TPO 45 — 1 The Beringia Landscape
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During the peak of the last ice age, northeast Asia (Siberia) and Alaska were connected by a
broad land mass called the Bering Land Bridge. This land bridge existed because so much
of Earth's water was frozen in the great ice sheets that sea levels were over 100 meters lower
than they are today. Between 25,000 and 10,000 years ago, Siberia, the Bering Land Bridge,
and Alaska shared many environmental characteristics. These included a common
mammalian fauna of large mammals, a common flora composed of broad grasslands as well
as wind-swept dunes and tundra, and a common climate with cold, dry winters and
]somewhaﬂ* warmer summers. The recognition (that many aspects of the modern flora and
fauna were present on both sides of the Bering Sea as remnants of the ice-age landscape)
led to this region being named Beringia.
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It is through Beringia that small groups of large mammal hunters, slowly expanding their
hunting territories, eventually colonized North and South America. On this, archaeologists
generally agree, but that is where the agreement stops. One broad area of disagreement in
explaining the peopling lof the Americas' is the domain of \paleoecologists, but it is critical to
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understanding human history: what was Beringia like?
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The Beringian landscape was very different from what it is today. Broad, windswept valleys;
glaciated mountains; sparse vegetation; and less moisture created a ]rather h’orbidding land
mass. This land mass supported herds of now-extinct species of mammoth, bison, and horse
and somewhat modern versions of caribou, musk ox, elk, and saiga antelope. These grazers
supported in turn a number of ]impressive \carnivores, including the giant short-faced bear,
the saber-tooth cat, and a large species of lion.
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The presence of mammal species that require grassland vegetation has led Arctic biologist
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Dale Guthrie to argue that while* cold and dry, there must have been broad areas of dense
vegetation to support herds of mammoth, horse, and bison. Further, nearly all of the ice-
age fauna had teeth that indicate an adaptation to grasses and sedges; they could not have
been supported by a modern flora of mosses and lichens. Guthrie has also demonstrated
that the landscape must have been subject to\* intense and continuous winds, especially in
winter. He makes this argument based on the bnatomy ‘*of horse and bison, which do not
have the ability to search for food through deep snow cover. They need landscapes with
strong winds that remove the winter snows, exposing the dry grasses beneath. Guthrie
applied* the term "mammoth steppe" to characterize* this landscape.
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In contrast, Paul Colinvaux has offered a counterargument based on the analysis of pollen in
lake sediments dating to the last ice age. He found that the amount of pollen recovered in
these sediments is so low that the Beringian landscape during the peak of the last glaciation
was more likely to have been what he termed a "polar desert," with little or only sparse
vegetation. In no way was it possible that* this region could have supported large herds of
mammals and thus, human hunters. Guthrie has arqued against this view by pointing out
that radiocarbon analysis of mammoth, horse, and bison bones from Beringian deposits
revealed that the bones date to the period of most ]intense* [glaciation\.
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The argument seemed to be at a standstill until a number of recent studies resulted in a
spectacular suite of new finds. The first was the discovery of a 1,000-square-kilometer
preserved !patch \of Beringian vegetation dating to just over 17,000 years ago-the peak of
the last ice age. The plants were preserved under a thick ash fall from a volcanic eruption.
Investigations of the plants found grasses, sedges, mosses, and many other ﬁ/arieties\* ina
nearly continuous cover, as was predicted by Guthrie. But this vegetation had a thin root
mat with no soil formation, demonstrating that there was little long-term stability in plant cover,
a finding supporting some of the arguments of Colinvaux. A mixture of continuous but thin
vegetation supporting herds of large mammals is one that seems plausible and realistic with
the available data.
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TPO 45 — 2 Wind Pollination
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Pollen, a powdery substance, which is produced by flowering plants and contains male
reproductive cells, is usually carried from plant to plant by insects or birds, but some plants
rely on the wind to carry their pollen. Wind pollination is often seen as being primitive and
wasteful in costly pollen and yet it is surprisingly common, especially in higher latitudes. Wind
is very good at moving pollen a long way; pollen can be blown for hundreds of kilometers,
and only birds can get pollen anywhere near as far. The drawback is that wind is obviously
unspecific as to where it takes the pollen. It is like trying to get a letter to a friend at the other
end of the village by climbing onto the roof and throwing an armful of letters into the air and
hoping that one will end up in the friend's garden. For the relatively few dominant tree species
that make up temperate forests, where there are many individuals of the same species within
pollen range, this is quite a safe gamble. If a number of people in the village were throwing
letters off roofs, your friend would be bound to get one. By contrast, in the tropics, where each
tree species has few, widely scattered individuals, the chance of wind blowing pollen to
another individual is sufficiently slim that animals are a safer bet as transporters of pollen.
Even tall trees in the tropics are usually not wind pollinated despite being in windy conditions.
In a similar way, trees in temperate forests that are insect pollinated tend to grow as solitary,
widely spread individuals.
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Since wind-pollinated flowers have no need to attract insects or other animals, they have
dispensed with bright petals, nectar, and scent. These are at best a waste and at worst an
impediment to the transfer of pollen in the air. The result is insignificant-looking flowers and
catkins (dense cylindrical clusters of small, petalless flowers).
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Wind pollination does, of course, require a lot of pollen. Birch and hazel trees can produce
5.5 and 4 million grains per catkin, respectively. There are various adaptations to help as
much of the pollen go as far as possible. Most deciduous wind-pollinated trees (which shed
their leaves every fall) produce their pollen in the spring while the branches are bare of leaves
to reduce the surrounding surfaces that "compete" with the stigmas (the part of the flower




that receives the pollen) for pollen. Evergreen conifers, which do not shed their leaves, have
less to gain from spring flowering, and, indeed, some flower in the autumn or winter.
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Pollen produced higher in the top branches is likely to go farther: it is windier (and gustier)
and the pollen can be blown farther before hitting the ground. Moreover, dangling catkins like
hazel hold the pollen in until the wind is strong enough to bend them, ensuring that pollen is
only shed into the air when the wind is blowing hard. Weather is also important. Pollen is
shed primarily when the air is dry to prevent too much sticking to wet surfaces or being
knocked out of the air by rain. Despite these adaptations, much of the pollen fails to leave
the top branches, and only between 0.5 percent and 40 percent gets more than 100 meters
away from the parent. But once this far, significant quantities can go a kilometer or more.
Indeed, pollen can travel many thousands of kilometers at high altitudes. Since all this pollen
is floating around in the air, it is no wonder that wind-pollinated trees are a major source of
allergies.
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Once the pollen has been snatched by the wind, the fate of the pollen is obviously up to the
vagaries of the wind, but not everything is left to chance. Windborne pollen is dry, rounded,
smooth, and generally smaller than that of insect-pollinated plants. But size is a two-edged
sword. Small grains may be blown farther but they are also more prone to be whisked past
the waiting stigma because smaller particles tend to stay trapped in the fast-moving air that
flows around the stigma. But stigmas create turbulence, which slows the air speed around
them and may help pollen stick to them.

—HAEM R E, e i e SR LE AT, HEWIFER IR TiE <. K
Ak e TR, EUER, JeiEn), RS KR AE e (HRTE B RN 2 — XL
D& NER AT RIS I, HEfTWRER SIS TERE Sk, B BUIN R 23 AR 7E
FERJE B PR s s <. 5 IRRIN A S b o 30, AR, A B T-1ek b
FAEFK Fo



TPO 45 - 3 Feeding Strategies in the Ocean
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In the open sea, animals can often find food reliably available in particular regions or seasons
(e.g., in coastal areas in springtime). In these circumstances, animals are neither constrained
to get the last calorie out of their diet nor is energy conservation a high priority. In contrast,
the food levels in the deeper layers of the ocean are greatly reduced, and the energy
constraints on the animals are much more severe. To survive at those levels, animals must
maximize their energy input, finding and eating whatever potential food source may be
present.
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In the near-surface layers, there are many large, fast carnivores as well as an immense
variety of planktonic animals, which feed on plankton (small, free-floating plants or animals)
by filtering them from currents of water that pass through a specialized anatomical structure.
These filter-feeders thrive in the well-illuminated surface waters because oceans have so
many very small organisms, from bacteria to large algae to larval crustaceans. Even fishes
can become successful filter-feeders in some circumstances. Although the vast majority of
marine fishes are carnivores, in near-surface regions of high productivity the concentrations
of larger phytoplankton (the plant component of plankton) are sufficient to support huge
populations of filter-feeding sardines and anchovies. These small fishes use their gill
filaments to strain out the algae that dominate such areas. Sardines and anchovies provide
the basis for huge commercial fisheries as well as a food resource for large numbers of local
carnivores, particularly seabirds. At a much larger scale, baleen whales and whale sharks
are also efficient filter-feeders in productive coastal or polar waters, although their filtered
particles comprise small animals such as copepods and krill rather than phytoplankton.
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Filtering seawater for its particulate nutritional content can be an energetically demanding
method of feeding, particularly when the current of water to be filtered has to be generated
by the organism itself, as is the case for all planktonic animals. Particulate organic matter of
at least 2.5 micrograms per cubic liter is required to provide a filter-feeding planktonic
organism with a net energy gain. This value is easily exceeded in most coastal waters, but in
the deep sea, the levels of organic matter range from next to nothing to around 7 micrograms




per cubic liter. Even though mean levels may mask much higher local concentrations, it is still
the case that many deep-sea animals are exposed to conditions in which a normal filter-
feeder would starve.
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There are, therefore, fewer successful filter-feeders in deep water, and some of those that
are there have larger filtering systems to cope with the scarcity of particles. Another solution
for such animals is to forage in particular layers of water where the particles may be more
concentrated. Many of the groups of animals that typify the filter-feeding lifestyle in shallow
water have deep-sea representatives that have become predatory. Their filtering systems,
which reach such a high degree of development in shallow-water species, are greatly
reduced. Alternative methods of active or passive prey capture have been evolved, including
trapping and seizing prey, entangling prey, and sticky tentacles.
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In the deeper waters of the oceans, there is a much greater tendency for animals to await the
arrival of food particles or prey rather than to search them out actively (thus minimizing energy
expenditure). This has resulted in a more stealthy style of feeding, with the consequent
emphasis on lures and/or the evolution of elongated appendages that increase the active
volume of water controlled or monitored by the animal. Another consequence of the limited
availability of prey is that many animals have developed ways of coping with much larger
food particles, relative to their own body size, than the equivalent shallower species can
process. Among the fishes there is a tendency for the teeth and jaws to become appreciably
enlarged. In such creatures, not only are the teeth hugely enlarged and/or the jaws elongated
but the size of the mouth opening may be greatly increased by making the jaw articulations
so flexible that they can be effectively dislocated. Very large or long teeth provide almost no
room for cutting the prey into a convenient size for swallowing; the fish must gulp the prey
down whole.
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