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When it comes to ]physiologw, the leatherback turtle is, in some ways, more like a reptilian
whale than a turtle. It swims farther into the cold of the northern and southern oceans than
any other sea turtle, and it deals with the chilly waters in a way unique among reptiles.
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A warm-blooded turtle may seem to be a contradiction in terms. Nonetheless, an adult
leatherback can maintain a body temperature of between 25 and 26°C 77—79°F in seawater
that is only 8°C 46.4°F. Accomplishing this feat requires adaptations both to generate heatin
the turtle's body and to keep it from escaping into the surrounding waters. Leatherbacks
apparently do not generate internal heat the way we do, or the way birds do, as a by-product
of cellular metabolism. A leatherback may be able to pick up some body heat by ]basking J
at the surface; its dark, almost black body color may help it to absorb solar radiation. However,
most of its internal heat comes from the action of its muscles,
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Leatherbacks keep their body heat in three different ways. The first, and simplest, is size.
The bigger the animal is, the lower its surface-to-volume ratio; for every ounce of body
mass, there is proportionately less surface through which heat can escape. An adult
leatherback is twice the size of the biggest cheloniid sea turtles and will therefore take longer

to cool off. Maintaining a high body temperature through jsheer bulk is called gigantothermy.

It works for elephants, for whales, and, perhaps, it worked for many of the larger dinosaurs.
It apparently works, in a smaller way, for some other sea turtles. Large loggerhead and green
turtles can maintain their body temperature at a degree or two above that of the surrounding
water, and gigantothermy is probably the way they do it. Muscular activity helps, too, and an
actively swimming green turtle may be 7°C 12.6°F warmer than the waters it swims through.
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Gigantothermy, though, would not be enough to keep a leatherback warm in cold northern
waters. It is not enough for whales, which supplement it with a thick layer of insulating
\blubberfat. Leatherbacks do not have blubber, but they do have a reptilian equivalent: thick,

oil-saturated skin, with a layer of Fibrous

thin and blade like, they are the one part of the leatherback that is likely to become chilled.
There is not much that the turtle can do about this without compromising the aerodynamic

, fatty tissue just beneath it. Insulation protects the
leatherback everywhere but on its head and flippers. Because the flippers are comparatively -

shape of the flipper. The problem is that as blood flows through the turtle's flippers, it risks
losing enough heat to lower the animal's central body temperature when it returns. The

solution is to allow the flippers to cool down without drawing heat away from the rest of the |
turtle's body. The leatherback accomplishes this by arranging the blood vessels in the base “

of its flipper into a ]countercurrent kexchange system.
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In a countercurrent exchange system, the blood vessels carrying cooled blood from the
flippers run close enough to the blood vessels carrying warm blood from the body to pick up
some heat from the warmer blood vessels; thus, the heat is transferred from the outgoing to
the ingoing vessels before it reaches the flipper itself. This is the same arrangement found in
an old-fashioned steam radiator, in which the coiled pipes pass heat back and forth as water
]courses through\ them. The leatherback is certainly not the only animal with such an

arrangement; gulls have a countercurrent exchange in their legs. That is why a gull can stand
on an ice ffloe Wwithout freezing.
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All this applies, of course, only to an adult leatherback. Hatchlings are simply too small to
conserve body heat, even with insulation and countercurrent exchange systems. We do not
know how old, or how large, a leatherback has to be before it can switch from a cold-blooded
to a warm-blooded mode of life. Leatherbacks reach their immense size in a much shorter
time than it takes other sea turtles to grow. Perhaps their rush to adulthood is driven by a
simple need to keep warm.
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TPO 15 — 2 Mass Extinctions
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\Qses in which many species become extinct within a ]geologically Lc,hort interval of time are /

called mass extinctions. There was one such event at the end of the Cretaceous period

around 70 million years ago. There was another, even larger, mass extinction at the end of
the Permian period around 250 million years ago. The Permian event has attracted much
less attention than other mass extinctions because mostly unfamiliar species perished at that
time.|
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The fossil record shows at least five mass extinctions in which many families of marine
organisms died out. The ]rates \of extinction happening today are as great as the rates during

these mass extinctions. Many scientists have therefore concluded that a sixth great mass
extinction is currently in progress.
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What could cause such high rates of extinction? There are several hypotheses, including
warming or cooling of Earth, changes in seasonal fluctuations or ocean currents, and

]brought about byl the evolution of cooperation between insects and flowering plants or of

bottom-feeding predators in the oceans. Some of the proposed mechanisms required a very
brief period during which all extinctions suddenly took place; other mechanisms would be
more likely to have taken place more gradually, over an extended period, or at different
times on different continents. Some hypotheses fail to account for simultaneous extinctions
on land and in the seas. Each mass extinction may have had a different cause. Evidence
points to hunting by humans and habitat destruction as the likely causes for the current mass
extinction.
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American paleontologists David Raup and John Sepkoski, who have studied extinction rates
in a number of fossil groups, suggest that ]episodes bf increased extinction have recurred
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periodically, approximately every 26 million years since the mid-Cretaceous period. The late
Cretaceous extinction of the dinosaurs and ammonoids was just one of the more drastic in a
whole series of such recurrent extinction episodes. The possibility that mass extinctions may
period orbit ]deflecting other bodies from their normal orbits, making some of them fall to
Earth as meteors and causing widespread devastation upon impact.
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Of the various hypotheses attempting to account for the late Cretaceous extinctions, the one
that has attracted the most attention in recent years is the asteroid-impact hypothesis first
suggested by Luis and Walter Alvarez. According to this hypothesis, Earth collided with an
asteroid with an estimated diameter of 10 kilometers, or with several asteroids, the combined
mass of which was comparable. The force of collision bpewed large amounts of debris into
the atmosphere, darkening the skies for several years before the h‘iner particles settled. The
reduced level of photosynthesis led to a massive decline in plant life of all kinds, and this
caused massive starvation first of herbivores and subsequently of carnivores. The mass
extinction would have occurred very suddenly under this hypothesis.
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One interesting test of the Alvarez hypothesis is based on the presence of the rare-earth
element iridium Ir. Earth's crust contains very little of this element, but most asteroids contain
contain large amounts of iridium, and atmospheric currents would carry this material all over
the globe. A search of sedimentary deposits hhat span the boundary between the Cretaceous

and Tertiary periods shows that there is a dramatic increase in the abundance of iridium briefly

and precisely at this boundary. This iridium anomaly offers strong support for the Alvarez
hypothesis even though no asteroid itself has ever been recovered.
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An asteroid of this size would be expected to leave an immense crater, even if the asteroid
itself was disintegrated by the impact. The intense |heat of the impact would produce heat-

shocked quartz in many types of rock. Also, large blocks thrown aside by the impact would
form secondary craters surrounding the main crater. To date, several such secondary craters
have been found along Mexico's Yucatan Peninsula, and heat-shocked quartz has been
found both in Mexico and in Haiti. A location called Chicxulub, along the Yucatan coast, has
been suggested as the primary impact site.
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TPO 15 — 3 Glacier Formation
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Glaciers are slowly moving masses of ice that have accumulated on land in areas where
more snow falls during a year than melts. Snow falls as \hexagonal crystals, but once on the

ground, snow is soon transformed into a compacted mass of smaller, rounded grains. As the

air space around them is \Iessened \by compaction and melting, the grains become denser.

With further melting, refreezing, and increased weight from newer snowfall above, the snow
reaches a granular|recrystallized stage intermediate between flakes and ice known as firn.

With additional time, pressure, and refrozen meltwater from above, the small firn ]granules [

become larger, interlocked crystals of blue glacial ice. When the ice is thick enough, usually
over 30 meters, the weight of the snow and firn will cause the ice crystals toward the bottom
to become ]plastic \and to flow outward or downward from the area of snow accumulation.
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Glaciers are open systems, with snow as the system's input and meltwater as the
system’'s main output. The glacial system is governed by two basic climatic variables:
precipitation and temperature. For a glacier to grow or maintain its mass, there must be

sufficient snowfall to match or exceed the annual loss through melting, evaporation, and

calving, which occurs when the glacier loses solid \chunks kas icebergs to the sea or to large ‘

lakes. If summer temperatures are high for too long, then all the snowfall from the previous
winter will melt. Surplus snowfall is essential for a glacier to develop. A surplus allows snow
to accumulate and for the pressure of snow accumulated over the years to transform buried
classified by temperature as faster-flowing temperate glaciers or as slower-flowing polar
glaciers.
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Glaciers are part of Earth's hydrologic cycle and are second only to the oceans in the total
amount of water contained. About 2 percent of Earth's water is currently frozen as ice. Two
percent may be a deceiving figure, however, since over 80 percent of the world's fresh water
is locked up as ice in glaciers, with the maijority of it in Antarctica. The total amount of ice is
even more awesome if we estimate the water released upon the hypothetical melting of
the world's glaciers. Sea level would rise about 60 meters. This would change the geography
of the planet considerably. In contrast, Lshould another ice age occur, sea level would drop
drastically. During the last ice age, sea level dropped about 120 meters.
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When snow falls on high mountains or in polar regions, it may become part of the
glacial system. Unlike rain, which returns rapidly to the sea or atmosphere, the snow that
becomes part of a glacier is involved in a much more slowly cycling system. Here water may
be stored in ice form for hundreds or even hundreds of thousands of years before being
released again into the liquid water system as meltwater. In the meantime, however, this ice
is not static. Glaciers move slowly across the land with tremendous energy, carving into even
the hardest rock formations and hhereby reshaping the landscape as they engulﬂ, push, drag,
and finally deposit rock debris in places far from its original location. As a result, glaciers
create a great variety of landforms that remain long after the surface is released from its iicy |
covering.
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Throughout most of Earth's history, glaciers did not exist, but at the present time about 10
percent of Earth's land surface is covered by glaciers. Present-day glaciers are found in
Antarctica, in Greenland, and at high elevations on all the continents except Australia. In the
recent past, from about 2.4 million to about 10,000 years ago, nearly a third of Earth's land
area was ]periodically \covered by ice thousands of meters thick. In the much more distant
past, other ice ages have occurred.
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