TPO 36 — 1 Soil Formation
I AL

Living organisms play an essential role in soil formation. The numerous plants and animals
living in the soil release minerals from the parent material from which soil is formed, supply
organic matter, aid in the translocation(movement) and ]aeration of the soil, and help protect

the soil from erosion. The types of organisms growing or living in the soil greatly influence the
soil's physical and chemical characteristics. In fact, for mature soils in many parts of the
world, the predominant type of natural vegetation is considered the most important direct
influence on soil characteristics. For this reason, a soil scientist can tell a great deal about
the attributes of the soil in any given area simply from knowing what kind of flora the soil

supports. Thus prairies and tundra regions, which-have-characteristic vegetations; also have

characteristic soils.’*\
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The quantity and total weight of soil flora generally exceed that of soil fauna. By far the
most numerous and smallest of the plants living in soil are bacteria. Under favorable
conditions, a million or more of these tiny, single-celled plants can inhabit each cubic
centimeter of soil. It is the bacteria, more than any other organisms, that enable rock or other
parent material to undergo the gradual transformation to soil. Some bacteria produce organic
acids that directly attack parent material, breaking it down and releasing plant nutrients.

Others decompose organic ]Iitter (debris) to form humus (nutrient-rich organic matter). A third
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group of bacteria inhabits the root systems of plants called legumes. These include many
important agricultural crops, such as alfalfa, clover, soybeans, peas, and peanuts. The
bacteria that legumes host within their root nodules (small swellings on the root) change
nitrogen gas from the atmosphere into nitrogen compounds that plants are able to metabolize,
a process, known as nitrogen fixation, that makes the soil more fertile. Other microscopic
plants also are important in soil development. For example, in highly acidic soils where few
bacteria can survive, fungi frequently become the chief decomposers of organic matter. ]*]
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More complex forms of vegetation play several vital roles with respect to the soil. Trees,
grass, and other large plants supply the bulk of the soil's humus. The minerals released
as these plants decompose on the surface constitute an important nutrient source for
]succeeding generations of plants as well as for other soil organisms. In addition, trees can

extend their roots deep within the soil and bring up nutrients from far below the surface. These
nutrients eventually enrich the surface soil when the tree drops its leaves or when it dies and
decomposes. Finally, trees perform the vital function of slowing water runoff and holding the
soil in place with their root systems, thus combating erosion. The increased erosion thateften

accompanies—agticuitural-tse—of-slepingtand is principally caused by the removal of its

protective cover of natural vegetation. ’*\
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Animals also influence soil composition. The faunal counterparts of bacteria are protozoa.
These single-celled organisms are the most numerous representatives of the animal
kingdom, and, like bacteria, a million or more can sometimes inhabit each cubic centimeter
of soil. Protozoa feed on organic matter and hasten its decomposition. Among other soil-
dwelling animals, the earthworm is probably the most important. Under exceptionally
favorable conditions, up to a million earthworms (with a total body weight exceeding 450
kilograms) may inhabit an acre of soil. Earthworms ingest large quantities of soil,
chemically alter it, and excrete it as organic matter called casts. The casts form a high-quality
natural fertilizer. In addition, earthworms mix soil both vertically and horizontally, improving
aeration and drainage. ]*\
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Insects such as ants and termites also can be ]exceedingly \numerous under favorable

climatic and soil conditions. In addition, mammals such as moles, field mice, gophers, and
prairie dogs sometimes are present in sufficient numbers to have significant impact on the
soil. These animals primarily work the soil [mechanically. As a result, the soil is aerated,

broken up, fertilized, and brought to the surface, hastening soil development. ]*‘ 77777777777777777777777777777777777
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TPO 36 — 2 Early Ideas about Deep-sea Biology
REga s/ W

In 1841 Edward Forbes was offered the chance to serve as naturalist aboard HMS Beacon,

an English Royal Navy ship assigned to survey the Aegean Sea. For a year and a half the
Beacon [risscrossed the Aegean waters. During that time Forbes was able to drag his small,

triangular dredge-a tool with a leather net for capturing creatures along the sea bottom-at a
hundred locations, at depths ranging from 6 to 1,380 feet. He collected hundreds of different
species of animals, and he saw that they were distributed in eight different depth zones, each

containing its own distinct @ssemblage of animal life, the wayl zones of elevation on the side

of a mountain are populated by distinct sets of plants. ‘*‘
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Forbes also thought he saw, as he later told the British Association, that "the number of
species and individuals diminishes as we descend, pointing to a zero in the distribution of
animal life as yet unvisited." This zero, Forbes casually speculated-he simply extended a line
on his graph of animal number versus depth-probably began at a depth of 1,800 feet. Below
that was the final zone in Forbes's scheme, zone nine, a zone that covered most of the ocean
floor and thus most of the solid surface of Earth: Forbes called this the azoic zone, where no
animal, to say nothing of plants, could survive.
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Forbes's azoic zone was entirely \plausible \at the time, and it was certainly far from the
strangest idea that was then entertained about the deep sea. In the first decade of the
nineteenth century, a French naturalist named Francois Péron had sailed around the world
measuring the temperature of the ocean. He found that the deeper the water, the colder it
got, and he concluded that the seafloor was covered with a thick layer of ice. Péron ignored
the fact that water expands when it freezes and that ice therefore floats._ A more popular
belief at the time was that water at great depth would be compressed to such a density that
nothing could sink through it. This ignored the fact that water is all but incompressible. But
even the more sensible naturalists of the day were guilty of a similar misconception. They
imagined the deep sea as being filled with an unmoving and undisturbable pool of cold, dense
water. In reality the deep is always being refreshed by cold water sinking from above. ]*’
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The central implication of all these misconceptions was that nothing could live in the gbyss |

(deep), just as Forbes's observations seemed to indicate. But Forbes erred in two ways. One
was the particular study site he happened to use as a springboard for his sweeping postulate
of a lifeless abyss. Although the Aegean had been the birthplace of marine biology, its depths
are now known to be ]exceptionally lacking in animal diversity. Moreover, through no fault
of his own, Forbes was not particularly successful at sampling such life as did exist at the
bottom of the Aegean. It was his dredge that was inadequate. Its opening was so small and
the holes in the net so large that the dredge inevitably missed animals. Many of those it did
catch must have poured out of its open mouth when Forbes reeled it in. His azoic zone, then,
was a plausible but wild ]extrapolation ﬁrom pioneering but feeble data. ]*\
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As it turned out, the existence of the azoic zone had been disproved even before Forbes
suggested it, and the theory continued to be contradicted reqularly throughout its long and
influential life. Searching for the Northwest Passage from the Atlantic to the Pacific in 1818,
Sir John Ross had lowered his "deep-sea clam"-a sort of ]bivalved \sediment ]scoop-into the

waters of Baffin Bay(an nlet between the Atlantic and Arctic oceans), which he determined

to be more than a thousand fathoms deep in some places. Modern soundings indicate he

overestimated his depths by several hundred fathoms, but in any case Ross's clam dove |

several times deeper than Forbes's dredge. It brought back mud laced with worms, and

starfish that had entangled themselves in the line at depths well below the supposed |

boundary of the azoic zone. ‘*\
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TPO 36 — 3 Industrial Melanism: The Case of the Peppered Moth
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The idea of natural selection is that organisms in a species that have characteristics favoring
survival are most likely to survive and produce offspring with the same characteristics.
Because the survival of organisms with particular characteristics is favored over the survival
of other organisms in the same species that lack these characteristics, future generations of
the species are likely to include more organisms with the favorable characteristics. ]*\ 77777777777777777777
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One of the most thoroughly analyzed examples of natural selection in operation is the
change in color that has occurred in certain populations of the peppered moth, Biston
betularia, in industrial regions of Europe during the past 100 years. Originally moths were
uniformly jpale gray or whitish in color; dark-colored (melanic)individuals were rare and made

up less than 2 percent of the population. Over a period of decades, dark-colored forms

became an increasingly large fraction jof some populations and eventually came to dominate

peppered moth populations in certain areas-especially those of extreme industrialization such

as the Ruhr Valley of Germany and the Midlands of England. Coal from industry released
large amounts of black soot into the environment, but the increase of the dark-colored
forms was not due to genetic mutations caused by industrial pollution. For example,
caterpillars that feed on soot-covered leaves did not give rise to dark-colored adults. Rather,
pollution promoted the survival of dark forms on soot-covered trees. Melanics were normally
quickly eliminated in nonindustrial areas by adverse selection; birds spotted them easily. This
phenomenon, an increase in the frequency of dark-colored mutants in polluted areas, is
known as industrial melanism. The North American equivalent of this story is another moth,
the swettaria form of Biston cognataria, first noticed in industrialized areas such as
Chicago and New York City in the early 1900s. By 1961 it constituted over 90 percent of the
population in parts of Michigan. ]*\
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The idea that natural selection was responsible for the changing ratio of dark- to light-colored
peppered moths was developed in the 1950s by H.B.D.Kettlewell of Oxford University. If
natural selection was the explanation, then there should be different survival rates for dark-
and light-colored moths. To determine whether this was true, Kettlewell released thousands
of light and dark moths (each marked with a paint spot) into rural and industrialized areas.
In the nonindustrial area of Dorset, he recaptured 14.6 percent of the ]pale forms but only 4.7

percent of the dark forms. In the industrial area of Birmingham, the situation was reversed:
13 percent of pale forms but 27.5 percent of dark forms were recaptured. ]*\
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Clearly some environmental factor was responsible for the greater survival rates of dark
moths. Birds were predators of peppered moths. Kettlewell hypothesized that the normal pale
forms are difficult to see when resting on lichen-covered trees, whereas dark forms are
conspicuous. In industrialized areas, lichens are destroyed by pollution, tree barks become
darker, and dark moths are the ones birds have difficulty detecting. As a test, Kettlewell

set up hidden observation positions and watched birds Noraciously eat moths placed on tree

trunks of a contrasting color. The action of natural selection in producing a small but highly
significant step of evolution was seemingly demonstrated, with birds as the selecting force.
*
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Not every researcher has been convinced that natural selection by birds is the only
explanation of the observed frequencies of dark and light peppered moths. More recent data,
however, provide additional support for Kettlewell's ideas about natural selection. The light-
colored form of the peppered moth is making a strong [comeback!. In Britain, a Clean Air Act

was passed in 1965. Sir Cyril Clarke has been trapping moths at his home in Liverpool,

Merseyside, since 1959. Before about 1975, 90 percent of the moths were dark, but since
then there has been a steep decline in melanic forms, and in 1989 only 29.6 percent of the
moths caught were melanic. The mean concentration of sulphur dioxide pollution fell from
about 300 micrograms per cubic meter in 1970 to less than 50 micrograms per cubic meter
in 1975 and has remained fairly constant since then. If the spread of the light-colored form of
the moth continues at the same speed as the melanic form spread in the last century, soon

the melanic form will again be only an occasional resident of the Liverpool area. ]*\ 777777777777777777777777777
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