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Concepts addressed: 
Ecology: Populations  
 
Structure and Dynamics, Dispersion Patterns, Population Growth Patterns, Carrying Capacity, Lotka-
Volterra computer model, Life Tables and Survivorship Curves, Human Population, Demographic 
Transition, Age Structure, Intraspecific Competition, Communication and Territorial Behavior, 
Agonistic Behavior, Courtship Behaviors, Altruism, Kin Selection  
 
 
BIOL 348: An ecological definition of a population is a single-species group of individuals that use 
common resources and are regulated by the same environmental factors. Researchers must define a 
population by geographic boundaries appropriate to the question being asked.  
 
Structure and Dynamics  
Population density is the number of individuals in a given area or volume. It is sometimes possible to 
count all the individuals in a population, but density is usually estimated by sampling. A population's 
dispersion pattern is the pattern of spacing, which may be clumped, uniform, or random. Idealized 
models describe two kinds of population growth. Exponential growth is the accelerating increase that 
occurs during a time when growth is unregulated. The equation G = rN describes a J -shaped curve, 
which is typical of exponential growth. In the equation, G = the population growth rate, r = an 
organism's inherent capacity to reproduce, and N = the population size. Logistic growth is slowed by 
population-limiting factors and tends to level off at the carrying capacity, which is the number of 
individuals the environment can support with no harm to the habitat. The equation G = rN(K - N)/K 
describes a logistic growth curve, where K = carrying capacity and the term (K - N)/K accounts for 
the leveling off of the curve. The logistic growth model predicts that a population's growth rate will 
be low when the population size is either small or large, and highest when the population is at an 
intermediate level relative to the carrying capacity.  
 
The Lotka-Volterra computer model describes what determines abundance and rarity in competition 
theory. The logistic growth model can be extended to encompass competition from another species 
by including the other species' abundance in the expression in parentheses. However, this other 
species may not compete in the same way; i.e. the effect on an individual of the first species caused 
by an individual of the second species may not be the same as the effect caused by another member 
of the first species. In any case, it is clear theoretically that the presence of competition does not 
automatically stabilize a system and cause it attain a steady state. Whether competition leads to a 
steady sate depends on the number of species involved, on how the strength of the competition is 
distributed among all the pair wise interactions, and on the intrinsic rates of increase of the species.  
Many organisms are generalized predators and do not hesitate to consume eggs, hatchlings, or young 
of their own species. This intraspecific competition may act as a mechanism limiting population 
growth if the likelihood of an egg or a juvenile being eaten by adults increases as the number of 
adults increases.  
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Life Histories and Their Evolution  
Life tables and survivorship curves predict an individual's statistical chance of dying or surviving 
during each interval in its life. The three types of survivorship curves - with most individuals dying at 
old age, at a young age, or at a steady state throughout the life span - reflect important species 
differences in life history. Natural selection shapes a species' life history, the series of events from 
birth through reproduction to death.  
 
There are two hypothetical extremes. Populations with r-selected life history traits produce many 
offspring and grow rapidly in unpredictable environments. Populations with K-selected life history 
traits raise few offspring and maintain relatively stable populations.  
 
Human Population  
 
BIOL 120 and BIOL 180 discuss population growth issues in terms of the human population.  
The human population has a whole has doubled three times in the last three centuries. It now stands 
at 6.1 billion and may reach 9.3 billion by the year 2050. Most of the increase is due to improved 
health and technology, which have decreased death rates. The ecological footprint represents the 
amount the amount of productive land needed to support a nation's resource needs. The ecological 
capacity of the world may already be smaller than its ecological footprint. The demographic 
transition is the shift from high birth and death rates to low birth and death rates. During this 
transition, populations may grow rapidly until the birth rates decline. The age structure of a 
population - its proportion of individuals in different age groups - affects its future growth. 
Increasing the status of women may help to reduce family size. Principles of population ecology may 
be used to manage wildlife, fisheries, and forests for sustainable yield, to reverse the decline of 
threatened or endangered species, and to reduce pest populations.  
 
Social Behavior and Sociobiology  
Sociobiology studies social behavior - the interactions among members of a population - in the 
context of evolution.  
 
BIOL 336 illustrates social behavior through communication and territorial behavior, using 
intraspecific competition as a territorial concept. Agonistic behavior is social behavior consisting of 
threats and combat that settles disputes between the individuals in a population. Agonistic behavior 
can directly affect an individual's evolutionary fitness because the victor often gains first or exclusive 
access to mates. Dominance hierarchies, maintained by agonistic behavior, partition resources among 
members of a population. Dominance hierarchies and reconciliation behaviors are integral parts of 
the lives of many primates, such as chimpanzees. Territorial behavior, also maintained by agonistic 
behavior, is another form of social behavior that partitions resources. Territoriality can enhance 
fitness if the benefits of possessing a territory out weigh the energy costs of defending one. Courtship 
behaviors advertise the species, sex, and physical condition of potential mates. Many species court in 
pairs; some perform courtship rituals in groups assembled in specific areas. Social behavior depends 
on signaling, in the form of sounds, scents, displays or touches. Honeybees, for example, perform 
dances that seem to communicate the direction and distance of nectar to other members of the 
colony. Some animals exhibit altruism, behavior that reduces an individual's fitness while increasing 
the fitness of another individual. Altruism can be explained in terms of kin selection: An animal can 
increase the survival of genes like its own by helping "relatives." Sociobiologists generally believe 
that in reciprocal altruism, a favor may later be repaid by the beneficiary.  
 
BIOL 350 discusses population ecology concepts as they apply to aquatic ecosystems through the 
physical, chemical, or biological limnology of lakes and streams.  
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BIOL 352 discusses population ecology as they apply to plant populations through allocation of 
resources towards reproduction, growth, and survival - and the trade-offs related to the allocation 
concept.  


