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Background & Motivation
Aerobic ammonium oxidation is a key process in the permanent and seasonal Oxygen Minimum Zones of the
Eastern South Pacific (Fig.1):

Aerobic ammonium oxidizers from archaeal (AOA) and bacterial domains (AOB) can potentially use between
20 – 100% of the ammonium regenerated in this areas.

 Their metabolic products and byproducts (NO2
- and N2O) are used by denitrification and anammox as electron

acceptors within the OMZ and by aerobic nitrite oxidizers completing the nitrification process.

The aerobic ammonium oxidizers realm of the Eastern South Pacific are able to cope with a concomitantly low
NH4

+ (<1 M) and O2 (<5 M) concentrations in the permanent OMZ waters, or to cope with the high NH4
+ (<2.5

M) but low O2 availability in the seasonal OMZ waters.

How do aerobic ammonium oxidizers from the Eastern South Pacific respond to natural
and experimentally induced changes of NH4

+ and O2?

Fig.1. Map showing OMZ extension (22 and 44 isolines
at 200 m) and representative oceanographic stations
from the permanent OMZ (MOOMZ1) and the seasonal
OMZ (COPAS time series station) off Concepción.

Fig.2. Oxygen, nitrate, ammonium distribution in the water column of the seasonal and permanent OMZ
of the eastern South Pacific. Also, the copy number of ammonia monooxygenase subunit A (amoA)
transcripts from archaeal (AOA) and bacterial (AOB) ammonium oxidizers from selected depths (oxic,
oxycline and hypoxic –anoxic zones) are also shown. Gray area depicts waters with <50 M of oxygen .

Highligted Result

 AOA are the main active contributor to aerobic
ammonium oxidizing community in the eastern
South Pacific.

 In the seasonal OMZ, AOA, and sometimes
AOB, present high activities within the oxyclines
during the OMZ offset (upwelling periods)
compared wiith other portions of the water column.

 In the permanent OMZ, AOA have comprarble
activities within the upper boundary of the OMZ
compared with the surface oxic zone. No activity
was detected in the OMZ core (200 m depth).

AOA and AOB natural activities

Conclusion

Aerobic ammonium oxidizers, particularly archaeal
ones, are a versatile group within the realm of the
oxygen minimum zones, able to cope with low substrate
conditions and main drivers of nitrification. Their rapid
responses to ammonium and oxygen experimental
additions indicate that oxyclines are perfect habitat for
this prominent microbial group within expanding oxygen
minimum zones.

AOA and AOB experinentally induced activities

Permanent OMZ

Fig. 3. Seawater from the upper boundary
of the OMZ (MOOMZ1) was incubated in
bioreactors with STOX sensor for oxygen
monitoring (see picture). The bioreactors
were amended with 15NH4

+ ir order to
quantify anammox and denitrification. One
bioreactor was maintain close to natural
oxygen concentrations (A) and a second
bioreactor was oxygenated (B). Bars show
the amoA transcripts evidencing AOA
activities, the only aerobic ammonium
oxidizer detected.

The maxima AOA activites were detected in
both bioreactors after 6 hours of ammonium
enrichment, however a higher number of
transcripts were related with seawater
oxygenation by its experimental addition in
(B) or by oxygen contamination during
sampling in (A).

Seasonal OMZ

Fig. 3. Seawater from the oxycline (40 m) during time series
(Ago-2008) were incubated in 1L duranshott bottles with and
without the addition of ammonium. After the ammonium
ammending, AOB-amoA transcrips were higher in the ammonium
treatment compared with the control, a similar response was
observed for AOA activities at the end of the experiment (3 h)
when this later group seems to outcompete AOB.
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