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Project Title:
Biological controls on ocean productivity and CO2 uptake at the Southern Ocean Time Series (SOTS):
1. Developing bio-optical approaches to quantifying phytoplankton photosynthetic competency
Supervisors: Tom Trull, Peter Jansen, Christina Schallenberg
Background/context of project:
Biological process move carbon from the ocean surface to the ocean interior in a two-step process –
fixation of CO2 into organic matter by photo-synthesis and passage of this matter through the
foodweb with a portion of it exported downward as sinking detrital particles. This iologi al ar o
pu p is strongly influenced by phytoplankton productivity, which is the Southern Ocean is mainly
controlled by the availability of iron as a limiting, essential, trace nutrient. Previous work [Schuback
et al., 2015] suggest that phytoplankton fluorescence may provide a way to assess iron stress,
specifically via changes in the amount of fluorescence in response to insolation levels, a
phenomenon known as non-photochemical quenching (NPQ) whi h refle ts the ell’s efforts to
efficiently manage the radiation resource and its conversion into carbon fixation via electron
transport and enzymatic processes that require iron. Previous work at SOTS on the availability of
iron [Sedwick et al., 2008] and light [Eriksen et al., 2017] shows that both are highly seasonally
variable and thus development of NPQ as a metric for phytoplankton health requires high temporal
resolution assessment over full annual cycles. This project will work to develop an understanding of
NPQ variability and its link to iron availability and photosynthetic competency. Importantly, this
approach is potentially applicable to satellite remote sensing data streams, because insolation
induced fluorescence is measurable from space.
Project outline:
This project will combine three components:
i.

ii.
iii.

Calculation of NPQ from SOTS moored instruments, and comparison to ship-based
measurements from SOTS voyages, the extensive process study at the SOTS site during the
SAZ-Sense program, and literature estimates.
Evaluation of the possible role of phytoplankton type in affecting NPQ, via compilation of
results from the literature.
Comparison of the sensor results to other estimates of phytoplankton photosynthetic
competency, including fast repetition rate fluorescence and 14C tracer techniques.

Key deliverables:




A quality controlled database of NPQ estimates at SOTS
Estimates of iron stress from a simple model of NPQ dependence on light and iron
levels.
Significant progress towards production of a manuscript for submission in a high
quality peer reviewed journal.

Any specific skills required:




This project is aimed at final year or honour level students with a physical sciences
or mathematics background, although other applicants will be considered on merit.
Computing skills, e.g. in Matlab, R, or Python are required.
Interest in oceanography, biogeochemistry and ecology, experience with
instruments or sensors, and an aptitude for multi-disciplinary research, are all
advantageous.

Contact details
Tom Trull
(03) 6232 5069; +61 (0) 447 795 735
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