U3A Handout for weeks 1 and 2 John Todd — The Earth’s Biosphere

Week 1: Introduction (the biosphere is a very complex system)

The biosphere is a thin layer of land, ocean and atmosphere
surrounding the Earth. It extends about 10km above sea
level and about the same below sea level. Virtually all
living things on Earth (around 8.7 million different species)
live here. Humans make up an extremely tiny fraction of
life on Earth.

Given our basic needs for a healthy life (oxygen, fresh
water, food and shelter) we could live in balance with the
rest of the natural world if there weren’t quite so many of
us. However, our desire for industry, travel, land clearing,
‘luxury’ goods, and financial wealth means we are soiling
our own nest.

How many species on Earth? A good explanation of why this is not an easy answer in:
https://theconversation.com/how-many-species-on-earth-why-thats-a-simple-question-but-hard-to-answer-
114909

Human population, fossil fuel combustion and resource extraction took off around 1950.
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I had some questions regarding cosmic rays possibly contributing to DNA damage and so influencing
evolution. | think my memory failed me and | said it was neutrinos that were to blame — it is actually muons.
See for example (or search muons affecting DNA):
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2022.1067491/full

See other side
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Week 2: The Cycles Sustaining all Life on Earth

We start with some very brief thoughts on recycling (as opposed to ‘natural cycles’). Why do we recycle?
Because we are running out of convenient places for landfill (and ocean dumping didn’t work). Recycling is,
absolutely, a good thing, but saying to ourselves that because we put out recycling every week, we are
somehow saving the environment is a total fallacy. About 20% of what we put out goes to landfill anyway,
because it is ‘contaminated’.

Cyclic processes in the Biosphere and Lithosphere. In the Biosphere the continuous recycling of oxygen,
carbon, sulfur, etc. is relatively quick, from months to hundreds of years. In the Lithosphere the cycles take
much longer, hundreds of thousands to many million years. The Lithosphere allows very long-term storage
away from the atmosphere and oceans.

Carbon and Oxygen Cycles

We hear a lot about the carbon cycle these days because of climate change, but both cycles are crucial to all
life on Earth and have been for many millions of years (more on the carbon cycle in Week 4). The air, water
and earth support millions of living species which use oxygen (through chemical reactions) and carbon
dioxide (through photosynthesis) for growth and reproduction.

Roughly half of the O is recycled from CO; by the Prochlorococcus
ocean’s algae and bacteria and half by the land’s plants. These tiny bacteria
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This is an interesting web site (Smithsonian National Museum of Natural History) about phytoplankton and
algae in the ocean, just a quick read. Make sure you look at the short video about Prochlorococcus.
https://ocean.si.edu/ocean-life/plankton/every-breath-you-take-thank-ocean

There are many essential elements recycled by the biosphere. Here, we just have a brief look at sulfur and
clean water. You might want to look at some others including phosphorus, nitrogen, methane and nutrients.

One interesting aspect of the sulphur cycle:

Some ocean algae, including phytoplankton, accumulate DSMP (dimethylsulfoniopropionate) in their
bodies, some of this escapes as a gas, DMS (dimethyl sulphate), which then breaks down in air forming
cloud condensation nuclei (CCN). These promote the formation of clouds. When the algae get warmer they
produce more DMS which leads to more clouds which reflect solar energy and cool the ocean (this is a
negative feedback). So, these algae, in effect, modify the local climate to suit their ideal water temperature.
It is a very important example of living things modifying their physical environment.

Have a look at the Woods Hole Oceanographic Institute article (hopefully, it won’t confuse you further)
https://www.whoi.edu/oceanus/feature/dms--the-climate-gas-youve-never-heard-of/

Finally, the fresh-water cycle.

This is one cycle that most people are familiar with. Water is evaporated from the oceans, lakes, moist soils
etc. The resulting water vapour (gas) floats around in the air. When it cools, in the presence of CNN, it
forms tiny droplets of water. These tiny droplets scatter light and if there are lots of them they make it look
as if there is a solid cloud floating around in the sky. These bounce around, bumping into their neighbours
and becoming bigger until they get heavy enough to fall as rain. An apparently simple cycle, but ever so
important.
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