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Why study hypoxia?
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Diaz & Rosenberg, Science 321 (2008)



hypoxia, eutrophicationeutrophication & global warmingglobal warming
high nutrient supply
increased primary production 
and organic matter 
export
high remineralization 
rates and O2 demand 
anaerobic processes 
and release of 
greenhouse gases 
warming
nutrient release 
from anoxic sediments

warming of surface waters
reduced O2 solubility and 

supply to deep waters
enhanced stratification 

and reduced vertical 
mixing

increased metabolic 
rates and 

O2 demand
changes in wind 
fields and wind- 

driven mixing
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HYPOX objectives

•conducting O2 monitoring pilot studies in 
diverse ecosystems

•investigating fundamentals of hypoxia 
causes and consequences
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Content missing in this presentation

•targeted field campaigns to understand 
hypoxia causes and consequences

•investigations of past hypoxia 
(biomarkers, noble gases, sedimentary 
record, indicator species…)

•assessment of hypoxia impacts on 
ecosystems 
(conceptual models)

•technical developments
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Instead…

•introduction to HYPOX monitoring sites

•some information on HYPOX strategies 
(monitoring, modeling, dissemination)
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Introduction to HYPOX monitoring sites
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Map design: Sabine Luedeling, www.medieningenieure.de



Site classification 
Open / coastal seasOpen / coastal seas
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Site classification 
LandLand--locked waterbodieslocked waterbodies
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Restricted lateral exchange: 
Hypoxia in fjord like systems
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Stratification reduces vertical exchange: 
Hypoxia at chemoclines of anoxic basins
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Global change impacts on deep water 
formation and winter turnover: O2 decline 
in lakes and the open ocean
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Eutrophication-boosted O2 demand: 
Seasonal hypoxia in coastal waters
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How HYPOX works: 
an overview of approaches and 
achievements based on examples 

.........                                                       www.hypox.net



Adjusting monitoring strategies to site 
characteristics
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Drifting observatories: when ship traffic 
and infrastructure impede moorings
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Drifting observatories: when ship traffic 
and infrastructure impede moorings 
Black Sea



Drifting observatories: when ship traffic 
and infrastructure impede moorings 
Black Sea
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....HYPOX activity examples                                     www.hypox.net
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Short / medium term moorings: 
during or between consecutive cruises
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Presenter
Presentation Notes
get example recording from INGV



Image & photograph courtesy of G. Etiope & G. Marinaro INGV

Short / medium term moorings: 
during or between consecutive cruises 
Example: Katakolo Bay, Greece
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Short / medium term moorings: 
during or between consecutive cruises 
Example: Katakolo Bay, Greece
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Example of O2 decrease after seepage increase

G. Etiope & G. Marinaro INGV, unpublished data
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Long term / cabeled moorings: 
at accessible & established sites
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Long term / cabeled moorings: 
at accessible & established sites 
Example: Havstensfjord near Koljoe Fjord
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Long term / cabeled moorings: 
at accessible & established sites 
Example: Havstensfjord near Koljoe Fjord

P. Hall, M. Kononets, A. Tengberg, UGOT, unpublished data
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Covering different aspects of hypoxia 
causes and consequences
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Watercolumn hypoxia: chemocline 
structure, dynamics and processes
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Watercolumn hypoxia: chemocline 
structure, dynamics and processes 
Example: Gotland Basin
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Watercolumn hypoxia: chemocline 
structure, dynamics and processes 
Example: Gotland Basin
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Watercolumn hypoxia: chemocline 
structure, dynamics and processes 
Example: Lake Zug, Switzerland
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High resolution oxygen profile, M. Kirf Eawag, unpublished data



Bottom water hypoxia: oxygen dynamics 
& benthic community response
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Bottom water hypoxia: oxygen dynamics 
& benthic community response 
Example: Crimean Shelf
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Bottom water hypoxia: oxygen dynamics 
& benthic community response 
Example: Crimean Shelf
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Monitoring hypoxia hot spots
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ask Jana for permission to show data plot she sent for the poster



Monitoring hypoxia hot spots 
Example: Romanian Shelf

Hypoxia threshold

May June AugustJuly

little change in O2 steady decrease in O
2
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e

rapid decrease

fluctuation in O2

J. Friedrich AWI, unpublished data
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Monitoring hypoxia hot spots 
Example: Romanian Shelf
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Photo A. Teaca, GeoEcoMar
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Modeling in HYPOX: hypoxia development 
and ecosystem response
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Numerical models: turning observations 
into predictions & generalizations
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Schematic: H. Stahl, SAMS

Numerical models: turning observations 
into predictions & generalizations 
Example: Loch Etive (observatory)
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Loch Etive Cabled Observatory online data, courtesy of H. Stahl, SAMS

Numerical models: turning observations 
into predictions & generalizations 
Example: Loch Etive (observations)
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Graph: Dmitry Aleynik, SAMS

Numerical models: turning observations 
into predictions & generalizations 
Example: Loch Etive (modeling domain)
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FVCOM run with unstructured grid. Courtesy of D. Aleynik, SAMS

Numerical models: turning observations 
into predictions & generalizations 
Example: Loch Etive (modeling results)



Conceptual models: 
ecosystem response to hypoxia
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Conceptual models: 
ecosystem response to hypoxia
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Drivers

Pressures

State

Impact Responses
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Conceptual models: 
ecosystem response to hypoxia 
Example: Sevastopol Bay

dr
iv

er
s

UWWT

industrial production

geographic setting 
limited exchange 

between the open sea 
and the bay

ports & 
harbours

pr
es

su
re

s

N, P runoff

climate change

sewage
advection, 

stratification,
reduced mixing

st
at

e 
ch

an
ge

eutrophication

organic 
matter 
input

change in pelagic and 
productivity

formation/break up 
of stratification

im
pa

ct

episodic 
hypoxia

periodic anoxia in 
near-bottom layer

decrease in 
oxygen

periodic 
hypoxia

seasonal
hypoxia

sy
st

em
 

re
sp

on
se

loss of 
habitats

trophic
changes benthic habitat

sediment-
water  flux 
of N, P, etc

change in oxygen 
dissolution

freshwater 
input

Inner Sevastopol Bay (Black Sea) 

....HYPOX modeling introduction                                 www.hypox.net



Dissemination of results
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Open access archiving: data publishing 
network “Pangaea” (www.pangaea.de)
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improved usability and advanced options: 
hypox data portal (www.hypox.net)
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improved usability and advanced options: 
hypox data portal (www.hypox.net)

....HYPOX results dissemination                                 www.hypox.net



Adding to the global system of systems: 
implementation in GEOSS
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Adding to the global system of systems: 
implementation in GEOSS
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HYPOX partners               EC grant 226213
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