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Purpose
We investigated the effects of different concentrations of 
allochthonous dissolved organic matter (DOM) and ammonium for 
phytoplankton growth. The results were analyzed with a dynamic 
model describing phytoplankton growth and interactions between 
DOM and ammonium.

Conclusions
• Phytoplankton growth was affected by DOM

• Adsorption of ammonium to DOM or another loss process were  

the dominant process at DOM concentrations ≤ 2400 µM DOC  

and had a negative effect on phytoplankton growth

• Remineralization of DOM became the dominant process at DOM  

concentrations > 2400 µM DOC and had a positive effect on  

phytoplankton growth

• The maximum growth rate of Rhodomonas salina rate was most  

likely inhibited by DOM

• A simple dynamic model could be designed to simulate the final   

phytoplankton biomass at different initial concentrations of DOM  

and ammonium

Hypotheses
Our hypothesis was that both remineralization of DOM from bacteria 
and adsorption of ammonium to DOM would have an influence on the 
availability of ammonium for phytoplankton growth but in opposite 
directions. We suggested that the dominant process could change 
with increasing DOM concentrations.

Results
• The daily measurements showed   
exponential phytoplankton growth. After   
3-4 days the growth became nutrient   
limited (Figure 1)

• Chlorophyll a concentrations were  
constant or even slightly decreasing at  
concentrations ≤ 600 µM DOC (Figure 2)

• The observed chlorophyll a
concentrations did not follow a linear  
relationship with DOM concentrations  
(Figure 3)

• Lower chlorophyll a concentrations ≤  
2400 µM DOC

• Higher chlorophyll a  concentration at 
4800 µM  DOC

• There was a tendency to a decrease in 
the maximum growth rate of 
phytoplankton with increasing DOM 
concentrations (Figure 4)

Experimental Design
The study was conducted as batch growth experiments with the 
Cryptophyceae Rhodomonas salina. Six different DOM concentrations 
ranging from 0-4800 µM DOC and two different initial ammonium 
concentrations of 143 and 500 (twice) µmol NH4

+ L-1 were used. The 
phytoplankton growth was measured as chlorophyll a concentrations at 
the beginning and end of each experiment. 

The beginning of  an experiment enriched with 
500 µmol NH4

+ L-1.
The end of an experiment enriched with 500 
µmol NH4

+ L-1.
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Dynamic Modeling
A dynamic deterministic model was designed with the software 
ExtendSim (Version CP 7.0.1, Imagine That Inc.) to simulate the final 
phytoplankton biomass on the basis of initial concentrations of 
ammonium, DOM and chlorophyll a. The model included:

Processes and parameters:
• Phytoplankton growth rate (µ) = 0.05 hour-1

= 1.2 dag-1

• Remineralization rate = 0.1 hour-1 = 10 % hour-1

• Adsorption rate of ammonium to DOM 
= 7.2 . 10-6 hour-1

• Labile DOM fraction of total DOM = 60 %
• N:C ratio in DOM = 0.19
• C:Chl. a ratio = 65
• C:N ratio in phytoplankton = 0.176

State variables:
• DIN
• NH4

+

• DOM
• Labile
• Non-labile

• Chlorophyll a

Figure 4 The maximum phytoplankton growth rate (day-1) 
relative to the maximum growth rate at 0 µM DOC with 
increasing DOM concentration .

Figure 2 The final chlorophyll a concentrations (µg L-1) in all 
the three experiments and the values predicted by the model.
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Figure 1 The turbidity as a proxy for the phytoplankton 
growth at different DOM concentrations.
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Figure 3 The residuals of final chlorophyll a concentrations      
(µg L-1) from a linear function of DOM concentration (µM DOC).
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