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 UNIT II: Part A  
Biodiversity

Characteristics of Life

Textbook Reference: Sections 4.1
· Differentiate living things from non-living things

The characteristics of living things include the following:

1. Living things are organized systems made up of one or more cells.

2. Living things metabolize matter and energy.

3. Living things interact with their environment and are homeostatic

4. Living things grow and develop

5. Living things reproduce

6. Living things are adapted to their environment and can evolve over time

7. Living things have a need for water

8. Living things are highly organized and contain many complex substances

9. Living things have definite form and limited size

10. Living things have a definite life span

Further explanation on some of the characteristics follows:
1. Cells

· Unicellular (one cell)

· Multicellular (many cells). 

·  Leads to more complex structures/organisms:

· Tissues (epithelial tissue, muscle tissue)

· Organs (heart, lungs, kidney)

· Organ Systems (circulatory, respiratory, excretory)

2.  Metabolism 

· All cells must be able to carry on life functions, such as obtaining energy for cell processes.
· Metabolism involves both catabolism and anabolism

· All cells are able to obtain energy through the breakdown (catabolism) of chemical compounds (ie. Glucose when broken down releases ATP).
· Cells produce (anabolism) organic compounds needed for the growth, development & maintenance of cell structures.

· Eg. cell membranes are composed of proteins, carbohydrates and lipids

3. Living Things Interact with their Environment and are Homeostatic

· Homeostasis means staying the same

· Living things obtain water and exchange matter and nutrients from their external environment
· Keep internal environment chemically different from external

· Maintain internal balance despite changing external conditions

4.  Biogenesis, Growth & Development
· All cells/organisms come from other living cells/organisms.
· All offspring must grow and develop in order to reach sexual maturity and reproduce, to ensure the continuation of the species.

· Unicellular (asexual reproduction)

· Multicellular (sexual reproduction)

5.  Reproduction with Inheritance

· Genetic material of the parent is passed on to the offspring via their DNA.
· Through sexual reproduction
· gametes (sperm & egg) are exact copies of one half of the parents DNA.  Sperm & egg fuse to make a complete set of DNA.  This results in an increase in variety in the offspring.
· Through asexual reproduction
· a parent cell makes daughter cells that are exact replicas of the parent.  These offspring lack variety.

6.  Adaptation

· Organisms must respond to external stimuli.
· They need the physical features & abilities to suit their environment.
· They need the structures & behaviours to enable them to obtain food, transport nutrient molecules, excrete wastes, move (motility), reproduce and communicate.
· All organisms must be able to adapt to their changing environment.  “Survival of the fittest.”  “Adapt or die.”
· Organisms with the “best” set of genes survive to reproduce and pass on those genes to a new generation.

Classifying Living Things

Textbook Reference: Section 4.2
Scientists have identified between 2 and 4.5 million different kinds of living organisms.  Some estimate that there may be four times this number.  To deal with these huge numbers of organisms, biologists classify the organisms according to an international system.  This system allows biologists to identify an organism and place in a group with related organisms.  The branch of biology that deals with the classification and naming of living organisms is called taxonomy.

Aristotle was the first to classify organisms.  He classified all organisms as either plants or animals.  Plants were herbs, shrubs or trees.  Animals were classified according to where they lived – on land, in air or in water.

Linnaeus was the next to classify organisms.  He is considered to be the father of taxonomy.  He began with the general and then moved to the specific. Each type of organism belongs to one kingdom, one phylum (division used in plants), one class, one order, one family, one genus and one species.  Linnaeus used the physical and structural features of an organism for classification.  The more features that organisms have in common, the closer the relationship.

	Classification of Some Familiar Organisms

	Category
	Human
	Chimpanzee
	Housefly
	Dandelion

	Kingdom
	Animalia
	Animalia
	Animalia
	Plantae

	Phylum
	Chordata
	Chordata
	Arthropoda
	Tracheophyta

	Class
	Mammalia
	Mammalia
	Insecta
	Angiospermae

	Order
	Primates
	Primates
	Diptera
	Asterales

	Family
	Hominidae
	Pongidae
	Muscidae
	Asteraceae

	Genus
	Homo
	Pan
	Musca
	Taraxacum

	Species
	Homo sapien
	Pan troglodytes
	Musca domestica
	Taraaxacum officinale


The system for classification developed by Linnaeus provides the basis for modern taxonomy.  However, many other characteristics are now used in classification.  The theory of evolution now serves as a basis for modern taxonomy.  Those organisms possessing similar characteristics are believed to have evolved from a common ancestry. 

Phylogeny is the evolutionary history of a species or a group of organisms.  A phylogenetic tree indicates when related related groups of organisms have evolved from ancestors or how much they have diverged from each other.

Taxonomists now use a wide variety of information to develop classification that reflects true evolutionary relationships.  This information includes: anatomy (structural), biochemical, cytological, DNA, embryological, behavioral, and fossil information.  

Homework: Use textbook and other materials provided to complete the table “Characteristics Used in Classification”.
Nomenclature

A system for naming living things is called nomenclature.  The binomial system of nomenclature is used in modern biology.  It consists of naming each species with two names.  The first is the genus name; the second is the species name.  The genus name is always capitalized but the species is not.  They both should be in italics when typed but may be underlined if handwritten

This system was developed at a time when Latin was the language of scholars and therefore the names are in Latin.  Newly discovered organisms are still named using the Latin language.  The scientific name is used world wide by scientists regardless of the language they speak.

Examples of scientific names include:
· Canis familiaris (dog)

· Homo sapien (humans)

· Castor canadensis (beaver)

· Acer rubrum  (red maple)

Common Names

The use of common names can be confusing.  The fruit Capsicum frutescens is called mango, bell pepper, sweet pepper or green pepper depending upon where you live.  The woodland flower Cornus canadensis has common names bunchberry and crackerjack.


Taxonomic Keys

A taxonomic key is a guide or a blueprint to identify organisms already classified by taxonomists.  Such keys move from general to specific descriptions.

These keys are dichotomous, consisting of a series of paired statements that describe alternative possible characteristics of the organisms.  These paired statements usually deal with the presence or absence of characteristics or structures that are easily seen.  As each pair of statements becomes more specific, a smaller grouping of organisms is produced until the species is identified. 

What is Life? – Scavenger Hunt (http://www.wisc.edu/cbe/biolearn/index.html Posted August 2003)
Activity: Create a dichotomous key using the following list of specimens: pine tree, clam, rock,robin, tin can, deer, oak tree, mouse, dandelion, Paramecium, bicycle, ant
Here's an example using the same items in graphical form. Use the dichotomous key on the next page to LABEL each section of the graph below as a paired statement.

[image: image1.emf]
1. a. Organism is living........................................................go to 4.

1. b. Organism is nonliving..................................................go to 2.
2. a. Object is metallic........................................................go to 3.

2. b. Object is nonmetallic..................................................ROCK.
3. a. Object has wheels......................................................BICYCLE.

3. b. Object does not have wheels......................................TIN CAN.
4. a. Organism is microscopic...................................PARAMECIUM.

4. b. Organism is macroscopic............................................go to 5.
5. a. Organism is a plant.....................................................go to 6.

5. b. Organism is an animal.................................................go to 8.
6. a. Plant has a woody stem..............................................go to 7.

6. b. Plant has a herbaceous stem.................................DANDELION.
7. a. Tree has needle like leaves.....................................PINE TREE.

7. b. Tree has broad leaves............................................OAK TREE.
8. a. Organism lives on land................................................go to 9.

8. b. Organism lives in water...............................................CLAM.
9. a. Organism has 4 legs or fewer......................................go to 10.

9. b. Organism has more than 4 legs...................................ANT.
10 a. Organism has fur........................................................go to 11.

10 b. Organism has feathers................................................ROBIN.
11 a. Organism has hooves.................................................DEER.

11 b. Organism has no hooves............................................MOUSE.

Six Kingdom System of Classification

Textbook Reference: Section 4.1, Chapters 5 and 6

Most taxonomists use a six kingdom system of classification.  Recently, a five kingdom classification was used but a greater understanding of bacteria lead to dividing this kingdom. The kingdoms now include:

· Eubacteria (monerans,bacteria or prokaryotae)

· Archaebacteria

· Protista

· Fungi

· Plantae

· Animalia
The characteristics of each of these groups are as follows:
1.   Eubacteria

· prokaryotic cell type – no membrane bound organelles: no nuclei

· microscopic

· unicellular body form; some colonial

· cell wall is composed of peptidoglycan (polysaccharides and amino acids)

· nutrition is obtained through photosynthesis, chemosynthesis and absorption – autotrophs and heterotrophs.

· nervous system is absent

· Asexual reproduction 

· locomotion is present in some (flagellum)

· Live nearly anywhere

Examples:  cyanobacteria, E. Coli, Clostridium botulinum
2. Archaebacteria

· Live in extreme environments such as stomach chambers of cattle, salt lakes, sea floor vents, volcanoes, hot coal, rocks deep below the surface, alkaline environments, and hot, acidic springs

· Possess unique structures and mechanisms that allow them to live in extreme environments

· Microscopic

· Prokaryotic cell type

· Cell wall composed of lipids

· Locomotion present in some ( flagellum)

· Asexual reproduction

· Heterotrophs, chemotrophs and some photoautotrophs

· Nervous system absent

· unicellular body form; some colonial

Examples: methanogens, halophiles, thermoacidophiles

3.   Protista

· eukaryotic cell type

· body form is mainly unicellular; some colonial, some simple multicellular organisms

· cell wall will exist in some protists; its composition will vary

· nutrition may be through photosynthesis, ingestion, or absorption.

· Ca be parasitic

· Nervous system is absent

· Sexual and asexual reproduction

· Locomotion is present in some protists

· Live in aquatic or moist habitats

Examples: Ciliates, Sarcodines, Flagellates, Slime Molds, Diatoms, Algae (autotophs), sporozoa, ciliophora, chlorophyta, mastigophora, dinoflagellates, euglena
4.   Fungi

· eukaryotic cell type

· body form is some unicellular; mainly multicellular

· cell wall is usually composed of chitin

· nutrition is through absorption; secrete enzymes that digests food material outside of itself.

· nervous system is absent

· Sexual and asexual reproduction

· no form of locomotion

· Most are terrestrial

· Parasites or decomposers

Examples: Molds, Lichens, Yeast, Mushrooms, Bread Molds

5.   Plantae

· eukaryotic cell type

· multicellular organisms; specialized tissues and organs

· cell wall is composed of cellulose

· nutrition is through photosynthesis

· nervous system is absent

· Sexual and asexual reproduction

· no form of locomotion

· Most are terrestrial

Examples: Flowering Plants, Conifers, Ferns, Mosses, liverworts, Horsetails, Seaweeds

6.   Animalia

· eukaryotic cell type

· multicellular organisms with tissues, organs and organ systems

· no cell wall

· nutrition is through ingestion

· nervous system is present

· Sexual reproduction

· locomotion distinct at some point in life cycle

· Live in terrestrial and aquatic habitats

· Exhibit complex forms of behavior

Examples: Sponges, Echinoderms, Jellyfish, Mollusks, Worms, Arthropods, Chordates, Birds, Mammals

The six kingdom system of classification is the best and most widely accepted system in use today because of the following reasons:

· It is generally able to deal with the discoveries of new life forms.

· Its ability to cope with changing ideas about those characteristics of greatest importance in classifying organisms

· Able to account for the evolutionary and biochemical relationships that have been discovered among organisms.

A Brief Survey of Plants

Textbook Reference: Sections 6.1 and 6.2

The study of plants is defined as botany.  Plants are believed to have evolved from green algae.  The main plant (land) characteristics are as follows:

1. Common Cellular Structures:

· all are eukaryotes

· multicellular

· cell wall composed of cellulose

· chlorophyll contained in chloroplasts

· Produce starch as carbohydrate food reserve

· central vacuole

2. Photosynthetic organisms: autotrophs/producers

3. Most are stationary

4. Absorption:  Ability to absorb water and nutrients through roots in complex plants or root-like   structures called rhizoids in bryophytes

5. Desiccation: Ability to conserve water and reduce the drying effect of air.  Plants will have a waxy layer called cutin.

6. Gas exchange:  Required for photosynthesis and respiration.  Land plants have stomata which are openings in their cuticle.

7. Support: The presence of supporting tissue called vascular tissue in the larger vascular plants

8. Conduction: The presence of conducting tissue called vascular tissue that will transport water and dissolved food throughout the plant.  Vascularized roots will penetrate the soil. 

9. Reproduction: Some plants have the ability to reproduce in an environment without water yet in   which sperm can swim.  Bryophytes exist close to the ground so that the sperm can travel in a layer of dew.  In spore producing plants, the gametophyte generation exists close to the ground.  In seed producing plants, wind and animals will transport sperm.

Plants also reproduce through the alteration of generations in their life cycles.  This cycle consists of two generations.  Each generation consists of a different plant form. One generation dominates over the other according to the particular plant group. The dominant generation is more obvious, is larger and lives longer than the other generation.

The two generations of the plant life cycle are The gametophyte and sporophyte generations.  They are described as follows:

Gametophyte Generation: All cells of the gametophyte plant are haploid (n). The sex cells or gametes are produced.  The gametes or sex cells will have a haploid nuclei.  Reproduction is sexual.  

Two gametes will combine during fertilization to produce diploid zygote.  The zygote will develop by mitosis into the multicellular, diploid sporophyte.

Sporophyte Generation:  This stage arises from the union of two haploid gametes.  All cells of the    sporophyte plant are diploid (2n).  In this stage spores are produced. The spores are haploid (n) and are produced through meiosis. Reproduction is asexual.  

      The haploid spores grow by mitosis into multicellular, haploid gametophytes.

	Draw Figure 6.3 on p.166




Summary Table for Examples of Sporophytes and Gametophtyes

	Plant
	Sporophyte
	Gametophyte

	Moss

(non-vascular)
	Stalk and capsule that lives and depends upon the gametophyte
	Plants that contain male antheridia and female archegonia

Gametophyte is dominant

	Spruce tree

(vascular)
	Tree.  Sporophyte is dominant
	Cone found on tree

	Apple tree

(vascular)
	Tree.

Sporophyte is dominant
	Flower found on tree


Classification

There are two major groups of plants.  They are categorized according to the presence or absence of vascular tissue.  Vascular tissue is a special tissue for support and for the transport of materials within the plant.  Vascular tissue is composed of:

Xylem:  This transports water and minerals up the stem of the plant into the leaves.

Phloem:  This transports glucose produced by the leaves, during photosynthesis, down the stem and into the roots. 

The two groups that plants are divided into are:

1. Bryophytes:  These include mosses, liverworts and hornworts.  These plants do not possess vascular tissue.  They are short plants and usually grow in areas that have a good supply of water.  The gametophyte generation is dominant.

2. Tracheophytes:  These include horsetails, ferns, gymnosperms and flowering plants.  They have well-developed vascular tissue.  The sporophyte generation is dominant.

Bryophytes

Bryophytes are considered to be a transitional group between aquatic and terrestrial plants.  The major types of bryophytes include mosses, liverworts and hornworts.  The main characteristics of bryophytes include:

· Lack vascular tissue for support and transport.  They will depend upon osmosis to transport water and diffusion to transport nutrients.
· Lack true roots, stems and leaves.  Contain rhizoids that anchor them into the ground and absorb minerals and water.  Leaflets are one cell thick and absorb water through the cell walls.
· Small in size (1 to 5 cm) and grow close to the ground
· Restricted to moist environments such as rain forests, bogs or woodlands
· Dependent upon a moist environment for the movement of sperm.

· Undergo an alteration of generations in which the gametophyte generation is dominant.

Bryophyte Adaptations for Life on Land

· Water Absorption: Small filaments called rhizoids

· Water Conservation: Waxy waterproof covering called a cuticle or cutin found on leaflets.

· Gas Exchange: Pores found on top of the leaflets

· Internal Transport: Occurs by diffusion or osmosis

· Internal Support: None found in bryophytes

· Reproduction: Dependent upon water to move sperm to the egg.

Tracheophytes

This is the most complex group of plants.  They consist of the following main characteristics:

· Possess vascular tissue to transport materials and provide support.  Made up of the xylem and phloem

· Possess true roots, stems and leaves

· Large in size, growing well above the ground

· Not restricted to moist environments but well distributed over the earth’s surface.  Can exist in areas where water is scarce

· The dominant phase of the life cycle is the sporophyte generation.  The gametophyte is small and short lived.

The major forms of tracheophytes include:

(i) Ferns, Whisk Ferns, Club Mosses and Horsetails (seedless):  

· Water is required for fertilization.  The gametophyte is small and grows close to the ground so that the sperm can use dew or other temporary sources of water for fertilization.  The gametophyte reaches maturity in a month.  The sporophyte, of course, is dominant.

(ii) Gymnosperms:  

· These plants produce seeds in cones.  The seeds are considered to be exposed which means they are not contained in a specialized organ. The seed is surrounded by a seed coat that will protect and nourish with food. 

· Water is not needed for fertilization. Sperm is contained inside a pollen grain that is moved by wind and insects in the gametophyte generation. 

· There are over 750 species and they are dominant in cold regions and high altitudes.  Ex: spruce, fir, and pine trees.

· The sporophyte plant is the tree, the gametophyte plant is the cone.

(iii) Angiosperms (Flowering Plants):  

· These plants produce seeds. Their seeds are enclosed in fruits. The seed is surrounded by a seed coat that will protect and nourish with food. 

· Water is not needed for fertilization. Sperm is contained inside a pollen grain that is moved by wind and insects. 

· There are over 250,000 species.  These plants are the most dominant plant form on earth.  Ex: grasses, tulips, roses, birch trees, apple trees.

· The sporophyte plant is the plant/tree, the gametophyte plant is the flower.

· The flower will become the fruit after fertilization

Tracheophyte Adaptations for Life on Land

· Water Absorption: There is a system of roots present

· Water Conservation: Cutin or cuticle present on leaves

· Gas Exchange: Pores called stomata found on the bottom of the leaves

· Internal Transport: vascular tissue

· Internal Support: vascular tissue

· Reproduction: Water is not required for the movement from sperm to the egg except in the case of fern and fern allies.  Sperm is contained inside a pollen grain that is moved by wind and insects in gymnosperms and angiosperms in the gametophyte generation.

Angiosperms

Angiosperms are the most dominant and diverse plant form on earth for the following reasons:

A. Animals and insects aid in pollination

(i) Angiosperms have brightly colored petals or odors to attract insects for the purpose of pollination

(ii) The presence of nectar will attract insects for the purpose of pollination

(iii) Animals and insects with transfer the pollen from plant to plant for fertilization

B. Wind may be used in pollination if the particular plant produces large amounts of pollen and if the plants grow close together.

C. Pollen grains and pollen tubes do not require the use of water.  They also provide protection.

D. The seed coat protects the embryo. Seeds can remain dormant for a long period of time and withstand harsh conditions such as drought or fire.

E. Seed is protected by the fleshy walls of the ovary.

F. The fruit covering the seed aids in seed dispersal.  Animals will eat the fruit and drop the seeds or the seeds will pass through their digestive systems

G. Cotyledon or endosperm in the seed provides nutrients to the developing embryo

H. Sunken stomata and small leaf hairs to reduce water loss.

I. Adaptations to prevent self-pollination such as:

(i) male and female flowers mature at different times

(ii) chemical barriers that prevent fertilization by the same plant

(iii) male and female parts are separated by a greater physical distance
There are two forms of angiosperms:

A. Monocots 

B. Dicots

A cotyledon is a seed leaf and is important in seed germination.  It is a modified leaf of a seed plant embryo and can help provide nourishment for the developing embryo.  It is one of the first leaves to appear during germination.
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A monocot has one cotyledon and a dicot has two.  Monocots include grasses, corn, wheat, tulips, lilies, palms, sedges, irises and various aquatic plants.  Dicots included roses, maples, oaks, cacti, peas, and peanuts, magnolias, parsley, heaths, mints, potatoes, cabbage etc.  Most angiosperms are dicots.
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