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Practice Text on “Enzymes”
(adapted from Meyer, 1975)

ENZYMES
In enzymatic reactions, molecules called substrates are converted into different molecules called products. Before a reaction can take place, the activation energy must be overcome. Activation energy can be thought of as the minimum energy required to start a chemical reaction. An enzyme catalyzes a reaction by lowering the activation energy needed to allow the reaction to take place. For example, hydrogen peroxide breaks down into water and oxygen gas on its own, but at an incredibly slow rate. The enzyme catalase lowers the activation energy of the reaction and the reaction happens very quickly.
Catalytic activity is greatly affected by temperature. Since enzymes are proteins, they lose their structure at high temperatures. This not only eliminates the catalytic properties, but essentially destroys the protein. Different enzymes have different specific temperatures. The activity of animal catalase peaks at about normal body temperature, or 35-40°C. Once the temperature increases beyond this temperature range, the catalase proteins die.
Increasing temperature will also increase the amount of free energy because all the molecules will be moving faster. This increased speed and temperature results in an increased rate of collision between the enzyme and substrate molecules, which leads to a faster reaction time.










Study Text on “Origins of the Moon” 
(adapted from Clinton & van den Broek, 2012)

 
ORIGINS OF THE MOON
[bookmark: _Hlk146287799]The Apollo spaceflights of the 1970s greatly advanced our understanding of how our moon originated, falsifying several old theories. One old theory is the “capture hypothesis”: The earth’s gravitational field seized a fully formed moon that whizzed in from elsewhere in the solar system. As the chances of the paths of two objects being just right for such a capture are miniscule, the theory was not widely endorsed even before Apollo. Moreover, the earth would require a large atmosphere to have slowed the moon’s movement. There is insufficient evidence that such an atmosphere existed. Testing of the chemical composition of lunar rocks brought back by the Apollo spaceflights falsified the theory. The moon rocks had quantities of oxygen isotopes similar to rocks on earth, indicating that the moon and earth were approximately the same age and formed about the same distance from the sun.
The second theory of the moon’s origins, the “fission hypothesis”, was proposed by George Darwin in the 1870s: The earth was spinning extremely fast after it formed a core when it was relatively young, causing it to bulge so much at the equator that a small blob of the earth’s crust spun off by centrifugal force, becoming the moon. This hypothesis can account for why the moon is much less dense than the earth, and for the similar quantities of oxygen isotopes between the earth and moon. However, the hypothesis claims that the moon was formed from material near the earth’s surface where the Pacific Ocean is. Researchers have since determined that the basin containing the Pacific Ocean was formed 70 million years ago, whereas the moon is 4.5 billion years old. Moreover, the moon should have exactly the same chemical composition as the corresponding material on earth for the hypothesis to be accurate. Thus, this hypothesis cannot explain Apollo’s finding that the earth and moon have different chemical compositions beyond their similar quantities of oxygen isotopes. 
The third theory is the “double planet hypothesis”: The moon and earth formed from the same cloud of gas and dust. The gas and dust gradually coalesced into the earth, and a ring of material formed in orbit around the growing planet. The raw materials for the moon then came from the ring. This hypothesis can explain the similar composition of the earth and moon with respect to oxygen isotopes, and why the earth and moon are approximately the same age. However, it claims that the two bodies were formed from the same materials in the same fashion, which cannot explain why the densities of both bodies are so different. Also, it cannot explain why the moon’s metallic core is so much smaller than that of the earth. Earth’s metallic core is approximately 50% of its radius, whereas the moon’s metallic core is 25% of its radius. The theory also does not explain the issue of angular momentum—why the earth rotates as fast as it does or how the supposed ring could have acquired enough circular motion to stay in orbit while the moon formed. 
The data discrediting classic theories of the moon’s origins prompted astronomers to develop a fourth theory, the “giant impact hypothesis”: A very large object, roughly the size of the planet Mars, collided with the earth. The “impactor” caused debris to be thrown into orbit, providing the raw material for the moon’s formation. This theory explains why the moon has proportionally less metallic iron at its core than the earth. Presumably, the core of the impactor stuck to the earth, increasing the earth’s metallic core. The similar isotopic composition of the earth and moon is because the earth and the impactor formed in the same region of the solar system. The earth and impactor were not formed of identical material, so they have different chemical compositions. The different chemical compositions of the earth and moon exist because the material from which the moon was formed came mostly from the impactor. Importantly, the theory can explain why the earth rotates as fast as it does. A colliding body would probably not have struck the earth squarely. Rather, it likely struck the earth off-center at an oblique angle. Such a blow would have acted like a basketball player’s hand glancing off the side of the basketball to keep it spinning on his finger, thereby speeding up a slowly rotating earth to its current frequency of rotation.













Study Text on “Vanishing Songbirds” 
(adapted from Clinton & Van Den Broek, 2012)

VANISHING SONGBIRDS
[bookmark: _Hlk146288505]The steep declines in waterfowl, shoreline birds, and grassland birds over the past several decades are generally well understood. What is less obvious is why forest-dwelling migratory songbirds are also vanishing, especially the neotropical migrants that breed in northern latitudes but migrate to winter homes in the tropics. It is important to understand the reasons for the diminishing songbird population, given the necessity of songbirds in forested ecosystems for pollinating flowers, dispersing seeds, and controlling insect populations. In many reports of decreasing songbird populations, it was widely noted that the missing species could still be found in large continuous tracts of forests, but not in isolated tracts. This observation was dubbed the “forest fragmentation effect”. 
One hypothesis to explain the forest fragmentation effect is that songbirds generally prefer larger forest plots as nesting sites, and so avoid isolated plots because they tend to be small. This hypothesis predicts that the density of songbirds’ nests in a forest will increase as the size of the forest increases. However, when researchers documented the presence or absence of songbird species in forest fragments of different sizes, they obtained mixed and sometimes contradictory results. A second hypothesis is that many songbirds are averse to the edges of forests and reject small, isolated tracts because none of the habitats is far away enough from the edges. There are good reasons why songbirds might want to nest away from the edge of a forest. Forest margins are brighter, warmer, drier and windier than the forest interior, and support more shrubs, vines and weeds. This hypothesis was tested by observing the distribution of nesting territories in large forests that either surrounded a reservoir or had swaths cut to accommodate power lines. The results of the test suggest the hypothesis was wrong. A third hypothesis stems from the observation that the species whose numbers have declined most drastically are the long-distance, neotropical migrants. This hypothesis holds that tropical deforestation in South America (the winter home of the neotropical migrants) is responsible for the declines, rather than fragmentation of the breeding habitat. The hypothesis predicts that declines should be greatest for species that winter in regions with rapid deforestation, and least for species that winter in relatively unscathed parts of the tropics. But comparisons of different species of neotropical migrants do not support the hypothesis.
Two environmental changes have been identified that seem responsible for at least some of the decline in the songbird population. First, the suburbs are havens for nest predators such as blue jays, raccoons and opossums, so the songbirds’ dwindling numbers in isolated woodlots might be directly due to the activity of these animals. Because one-fifth of songbird species are ground-nesters, they are particularly vulnerable to raccoons and opossums. To test this hypothesis, one scientist placed quail eggs in artificial nests and set them out in small, medium and large forests and, for an undisturbed control site, in the Great Smoky Mountains National Park. The results confirmed the hypothesis: Eggs in isolated woodlots were more likely to be taken by predators than the control. The second factor responsible for the declining songbird population is an increase in nest parasites. Parasitic birds lay their eggs in the nests of other species, which often raise the resulting offspring as their own. A parasite’s eggs often hatch sooner than the eggs of its host, giving the hatchling parasite a head start over its nest mates. By the time the host’s eggs hatch, the parasite is so much bigger than the host’s hatchlings that it obtains most of the food brought by the parents, and the host’s own offspring often starve. A study in Wisconsin showed that 65% of the nests located near forest edges were parasitized by the cowbird. The accessibility of isolated forest tracts to nest predators and parasites could explain why the songbird populations are declining in these areas.
We must also account for why the neotropical migratory songbirds have declined so much more quickly than other songbirds. In fact, it is not necessary to hypothesize a mechanism that singles out the neotropical birds for special treatment because these migrants are naturally at a disadvantage in their breeding efforts. The neotropicals have a shorter breeding season and lay fewer eggs than other species. Thus, any environmental changes that reduce nesting success across all species would hit neotropical migrants hardest because they have less margin for tolerance.







Comprehension Test Questions and Answers
(adapted from Clinton & van den Broek, 2012)

“Origins of the Moon”
1) Name one similarity in the physical/chemical composition of the earth and the moon. Name one dissimilarity in the physical/chemical composition of the earth and the moon.
· The earth and the moon have similar quantities of oxygen isotopes in their rocks.
· The moon’s metallic core is much smaller than that of the earth. 

2) Why was the “capture hypothesis” of the moon’s origins unpopular even before the Apollo spaceflights? What evidence did the Apollo spaceflights provide that completely discredited the capture hypothesis?
· The chances of two objects’ paths being just right for such a capture are miniscule OR the earth would require a large atmosphere to have slowed the moon’s movement.
· The Apollo spaceflights brought back lunar rocks that were found to have quantities of oxygen isotopes similar to rocks on earth.

3) Describe the “double planet hypothesis” of the origin of the moon. State one scientific fact or research finding supporting that particular theory.
· According to the “double planet hypothesis”, the moon and earth formed from the same cloud of gas and dust.
· Similar composition of the earth and moon with respect to oxygen isotopes.

4) George Darwin developed which theory of the origins of the moon? State one scientific fact or research finding discovered since he developed this theory that discredits the theory.
· Fission hypothesis.
· The hypothesis claims that the moon was formed from material near the earth’s surface where the Pacific Ocean is, but research has shown that the basin containing the Pacific Ocean was formed much later than the age of the moon.

5) One common criticism of the “giant impact theory” is that it does not adequately explain the issue of quantities of oxygen isotopes in rocks on the moon and the earth. Do you agree or disagree with this criticism? Give a reason or research finding to support your opinion.
· To be awarded 2 marks, participants must state whether they agree or disagree with the criticism and provide a relevant supporting reason or research finding.

6) Suppose, Phobos, a moon of Mars, has different chemical composition than Mars. If there were evidence it was created in a different time and space than Mars, which theory of the origin of the earth’s moon could best explain the origin of Phobos? Give one research finding to support your answer.
· Capture hypothesis.
· Mars could have seized a fully formed moon that whizzed in from elsewhere in the solar system, explaining the difference in chemical composition and time and space.

“Vanishing Songbirds”
1) What are the breeding and migration patterns of neotropical songbirds?
· Neotropical songbirds breed in northern latitudes OR they have a shorter breeding season and lay fewer eggs than other species.
· They migrate to winter homes in the tropics.

2) What is the “forest fragmentation effect” hypothesis? Has research evidence on nesting behavior supported the “forest fragmentation effect” hypothesis or not?
· The forest fragmentation effect hypothesis suggests that songbirds prefer larger forest plots for nesting and avoid isolated plots due to their small size.
· Research evidence on nesting behavior has not supported the hypothesis.

3) How do nest parasites affect neotropical songbird populations? Include one research finding in your answer.
· Nest parasites’ offspring outcompete the host’s own offspring for food, leading to declining songbird populations.
· Research in Wisconsin showed that 65% of nests near forest edges were parasitized by cowbirds.

4) Research findings have indicated that neotropical songbirds are more affected by changes in their environment in North America than in South America. Why would that be the case? Include two facts or research findings in your answer.
· Neotropicals have a shorter breeding season and lay fewer eggs than other species, making them more vulnerable to environmental changes in their breeding habitat (North America) than in their winter home (South America).
· Any environmental changes that reduce nesting success across all species would disproportionately affect neotropical songbirds as they have less margin for tolerance.

5) Name two issues or problems that neotropical songbirds have in suburbs.
· Increased presence of nest predators.
· Higher prevalence of nest parasites.

6) What could be an effective method to increase songbird population? Give an example of evidence from research that supports your answer.
· To be awarded 2 marks, participants must propose a reasonable effective method for increasing the songbird population and support it with relevant research evidence.
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