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Ocean acidification in the subarctic western North Pacific Ocean and its impact
on marine biology

WAKITA, Masahide
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Rising atmospheric C02 contents have led to greater CO2 uptake by the
oceans, lowering both pH and CaC03 saturation states. Here, we used C02 system data collected during
1997-2019 to investigate ocean acidification at time series sites in the western subarctic region
of the North Pacific Ocean. The annual mean pH at station K2 decreased mostly in response to oceanic
uptake of anthropogenic C02. The pH during the winter decline at a slower rate. This was attributed

to a reduced rate of increase of dissolved inorganic carbon (DIC) and an increase of total
alkalinity (TA). The reduction of DIC increase was caused by the decline of surface water density
associated with the pycnocline depression and the reduction of vertical diffusion flux from the
uEper_pycnocline due to wind-driven northward shrinkage of the western subarctic gyre. Meanwhile,
the winter TA increase might be caused mainly by the accumulation of TA due to the weakened
calcification by organisms during the winter.



CO,

Co, 30
pH 0.1 [IPCC, 5 ]
(COsz_) (CaC03)
CaC0s
2014 9 Sea of Okhotsk ' @@ % pe s
K2 47, son FEE T«
160 1 CO, : Q\@*\/?/‘o *K;Neslem Subarctic Gyre
pH SN b ﬁ_‘»\"” 7 A KNOT v
10 200m *:v B oF .
pH -0.004/ Co, ™1 . .
LU L b s g cagrnnagranagennagrarsgeanagsansgynd
al., 2013, Biogeosciences] h 1 o ‘
CO» CaC03 )
C032_ 2
C032_ TA
[Wakita et al., 2013,
Biogeosciences] TA
TA
o, CaC0s CaCo;
@
100m  200m pH
CTD DO
(2) pH/CO,
pH/ CO, 1
pH/CO, 3000m
(©)
10
(DIC)
TA
CaCo3
4 20
20
[Watanabe et al., 2008, Geophys. Res. Lett.] DO pH
pH 1997
20 20
®)
[Wakita et al., 2013,

Biogeosciences]



€y

K2 2015
2015 2019 6
(200m 300m) pH
(200m) pH
4
2018 2019
3000m
500m CTD/DO 400m
(2) pH/CO,
2015 2017 3000m pH/CO,
1 pH pCO;,
(©))
. 4
8:30 CO,: 1.3%0Q.2 ppm/yr * ] 50
8.20 e t 400§
[} ¢ E N
%_8.10 CO,: 2.1ppmsyr 3505
] °
d’ 0 r,\(D ]
8.00 ool % 1 3003
: 0.0012+-0.0002 /yr ]
7.90 e ) 950
780 T 150
[ b 2.020.2 pmol/kg/yr ]
7.70 § W 0, 450 T 100
[ @ T o) ()&4)’\ 1 o) ]
L760 + o 0 °5 ot 50 =
7550 ¢ ¢ to 3
200 PH : 0.0045+0.0005 /yr ] J
7.40 B E e o -~
0 e
0.720.3 m/yr
100 L]
(0]
of
O 200
8 © 1.6M0.4 m/yr
300 . oy . e
1996 2000 2004 2008 2012 2016 2020
2
pH  0.0025/yr
2 DIC TA
CaCOs [Wakita et al., 2017, J. Geophys.
Res. Oceans] 2019 2
€O,
CO, CO,
CaC0s 1 CaCo;
CaCo; CaCo; 2019
93m 2019 110m CaC0s




(\, Netairsea  Annual Carbon Flux )
K%ptake — cc;,;ir:ange [mol iy yr’1] Atmosphere
Ocean
F. dVI)I!: Net:Commiunity roduction {-) Net Production (+) Organic Carbon Pool
A;Vm:: Fuer 1.49 FpPoc FoPoCs F,P°_CL
0.02 DlC Net Calcification (-) Net[f\ggregatlon
150m Fc0.22 |PIC|||DOC
Diakita et al., 2016, Journal [ Dlom  opst” @ '@}g;ﬁ;g;;
of Oceanography] \___0.86/0ifusion (Bport) Vo) G\ (Export)
DIC (Vertical 3 K2
Diffusion) DIC: , PIC: CaCO;, DOC:
(Net Community , POC:
Production) CaCo; (Net
Calcification) 3
DIC
[Wakita et al., 2017, J. Geophys. Res. Oceans] CaC0s
2019
(CY) 20
2017 200m H
pH pH 18
2 40
pH [Watanabe et al., 2018, Geophys. Res.
Lett.]
N.0 €O, 3
[Florian et al., 2019, Nature Climate Change]
H 2 2100 N.0 5
®)
2000

2016, Ocean Dynamics]

and Planetary Science]

[Nagano et al.,

4 10

[Nagano and Wakita, 2019, Progress in Earth

SO'N

35'N

135°E

DIC TA
Vertical Diffusion 3
i i 1980 1985 1990 1995 2000 2005 2010 2015
Sea surface height (SSH) elevation at K2 20 41 L " h M N w 3
(47°N, 160°E) associated with wind-driven . Observed SSH L 2
WSAG shrinkage z Lo
——————— 5_ L =
T r o=
w +
" @ -1
Sea of Dkhotsk +§j§/—\ - L } -2
S -3
_‘ estern Sutvan:hc Gm kg/m®
w‘" e 0a
o * ot ] g 3
4“” g‘ / e > E 0.2
L 5 ,//7_1\ My 8 E
- - HECER= s o N o1
North Pacific E 200 3 “///—'\\—v—/ﬂ'?ﬁﬁ—/"\_j_ E
T4OE  145E  150F  155E  180°E \mr|= 170°E 175°E 1807 % 250 _5 — \—«___\__/—_/’“ —— g_ 0.0
; ; = s0d = T e ——F._ o
Pycnocline deepening at K2 E E o2
e ___ Simulated potential density E
400 T T T T T T F 03
1880 1985 1990 1995 2000 2005 2010 2015
Time (Year)

K2



21 21 4 5

Nagano Akira Wakita Masahide 6

Wind-driven decadal sea surface height and main pycnocline depth changes in the western 2019

subarctic North Pacific

Progress in Earth and Planetary Science 1 26
DOl

https://doi.org/10.1186/s40645-019-0303-0

Breider Florian Yoshikawa Chisato Makabe Akiko Toyoda Sakae Wakita Masahide Matsui Yohei 9

Kawagucci Shinsuke Fujiki Tetsuichi Harada Naomi Yoshida Naohiro

Response of N20 production rate to ocean acidification in the western North Pacific 2019

Nature Climate Change 954-958
DOl

https://doi.org/10.1038/s41558-019-0605-7

Fujiki Tetsuichi Inoue Ryuichiro Honda Makio C. Wakita Masahide Mino Yoshihisa Sukigara 65

Chiho Abe Osamu

Time- series observations of photosynthetic oxygen production in the subtropical western North 2019

Pacific by an underwater profiling buoy system

Limnology and Oceanography 1072-1084
DOl

https://doi.org/10.1002/1n0.11372

Takuya Hasegawa, Akira Nagano, Hiroyuki Matsumoto, Keisuke Ariyoshi, Masahide Wakita 40

El Nino-related sea surface elevation and ocean bottom pressure enhancement associated with the 2019

retreat of the Oyashio southeast of Hokkaido, Japan

MARINE GEOPHYSICAL RESEARCH 505-512

DOl
https://doi.org/10.1007/s11001-019-09398-2




Yutaka W. Watanabe, Bofeng Li, Masahide Wakita 45

Long- term trends of direct- and indirect- anthropogenic effects on changes in ocean pH 2018

GEOPHYSICAL RESEARCH LETTERS 9106-9113
DOl

10.1029/2018GL078084

Kawagucci Shinsuke, Makabe Akiko, Kodama Taketoshi, Matsui Yohei, Yoshikawa Chisato, Ono 144

Etsuro, Wakita Masahide, Nunoura Takuro, Uchida Hiroshi, Yokokawa Taichi

Hadal water biogeochemistry over the lzu-Ogasawara Trench observed with a full-depth CTD-CMS 2018

OCEAN SCIENCE 575-588
DOl

10.5194/0s-14-575-2018

Sugie Koji, Yoshimura Takeshi, Wakita Masahide 63(5)

Impact of CO2 on the elemental composition of the particulate and dissolved organic matter of 2018

marine diatoms emerged after nitrate depletion

LIMNOLOGY AND OCEANOGRAPHY 1924-1943
DOl

10.1002/1n0.10816

Uchimiya Mario, Fukuda Hideki, Wakita Masahide, Kitamura Minoru, Kawakami Hajime, Honda Makio 63(5)

C., Ogawa Hiroshi, Nagata Toshi

Balancing organic carbon supply and consumption in the ocean®s interior: Evidence from repeated 2018

biogeochemical observations conducted in the subarctic and subtropical western North Pacific

LIMNOLOGY AND OCEANOGRAPHY 2015-2027

DOl
10.1002/1n0.10821




Chiho Sukigara,Yoshihisa Mino, Hajime Kawakami, Makio C. Honda, Tetsuichi Fujiki, Kazuhiko 144

Matsumoto, Masahide Wakita, Toshiro Saino

Sinking dynamics of particulate matter in the subarctic and subtropical regions of the western 2018

North Pacific

DEEP-SEA RESEARCH PART 1-OCEANOGRAPHIC RESEARCH PAPERS 17 - 27
DOl

10.1016/j .dsr.2018.11.004

Wakita Masahide Nagano Akira Fujiki Tetsuichi Watanabe Shuichi 122

Slow acidification of the winter mixed layer in the subarctic western North Pacific 2017

Journal of Geophysical Research: Oceans 6923 6935
DOl

10.1002/2017JC013002

Honda M. C. Wakita M. Matsumoto K. Fujiki T. Siswanto E. Sasaoka K. Kawakami H. Mino 73

Y. Sukigara C. Kitamura M. Sasai Y. Smith S. L. Hashioka T. Yoshikawa C. Kimoto K.

Watanabe S. Kobari T. Nagata T. Hamasaki K. Kaneko R. Uchimiya M. Fukuda H. Abe O.

Saino T.

Comparison of carbon cycle between the western Pacific subarctic and subtropical time-series 2017

stations: highlights of the K2S1 project

Journal of Oceanography 647 667
DOl

10.1007/s10872-017-0423-3

Yasunaka Sayaka Nojiri Yukihiro Hashioka Taketo Yoshikawa Chisato Kodama Taketoshi Nakaoka 74

Shin-ichiro Chiba Sanae Hashihama Fuminori Wakita Masahide Furuya Ken Sasano Daisuke

Murata Akihiko Uchida Hiroshi Aoyama Michio

Basin-scale distribution of NH4+ and NO2 in the Pacific Ocean 2017

Journal of Oceanography 1 11

DOl
10.1007/s10872-017-0433-1




Shimizu Keisuke Kimoto Katsunori Noshita Koji Wakita Masahide Fujiki Tetsuichi Sasaki 84

Takenori

Phylogeography of the pelagic snail Limacina helicina (Gastropoda: Thecosomata) in the 2017

subarctic western North Pacific

Journal of Molluscan Studies 30 37
DOl

10.1093/mol lus/eyx040

Masahide Wakita, Makio Honda, Kazuhiko Matsumoto, Tetsuichi Fujiki, Hajime Kawakami, Sayaka 72

Yasunaka, Yoshikazu Sasai, Chiho Sukigara, Mario Uchimiya, Minoru Kitamura, Toru Kobari,

Yoshihisa Mino, Akira Nagano, Shuichi Watanabe, Toshiro Saino

Biological organic carbon export estimated from the annual carbon budget observed in the 2016

surface waters of the western subarctic and subtropical North Pacific Ocean from 2004 to 2013

Journal of Oceanography 665-685
DOl

10.1007/s10872-016-0379-8

Akira Nagano, Toshio Suga, Yoshimi Kawai, Masahide Wakita, Kazuyuki Uehara, Kyoko Taniguchi 72

Ventilation revealed by the observation of dissolved oxygen concentration south of the Kuroshio 2016

Extension during 2012-2013

Journal of Oceanography 837-850
DOl

10.1007/s10872-016-0386-9

Yoshihisa Mino, Chiho Sukigara, Makio C. Honda, Hajime Kawakami, Kazuhiko Matsumoto, Masahide 72

Wakita, Minoru Kitamura, Tetsuichi Fujiki, Kosei Sasaoka, Osamu Abe, Jan Kaiser and Toshiro

Saino

Seasonal variations in the nitrogen isotopic composition of settling particles at station K2 in 2016

the western subarctic North Pacific

Journal of Oceanography 819-836

DOl
10.1007/s10872-016-0381-1




Tetsuichi Fujiki, Kosei Sasaoka, Kazuhiko Matsumoto, Masahide Wakita, Yoshihisa Mino 72

Seasonal variability of phytoplankton community structure in the subtropical western North 2016

Pacific

Journal of Oceanography 343-358
DOl

10.1007/s10872-015-0346-9

Makio C. Honda, Hajime Kawakami, Kazuhiko Matsumoto, Masahide Wakita, Tetsuichi Fujiki, 72

Yoshihisa Mino, Chiho Sukigara, Toru Kobari, Mario Uchimiya, Ryo Kaneko, Toshiro Saino

Comparison of sinking particles in the upper 200m between subarctic station K2 and subtropical 2016

station S1 based on drifting sediment trap experiments

Journal of Oceanography 373-386
DOl

10.1007/s10872-015-0280-x

Akira Nagano, Masahide Wakita, Shuichi Watanabe 66

Dichothermal layer deepening in relation with halocline depth change associated with northward 2016

shrinkage of North Pacific western subarctic gyre in early 2000s

Ocean Dynamics 163-172
DOl

10.1007/s10236-015-0917-8

Sasai Yoshikazu Yoshikawa Chisato Smith S. Lan Hashioka Taketo Matsumoto Kazuhiko Wakita 72

Masahide Sasaoka Kosei Honda Makio C.

Coupled 1-D physical?biological model study of phytoplankton production at two contrasting 2016

time-series stations in the western North Pacific

Journal of Oceanography 509 526

DOl
10.1007/s10872-015-0341-1




Yoshikawa Chisato Abe Hitomi Aita Maki N. Breider Florian Kuzunuki Keichi Toyoda Sakae 72
Ogawa Nanako 0. Suga Hisami Ohkouchi Naohiko Danielache Sebastian 0. Wakita Masahide Honda
Makio C. Yoshida Naohiro

Insight into nitrous oxide production processes in the western North Pacific based on a marine 2015
ecosystem isotopomer model

Journal of Oceanography 491 508

DOl
10.1007/s10872-015-0308-2

33 4 18

KATSUNORI KIMOTO, OSAMU SASAKI, YOSHIYUKI NAKANO, MASAHIDE WAKITA, MINORU KITAMURA, TETSUICHI FUJIKI, KEISUKE SHIMIZU, NAOMI
HARADA

SHELL DENSITY OF MARINE CALCIFIER AND IN-SITU PH VARIATIONS IN THE WESTERN NORTH PACIFIC

GOA-ON Hangzhou 2019 Meeting

2019

Akira Nagano, Masahide Wakita, Tetsuichi Fujiki

Variations in Water Properties and Current Velocity at Station K2 in the Western Subarctic North Pacific in Relation to Wind
Changes

Ocean Sciences Meeting 2020

2020

Chisato Yoshikawa, N.O. Ogawa, Y. Chikaraishi, A. Makabe, Y. Matsui, Y. Sasai, M. Wakita, M.C. Honda, Y. Mino, M_N. Aita, T.
Fujiki, T. Nunoura, N. Harada, N. Ohkouchi

Seasonal transition of the dominant nitrogen source for phytoplankton reconstructed by determining the nitrogen isotope
composition for nitrate, ammonium, and individual amino acids of sinking particles in the Northwestern Pacific

Ocean Sciences Meeting 2020

2020




KATSUNORI KIMOTO, OSAMU SASAKI, YOSHIYUKI NAKANO, MASAHIDE WAKITA, MINORU KITAMURA, TETSUICHI FUJIKI, KEISUKE SHIMIZU, NAOMI
HARADA

SHELL DENSITY OF MARINE CALCIFIER AND IN-SITU PH VARIATIONS IN THE WESTERN NORTH PACIFIC

Ocean Sciences Meeting 2020

2020

Tetsuichi FUJIKI, Ryuichiro INOUE, Makio C. HONDA, Masahide WAKITA, Chiho SUKIGARA, Yoshihisa MINO, Osamu ABE

Time-series observations of primary production in the subtropical western North Pacific by an underwater profiling buoy
system: relationship between GOP and dissolved oxygen

Ocean Sciences Meeting 2020

2020

Tetsuichi FUJIKI, Minoru KITAMURA, Shigeki HOSODA, Naomi HARADA, Masahide WAKITA and Yoshihisa MINO

Influence of physical and chemical processes on phytoplankton community in the western subarctic Pacific

2nd International Symposium “ Ocean Mixing Processes: Impact on Biogeochemistry, Climate and Ecosystem”

2018

2018

2018




2018

2018

2019

2019

Akihiko Murata, Shuhei Masuda, Yoshiyuki Nakano, Sayaka Yasunaka, Kousei Sasaoka, Masahide Wakita

Deployment of drifting buoys with pC02 sensor in the Pacific Ocean

1CDC10

2018

2018 JAMSTEC

2018




Bofeng Li, Yutaka Watanabe, Shigeki Hosoda, Kanako Sato, and Yoshiyuki Nakano

Quasi-Real-Time and High-Resolution Spatiotemporal Distribution of Ocean Anthropogenic CO2 in the subarctic North Pacific

6th Argo Science Workshop

2018

pco2

2019

2019

2017

2017

67

2017




Wakita Masahide Nagano Akira Fujiki Tetsuichi Watanabe Shuichi

Slow acidification of the winter mixed layer in the subarctic western North Pacific Ocean

2018 Ocean Sciences Meeting

2018
K2 pH
2017
2017
2017
2017

Akira Nagano, Masahide Wakita

Decadal Variations of the Western Subarctic Gyre and Main Pycnocline Depth due to Wind Stress Change in the Northern North
Pacific

2017 American Geophysical Union Fall Meeting

2017




Masahide Wakita, Akira Nagano, Tetsuichi Fujiki, Shuichi Watanabe

Ocean acidification in the surface water of subarctic western North Pacific Ocean

4th International Symposium on the Ocean in a High-C02 World

2016

Masahide Wakita, Ken-ichi Sasaki, Yoshiyuki Tanaka, Hideki Yamamoto, Keisuke Tsubata, Jun Yoshino, Takamitsu Omura, Makoto
Takada, Katsunori Kimoto, Shuichi Watanabe

Coastal ocean acidification monitoring in the Tsugaru Strait of northern Japan

3rd Global Ocean Acidification Observing Network (GOA-ON) Science Workshop

2016

2016

2016

K2

2017

2017




K2 S1

2016

2016

HARADA NAOMI, KIMOTO KATSUNORI, WAKITA MASAHIDE, FUJIKI TETSUICHI, SHIMIZU KEISUKE, ONODERA JONAOTARO

Potential environmental changes in the western Arctic and the western North Pacific: their impacts on lower trophic level
organisms

North Pacific Marine Science Organization (PICES) 2016 Annual Meeting

2016

HARADA NAOMI, KIMOTO KATSUNORI, WAKITA MASAHIDE, FUJIKI TETSUICHI, SHIMIZU KEISUKE, ONODERA JONAOTARO

Ocean acidification in the western Arctic Ocean and sub-arctic North Pacific -its impact on the marine calcifies

The Third Xiamen Symposium on Marine Environmental Sciences

2017

Tetsuichi Fujiki, Masahide Wakita, Katsunori Kimoto, Naomi Harada

Response of marine ecosystem to the ocean acidification in the subarctic western North Pacific

3rd Global Ocean Acidification Observing Network (GOA-ON) Science Workshop

2016




2016

2016

Masahide Wakita, Akira Nagano, Tetsuichi Fujiki & Shuichi Watanabe

Ocean acidification in the surface water of subarctic western North Pacific Ocean and the impact on biological production

Ecosystem Studies of Sub-Arctic and Arctic Seas 2016 Annual Science Meeting

2016

K2

2016

2016

M. WAKITA, Makio HONDA, Kazuhiko MATSUMOTO, T. FUJIKI, H. KAWAKAMI, S. YASUNAKA, Yoshikazu. SASAl, C. SUKIGARA, M. UCHIMIYA,
Minoru KITAMURA, T. KOBARI, Y. MINO, A. NAGANO, Shuichi WATANABE, T. SAINO

Annual biological organic carbon export estimated from the annual carbon budget observed in the surface waters of the
western subarctic and subtropical North Pacific Ocean

Ocean Science Meeting 2016

2016




2015

M. WAKITA, S. YASUNAKA, Makio HONDA, K. MATSUMOTO, T. FUJIKI, H. KAWAKAMI, Y. SASAI, C. SUKIGARA, M. UCHIMIYA, M. KITAMURA,
T. KOBARI, Y. MINO, A. NAGANO, S. WATANABE, T. SAINO

Biological Organic Carbon Export Estimated from Annual Carbon Budget in the Surface Water of Western Subarctic and
Subtropical North Pacific Ocean

Asia Oceania Geosciences Society 2015

2015
0
JAMSTEC
http://www.jamstec.go.jp/souran/html/Masahide_Wakita001694-j .html
Researchmap
https://researchmap.jp/mwakita/
GOA-ON K2

http://portal .goa-on.org/Explorer

Blue Earth: 28 6 28 31
http://www.godac. jamstec.go. jp/catalog/data/doc_catalog/media/bel46_all.pdf

KNOT /K2

http://www.godac. jamstec.go. jp/catalog/data_catalog/metadataDisp/JAMSTEC_KNOT_K2
CO2 Moorings and Time Series Project: K2
https://ww.nodc.noaa.gov/ocads/oceans/Moorings/K2._html

(Nagano Akira)

(40421888) (82706)




(Nakano Yoshiyuki)

(20566103) (82706)
(Fujiki Tetsuichi)
(30598248) (82706)




