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Chapter One

—Essential Concents of Fcology

The science of ecology is the study of ways in which organisms interact with each other and
with their non-living surroundings. This is a broad field of study that deals with the ways in which
organisms are adapted to their surroundings, how they make use of these surroundings, and how
an area is altered by the presence and activities of organisms. These interactions involve the flow
of energy and matter among organisms. If the flow of energy and matter ceases, the organism
will die.

All organisms are dependent on other organisms in some way. One organism may eat another
and use it for energy and raw materials. One organism may temporarily use another without harm-
ing it. One organism may provide a service for another, such as when animals distribute plant
seeds or bacteria break down dead organic matter for reuse. The study of ecology can be divid-
ed into many specialities and be looked at from several levels of organisation. Before we can ex-
plore the field of ecology in greater depth, we must become familiar with some of the standard
vocabulary of this field.

Everything that affects an organism during its lifetime is collectively known as its environ-

ment. Environment is a very broad concept. For example, during its lifetime, an animal such as

a raccoon (¢ fE) is likely to interact with millions of other organisms (bacteria (4l 1% ) , food or-
ganisms (X H144) , parasites, mates, predator (fifif¥# )), drink copious amounts of wa-

ter, breathe huge quantities of air, and respond to daily changes in temperature and humidity.

This list only begins to describe the various components that make up the raccoon’s environment.

Because of this complexity, it is useful to subdivide the concept of environment into abiotic
(non-living ) and biotic (living) factors.

Abiotic factors are non-living things that influence an organism. They can be organised into
several broad categories: energy, non-living matter, and the physical characteristics of the place
an organism lives.

Energy is required by all organisms to maintain themselves. The ultimate source of energy
for almost all organisms is the sun; in the case of plants, the sun directly supplies the energy nec-
essary for them to maintain themselves. Animals obtain their energy by eating plants or other ani-
mals that eat plants. Ultimately, the amount of living material that can exist in an area is deter-
mined by the amount of energy plants, algae, and bacteria it can trap.

Non-living matter in the form of atoms such as carbon, nitrogen, and phosphorus and mole-

cules such as water provides the structural framework of organisms. Organisms constantly obtain
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these materials from their environment. The atoms become part of an organism’s body structure

for a short time, and eventually all of them are returned to the environment through respiration,
excretion, or death and decay.

Physical characteristics of the space organisms inhabit vary greatly. Each space has a struc-
ture and location that is also an important abiotic aspect of an organism’s environment. Some or-
ganisms live in the ocean; others live on land at sea level; still others live on mountaintops or fly.
Some spaces are homogeneous and flat; others are a jumble of rocks of different sizes. Some are
close to the equator; others are near the poles.

The weather and climate (average weather patterns over a number of years) of an area pres-
ent several kinds of abiotic factors. These include the amount of selar radiation, proximity to the
equator, prevailing wind patterns and closeness to water. The intensity and duration of sunlight
in an area cause daily and seasonal changes in temperature. Differences in temperature generate
wind. Solar radiation is also responsible for the evaporation of water into the atmosphere that sub-
sequently falls are precipitation. Depending on the climate, precipitation may be of several
forms: rain, snow, hail, or fog. Furthermore, there may be seasonal precipitation patterns.

The kind of soil is determined by prevailing weather patterns, local topography, and the
geologic history of the region. These factors interact to produce a variety of soils that range from
those that are coarse, sandy, dry, and infertile to fertile soils composed of fine particles that hold
moisture.

The biotic factors of an organism’s environment include all forms of life with which it inter-
acts. Some broad categories are: plants that carry on photosynthesis: animals that eat other or-
ganisms; bacteria and fungi that cause decay: bacteria, viruses, and other parasitic organisms

that cause disease; and other individuals of the same species.
Although organisms interact with their surroundings in many ways, certain factors may be

critical to a species’ success. A shortage or absence of a specific factor restricts the success of the
species; thus, it is known as a limiting factor. Limiting factors may be either abiotic or biotic and
can be quite different from one species to another. Many plants are limited by scarcity of water,
light, or specific soil nutrients such as nitrogen or phosphorus. Monarch butterflies are limited by
the number of available milkweed plants, since their developing caterpillars use this plant as their
only food source.

Climatic factors such as temperature range, humidity, periods of drought, or length of win-
ter are often limiting factors. For example, many species of snakes and lizards are limited to the
warmer parts of the world because they have difficulty maintaining their body temperature in cold
climates and cannot survive long period of cold. If we look at the number of species of snakes and
lizards, we see that the number of species declines as one moves from warmer to colder climates.

While this is general trend, there is much variation among species. The range of tolerance of
a species is the degree to which it is able to withstand environmental variation. Some species have

a broad range to tolerance, whereas others have a narrow range of tolerance.
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It is important to understand an organism apart from its environment. The environment influ-
ences organisms, and organisms affect the environment. To focus attention on specific elements
of this interaction, ecologists have developed two concepts that need to be clearly understood:
habitat and niche.

The habitat of an organism is the space that the organism inhabits, the place where it lives
(its address). We tend to characterise an organism’s habitat by highlighting some prominent
physical or biological feature of its environment such as soil type, availability of water, climatic
conditions, or predominant plant species that exist in the area. For example, mosses ( & #¥) are
small plants that must be covered by a thin film of water in order to reproduce. In addition, many
kinds dry out and die if they are exposed to sunlight, wind, and drought. Therefore, the typical

habitat of moss is likely to be cool, moist, and shady. Likewise, a rapidly flowing, cool,

well-oxygenated stream with many bottom-dwelling insects (JEA# £ M) is good trout habitat (fi
i1 S ) , while open prairie (J [ [K] KB J5) with lots of grass is preferred by bison (¥f4-),

prairie dogs (_I-4% f{) , and many kinds of hawks (%% ) and falcons (#£).The particular bio-

logical requirements of an organism determine the kind of habitat in which it is likely to be found.

The niche of an organism is the functional role it has in its surroundings (its position). A de-
scription of an organism’s niche includes all the ways it affects the organisms with which it inter-
acts as well as how it modifies its physical surroundings. In addition, the description of a niche
includes all of the things that happen to the organism. For example, beavers (Ji[J#) frequently
flood areas by building dams of mud and sticks across streams. The flooding has several effects:it
provides beavers with a larger area of deep water, which they need for protection; it provides a
pond habitat for many other species of animals such as ducks and fish; and it kills trees that can-
not live with their roots under water. The animals that are attracted to the pond and the beavers of-
ten become food for predators. After the beavers have eaten all suitable food, such as aspen ( [
¥R ), they abandon the pond, migrate to other areas along the stream, and begin the whole
process over again.

Notes
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Translations of Selected Sentences

1. Environment is a very broad concept. For example, during its lifetime, an animal such as
a raccoon is likely to interact with millions of other organisms (bacteria, food organisms, para-
sites, mates, predators) , drink copious amounts of water, breathe huge quantities of air, and re-
spond to daily changes in temperature and humidity.
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2. The atoms become part of an organism’s body structure for a short time, and eventually
all of them are returned to the environment through respiration, excretion, or death and decay.
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3. The biotic factors of an organism’s environment include all forms of life with which it in-
teracts. Some broad categories are: plants that carry on photosynthesis; animals that eat other or-
ganisms; bacteria and fungi that cause decay; bacteria, viruses, and other parasitic organisms
that cause disease; and other individuals of the same species.
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4. Therefore, the typical habitat of moss is likely to be cool, moist, and shady. Likewise, a
rapidly flowing, cool, well-oxygenated stream with many bottom-dwelling insects is good trout
habitat, while open prairie with lots of grass is preferred by bison, prairie dogs, and many kinds
of hawks and falcons.

DAL, TR K)o A SRt R M B T VR (RO AN B IR 1) o [, — SRR Kt
I VF 2 IR B IR, A — i) LAR L 1 e P S bt 10 ) LB S e 1) K
o U S A B LR B DA R A el R




ER R € 5 Tr 2l

Questions

1. Describe what the science of ecology studies.
2. What does the ecological term “environment” include ?
3. How does a habitat of trouts differ from that of bison?




Chapter Two

The Scope of Ecology

The field of ecology can be considered as the study of the interactions between organisms

and their environment. Strictly speaking, the word ecology refers to the study of these interac-
tions, but in common usage it may refer to the interactions themselves, as in the phrase “an or-

ganism’s ecology ”.Ecologists may focus on the environmental interactions of an entire species,
of populations of the species, or of individual organisms. Note that the environment consists of
both biotic (living) and abiotic (non-living) components.

If we consider the interactions we might observe in other, very different systems—a tropical
rain forest, a desert, the Galdpagos Islands, or a meadow near timberline in the Rocky Moun-
tains—we see that each system has its own complex web of interactions. To some extent, ecolo-
gy is a tremendously diverse field that encompasses a wonderful variety of questions about bio-

logical phenomena.
Ecology and Levels of Biological Organization

Biologists tend to organize biological principles and phenomena into a hierarchy. Each level
is more inclusive than the one below; cells are made of organelles (4l i 255 ) , tissues are com-
posed of cells, and so forth. Ecologists are primarily interested in the levels of this hierarchy from
the organism through the ecosystem. Thus, ecology is a science that examines the most complex
levels of biological organization. This accounts for the tremendous diversity of interactions in-
cluded in the field of ecology.

Subdisciplines in Ecology

Ecology can be subdivided according to the levels of the biological hierarchy. Thus, the
word organism might refer to any of the higher levels of the hierarchy—from the individual to the
ecosystem. The interactions between the individual organism and its environment are termed auto
ecology. Often the focus of auto ecology is the physiological response of the individual to the abi-
otic environment.

Population ecology examines interactions that occur between a population and its environ-
ment. A population is a group of individuals that belong to the same species and inhabit a particu-
lar locale. We define a species as a group of actually or potentially interbreeding individuals.

Thus, the population of ecologist is concerned with a portion of a species and the interactions in
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which it participates. A population of ecologist studying our prairie ( X #.J5) stand, for example,
might ask how the size of the vole population is regulated and controlled, or might wonder why
some populations of prairie plants reproduce primarily by seed, whereas others reproduce vegeta-

tively. These are ecological questions framed at the population level of organization.

Community ecology studies interactions among the populations of all species living in an

area at a particular time, which together constitute the community. If a prairie stand does not burn
frequently, forest eventually encroaches into the grassland. The progression of species replace-

ment leading to forest is called succession. This web of interactions leading to forest is a commu-
nity-level phenomenon. The number of plant species in the prairie is determined in part by the
competitive interactions among the species of grass. Like succession, competition represents a
community-level interaction.

Ecosystem ecology is the study of the most inclusive interactions, those among all the biotic
(living) and abiotic (non-living ) components of the system. An ecosystem thus includes both the
community and its physical environment. The exchange of carbon dioxide among the atmo-
sphere, the oceans, plants, and animals are an example of a global ecosystem-level interaction.
Moreover, ecosystem interactions also occur on a smaller spatial scale. For example, the cycling
of phosphorus—its release from grasses by the prairie fire and deposition into the soil, its incor-
poration into new grasses, its consumption by voles, and its return to the soil in faces—is also an
ecosystem interaction.

Modern ecology has also developed a number of subdisciplines that focus on highly special-
ized facets of the science. For example, physiological ecology examines the ways that the bodily
processes of organisms are adapted to the physical environment. Genetic ecology is the study of
the ways in which an organism’s ecology shapes its heredity (151{% ) and the ways in which genes
influence ecological processes. Another approach to ecological interactions, systems ecology,
emphasises mathematical modelling of the interactions among the components of an ecological

system, particularly the movement of energy and materials among the biotic and abiotic compo-
nents of an ecosystem. A relatively new field, landscape ecology, focuses on the spatial patterns

of ecological processes.
Sciences Allied to Ecology

Three fields of scientific study are closely related to ecology: natural history, environmental
science, and resource management science.

Natural history is the study of the habits, behaviours, and interactions of organisms in their
natural environments. Although natural history and ecology are intimately related, they differ in
that modern ecologists generally attempt to test an explicit hypothesis, whereas natural historians

tend to focus on the descriptive study of natural phenomena. Thus, in natural history, the de-
scription itself is the goal. Often that description raises ecological questions or provides the back-

ground information needed for further ecological research.



