IB: SRTTTUUDT’; OCB Scoping Workshop, University of Hawaii, September 21-23, 2010
OF OCEAN Michael W. Lomas

SCIENCES

@ BI O S Sea Change: Charting the Course for Ecological and Biogeochemical Ocean Time-series Research

The Bermuda Atlantic Time-series Study:
A Research Platform to Study Change in
the subtropical North Atlantic

Michael W. Lomas, Nicholas R. Bates, Rodney J. Johnson, and Anthony H. Knap
CINTOO: Center for Integrated Ocean Observations
Bermuda Institute of Ocean Sciences

B SIS ki

. s
4588 PEsNEIIIIE
- RiEEE B e




BIOS

BERMUDA
INSTITUTE
OF OCEAN
SCIENCES

Michael W. Lomas

BATS/ location& sampling frequency/

AEROCE Tower
(32° 16'N, 64° 53W)

32°N

28°N -

24°N =

20°N - s r

80°W 76.°W 72°W ea"’w a4l°w eol°w

Year

Sea Change: Charting the Course for Ecological and Biogeochemical Ocean Time-series Research
OCB Scoping Workshop, University of Hawaii, September 21-23, 2010

1988 © © ©
0|l 0o/ o] 0ol o] 0] 0] © ¢ o©
1990| © 00 | 00 o o/o|lo ]| 0|0 |©
000 |o0 [0 | 0]0|0 |[O0]0 [0]0O
19920 @ 030 (000 | 0|0 ]| ©] 0] ©]| 0O [0
© (000 0000 (|00 | ©f ©0]|0©0 | 0O |O
1994/ ©] 000 000 00O0] © 0] @ ©] 0] ©
© 000003030 [0 (0[] ©0]0O0]|]0O [O] ©
1996/ €0 0P OO [©O 0 [© © [0 [© | ©
000000 © [0 | 0|0 |0 |O 0| ©
1908/ © [0 [0 @0 © [© |©O]0O 0 0|0
0O 00 @O0 © 0 [© |0 ol o|o | O
20000 € ©/©00 |[© |0 [©0 |© |© o 0] ©
0O 0000 ©0| © |© olo 0] ©0lO | ©
2002 OO 0 0 0 ¢ ¢ 00| ©)| ©
o O 00 0 © | 0] 0lo [0 |O
2004 ® 000 0O © ©| O O ©| 0| © | ©
®00000| 00| ©0/lO0 [0 |© 00
2006 © 0O |0 ¢ 0/0 (00 | © 0O
0000 000 | ©] © © o0l 0 |0© 0| ©
2008| © ©OP|©0D © ¢ 0O 00 O (O © ©
00DPO0PO0 ©0]|0 0] 0|0 |0 O |O
2010 © 00000 | ©] ©] 00
Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec

Month

http://bats.bios.edu

© Core Cruises
(D Bloom Cruises




BI O S Sea Change: Charting the Course for Ecological and Biogeochemical Ocean Time-series Research

BERMED A OCB Scoping Workshop, University of Hawaii, September 21-23, 2010

INSTITUTE X
OF OCEAN Michael W. Lomas

SCIENCES

BATS/ Original Motivation and Objectives/

The Bermuda Atlantic Time-series Study (BATS) was initiated under the
JGOFS umbrella with the overall motivation...

“ To determine and understand the time-varying fluxes of
carbon and associated biogenic elements in the ocean and to
evaluate the related exchanges with the atmosphere, sea floor

and continental boundaries .” (SCOR, 1987)

Original Objectives:

¢ To understand the seasonal and interannual variations in ocean physics,
chemistry and biology

¢ To understand the processes that control surface pCO,
¢ To understand the physical controls on biological rate processes

e To provide a test-bed for the validation of new methods and technologies
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OBJECTIVES OF THIS TALK...

1. Present patterns in the 22-year data records.

2. ldentify what we now think we are missing (e.g., eddies,
mesopelagic ecosystem) to understand the original objectives.

3. Present brief overview of a future “integrated time-series
platform”
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BATS/ Multi-year Variability/ Hydrography/
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BATS/ Multi-year Variability/ Dissolved inorganic carbon/
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BATS/ Multi-year Variability/ Particulate Matter Production/
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BATS/ Multi-year Variability/ Particulate Matter Remineralization/
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BATS/ Multi-year Variability/ Particulate Matter Remineralization/
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OBJECTIVES OF THIS TALK...

1. Present patterns in the 22-year data records.

2. ldentify what we now think we are missing (e.g., eddies,
mesopelagic ecosystem) to understand the original objectives.

3. Present brief overview of a future “integrated time-series
platform”
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Future research topics to understand original objectives:

Michael W. Lomas

1. What are drivers of episodic/patchy biogeochemical events —
atmospheric inputs, eddies, convergent zones?

2. Eddies: mesoscale variability of the Sargasso Sea potentially masks
the impact of atmospheric forcing over annual or shorter timescales,
but what about year-over-year predictions of climate forcing?

3. How does plankton community structure change in response to
short-term and long-term forcing and how does this affect C flux

(events vs. trends)?

4. The mesopelagic: What are the regeneration length scales of
individual elements? Role of chemoautotrophy?

5. How do we define the right timescales to assess the natural versus
anthropogenic signal?

6. Have we defined all the ecosystem processes?
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Integrated Time-series Platform: coordinated integration of ship-based
underway sensors, moorings and floats.

Topic 1 & 2, episodic events over time

Bermuda Testbed Mooring (e.q., bickey et al. 2001)

v UCSE SPECTRAL ‘ ‘ ‘ ‘ ‘ ‘ ‘
ARG OS and RF L
Data Trﬂ::mlssmn RADIOHETER 8 ' [' 1
UCSB METS (Air and water temp, \ 25m
winds , humidity, bar press.jrradiancel 261 | o »“_Jj
Q L. )
ucse MORS S ,' i
19m UCSBBIOPS g J W NA f
26m  WHO1 TS-SI1D C14 §22 M‘ WM ‘
ssm (i UCSE MORS wok ‘!W
/) |
a6m | UCSB MUMS il WJJ Al Mw fﬂﬁmﬁ%ﬁw 120m
sam | MIT WATER SAMPLER 18 T TR - e
55 MIT LUATER SAMPLER }e{ﬁ /
" “2"?” vear Daﬁ’% HURRICANE FELIX 10 2
o) ) |
g 2 LMMIFPWW e
76m | UCSB MUMS 2 2 o o
2 g 22 i M" A
gam B MBARI NITRATE ANALYZER £ £ P M‘MMMLJ
[ [ 185 s R
= ) 40t Wind Gust l\'\
15 £ 1,4
2 e [
e % 20 ‘ /Y A
o] £ P y
z T M hud e
Lo
_ 100
2682m MBARI NITRATE ANALY ZER ;E 1 g J\
= 8
zum (] UCSE ADCP = P OW'W" N\ H“ q
g05 71m I3
z JJW,J' ! Wikl 3 25mdepth
0 100
. - . 0.5 . . .
EO‘G £ Beam Attenuation (660 nm)
GLASS BALLS = S oas
gos 7im g
BENTHOS DUAL ACOUSTIC RELEASES B VY ° 45m deptn
4533m Il ANCHOR 080 190 200 210 %% 225 230 235




BIOS

BERMUDA

INS
OF

TITYUTRE
OCEAN

SCIENCES

Sea Change: Charting the Course for Ecological and Biogeochemical Ocean Time-series Research

OCB Scoping Workshop, University of Hawaii, September 21-23, 2010
Michael W. Lomas

Integrated Time-series Platform: coordinated integration of ship-based
underway sensors, moorings and floats.

Topic 1 & 2, episodic events over time

ARG OS and RF

g UCSB SPECTRAL

Data Transmission i

RADIOMETER
UCSB METS (Air and water temp,

CARKCA

14m
19m
26m l
35m [

46m

5m
55m

T6m

&4m

28im

2im [

UCSB MORS
UCSBEIOPS

| WHOI TS-SID Cq4

7 UCSE MORS

UCSE MUMS

MIT LUATER SAMPLER
MIT LUATER SAMPLER

UCSE MUMS

MBARI NITRATE ANALYZER

MBARI NITRATE ANALYZER
UCSE ADCP

4533m

GLASS BALLS

BENTHOS DUAL ACOUSTIC RELEASES
ANCHOR

winds , humidity, bar press.jrradiancel

“Future” Bermuda Mooring Submersible flow

cytometer
(Cytobuo

Particulate matter

sampler (McLane) I'C)

UV nitrate analyzer
(Satlantic)

Submersible
incubation devic
(Craig Taylor, WHC

Environmental
sample processor




BI O S Sea Change: Charting the Course for Ecological and Biogeochemical Ocean Time-series Research
BERHIED & OCB Scoping Workshop, University of Hawaii, September 21-23, 2010

INSTITUTE j
OF OCEAN Michael W. Lomas

SCIENCES

Integrated Time-series Platform: coordinated integration of ship-based
underway sensors, moorings and floats.
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Integrated Time-series Platform: coordinated integration of ship-based
underway sensors, moorings and floats.

NOAA underway pCO, VOS program

Topics 1 & 3
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Integrated Time-series Platform: coordinated integration of ship-based
underway sensors, moorings and floats.

APEX Float program (sohnson et al.)

Topics 1, 2 & 4 (parts of)
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Future research topics to understand original objectives:

5. How do we define the right timescales to assess the natural versus
anthropogenic signal?

6. Have we defined all the ecosystem processes?

Year when ‘global warming’ signal can be detected.
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Thanks to:

All the BATS technicians and project scientists, past and present, whose
diligence and dedication have assisted in the collection of the data and
publication of the results presented in this talk.

Members of the international oceanographic community who have
supported BATS both in the peer-review process and through ancillary
projects.

U.S. National Science Foundation Chemical and Biological
Oceanography Programs for funding BATS through the
most recent award OCE-0326885.
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