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A review of literature pertaining to ecological effects of hypoxia and anoxia revealed that the oxygen budgets for major coastal ecosystems around the world have been adversely affected mainly through the process of eutrophication, which acts as an accelerant or enhancing factor to the development of hypoxia and anoxia.  All of these ecosystems have reported some type of monotonic decline in dissolved oxygen levels through time.  In many of these systems there is a strong correlation between human activities and declining dissolved oxygen (for example: Gulf of Mexico, TX-LA; Northern Adriatic Sea, Italy-Croatia; Kattegat, Sweden-Denmark). In others the linkage of human activity to hypoxia are less obvious (for example: Chesapeake Bay, MD-VA; Saanich Inlet, British Columbia; Port Hacking, Australia).  Many ecosystems now severely stressed by hypoxia appear to be near or at a threshold of imminent collapse (loss of fisheries, loss of biodiversity, alteration of food webs).  The northern Gulf of Mexico may be typical of these severely stressed ecosystems that are on the edge, currently burdened with sever annual hypoxia.  Over the last several decades this hypoxia, popularly know as the “dead zone”, has become a dominant forcing function in the northern Gulf of Mexico controlling the population dynamics of both benthic and pelagic species, and is also implicated as an agent in the decline of fisheries stocks.  The Black Sea is typical of ecosystems that have experienced hypoxia related collapsed of fisheries.  Since the 1960's increasing hypoxia and anoxia have been blamed for the replacement of the highly valued demersal fish species with less desirable planktic omnivores.  Of the 26 commercial species fished in the 1960's only 6 still support a fishery.

It is clear that no other environmental variable of such ecological importance to estuarine and coastal marine ecosystems around the world has changed so drastically, in such a short period of time, as dissolved oxygen.  While hypoxic and anoxic environments have existed through geological time, their occurrence in estuarine and coastal areas clearly are rapidly increasing, most likely accelerated by human activities.  

The importance of oxygen as an ecological factor for maintaining populations, of fisheries related species, can not be over emphasized.  The seriousness of hypoxia and anoxia as environmental issues that must be effectively dealt now is best expressed by the motto of the American Lung Association:  “If you can not breath, nothing else matters.”

Hypoxia - what is it?

Oxygen is necessary to sustain the life of all fishes and invertebrates.  In aquatic environments, oxygen from air dissolves into water and supplies the respiration needs of all animals, including those that swim or move about the bottom and those that have a sedentary life.  Once dissolved into surface waters, the normal condition is for dissolved oxygen to be mixed down into bottom waters.  When the supply of oxygen to the bottom is cut off or the consumption rate exceeds resupply, oxygen concentrations become to low to sustain animal life.  This condition of low dissolved oxygen is know as hypoxia.  The point at which various animals suffocate varies but generally effects start to appear when oxygen drops below 2 ml O2/l, for sea water this is only about 25% of what it should be.  As a point of reference, air is about 200 ml O2/l.  Anoxia is the complete absence of oxygen.  The two principal factors that lead to the development of hypoxia, sometimes leading to anoxia, are water column stratification that isolates the bottom water from exchange with oxygen rich surface water and decomposition organic matter in the bottom water that reduces oxygen levels.

The link to nutrients and eutrophication

The increasing input of anthropogenic nutrients to many coastal areas over the last several decades has been suggested as the main contributor to more recently declining trends in bottom water oxygen concentrations around the world.  Many studies have demonstrated a correlation through time between population growth, increased nutrient discharges, increased primary production in coastal areas, and finally, increased occurrence of hypoxia and anoxia.  The Gulf of Trieste, Northern Adriatic Sea, is a good example of this connection.  Oxygen measurements from early in this century indicated that oxygen concentrations in bottom waters were always high.  The current state of sever annual hypoxia in this region has been reached gradually over a period of about 25 years as a direct result of increased sedimentation of organic matter from phytoplankton blooms fueled by excess nutrients coming out of the Po River, Italy.  

The global picture

Up to the 1950's, reports of mass mortality of marine animals caused by lack of oxygen were limited to systems that already had histories of oxygen stress, such as Mobil Bay, AL.  Starting in the 1960’s the number of systems reporting hypoxia related problems increased.  A summary of coastal bays and seas that are experiencing excess nutrient related hypoxia is presented in Table I.  Details of events that lead to development of hypoxia in these systems will be discussed in the presentation.

Conclusions

Oxygen deficiency (hypoxia and anoxia) may very well be the most wide-spread anthropogenically induced deleterious effect in estuarine and marine environments around the world that causes mortality of bottom dwelling fauna, including fisheries species.  Over the last 15 to 20 years the number of coastal areas with seasonal hypoxia in the bottom water is spreading rapidly and the main cause for this is suggested to be delivery of excess nutrient to the system, eutrophication.  A future global warming may accelerate these effects and enlarge the areas that are affected.

TABLE  I

Summary of benthic effects for hypoxic systems around the world.  Several of these systems also experience anoxia.  In the case of many fjords there is an anoxic zone within which no macrofauna occur.  The absence of fauna from these anoxic zones is not considered a community response but a consequence of stable anoxia.  Hypoxia is typed as: Aperiodic, events that are known to occur at irregular intervals greater than a year;  Periodic, events occurring at regular intervals shorter than a year;  Seasonal, yearly events related to summer or autumnal stratification;  Persistent, year round hypoxia.  Levels of hypoxia are: Moderate, oxygen decline to about 0.5 ml/l;  Severe, decline to near anoxic levels, could also become anoxic.  Time trends of hypoxia, area and or intensity, for the systems are:  - = Improving conditions;  + = Gradually increasing;  ++ = Rapidly increasing;  0 = Stable;  . = No temporal data.  Benthic community response is categorized as:  None, communities appear similar before and after hypoxic event;  Mortality, moderate reductions of populations, many species survive;  Mass Mort., drastic reduction or elimination of the benthos.  Benthic recovery is: No Change, dynamics appear unrelated to hypoxia;  Some, recolonization occurs but community does not return to prehypoxic structure;  Slow, gradual return of community structure taking more than a year;  Annual, recolonization and return of community structure within a year.
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New York Bight, New Jersey
Aperiodic
Severe
.
Mass Mort.
Slow
Surf Clam losses
Shallow Texas Shelf
Aperiodic
Severe
+
Mass Mort.
Slow
Stressed

Deep Texas Shelf
Aperiodic
Moderate
0?
Mortality
Annual
Stressed

German Bight, North Sea
Aperiodic
Mod./Severe
+
Mass Mort.
Annual
.

Sommone Bay, France
Aperiodic
Severe
+?
Mass Mort.
Slow
Collapse of Cockle fishery

North Sea, W. Denmark
Aperiodic
Severe
+
Mortality
Annual
Stressed

New Zeland
Aperiodic
Severe
.
Mass Mort.
.
Stressed

York River, Virginia
Periodic
Mod./Severe
0
None
No Change
Stressed

Rappahannock River, Virginia
Periodic
Severe
+
Mortality
Annual
Stressed

Long Island Sound, New York
Seasonal
Severe
+
?
?
Lobsters displaced

Main Chesapeake Bay, Maryland
Seasonal
Severe
+
Mortality
Annual
Stressed

Pamlico River, North Carolina
Seasonal
Severe
.
Mass Mort.
Annual
.

Mobile Bay, Alabama
Seasonal
Severe
0
Mass Mort.
?
Stressed

Hillsborough Bay, Florida
Seasonal
Severe
.
Mass Mort.
Annual
.

Perdido Bay, Florida
Seasonal
Severe
.
Mass Mort.
Annual
.

Louisianna Shelf
Seasonal
Mod./Severe
+
Mortality
Annual
Stressed

Saanich Inlet, British Columbia
Seasonal
Mod./Severe
0
Mortality
Annual
.

Bornholm Basin, S. Baltic
Seasonal
Mod./Severe
+*
Mass Mort.
Slow
.

Kiel Bay, Germany
Seasonal
Severe
+
Mass Mort.
Annual
Stressed

German Bight, North Sea
Seasonal
Severe
+?
Mortality
Annual
Stressed

Lough Ine, Scotland
Seasonal
Severe
0
Mass Mort.
Annual
.

Århus Bay, Denmark
Seasonal
Severe
+
Mass Mort.
Slow
.

Limfjord, Denmark
Seasonal
Severe
+
Mass Mort.
Annual
None

Kattegat, Sweden-Denmark
Seasonal
Mod./Severe
++
Mass Mort.
Slow
Collapse Norway Lobster

Laholm Bay, Sweden
Seasonal
Severe
++
Mortality
Annual
Stressed

Gullmarsfjord, Sweden
Seasonal
Severe
+
Mass Mort.
Annual
Stressed

Swedish West Coast Fjords
Seasonal
Severe
++
Mortality
Some
Stressed

Oslofjord, Norway
Seasonal
Mod./Severe
+
Mortality
Annual
Reduced

Gulf of Trieste, Adriatic
Seasonal
Severe
++
Mass Mort.
Slow
Stressed

Elefsis Bay, Aegean Sea
Seasonal
Severe
.
Mass Mort.
Annual
.

Black Sea NW Shelf
Seasonal
Severe
++
Mass Mort.
Annual
Reduced

Port Hacking, Australia
Seasonal
Severe
.
Mortality
Annual
.

Tolo Harbor, Hong Kong
Seasonal
Severe
.
Mass Mort.
Annual
.

Seto Inland Sea, Japan
Seasonal
Moderate
.
Mortality
Annual
.

Tome Cove, Japan
Seasonal
Severe
.
Mortality
Annual
.

Japan, All Major Harbors
Seasonal
Severe
++
Mass Mort.
?
Reduced

Yellow Sea, China
Seasonal
Severe
?
?
?
.

Agean Sea
Seasonal
Severe
?
?
?
.

Sea of Azov
Seasonal
Severe
+
Mass Mort.
?
Reduced

Loch Creran, Scotland
Persistent
Severe
0
Mass Mort.
No Change
.


Byfjord, Sweden
Persistent
Severe
0
Mortality
Some
Pelagic only

Idefjord, Sweden-Norway
Persistent
Severe
+#
Mortality
Some
.

Baltic Sea, Central
Persistent
Severe
++
Mortality
Some
Stressed

Gulf of Finland, Deep
Persistent
Mod./Severe
-
Reduced
Slow
.

Black Sea (except NW shelf)
Persistent
Severe
+
No Benthos
No Change
Pelagic only

Caspian Sea
Persistent
Mod./Severe
0
Mortality
Some?
.

Fosa de Cariaco, Venezuela
Persistent
Severe
.
Reduced
No Change
.
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* These systems are currently in a persistent hypoxic state.

#  Recent imporvements in oxygen concentrations due to pollution abatement.

