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A Spreading Matrix of Trouble: Multiple, Interacting Threats to the Ecosystem

Below are 12 of the worst pressures that we are inflicting on the planet and on ourselves.  The lines show a few of the ways in which these forces interact.  See the numbered key for each of the combinations indicated.  Note that neither the list of pressures nor the set of interactions is inclusive – if your background is in environmental studies, you will almost certainly be able to extend the matrix.
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1

Climatic change + UV:  Greenhouse-forced warming of the lower atmosphere may cause a cooling of the stratosphere, especially over the Arctic.  (Major air currents may shift, and block the warmer surface air from moving North and up.)  A cooling stratosphere will exacerbate damage to the ozone layer because the colder it is, the more effective CFCs become at breaking down ozone.  The ozone layer over the Arctic could grow progressively thinner as warming proceeds.

2
Climatic change + acid rain + UV:  In eastern Canada, two decades of mild drought and a slight warming trend have reduced streamflow into many of the region’s lakes.  The lake water has grown clearer, since the weakened streams are washing in less organic debris.  The clearer water allows UV radiation to penetrate more deeply – at a time when more UV light is striking the lakes in the first place, because of the deterioration of the ozone layer.  (UV light can injure fish and other aquatic organisms just as it injures humans.)  Acid rain, which affects northern lakes in both Canada and Eurasia, causes even more organic matter to precipitate out of the water, further opening the lakes to UV light.  In some lakes, the overall effect may be to increase the depth of the UV penetration from 10-30 centimeters to over 3 meters.

3

Climate change + alteration of fire cycles:  The fire ecology of forests all over the world is in a profound state of flux; we have introduced fire into some tropical rainforests that do not naturally burn at all, while in many temperate forests, where fire is essential for maintaining the native plant community, we have suppressed it.  Climate change will probably cause further instability in fire cycles, as some regions become drier and others wetter.  The results cannot be predicted, but are unlikely to favor original forest composition.  If the overall rate of burning increases, that could create a positive feedback loop in the climate cycle, by releasing even greater quantities of heat-trapping carbon into the atmosphere.

4

Climate change + N pollution:  As a factor in the decline of some temperate-zone forests, nitrogen pollution is probably reducing their capacity to absorb carbon from the atmosphere.

5
Climate change + acid rain + UV + tropospheric ozone + bioinvasion + alteration of fire cycles + N pollution: This complex of pressures is pushing eastern North American forests into decline. The air they breathe is poisoning them. The water bathes them in acid. The soil is growing toxic. Their “immune system” is being compromised – making them more susceptible to native pests They are gnawed by exotic pests. The climate to which they are adapted is likely to shift. 

The major cause of the forest problem is the disruption of the nitrogen cycle by nitrogen oxides from pollution and the release of fixed nitrogen.  Nitric oxide produces ozone which is good in the stratosphere where it screens UV radiation but is bad in the troposphere where it is a major component of smog. Ozone “bleaches” leaves – reduces flower, pollen, and seed production and, therefore, hinders reproduction of trees. Ozone combines with UV radiation to burn and scar needles of white pines, and ozone correlates strongly with hickory and oak die-off.  Continual ozone exposure can reduce photosynthesis to the point at which trees can’t grow enough roots to support themselves. Airborne nitrogen oxides contribute to acid rain which also contains sulfuric acid.  Decades of acid rain has leached out the soil’s stock of calcium and magnesium, slowing the tree’s metabolism.  Acid rain hasn’t just made soil less nutritious, but also more toxic: freeing aluminum in the soil.  Unbound aluminum is toxic.  Pollution has also increased heavy metals in the soil: cadmium, lead, and mercury.

6

Climate change + habitat loss + bioinvasion + N pollution + overfishing: This set of pressures is pushing the world’s coral reefs into decline.  Coral is very vulnerable to heat stress and the unusually high sea surface temperatures have damaged this biome. The heat can cause bleaching of coral (expelling the algae it depends on for feeding. Bleaching has triggered outbreaks of the crown-of-thorns starfish, a coral predator that is destroying coral communities. Overfishing promotes the starfish by removing natural predators. Nitrogen pollution is as toxic to coral as it is to temperate forests. Nitrogen pollution has tripled the occurrence of low-oxygen dead zones in coastal ocean waters over the past 30 years, promoting the emergence of red tide organisms. (Over the past decade, the number of algae species known to be toxic has increased from around 20 to at least 85.)  

7

Climate change + N pollution + infectious disease: Cool weather often limits the ranges of mosquitoes and other insects that carry human pathogens.  Even relatively slight increases in minimum temperatures can admit a pest into new areas.  Warm coastal ocean water, especially when it’s nitrogen polluted, creates habitat for cholera.

8

Habitat loss + population growth: In 1998, the flooding of China’s Yangtze River did $30 billion in damages, displaced 223 million people, and killed another 3,700.  The flooding was not wholly a natural event: with 85 percent of its forest cover gone, the Yangtze basin no longer had the capacity to absorb the heavy rains.  (Forests are like immense sponges – they hold huge quantities of water.) And the densely settled floodplain guaranteed that the resulting monster flood would find millions of victims.  (See “Record Year for Weather-Related Disaster,” 27 November 1998, at www.worldwatch.org/alerts/index.)

9

Freshwater diversion + N pollution: Extensive irrigation can turn an arid region into productive cropland, but chemical fertilization is likely to follow and make the fields a source of nitrous oxide.

10

Bioinvasion + Persistent Organic Pollutants: In the Great Lakes, exotic zebra mussels are ingesting dangerous organochlorine pesticides and other persistent organic chemicals that have settled into the loose, lake-bottom muck.  Once in the zebra mussels, the chemicals may move elsewhere in the food web.  Over the past decade or so, poisoning with such chemicals is also thought to be a factor in the growing susceptibility of marine mammals to the various epidemics that have emerged here and there throughout the world’s oceans.

11

Bioinvasion + N pollution: Nitrogen pollution of grassland tends to favor the spread of aggressive exotic weeds.  Nitrogen pollution of forests tends to weaken tree defenses against pests, both exotic and native.

12

Population growth + infectious disease: Over the next half-century, the centers of population growth will be the crowded, dirty cities of the developing world.  These places are already breeding grounds for most of humanity’s deadliest pathogens: cholera, malaria, AIDS, and tuberculosis among them.  As the cities become more crowded, rates of infection are likely to grow and “overlapping infections” are likely to increase mortality rates.
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