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2 – Methods
Automated methods for the spectrophotometric 
analysis of ammonium and nitrite were set up using a 
Liquid Waveguide Capillary Cell (LWCC, Fig. 3 and 
4). The sensitivity of the automated methods was 
increased to 4 nM for ammonium (34 nM manual 
analysis), and 1 nM for nitrite analysis. There are 
more details about the methodologies and 
instruments at poster #2461.

Figure 3. Analysis of nitrite and ammonium on board during the 
BioLINCS cruise (left) and automation of the analysis at the 
C·MORE laboratory (right).

Figure 4. Calibration curve for the analysis of ammonium using 
a LWCC.
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1 – Introduction
Primary production in oligotrophic systems, like the 
North Pacific Suptropical Gyre (NPSG), is partly 
driven by remineralized nutrients, like ammonium. 
Ammonium is a key intermediate species that 
participates in many pathways of the N-cycle (Fig. 1)

Figure 1. The many pathways of NH
4

+ in the N cycle. Modified 

from Karl et al. (2008).

Despite its importance in this N-limited system, there 
are few data on ammonium distributions in the NPSG 
(Fig. 2). Ammonium has not been routinely measured 
as part of the Hawaii Ocean Time-series because of 
low concentrations and, as a consequence, the ease 
of contamination.

The distribution of ammonium and nitrite was studied 
during two cruises at the North Pacific Subtropical 
Gyre: BioLINCS (September 2011) and Hoe-Dylan 
(May – September 2012), gathering a total of 63 
ammonium profiles.

3 – Results
A) Ranges of variation

The ammonium data obtained was complemented with other biogeochemical and physical variables, which allowed us to study the dynamics of this nutrient in the NPSG. The 
ranges of variation of some variables during these cruises are shown in Figure 5, and time-series plots are shown in Figure 6.

B) Vertical ammonium profile (median concentration)

C) Ammonium distribution in relation to other biogeochemical variables

The position with depth of the relative maximum of ammonium follows the sequence the remineralization of particulate organic nitrogen (Fig. 9):

4 – Summary and conclusions
The ammonium at the North Pacific Subtropical Gyre:
• Is at the nanomolar range
• It often accumulates in surface waters (0 – 25 m depth), probably as a product of nitrogen fixation.
• Is detectable below the euphotic zone in well oxygenated waters, with concentrations higher than those found at the euphotic zone, 

indicating net remineralization.
• Like in other oligotrophic areas (e.g. Sargasso Sea and Gulf Stream, Brzezinski 1988), ammonium accumulates between the deep 

chlorophyll maximum and the primary nitrite maximum.
• The magnitude of these accumulations was investigated during the BioLINCS cruise and was found inversely correlated to 

picoplankton abundance, photosynthetic active radiation (PAR), and dissolved oxygen, and directy correlated to nitrite and nitrate 
concentrations.

• This maximum is not always present, but this could be related to the discrete sampling strategy.
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Figure 2. The nitrate, 
nitrite and ammonium 
distribution at the North 
Pacific Subtropical Gyre 
(from Karl and Knauer, 
1984).

The ammonium concentration in the first 25 m of the 
water column showed a large variability. Nearly half 
of the profiles showed higher ammonium 
concentrations in surface waters (0 – 25 m depth) 
than in waters immediately below.

A relative maximum of ammonium, oscillating between 
the deep chlorophyll maximum (DCM) and the primary 
nitrite maximum (PNM), was detected in 75% of all the 
profiles analyzed.

The ammonium concentration increased with depth 
below the PNM, in 72% of the profiles sampled. An 
absolute maximum of ammonium was found at 800 m 
depth, as in Karl and Knauer (1984), although of one 
order of magnitude lower.

Karl & Knauer (1984)
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Figure 7. Vertical profiles of the median 
concentration of ammonium (green), 
nitrite (yellow) and chlorophyll a (orange).
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Figure 8. Deep vertical profiles of ammonium concentration (left), compared to 
historical profiles at the same area (right).
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Figure 9. Median concentrations of ammonium 
(green), nitrite (yellow), particulate nitrogen 
(medium blue) and nitrate (orange), whose 
maxima positions, indicated with numbers of 
the same color, are compared with the 
nitrogen remineralization experiment (right) of 
Von Brand et al. (1937).
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Figure 5. Ranges of variation of Chlorophyll a, dissolved oxygen, phosphate, silicate, particulate organic nitrogen, ammonium, nitrite and 
nitrate during BioLINCS and Hoe-Dylan cruises (September 2011 and July-September 2012). Note that the x-axis change among variables.

Figure 6. Time series concentration of chlorophyll a, 
dissolved oxygen, nitrite and ammonium at the North 
Pacific Subtropical Gyre, May-September 2012.
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