TPO 28 — 1 Groundwater
H R K

Most of the world's potable water-freshwater suitable for drinking-is accounted for by
groundwater, which is stored in the pores and fractures in rocks. There is more than 50 times
as much freshwater stored underground than in all the freshwater rivers and lakes at the
surface. Nearly 50 percent of all groundwater is stored in the upper 1,000 meters of Earth. At
greater depths within Earth, the pressure of the overlying rock causes pores and cracks to
close, reducing the space that pore water can occupy, and almost complete closure occurs
at a depth of about 10 kilometers. The greatest water storage, therefore, lies near the surface.
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Groundwater is stored in a variety of rock types. A groundwater reservoir from which water
can be extracted is called an aquifer. We can effectively think of an aquifer as a deposit of
water. Extraction of water depends on two properties of the aquifer: porosity and permeability.
Between sediment materials (such as sand or small rocks) that are deposited by water, wind,
or glacial ice grains are spaces that can be filled with water. This pore space is known as
porosity and is expressed as a percentage of the total rock volume. Porosity is important for
water-storage capacity, but for water to flow through rocks, the pore spaces must be
connected. The ability of water, or other fluids, to flow through the interconnected pore spaces
in rocks is termed permeability. Fractures and joints have very high permeability. In the
intergranular spaces of rocks, however, fluid must flow around and between grains in a
tortuous path; this winding path causes a resistance to flow. The rate at which the flowing
water overcomes this resistance is related to the permeability of rock.
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Sediment sorting and compaction influence permeability and porosity. The more poorly sorted
or the more tightly compacted a sediment is, the lower its porosity and permeability.
Sedimentary rocks-the most common rock type near the surface-are also the most common
reservoirs for water because they contain the most space that can be filled with water.
Sandstones generally make good aquifers, while finer-grained mudstones are typically
impermeable. Impermeable rocks are referred to as aquicludes. Igneous and metamorphic
rocks are more compact, commonly crystalline, and rarely contain spaces between grains.
However, even igneous and metamorphic rocks may act as groundwater reservoirs if
extensive fracturing occurs in such rocks and if the fracture system is interconnected.
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The water table is the underground boundary below which all the cracks and pores are filled
with water. In some cases, the water table reaches Earth's surface, where it is expressed as
rivers, lakes, and marshes. [ 1 Typically, though, the water table may be tens or hundreds
of meters below the surface. [ 1 The water table is not flat but usually follows the contours
of the topographythe shape of a surface such as Earth's, including the rise and fall of such
features as mountains and valleys . [] Above the water table is the vadose zone, through
which rainwater percolates. [ Water in the vadose zone drains down to the water table,
leaving behind a thin coating of water on mineral grains. The vadose zone supplies plant
roots near the surface with water.
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Because the surface of the water table is not flat but instead rises and falls with topography,
groundwater is affected by gravity in the same fashion as surface water. Groundwater flows
downhill to topographic lows. If the water table intersects the land surface, groundwater will
flow out onto the surface at springs, either to be collected there or to subsequently flow farther



along a drainage. Groundwater commonly collects in stream drainages but may remain
entirely beneath the surface of dry stream-beds in arid regions. In particularly wet years, short
stretches of an otherwise dry stream-bed may have flowing water because the water table
rises to intersect the land surface.
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TPO 28 — 2 Early Saharan Pastoralists
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The Sahara is a highly diverse, albeit dry, region that has undergone major climatic changes
since 10,000 B.C. As recently as 6000 B.C., the southern frontier of the desert was far to the
north of where it is now, while semiarid grassland and shallow freshwater lakes covered much
of what are now arid plains. This was a landscape where antelope of all kinds abounded-
along with Bos primigenius, a kind of oxen that has become extinct. The areas that are now
desert were, like all arid regions, very susceptible to cycles of higher and lower levels of
rainfall, resulting in major, sudden changes in distributions of plants and animals. The people
who hunted the sparse desert animals responded to drought by managing the wild resources
they hunted and gathered, especially wild oxen, which had to have regular water supplies to
survive.
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Even before the drought, the Sahara was never well watered. Both humans and animals were
constantly on the move, in search of food and reliable water supplies. Under these
circumstances, archaeologist Andrew Smith believes, the small herds of Bos primigenius in
the desert became smaller, more closely knit breeding units as the drought took hold. The
beasts were more disciplined, so that it was easier for hunters to predict their habits, and
capture animals at will. At the same time, both cattle and humans were more confined in their
movements, staying much closer to permanent water supplies for long periods of time. As a
result, cattle and humans came into close association.
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Smith believes that the hunters were well aware of the more disciplined ways in which their
prey behaved. [ linstead of following the cattle on their annual migrations, the hunters began
to prevent the herd from moving from one spot to another. [1] At first, they controlled the
movement of the herd while ensuring continuance of their meat diet. [] But soon they also
gained genetic control of the animals, which led to rapid physical changes in the herd. [1]
South African farmers who maintain herds of wild eland (large African antelopes with short,
twisted horns) report that the offspring soon diminish in size, unless wild bulls are introduced
constantly from outside. The same effects of inbreeding may have occurred in controlled
cattle populations, with some additional, and perhaps unrecognized, advantages. The newly
domesticated animals behaved better, were easier to control, and may have enjoyed a higher
birth rate, which in turn yielded greater milk supplies. We know from rock paintings deep in
the Sahara that the herders were soon selecting breeding animals to produce offspring with
different horn shapes and hide colors.
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It is still unclear whether domesticated cattle were tamed independently in northern Africa or
introduced to the continent from Southwest Asia. Whatever the source of the original tamed
herds might have been, it seems entirely likely that much the same process of juxtaposition
(living side by side) and control occurred in both Southwest Asia and northern Africa, and
even in Europe, among peoples who had an intimate knowledge of the behavior of wild cattle.
The experiments with domestication probably occurred in many places, as people living in
ever-drier environments cast around for more predictable food supplies.
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The cattle herders had only a few possessions: unsophisticated pots and polished adzes
(cutting tools with blades set at right angles to the handle). They also hunted with bow and
arrow. The Saharan people left a remarkable record of their lives painted on the walls of



caves deep in the desert. Their artistic endeavors have been preserved in paintings of wild
animals, cattle, goats, humans, and scenes of daily life that extend back perhaps to 5000
B.C. The widespread distribution of pastoral sites of this period suggests that the Saharans
ranged their herds over widely separated summer and winter grazing grounds.
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About 3,500 B.C., climatic conditions again deteriorated. The Sahara slowly became drier
and lakes vanished. On the other hand, rainfall increased in the interior of western Africa, and
the northern limit of the tsetse fly, an insect fatal to cattle, moved south. So the herders
shifted south, following the major river systems into savanna regions. By this time, the
Saharan people were probably using domestic crops, experimenting with such summer
rainfall crops as sorghum and millet as they moved out of areas where they could grow
wheat, barley, and other Mediterranean crops.
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TPO 28 — 3 Buck Rubs and Buck Scrapes
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A conspicuous sign indicating the presence of white-tailed deer in a woodlot is a buck rub.
[ 1 Amale deer makes a buck rub by stripping the bark (outer layer) of a small tree with its
antlers. [ ] When completed, the buck rub is an obvious visual signal to us and presumably
to other deer in the area. [] Arub is usually located at the shoulder height of a deer (one
meter or less above the ground) on a smooth-barked, small-diameter (16—25 millimeters) tree.
[ 1 The smooth bark of small red maples makes this species ideal for buck rubs in the forests

of the mid-eastern United States.
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Adult male deer usually produce rubs in late summer or early autumn when the outer velvet
layer is being shed from their antlers. Rubs are created about one to two months before the
breeding season (the rut). Hence for a long time biologists believed that male deer used buck
rubs not only to clean and polish antlers but also to provide practice for the ensuing male-to-
male combat during the rut. However, biologists also noted that deer sniff and lick an
unfamiliar rub, which suggests that this visual mark on a small tree plays an important
communication purpose in the social life of deer.
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Buck rubs also have a scent produced by glands in the foreheads of deer that is transferred
to the tree when the rub is made. These odors make buck rubs an important means of
olfactory communication between deer. The importance of olfactory communication (using
odors to communicate) in the way of life of deer was documented by a study of captive adult
mule deer a few decades ago, which noted that males rubbed their foreheads on branches
and twigs, especially as autumn approached. A decade later another study reported that adult
male white-tailed deer exhibited forehead rubbing just before and during the rut. It was found
that when a white-tailed buck makes a rub, it moves both antlers and forehead glands along
the small tree in a vertical direction. This forehead rubbing behavior coincides with a high
level of glandular activity in the modified scent glands found on the foreheads of male deer;




the glandular activity causes the forehead pelage (hairy covering) of adult males to be
distinctly darker than in females or younger males.
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Forehead rubbing by male deer on buck rubs presumably sends a great deal of information
to other members of the same species. First, the chemicals deposited on the rub provide
information on the individual identity of an animal; no two mammals produce the same scent.
For instance, as we all know, dogs recognize each other via smell. Second, because only
male deer rub, the buck rub and its associated chemicals indicate the sex of the deer
producing the rub. Third, older, more dominant bucks produce more buck rubs and probably
deposit more glandular secretions on a given rub. Thus, the presence of many well-marked
rubs is indicative of older, higher-status males being in the general vicinity rather than simply
being a crude measure of relative deer abundance in a given area. The information conveyed
by the olfactory signals on a buck rub make it the social equivalent of some auditory signals
in other deer species, such as trumpeting by bull elk.
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Because both sexes of whitetails respond to buck rubs by smelling and licking them, rubs
may serve a very important additional function. Fresher buck rubs (less than two days old),
in particular, are visited more frequently by adult females than older rubs. In view of this
behavior it has been suggested that chemicals present in fresh buck rubs may help




physiologically induce and synchronize fertility in females that visit these rubs. This would
be an obvious advantage to wide-ranging deer, especially to a when courting several adult
females during the autumn rut. Another visual signal produced by white-tailed deer is termed
a buck scrape. Scrapes consist of a clearing (about 0.5 meter in diameter) and shallow
depression made by pushing aside the leaves covering the ground; after making the scrape,
the deer typically urinates in the depression. Thus, like a buck rub, a scrape is both a visual
and an olfactory signal. Buck scrapes are generally created after leaf-fall in autumn, which is
just before or during the rut. Scrapes are usually placed in open or conspicuous places, such
as along a deer trail. Most are made by older males, although females and younger males
(2.5 years old or less) occasionally make scrapes.
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