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Outline

• Whole-system response to nutrient reduction 

• Mesocosm response to nutrient addition

• Ammonium and chlorophyll

• Management implications



Whole-lake experiments, Experimental Lakes Area, Canada
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• 3 x 3 x 3 reps = 27

• TP = 100-200-400 mg/m3

• N:P = 5-10-20

Experimental design
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0.004310.0668TP x TN

0.003510.6706TN

0.000120.81389TP

pF valueType III SSSource

ANOVA



0.0043-3.17-26.5TP x TN

0.00353.2511.0TN

0.00014.57131.7TP

0.1123-1.65-14.4Intercept

pt ValueEstimateParameter
General Linear Model



4/29/2009 5/1/2009 5/3/2009 5/5/2009 5/7/2009 5/9/2009 5/11/2009 5/13/2009

Date

0.00

0.02

0.04

0.06

0.08

Ammonium N

0

2

4

6

8
Fluorescence

Nitrate

Phosphate

Silica

(D
is

so
lv

ed
 N

H
4-

N
 a

nd
 P

O
4-

P,
 g

•m
-3

)

(F
lu

or
es

ce
nc

e,
 d

is
so

lv
ed

 N
O

3-
N

 a
nd

 S
iO

2-
Si

, g
•m

-3
)

Treatment 1 (Control):  TP=0.1, TN=0.5 g/m3

Inhibition



4/28/2009 4/30/2009 5/2/2009 5/4/2009 5/7/2009 5/9/2009 5/11/2009 5/14/2009
0.0

0.2

0.4

0.6

0.8

Ammonium N

0

10

20

30

40

Fluorescence

Nitrate

Phosphate

Silica

(D
is

so
lv

ed
 N

H
4-

N
 a

nd
 P

O
4-

P,
 g

•m
-3

)

(F
lu

or
es

ce
nc

e 
an

d 
di

ss
ol

ve
d 

N
O

3-
N

 a
nd

 S
iO

2-
Si

, g
•m

-3
)

Treatment 6:  TP=0.4, TN=4.0 g/m3

Inhibition



1975 1980 1985 1990 1995 2000 2005
year

0

20

40

60

80

rh
ic

hl

0

200

400

600

rh
in

h4

C
hl

or
op

hy
ll 

(C
hl

, m
g•

m
-3

) 

A
m

m
on

iu
m

 N
 (N

H
4-

N
, m

g•
m

-3
)

Ammonium-N

Chlorophyll

Rhine River NH4-N and Chlorophyll

Inhibition



Conclusions

• Whole-system ‘experiments’ indicate that Chl responds to change in 
nutrient supply 

• Responses are consistent with global TP-Chl model

• Mesocosm experiment suggests sensitivity to P and N (N:P = 10)

• High NH4-N does not preclude high Chl in rivers

• Actions that increase nutrient supply to Delta should increase its Chl

So what?
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Peripheral canal intake

Management implications



Questions?


