TPO 38 — 1 Microscopes
S

Before microscopes were first used in the seventeenth century, no one knew that living
organisms were composed of cells. The first microscopes were light microscopes, which work
by passing visible light through a specimen. Glass lenses in the microscope bend the light to
magnify the image of the specimen and project the image into the viewer's eye or onto
photographic film. Light microscopes can magnify objects up to 1,000 times without causing
blurriness.
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Magnification, the increase in the apparent size of an object, is one important factor in
microscopy. Also important is resolving power, a measure of the clarity of an image. Resolving
power is the ability of an optical instrument to show two objects as separate. For example,
what looks to the unaided eye like a single star in the sky may be resolved as two stars with
the help of a telescope. Any optical device is limited by its resolving power. The light
microscope cannot resolve detail finer than 0.2 micrometers, about the size of the smallest
bacterium; consequently, no matter how many times its image of such a bacterium is
magnified, the light microscope cannot show the details of the cell's internal structure.
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From the year 1665, when English microscopist Robert Hooke discovered cells, until the
middle of the twentieth century, biologists had only light microscopes for viewing cells. But
they discovered a great deal, including the cells composing animal and plant tissues,
microscopic organisms, and some of the structures within cells. By the mid-1800s, these
discoveries led to the cell theory, which states that all living things are composed of cells and
that all cells come from other cells.
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Our knowledge of cell structure took a giant leap forward as biologists began using the
electron microscope in the 1950s. Instead of light, the electron microscope uses a beam of
electrons and has a much higher resolving power than the light microscope. In fact, the most
powerful modern electron microscopes can distinguish objects as small as 0.2 nanometers,



a thousandfold improvement over the light microscope. The period at the end of this sentence
is about a million times bigger than an object 0.2 nanometers in diameter, which is the size
of a large atom. Only under special conditions can electron microscopes detect individual
atoms. However, cells, cellular organelles, and even molecules like DNA and protein are
much larger than single atoms.
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Biologists use the scanning electron microscope to study the detailed architecture of cell
surfaces. |t uses an electron beam to scan the surface of a cell or group of cells that have
metal is hit by the beam, it emits electrons. The electrons are focused to form an image of
the outside of the cells. The scanning electron microscope produces images that look three-
dimensional.
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The transmission electron microscope, on the other hand, is used to study the details of
internal cell structure. Specimens are cut into extremely thin sections, and the transmission
electron microscope aims an electron beam through a section, just as a light microscope
aims a beam of light through a specimen. However, instead of lenses made of glass, the
microscopes. The electromagnets bend the electron beam to magnify and focus an image
onto a viewing screen or photographic film.
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Electron microscopes have truly revolutionized the study of cells and cell organelles.
Nonetheless, they have not replaced the light microscope. One problem with electron
microscopes is that they cannot be used to study living specimens because the specimen
must be held in a vacuum chamber; that is, all the air and liquid must be removed. For a
biologist studying a living process, such as the whirling movement of a bacterium, a light
microscope equipped with a video camera might be better than either a scanning electron
microscope or a transmission electron microscope. Thus, the light microscope remains a
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useful tool, especially for studying living cells. The size of a cell often determines the type of
microscope a biologist uses to study it.
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TPO 38 — 2 The Racoon's Success
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Raccoons have a vast transcontinental distribution, occurring throughout most of North
America and Central America. They are found from southern Canada all the way to Panama,
as well as on islands near coastal areas. They occur in each of the 49 states of the continental
United States. Although raccoons are native only to the Western Hemisphere, they have been
successfully transplanted to other parts of the globe.
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Following a decline to a relatively low population level in the 1930s, raccoons began to
prosper following their 1943 breeding season. A rapid population surge continued throughout
the 1940s, and high numbers have been sustained ever since. By the late 1980s, the number
of raccoons in North America was estimated to be at least 15 to 20 times the number that
existed during the 1930s. By now, their numbers have undoubtedly grown even more, as they
have continued to expand into new habitats where they were once either rare or absent, such
as sandy prairies, deserts, coastal marshes, and mountains. Their spread throughout the
Rocky Mountain West is indicative of the fast pace at which they can exploit new
environments. Despite significant numbers being harvested and having suffered occasional
declines, typically because of disease, the raccoon has consistently maintained high
population levels.
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Several factors explain the raccoon's dramatic increase in abundance and distribution. First,
their success has been partially attributed to the growth of cities, as they often thrive in
suburban and even urban settings. Furthermore, they have been deliberately introduced
throughout the continent. Within the United States, they are commonly taken from one area
to another, both legally and illegally, to restock hunting areas and, presumably, because
people simply want them to be part of their local fauna. Their appearance and subsequent
flourishing in Utah's Great Salt Lake valley within the last 40 years appears to be from such
an introduction. As an example of the ease with which transplanted individuals can succeed,
raccoons from Indiana (midwestern United States) have reportedly been able to flourish on
islands off the coast of Alaska.
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The raccoon's expansion in various areas may also be due to the spread of agriculture.
Raccoons have been able to exploit crops, especially corn but also cereal grains, which have
become dependable food sources for them. The expansion of agriculture, however, does not
necessarily lead to rapid increases in their abundance. Farming in Kansas and eastern
Colorado (central and western United States) proceeded rapidly in the 1870s and 1880s, but
this was about 50 years before raccoons started to spread out from their major habitat, the
wooded river bottomlands. They have also expanded into many areas lacking any agriculture
other than grazing and into places without forests or permanent streams.

GERRAEAN R IX 9 R o A vt e U AR R FE . e RERERS A RAEY), TTHZEK,
WEFERI, SREMEEQYRIE. LMy RIFA et R EN SR, T
JUtAD 70 FEARE 80 AR, AOMVAEREGE W N AR Fr 2 M AR E X o R g, (H2 B 3 50 4F
JEBEREA I B B — KR R R — TR AR Aok . B R W R AR E
HAb AV B X 5K, B N B REAR B SRR T .

Prior to Europeans settling and farming the Great Plains regionA vast grassland region in
North America extending from central Canada south through the west central United States
into Texas, raccoons probably were just found along its rivers and streams and in the wooded
areas of its southeastern section.With the possible exception of the southern part of the
province of Manitoba, their absence was notable throughout Canada. They first became more
widely distributed in the southern part of Manitoba, and by the 1940s were abundant
throughout its southeastern portion. In the 1950s their population swelled in Canada. The
control of coyotes in the prairie region in the 1950s may have been a factor in raccoon
expansion. If their numbers are sufficient, coyotes might be able to suppress raccoon
populations (though little direct evidence supports this notion). By the 1960s the raccoon had
become a major predator of the canvasback ducks nesting in southwestern Manitoba.
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The extermination of the wolf from most of the contiguous United States may have been a
critical factor in the raccoon's expansion and numerical increase. In the eighteenth century,
when the wolf's range included almost all of North America, raccoons apparently were



abundant only in the deciduous forests of the East, Gulf Coast, and Great Lakes regions,
though they also extended into the wooded bottomlands of the Midwest's major rivers. In
such areas, their arboreal habits and the presence of hollow den trees should have offered
some protection from wolves and other large predators. Even though raccoons may not have
been a significant part of their diet, wolves surely would have tried to prey on those exposed
in relatively treeless areas.
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TPO 38 — 3 Transgenic Plants
LRI

Genes from virtually any organism, from viruses to humans, can now be inserted into plants,
creating what are known as transgenic plants. Now used in agriculture, there are
approximately 109 million acres of transgenic crops grown worldwide, 68 percent of which
are in the United States. The most common transgenic crops are soybeans, corn, cotton, and
canola. Most often, these plants either contain a gene making them resistant to the
herbicide glyphosate or they contain an insect-resistant gene that produces a protein
called Bt toxin.\*\
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On the positive side, proponents of transgenic crops argue that these crops are
environmentally friendly because they allow farmers to use fewer and less noxious

glyphosate is used to control weeds, other, more persistent herbicides do not need to be
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proponent (=supporter) persistent (= long lasting)
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On the negative side, opponents of transgenic crops suggest that there are many questions
that need to be answered before transgenic crops are grown on a large scale. One question
deals with the effects that Bt plants have on nontarget organisms such as beneficial insects,
worms, and birds that consume the genetically engineered crop. For example, monarch
caterpillars feeding on milkweed plants near Bt cornfields will eat some corn pollen that has
fallen on the milkweed leaves. Laboratory studies indicate that caterpillars can die from eating




Bt pollen. However, field tests indicate that Bt corn is not likely to harm monarchs.
Furthermore, the application of pesticides (the alternative to growing Bt plants) has been
demonstrated to cause widespread harm to nontarget insects. \*\
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Another unanswered question is whether herbicide-resistant genes will move into the
populations of weeds. Crop plants are sometimes grown in areas where weedy relatives also
live. If the crop plants hybridize and reproduce with weedy relatives, then this herbicide-
resistant gene will be perpetuated in the offspring. In this way, the resistant gene can make
its way into the weed population. If this happens, a farmer can no longer use glyphosate, for
example, to kill those weeds. This scenario is not likely to occur in many instances because
there are no weedy relatives growing near the crop plant. However, in some cases, it may
become a serious problem. For example, canola readily hybridizes with mustard weed
species and could transfer its herbicide-resistant genes to those weeds. ]*\
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period of time. Of special concern is the development of insect populations resistant to the
Bt toxin. This pesticide has been applied to plants for decades without the development of
insect-resistant populations. However, transgenic Bt plants express the toxin in all tissues
throughout the growing season. Therefore, all insects carrying genes that make them

3 [ 5]: AR BAEVIAA?
AEE—B, M kBB
!

B, VLB, TR,
WRIG, SRR, AR A
Bl LRl AN T3S 2, H T
kz ME 1.

HEIE [ 6]: KX BAEBLATA?
WEBE— Q. ke E—Bigk
YRR !

B, HARRA R

WG, MiRHE - W - &
R FBRIR— bR (R T
B 1.




susceptible to the toxin will die. That leaves only the genetically resistant insects alive to
perpetuate the population. When these resistant insects mate, they will produce a high
proportion of offspring capable of surviving in the presence of the Bt toxin. Farmers are
attempting to slow the development of insect resistance in Bt crops by, for example, planting
nontransgenic border rows to provide a refuge for susceptible insects. These insects may
allow Bt susceptibility to remain in the population. ‘*\
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Perhaps the most serious concern about the transgenic crop plants currently in use is that

Transgenics, at least superficially, simplify farming by reducing the choices made by the
manager. Planting a glyphosate-resistant crop ]commits a farmer to using that herbicide for

the season, probably to the ]exclusion of all other herbicides and other weed-control

practices. Farmers who-use-Bttransgenies may not feel that they need to follow through with

of pesticides to control insect pests. A more sustainable approach would be to plant
nontransgenic corn, monitor the fields throughout the growing season, and then apply a
pesticide only if and when needed. ]*\

WVFSET H A b e 2 R R W R e B B RO FEARAE T, A AR RIS 1 T2 ARk
PEANSERER,  ATRPEAO B R R E RO TR DRI AT 575 /MR EER, FiED
it TAAE A, OV AL T BT IR IE R, AR R B AR AR B AT LAt ]
BOHBE, AN A RS A FL A R AN A PR R . A PTR R R BRI B 4
FLONFER N H RE IS, SOFMAA R KNBENAR L. ROYRRFEE R ik

ARSI EY, AR R A%, OF HAAE 5 ZE IR A R AR 25

HEFE [ 7]: *OXBAEYAA?
B—HRRT FOLBE, &R
O] (FIHRFEAER) D
B, HARET AR
B, SRR IRIR T IR R A T
[ TAEANMEAEL GRET
BT R B REAEXS D
WG, R T E XA )
it o

/| #£3% [ 8]: meaning

A — D RRREI -

H#3E [ 9]: commit

P [ka'mi1t] £ [ka'mit]

ovt. JU3E; fB.3ZFE4: K.
fedk: .. &ENE: (AF

) FrERL

ovi. BT (EAA. W ;
A

L

#L3E [ 10): exclusion

# [1k'skluizn] 2 [1k'sklu:z
n]

en. HEkx; HF; BOZF; BHERR
FESMIHY

O [ 11]: KX ERTE VA4 2
FARAT B,

B HRRET UL
WRIE, HILE— PR AT
Ko




