TPO 35 - 1 Earth's Age
HuBR A0

One of the first recorded observers to surmise a long age for Earth was the Greek historian
Herodotus, who lived from approximately 480 B.C.to 425 B.C. [] He observed that the Nile
River Delta was in fact a series of sediment deposits built up in successive floods. [1] By
noting that individual floods deposit only thin layers of sediment, he was able to conclude that
the Nile Delta had taken many thousands of years to build up. [1 More important than the
amount of time Herodotus computed, which turns out to be trivial compared with the age of
Earth, was the notion that one could estimate ages of geologic features by determining rates
of the processes responsible for such features, and then assuming the rates to be roughly
constant over time. [] Similar applications of this concept were to be used again and again
in later centuries to estimate the ages of rock formations and, in particular, of layers of
sediment that had compacted and cemented to form sedimentary rocks.
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It was not until the seventeenth century that attempts were made again to understand clues
to Earth's history through the rock record. Nicolaus Steno (1638—1686) was the first to work
out principles of the progressive depositing of sediment in Tuscany. However, James Hutton
(1726-1797), known as the founder of modern geology, was the first to have the important
insight that geologic processes are cyclic in nature. Forces associated with subterranean
heat cause land to be uplifted into plateaus and mountain ranges. The effects of wind and
water then break down the masses of uplifted rock, producing sediment that is transported
by water downward to ultimately form layers in lakes, seashores, or even oceans. Over time,
the layers become sedimentary rock. These rocks are then uplifted sometime in the future to
form new mountain ranges, which exhibit the sedimentary layers (and the remains of life
within those layers) of the earlier episodes of erosion and deposition.
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Hutton's concept represented a remarkable insight because it unified many individual
phenomena and observations into a conceptual picture of Earth's history. With the further
assumption that these geologic processes were generally no more or less vigorous than they
are today, Hutton's examination of sedimentary layers led him to realize that Earth's history
must be enormous, that geologic time is an abyss and human history a speck by comparison.
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After Hutton, geologists tried to determine rates of sedimentation so as to estimate the age
of Earth from the total length of the sedimentary, or stratigraphic, record. Typical numbers
produced at the turn of the twentieth century were 100 million to 400 million years. These
underestimated the actual age by factors of 10 to 50 because much of the sedimentary record
is missing in various locations and because there is a long rock sequence that is older than
half a billion years that is far less well defined in terms of fossils and less well preserved. ||
Various other techniques to estimate Earth's age fell short, and particularly noteworthy in this
regard were flawed determinations of the Sun's age. It had been recognized by the German
philosopher Immanuel Kant (1724-1804) that chemical reactions could not supply the
tremendous amount of energy flowing from the Sun for more than about a millennium. Two
physicists during the nineteenth century both came up with ages for the Sun based on the
Sun's energy coming from gravitational contraction. Under the force of gravity, the
compression resulting from a collapse of the object must release energy. Ages for Earth were
derived that were in the tens of millions of years, much less than the geologic estimates of
the time.
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It was the discovery of radioactivity at the end of the nineteenth century that opened the door
to determining both the Sun's energy source and the age of Earth. From the initial work came
a suite of discoveries leading to radioisotopic dating, which quickly led to the realization that
Earth must be billions of years old, and to the discovery of nuclear fusion as an energy source
capable of sustaining the Sun's luminosity for that amount of time. By the 1960s, both analysis
of meteorites and refinements of solar evolution models converged on an age for the solar
system, and hence for Earth, of 4.5 billion years.
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TPO 35 — 2 The Development of Social Complexity
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For most of human history, we have foraged (hunted, fished, and collected wild plants)for
food. Small nomadic groups could easily supply the necessities for their families. No one
needed more, and providing for more than one's needs made little sense. The organization
of such societies could be rather simple, revolving around age and gender categories. Such
societies likely were largely egalitarian; beyond distinctions based on age and gender,
virtually all people had equivalent rights, status, and access to resources.
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Archaeologist Donald Henry suggests that the combination of a rich habitat and sedentism
(permanent, year-round settlement) led to a dramatic increase in human population. In his
view, nomadic, simple foragers have relatively low levels of fertility. Their high-protein, low-
carbohydrate diets result in low body-fat levels, which are commonly associated with low
fertility in women. High levels of physical activity and long periods of nursing, which are
common among modern simple foragers, probably also contributed to low levels of female
fertility if they were likewise common among ancient foragers.
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In Henry's view, the adoption of a more settled existence in areas with abundant food
resources would have contributed to higher fertility levels among the sedentary foragers. A
diet higher in wild cereals produces proportionally more body fat, leading to higher fertility
among women. Cereals, which are easy to digest, would have supplemented and then
replaced mother's milk as the primary food for older infants. Since women are less fertile
when they are breast-feeding, substituting cereals for mother's milk would have resulted in
closer spacing of births and the potential for a greater number of live births for each woman.




A more sedentary existence may also have lowered infant mortality and perhaps increased
longevity among the aged. These more vulnerable members of society could safely stay in a
fixed village rather than be forced regularly to move great distances as part of a nomadic
existence, with its greater risk of accidents and trauma.

EEEN 7 57 % 5. (abundant);

[EEE 41 70 M\ P2 & P3 1 AT LUHENT 154 T sedentary foragers fH4(5 .

[EER A /1 i) a more sedentary existence among foragers (7] fE(f) effects; [4 i% 2]
[EE I /0 i 1 LL T simple foragers, foragers /&£

Henry W\, fEEY)FERHLIX, AT T3 E B A7 IR #8507 Bl | 2.
AR S HESK RS SBMEARERES, KANWEEREMERT. EESHEL
M At P =9y, IF Hol LB BERLBON R R — R 2 L& ROy &tk
FERRFLMRIFZ T IR AR B R, B B S 2 1 B N A 5 1 B 46 R A0 B vy
WU LRGE R . SEAGE B9 AR 7 U] BE R BB AIK 1 28 ) LIIAE T3 Hagn 122 NBIR G,
188 N LMt 23 LA 5y 32 00 T WO REAA AT DA 22 4 AR 8 58 J HOA HE B, T AN R AR FE e U A 0
Hh R L2 A AR SR VG AR I A 2 25 T

All of these factors may have resulted in a trend of increasing size among some local human
populations in the Holocene (since 9600 B.C.E.). [1 Given sufficient time, even in very rich
habitats, human population size can reach carrying capacity, the maximum population an
area can sustain within the context of a given subsistence system. [] And human population
growth is like a runaway train: once it picks up speed, it is difficult to control. [1] So even
after reaching an area's carrying capacity, Holocene human populations probably continued
to grow in food-rich regions, overshooting the ability of the territory to feed the population,
again within the context of the same subsistence strategy. [1 In some areas, small changes
in climate or minor changes in plant characteristics may have further destabilized local
economies.
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One possible response to surpassing the carrying capacity of a region is for a group to exploit
adjoining land. However, good land may itself be limited-for example, to within the confines
of a river valley.Where neighbors are in the same position, having filled up the whole of the
desirable habitat available in their home territories, expansion is also problematic. Impinging
on the neighbors' territory can lead to conflict, especially when they too are up against the



capacity of the land to provide enough food.
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Another option is to stay in the same area but to shift and intensify the food quest there. The
impulse to produce more food to feed a growing population was satisfied in some areas by
the development of more-complex subsistence strategies involving intensive labor and
requiring more cooperation and greater coordination among the increasing numbers of
people. This development resulted in a change in the social and economic equations that
defined those societies. Hierarchies that did not exist in earlier foraging groups but that were
helpful in structuring cooperative labor and in organizing more-complex technologies
probably became established, even before domestication and agriculture, as pre-Neolithic
societies (before the tenth millennium B.C.E.) reacted to the population increase.
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TPO 35 — 3 Seasonal Succession in Phytoplankton
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Phytoplankton are minute, free-floating aquatic plants. In addition to the marked changes in
abundance observed in phytoplankton over the course of a year, there is also a marked
change in species composition. [] This change in the dominant species from season to
season is called seasonal succession, and it occurs in a wide variety of locations. [] Under
seasonal succession, one or more species dominate the phytoplankton for a shorter or longer
period of time and then are replaced by another set of species. [ 1 This pattern is repeated
yearly. [ This succession is different from typical terrestrial ecological succession in which
various plants replace one another until finally a so-called climax community develops, which
persists for many years.
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What are the factors causing this phenomenon? Considering that seasonal succession is
most often and clearly seen in temperate seas, which have a marked change in temperature
during a year, temperature has been suggested as a cause. This may be one of the factors,
but it is unlikely to be the sole cause because there are species that become dominant
species at various temperatures. Furthermore, temperature changes rather slowly in
seawater, and the replacement of dominant species often is much more rapid.
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Another suggested reason is the change in nutrient level over the year, with differing
concentrations favoring different phytoplankton species. While this factor may also contribute,
observations suggest that phytoplankton populations rise and fall much more quickly than
nutrient concentrations change.
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Yet another explanation is that species succession is a consequence of changes in seawater
brought about by the phytoplankton living in it. Each species of phytoplankton secretes or
excretes organic molecules into the seawater. These metabolites can have an effect on the
organisms living in the seawater, either inhibiting or promoting their growth. For any individual
organism, the amount of metabolite secreted is small. But the effect of secretions by all the
individuals of the dominant species can be significant both for themselves and for other
species.
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These organic metabolites could, and probably do, include a number of different classes of
organic compounds. Some are likely toxins, such as those released by the dinoflagellates (a
species of plankton) during red tides, which inhibit growth of other photosynthetic organisms.
In such cases, the population explosion of dinoflagellates is so great that the water becomes
brownish red in color from the billions of dinoflagellate cells. Although each cell secretes a
minute amount of toxin, the massive dinoflagellate numbers cause the toxin to reach
concentrations that kill many creatures. This toxin can be concentrated in such filter-feeding
organisms as clams and mussels, rendering them toxic to humans.
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Another class of metabolite is the vitamins. It is now known that certain phytoplankton species
have requirements for certain vitamins, and that there are considerable differences among
species as to requirements. The B vitamins, especially vitamin B12, thiamine, and biotin,
seem to be the most generally required. Some species may be unable to thrive until a
particular vitamin, or group of vitamins, is present in the water. These vitamins are produced
only by another species; hence, a succession of species could occur whereby first the
vitamin-producing species is present and then the vitamin-requiring species follows.
EEENN i 7 % (considerable);

[l 0 171 ¢ T A 67~ 2 thiamine [17 phytoplankton species;
AR RAC R AR . TRATANTE, e PR BRI AE o) T4 e P 2R i 4k AR
RATR, ANFEMEREFEEN TAHEEROTFRAIRRNER. 445K B, fnlR4itER




B12, WREEHEAMAENRMAZF R I 2 FoR4EAE MR — S8 hn] GEAE B/ D SRS € 4
AF L BEAEGRDIERAE L R R TR AR AR . X SRR A B L AR AR AR A DR,
AR R RYA BRI, WK RS B, MR E B A T .

Other organic compounds that may inhibit or promote various species include amino acids,
carbohydrates, and fatty acids. Although it is suspected that these organic metabolites may
have an important role in species succession and it has been demonstrated in the laboratory
that phytoplankton species vary both in their ability to produce necessary vitamins and in their
requirements for such in order to grow, evidence is still inadequate as to their real role in the
sea.
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There is also evidence to suggest that grazers (animals that feed on plants or stationary
animals),particularly selective grazers, can influence the phytoplankton species composition.
Many copepods (small, herbivorous crustaceans) and invertebrate larvae pick out selected
phytoplankton species from mixed groups, changing the species composition.
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A growing body of evidence now suggests that all of the factors considered here are operating
simultaneously to produce species succession. The importance of any factor will vary with
the particular phytoplankton species and the environmenta conditions. 77 4E & —Fido
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