Chapter 48—Population Ecology

Answers

Conceptual Review
3.
Over the past 500 years, the human population has undergone near-exponential growth because technology, industry, medicine, agriculture, and general quality of life have steadily increased over that time. Evidence for this is the dramatic increase in human population beginning with the Industrial Revolution and continuing ever since. As more people are living longer in better conditions, they are also having more children. The population increases rapidly and sharply. Further, as conditions improve, infant mortality drops. This enables more children to survive to reproductive age, increasing the population even further. But such exponential growth cannot go on forever—all populations eventually reach the carrying capacity of their environment. No habitat can support an indefinite number of individuals, because the available resources are always exhausted if numbers get too high. At high densities, population growth then becomes density-dependent. Examples of some density-dependent factors influencing population growth are disease, competition, and limits on space and the food supply.

4.
Because their habitat preferences are restricted, individuals of many species often occupy isolated patches in a broad habitat area, instead of occupying the entire region. This so-called population of populations is known as a metapopulation. A metapopulation is made up of many small populations, isolated in fragments of habitat in a larger region. Though the overall area occupied may be the same as for a population occupying a large, contiguous region of habitat, the population dynamics in each case may be drastically different. Over time, each population in the larger metapopulation is likely to become extinct due to a catastrophe, disease, or sudden influx of predators. But immigration from nearby populations can help reestablish populations on these now-empty habitat fragments. This pattern of localized extinction followed by reestablishment through immigration is rarely seen in species occupying large, contiguous habitats because the population is not broken up into isolated fragments. Further, because the overall population is fragmented in metapopulations, gene flow and general contact between each isolated population are greatly reduced relative to that occurring in large, contiguous populations. Such populations are entirely dependent on corridors to maintain contact with each other. In turn, this decreases biodiversity and increases the amount of inbreeding that occurs in metapopulations. Also in turn, metapopulations are likely to become much less stable than large, contiguous populations. Finally, because gene flow between populations is reduced in metapopulations, each isolated fragment is likely to evolve differently from the others, especially if contact with the others is minimal. 

Applying Ideas
2.
Only older and larger individuals are typically taken during hunting and harvesting, so a population’s age distribution will change at the high end. Few older individuals will be left in the population, because the hunting or harvesting will cause their numbers to continue declining. At the same time, this will free up resources for the remaining young individuals in both the juvenile (pre-reproductive) and adult (reproductive) stages of life, allowing these age classes to thrive. Further, because very young individuals are rarely taken at all, but young adults are occasionally taken, the youngest age groups should contain the most individuals. When graphed, the age structure will appear narrowed in the top age classes and expanded in the bottom and middle. As long as not too many reproductively active adults are taken, the population’s growth rate can actually increase after hunting or harvesting. Again, this is because more resources are now available for the younger age classes. This allows them to have more offspring, increasing the population’s growth rate. But the population’s life table will now indicate low survivorship to older age classes and high survivorship at young ages. 

4.
Several different experiments could be designed to help answer this question, but they would all have to be long-term studies. If the snowshoe hare population is high and dense, less habitat will be available for individual hares to hide and escape from their lynx predators. More hares will then be caught by lynx, thus enabling the lynx population to flourish and grow because its food source is plentiful. But once the lynx have reduced the hare population to a point where habitat and hiding places are no longer at a premium for the hares, individual lynx will find it much more difficult to find and catch prey. Many lynx will die of starvation or be forced to leave the area. In either case, the lynx population will decline, allowing the hare population to recover its numbers and flourish again. The cycle has now repeated itself, and it can continue indefinitely. Nevertheless, predation by lynx ultimately drives the cycle. This can be tested by observing the predator-prey dynamics in two situations: (a) a set number of lynx are placed in a large, natural habitat (and marked in some way) with a sparse population of hares; and (b) the same number of marked lynx are placed in a separate but similar habitat with a large, dense population of hares. By starting with a fixed number of lynx in each case and keeping the habitats similar, the only variable is the number of hares. The lynx and hare population numbers and growth rate can then be monitored over the ensuing years using various methods and techniques. Other predator-prey dynamics can also be observed. 

5.
The growth rate of any population is female dependent because females can give birth to a limited number of children (in humans, usually one) at a time, regardless of how many males are in the population. Female fertility rate drives population growth in all populations, including humans. The 1.15 sex ratio in China will not affect the growth rate of humans in that country, because the ratio is skewed in favor of males. As long as the proportion of females stays constant and does not continue dropping (or begin to rise), the growth rate will also remain constant and unaffected by the higher proportion of males in the population. This issue is further complicated by the strict family-planning and sterilization practices occurring regularly in China. 

Chapter 49—Species Interactions

Answers

Applying Ideas

1.
Several different types of data would need to be collected to test these two different hypotheses for explaining sneezing in humans. Data would need to be collected on the rate and number of sneezes produced by completely uninfected people, those infected with the virus in question, those injected with a dead version of the virus, those injected with a weakened version of the virus, and those infected with live and dead versions of a control virus. These data would then need to be statistically compared to determine if there is a correlation between exposure to the live virus in question and the number and rate of sneezing that occurs. 

2.
The choice of predator depends on whether the bison population needs to be regulated. If the population is growing faster and larger than desired, it is probably best to reintroduce the wolves. Because they prey primarily on calves, they will have a much greater impact on the growth and size of the bison herd than will the lions. In this way, the wolves could be used as a regulatory mechanism to keep the bison population at or below carrying capacity. Conversely, if the size of the bison population is ideal, or if it is desired that it be increased, then the lions would make a better choice of predator. Because they feed selectively on old bison, which contribute little to population growth, the lions will have a much lower impact on prey population size and growth while at the same time making the preserve a more complete ecosystem. 

3.
To distinguish between these two hypotheses, it is necessary to determine if the treehoppers always produce honeydew, or only when they are exposed to ants. A large population of treehoppers could be separated into two habitats, only one of which contains ants. The habitats would be identical in all other respects. After several generations have passed, the waste products of treehoppers from each habitat could be analyzed. If they both still contain honeydew, then this substance is likely a simple excretory waste and not an adaptation for mutualism. But if only those individuals that lived with the ants produce honeydew, then it is likely a mutualistic adaptation whose production is induced by the presence of ants. 

4.
Flowers produce nectar in order to attract insect pollinators to them. As the insect works its way through the flower and down to the nectary, it picks up pollen that can then be transferred to other flowers it visits. But if an insect simply chews through the outside of the nectary rather than burrow through the flower, it has not pollinated the flower and has defeated the function of the nectar itself. If bees continue to do this in orchid populations, the flowers will likely respond by developing defensive or inhibitory mechanisms around or near the outside of their nectaries. For example, the thickness of the nectary wall could be increased to a degree that makes chewing through it inefficient, toxins could be produced in the wall, or structural barriers (spines, thorns, and so forth) could be grown around the outside of the nectary. In the long term, the nectary itself could be moved to a position more inside the flower, making it more likely that bees pick up pollen even if they chew through the outside. All of these possibilities will depend on the coevolutionary responses of the orchids and bees, as well as on the course of natural selection.  







