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MICROBIAL AND CHEMICAL SIGNATURES OF TRANSIENT 
EDDIES IN THE NORTH PACIFIC SUBTROPICAL GYRE

INTRODUCTION

Clayton, S. A;  Case, R. J;  Hernandez, K ; Murillo, A. A; Schottner, S; Shulse, C; Stoica, E; Ventouras, L; Fortunato, C; 
Laghdass, M; Morgan-Smith, D; Reisch, C; Seo, Y; Shaul, N; Thomson, F. K. 

GEOCHEMICAL  PROPERTIES
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SUMMARY & FUTURE

DIVERSITY

BIOMASS

Sediment Trap Flux 
(mmol/m2/day)

Depth 
(m)

Cyclonic Eddy (Station 5) 

C N P Si

150 2.2 0.24 0.008 0.14

500 0.6 0.05 0.003 0.07

Anticyclonic Eddy (Station 6)

150 4.8 0.73 0.020 0.10

500 0.7 0.06 0.002 0.07

Station ALOHA mean

150 2.4 0.61 0.01 0.09

Flux Stoichiometry

Cyclonic Eddy (Station 5)

150 275 30 1 17.5

500 200 16.7 1 23.3

Anticyclonic Eddy (Station 6)

150 240 36.5 1 5

500 350 30 1 35

Mesoscale ocean dynamics are key drivers
of heterogeneity in planktonic metabolism
and community structure. Ocean eddies are
transient features that may impart distinct
biogeochemical and physical changes to
water column properties. During the
summer course, students sampled an area
north of station ALOHA, located at
24°N, 158° - 160°W, focusing on the waters
of a cyclonic and an anticyclonic eddy.

The class learned techniques for measuring
microbial biomass (microscopy, flow
cytometry, ATP and particulate
matter), productivity (primary and bacterial)
and diversity (T-RFLP and 16s rDNA clone
libraries).

RESEARCH CRUISE FOCUS

In 2008, the Agouron Institute, in cooperation with the University of Hawaii
and the Center for Microbial Oceanography, held their third summer course in
microbial oceanography. This course allowed 15 students, from varying
backgrounds, to explore the dynamic and fundamental role marine microbes
play in marine ecology. Students attended lectures given by a wide range of
visiting faculty, in addition to learning practical field and laboratory techniques
for studying the marine microbial environment. Central to the course was an 8
day cruise aboard the R/V Kilo Moana, results from which are presented here.

PHYSICAL SETTING

• Despite looking for differences between the two different eddies, we found that both were 
very similar in their chemical and biological properties in the euphotic zone. However, the 
mesopelagic regions beneath the eddies appeared to be different.

•Primary production was very high in both of the eddies, comparable to the highest rates of PP 
measured at station ALOHA, and around 50% higher than the ALOHA average.

• We observed higher diversity of picoplankton in the surface for the cyclone than the 
anticyclone. Comparison of bathypelagic (4000 m) microbial diversity suggested that despite 
their relatively close proximity (~200 km), these two stations supported different assemblages of 
microorganisms.

• We believe that we may have observed these eddies at a late stage in a bloom, or directly after 
a bloom. This has opened up some interesting questions for the course participants on how to 
interpret the rich data set collected, specifically regarding the time and space scales of 
microorganism responses to dynamically forced mesoscale features in this region.

• The next CMORE summer course in microbial oceanography will be held from the 8th June to 
the 17th July 2009, the application deadline is the 20th February 2009.

We would like to thank the Agouron Institute and NSF for funding and CMORE and UH for
hosting the course, the course organizers, Matt Church, Grieg Steward, Mike Rappé, & Dave
Karl, as well as the inspiring visiting faculty, course staff, Tara Clemente, Karin Bjorkman, Ken
Doggett and Brett Updyke, and the crew of the R/V Kilo Moana. S Clayton would also like to
thank the Houghton Fund at MIT for part-funding her attendance at the ASLO 2009
conference.
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The Chlorophyll a depth profiles at
the two study sites are also very
similar with no significant
difference in the depth of the DCM
at the two sites.

Further investigation of the
evolution of the sea surface height
over the period prior to and after
the cruise suggested that the two
eddies were spinning down at the
time of sampling.

Upper Ocean  - 25 m Deep Ocean  - 4000 m
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Stn 6 - Anticyclone
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Results from the 16s rDNA clone libraries
(below) and T-RFLP (above) both suggest that
the microbial community in the surface ocean
at the two sites has a very similar structure.

However, we see quite a different picture in the
samples from the deep ocean. In this case there
are marked differences in the community
structure at the two sites. The area below the
cyclone seems to have higher diversity than
below the anticyclone.

Primary production, measured using 14C light
incubations, integrated over the euphotic zone
(indicated on the plots above) is of the same magnitude
at both sites. In both cases it is much higher than the
average depth integrated PP at station ALOHA. In both
cases, PP approaches values recorded at the upper
range observed at ALOHA, ~75 mmol/m2/day, (the
lowest values of PP at ALOHA being ~17 mmol/m2/day).

Bacterial production was measured by both Leucine and
Thymidine incorporation, the plot above shows the
estimate of BP from Leucine incorporation.
Again, values at both sites are very similar .

Sediment traps were deployed for 3 days in each of the
two eddies. The export data suggests that there may
have been enhanced remineralization of C and P below
the euphotic zone under the anticyclone (stn 6). N
export in the cyclone (stn 5) is much lower than the
ALOHA mean, whereas Si export there is slightly higher.
The anti-cyclone (stn 6) was more N and P
remineralization intensive, possibly the result of a
bloom prior to our sampling

depth integrated PP
Stn 5 – 69.4 mmol/m2/day
Stn 6 – 64.9 mmol/m2/day
ALOHA mean - 40 mmol/m2/day

depth integrated BP
Stn 5 – 2.42 mmol/m2/day
Stn 6 – 3.43 mmol/m2/day
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Using flow cytometry, we were able to identify and count
different picophytoplankton species, as well as distinguish
heterotrophs from photoautotrophs. Our results suggest
that although there is little difference between the two
sites, heterotrophs make up a greater proportion of the
biomass in the cyclonic eddy.

Bacterial and viral abundances were measured by SYBR
green stained epifluorescence microscopy. Integrated over
the euphotic zone, bacterial and viral abundances are very
similar at both stations, with a slightly higher viral
abundance in the cyclonic eddy.

We were able to estimate the living and detrital biomass
using ATP measurements. Again, the profiles for each station
are very similar, despite a slightly enhanced level of detritus
in the base of the euphotic zone in the cyclone.
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Particulate Silica

Stn 5 Stn 6

N:P 32.2 34.9

C:N 6.7 6.3

N:Si 15.1 12.1

C:P 216.1 220.3

Elemental 
stoichiometry for 
the particulates at 
the two sites.

Stn 5 Stn 6

N:P 2.8 0.2

N:Si 0.06 0.01

Elemental 
stoichiometry for 
dissolved inorganic 
nutrients.

Stn 5 Stn 6 Redfield

N:P 23.5 20.8 16

C:P 473 402 106

C:N 20.0 19.3 6.6

Elemental stoichiometry for 
dissolved organic nutrients.
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N:P ratios between the sites are very 
different, despite the inorganic nutrient 
profiles looking very similar for both sites. 
Inorganic nutrient concentrations are low 
compared to Station ALOHA 
averages, but still in the range of 
observations.

Both sites are clearly C-
enriched (compared to N and
P), this is evident in both the
dissolved organic nutrients and
the particulates. This could
suggest a system with a lot of
remineralization in the upper
water column, or enhanced
production C-enriched material.

The particulate Si profiles also
exhibit some differences . It is
possible that we may be seeing
the latter part of a bloom at stn
5, where particulate Si appears
to be in the process on being
export out of the euphotic
zone.
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Despite difference in satellite-
derived sea surface height
anomalies, we did not observe large
differences in the vertical position
of isopcynal surfaces between the
two mesoscale features. The
temperature transect between the
two sample stations shows a slight
uplift in the region of the
cyclone, but the difference is only
about 25-30m.

Again, we see a very similar picture in 
the light field experienced by the 
plankton. The light penetration at the 
two stations also showed very little 
difference, with only slightly less light 
attenuation in the anti-cyclone (stn 6).


