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* Nutrient accumulation in ocean pycnocline

counteracts enhanced upper-ocean stratification

* Vertical compression of oxic habitat may

exacerbate these trends
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o Basin-scale comparisons and synthesis

0 Mechanisms & ecological implications
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SOUTHERN CALIFORNIA CURRENT: CalCOFI
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CALIFORNIA UNDERCURRENT TRENDS: Spiciness & Transport

Linear Trend on Line 90, 19842009
oy

+0/500

CalCOFI OXYGEN & NUTRIENT TRENDS on 6,=26.5

2 : o A +200/500 |

1. Changes in water properties & transport of CUC
2. Tropical/Subtropical influence on California Current
3. CUC waters upwelled upstream (Chaak & Di Lorenzo, 2007)

ﬂ Oxygen

ﬂ Phosphate

Nitrate ﬂ

Silicate ﬂﬂ

CalCOFI OXYGEN TRENDS: Magnitude

-2.1 umol/kaly

CalCOFI OXYGEN TRENDS: % Change
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-18%
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CalCOFI TRENDS SUMMARY CalCOFI TRENDS SUMMARY

1. Oxygen declining at 0.2-1 pmol/kg/y (mean) 1. Oxygen declining at 0.2-1 pmol/kg/y (mean)

2. Largest mean declines at 200-300 m 2. Largest mean declines at 200-300 m

3. Expansion of low-oxygen habitat 3. Expansion of low-oxygen habitat

4. NO; and PO, increasing, at different rates 4. NOj; and PO, increasing, at different rates

5. Strongest trends offshore, 100-300 m; shallower for 5. Strongest trends offshore, 100-300 m: shallower for
NO, NO,

6. Strong deep silicate decline in coastal waters of Bight 6. Strong deep silicate decline in coastal waters of Bight
(local?) (local?)

What about the rest of the North Pacific ..?

Temporal Trends of Inorganic Nutrients in the Subsurface North Pacific TEMPERATURE & SEA ICE TRENDS IN OKHOTSK SEA
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WHAT CAUSES VARIABILITY IN OXYGEN & NUTRIENTS? SURFACE NUTRIENTS ARE NOT DECLINING

SUPPLY: =
ay

Winter mixing & ice formation along Asian margin,
and subsequent transport along isopycnals : .

i L

",

CONSUMPTION:

Depends on levels of primary production & ensuing
export by sinking particles and migrating biota -

o Ll A o PR
\

N.L‘llm*« o o FERL:

Wintertime nutrient supply & seasonal drawdown stable

(Whitney, 2011)

WHAT CAUSES VARIABILITY IN OXYGEN & NUTRIENTS? IMPLICATIONS OF OXYGEN & NUTRIENT TRENDS

Three major issues arise from reduced
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mixed layer ocean Venfilﬂfion:
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" waters above 1000m increases by 8%
1!
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M below 1000m
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we:tZr ] * HYPOTHESIS: Trends due to reduced
ventilation & oxygen transport, shallower
2000 oxygen consumption & nutrient

regeneration




IMPLICATIONS OF OXYGEN & NUTRIENT TRENDS IMPLICATIONS OF OXYGEN & NUTRIENT TRENDS

Three major issues arise from reduced Three major issues arise from reduced
ocean ventilation: ocean ventilation:
1. Increased nutrients in the pycnocline enrich 1. Increased nutrients in the pycnocline enrich
winter resupply and upwelling sources winter resupply and upwelling sources

2. Expanding hypoxia limits continental slope

... appears to be counteracting effects of increased habitat (also waters become more acidic)

upper-ocean stratification

ECOSYSTEM IMPLICATIONS: Shifts in Habitat & Community Structure CalCOFI EXPANSION of LOW-OXYGEN HABITAT

Low Oxygen

High Oxygen




NORTH AMERICAN SUMMER HABITAT CHANGE IMPLICATIONS OF OXYGEN & NUTRIENT TRENDS

(oxygen loss of 1.3% per year)
Three major issues arise from reduced
ocean ventilation:

By summer 2050

only half the 1. Increased nutrients in the pycnocline enrich
Distance from Equator (km) depth range may winter resupply and upwelling sources
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SUMMARY': What is Happening in the Subarctic Pacific?

past
present 100
125
300
400
1000

consumption / transport
m

Oxygen

. Shoaling mixed layer

. And reduced ventilation

(oxygen transport)

. Result in remineralization

occurring at shallower
depths and

. Nutrient increases in the

pycnocline balanced by

. Nutrient declines in deep

ocean

Pycnocline waters are accumulating nitrate at ~20-40 mmol m2 y-!
over an area of ~5 million km? = an increase of 100-200 Gmol y!




TAKE-HOME MESSAGES

* Pan-Pacific trends to lower oxygen & higher

nutrients below surface layer

* Nutrient accumulation in ocean pycnocline

counteracts enhanced upper-ocean stratification

* Vertical compression of oxic habitat may

exacerbate these trends

* Do models capture these trends?

Thank You!




