
–
2
5
.



T
h
an

k
 

y
o
u

A
c
k
n
o
w

le
d
g
e
m

e
n
ts

:

T
h
e
 s

c
ie

n
ti
fi
c
 a

n
d
 t
e
c
h
n
ic

a
l 
te

a
m

 o
f 
K
L
L

K
in

n
e
re

t
W

a
te

r 
s
h
a
d
e
 u

n
it
 –

M
e
k
o
ro

t

Is
ra

e
l 
W

a
te

r 
A
u
th

o
ri
ty

 


