Week 1

Introduction to Biology: The World of Biology
Chp. 1 & 2

Welcome.

Biology is the study of life.  The word biology is composed of 2 Greek roots “bio” and logi” which mean “life” and the “study of”.  Biology as a science is concerned with all life- plant and animal, but botany is interested in plant life in particular.

What is life?  If we were to list the criteria for defining life what would they be?

1. All living things are composed of cells

2. They have self regulating metabolisms

3. They move

4. Respond to stimuli

5. Reproduce

6. Adapt to environment

ALL LIVING THINGS ARE COMPOSED OF CELLS


The CELL is the  smallest unit of living matter.  The smallest living things are one celled animals.  Certain bacteria and algae.

Larger organisms are collections of cells in which cells are differentiated by function by act in concert, that is they are organized and cooperate.

BIOLOGICAL GROWTH

The book offers a snowball rolling downhill or a stream growing larger as it courses down stream… these are examples of growth in one sense but they are not biological growth.

Biological growth occurs from the inside out (usually).  Growth can occur from the increase in the size of cells or from the number of cells or both.  Some organisms grow until they die (trees) while others have a period of growth that ends at a certain point (adulthood).

Living things also develop as they grow, that is they change: from fertilized egg to embryo to fetus to infant, to child to adolescent to adult hood to maturity and death.

METABOLIC PROCESSES

An organisms ability to convert food into living cells is the result of complex chemical reactions that transform nutrients into the chemical components needed to build cells. 

The process of releasing energy from nutrients for growth and development is called cellular respiration.

The collection of all of the chemical reactions and energy transfers necessary  for growth, maintenance, and reproduction is called metabolism.  Metabolic reactions go on constantly.  What would the condition be called when all metabolic functions cease?

To stay alive, the various functions within an organism must work in cooperation with each other, one system must know when and how to work in conjunction with another, how much of a substance to produce, when to start and stop producing it.  The systems must respond to environmental conditions.  In what ways do organisms respond to changes in the environment?

To heat…cold…fear…hunger…lack of sleep…physical attraction…?

When it gets cold the body senses the change in temperature, the brain causes the blood vessels at the outer portions of the body to restrict to conserve heat.  

When the body is to too warm the body sweats.  The evaporation of sweat from the body requires heat so that the surface of the body is cooled as the sweat evaporates.  

At the same time the blood vessels closest to the surface dilate flushing blood to the surface areas which then convey the internal heat to the surface.

Through all of these influences the organism’s systems must know when to start and stop and how to react in concert with the rest of the body’s systems.  The automatic tendency for the body to maintain the appropriate internal environment of temperature, blood flow, respiration etc. is called homeostasis. The internal biologic and chemical mechanisms that accomplish this task are called homeostatic mechanisms.

We are going to study cells, cell structure and the workings of cells.

MOVEMENT

Although some living things do not have the ability of locomotion (moving themselves from one place to the next), internal motion is found in all life forms.  

The material which comprise cells is in constant movement.  Although plants cannot move from place to place they are able to respond to changes in light and local conditions while in place.

RESPONSE TO STIMULI

All living things respond to stimuli.  What are stimuli? Changes…

Hunger…temperature…quality of our surroundings…fear…

REPRODUCTION

All living things reproduce in some fashion.  All living things die.  Species perpetuate themselves through reproduction.  Reproduction involves the transfer of hereditary information from one generation to the next by deoxyribonucleic acid (DNA).  It is the molecular vehicle or blueprint that is used to build the next generation, it is a mixture of the parents DNA.

Asexual reproduction occurs in simple organisms such as an amoeba, where after reaching a certain size a single parent divides in half giving rise to two new amoebas.  Prior to division an amoeba makes a copy of its DNA so that one complete set of DNA is passed on to each new individual.  Because the DNA is identical, each individual is identical.  

In complex organisms two parents are required for reproduction.  An egg and a sperm are each contributed by the respective parents and their respective DNA is combined to form a new individual.  In this case the offspring is not identical to either parent because the DNA is different from both parents.

We are going to learn more about DNA and reproductive processes.

Living things act in concert with one another among species and with other species and the environment.  The study of the relationships between individuals, species, communities and the environment is called ECOLOGY.
A species refers to a group of living things that look alike, and share a  common ancestry, a common gene pool and that breed among themselves and produce offspring that are like the parents.  Members of the same species within a given area are said to make up a population.    Various populations of different species that interact are called communities.  The living community taken with its environment, the nonliving , makes up an ecosystem.  (pg 13)

We will look into the roles of plants in ecosystems and in life in general.

Living things evolve over time to adapt to changes in their environment or to take advantage of an opportunity in the ecosystem.  These adaptations are selected by a process called natural selection.  The process of natural selection is often called Darwin’s Theory.  Charles Darwin wrote a book called “The Origin of Species” in which he theorized that present forms of life on earth have descended from previous forms of life with certain changes.  He believed these changes were selected for by nature in that they allowed the species to be more successful in some fashion.

Darwin observed that:

1 In any population, members of the population all display some variation from one another.

2 Many more organisms are born than survive to reproduce

3 Resources are limited and members of a population compete for survival

4 Survivors live to reproduce and pass on their genetic code to the next generation.

In this way the individuals best adapted to the environment or best able to compete reproduce more often and by inference more successfully and pass on the trait that allowed them to compete, hence nature selects them over a less successful competitor.

The minute variations from individual to individual are small incremental mutations,  that is chemical changes in the DNA that result in a different expression.  

These changes are persistent, that is they can be inherited.  

Nature is constantly making small incremental changes.  Why are the variations important to a species?

We will spend some time learning about the mechanics of evolution and natural selection.

DIVERSITY 

Nature likes diversity.  There are millions of different species.  The science of classifying and naming organisms is called Taxonomy.   Most biologicsts recognized five kingdoms of living things: 

Prokaryote (single celled bacteria), 

Protista (protozoa, algae, certain molds), 

Fungi (mushrooms, molds, and yeasts), 

Plantae, and 

Animalia.

We will spend a fair amount of time on taxonomy,focusing primarily on the Plant Kingdom (Botany).

Biology organizes living things along certain levels.   That is living things can be viewed and organized at a chemical level, looking at the biochemistry of organisms, 

or at a cellular level where interest in the structure and functions of cells and cell physiology is considered, 

or  at the levels of tissues or organs.  

Or we can look at how all these things work together and study individual organisms.

Biologists also study relationships between individuals within populations, between species  and even between communities and the environment.  

Chapter 2 The Process of Science

Science is a way of thinking and a method of investigation to understand natural phenomena.  The word science comes from the latin word scientia which means “to know”.    The scientific process is dynamic (always changing) and it is creative.  In general the scientific process involves

· Making careful observations to recognize and state a problem

· Developing an educated guess as to the nature of that problem (hypothesis)

· Based on the educated guess make some predictions that can be tested

· Perform experiments to test the predictions

If the results show that the predictions are not true or accurate the experiment may still have value…If they show the predictions are true and consistent results can be demonstrated a new theory may emerge.

Why is the method important?

Scientific History…we stand on the shoulders of those that have gone before…

Example of Scientific Method -

Spontaneous generation – life springs from nonliving matter.  Your book reports one theory that thought that mice could be spontaneously generated by placing rags and a handful of grain in a crock.  The crock was then placed in the thatch of the cottage roof.  The Greeks believed that their enemies were generated from rotting flesh or dirt.

Redi’s experiment with flies …

THE SCIENTIFIC METHOD

· Redi made  observations that while most things appear to have parents,  maggots seemed to spontaneously appear on decaying meat.

· He wondered if some things came from parents and other spontaneously generated.

· His educated guess was that living things could only come from other living things (biogenesis)  (hypothesis) 

· He predicted that flies therefore are produced by other flies…and that they will not spontaneously occur in a sealed jar.

· He devised a test with a control group, place meat in two jars and sealed one.

· No flies appeared in the jar. Biogenesis is supported.

Is the experiment repeatable?

Scientists generally use two groups when they design an experiment.  The first group is the group to which the experiment is directed while the second, the control group, is not subjected to the experiment.

DEDUCTIVE AND INDUCTIVE REASONING

Scientists use logic to draw conclusions from a set of facts.  In general logic is described as eityher DEDUCTIVE or INDUCTIVE.

DEDUCTIVE LOGIC refers to using general principles or experience to infer more detailed predictions.  A prediction is deduced from the larger general principle to a specific expectation.  The expectation could be tested by an experiment. EXAMPLES?  Because of deductive logic we are confident that the sun will rise tomorrow, that any new species discovered is produced through one of the principles of reproduction…elevators will work…

INDUCTIVE LOGIC however is the opposite.  Inductive logic is a reasoning process that uses specific examples to draw a general conclusion or to predict a general principle.  

EXAMPLES?

Can we assume because flies are produced from other flies that all insects are produced from parents?

Has there been spontaneous generation of life?

If so we can only say that life usually comes from other life, that biogenesis is usually the case.

The Scientific method is a method of skepticism…the best burgers come from sacred cows…The use of steps allows one scientist to review the work of another …to repeat the work of another…why is this important?

So that we can rely on the work of others ….

The process of science is a process of critical observation, and recognition of results…why is this so difficult?  Louis Pasteur “Chance favors the prepared mind”. 

Great discoveries seem so simple once they are articulated…Darwin…Fleming’s discovery of penicillin…ozone layer…

When a scientist forms a hypothesis, certain guidelines are followed…

1. the hypothesis is consistent with well established facts,

2. the hypothesis can be tested in some way

3. the test can be repeated

4. the hypothesis can be shown to be false

A hypothesis can never be shown to absolutely true…

Using the scientific method if one believes in something untestable, unfalsifiable then one believes it without a scientific basis…

Text gives the examples of a dog having puppies.  The dog is a mammal, it bears live young, with hair.  The hypothesis (using inductive logic) would be that all mammals are milk-giving, bear live young, with hair  and this was true until someone discovered the duck billed platypus, the spiny anteater that had fur, gave milk but laid eggs…

A hypothesis is not true simply because some of the tests we have though of for it confirm it…

A hyothesis is a process of logic and is proven or disproven through inference, certain things cannot be false if the hypothesis is true.  If the hypothesis is false however it should be able to demonstrate that…  

What are some of the ways in which an experiment can be misleading?

Atypical sample

Bias

Theories, facts and change

When we deduce something from general knowledge or induce something from limited data we may be correct however we cannot know what new information might be found that will modify our understanding…

A theory that has stood the test of time, where predictions made using the theory as a guide are consistently accurate and the theory becomes accepted by practitioners the theory is said to be a scientific principle or referred to as a law (Law of gravity, law of biogenesis)

