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(Levin and Le Bris, 2015)

3RD
YSLME
SCIENCE [15-19 July 2019
CONFERENCE | @ingdao, PR China




Eukaryotic biomass and diversity not

limited by oxygen unless increasing Well- X =y i ) 4 B
temperature increases oxygen demand ! A il g
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Fishing boats target finfish and 5 v q\"- 2 i)
invertebrates found at high densities at = - 28

the edge of low-oxygen zones where they Low-oxygen zones

escape physiologically stressful (2 mg/L of O, or less) é : ‘\; ~
conditions and take advantage of prey . Coastal e N
that use this edge as a refuge habitat @ Open ocean = &

Upwelling of low-0,, high-CO, waters
can kill and displace fish and benthic
invertebrates, but high nutrients in
upwelled waters fuel high productivity

Organisms inhabiting low-oxygen
habitats have evolved physiological
and behavioral adaptations, but when
tolerances are exceeded, survival,
growth, and reproduction decline

Global warming is expected to continue
to worsen deoxygenation in the open
ocean, and both increasing nutrient
loads and warming could worsen future
deoxygenation in coastal waters

—

Absence of eukaryotes dependent on
aerobic respiration; increased
dentrification, production of N,0, and
release of Fe and P from sediments

—p-  Anoxia
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Monterey Bay Southern California Bight  Gulf of St. Lawrence
1998-2013 at 250-400 m 1984-2006 at 300 m 1930s-2003 at 250 m
39.9% decline in O, 21% dgcline in 0y apd 50% decline in O;

shoaling of hypoxic
boundary by 90 m

Station Papa
1956-2006 at 100-400 m
22% decline in O,

~

Sea of Okhotsk and Oyashio
1955-2004 at o6 =27

Long-term decline in O,
of >0.5 pmol k-y-!

Southern Indian Ocean
Present-day emergence of
climate-forced deoxygenation

on 06 =26.5 under RCP 8.5 Southern Ocean Tropics and Subtropics
16% of global O, loss 1960s5-2000s at 200 m
over last 60 years 4.5-million-square-kilometer

increase in hypoxic
(<70 pmol kg™') water

Solubility and stratification Nutrient stimulation via upwelling
Oxygen decline in source waters Uncertain
Circulation-driven changes [] Low natural variability

World Hypoxic and Eutrophic Coastal Areas

Eastern tropical Northern Atlanti

Anticyclonic eddies with

(- 2pe23p %) uabAxo parjossig

Eutrophic and Hypoxic Areas

Southeastern Pacific

Present-day emergence of
climate-forced deoxygenation
on g6 =26.5 under RCP 8.5

(Breitburg et al. 2018)

Deoxygenation and hypoxia in coastal waters and open ocean

has been a global environment issue.

v' OMZ is expanding.
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Acidification of subsurface coastal waters
enhanced by eutrophication

Wei-Jun Cai'*, Xinping Hu', Wei-Jen Huang', Michael C. Murrell?, John C. Lehrter?,
Steven E. Lohrenz®, Wen-Chen Chou?, Weidong Zhai®, James T. Hollibaugh', Yongchen Wang’,
Pingsan Zhao', Xianghui Guo'®, Kjell Gundersen®, Minhan Dai® and Gwo-Ching Gong?*’
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Study area
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Climatologic vertical

distributions:

Vertical mixing winter

Stratified summer
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Winter

» Temperature: increased
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Winter deoxygenation
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a. Surface ° b. Bottom
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Relations between the annual average DO content and temperature

» In winter, when the water column is vertical homogeneous, DO at near-
saturation indicates that physical mixing overwhelmed biological

activities, and a linear correlation between DO content and seawater

temperature suggests that warming 1s the most plausible driver of
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In the stratified summer, increased nutrient availability and consequently enhanced

productivity are reasonable for the drawdown of DO in the bottom layer, and the

stoichiometric pattern between DO depletion and N also suggests a cascading linkage

between the eutrophic conditions and bottom deoxygenation.
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Conceptual view of deoxygenation
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Showing the different mechanisms of DO declining in seasonality
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Concluding remarks

» Shows the drawdown of DO in winter and in the bottom layer in
summer (~0.76 and ~0.78 umol kg'! yr! in surface and bottom in
winter, respectively; ~1.43 umol kg! yr! in summer), which is
companied with seawater warming (especially in winter) and
enhanced nutrients.

» In winter, seawater warming 1s the most plausible driver of
deoxygenation in the NYS.

» In the stratified summer, increased nutrient availability and
consequently enhanced productivity are reasonable for the

drawdown of DO in the bottom layer.
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