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(1)

NINETEENTH-CENTURY POLITICS IN THE UNITED STATES
The development of the modern presidency in the United States began
with Andrew Jackson who swept to power in 1829 at the head of the
Democratic Party and served until 1837. During his administration, he
immeasurably enlarged the power of the presidency. "The President is
the direct representative of the American people," he lectured the
Senate when it opposed him. "He was elected by the people, and is
responsible to them." With this declaration, Jackson redefined the
character of the presidential office and its relationship to the people.

During Jackson's second term, his opponents had gradually come
together to form the Whig party. Whigs and Democrats held different
attitudes toward the changes brought about by the market, banks, and
commerce. The Democrats tended to view society as a continuing
conflict between "the people”-farmers, planters, and workers-and a set
of greedy aristocrats. This "paper money aristocracy" of bankers and
investors manipulated the banking system for their own profit,
Democrats claimed, and sapped the nation's virtue by encouraging
speculation and the desire for sudden, unearned wealth. The Democrats
wanted the rewards of the market without sacrificing the features of a
simple agrarian republic. They wanted the wealth that the market offered
without the competitive, changing society; the complex dealing; the
dominance of urban centers; and the loss of independence that came
with it.

Whigs, on the other hand, were more comfortable with the market.
For them, commerce and economic development were agents of
civilization. Nor did the Whigs envision any conflict in society between
farmers and workers on the one hand and businesspeople and bankers
on the other. Economic growth would benefit everyone by raising
national income and expanding opportunity. The government's
responsibility was to provide a well-regulated economy that guaranteed
opportunity for citizens of ability.

Whigs and Democrats differed not only in their attitudes toward the
market but also about how active the central government should be in
people's lives. Despite Andrew Jackson's inclination to be a strong
President, Democrats as a rule believed in limited government.
Government's role in the economy was to promote competition by
destroying monopolies and special privileges. In keeping with this
philosophy of limited government, Democrats also rejected the idea that
moral beliefs were the proper sphere of government action. Religion and
politics, they believed, should be kept clearly separate, and they
generally opposed humanitarian legislation.

The Whigs, in contrast, viewed government power positively. They
believed that it should be used to protect individual rights and public
liberty, and that it had a special role where individual effort was
ineffective. By regulating the economy and competition, the government
could ensure equal opportunity. Indeed, for Whigs the concept of
government promoting the general welfare went beyond the economy. In
particular, Whigs in the northern sections of the United States also
believed that government power should be used to foster the moral
welfare of the country. They were much more likely to favor
social-reform legislation and aid to education.
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In some ways the social makeup of the two parties was similar. To be
competitive in winning votes, Whigs and Democrats both had to have
significant support among farmers, the largest group in society, and
workers. Neither party could win an election by appealing exclusively to
the rich or the poor. The Whigs, however, enjoyed disproportionate
strength among the business and commercial classes. Whigs appealed
to planters who needed credit to finance their cotton and rice trade in the
world market, to farmers who were eager to sell their surpluses, and to
workers who wished to improve themselves. Democrats attracted
farmers isolated from the market or uncomfortable with it, workers
alienated from the emerging industrial system, and rising entrepreneurs
who wanted to break monopolies and open the economy to newcomers
like themselves. The Whigs were strongest in the towns, cities, and
those rural areas that were fully integrated into the market economy,
whereas Democrats dominated areas of semisubsistence farming that
were more isolated and languishing economically.

)
THE EXPRESSION OF EMOTIONS

Joy and sadness are experienced by people in all cultures around the
world, but how can we tell when other people are happy or despondent?
It turns out that the expression of many emotions may be universal.
Smiling is apparently a universal sign of friendliness and approval.
Baring the teeth in a hostile way, as noted by Charles Darwin in the
nineteenth century, may be a universal sign of anger. As the originator of
the theory of evolution, Darwin believed that the universal recognition of
facial expressions would have survival value. For example, facial
expressions could signal the approach of enemies (or friends) in the
absence of language.

Most investigators concur that certain facial expressions suggest the
same emotions in all people. Moreover, people in diverse cultures
recognize the emotions manifested by the facial expressions. In classic
research Paul Ekman took photographs of people exhibiting the
emotions of anger, disgust, fear, happiness, and sadness. He then
asked people around the world to indicate what emotions were being
depicted in them. Those queried ranged from European college students
to members of the Fore, a tribe that dwells in the New Guinea highlands.
All groups, including the Fore, who had almost no contact with Western
culture, agreed on the portrayed emotions. The Fore also displayed
familiar facial expressions when asked how they would respond if they
were the characters in stories that called for basic emotional responses.
Ekman and his colleagues more recently obtained similar results in a
study of ten cultures in which participants were permitted to report that
multiple emotions were shown by facial expressions. The participants
generally agreed on which two emotions were being shown and which
emotion was more intense.

Psychological researchers generally recognize that facial
expressions reflect emotional states. In fact, various emotional states
give rise to certain patterns of electrical activity in the facial muscles and
in the brain. The facial-feedback hypothesis argues, however, that the
causal relationship between emotions and facial expressions can also
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work in the opposite direction. According to this hypothesis, signals from
the facial muscles ("feedback) are sent back to emotion centers of the
brain, and so a person's facial expression can influence that person's
emotional state. Consider Darwin's words: "The free expression by
outward signs of an emotion intensifies it. On the other hand, the
repression, as far as possible, of all outward signs softens our
emotions." Can smiling give rise to feelings of good will, for example,
and frowning to anger?

Psychological research has given rise to some interesting findings
concerning the facial-feedback hypothesis. Causing participants in
experiments to smile, for example, leads them to report more positive
feelings and to rate cartoons (humorous drawings of people or
situations) as being more humorous. When they are caused to frown,
they rate cartoons as being more aggressive.

What are the possible links between facial expressions and emotion?
One link is arousal, which is the level of activity or preparedness for
activity in an organism. Intense contraction of facial muscles, such as
those used in signifying fear, heightens arousal. Self-perception of
heightened arousal then leads to heightened emotional activity. Other
links may involve changes in brain temperature and the release of
neurotransmitters(substances that transmit nerve impulses). The
contraction of facial muscles both influences the internal emotional state
and reflects it. Ekman has found that the so-called Duchenne smile,
which is characterized by "crow’s feet" wrinkles around the eyes and a
subtle drop in the eye cover fold so that the skin above the eye moves
down slightly toward the eyeball, can lead to pleasant feelings.

Ekman’s observation may be relevant to the British expression “keep
a stiff upper lip”1 as a recommendation for handling stress. It might be
that a “stiff” lip suppresses emotional response -- as long as the lip is not
quivering with fear or tension. But when the emotion that leads to
stiffening the lip is more intense, and involves strong muscle tension,
facial feedback may heighten emotional response.

1. “Keep a stiff upper lip”: Avoid showing emotions in difficult situations

(3)
GEOLOGY AND LANDSCAPE

Most people consider the landscape to be unchanging, but Earth is a
dynamic body, and its surface is continually altering—slowly on the
human time scale, but relatively rapidly when compared to the great age
of Earth (about 4.5 billion years). There are two principal influences that
shape the terrain: constructive processes such as uplift, which create
new landscape features, and destructive forces such as erosion, which
gradually wear away exposed landforms.

Hills and mountains are often regarded as the epitome of
permanence, successfully resisting the destructive forces of nature, but
in fact they tend to be relatively short-lived in geological terms. As a
general rule, the higher a mountain is, the more recently it was formed;
for example, the high mountains of the Himalayas are only about 50
million years old. Lower mountains tend to be older, and are often the
eroded relics of much higher mountain chains. About 400 million years



The Official Guide to the TOEFL iBT Test Fifth Edition

ago, when the present-day continents of North America and Europe
were joined, the Caledonian mountain chain was the same size as the
modern Himalayas. Today, however, the relics of the Caledonian
orogeny (mountain-building period) exist as the comparatively low
mountains of Greenland, the northern Appalachians in the United
States, the Scottish Highlands, and the Norwegian coastal plateau.

The Earth's crust is thought to be divided into huge, movable
segments, called plates, which float on a soft plastic layer of rock. Some
mountains were formed as a result of these plates crashing into each
other and forcing up the rock at the plate margins. In this process,
sedimentary rocks that originally formed on the seabed may be folded
upwards to altitudes of more than 26,000 feet. Other mountains may be
raised by earthquakes, which fracture the Earth's crust and can displace
enough rock to produce block mountains. A third type of mountain may
be formed as a result of volcanic activity which occurs in regions of
active fold mountain belts, such as in the Cascade Range of western
North America. The Cascades are made up of lavas and volcanic
materials. Many of the peaks are extinct volcanoes.

Whatever the reason for mountain formation, as soon as land rises
above sea level it is subjected to destructive forces. The exposed rocks
are attacked by the various weather processes and gradually broken
down into fragments, which are then carried away and later deposited
as sediments. Thus, any landscape represents only a temporary stage
in the continuous battle between the forces of uplift and those of
erosion.

The weather, in its many forms, is the main agent of erosion. Rain
washes away loose soil and penetrates cracks in the rocks. Carbon
dioxide in the air reacts with the rainwater, forming a weak acid
(carbonic acid) that may chemically attack the rocks. The rain seeps
underground and the water may reappear later as springs. These
springs are the sources of streams and rivers, which cut through the
rocks and carry away debris from the mountains to the lowlands.

Under very cold conditions, rocks can be shattered by ice and frost.
Glaciers may form in permanently cold areas, and these slowly moving
masses of ice cut out valleys, carrying with them huge quantities of
eroded rock debris. In dry areas the wind is the principal agent of
erosion. It carries fine particles of sand, which bombard exposed rock
surfaces, thereby wearing them into yet more sand. Even living things
contribute to the formation of landscapes. Tree roots force their way into
cracks in rocks and, in so doing, speed their splitting. In contrast, the
roots of grasses and other small plants may help to hold loose soil
fragments together, thereby helping to prevent erosion by the wind.

(4)
FEEDING HABITS OF EAST AFRICAN HERBIVORES

Buffalo, zebras, wildebeests, topi, and Thomson’s gazelles live in huge
groups that together make up some 90 percent of the total weight of
mammals living on the Serengeti Plain of East Africa. They are all
herbivores (plant-eating animals), and they all appear to be living on the
same diet of grasses, herbs, and small bushes. This appearance,
however, is illusory. When biologist Richard Bell and his colleagues
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analyzed the stomach contents of four of the five species (they did not
study buffalo), they found that each species was living on a different part
of the vegetation. The different vegetational parts differ in their food
qualities: lower down, there are succulent, nutritious leaves; higher up
are the harder stems. There are also sparsely distributed, highly
nutritious fruits, and Bell found that only the Thomson’s gazelles eat
much of these. The other three species differ in the proportion of lower
leaves and higher stems that they eat: zebras eat the most stem matter,
wildebeests eat the most leaves, and topi are intermediate.

How are we to understand their different feeding preferences? The
answer lies in two associated differences among the species, in their
digestive systems and body sizes. According to their digestive systems,
these herbivores can be divided into two categories: the nonruminants
(such as the zebra, which has a digestive system like a horse) and the
ruminants (such as the wildebeest, topi, and gazelle, which are like the
cow). Nonruminants cannot extract much energy from the hard parts of
a plant; however, this is more than made up for by the fast speed at
which food passes through their guts. Thus, when there is only a short
supply of poor-quality food, the wildebeest, topi, and gazelle enjoy an
advantage. They are ruminants and have a special structure (the rumen)
in their stomachs, which contains microorganisms that can break down
the hard parts of plants. Food passes only slowly through the ruminant’s
gut because ruminating—digesting the hard parts—takes time. The
ruminant continually regurgitates food from its stomach back to its mouth
to chew it up further (that is what a cow is doing when “chewing cud”).
Only when it has been chewed up and digested almost to a liquid can
the food pass through the rumen and on through the gut. Larger
particles cannot pass through until they have been chewed down to
size. Therefore, when food is in short supply, a ruminant can last longer
than a nonruminant because it can derive more energy out of the same
food. The difference can partially explain the eating habits of the
Serengeti herbivores. The zebra chooses areas where there is more
low-quality food. It migrates first to unexploited areas and chomps the
abundant low-quality stems before moving on. It is a fast-in/fast-out
feeder, relying on a high output of incompletely digested food. By the
time the wildebeests (and other ruminants) arrive, the grazing and
trampling of the zebras will have worn the vegetation down. As the
ruminants then set to work, they eat down to the lower, leafier parts of
the vegetation. All of this fits in with the differences in stomach contents
with which we began.

The other part of the explanation is body size. Larger animals require
more food than smaller animals, but smaller animals have a higher
metabolic rate. Smaller animals can therefore live where there is less
food, provided that such food is of high energy content. That is why the
smallest of the herbivores, Thomson’s gazelle, lives on fruit that is very
nutritious but too thin on the ground to support a larger animal. By
contrast, the large zebra lives on the masses of low-quality stem
material.

The differences in feeding preferences lead, in turn, to differences in
migratory habits. The wildebeests follow, in their migration, the pattern of
local rainfall. The other species do likewise. But when a new area is
fueled by rain, the mammals migrate toward it in a set order to exploit it.
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The larger, less fastidious feeders, the zebras, move in first; the
choosier, smaller wildebeests come later; and the smallest species of all,
Thomson’s gazelle, arrives last. The later species all depend on the
preparations of the earlier one, for the actions of the zebra alter the
vegetation to suit the stomachs of the wildebeest, topi, and gazelle.

(5)

LOIE FULLER
The United States dancer Loie Fuller (1862-1928) found theatrical
dance in the late nineteenth century artistically unfulfilling. She
considered herself an artist rather than a mere entertainer, and she, in
turn, attracted the notice of other artists.

Fuller devised a type of dance that focused on the shifting play of
lights and colors on the voluminous skirts or draperies she wore, which
she kept in constant motion principally through movements of her arms,
sometimes extended with wands concealed under her costumes. She
rejected the technical virtuosity of movement in ballet, the most
prestigious form of theatrical dance at that time, perhaps because her
formal dance training was minimal. Although her early theatrical career
had included stints as an actress, she was not primarily interested in
storytelling or expressing emotions through dance; the drama of her
dancing emanated from her visual effects.

Although she discovered and introduced her art in the United States,
she achieved her greatest glory in Paris, where she was engaged by the
Folies Bergére in 1892 and soon became “La Loie,” the darling of
Parisian audiences. Many of her dances represented elements or
natural objects—Fire, the Lily, the Butterfly, and so on—and thus
accorded well with the fashionable Art Nouveau style, which
emphasized nature imagery and fluid, sinuous lines. Her dancing also
attracted the attention of French poets and painters of the period, for it
appealed to their liking for mystery, their belief in art for art's sake, a
nineteenth-century idea that art is valuable in itself rather than because
it may have some moral or educational benefit, and their efforts to
synthesize form and content.

Fuller had scientific leanings and constantly experimented with
electrical lighting (which was then in its infancy), colored gels, slide
projections, and other aspects of stage technology. She invented and
patented special arrangements of mirrors and concocted chemical dyes
for her draperies. Her interest in color and light paralleled the research
of several artists of the period, notably the painter Seurat, famed for his
Pointillist technique of creating a sense of shapes and light on canvas
by applying extremely small dots of color rather than by painting lines.
One of Fuller's major inventions was underlighting, in which she stood
on a pane of frosted glass illuminated from underneath. This was
particularly effective in her Fire Dance (1895), performed to the music of
Richard Wagner’s “Ride of the Valkyries.” The dance caught the eye of
artist Henri de Toulouse-Lautrec, who depicted it in a lithograph.

As her technological expertise grew more sophisticated, so did the
other aspects of her dances. Although she gave little thought to music in
her earliest dances, she later used scores by Gluck, Beethoven,
Schubert, Chopin, and Wagner, eventually graduating to Stravinsky,
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Fauré, Debussy, and Mussorgsky, composers who were then
considered progressive. She began to address more ambitious themes
in her dances such as The Sea, in which her dancers invisibly agitated a
huge expanse of silk, played upon by colored lights. Always open to
scientific and technological innovations, she befriended the scientists
Marie and Pierre Curie upon their discovery of radium and created a
Radium Dance, which simulated the phosphorescence of that element.
She both appeared in films—then in an early stage of
development—and made them herself; the hero of her fairy-tale film Le
Lys de la Vie (1919) was played by René Clair, later a leading French
film director.

At the Paris Exposition in 1900, she had her own theater, where, in
addition to her own dances, she presented pantomimes by the
Japanese actress Sada Yocco. She assembled an all-female company
at this time and established a school around 1908, but neither survived
her. Although she is remembered today chiefly for her innovations in
stage lighting, her activities also touched Isadora Duncan and Ruth St.
Denis, two other United States dancers who were experimenting with
new types of dance. She sponsored Duncan’s first appearance in
Europe. Her theater at the Paris Exposition was visited by St. Denis,
who found new ideas about stagecraft in Fuller’'s work and fresh sources
for her art in Sada Yocco’s plays. In 1924 St. Denis paid tribute to Fuller
with the duet Valse a la Loie.

(6)
GREEN ICEBERGS

Icebergs are massive blocks of ice, irregular in shape; they float with
only about 12 percent of their mass above the sea surface. They are
formed by glaciers — large rivers of ice that begin inland in the snows of
Greenland, Antarctica, and Alaska — and move slowly toward the sea.
The forward movement, the melting at the base of the glacier where it
meets the ocean, and waves and tidal action cause blocks of ice to
break off and float out to sea.

Icebergs are ordinarily blue to white, although they sometimes
appear dark or opaque because they carry gravel and bits of rock. They
may change color with changing light conditions and cloud cover,
glowing pink or gold in the morning or evening light, but this color
change is generally related to the low angle of the Sun above the
horizon. However, travelers to Antarctica have repeatedly reported
seeing green icebergs in the Weddell Sea and, more commonly, close to
the Amery Ice Shelf in east Antarctica.

One explanation for green icebergs attributes their color to an optical
illusion when blue ice is illuminated by a near-horizon red Sun, but
green icebergs stand out among white and blue icebergs under a great
variety of light conditions. Another suggestion is that the color might be
related to ice with high levels of metallic compounds, including copper
and iron. Recent expeditions have taken ice samples from green
icebergs and ice cores — vertical, cylindrical ice samples reaching down
to great depths — from the glacial ice shelves along the Antarctic
continent. Analyses of these cores and samples provide a different
solution to the problem.
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The ice shelf cores, with a total length of 215 meters (705 feet), were
long enough to penetrate through glacial ice — which is formed from the
compaction of snow and contains air bubbles — and to continue into the
clear, bubble-free ice formed from seawater that freezes onto the bottom
of the glacial ice. The properties of this clear sea ice were very similar to
the ice from the green iceberg. The scientists concluded that green
icebergs form when a two-layer block of shelf ice breaks away and
capsizes (turns upside down), exposing the bubble-free shelf ice that
was formed from seawater.

A green iceberg that stranded just west of the Amery Ice Shelf
showed two distinct layers: bubbly blue-white ice and bubble-free green
ice separated by a one-meter-long ice layer containing sediments. The
green ice portion was textured by seawater erosion. Where cracks were
present, the color was light green because of light scattering; where no
cracks were present, the color was dark green. No air bubbles were
present in the green ice, suggesting that the ice was not formed from the
compression of snow but instead from the freezing of seawater. Large
concentrations of single-celled organisms with green pigments (coloring
substances) occur along the edges of the ice shelves in this region, and
the seawater is rich in their decomposing organic material. The green
iceberg did not contain large amounts of particles from these organisms,
but the ice had accumulated dissolved organic matter from the sea-
water. It appears that unlike salt, dissolved organic substances are not
excluded from the ice in the freezing process. Analysis shows that the
dissolved organic material absorbs enough blue wavelengths from solar
light to make the ice appear green.

Chemical evidence shows that platelets (minute flat portions) of ice
form in the water and then accrete and stick to the bottom of the ice
shelf to form a slush (partially melted snow). The slush is compacted by
an unknown mechanism, and solid, bubble-free ice is formed from water
high in soluble organic substances. When an iceberg separates from the
ice shelf and capsizes, the green ice is exposed.

The Amery Ice Shelf appears to be uniquely suited to the production
of green icebergs. Once detached from the ice shelf, these bergs drift in
the currents and wind systems surrounding Antarctica and can be found
scattered among Antarctica’s less colorful icebergs.

(7)
ARCHITECTURE

Architecture is the art and science of designing structures that organize
and enclose space for practical and symbolic purposes. Because
architecture grows out of human needs and aspirations, it clearly
communicates cultural values. Of all the visual arts, architecture affects
our lives most directly for it determines the character of the human
environment in major ways.

Architecture is a three-dimensional form. It utilizes space, mass,
texture, line, light, and color. To be architecture, a building must achieve
a working harmony with a variety of elements. Humans instinctively seek
structures that will shelter and enhance their way of life. It is the work of
architects to create buildings that are not simply constructions but also
offer inspiration and delight. Buildings contribute to human life when they
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provide shelter, enrich space, complement their site, suit the climate,
and are economically feasible. The client who pays for the building and
defines its function is an important member of the architectural team.
The mediocre design of many contemporary buildings can be traced to
both clients and architects.

In order for the structure to achieve the size and strength necessary
to meet its purpose, architecture employs methods of support that,
because they are based on physical laws, have changed little since
people first discovered them-even while building materials have
changed dramatically. The world’s architectural structures have also
been devised in relation to the objective limitations of materials.
Structures can be analyzed in terms of how they deal with downward
forces created by gravity. They are designed to withstand the forces of
compression (pushing together), tension (pulling apart), bending, or a
combination of these in different parts of the structure.

Every development in architecture has been the result of major
technological changes. Materials and methods of construction are
integral parts of the design of architecture structures. In earlier times it
was necessary to design structural systems suitable for the materials
that were available, such as wood, stone, brick. Today technology has
progressed to the point where it is possible to invent new building
materials to suit the type of structure desired. Enormous changes in
materials and techniques of construction within the last few generations
have made it possible to enclose space with much greater ease and
speed and with a minimum of material. Progress in this area can be
measured by the difference in weight between buildings built now and
those of comparable size built one hundred ago.

Modern architectural forms generally have three separate
components comparable to elements of the human body; a supporting
skeleton or frame, an outer skin enclosing the interior spaces,
equipment, similar to the body’s vital organs and systems. The
equipment includes plumbing, electrical wiring, hot water, and
air-conditioning. Of course in early architecture—such as igloos and
adobe structures—there was no such equipment, and the skeleton and
skin were often one.

Much of the world’s great architecture has been constructed of stone
because of its beauty, permanence, and availability. In the past, whole
cities grew from the arduous task of cutting and piling stone upon. Some
of the world’s finest stone architecture can be seen in the ruins of the
ancient Inca city of Machu Picchu high in the eastern Andes Mountains
of Peru. The doorways and windows are made possible by placing over
the open spaces thick stone beams that support the weight from above.
A structural invention had to be made before the physical limitations of
stone could be overcome and new architectural forms could be created.
That invention was the arch, a curved structure originally made of
separate stone or brick segments. The arch was used by the early
cultures of the Mediterranean area chiefly for underground drains, but it
was the Romans who first developed and used the arch extensively in
aboveground structures. Roman builders perfected the semicircular arch
made of separate blocks of stone. As a method of spanning space, the
arch can support greater weight than a horizontal beam. It works in
compression to divert the weight above it out to the sides, where the



The Official Guide to the TOEFL iBT Test Fifth Edition

weight is borne by the vertical elements on either side of the arch. The
arch is among the many important structural breakthroughs that have
characterized architecture throughout the centuries.

(8)

THE LONG-TERM STABILITY OF ECOSYSTEMS
Plant communities assemble themselves flexibly, and their particular
structure depends on the specific history of the area. Ecologists use the
term “succession” to refer to the changes that happen in plant
communities and ecosystems over time. The first community in a
succession is called a pioneer community, while the long-lived
community at the end of succession is called a climax community.
Pioneer and successional plant communities are said to change over
periods from 1 to 500 years. These changes—in plant numbers and the
mix of species—are cumulative. Climax communities themselves
change but over periods of time greater than about 500 years.

An ecologist who studies a pond today may well find it relatively
unchanged in a year’s time. Individual fish may be replaced, but the
number of fish will tend to be the same from one year to the next. We
can say that the properties of an ecosystem are more stable than the
individual organisms that compose the ecosystem.

At one time, ecologists believed that species diversity made
ecosystems stable. They believed that the greater the diversity the more
stable the ecosystem. Support for this idea came from the observation
that long-lasting climax communities usually have more complex food
webs and more species diversity than pioneer communities. Ecologists
concluded that the apparent stability of climax ecosystems depended on
their complexity. To take an extreme example, farmlands dominated by a
single crop are so unstable that one year of bad weather or the invasion
of a single pest can destroy the entire crop. In contrast, a complex
climax community, such as a temperate forest, will tolerate considerable
damage from weather or pests.

The question of ecosystem stability is complicated, however. The first
problem is that ecologists do not all agree what “stability” means.
Stability can be defined as simply lack of change. In that case, the
climax community would be considered the most stable, since, by
definition, it changes the least over time. Alternatively, stability can be
defined as the speed with which an ecosystem returns to a particular
form following a major disturbance, such as a fire. This kind of stability is
also called resilience. In that case, climax communities would be the
most fragile and the least stable, since they can require hundreds of
years to return to the climax state.

Even the kind of stability defined as simple lack of change is not
always associated with maximum diversity. At least in temperate zones,
maximum diversity is often found in mid-successional stages, not in the
climax community. Once a redwood forest matures, for example, the
kinds of species and the number of individuals growing on the forest
floor are reduced. In general, diversity, by itself, does not ensure
stability. Mathematical models of ecosystems likewise suggest that
diversity does not guarantee ecosystem stability—just the opposite, in
fact. A more complicated system is, in general, more likely than a simple

~10 ~
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system to break down. A fifteen-speed racing bicycle is more likely to
break down than a child’s tricycle.

Ecologists are especially interested to know what factors contribute
to the resilience of communities because climax communities all over
the world are being severely damaged or destroyed by human activities.
The destruction caused by the volcanic explosion of Mount St. Helens,
in the northwestern United States, for example, pales in comparison to
the destruction caused by humans. We need to know what aspects of a
community are most important to the community’s resistance to
destruction, as well as its recovery.

Many ecologists now think that the relative long-term stability of
climax communities comes not from diversity but from the “patchiness”
of the environment, an environment that varies from place to place
supports more kinds of organisms than an environment that is uniform.
A local population that goes extinct is quickly replaced by immigrants
from an adjacent community. Even if the new population is of a different
species, it can approximately fill the niche vacated by the extinct
population and keep the food web intact.

(9)
DEPLETION OF THE OGALLALA AQUIFER

The vast grasslands of the High Plains in the central United States were
settled by farmers and ranchers in the 1880’s. This region has a
semiarid climate, and for 50 years after its settlement, it supported a
low-intensity agricultural economy of cattle ranching and wheat farming.
In the early twentieth century, however, it was discovered that much of
the High Plains was underlain by a huge aquifer (a rock layer containing
large quantities of groundwater). This aquifer was named the Ogallala
aquifer after the Ogallala Sioux Indians, who once inhabited the region.

The Ogallala aquifer is a sandstone formation that underlies some
583,000 square kilometers of land extending from northwestern Texas to
southern South Dakota. Water from rains and melting snows has been
accumulating in the Ogallala for the past 30,000 years. Estimates
indicate that the aquifer contains enough water to fill Lake Huron, but
unfortunately, under the semiarid climatic conditions that presently exist
in the region, rates of addition to the aquifer are minimal, amounting to
about half a centimeter a year.

The first wells were drilled into the Ogallala during the drought years
of the early 1930’s.The ensuing rapid expansion of irrigation agriculture,
especially from the 1950’s onward, transformed the economy of the
region. More than 100,000 wells now tap the Ogallala. Modern irrigation
devices, each capable of spraying 4.5 million liters of water a day, have
produced a landscape dominated by geometric patterns of circular
green islands of crops. Ogallala water has enabled the High Plains
region to supply significant amounts of the cotton, sorghum, wheat, and
corn grown in the United States. In addition, 40 percent of American
grain-fed beef cattle are fattened here.

This unprecedented development of a finite groundwater resource
with an almost negligible natural recharge rate—that is, virtually no
natural water source to replenish the water supply—has caused water
tables in the region to fall drastically. In the 1930’s, wells encountered
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plentiful water at a depth of about 15 meters; currently, they must be dug
to depths of 45 to 60 meters or more. In places, the water table is
declining at a rate of a meter a year, necessitating the periodic
deepening of wells and the use of ever-more-powerful pumps. It is
estimated that at current withdrawal rates, much of the aquifer will run
dry within 40 years. The situation is most critical in Texas, where the
climate is driest, the greatest amount of water is being pumped, and the
aquifer contains the least water. It is projected that the remaining
Ogallala water will, by the year 2030, support only 35 to 40 percent of
the irrigated acreage in Texas that is supported in 1980.

The reaction of farmers to the inevitable depletion of the Ogallala
varies. Many have been attempting to conserve water by irrigating less
frequently or by switching to crops that require less water. Other,
however, have adopted the philosophy that it is best to use the water
while it is still economically profitable to do so and to concentrate on
high-value crops such as cotton. The incentive of the farmers who wish
to conserve water is reduced by their knowledge that many of their
neighbors are profiting by using great amounts of water, and in the
process are drawing down the entire region’s water supplies.

In the face of the upcoming water supply crisis, a number of
grandiose schemes have been developed to transport vast quantities of
water by canal or pipeline from the Mississippi, the Missouri, or the
Arkansas rivers. Unfortunately, the cost of water obtained through any of
these schemes would increase pumping costs at least tenfold, making
the cost of irrigated agricultural products from the region uncompetitive
on the national and international markets. Somewhat more promising
have been recent experiments for releasing capillary water (water in the
soil) above the water table by injecting compressed air into the ground.
Even if this process proves successful, however, it would almost triple
water costs. Genetic engineering also may provide a partial solution, as
new strains of drought-resistant crops continue to be developed.
Whatever the final answer to the water crisis may be, it is evident that
within the High Plains, irrigation water will never again be the abundant,
inexpensive resource it was during the agricultural boom years of the
mid-twentieth century.

(10)

INDUSTRIALIZATION IN THE NETHERLANDS AND SCANDINAVIA
While some European countries, such as England and Germany, began
to industrialize in the eighteenth century, the Netherlands and the
Scandinavian countries of Denmark, Norway, and Sweden developed
later. All four of these countries lagged considerably behind in the early
nineteenth century. However, they industrialized rapidly in the second
half of the century, especially in the last two or three decades. In view of
their later start and their lack of coal—undoubtedly the main reason they
were not among the early industrializers—it is important to understand
the sources of their success.

All had small populations. At the beginning of the nineteenth century,
Denmark and Norway had fewer than 1 million people, while Sweden
and the Netherlands had fewer than 2.5 million inhabitants. All exhibited
moderate growth rates in the course of the century (Denmark the
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highest and Sweden the lowest), but all more than doubled in population
by 1900. Density varied greatly. The Netherlands had one of the highest
population densities in Europe, whereas Norway and Sweden had the
lowest. Denmark was in between but closer to the Netherlands.

Considering human capital as a characteristic of the population,
however, all four countries were advantaged by the large percentages of
their populations who could read and write. In both 1850 and 1914, the
Scandinavian countries had the highest literacy rates in Europe, or in
the world, and the Netherlands was well above the European average.
This fact was of enormous value in helping the national economies find
their niches in the evolving currents of the international economy.

Location was an important factor for all four countries. All had
immediate access to the sea, and this had important implications for a
significant international resource, fish, as well as for cheap transport,
merchant marines, and the shipbuilding industry. Each took advantage
of these opportunities in its own way. The people of the Netherlands,
with a long tradition of fisheries and mercantile shipping, had difficulty in
developing good harbors suitable for steamships: eventually they did so
at Rotterdam and Amsterdam, with exceptional results for transit trade
with Germany and central Europe and for the processing of overseas
foodstuffs and raw materials (sugar, tobacco, chocolate, grain, and
eventually oil). Denmark also had an admirable commercial history,
particularly with respect to traffic through the Sound (the strait
separating Denmark and Sweden). In 1857, in return for a payment of
63 million kronor from other commercial nations, Denmark abolished the
Sound toll dues, the fees it had collected since 1497 for the use of the
Sound. This, along with other policy shifts toward free trade, resulted in
a significant increase in traffic through the Sound and in the port of
Copenhagen.

The political institutions of the four countries posed no significant
barriers to industrialization or economic growth. The nineteenth century
passed relatively peacefully for these countries, with progressive
democratization taking place in all of them. They were reasonably well
governed, without notable corruption or grandiose state projects,
although in all of them the government gave some aid to railways, and in
Sweden the state built the main lines. As small countries dependent on
foreign markets, they followed a liberal trade policy in the main, though a
protectionist movement developed in Sweden. In Denmark and Sweden
agricultural reforms took place gradually from the late eighteenth century
through the first half of the nineteenth, resulting in a new class of
peasant landowners with a definite market orientation.

The key factor in the success of these countries (along with high
literacy, which contributed to it) was their ability to adapt to the
international division of labor determined by the early industrializers and
to stake out areas of specialization in international markets for which
they were especially well suited. This meant a great dependence on
international commerce, which had notorious fluctuations; but it also
meant high returns to those factors of production that were fortunate
enough to be well placed in times of prosperity. In Sweden exports
accounted for 18 percent of the national income in 1870, and in 1913,
22 percent of a much larger national income. In the early twentieth
century, Denmark exported 63 percent of its agricultural production:
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butter, pork products, and eggs. It exported 80 percent of its butter,
almost all to Great Britain, where it accounted for 40 percent of British
butter imports.

(11)
THE MYSTERY OF YAWNING

According to conventional theory, yawning takes place when people are
bored or sleepy and serves the function of increasing alertness by
reversing, through deeper breathing, the drop in blood oxygen levels
that are caused by the shallow breathing that accompanies lack of sleep
or boredom. Unfortunately, the few scientific investigations of yawning
have failed to find any connection between how often someone yawns
and how much sleep they have had or how tired they are. About the
closest any research has come to supporting the tiredness theory is to
confirm that adults yawn more often on weekdays than at weekends,
and that school children yawn more frequently in their first year at
primary school than they do in kindergarten.

Another flaw of the tiredness theory is that yawning does not raise
alertness or physiological activity, as the theory would predict. When
researchers measured the heart rate, muscle tension and skin
conductance of people before, during and after yawning, they did detect
some changes in skin conductance following yawning, indicating a slight
increase in physiological activity. However, similar changes occurred
when the subjects were asked simply to open their mouths or to breathe
deeply. Yawning did nothing special to their state of physiological
activity. Experiments have also cast serious doubt on the belief that
yawning is triggered by a drop in blood oxygen or a rise in blood carbon
dioxide. Volunteers were told to think about yawning while they breathed
either normal air, pure oxygen, or an air mixture with an above-normal
level of carbon dioxide. If the theory was correct, breathing air with extra
carbon dioxide should have triggered yawning, while breathing pure
oxygen should have suppressed yawning. In fact, neither condition
made any difference to the frequency of yawning, which remained
constant at about 24 yawns per hour. Another experiment demonstrated
that physical exercise, which was sufficiently vigorous to double the rate
of breathing, had no effect on the frequency of yawning. Again the
implication is that yawning has little or nothing to do with oxygen.

A completely different theory holds that yawning assists in the
physical development of the lungs early in life, but has no remaining
biological function in adults. It has been suggested that yawning and
hiccupping might serve to clear out the fetuses airways. The lungs of a
fetus secrete a liquid that mixes with its mother’s amniotic fluid. Babies
with congenital blockages that prevent this fluid from escaping from their
lungs are sometimes born with deformed lungs. It might be that yawning
helps to clear out the lungs by periodically lowering the pressure in
them. According to this theory, yawning in adults is just a developmental
fossil with no biological function. But, while accepting that not everything
in life can be explained by Darwinian evolution, there are sound reasons
for being skeptical of theories like this one, which avoid the issue of
what yawning does for adults. Yawning is distracting, consumes energy
and takes time. It is almost certainly doing something significant in
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adults as well as in fetuses. What could it be?

The empirical evidence, such as it is, suggests an altogether different
function for yawning—namely, that yawning prepares us for a change in
activity level. Support for this theory came from a study of yawning
behavior in everyday life. Volunteers wore wrist-mounted devices that
automatically recorded their physical activity for up to two weeks: the
volunteers also recorded their yawns by pressing a button on the device
each time they yawned. The data showed that yawning tended to occur
about 15 minutes before a period of increased behavioral activity.
Yawning bore no relationship to sleep patterns, however. This accords
with anecdotal evidence that people often yawn in situations where they
are neither tired nor bored, but are preparing for impending mental and
physical activity. Such yawning is often referred to as “incongruous”
because it seems out of place, at least on the tiredness view: soldiers
yawning before combat, musicians yawning before performing, and
athletes yawning before competing. Their yawning seems to have
nothing to do with sleepiness or boredom—quite the reverse—but it
does precede a change in activity level.

(12)

LIGHTNING
Lightning is a brilliant flash of light produced by an electrical discharge
from a storm cloud. The electrical discharge takes place when the
attractive tension between a region of negatively charged particles and a
region of positively charged particles becomes so great that the charged
particles suddenly rush together. The coming together of the oppositely
charged particles neutralizes the electrical tension and releases a
tremendous amount of energy, which we see as lightning. The
separation of positively and negatively charged particles takes place
during the development of the storm cloud.

The separation of charged particles that forms in a storm cloud has a
sandwich-like structure. Concentrations of positively charged particles
develop at the top and bottom of the cloud, but the middle region
becomes negatively charged. Recent measurements made in the field
together with laboratory simulations offer a promising explanation of how
this structure of charged particles forms. What happens is that small
(millimeter-to centimeter-size) pellets of ice form in the cold upper
regions of the cloud. When these ice pellets fall, some of them strike
much smaller ice crystals in the center of the cloud. The temperature at
the center of the cloud is about -15°C or lower. At such temperatures,
the collision between the ice pellets and the ice crystals causes
electrical charges to shift so that the ice pellets acquire a negative
charge and the ice crystals become positively charged. Then updraft
wind currents carry the light, positively charged ice crystals up to the top
of the cloud. The heavier negatively charged ice pellets are left to
concentrate in the center. This process explains why the top of the cloud
becomes positively charged, while the center becomes negatively
charged. The negatively charged region is large: several hundred
meters thick and several kilometers in diameter. Below this large, cold,
negatively charged region, the cloud is warmer than -15°C, and at these
temperatures, collisions between ice crystals and falling ice pellets
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produce positively charged ice pellets that then populate a small region
at the base of the cloud.

Most lightning takes place within a cloud when the charge separation
within the cloud collapses. However, as the storm cloud develops, the
ground beneath the cloud becomes positively charged and lightning can
take place in the form of an electrical discharge between the negative
charge of the cloud and the positively charged ground. Lightning that
strikes the ground is the most likely to be destructive, so even though it
represents only 20 percent of all lightning, it has received a lot of
scientific attention.

Using high-speed photography, scientists have determined that there
are two steps to the occurrence of lightning from a cloud to the ground.
First, a channel, or path, is formed that connects the cloud and the
ground. Then a strong current of electrons follows that path from the
cloud to the ground, and it is that current that illuminates the channel as
the lightning we see.

The formation of the channel is initiated when electrons surge from
the cloud base toward the ground. When a stream of these negatively
charged electrons comes within 100 meters of the ground it is met by a
stream of positively charged particles that comes up from the ground.
When the negatively and positively charged streams meet, a complete
channel connecting the cloud and the ground is formed. The channel is
only a few centimeters in diameter, but that is wide enough for electrons
to follow the channel to the ground in the visible form of a flash of
lightning. The stream of positive particles that meets the surge of
electrons from the cloud often arises from a tall pointed structure such
as a metal flagpole or a tower. That is why the subsequent lightning that
follows the completed channel often strikes a tall structure.

Once a channel has been formed, it is usually used by several
lightning discharges, each of them consisting of a stream of electrons
from the cloud meeting a stream of positive particles along the
established path. Sometimes, however, a stream of electrons following
an established channel is met by a positive stream making a new path
up from the ground. The result is a forked lightning that strikes the
ground in two places.

(the Appalachans) (fold mountains)
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