TPO 24 — 1 Lake Water
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Where does the water in a lake come from, and how does water leave it? Water enters a lake
from inflowing rivers, from underwater seeps and springs, from overland flow off the
surrounding land, and from rain falling directly on the lake surface. Water leaves a lake via
outflowing rivers, by soaking into the bed of the lake, and by evaporation. So much is obvious.
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The questions become more complicated when actual volumes of water are considered: how
much water enters and leaves by each route? Discovering the inputs and outputs of rivers is
a matter of measuring the discharges of every inflowing and outflowing stream and river.
Then exchanges with the atmosphere are calculated by finding the difference between the
gains from rain, as measured (rather roughly) by rain gauges, and the losses by evaporation,
measured with models that correct for the other sources of water loss. For the majority of
lakes, certainly those surrounded by forests, input from overland flow is too small to have a
noticeable effect. Changes in lake level not explained by river flows plus exchanges with the
atmosphere must be due to the net difference between what seeps into the lake from the
groundwater and what leaks into the groundwater. Note the word "net":measuring the actual
amounts of groundwater seepage into the lake and out of the lake is a much more
complicated matter than merely inferring their difference.
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2 e UL TR : By measuring the water quantities at each of a lake’s inputs and outputs, it can be
determined whether water enters the lake mainly from surface or groundwater sources.

Once all this information has been gathered, it becomes possible to judge whether a lake's
flow is mainly due to its surface inputs and outputs or to its underground inputs and outputs.
If the former are greater, the lake is a surface-water-dominated lake; [] if the latter, it is a



seepage-dominated lake. [] Occasionally, common sense tells you which of these two
possibilities applies. [ For example, a pond in hilly country that maintains a steady water
level all through a dry summer in spite of having no streams flowing into it must obviously be
seepage dominated. Conversely, a pond with a stream flowing in one end and out the other,
which dries up when the stream dries up, is clearly surface water dominated. [ ]
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By whatever means, a lake is constantly gaining water and losing water: its water does not
just sit there, or, anyway, not for long. This raises the matter of a lake's residence time. The
residence time is the average length of time that any particular molecule of water remains in
the lake, and it is calculated by dividing the volume of water in the lake by the rate at which
water leaves the lake. The residence time is an average; the time spent in the lake by a given
molecule (if we could follow its fate) would depend on the route it took: it might flow through
as part of the fastest, most direct current, or it might circle in a backwater for an indefinitely
long time.
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Residence times vary enormously. They range from a few days for small lakes up to several
hundred years for large ones; Lake Tahoe, in California, has a residence time of 700 years.
The residence times for the Great Lakes of North America, namely, Lakes Superior, Michigan,
Huron, Erie, and Ontario, are, respectively, 190, 100, 22, 2.5, and 6 years. Lake Erie's is the
lowest: although its area is larger than Lake Ontario's, its volume is less than one-third as
great because it is so shallow-less then 20 meters on average.
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A given lake's residence time is by no means a fixed quantity. It depends on the rate at which
water enters the lake, and that depends on the rainfall and the evaporation rate. Climatic
change (the result of global warming?) is dramatically affecting the residence times of some
lakes in northwestern Ontario, Canada. In the period 1970 to 1986, rainfall in the area
decreased from 1,000 millimeters to 650 millimeters per annum, while above-average
temperatures speeded up the evapotranspiration rate (the rate at which water is lost to the
atmosphere through evaporation and the processes of plant life).

The result has been that the residence time of one of the lakes increased from 5 to 18 years
during the study period. The slowing down of water renewal leads to a chain of further
consequences; it causes dissolved chemicals to become increasingly concentrated, and this,
in turn, has a marked effect on all living things in the lake.
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TPO 24 — 2 Breathing During Sleep
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Of all the physiological differences in human sleep compared with wakefulness that have
been discovered in the last decade, changes in respiratory control are most dramatic. Not
only are there differences in the level of the functioning of respiratory systems, there are even
changes in how they function. Movements of the rib cage for breathing are reduced during
sleep, making the contractions of the diaphragm more important. [ 1 Yet because of the
physics of lying down, the stomach applies weight against the diaphragm and makes it more
difficult for the diaphragm to doits job. [ ] However, there are many other changes that affect
respiration when asleep.
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[ 1 During wakefulness, breathing is controlled by two interacting systems. [1 The first is
an automatic, metabolic system whose control is centered in the brain stem. It subconsciously
adjusts breathing rate and depth in order to regulate the levels of carbon dioxide CO2 and
oxygen O2, and the acid-base ratio in the blood. The second system is the voluntary,
behavioral system. Its control center is based in the forebrain, and it regulates breathing for
use in speech, singing, sighing, and so on. It is capable of ignoring or overriding the automatic,
metabolic system and produces an irregular pattern of breathing.
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During NREM( the phase of sleep in which there is no rapid eye movement) breathing
becomes deeper and more regular, but there is also a decrease in the breathing rate, resulting
in less air being exchanged overall. This occurs because during NREM sleep the automatic,
metabolic system has exclusive control over breathing and the body uses less oxygen and
produces less carbon dioxide. Also, during sleep the automatic metabolic system is less
responsive to carbon dioxide levels and oxygen levels in the blood. Two things result from
these changes in breathing control that occur during sleep. First, there may be a brief
cessation or reduction of breathing when falling asleep as the sleeper waxes and wanes
between sleep and wakefulness and their differing control mechanisms. Second, once sleep
is fully obtained, there is an increase of carbon dioxide and a decrease of oxygen in the blood



that persists during NREM.
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But that is not all that changes. During all phases of sleep, several changes in the air
passages have been observed. It takes twice as much effort to breathe during sleep because
of greater resistance to airflow in the airways and changes in the efficiency of the muscles
used for breathing. Some of the muscles that help keep the upper airway open when
breathing tend to become more relaxed during sleep, especially during REM (the phase of
sleep in which there is rapid eye movement). Without this muscular action, inhaling is like
sucking air out of a balloon-the narrow passages tend to collapse. Also there is a regular
cycle of change in resistance between the two sides of the nose. If something blocks the
"good" side, such as congestion from allergies or a cold, then resistance increases
dramatically. Coupled with these factors is the loss of the complex interactions among the
muscles that can change the route of airflow from nose to mouth.
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Other respiratory regulating mechanisms apparently cease functioning during sleep. For
example, during wakefulness there is an immediate, automatic, adaptive increase in
breathing effort when inhaling is made more difficult (such as breathing through a restrictive
face mask). This reflexive adjustment is totally absent during NREM sleep. Only after several
inadequate breaths under such conditions, resulting in the considerable elevation of carbon
dioxide and reduction of oxygen in the blood, is breathing effort adjusted. Finally, the coughing
reflex in reaction to irritants in the airway produces not a cough during sleep but a cessation
of breathing. If the irritation is severe enough, a sleeping person will arouse, clear the airway,
then resume breathing and likely return to sleep.
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Additional breathing changes occur during REM sleep that are even more dramatic than the
changes that occur during NREM. The amount of air exchanged is even lower in REM than
NREM because, although breathing is more rapid in REM, it is also more irregular, with brief
episodes of shallow breathing or absence of breathing. In addition, breathing during REM
depends much more on the action of the diaphragm and much less on rib cage action.
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TPO 24 — 3 Moving into Pueblos
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In the Mesa Verde area of the ancient North American Southwest, living patterns changed in
the thirteenth century, with large numbers of people moving into large communal dwellings
called pueblos, often constructed at the edges of canyons, especially on the sides of cliffs.
Abandoning small extended-family households to move into these large pueblos with dozens
if not hundreds of other people was probably traumatic. Few of the cultural traditions and
rules that today allow us to deal with dense populations existed for these people accustomed
to household autonomy and the ability to move around the landscape almost at will. [1 And
besides the awkwardness of having to share walls with neighbors, living in aggregated
pueblos introduced other problems. [1 For people in_cliff dwellings, hauling water, wood,
and food to their homes was a major chore. [] The stress on local resources, especially in
the firewood needed for daily cooking and warmth, was particularly intense, and conditions
in aggregated pueblos were not very hygienic. []
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Given all the disadvantages of living in aggregated towns, why did people in the thirteenth
century move into these closely packed quarters? For transitions of such suddenness,
archaeologists consider either pull factors (benefits that drew families together or push factors)
(some external threat or crisis that forced people to aggregate). In this case, push
explanations dominate.
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Population growth is considered a particularly influential push. After several generations of
population growth, people packed the landscape in densities so high that communal
pueblos may have been a necessary outcome. Around Sand Canyon, for example,
populations grew from 5-12 people per square kilometer in the tenth century to as many as
30-50 by the 1200s. As densities increased, domestic architecture became larger,
culminating in crowded pueblos. Some scholars expand on this idea by emphasizing a
corresponding need for arable land to feed growing numbers of people: construction of small
dams, reservoirs, terraces, and field houses indicates that farmers were intensifying their
efforts during the 1200s. Competition for good farmland may also have prompted people to
bond together to assert rights over the best fields.
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Another important push was the onset of the Little Ice Age, a climatic phenomenon that led
to cooler temperatures in the Northern Hemisphere. Although the height of the Little Ice Age
was still around the corner, some evidence suggests that temperatures were falling during
the thirteenth century. The environmental changes associated with this transition are not
fully understood, but people living closest to the San Juan Mountains, to the northeast of
Mesa Verde, were affected first. Growing food at these elevations is always difficult because
of the short growing season. As the Little Ice Age progressed, farmers probably moved their
fields to lower elevations, infringing on the lands of other farmers and pushing people together,
thus contributing to the aggregations. Archaeologists identify a corresponding shift in
populations toward the south and west toward Mesa Verde and _ higher elevations.
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In the face of all these pushes, people in the Mesa Verde area had yet another reason to
move into communal villages: the need for greater cooperation. Sharing and cooperation
were almost certainly part of early Puebloan life, even for people living in largely independent
single-household residences scattered across the landscape. Archaeologists find that even
the most isolated residences during the eleventh and twelfth centuries obtained some pottery,
and probably food, from some distance away, while major ceremonial events were
opportunities for sharing food and crafts. Scholars believe that this cooperation allowed
people to contend with a patchy environment in which precipitation and other resources
varied across the landscape: if you produce a lot of food one year, you might trade it for
pottery made by a distant ally who is having difficulty with crops-and the next year, the flow
of goods might go in the opposite direction. But all of this appears to have changed in the
thirteenth century.Although the climate remained as unpredictable as ever between one year
and the next, it became much less locally diverse. In a bad year for farming, everyone was
equally affected. No longer was it helpful to share widely. Instead, the most sensible thing
would be for neighbors to combine efforts to produce as much food as possible, and thus
aggregated towns were a sensible arrangement.
EEEM 51 (major ceremonial events) J&—/F K T-Wk [ occasions;
[EFR0M 4 i1 (move into communal villages) 115 ;
R /0 170 B SR — A BRid GREEAZ S A1E) ;
FEFT A X EEHES) ) 2 Ah, HE = 4ERE L IX ) NAT T — Ak 2 A FE R B e XS BE 2 SRR
Koo EMGIEILF AT LU E /& IR A s NATE I — 8870, RIS IR EE 0 BE X —Hb X
ST HBR A B — K BRSO A i e, RO
fe SRR 26 1 5 I RE MRS i 7 SRAG R 4%, T REIE A &Y, 1 H KR HBOE ) X sy =
BT L 2R TS HE TSI SR LA T S 7K R H Al 53 5 X ) 32 1k
EHOAE: WIRAER—F, IREGR VIRZ R EIEY), IR R 57— MAKE 5 3RS ARAE
YR R Sl &, N R e A R T . AHRAE =, pra X — DI
CEHAR 1o RERA— B AR, AHRAE R A 22 53 RORFEAR. FEHO
EWFEGE, NN ZEm, T2REC8AHER 7. Nz, mEEREELE—
AN O A R AT REZ BB, XN T SR ER B T WL oy — A& B 22 4k




