Eddy Induced Bottom-up Controls on Southern Ocean Phytoplankton
Growth in an Eddy Resolving CESM Run
1,2

3

1

Tyler Rohr , Cheryl Harrison , Scott Doney ,
1. Department of Marine Chemistry and Geochemistry, Woods Hole Oceanographic Institute, Woods Hole, MA, USA 2. Department of Earth and Planetary Sciences, Massachusetts Institute of Technology, Cambridge, MA, USA
3. INSTAAR, University of Colorado, Boulder, CO, USA

ABSTRACT

RESULTS - Iron Transport

RESULTS – Variability in Eddy Anomalies

Mixing in Eddies

Vertical Mixing Flux of Iron
Cyclones Anticyc.

Observational and modeling work point to the important role of mesoscale eddy
processes in regulating biological productivity and ecosystem dynamics. Correlative studies
have clearly linked surface chlorophyll anomalies to eddy processes but variability in
the underlying mechanisms remain largely unconstrained, as differences in polarity,
regional environmental conditions, seasonality, and the intrinsic properties of
individual eddies can all offer competing rationale for the observed correlations.
Using a 1/10 degree global CESM simulation we identify and track eddies using
closed SSH’ contours and computed the mean, depth integrated, anomaly field within the
eddy interiors for all relevant physical and biogeochemical (BGC) tracers. We then control
for variability in season, region, and various eddy properties to understand the different
ways that eddies influence bottom-up controls on phytoplankton growth in the
Southern Ocean. We find that cyclones (anticyclones) predominately induce a anomalously
low (high) depth integrated, population specific, division rates.

Figure 4. Mixed Layer Depth Anomalies (MLD’) with anticyclones (red) and cyclones (black) increase and
decrease, respectively, as the A) Eddy Radius, B) Eddy Amplitude and C) depth of background mixing increase.

Iron in Eddies

Introduction: Mechanisms for Bloom Modification

Figure 7. The vertical mixing flux of iron (Positive = Upward = Red) is generally deflated
in cyclones and inflated in anticyclones, with magnitude increasing with background
mixing (a, b) and mixing anomalies (c, d). Mixing, however, appears to be working with a
coincident, polarity dependent, driver.
Vertical Adv. Flux of Iron

In Situ Influence on BGC

Adjective Influence on BGC

• Eddy-pumping
• Mixed Layer Modulation
• Ekman Pumping
MLD

Figure 8. The vertical advection flux of iron (Positive = Upward = Red) is generally
deflated in cyclones and inflated in anticyclones. (a, b) Magnitude is not maximized during
formation (as would be the case if driven by Eddy Pumping) but does correlate (c, d) with
the strength of Ekman pumping (as would be be the case if dominated by Ekman Pumping)

Eddy Stirring
• As eddies rotates they can stir
bgc tracers across a background
gradient

• Stirring
• Mixing
• Advection

RESULTS – Limitation Terms and Division Rates

Division Rates in Eddies
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Cyclones

Eddy Trapping
• If nonlinear (propagation speed
> rotational speed) eddies can
trap and advect core.
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Methods: Eddy Tracking and Anomaly Fields
B.

C.

Conclusions
• Phytoplankton division rates are generally deflated in
cyclones and inflated in anticyclones, particularly in
summer

Cyclones

A.

Anticyc.

Figure 9. The coincident iron and
light limitation anomalies for
cyclones (black) and anticyclones
(red) are binned plotted for each
season. Note that the cost of relieved
iron stress in terms of harsher light
limitation is much less (steeper slope)
in the summer than the winter. Also
iron limitation is not well correlated
with light limitation (proxy for
mixing) in shallow (deep) mixing
cyclones (anticyclones)

Anticyc
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Figure 1. (A) Eddies are identified and tracked as closed contours in the Sea Surface Height Anomaly (SSH’).
Eddies are filtered to remove meanders and otherwise spurious mesoscale features. (B) The relevant physical
and (C) biogeochemical anomaly fields are co-located and averaged within the eddy interior for each eddy
track/timestep. Biogeochemical anomalies are depth integrated and weighted by the biomass profile to yield a
‘community mean’ . TotFe is the sum of all dissolved inorganic/organic Fe and all phyto/zooplankton Fe.

• Primarily driven by anomalously low (high) iron in
cyclones (anticyclones).

Figure 5 and 6. Seasonal iron ( !" #, Fig. 5) and population specific division rate ($#, Fig. 6) climatologies
(left column) and eddy anomalies (cyclones in center column; anticyclones in right column). Data is
seasonally binned into Winter months (July, August, September) or Summer Months (January, February,
March). Eddy realizations are further averaged over 3x3 degree spatial bins. Bins that are not statistically
different from 0 at the 95\% confidence level are denoted with an 'x'. The 10% ice contour is denoted in black.
The approximate boundaries of the ACC are denoted in with a dashed black line.

• Caused by a combination of entrainment/detrainment
during mixed layer modifications and Ekman Pumping
but not Eddy Pumping during formation.
• Mixed layers are anomalously shallow (deep) in
cyclones (anticyclones) only if the eddy is adequately
large and background mixing is relatively deep.

