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Overview
A number of scientific disciplines have come together in the last few decades, combining with each other
to give a much more complete understanding of the way in which organisms interact with each other and
their surroundings to form an ecosystem. The science of ecology has become more sophisticated in the
recent past, sparked in part by the growing ecological awareness of the public and their insistence on
ecological studies. Among the subdisciplines now included in ecological theory are population genetics,
population and ecological computer modeling, and hydrogeology. Previous ecological errors have actually
helped fuel current ecological theories, as efforts to correct these earlier mistakes require a deeper
understanding of what constitutes a healthy ecology.

Background
Humans have long had an impact on their environment through hunting, agriculture, and city building,
even in the earliest times. Until recently, however, very little was known about the environment and the
environmental impact of human activities. Hunter-gatherer cultures developed empirical knowledge of their
surroundings because it was necessary for survival. But there is little, if any, extant evidence of such early
observations that describes the way in which the various parts of the environment interacted in their time.
As a result, most cultures changed their environment with little regard for future impacts, sometimes
suffering as a result. For example, it is thought that the Mayan civilization fell, in part, because of food
shortages due to poor land management.

The Industrial Revolution, technological and medical advances, and the concomitant increase in human
lifespan and population have created a situation in which humanity can have a dramatic and long-lasting
effect on large areas. While the disappearance of species and other ecological effects have been noted for
at least a few centuries, it is only recently that humans have realized that each relatively minor change
may cause far-reaching effects through a network of interconnections that we still see only dimly. The
study of these interconnections between various forms of life, their environment, and each other is the
study of ecology.

Ecological science became important in the 1960s with the explosive growth of the environmental
movement. Sparked in part by atmospheric nuclear weapons testing and industrial emissions that became
unbearable, the early environmentalists began to develop tools to study the interactions and
interrelationships that comprise ecology. What began as empirical observations led to conceptual models
and, from there, to mathematical formulations and computer models. In some cases, once it was thought
that a system was somewhat understood, attempts were made to take corrective or preventative actions.
One example is the population management of deer herds near urban areas. An absence of predators can
lead to an explosion in deer populations. This, in turn, has consequences for the deer in terms of loss of
food supply, disease, and starvation. To redress this imbalance, it is often decided that humans must take
the place of other natural predators by extending the hunting season for deer or, in some cases, by
employing marksmen to cull the deer herds. Other, perhaps less dramatic examples of interventions
include attempts to construct artificial wetlands to replace those lost to development, environmental



restoration projects, and attempts to save species in the Amazon by mandating that stands of forest be left
intact even in areas otherwise clear-cut for agriculture.

Impact
Our deepening understanding of ecological dynamics is due largely to the wider array of scientific and
conceptual tools available. In addition, there was a paradigm shift in human thought, whereupon we finally
realized that, not only were we changing isolated bits of the environment, but that these bits interacted with
each other, sometimes over large distances, causing unforeseen consequences with potentially far-
reaching effects. This deeper understanding of the complex interacting network of ecosystems stands as
the primary impact that ecological studies and tools have had on society. In turn, it has sparked secondary
effects on society, primarily social and political in nature.

Before proceeding, it is necessary to define the terms conceptual model and conceptual tool. For the
purposes of this essay, a conceptual model refers to an idealized and simplified system that provides the
big picture idea of processes in an ecosystem. The circle of life made popular by recent movies is a
conceptual model. A conceptual tool is a way of thinking of or approaching a problem that helps to make it
solvable. For example, evolutionary theory explained many observations quite well, but lacked a credible
method for transmitting changed characteristics to offspring. The conceptual tool of genes helped explain
how traits could evolve, even though the method by which genes work, or even where they appeared in an
organism was not discovered for several decades.

In the case of ecological studies, the conceptual tools included advances in population genetics and
advanced statistical and mathematical methods to help untangle and quantify the relationships observed in
the field. These led researchers to the basic conceptual model of most ecosystems, the now-clichéd
concept of the web of life. It must also be pointed out that the idea of a web is an accurate one from at
least two perspectives. First, of course, it suggests that any single point is connected to multiple other
points, each of which is, in turn, connected to many other points. In addition, more concretely, tugging on
any part of a web causes the entire web to flex and deform, even if only slightly. This serves as an
excellent conceptual model for one of the most important points that has been learned--nothing exists in a
vacuum. In other words, traditional scientific methods of examining each small bit minutely and in isolation
will not work because of the high degree of interconnectivity involved in ecological webs. Studying each
part in isolation and assembling the pieces will not work because the whole system depends on the
interactions and connections as much as it does on the individual pieces.

The web analogy is also accurate and instructive in another way. For example, the removal of a single
strand from a web may diminish its strength slightly, but the web will remain. By judiciously plucking
strands, a great deal of a web may be removed without excessive impact. However, there comes a point
at which the web suddenly begins to lose cohesion and utility because it begins to unravel. At this point,
the loss of each successive strand places excessive strain on the remaining structure. We are beginning
to understand that this, too, bears a resemblance to ecosystems, some of which originate with fewer
strands than others.

Ecological studies have had a social impact that continues to grow. As ecological understanding increased
in depth and detail, so too did awareness that individual actions are important. This, in turn, has led to
increases in recycling, green (environmentally friendly) products and processes, growth in organic



products, more fuel-efficient internal combustion engines, and measures designed to reduce the stress on
local and regional ecologies. Environmental restoration projects at contaminated sites have launched a
major industry devoted to remedying past ecological damage. Included in many of these projects is
funding for detailed ecological studies of the sites before, during, and after remediation activities. Those
espousing environmentalist beliefs or studying the ecological impact of activities, many of whom were
once on the fringes of science and society in the early 1960s, are now considered mainstream. This, in
and of itself, demonstrates the profound impact that advances in the field of ecology have had on society
in recent years.

Restoration of ecosystems altered or damaged by human activities is accomplished through the theories
and scientific processes developed by restoration ecologists. In many cases, the way in which to repair the
damage and return the ecosystem to its original, or at least a healthy, state is uncertain. A complete
restoration may be impossible in areas that will be continually disturbed. Restoration ecologists use
conceptual models to develop methods for remediation in experimental areas. If scientists find that some
methods do not amend the damage, another approach can be attempted until a solution is found. This
process can be used to strengthen the science of restoration ecology and, in turn, rejuvenate damaged
habitats. It is also possible, due to the complex nature and interactions in a given ecosystem, that
restoration efforts shown to amend the damage in one area may not achieve the same results in another
region.

Because of the growing social awareness of ecological concerns, the environmental movement is growing
more politically powerful. Part of this increase is due to the fact that early environmentalists are now
assuming positions of authority in society, while part is no doubt due to the increasing political strength of
the environmental movement in many countries. Politicians respond by approving additional funding for
ecological studies, passing environmental legislation, authorizing environmental restoration projects, and
attempting to place constraints on activities by other nations that are perceived to be ecologically incorrect.
However, each of these activities, in turn, has consequences.

Despite these apparently positive developments, it is worth noting that attention (whether monetary,
regulatory, or political) won by environmental and ecological causes is often at the expense of other
important causes. Therefore, it is possible that, in addressing one high-profile concern, resources may be
taken from other, higher-risk concerns that are not as politically popular. This may result in a paradoxical
situation where, for instance, funding for a badly needed environmental restoration project is lost to a high-
profile but less-immediate concern. Similarly, political pressure on allies or trading partners can strain
international relationships, resulting in unforeseen adverse consequences. This makes it even more
important to develop and use the scientific tools necessary to ensure that we understand ecological
relationships sufficiently well that, when recommending corrective actions, we are confident that the
actions to be taken will:

1. Improve the perceived problem

2. Not place added strain on existing ecological relationships

3. Result in an actual reduction of risk to society when all risk factors are considered (including the
risk of any excavation, construction, and transportation activities that would be required)

4. Be at least as effective as other possible actions that would cost less to implement.



Only in this way can we ensure that our activities actually result in a net gain to society, rather than simply
satisfying our urge to do what seems on the surface to be the right thing to do. Here, the ecological tools
that led us to an awareness of the problems should also help us to understand and to correct them.
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