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 1. Resource limitation

4 Discussion

Nitrogen (usually as nitrate) is considered the major limiting nutrient in coastal marine and
estuarine waters (Howarth 1988; Howarth and Marino 2006). Nevertheless, there is strong
evidence for phytoplankton growth being limited by Pi seasonally in estuaries, including in
NGOM (Fisher et al. 1992, 1999; Rabalais et al. 2002; Ammerman et al. 2000; Sylvan
et al. 2006, 2007; Turner et al. 2007). The Mississippi River carries an enormous load of
nitrogen with a high DIN/Pi to the NGOM (Rabalais et al. 2002, 2009; Dagg and Breed
2003; USEPA 2007; Lohrenz et al. 2008). Generally, the highest inputs of N occur during
the winter–spring period of maximum runoff and are lowest during late summer and early
fall (Fig. 2). Overall nitrogen budgets for the shelf between 89.58W and 978W indicate that
65–67% of the shelf’s nitrogen is provided by the Mississippi-Atchafalaya river system
(Lopez-Veneroni 1998). Nonetheless, our results showed N limitation in March with low
DIN/Pi and low DIN (Tables 1 and 2; Fig. 3) followed by widespread Pi limitation across
the Louisiana continental shelf in spring/early summer of 2004 after high river discharge
(Figs. 2, 3). The cause of the P limitation observed was not a lack of Pi, but rather an
excess of DIN in the NGOM (Fig. 7). Our findings, which are consistent with those of
Lohrenz et al. (1999) and Sylvan et al. (2006, 2007), show that Pi limitation occurs on
greater spatial scales than previously documented and extend the known area further south
and to the west of the Atchafalaya River. The study of Chen et al. (2000) is an exception,
having measured nutrient limitation of primary production across the full length of the
Texas-Louisiana shelf. Support for our findings on the factors that control primary pro-
duction during 2004 came from nutrient concentrations (DIN, Pi, and Si), nutrient ratios
(DIN/Pi), alkaline phosphatase activity, and the results of resource limitation assays.

Previous studies have found that regardless of initial concentration, total suspended
particulates in surface waters of the MRP decrease to\10% of initial values within 5 km
of the discharge points. An examination of the concentrations of suspended particulate

Fig. 7 The relationship of bioassay responses to DIN in the samples. Exclusive N limitation occurred only
at very low DIN. Exclusive Pi limitation occurred over a range of higher DIN. Multiple N, P, and Si
limitation occurred over a large range of nutrient concentrations. Light (L) limitation (nutrient saturation)
occurred only at DIN [*5 lmol L-1. Arrows suggest the possible progression of resource limitation as
river water mixes with coastal waters and is subject to both dilution and biological processes in the NGOM
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Schematic	  of	  resource	  limitation	  in	  Mississippi	  river	  plume	  
	  	  	  	  	  	  	  	  	  (Quigg	  et	  al.	  2011,	  Aquat.	  Geochem.)
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Several independent measures have 
shown P-limitation on the shelf 

Coincides with: 

• Peak in primary production 
• Development of summer hypoxia



 2. Objectives

• Simulate P-limitation on the Louisiana shelf; 

• Determine if and how P-limitation influences: 
                        primary production 
                        depositional flux of particulate organic matter 
                        bottom water O2 

• Assess if P-limitation is likely to expand or contract hypoxia 

• Evaluate the consequences of varying river inputs 
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 3. Model description

       Characteristics 
- Pelagic ecosystem model 
- Multi nutrient 
- O2 dynamics 
- Instant bottom remineralization 

       Simulations 
- 7 years (2001-2007) 
- 2 versions: 
                          Control with P 
                          N-only 

Effect = Control - N-only
Positive effect

Negative effect
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 6. Consequence for bottom O2
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 6. Consequence for bottom O2

       Mississippi delta 
- Significant increase in bottom O2 
- Period May to July 
- Delay in the onset of hypoxia 

       Western shelf 
- Small decrease in bottom O2 
- During August 
- Limited change in hypoxia

Contrasting effects of P-limitation on hypoxia 
Overall reduction in the size of the hypoxic area 
“Dilution effect” on the consequences of eutrophication 
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-50% nutrients

-50% DIN

-50% DIP

+50% DIN, 
 -50% DIP

+50% freshwater

• DIN or DIP reduction limits the 
    size of the hypoxic area 

• Enhanced freshwater inputs 
    promote hypoxia on the western 
    shelf due to stronger 
    stratification 

• Hypoxic area well above the 
    5000 km2 target

 7. Sensitivity to river inputs
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     Seasonal P-limitation develops in May-July on the mid-shelf 

     P-limitation results in: 

              a downstream shift of primary production and depositional fluxes 

              less hypoxic conditions near the Mississippi delta 

              an overall reduction in the size of the hypoxic area 

     Varying N and P loads or freshwater discharge has a significant  
     impact on hypoxia 

     Best strategy to mitigate hypoxia is a co-reduction of N and P load.

 8. Conclusions

✓   

✓   

✓   

✓   

P-limitation dilutes the effects of eutrophication over the Louisiana shelf


