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Lecture 1

The Science of Life

Introduction

You are about to embark on a journey-a journey of discovery
about the nature of life. More than 180 years ago, a young English

naturalist named Charles Darwin set sail on a similar journey

on board H.M.S. Beagle; a replica of this ship is pictured here.

What Darwin learned on his five-year voyage led directly to his

development of the theory of evolution by natural selection, a

theory that has become the core of the science of biology. Darwin’s
voyage seems a fitting place to begin our exploration of biology-the

scientific study of living organisms and how they have evolved.

Before we begin, however, let’s take a moment to think about what

biology is and why it's important.
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Life defies simple definition

In its broadest sense, biology is the study of living things-the science of life. Living things come in

an astounding variety of shapes and forms, and biologists study life in many different ways. They live

with gorillas, collect fossils, and listen to whales. They read the messages encoded in the long molecules of
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heredity and count how many times a hummingbird s wings beat each second.
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Although we cannot define life with a single simple sentence, we can come up with a series of seven

characteristics shared by living systems:
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B Cellular organization. All organisms consist of one or more cells. Often too tiny to see, cells carry out

the basic activities of living. Each cell is bounded by a membrane that separates it from its surroundings.
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B Ordered complexity. All living things are both complex and highly ordered. Your body is

composed of many different kinds of cells, each containing many complex molecular structures. Many

nonliving things may also be complex, but they do not exhibit this degree of ordered complexity.
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W Sensitivity. All organisms respond to stimuli. Plants grow toward a source of light, and the pupils of

your eyes dilate when you walk into a dark room.
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B Growth, development, and reproduction. All organisms are capable of growing and reproducing,

and they all possess hereditary molecules that are passed to their offspring, ensuring that the

offspring are of the same species.
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B Energy utilization. All organisms take in energy and use it to perform many kinds of work. Every

muscle in your body is powered with energy you obtain from your diet.
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B Homeostasis. All organisms maintain relatively constant internal conditions that are different

from their environment, a process called homeostasis. For example, your body temperature remains

stable despite changes in outside temperatures.
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B Evolutionary adaptation. All organisms interact with other organisms and the nonliving

environment in ways that influence their survival, and as a consequence, organisms evolve adaptations

to their environments.
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Living systems show hierarchical organization

The organization of the biological world is hierarchical (Figure 1.4) -that s, each level builds on the level

below it:
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1. The cellular level. At the cellular level (figure 1.1), atoms, the fundamental elements of matter, are

joined together into clusters called molecules. Complex biological molecules are assembled into

tiny structures called organelles within membrane bounded units we call cells. The cell is the basic

unit of life.

Many independent organisms are composed only of single cells. Bacteria are single cells, for example.

All animals and plants, as well as most fungi and algae, are multicellular-composed of more than

one cell.
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CELLULAR LEVEL

Atoms Molecule Macromolecule Organelle Cell

Figure (1.1): The cellular level of living systems.
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2. The organismal level. Cells in complex multicellular organisms exhibit three levels of organization.

The most basic level is that of tissues, which are groups of similar cells that act as a functional unit.

Tissues, in turn, are grouped into organs-body structures composed of several different tissues

that act as a structural and functional unit. Your brain is an organ composed of nerve cells and a

variety of associated tissues that form protective coverings and contribute blood. At the third level of

organization, organs are grouped into organ systems (Figu re 1.2). The nervous system, for example,

consists of sensory organs, the brain and spinal cord, and neurons that convey signals.
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ORGANISMAL LEVEL

Tissue Organ Organ system Organism
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Figure (1.2): The organismal level of living systems.
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3. The populational level. Individual organisms can be categorized into several hierarchical levels within

the livingworld. The most basic of these is the population-a group of organisms of the same species

living in the same place. All populations of a particular kind of organism together form a species, its
members similar in appearance and able to interbreed. At a higher level of biological organization, a

biological community consists of all the populations of different species living together in one

place, (Figure 1.3).
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POPULATIONAL LEVEL

Population Species Community Ecosystem Biosphere

Figure (1.3): The populational level of living systems.
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4. The ecosystem level. At the highest tier of biological organization, populations of organisms interact

with each other and their physical environment. Together populations and their environment

constitute an ecological system, or ecosystem. For example, the biological community of a

mountain meadow interacts with the soil, water, and atmosphere of a mountain ecosystem in many

important ways.
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5. The biosphere. The entire planet can be thought of as an ecosystem that we call the biosphere.
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Figure (1.4): Hierarchical organization of living systems.
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An Example of Scientific Inquiry: Darwin and Evolution

. 1 - . 3 -
Darwin's theory of evolution explains and describes how organisms on Earth have changed over

time and acquired a diversity of new forms. This famous theory provides a good example of how a

scientist develops a hypothesis and how a scientific theory grows and wins acceptance.
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Charles Robert Darwin (1809-1882; figure 1.5) was an English

naturalist who, after 30 years of study and observation, wrote one of the

most famous and influential books of all time. This book, On the Origin

of Species by Means of Natural Selection, created a sensation when it

was published, and the ideas Darwin expressed in it have played a central

role in the development of human thought ever since.

Figure (1.5): Charles Darwin
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Natural selection

Darwin was thoroughly familiar with variation in domesticated animals, and he began On the Origin of

Species with a detailed discussion of pigeon breeding. He knew that animal breeders selected certain

varieties of pigeons and other animals, such as dogs, to produce certain characteristics, a process

Darwin called artificial selection.
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Artificial selection often produces a great variation in traits. Domestic pigeon breeds, for example,

show much greater variety than all of the wild species found throughout the world. Darwin thought that
this type of change could occur in nature, too. Surely if pigeon breeders could foster variation by artificial

selection, nature could do the same-a process Darwin called natural selection.
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Darwin observed differences in related organisms and proposed the hypothesis of evolution by natural

selection to explain these differences. The predictions generated by natural selection have been tested

and continue to be tested by analysis of the fossil record, genetics, comparative anatomy, and even

the DNA of living organisms.
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End of lecture

1"

https://manara.edu.sy/



https://manara.edu.sy/

