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microbial oceanography:

Methane sources in the upper ocean at Station ALOHA ,_
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Background Five years of CH, data at Station ALOHA

Methane (CH,) supersaturation in the upper water column is a widespread feature R e T T T |

of the global oceans, presumably as a result of in situ biological production in
Presenters oxygenated waters. The specific mechanisms involved in this production are still

poorly resolved. Until recently, CH, production in the upper ocean was exclusively
Sara Ferron attributed to anaerobic methanogenesis in reduced microenvironments, such as
Samuel T. Wilson sinking particles, but the discovery that methylated compounds can be

 Range: 1.70 — 3.91 nM (93 — 214 %)
« Mean = standard deviation: 2.62 == 0.62 nM (139 £ 33 %)

Beriel A del vellle metabolized to CH, under aerobic conditions has transformed our understanding e Large month-to-month variability: from near atmospheric —
: : of the upper ocean CH, cycle. equilibrium to > 200% saturation =
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Here we present 5 years (2008-2012) of dissolved CH, measurements at Station  No seasonal trend -
e ALOHA (22° 45’ N, 158° W), in the oligotrophic waters of the North Pacific « Large inter-annual variability O
Affiliations Subtropical Gyre, together with a series of deck-board incubation experiments and -The values expand the range of previously reported data at 1}
C.MORE sediment trap array deployments, with the goal of advancing our understanding of the same or at nearby locations: 2.2 -2.9 nM (Tilbrook & Karl
. y . . " y 0 . . . .
University of Hawai'| the upper ocean CH, cycle. 1995; Holmes et al., 2000; Sansone et al., 2001) 2009 2010 2011 2012
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1. Generated a bloom by adding nutrients: Chlorophyll a evolution : CH, Saturation (%) « Vertical CH, profiles at Station - |
new production of particulate and dissolved : | y . o O Nt AUIIFTe !
organic material (OM) 25— Stage — Stage 1l | : 0O 100 200 ALOHA take on a variety of ! 2008 0.48 —7.63 378 + 261 |
. | i } . .
| 2! ! | shapes, but in approximately 60% | 2009 -0.31-1.35 0.48 = 0.52 |
20E e poles tereisite || 20 021s%  imeim |
In cultu Incu | -tight vi 2 o L ) _ !
g JassTY 7 : | 200} variability in the upper 200 m of o 20l 04723000 151 = 1.02 |
ays. 5 ! | the water column |1 2012 297-820 5.19 + 2.15 |
|
* |ncubation |. Before the chl-a started 0.51 | | _ Lo :
increasing loa—s—" . ] £ 00| . Th(? typical ShUbSburfacef (;H4 o ' '« Fluxes expand the range reported i
L ~ I . 2 A-1
- Incubation II. At the chl-a peak Incubation time (days) : : < maxmum at the .ase ot the mixe : | by others : 0.9 -3.5 umol m~ d :
: : % Iayer IS NOt a persistent feature at : : (Ti|brook & Karl, 1995: Holmes et .
""""""""""""""""""""""""""""""""""""" - 0 600f Station ALOHA .+ al.,, 2000; Sansone et al., 2001) :
__________________________ o I I | 1 ! "1 :
2. Net CH, production rates . *CH, was produced in incubated water under : | « Water column is supersaturated ' ' _____ |
. 4 | . .. I i ]
| aerobic conditions _ o _ | 800 P . with CH, from O - 300 m depth. : Air-sea fluxes (F, pmol m-2 d-1) were calculated as:
. Larger CH, production rates during incubation : = Below the euphotic (200 m) zone | b k(e —C
I . . l — w  ta
- LD — : Il (larger amounts of OM), particularly under : CH, decrease with depth : | | |
2 . dark conditions , 1000 i | where K is the gas transfer velocity, C,, is the CH,
© : duct h d to liah : | concentration in the water and C, is the concentration
= 5 - .+ Larger production rates when exposed to light | | '----------------ooooooooo oo oo oo oo oo oo oo oo oo at atmospheric equilibrium (Wisenburg & Guinasso,
5 4 I . . .
— %h : We investigated CH, production following a Seawater samples were collected at different depths at Station ALOHA as part of the Hawaii Ocean L 1< W_a > gsﬂmated DI wmd-speed
: : - : | raslERTE EaaT. SUTEee sramEEr wes caleaed i Time-series (HOT) program at approximately monthly intervals from February 2008 to December parameterization of Ho et al. (2006_)’ wind speed data
SCHOOL OF OCEAN AND EARTH 0 002 004 006 008 01 v B ' 2012 (HOT cruises 200-246). Samples were taken in 240 mL borosilicate crimp sealed bottles and collected at the WHOTS buoy, available at
CH, production (umol m™d™) I a 20 L polycarbonate carboy. Nitrate and phosphate were : . T : htto:// h i adufwhots/. Dail d
SCIENCE AND TECHNOLOGY 4 L ed 10 & final ation of 1 uM and 0.1 UM poisoned with HgCl,. CH,, analysis was performed by purge and trap gas chromatography (Agilent ttp://www.soest.hawaii.edu/whots/. Daily average
3. Net O. production/consumption | 2dded o atinaiconcentration of 1 Hviand .2 Hivi, 7890A) using a flame ionization detector (FID). The FID was calibrated using a 20 ppm CH, standard wind speed normalized to 10 m height ranged
2P P ! tively. The carb bated tsid ‘
rates | rb‘TSpe_C 'VS y (ezcc")’:); ?VA’VT‘S 'ngup‘:]‘ < Iln alr(‘ O i in N, (Scott-Marin), by injecting loops of different volumes into the purge-and-trap system. between 0.9-11.8 m st .
ue incubator (~20% light level). Phytoplankton growt
| : was monitored daily by measuring fluorescence. The
Lpl i : water of this main culture was degassed and transferred
= : Into 240 mL glass bottles, that were subsequently
£ I incubated for 5 days in either light-dark (L-D) or . . .
@®
= | continuous dark (D) conditions to investigate CH, vén% C H4 accumu I atl onins ed 1M eﬂt trap S
Df : production. Controls consisted of culture water poisoned 12 sediment
' with HgCl, and incubated in the same conditions. Error- e ot CH, (nM) CH, (nM) CH, (nM)
: l . ..
10 5 0 5 , bars in the top graph are the standard deviation of four 100, 110, 120, 0 5 10 0 5 10 0 5 10 L
Net O, production (mmol m3d7) : replicates. 111?3', ﬁ;’, 12?;1?;; 100 ¢ 100 : 100 : ° CH4 accumulation in unpreserved
250, 300 subsF . . . .
-------------------------- oom I traps indicates that biological CH
%500 150} 1 150} 1 150} P _ _ _g 4
production occurred inside the traps
2007 1 200 1 200; after particle collection, instead of
Summ ary an d con CI us | ons = 2507 1 250t 1 250t entering the traps associated with the
< 300 | 300] | 300l particles (Karl &Tilbrook ,1994)
v" Dissolved CH, in the upper 200 m of the water column is subjected to relatively large =3 _ _
variability, and it does not correlate to other measured physico-chemical or biochemical 0 350} 1 350¢ 1 3507 ) .Larger CH, concentrations In traps
variables situated between 100 — 150 m
400¢ 1 4007 1 400¢
v' A subsurface CH, maxima in the upper pycnocline, which is a widespread feature in st a0l | 40l | 450l * Trap CH, prOdl.JCt'()n Is larger In traps
oceanic environments, is not a frequent feature in the NPSG, and it is only observed l | exposed to the light
~20 % of the times at Station ALOHA 500 | 500 | 500 | * Slight increase in CH4 with depth in
_ _ September 2011 July 2012 September 2012 : : :
v The water column is supersaturated in the upper 300 m of the water column. Below ot 8 day deployment 12 day deployment 12 day deployment preserved traps thaf[ 'S_CO"?SBtem with
200 m saturations start decreasing, indicating that net CH, production is limited to the - B - | | | unpreserved traps, indicating that CH,
euphotic zone E——— Free drifting cylindrical sedlment.traps were deployed. at dlﬁerent depths at Station concentration inside particles increase
—e—  Unpreserved ALOHA to measure CH, production/release from sinking particles. The traps have a with depth-time
v’ CH, is produced biologically in sinking particles. This production is smaller when the —e— Unpreserved dark | cross-sectional area of 0.0039 m?, and were filled with a brine filtered (0.2 um) P

solution with approximately twice the salinity of the surrounding seawater. A 335 um
Nitex screen prevented large zooplankton from swimming into the solutions.

light is blocked
v" Incubation experiments confirmed that CH, can be produced under aerobic

P YT — conditions, and that CH, production is larger under light—dark versus dark conditions
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