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INTERPRETING NATURE: A PRIMER FOR UNDERSTANDING 
NATURAL HISTORY VOLUME 1 

Preface  

Interpreting Nature: A Primer for Understanding Natural History 2nd ed. is the course text for University 
of Victoria Continuing Studies course.ER 099 Introduction to Biology and Natural History. The first 
edition of Interpreting Nature was originally created to train naturalists to offer nature interpretation 
programs in regional parks. People hired to run these programs are often knowledgeable in certain 
aspects of natural history, usually birds or plants, but not well versed in other areas. The purpose of 
Interpreting Nature 1st ed. was to offer naturalists a collection of primers in different main subject areas 
of natural history that would enable them to become reasonably informed about topics in a short period 
of time so they could offer a more well-rounded program to the public in the park. Interpreting Nature 
2nd ed. Is intended to support the course: ER099 Introduction to Biology and Natural History. To that end 
the second edition does not include the sections on Geology and Astronomy, and it contains 
considerable more Biology content. 
  
Each module is a blend of theory and species identification. It is a distillation of material from a variety 
of sources of natural history and field identification that familiarizes you with different kinds of 
organisms, demonstrates how they relate to each other and their natural environment, and explains 
certain characteristics of these organisms to help you understand their living styles. In the case of birds, 
for example, we discuss what it means to be a bird, its basic biology and basic ecological relationships. 
Then we discuss basic bird taxonomy, the main Orders and Families with examples. In essence, 
Interpreting Nature 2nd ed is a blend of a text in Introductory Biology and field guides to develop a more 
practical, working knowledge of nature. It is a comprehensive synthesis of science and nature. 
 
The way we look at the living world in Interpreting Nature is through the individual and through the 
ecosystem. The general guiding principal of what comprises an individual is homeostasis, the condition 
of maintaining a constant internal environment that is separate from the environment in which the 
individual occurs. Through the range of organisms from a single-celled Amoeba to a blue whale, an 
individual maintains an internal state separate from environment in which it occurs. That is the 
definition of life. The ability to do this is very limited in the case of an Amoeba. Homeostasis in a blue 
whale is much more elaborate involving trillions of cells and a variety of organ systems to main the 
body’s metabolism. In the case of the blue whale the individual even maintains its own body 
temperature. 
 
The individual, this constant internal environment, exists in the broader context of the world where it 
interacts with other organisms and the nonliving world. These interactions occur at a wide range of 
scales from molecules in nutrient cycles to other organisms such as predators or prey to broad impacts 
such as climate change. Identifying, defining, exploring and describing these interactions is the field of 
ecology and in Interpreting Nature 2nd ed we provide material for you to develop a basic knowledge of 
this field. An understanding of ecology helps to understand biodiversity since form follows function. The 
diversity we see is a product of organisms adapting to their environment. Biodiversity reflects the 
diversity of habitats and ecosystems in the real world. 
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Notes on the course: ER099 Introduction to Biology and Natural History 
Biology and natural history are vast topics. Many botanists and ornithologists, for example, spend their 
entire lives improving their knowledge of species identification and their ecology. In ER 099 Introduction 
to Biology and Natural History we can only provide a starting point from which to build expertise. 
Because it is a course that surveys a wide range of topics we can only offer introductory material in 
each.  
 
This self-study course will provide you with a foundational knowledge in basic biology and natural 
history. It is organized into eleven study units focusing on different aspects of the natural world. This 
course outlines the general principles by which plants and animals interact with each other and their 
surroundings and how they are described. The course will also enable you to understand how organisms 
are classified and named and develop some literacy to enable you to work with the material in other 
contexts. 
 
NOTE: We do not expect you to memorize all of this material. Most is included by way of explanation 
and offering context. We only expect you to remember basic concepts, basic vocabulary and 
representative taxonomy. We are looking for you to be able to demonstrate a comprehension of basic 
concepts and a general literacy of the subject matter. 
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Chapter 1 Ecology 
LEARNING OUTCOMES 
Successful completion of this unit will enable you to: 

1. Recognize and define terminology used in the field of ecology 
2. Describe the major themes that describe how organisms interact with each other and the 

environment 
3.  Describe the two basic patterns of population growth and relate them to life history 

strategies 
4.  Identify the major characteristics that distinguish the major types of biomes and ecosystems 

 
Chapter Outline: 

• Ecology Introduction 
o Two major themes 

§ Energy flow 
§ Nutrient cycles 

o Symbiosis 
o Population Ecology 
o Ecosystems 

• Biomes 
o Terrestrial ecosystems 

§ Coniferous forest 
§ Temperate deciduous forest 
§ Grassland 
§ Tundra 

o Succession 
• Freshwater Ecosystems 

o General Characteristics 
§ Lakes and ponds 
§ Bogs 
§ Marshes 
§ Streams and rivers 

• Marine Ecosystems 
o General characteristics 

§ Estuaries 
§ Intertidal Zones 
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Figure 1.1 Stratification of organisms in a forest between soil, herb, shrub, lower tree canopy 
and upper tree canopy layers. 

 
Introduction 
Ecology is the study of the interactions of organisms with each other and with the nonliving 
environment. Ecology is an extensive field of study, but a general understanding of ecology will 
allow you to interpret the uniqueness of a particular habitat or organism, and to distinguish 
between cause and effect.  
 
Two Major Themes 
Although ecology is a vast subject we can identify two major themes which describe how 
organisms interact with each other and their nonliving environment. One theme is that of energy 
flow. All organisms require energy in order to live. How they obtain this energy, and how it is 
passed on to other organisms, is described by food chains and food webs. The ultimate original 
energy source is sunlight. The energy will pass through a series of plants and animals, to 
eventually be lost as heat to the atmosphere – it flows in one direction. 
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The second central theme in ecology is that of nutrient cycles. The basic materials (nutrients) 
required by organisms to live are obtained from other organisms or the nonliving environment. 
Unlike energy which flows through a food chain and is then lost, nutrients are constantly recycled – they 
flow in circles. 
 
Energy Flow: 
Energy flow deals with food chains, which are familiar to everyone. A food chain can generally be 
defined as the transfer of food energy from plants or detritus feeding organisms through a series of 
organisms with repeated eating and being eaten. Food chains are of two basic types (Figure 1.2). 
Grazing food chains begin with green plants and go on to herbivores, which feed on these plants, and 
then carnivores or omnivores, which feed on the herbivores and other carnivores. Detritus food chains 
begin with a base of dead organic material (detritus) which is decomposed by microorganisms that in 
turn are fed upon by detritivores. Carnivores will then feed on the detritivores.  
Any community (a group of organisms of different species living in the same area) usually has many food 
chains which are interconnected. These interconnected food chains are collectively called a food web 
(Figure 1.3). 

 
 

Figure 1.2 Example of a detritus food web. 
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Figure 1.3 An example of a food web. 
 

Groups of organisms in a food web that obtain their energy by the same number of steps (levels) on a 
food chain are said to occupy the same trophic level (= feeding level) (Figure 1.4). In the grazing food 
chain, green plants occupy the first trophic level – the producers, and form the base of the pyramid. The 
producer is autotrophic (self-feeding) because it can sustain itself on a simple supply of nutrients and 
water and an external energy source (usually sunlight). The second trophic level consists of the primary 
consumers which feed upon plants. A consumer is heterotrophic (other-feeding) and obtains its 
nutrients and energy from other organisms. An herbivore is a consumer that feeds on plants and if it 
also eats other animals it is called an omnivore. The third trophic level is the secondary consumers 
which are primary carnivores that eat herbivores. The secondary carnivores that eat other carnivores 
are in the tertiary consumer level, and so on. 
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Figure 1.4 Productivity at higher trophic levels decreases as one moves from the base to the top 
of the pyramid. 
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Figure 1.5 The pyramid of productivity. 
 

Usually there are only 5 or 6 trophic levels because only about 10% of the energy at one level is passed 
on to the next (Figure 1.5). The remaining 90% at a trophic level is used by the organisms themselves to 
live. It does not take many links in a food chain before it runs out of energy. Organisms also tend to get 
larger in size with successive steps in the food chain. An animal which eats another animal generally 
needs to be larger in order to catch and eat its prey.  
 
It is important to realize that organisms are placed in a particular trophic level according to their 
function in a community. As a result, particular species may be involved in more than one trophic level. 
Foxes, for example, may eat berries, which make them primary consumers. They also eat rabbits and 
mice, which make them secondary consumers. 
 
Notice that in ecology it is important to examine the role of an organism. This “role” is called the 
organism’s niche. It is frequently referred to as its “job”. The niche is distinct from the terms: habitat – 
which refers to the place an organism lives; home range – which is an area an animal moves through on 
a regular basis, and; territory – which is an area defended by an individual. The organism interacts with 
its environment in many ways. These interactions determine the plant or animal’s distribution and 
abundance. 
 
The different trophic levels can be displayed graphically by letting the abundance of organisms at each 
level be represented by a rectangular box. These boxes can be stacked, with the producers at the 
bottom and the higher-level carnivores at the top. The result is a pyramid, called a food or ecological 
pyramid. The boxes get smaller because of the vast amount of energy lost at each step. This type of 
ecological pyramid with a base of green plants is based on a grazing food chain. Another food chain 
with a base of dead organic material is called the detritus food chain. 
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Figure 1.6 Relationship between the grazing food chain and the detritus food chain.  

 
A grazing food chain represented here by the deer and tree starts with green plants. The detritus food 
chain is represented here by the decomposing bones and the nutrients being absorbed by the tree 
roots. 
 
Nutrient Cycle 
All organisms require nutrients in order to build the various molecules macromolecules necessary for life 
– carbohydrates, lipids, proteins and nucleic acids. The most common building blocks of these molecules 
are carbon, oxygen, nitrogen, and phosphorus, although there are many others. These elements flow as 
nutrients through the living (biotic) and nonliving (abiotic) components in nature. The living components 
include microorganisms (bacteria and protists), fungi, plants, and animals. The nonliving components 
include water, soil, rock, and the atmosphere. Nutrient cycles are sometimes called biogeochemical 
cycles to reflect the fact that the living (bio) and nonliving (geo, chemical) components are involved, and 
that the nutrients pass through a number of chemical states. 
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Macromolecules of Life 
Nutrient cycles are responsible for providing organisms with the elements needed to synthesize the 
major macromolecules of life – carbohydrates, lipids, proteins and nucleic acids. They are mainly 
composed of the elements carbon, hydrogen, oxygen, nitrogen and phosphorus. 

Carbohydrates are the substances commonly called sugars and starches. Carbon, hydrogen and oxygen 
are the elements found in carbohydrates. The ratio of carbon to hydrogen to oxygen is typically 1:2:1, 
e.g. glucose C6 H 12 06 (Figure 1.7). The general formula for carbohydrates is (CH20)n – in the example of 
glucose, the value of “n” is 6. 

 Carbohydrates perform a number of major functions in living systems. Some carbohydrates are 
converted to proteins or fats or function as food reserves. The principal function of carbohydrates is to 
provide the most readily available source of energy to sustain life. However, chitin is also a carbohydrate 
and this macromolecule forms the major constituent of the exoskeleton of arthropods and the cell walls 
of fungi. Cell walls of plants contain cellulose, another carbohydrate. 

 

 
Figure 1.7 The glucose molecule showing carbon, hydrogen and oxygen in a 1:2:1 ratio. 

Carbohydrates can be divided into three major groups on the basis of their size: monosaccharides, 
disaccharides, and polysaccharides. 

A. Monosaccharides, or simple sugars, are compounds containing from three to seven 
carbon atoms. 5-carbon sugars (called pentoses) and 6-carbon sugars (called hexoses) 
are extremely important to the human organism. The figure above shows the structural 
formula of the body’s main monosaccharide, glucose. Fructose and galactose are other 
monosaccharides. All three of these sugars consist of 6 carbon atoms, arranged 
differently within their molecules. Glucose is the main energy-supplying molecule of the 
body and is the sugar carried in our blood. Fructose is the sugar found in fruit and can 
be easily converted to glucose, as can galactose. 

Ribose and deoxyribose are pentose monosaccharides which are critical components of 
our genetic material - the nucleic acids DNA and RNA. 

B. Disaccharides consist of two monosaccharides joined chemically. Sucrose, or cane sugar, 
is made up of the monosaccharides glucose and fructose. Lactose, or milk sugar, is 
formed from one molecule of glucose and one molecule of galactose. Like 
monosaccharides, disaccharides function to supply energy, a molecule of sucrose, for 
example, may be digested into its components of glucose and fructose by the addition 
of water. 
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C. Polysaccharides consist of many monosaccharides joined together by the removal of 
water. As you might guess, polysaccharides are large molecules. Starch (Figure 1.8), is an 
example of a polysaccharide found in plants which functions in long-term energy 
storage. Glycogen is sometimes called animal starch because it performs the same 
function as starch in animals - that of long-term energy storage primarily in the liver and 
skeletal muscles. Not all polysaccharides serve this function. Cellulose is a 
polysaccharide used to build structure in the cell walls of most plants. 

 

 
Figure 1.8 Both starch and glucose are composed of long strands of glucose molecules, the 
difference being the orientation of the glucose molecules in the chain. 

Lipids are another group of organic compounds which are vital to the human organism. Like 
carbohydrates, lipids are composed of carbon, hydrogen and oxygen but unlike carbohydrates, they do 
not have a 2:1 ratio of hydrogen to oxygen. In addition, the amount of oxygen in fats is usually less than 
that in carbohydrates. Characteristically lipids have many carbon atoms and hydrogen atoms but few 
oxygen atoms (Figure 1.9). 
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Figure 1.9 A lipid consists of a three-carbon glycerol molecule with up to three fatty acid 
chains attached. This phospholipid has two fatty acid chains and a phosphate group. 

A molecule of fat (also called a triglyceride) consists of two basic components: one molecule of glycerol 
joined to three fatty acid molecules. Monoglycerides have one fatty acid chain, diglycerides have two. If 
the fatty acid chains have some double bonds between the carbon atoms they are said to be 
unsaturated fats (with hydrogen), and if there are no double bonds they are saturated fats. 

A. Triglycerides (fats) represent the body’s most highly concentrated source of energy. 
They provide more than twice the energy per weight as either carbohydrates or 
proteins. In general, however, fats are about 10-12 percent less efficient as body fuels 
than are carbohydrates, thus a great amount of the fat calorie is wasted and not 
available for the body to use. 

B. Steroids are an important and large group of compounds which include some hormones, 
Vitamin D and cholesterol. Hormones include the sex hormones; Vitamin D is essential 
for bone growth and cholesterol is a precursor of bile salts, Vitamin D and steroid 
hormones. 

C. Phospholipids are major structural components of all cell membranes. 

Proteins are much more complex in structure than the carbohydrates or lipids. Chemically, proteins 
always contain carbon, hydrogen, oxygen and nitrogen. Many proteins also contain sulfur and 
phosphorus. Just as monosaccharides are the building blocks of sugars, and fatty acids and glycerol are 
the building blocks of fats, amino acids are the building blocks of proteins. In protein formation, amino 
acids combine to form more complex molecules, while water molecules are lost. An amino acid consists 
of a central carbon with an amino group, carboxyl group, hydrogen atom and radical side chain. A 
dipeptide results when two amino acids combine. Adding more amino acids produces a polypeptide. All 
protein molecules consist of one or more polypeptides. The protein hormone known as ACTH, for 
example, consists of only one polypeptide chain of 39 amino acids. Insulin, on the other hand, consists 
of two polypeptide chains, one of 21 amino acids, the other 30 amino acids long. There are at least 20 
different amino acids found in proteins and this makes possible the great variety of proteins found in 
living organisms. The sequence of amino acids gives a protein its primary structure, folds in the chain 
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give it secondary structure, twists give it tertiary structure and two or more chains held together give it 
quaternary structure. 
 

 
 
Figure 1.10 Basic structure of an amino acid – a central carbon with an amino group, carboxyl 
group, hydrogen atom and radical side chain. Different amino acids are characterized by 
different side chains. 

 
 
 

Figure 1.11 The primary structure of a protein is its sequence of amino acids. Its secondary 
structure is kinks in the chain, tertiary structure is folds in the chain, and a quaternary structure is 
formed when two or more chains are combined together in a single molecule such as hemoglobin. 
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Proteins are responsible for much of the structure of body cells and tissues, and they are related to 
many physiological activities. Proteins occur in six major functional groups - proteins give structure to 
the body, regulate physiological processes, serve as contractile elements in muscle, provide protection 
against microbes, transport substances and serve a catalytic function as enzymes. 

Nucleic acids are very large organic molecules containing carbon, hydrogen, oxygen, nitrogen and 
phosphorus. These complex molecules were first found in the nucleus of the cell. 

Whereas the basic units of proteins are amino acids, the building blocks of nucleic acids are nucleotides. 
Each nucleotide consists of three basic parts:  

1. It contains one of four possible nitrogen bases. 

2. It contains a pentose sugar, either ribose or deoxyribose. 

3. It contains a phosphate group. 

Nucleic acids are divided into two principal kinds: 

1. DNA - deoxyribonucleic acid and 

2. RNA - ribonucleic acid 

DNA provides the hereditary material or genes that are responsible for transmitting information from 
parent to offspring so the offspring look like their parents. DNA makes up the chromosomes in the 
nucleus of the cell providing a blueprint for the synthesis of all protein in the cell. Because DNA contains 
the code for the production of all protein by the cell, DNA regulates all processes with the cell. 

 

Figure 1.12 A DNA molecule showing the base pairing between adenine (A), thymine (T), cytosine 
(C) and guanine (G). The DNA contains a triplet code where the base pairs are read in groups of 
three, each triplet coding for an amino acid. The DNA codes for proteins which are then used to 
create and maintain an organism. 
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RNA carries the information from the DNA in the nucleus to the cytoplasm of the cell, and controls how 
proteins are made. Unlike DNA, which is double-stranded RNA is single-stranded. At least three different 
types of RNA, each having a specific role in protein synthesis, have been identified in cells. 

General structure and importance of adenosine triphosphate (ATP) and nicotinamide adenine 
dinucleotide (NAD). 

ATP is composed of the nucleotide adenosine, to which two phosphate groups are added. Each 
nucleotide is made up of a nitrogen-containing base, a sugar group and a phosphate group. ATP 
therefore has a total of three phosphate groups. The energy obtained from the breakdown of nutrients 
such as sugars, fats and proteins is used to synthesise ATP by the addition of inorganic phosphate to 
adenosine diphosphate (ADP). The bonds between the phosphate groups are high energy bonds which 
act as a store of energy. When cells carry out work, energy is required and this is obtained through the 
breakdown of ATP. During this process, ATP is catabolised to ADP and phosphate and energy is released. 
This energy is used for many cellular activities, including muscle contraction, metabolism, generation of 
electrical impulses in nerve and muscle cells, and transport of various substances across cell 
membranes.  

NAD+ is a co-enzyme derived from the B vitamin, niacin. Coenzymes are organic molecules which 
associate with, and activate, enzymes. NAD+ is used to carry hydrogen atoms during the chemical 
reactions that occur during the synthesis of ATP. 

Figure 1.13 The phosphorus cycle. 
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Nutrient cycles include a circuit through plants, animals, decay, and soil or some other physical state. 
The latter is then either tied into the atmosphere or parent rock material in some way. 

 

Figure 1.14 The Nitrogen cycle. 
 
Symbiosis 
Interaction between Organisms: 
Up to this point we have concentrated on how organisms are related to each other through energy flow 
and nutrient cycles. However, we have not discussed the ways in which they interact in order to obtain 
their energy and nutrient requirements from each other. 
Symbiosis is a general term which refers to any association between two organisms (sym=together, 
bios=living), no matter what the type of relationship. It can take many forms. Some of them have 
negative effects on the organisms involved, and some have positive effects. 
Competition is a symbiotic relationship which has some negative effect on both the organisms involved. 
It can occur between species (interspecific), or between members of the same species (intraspecific). 
Competition arises when two or more organisms in a community require more resources than there are 
available. They must therefore compete for these resources – food, space, territories, and so on. Both 
organisms are harmed in the sense that more resources would be available for each if the other was not 
present. 
Predation is another form of symbiosis. In this case one organism, the predator, obtains food by killing 
another (the prey). The predator benefits and the prey is killed. Parasitism is similar to predation in that 
one organism (the parasite) benefits, and the other (the host) is harmed. In the case of parasitism, 
however, the host is not killed. 
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On the positive side, an interaction between two organisms may be beneficial to both. This is true in the 
case of mutualism. An example of mutualism occurs between some ants and aphids; the ant collects 
sweet secretions from the aphid and in return provides protection (Figure 1.15). The relationship is not 
compulsory so it is said to be facultative and is sometimes called protocooperation. Another example 
occurs in lichens which are close associations of an alga and a fungus. Together they form a new life 
form called the lichen, and both benefit. The relationship between the species is compulsory and is said 
to be obligative. Another positive interaction is called commensalism. In this case one organism benefits 
and the other is unaffected. An example is where the remora fish attaches itself with a harmless sucker 
to a shark and can take advantage of leftover food scraps when a shark feeds.  

 
Figure 1.15 Mutualism between Ants and Aphids a) Ant feeding on aphid secretion b) Ant carrying an 
aphid. 
 
Population Growth and Regulation 
 
Exponential and Logistic Population Growth: 
 
The population growth is proportional to the size of a population (N) and the growth rate (r) - the 
difference between instantaneous birth rate and instantaneous death rate. It is influenced by heredity 
or life history features such as the age at which reproduction begins, the number of times an individual 
reproduces during its lifetime, the number of young produced, survival of young and length of the 
reproductive period. Exponential population growth is characteristic of many organisms introduced into 
a newly colonized environment. In a plot of numbers of individuals against time, the populations of 
species that demonstrate exponential growth increase rapidly in numbers, eventually exceeding the 
available resources and crash in a boom and bust cycle. 
 
With species that demonstrate logistic population growth, there is usually a decline in the exponential 
growth rate as the size of the population increases. The decline is due to detrimental negative effects 
caused by increased density such as increased mortality from disease, starvation, predation, decreased 
fecundity and emigration. The population size still continues to increase but at a slower rate. Eventually 
the population size levels off at a carrying capacity (k), the maximum population size the environment 
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can support over an extended period of time. The typical S-shape or sigmoid curve of logistic population 
growth assumes: 

- age distribution is stable 
- no immigration or emigration 
increasing density and decreasing growth rate instantaneously (no time lag) 
- relationship between population size and population growth is linear 
- have a predetermined level for k 

 

    
Significance of carrying capacity, inflection point and time lags 
 
Figure 1.16 Sigmoid or logistic growth curve (left) is typical of species that are adapted to stable 
environments. The j-shaped or exponential growth curve is typical of species that live in unstable, 
unpredictable environments. 
 
• carrying capacity – population theoretically in equilibrium with environment 
• inflection point – point in the logistic growth curve where population growth is maximal = k/2; from 
this point on population growth slows 
• time lags – in nature responses are not instantaneous, there are negative and positive feedback 
systems that create a time lag in the response of a population size to a change in environmental 
conditions. To make the logistic equation or logistic growth more realistic we factor into the equation a 
reaction time lag = w = lag between the environmental change in the rate of population growth. These 
time lags result in fluctuations of populations 
 
Compare r versus k selection 
Species whose populations demonstrate exponential growth are adapted to high growth rates and are 
said to undergo r-selection. These species tend to be small in size, have high reproductive rates, short 
lives, and minimal parental care. Their mortality is largely independent of their population density. They 
live in temporary habitats such as mosquitos living in temporary ponds.  
 
Species whose populations demonstrate logistic growth are adapted to low growth rates and are said to 
undergo k-selection. These species tend to be large in size, have low reproductive rates, have long lives 
and have greater parental care. Their mortality is mainly density dependent. 
 
Distinguish between density dependent and density independent factors in regulating population 
growth 
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Populations tend toward an equilibrium through density-dependent regulation. Such population 
regulation increases or decreases mortality and reproduction based on population size. As a population 
increases in size, competition and a scarcity of resources result in increased mortality and decreased 
natality. Density dependent effects influence a population in proportion to size. Density independent 
factors include weather or urbanization where factors external to the population have an impact on 
population size. 
 
 
Ecosystems 
We can recognize discrete units of plant and animal life in nature. For example, we recognize that a lake 
will have its own communities, different from that of a surrounding forest. Such units are called 
ecosystems. They can be very large or small. They can be completely self-contained, or somewhat 
dependent on neighbouring communities. 
 
The ecosystem is a major functional unit in ecology. It literally means an ecological system. It is defined 
as a system containing living and nonliving components which interact with each other according to a 
particular set of relationships. In these interactions what is being exchanged in one form or another is 
nutrients or energy. The ecosystem is a larger unit than a community. The community is simply defined 
as all organisms found in a given area, and is not necessarily a distinct functional unit. 
 
Ideally the ecosystem would be self-contained. The only thing entering it would be sunlight energy, and 
the only thing leaving it would be energy in the form of heat. In reality there is only one such perfect 
ecosystem and that is the biosphere itself (the biosphere is that part of the planet earth where life 
exists). However, an ecosystem is generally a collection of communities, including all of the living 
organisms together with the nonliving environment, forming a relatively self-contained interacting 
system. It is an arbitrary unit which can be used to describe the planet as a whole, or a system as small 
as a tide pool. Ecosystems can occur on land (terrestrial), or in water (aquatic – both freshwater and 
marine). What follows is a review of some of the major ecosystems and some of their characteristics. 
 
Biomes 
The vegetation on our planet that forms the major terrestrial ecosystems are very large recognizable 
associations called biomes. Patterns in animal life follow those of the plants. The boundaries of biomes 
gradually blend into each other in transition zones called ecotones.  
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There are 12 major biomes in the world, hundreds of smaller minor biomes may also be distinguished. 
Four of these major biomes make up most of the vegetation in North America (Figure 1.17), and these 
are considered here. 

Figure 1.17 Biomes of North America 
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Biomes are determined by the climate (temperature and precipitation), and soil of an area. The 
extremes of temperature and precipitation (e.g. hottest temperature, driest months) are more 
important than the averages. 
 
Coniferous Forest Biome 
In coniferous forests, the dominant tree species have needle-like or scale-like leaves. Their reduced leaf 
surface area and thick waxy cuticles are adaptations to prevent water loss. This is critical since conifers 
survive in areas where water is sometimes not readily available. The lack of water is due to acidity, 
freezing or simply being absent. The soil is often poorly drained so it becomes waterlogged to form 
extensive areas of bog and muskeg. Tree needles and scales make the soil very acidic, especially the 
cedars. The acidity slows down the rate of decomposition and the process of nutrient cycling. As a 
result, the soil in the coniferous forest biome is poor in nutrients. 
 
Some trees are adapted to survive low temperatures and heavy snowfall. Trees are conical in shape with 
flexible branches and stiff leaves, allowing snow to fall from them without causing harm to the trees. 
 
Coniferous forests have fewer plant species than deciduous forests. One reason for this is that the ever 
present shade of a year-round canopy restricts photosynthesis in understory plants. The growing season 
is also relatively short, about three months. 
 
The stiff needle-like leaves of conifers restrict the movement of some animals while they give protection 
to others. Generally, mammals in the coniferous forests have thick coats of fur and birds have thick 
layers of feathers as protection against the cold. Some animals hibernate or undergo a period of winter 
sleep to escape the cold. 
 
Temperate Deciduous Forest Biome 
The deciduous forest occurs in regions of abundant rainfall. Winters are cold enough to restrict the 
growing season to six months and trees lose their leaves at this time. Leaf fall is a different strategy to 
conserve water during the winter that works in this biome because the growing season is longer than in 
the coniferous forest biome. There is time to grow new leaves in the spring and summer. Shed leaves 
add nutrients to the soil. These soils are suitable for more plant and animal species than are the acidic 
soils of the coniferous forest. 
 
Deciduous trees, unlike the conifers, provide a major food source for animals. There is an abundant 
fauna of deer, rabbits, mice, squirrels and their associated predators. 
 
There is usually more understory in these forests since the deciduous trees only shade the understory 
part of the year and there is more light reaching the forest floor. This gives the evergreen understory an 
advantage to grow during the winter months. The understory is forage to many animals. 
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Figure 1.18 The pyramid of latitude showing the relationship between temperature (latitude) 
and moisture (aridity) in determining the location of biomes. 
 

 
 

 
 

 
 
 
 
 

 
 
 
 
 
 Figure 1.19 Correspondence between changes in altitude and latitude on vegetation types. 
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Grassland Biome 
All grasslands have in common a climate characterized by high rates of evaporation, periodic severe 
droughts, a rolling to flat terrain, and animal life dominated by grazing and burrowing species. 
Grasslands, however, are not exclusively climatic formations, since most of them require periodic fires 
for maintenance and renewal (fires eliminate incoming woody growth). Associated with the grasses are 
a variety of legumes and forbes. 
 
Grasses are flowering plants. Open grasslands are windy, and it is the wind that pollinates grass flowers. 
Grasses do not need showy flower petals to attract animal pollinators because they can be wind-
pollinated. 
 
Because of the absence of tall woody vegetation and above ground shelter, most small animals must 
burrow into the soil for shelter. Burrowing animals aerate the soil. Animals that cannot burrow in the 
soil congregate in herds for protection against predators. Large grassland animals are exceedingly fleet 
to escape or capture other animals. Hopping or leaping is a common method of locomotion for animals, 
especially to see over grass. Birds are able to soar over the open grasslands so this is where one will find 
many raptors that prey on the small mammals in the grass. Grassland animals are adapted to long 
distance vision. Many have eyes high on the sides of their heads to help see over the grass while 
remaining largely hidden from predators. 
 
Grasslands are grazed by a large group of grass-eating mammals. The grasses have evolved to resist 
grazing damage by storing nutrients in their roots. As a result, loss of stems does not substantially 
reduce their reserves. Another resistance adaptation is the presence of silica which is difficult to break 
down. In addition, the growing tip of the stem (apical meristem) is low to the ground, protected from 
damage when the sheath-like leaves that extend above the growing tip are eaten. 
 
Grasses have extensive root systems (over half the mass of the plant). The network of roots binds the 
soil to form sod which is resistant to wind and water erosion. Retention of minerals contributes to the 
richness of grassland soils. Because little water percolates deep into grassland soils, minerals are not 
leached away. 
 
Decaying roots return minerals to soil, where they are immediately reclaimed by other roots. This 
process and retention of minerals is one reason why grasslands have a rich and efficient nutrient cycle. 
 
Tundra 
The tundra is mainly characterized by a short growing season of about 60 days and low temperatures. 
Average temperatures for January range from -20oC to -30 oC. In summer the average may go as high as 
10 oC, but there is always the danger of frost. There is also very little precipitation; the monthly 
precipitation does not average more than 2.5 cm. 
 
The vegetation of the tundra is structurally simple. The number of species tends to be few, the growth 
form is low. The growing and reproductive seasons are short. The nutrient supply is poor, especially 
nitrogen and phosphates, due to the inhibition of microbial activity by the cold. Cold slows 
decomposition and dead organic matter accumulates. Animal life is characterized by long periods of 
dormancy (hibernation) or by strong migratory habits. 
 
The tundra biome is divided into two types, the alpine tundra and the arctic tundra. The alpine tundra, 
found on mountain tops, is exposed to more sunlight as elevation rises. Arctic organisms found at high 
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latitudes are adapted to lower light intensities. The arctic soil is constantly disturbed with wind and ice 
erosion. The permafrost is impervious to water so water pools above the permafrost. On well-drained 
sites heath shrubs, dwarf willow, birches, dryland sedges, rushes, herbs, mosses and lichens grow. 
 
Much of the vegetation in low undrained areas is cotton grass, dwarf heath, Labrador tea, marsh sedge, 
sphagnum moss and blueberry. The alpine tundra plants include lichens, moss, geums (rose-like shrubs), 
lupines, mountain avens, kinnickinnick and bog bilberry. 
 
The alpine tundra is inhabited by mammals such as pikas, marmots, mountain goats, sheep and elk. The 
diversity of arctic animal life is low. It is home to the North American barren ground caribou, muskox, 
arctic hare, arctic ground squirrel, arctic fox, Snowy Owl, wolf, short-tailed weasel, lemming, jaeger, 
waterfowl and sandpipers. Mammals are stalky and have dense coats which are usually white. 
Adaptations to conserve body heat include a large body that has a lower ratio of surface area to body 
mass and shorter extremities such as legs and ears. These adaptations are examples of ecogeographic 
rules, in this case Bergman’s Rule for body size and Allen’s Rule for the extremities. Invertebrate life is 
scarce, as are amphibians and reptiles. 
 
Succession on Land 
Biomes are constantly being distributed by fire, strong winds, hurricanes, heavy snowfall, human 
activity, and other factors. When such a disturbance occurs the plant and animal life that was there 
cannot immediately replace itself. Rather, other plant and animal life occupy the area first. Ultimately, 
though, through a series of progressions the original plant and animal life will return. 
Succession is the orderly replacement of populations of plants and animals in an area until a stable 
community is established. This stable community is called the climax, and it can replace itself 
indefinitely; it is best adapted to the soil and climate. If the climax community is disturbed or 
obliterated, succession will again occur to restore it. The sequence of communities that replace each 
other is called a sere and each community itself leading to the climax community is called a seral stage. 
 
Succession happens on land or in water. On land succession may lead to a mature forest community 
from bare rock (primary succession), or there may already be some soil present when it begins 
(secondary succession). The key driving force behind succession is the plants themselves. By their very 
presence they change the nature of the environment to such a degree that some other plant species is 
better adapted to living there. 
 
For example, bare rock may first be colonized by lichens which erode the rock. This is a slow process and 
can take 1,000 years. The eroded rock and the organic matter from the remains of dead lichens begin 
the formation of soil. Gradually the lichens may be replaced by mosses, that perhaps could not have 
existed on the bare rock before. The mosses further contribute to the accumulation of organic matter 
and increased water retention of the soil. These improved conditions allow grasses and shrubs to 
gradually replace the mosses. Eventually there may be enough soil to support trees in turn may 
eventually be replaced by shade-tolerant trees, e.g. Western Hemlock. Secondary succession occurs 
more rapidly than primary succession, usually in the order of 100 years. 
  
This process of succession can be stopped at any point by climate. It may be that there is not enough 
precipitation to allow for tree growth, or it may too cold for the grasses. In terrestrial environments the 
climax community is the biome. 
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Figure 1.20 Succession from a bare field to a forest community in the eastern United States.  
 

Lake Succession 
Succession also occurs in lakes. In lake succession a relatively young, deep lake (called an oligotrophic 
lake because it is also low in nutrients: oligo=few, trophic=feeding), slowly fills in from streams and soil 
erodes into the lake from adjacent slopes. Eventually the lake becomes shallow and warm. It is now high 
in nutrients and is called eutrophic (literally meaning “good feeding”: eu=good). Depending upon the 
environmental conditions the lake may disappear completely and form dry land, or if drainage is poor it 
may become a bog (Figure 1.21). 
 

Figure 1.21 Changes in productivity over time in lake succession. 
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The process of lake succession is called eutrophication. It is generally a very slow process taking 
hundreds or thousands of years. However, pollution of a lake from sewage or fertilizer runoff or erosion 
of the banks may accelerate the process considerably and cause the lake to become polluted as well. 
 
Freshwater Ecosystems 
Freshwater ecosystems are found in habitats of standing water or running water. Standing water 
habitats are referred to as lentic or wetland habitats and include lakes, ponds, marshes and bogs. 
Running water habitats are referred to as lotic habitats and include springs, streams, or rivers. The 
riparian zone is the interface between the land and water and represents its own unique biome that 
creates important habitat for fish and other wildlife. The study of freshwater ecosystems is called 
limnology. 
 
The freshwater environment is very small compared to marine and terrestrial environments which 
comprise most of our planet. However, they are important in supplying of human drinking water and it 
is home to many organisms. 
 
General Characteristics 
Three factors in freshwater environments important to living organisms are temperature, transparency 
and current. 
 
Temperature: Water has several unique properties which tend to minimize temperature change. 
Temperatures in water do not fluctuate as rapidly or over as wide a range as air temperatures. Water 
therefore offers organisms something of a constant environment in which to operate. Aquatic organisms 
often have very narrow temperature tolerances. They are said to be stenothermal. Some, however, do 
have broad temperature tolerances and these are said to eurythermal. 

Figure 1.22 Eutophication involves a lake gradually filling in from the sides over time and becoming dry 
land. 
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Temperature has important effects upon the nature of the aquatic environment. There is less dissolved 
oxygen available to fish in warmer waters. One of the benefits of riparian vegetation is that it helps to 
keep water temperatures cool and the higher dissolved oxygen levels support trout and salmon. Water 
with less dissolved oxygen favours catfish and carp. Temperature changes effect the circulation of water 
in deeper ponds and lakes with depth. 
 
Transparency: The depth to which photosynthesis can occur in water – in other words, the 
photosynthetic zone in a freshwater habitat, is limited by how deep light from the sun can penetrate 
through the water. A turbid body of water – one that contains a large amount of suspended material 
such as clay and silt particles or organic material, greatly inhibits light penetration. This reduces the rate 
of photosynthesis. 
 
The amount of photosynthesis which occurs in the water determines how much oxygen will be present 
for the animals to breathe, and the amount of food available to these animals. The transparency of the 
water is therefore very important in determining what organisms will be present. 
 
Current: Water is very dense and as a result has a tractive force that can pose a problem to organisms in 
a current. If a plant or animal loses its grasp in freshwater, it is flushed out of the system. Freshwater 
organisms have many adaptations to prevent this, such as flat and streamlined bodies, suckers, and 
hooks. The current has an important effect on determining which organisms can survive in certain areas. 
Benthic invertebrates that live on or in the bottom of aquatic environments that can cling to rocks and 
other hard surfaces inhabit moving water whereas sandy or muddy bottoms provide habitat for 
burrowing invertebrates.  
 
Currents are also important in determining the distribution of vital gases, salts, and small organisms. A 
calm body of water, for example, may build up high levels of carbon dioxide and benthic invertebrates 
such as blood worms have high levels of hemoglobin in their blood to better utilize the low oxygen 
levels. 
 
Lakes and Ponds: Lakes and ponds are habitats where water has been contained in depressions in the 
landscape. Large quantities of water form lakes and ponds when the flow of water is impeded by some 
sort of barrier. Impermeable ground such as clay, rock, and ice prevent the drainage of lakes and bogs. 
Lakes and ponds are more or less temporary features because accumulating organic growth and 
sediments from the surrounding land eventually fill in the lake. Lakes usually fill in from the edges which 
are the most productive region. This is where grasses, cattails, rushes, and sedges are found. Floating 
plants such as water lilies and duckweed can grow in deeper water. Below the surface grow bottom 
plants such as Elodea and water milfoil. This is the area where light can penetrate to the bottom and 
photosynthesis can take place. It is called the littoral zone (Figure 1.23) 
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Figure 1.23 Zonation in a lake based on light penetration. The lighter area is the euphotic zone, 
with the darker aphotic zone below. The compensation level lies between the two. Notice the 
area of emergent plant vegetation, called the littoral zone, along the lake edge. 

 
This zone is very productive with a diverse community of attached and crawling organisms. The plants of 
shallow water provide shelter for hordes of creatures which feed on bacteria and plankton. 
 
The food web of lakes or ponds can be very complicated because of the variety of species. Perhaps the 
most distinctive animal components of the freshwater food chain are the many insects, especially in 
their juvenile stages because they are the food for larger creatures. 
 
The open water area of a lake is called the limnetic zone. This is where we find suspended organisms – 
the plankton. The phytoplankton is able to carry on photosynthesis in the open water so it is important 
to the rest of limnetic life. The zooplantkton feeds on the photoplankton which in turn becomes food 
for the larger organisms such as fish. 
 
Light travels through the euphotic zone to a level of effective light penetration called the compensation 
level. At this level, photosynthesis and cellular respiration (the process by which cells break down 
molecules to produce energy – this requires oxygen) are at a balance. Below the depth of effective light 
lie the profundal waters. The profundal zone is usually absent in ponds because they are relatively 
shallow. Life is limited in the profundal zone because of the lack of photosynthesis. Fish move freely 
between all the zones. 
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Figure 1.24 The lake bottom is referred to as the benthic zone.  
 

Although the benthic zone (Figure 1.24) has considerable biological activity, the oxygen level decreases 
in the profundal water, just above the bottom. The muddy bottom contains anaerobic bacteria since 
there is a lack of oxygen. The anaerobic bacteria only partly decompose organic matter. The partially 
decomposed matter fills the lake in slowly. The bacteria releases hydrogen sulfide gas which smells like 
rotten eggs. Methane gas is also released from the muck. These chemicals affect the plant and animal 
life of the lake. 
 
The activity of these decomposers further depletes the oxygen supply of the bottom sediments. The 
diversity of the species declines, although the numbers and biomass of organisms are high. The basin 
continues to fill with accumulating organic material and the resulting shallowness speeds the cycling of 
available nutrients and further increases plant production. Through this successional process the lake or 
pond eventually becomes a swamp, marsh, bog and eventually a terrestrial community. 
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Figure 1.25 Succession and the obliteration of lakes. 

 
The water in lakes is regularly mixed and so the nutrients are recycled. The turnover of nutrients is 
caused by the temperature changes throughout the lake. Cold water is denser and sinks to the bottom 
and displaces the warmer, less dense water. 
 
Lake temperatures vary seasonally and with depth. In summer, because lakes are warmed by the sun, 
lake temperatures tend to be higher towards the surface and lower towards the bottom. In deeper lakes 
there is often an area at a certain depth where the temperature changes dramatically. This is called the 
thermocline (Figure 1.26). The thermocline is of great importance because it effectively separates the 
circulation of water in the lake into two halves – top and bottom. Nutrients that have settled out of the 
water column would be trapped in the bottom half of the lake when the thermoclime is present. 
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The lake is stratified into three distinct regions on the basis of temperature. The epilimnion, which is 
above the thermocline, and distinct from the hypolimnion, the area below the thermocline. In this 
terminology, the thermocline itself is referred to as the metalimnion, it is the narrow zone where the 
circulations of the epilimnion and the hypolimnion come into contact.  
 

 
Figure 1.26 Seasonal variation in the temperature profiles of a lake in the temperate region of 
North America showing its effects on nutrient cycling in the lake. The thermocline in summer 
prevents nutrients from the lake bottom from reaching the upper layer of the lake where they 
are needed for photosynthesis by phytoplankton. Temperatures are in centigrade. 

 
Bogs: Bogs are mainly characterized by sphagnum moss. It is the plant that determines the conditions in 
which other bog plants grow. Sphagnum moss grows in carpet-like layers to fill in bodies of water and 
create bogs. The dead sphagnum sinks to the bottom of the bog and forms peat. The peat layers may 
become several metres thick. 
 
Peat and sphagnum act like a sponge and hold water. The large hollow sphagnum cells have a capacity 
to hold a lot of water. You can demonstrate sphagnum’s absorbency by squeezing a clump of sphagnum 
to expel the water. 
 
The water that enters the cells leaves them in a very acidic state. The sphagnum moss actively acidifies 
the water, further adding to the acidity present from the accumulation of tannic and humic acids 
created from decomposition. This water is then inaccessible to other plants. The acidic water is one of 
the main bog conditions that inhibits the growth of the aggressive temperate forest plants that would 
otherwise out-complete the bog plants. 
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Most bog plants belong to the Order Ericales. Some of the members of Ericales found in the bog are 
swamp laurel, Labrador tea, bog blueberry and cranberry. All these plants possess leaves with a small 
waxy surface to minimize water loss through leaf respiration. Another adaptation to reduce water loss is 
the hairy underside of the Labrador tea leaf which traps water. The edges of the leaves of Labrador tea 
are also which further traps moisture. 
 
The acidic peat is not easily tolerated by decomposers. Decomposition is slow and so is nutrient cycling. 
Human bodies have been found preserved in peat after several hundred years. Bogs are nutrient poor, 
even though once it is removed from the bog the peat can be used as a fertilizer in gardens.  
 
The diversity of bog species is low because of the slow nutrient cycling and acidic water but the species 
are very special for the unique bog conditions. An example of the plant which is able to survive in the 
nutrient poor peat soil is sundew. It traps flies on sticky hairs on its leaves which it then digests in order 
to obtain nutrients. The pitcher plant is another carnivorous bog plant. In this case it traps insects in 
modified leaves that form tubes filled with digestive enzymes that digest any insect that is attracted to 
the sweet secretions of the leaf and fall in down its slippery surface. 
 
The bog peat is a poor foundation for tall trees that would soon topple because their roots need firm soil 
to hold them upright. Most bog plants are low shrubs or trailing plants that are not likely to fall over. 
One of the few trees that can survive the bog conditions is the short lodgepole pine, also called a shore 
pine. It is a pioneer species that cannot tolerate shade. If the temperate forest could survive the bog 
conditions it would shade out the lodgepole pine and dominate the area. Although the lodgepole pine 
grows tall and straight in the interior of British Columbia and is named for its use in building log cabins, 
its scientific name, Pinus contorta, describes its coastal shorter shore pine growth form which has a 
twisted, contorted trunk. 
 
Most of the large animal species in bogs are transient. The bog offers them little in the way of food. 
Most of the resident animals are the small insects. A close study of the bog would show its uniqueness 
and the specialization of its inhabitants. 
 
Marshes: Marshes are among the richest of communities. They offer a wide array of flora and fauna. 
The dominant vegetation consists of reeds, sedges, grasses, and cattails. The wand-like plants are able 
to bend with the stress of wind and water. Their tough fibrous rhizomes (underground stems) and roots 
provide a firm base in the soft soil. They must be able to withstand having their roots submerged in 
water. 
 
Snails are one of the most common marsh animals. In turn they are consumed by birds and fish. Many 
frog species depend on the marsh waters where they lay their eggs and spend their larval life. The most 
common mammals found in the marsh are the muskrat and beaver. 
 
There is a large array of bird species living in and near the marsh. Here you will find many long-legged 
waders such as bitterns, rails, herons, sandpipers, and cranes, whose long legs enable them to stride 
through the reeds and water. The American Coot has large lobed feet so it can walk on the mud and lily 
pads using a snowshoe-like technique while ducks have webbed feet that aid them on mud but also 
provide the paddles for moving them through water. The most common type of duck found in the marsh 
is the dabbling duck (e.g. Mallard, Gadwall, teal and wigeon). Diving ducks (e.g. Redhead, scaup), prefer 
deeper water but may also be found in the marshes, especially along the coast in the winter time. 
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Marshes and bogs offer a variety of activities such as birding, animal science and soil analysis. 
Historically, certain bog plants, e.g. Labrador Tea, were used for making a tea. The cranberry, bog 
bilberry and blueberry, were much sought after by the animals, not to mention indigenous peoples and 
pioneers. 
 
Streams: Fast flowing streams can be divided into two different but interrelated habitats: 1) the 
turbulent riffle and 2) the quiet pool. The riffle is usually found in shallow water where the stream 
velocity is strong and the water flows over an irregularly protruding substrate. Riffles are sites of primary 
production in the stream. A major reason for the richer aquatic life is that the current supplies high 
quantities of oxygen and brings food. This zone is occupied by organisms which cling to a firm surface, 
and by strong swimming fish (Figure 1.27). 
 
The pool zone occurs in deeper water where the current is reduced and silt and other materials 
accumulate on the bottom. Pools are sites of decomposition because they act as catch basins for organic 
materials. Many detritus feeding and burrowing forms of organisms are found on the bottom of pools 
(Figure 1.7.) Plankton growing over the surface of plants, rocks and other objects in freshwater 
environments are called periphyton. 
 

   
Figure 1.27 Types of invertebrates occupying turbulent riffles and quiet pools in a stream. The 
stonefly nymph on the left is a clinging invertebrate that is adapted to holding onto rocks in fast 
moving water. The tubifex worms on the right burrow into the soft substrate of a pool and are 
red because of the high hemoglobin content of their blood, an adaptation to the low oxygen 
levels due to decomposition of organic material that accumulates in the pool. 

 
Marine Ecosystems 
The marine environment is important because of its large size. It covers 70% of the earth’s surface. It is 
very deep, going down as far as 10,000 metres in places, and there is life at every level. Although life is 
denser around the margins of islands and continents there are apparently no parts of the ocean which 
are devoid of life. 
 
General Characteristics 
The sea is a continuous environment, unlike the freshwater and terrestrial environments. All the areas 
are connected. The chief barriers to living organisms are temperature, salinity and depth. 
 
Usually, there is a continental shelf extending for a certain distance offshore from land masses. The 
continental shelf then drops off suddenly, in forming the continental slope. This slope levels for a 
certain distance known as the continental rise, and then drops again to a deeper, more level plain. 
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The shallow water which sits on the continental shelf is known as the neritic zone. This region contains 
the intertidal zone. The area between the levels of high and low tide is called the littoral zone. Beyond 
the continental shelf is the region of the open ocean called the oceanic region.  
 
The region of the continental slope itself and the rise is the bathyal zone which is geologically active. In 
the bathyal zone are many canyons and trenches subject to erosion and avalanches. It covers the 
continental shelf down to a depth of 4,000 m. Beyond the bathyal zone is the abyssal plain or abyss. The 
abyssal region may be 2,000 – 6,000 metres deep and the trenches of the bathyal zone. It lies between 
the foot of the continental rise out to the mid-ocean ridge and may go down 6,000 metres. The abyssal 
plain makes up 50% of the earth’s surface. Deeper than the abyssal zone is the hadal zone with ocean 
trenches at a depth of 6,000-10,000 metres. The sun’s energy can only heat and illuminate the ocean to 
certain depths. The salinity is temperature dependent and related to depth. The water temperature, 
illumination, and salinity influence the types of organisms found at a given location (Figure 1.28). 
 
Light is a very important factor because photosynthetic plants need light in order to live. This limits their 
existence to about the upper 80 metres of a water column called the euphotic (good light) zone. 
Beneath the productive upper layer of the ocean is the aphotic zone. No sunlight penetrates here. It is 
inhabited only by animals and decomposers. Some of these animals carry their own lights 
(bioluminescence). Chemosynthesis is used by producer organisms around hydrothermal vents that 
form in areas of volcanic activity where fissures fuel food chains with chemicals dissolved in the water. 
These “black smokers” support rich biological communities. 
 
Benthic organisms are those which live on the ocean floor. These include echinoderms (e.g. sea stars) 
and crustaceans (e.g. crabs). Pelagic organisms are found in the open water. Macrofauna in the open 
waters are called nekton (Figure 1.29). Some of these are microscopic floating phytoplankton such as 
diatoms and dinoflagellates, which are the main producers in the ocean. 
  
The conditions of the open sea are relatively uniform in contrast to those of the varying shoreline 
habitats. At the shoreline freshwater meets salt water forming brackish water. Animals must adapt to 
different concentrations of salt in the water. 
  
In estuaries salt concentrations occur in a sharp gradient. This results in a low species diversity. 
However, the food conditions are so favourable in estuaries that they are just packed with life. Most of 
the silt and organic matter dumped from the river becomes trapped in the estuary. Salt marsh grass and 
eel grass are prominent in the estuaries. They help slow the movement of water and are shelter for 
many animals. 
 
Estuaries: Estuaries have such an abundance of plant life that only a small percentage of the plants are 
eaten by herbivores. When the vegetation dies and decays it sinks to the bottom. This decay supports a 
large quantity of bacteria. Some of the bacteria in the mud are anaerobic because of the intense 
competition for oxygen. This large quantity of microscopic organisms, especially decomposers, results in 
an extensive detritus food drain that produces the phytoplankton and zooplankton that are food for 
fish. 
 
Estuaries serve as nurseries for numerous coastal fish such as mullet, flounder, bass, salmonids, 
sturgeon and herring. Shrimp and crabs thrive in this environment. Estuaries are also home to numerous 
waterfowl, eagles, and some mammals (river otters, muskrats and raccoons). 
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Figure 1.28 Horizontal and vertical zonation in the ocean 
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Figure 1.29 Examples of benthic macrofauna and pelagic macrofaunal.  
 

Intertidal Zone: Creatures of the intertidal shores face many changing conditions. They must survive 
submergence in water part of the time and exposure to air the other time. The temperatures vary as 
well as the salt concentrations. The organisms must survive the movement of waves but rely on the 
waves to bring them suspended food particles and for dispersing larvae and reproductive spores. They 
are also exposed to the ultraviolet light coming from the sun. The characteristic sulphur smell of an 
ocean comes from the gas dimethyl sulfide produced by algae and phytoplankton which may provide 
some protection against ultraviolet light. 
 
Organisms of the rocky shores attach themselves to the rocks to avoid being washed away by the waves. 
Examples of these organisms are seaweeds, barnacles, periwinkles, limpets, mussels, oysters, chitons 
and sea stars. Many of these have devised ways to create their own micro-environment such as having 
shells that close and contain moisture and protect the insides from the external environment. Other 
adaptations to these extreme conditions are tough body walls, leathery surfaces, mucus and grouping 
behaviours. 
 
Not all shores provide rocks where organisms can attach themselves. In fact, it may appear at first 
glance that sandy shores are devoid of animal life. Most of the life is hidden from view. The creatures 
must bury themselves in the sand for protection. Examples of these burrowing, digging and tunneling 
creatures are the clams, crabs, beach hoppers, worms and ghost shrimps. Animals which live in a mud or 
sand substrate are called infauna and organisms that live on the surface or attach themselves to 
submerged rocks are called epifauna.  



41 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.30 A backswimmer is a common freshwater invertebrate found in ponds and streams. 
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Figure 1.31 Great-blue Heron in a cattail marsh in a field hunting for frogs and rodents. 

 
Summary 
This has been a review of the types of environments in which organisms live and a description of the 
basic relationships organisms have with their environment and with each other. It provides a 
background for understanding how nature works. The review is only a start – there is much more to 
know about population, community, and ecosystem change (dynamics). 
 
What follows is a survey of Kingdoms Archaebacteria, Eubacteria, Protista, Plantae, Fungi and Animalia. 
The review is extensive because the diversity of life is great, but it is by no means an exhaustive 
description. 
 
We begin, however, with a survey of taxonomy. Understanding how organisms are named and classified 
greatly simplifies a study of the variety of life. 
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Chapter 2 Taxonomy 
LEARNING OUTCOMES 
Successful completion of this unit will enable you to: 
 
1. Apply the theory and practice of taxonomy in order to describe how organisms are classified 
2. Explain the origins and structure of the binomial nomenclature system 
3. Describe the process of evolution and how it leads to new species 
4. List the major categories of classification, including the six kingdoms 
5. Describe how the cell is situated relative to other levels of organization of life in the 
biosphere 
6. Identify the main parts of a cell and provide a function of each  
7. Recognize the basis of prefixes, suffixes, and combined terms in order to ‘translate’ their 
common meanings 
 
Chapter Outline: 

§ Identification and Classification 
§ Dichotomous Key 
§ The Binomial Name 
§ Evolution 
§ The Major Categories 
§ The 6-Kingdom System of Classification 

o Kingdom Archaea 
o Kingdom Bacteria 
o Kingdom Protista 
o Kingdom Plantae 
o Kingdom Fungi  
o Kingdom Animalia 

§ Levels of Organization 
§ Cell Theory 
§ Taxonomy – Vocabulary 
§ Bibliography 

 
Classification 
Classification refers to placing things into groups or categories on the basis of similarities and 
differences. In the field of Biology, organisms are placed into categories for a number of reasons. 
Classifying organisms allows us to focus on individual species and provides us with a framework in which 
to describe the organism, give it a name, and focus on it for discussion within the vast complexity of 
nature. The theory and practice of classifying organisms is called taxonomy. 
 
Most people are familiar with artificial classification schemes. In such systems individuals or things are 
arbitrarily grouped based upon few characteristics. Using an alphabetical listing in a telephone book or a 
numerical organization as in social insurance numbers, are examples of artificial classification schemes. 
In biology, however, the classification schemes are “natural.” They attempt to reflect evolutionary 
relationships. Organisms are not merely classified on all characteristics. Rather, they are classified 
according to lines of descent. Knowing how an organism is classified provides you with information 
about its evolution. 
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Using a natural classification scheme is very useful because it contains more information than an 
artificial one, e.g. evolutionary relationships. Knowing how an organism is classified tells you some 
information about it so in this way a natural classification system is better than one that is artificial. 
However, a natural classification system is not as reliable as an artificial system. As our knowledge of 
organisms increases, and as new fossil evidence becomes available, scientists will re-evaluate the 
evolutionary history. As a result, an organism may have to be reclassified if it now appears to be more 
closely related to another group. A natural classification scheme is therefore dynamic; it can change if 
new evidence comes forward. This makes the system somewhat unreliable because species and genus 
names may change. 
 
Identification 
Identification differs from classification in that it is an attempt at finding a name for an organism already 
classified. Identification is usually accomplished through the use of a dichotomous key. The key is in the 
form of a series of pairs of contradictory statements based on the appearance of the organism or some 
of its properties (e.g. is it brown or is it blue? If it is brown is it smooth or rough? If it is blue is it less than 
5 cm long or is it more than 5 cm long). The key will eventually lead you to a name. Once you know the 
name of the organism you can find out more information about the organism (life history, reproduction, 
habitat, etc.) from available source books. 

 
Figure 2.1 Members of the genus Felis 
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Binomial Name 
All living organisms are assigned a name according to the binomial nomenclature system of 
classification. This was first developed by Carolus Linaeus in the 18th century. Before this time there was 
no standard format for developing an organism’s name. Frequently, the name was very long (as much as 
15 words!), and a name developed by scientists in one country may not have been recognized in 
another country. 
 
In binomial nomenclature the name of the organism consists of two words, the genus and the species. 
Furthermore, that name is universal: it is recognized throughout the world. In order to facilitate 
communication and avoid the idiosyncracies of language, the name is Latin or Ancient Greek. This also 
gives the name some stability of meaning since the languages are no longer evolving and the meanings 
of the words will not change. 
 
An example of a binomial name is as follows: Scapanus orarius True. Notice that the first letter of the 
first word (the genus) is capitalized. The second word (the species) is not capitalized. This is the standard 
method for presentation of the binomial name. Also, the name should in some way be set apart from 
the rest of the written text. (This is often not done). In this instance the genus and species are italicized. 
Sometimes they are underlined, sometimes in bold face, depending upon the method in which they are 
printed in a text. 
 
The word after the genus and species in the example (True) is the name of the person who assigned the 
binomial name to this organism. The name of the author is not always used. In many cases the initial “L” 
will appear after the name, referring to Linnaeus who himself classified many organisms. Linnaeus’ 
name is the only one represented by an initial. The binomial name for this organism is unique; no other 
organism has the same name. If in fact two names have inadvertently been assigned to the same 
organism, the oldest valid name discovered would be used. 
 
The binomial name of an organism usually provides a description of the organism. The genus is often a 
noun, and the species an adjective. In the example Scapanus orarius, “Scapanus” is Greek for “digger” 
and “orarius” is Latin for “by the coast.” This is the name for the coast mole. The binomial name may 
describe the organism’s appearance, e.g. thirteen-lined ground squirrel (Spermophilus tridecemlineatus); 
geographical distribution, e.g. Canada Lynx (Lynx lynx canadensis); ecology, e.g. Seaside Sparrow 
(Ammodramus maritimus); or patronym, e.g. Lincoln’s Sparrow (Melospiza lincolnii). 
 
A Note on Capitalization and Common Names 
Common names are usually written in lower case e.g. thirteen-lined ground squirrel, unless it is a proper 
noun like Canada lynx, or if the names appear in a list e.g. Canada Lynx if it is in a list. However, the 
convention is usually to only capitalize the common names for birds e.g. Seaside Sparrow. However, 
sometimes all names are capitalized or all names are lower case (except for proper nouns) to provide 
consistency within a particular document. 
 
Evolution 

Evolution refers to changes that occur in populations of organisms over time that can be inherited. The 
theory of evolution provides a common perspective for subdisciplines of biology like molecular biology, 
genetics, physiology, behaviour and ecology. A myriad of biological phenomena from the existence and 
function of biological molecules, to the mechanisms of physiological processes, to the intricacies of 
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animal behaviour, to the origins and extinctions of species can be addressed in an evolutionary 
framework. 

Evolutionary changes are genetically based, capable of being inherited by the next generation. They are 
produced by various mechanisms such as natural selection and genetic drift. Changes in the composition 
of populations that occur as a consequence of environmental influences (e.g. organisms in a population 
grow to different sizes as a result of different levels of nutrition) are not evolutionary changes.  

All evolutionary change, no matter what the mechanism, requires variation in the genetic composition 
of populations. Genetic variation is the raw material of evolution, and a number of sources of variation 
are given in Table 2.1. To begin with, there is substantial existing variation in a number of biological 
characteristics in most natural populations. You are likely aware, as you look around a classroom of 
biology students, that a number of characteristics vary within the population in the room (e.g. hair 
colour, skin colour, body size, etc.). In addition to the existing variation in populations, there are a 
number of sources of new genetic variation. New genetic combinations are produced through the 
process of sexual reproduction both during production of gametes (i.e. sperm and eggs) and fertilization 
of eggs by sperm. A number of agents like radiation and chemicals can cause mutations which constitute 
new changes in the DNA or genetic material. Mutations also spontaneously occur at an extremely low 
rate in most organisms. 

 

Source of variation Description 

Existing variation Populations of all organisms have existing genetic variation in many traits. 

Meiosis/Fertilization In sexually-reproducing organisms, both the rearrangement of the genetic 
material during production of gametes (meiosis) and the genetic contributions 
from male and female parents (fertilization) contribute to the production of 
new genetic combinations. 

Mutations 
Changes occur in DNA and are passed to the next generation creating new 
genetic variation in populations. Mutations can occur spontaneously or be 
caused by radiation or chemicals. 

 

Table 2.1. Some sources of genetic variation in populations of organisms 

Four principal mechanisms of evolution are given in Table 2.2. Gene flow refers to changes that occur in 
the genetic composition of populations as a consequence of migration of individuals among populations. 
Clearly, when individuals immigrate into, or emigrate out of, a population, the genetic composition of 
the population can change. Gene flow is thus a type of evolutionary change. Hair colour is genetically 
determined in humans. Imagine a theoretical population of humans all of whom have black hair. If 
individuals with genes for another hair colour (e.g. Red hair) migrate into the area, the genetic 
composition of the population has changed via gene flow. 
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Mechanism Key Features 

Gene flow Genetic changes may occur in populations as a consequence of migration of 
individuals among populations. 

Natural Selection Differential survival or reproduction occurs within a population such that certain 
genetic makeups are “selected” or favoured under the influence of 
environmental factors (e.g. predators, competitors, weather, food supply). The 
genetic makeup of the population changes over time as organisms interact with 
their environment.  

Genetic Drift 

 

Adaptive radiation 

Genetic changes occur in populations due only to chance or random factors (e.g. 
bottleneck effects, founder effects). Random factors may enhance or eliminate 
certain genetic makeups.  

The emergence of numerous species from a common ancestor 

 

Table 2.2. Principal mechanisms of evolution. 

Some populations of organisms are isolated from each other such that immigration and emigration 
cannot occur, thus eliminating gene flow as a mechanism of evolution. The absence of gene flow can 
also be a powerful facilitator of evolutionary change. When subpopulations of a particular species are 
isolated such that no migration can occur between them, the populations will evolve separately and 
may eventually become separate species. Below, we will discuss two other important mechanisms of 
evolution. 

In the latter part of the nineteenth century, Charles Darwin and Alfred Wallace proposed natural 
selection as a mechanism of evolution. The term natural selection is often confused with evolution as it 
was the first mechanism used to help explain how evolution occurs. However, natural selection is not 
the same as evolution. Rather, natural selection is simply a mechanism that causes evolution to occur in 
populations of organisms.  

Natural selection requires three things: 1. there must be variation in the population in some biological 
characteristic, 2. different versions of the characteristic (e.g. light vs. dark coloration, long legs vs. short 
legs, etc.) must confer differences in the ability to survive or reproduce in individual organisms, and 3. 
the characteristic must be inherited by the offspring. When these three conditions are met, changes in 
the composition of the population can occur as a consequence of differential reproduction. Individuals 
with characteristics that confer higher rates of survival (which allow them to survive long enough to 
reproduce) or higher rates of reproduction will have their genetic makeup represented more 
prominently in the next generation.  

Factors in the environment determine the reproductive success of organisms and are thought to “select 
for” or “select against” particular characteristics of organisms. An organism’s environment includes all 
aspects of its physical and biological surroundings. As such, it can include both biological factors like 
predators, diseases, and competitors, or physical factors like temperature, humidity, and solar radiation. 
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Organisms can also cause changes in their environment as a consequence of their activities. Any aspect 
of an organism’s environment can act as a cause of natural selection if it causes differential reproduction 
among individuals in a population as discussed above. 

The pattern of variation in a particular characteristic within a population can be depicted graphically. 
The numbers (or frequencies) of individuals with each version of the characteristic are plotted on the y-
axis and the different values of the characteristic are plotted on the x-axis. For many biological 
characteristics that vary continuously (e.g. fur colour in deer mice), this graph is a bell-shaped curve. 
Most individuals in the population have an intermediate version of the characteristic (i.e. medium 
brown fur) and individuals with extreme versions of the characteristic (i.e. extremely light or dark brown 
fur) are rare. Natural selection occurs when some aspect of the environment affects the survival or 
reproductive output of individuals with certain versions of the characteristic and not others. For 
example, if deer mice with darker fur colour survive better or reproduce at a higher rate, more 
individuals will have darker-coloured fur in subsequent generations. The “average” fur colour in the 
population will shift to the right. This type of change is called directional selection. In this example, the 
change in fur colour could have been caused by heavier predation by hawks on lighter-coloured mice.  

Over a period of many generations, the biological characteristics of a population can slowly change as 
the population interacts with its environment. Evolutionary change that occurs in populations of 
organisms in response to natural selection is known as “adaptation”. The word “adaptation” is also used 
to refer to biological characteristics that have evolved for particular functions in particular environments 
(e.g. long legs in antelopes are an adaptation for escaping from predators). Certain organisms are also 
said to have “adapted” to conditions in their environments (e.g. plant species growing in salt marsh 
environments have adapted to saline conditions by evolving salt elimination glands). It is important to 
remember that when biologists use the words adaptation or adapt they are referring to a process that 
occurs over time in populations of organisms (i.e. populations adapt, not individual organisms), and one 
that is caused by natural selection. Many biologists believe that natural selection is the most important 
mechanism of evolution, and that evolution by natural selection has produced much of the biological 
diversity that occurs on this planet. 

Genetic drift is a third mechanism of evolution. Similar to natural selection, genetic drift requires 
variation in a trait or characteristic within a population. However, in genetic drift, changes in the genetic 
composition of populations occur from one generation to the next caused entirely by random events. 
Differential survival or reproduction of individuals occurs, as in natural selection, but certain genetic 
makeups are not favoured or “selected”.  

One specific example of genetic drift is known as a bottleneck effect. If a catastrophic event (e.g. a 
hurricane or disease outbreak, or survivors landing on an island) drastically reduces the size of a 
population, the genetic composition of the surviving population may be quite different from that of the 
starting population purely by chance. This is known as a founder effect and is another example of 
genetic drift. Both involve a shift in allelic frequency due to the creation of a new, isolated population. 
An example is polydactyly (extra fingers and toes), one symptom of Ellis-van Creveld syndrome, which is 
commonly found in Old Order Amish of Pennsylvania. The allelic frequency for the polydactyly is higher 
here because the frequency of the allele in the original settlers was higher than the larger population of 
the Amish as a whole. Although these examples illustrate how genetic drift can operate in small 
populations, genetic drift is expected to occur in all populations regardless of their size due to random 
differences in survival and reproduction. 
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Evidence for Evolution 

The major sources of evidence for evolution are listed in Table 2.3. 

 

Source Evidence  

Biogeography The study of the geographical distribution of species and their 
evolutionary relationships. Species appear to have colonized island 
habitats from mainland areas and then been modified by natural 
selection. (Also related to the theory of Continental Drift.) 

 

Fossil Record The fossilized remains of organisms provide a historical record of life 
on earth. Using dating techniques, we can determine the times of 
initial appearance and extinction of various species. The fossil record 
also reveals the vast time scale over which the process of evolution has 
occurred.  

 

Homology Structures in closely-related species have a similar underlying structure 
that appears to have been modified by natural selection in different 
environments. 

 

Analogy Structures in distantly-related species have no similarity in underlying 
structure but have a similar function. These structures appear to have 
evolved under natural selection in similar environments 

 

Embryology Similarities and differences in embryological stages indicate 
evolutionary relationships among organisms. 

 

Molecular 
Biology 

Similarities and differences in the structures of DNA and protein 
indicate evolutionary relationships among organisms. 

 

 

Table 2.3 Evidence for Evolution 

Darwin’s motivation in developing the theory of evolution by natural selection was to explain the 
extraordinary diversity of species that occurs on the planet. The geographical distribution of species (the 
study of which is known as biogeography) was important to his development of an evolutionary theory 
of the origin of species. Darwin observed that the species that occurred, for example, on tropical islands 
were more closely-related to species on the closest mainland area than to species that occurred on 
other similar tropical islands. This observation led him to conclude that the species on the islands were 
descendants of mainland species that had been modified by natural selection after colonizing the 
islands. Biogeographical studies are also tied to studies of Continental Drift. Land masses that were once 
connected and have since drifted apart often contain related species that have descended from a 
common ancestor (See Figure 2.2). 



52 
 

 
 
Figure 2.2 Biogeography is the study of the distribution of organisms through time and space and is closely 
tied to the study of continental drift. The theory of continental drift suggests that large land masses (e.g. 
continents) change locations over millions of years. Evidence collected in biogeographical studies help 
determine relationships between organisms presently separated by vast distances. The diagram shows the 
distribution of two closely related species of Plantanus (sycamore trees). Divergence into two species 
probably resulted from the separation of the populations after the continents broke up. 
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Figure 2.3 The Fossil Record. This example illustrates how fossil leg bones and teeth have been used to 
help reconstruct the evolutionary history of horses.  
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Figure 2.4 Analogy and Homology. Analogous structures appear to be similar but have very different 
evolutionary histories. For example, the figure shows several types of wings. Not all of these wings have 
evolved from the same starting structures. Homologous structures have a similar evolutionary origin, 
but components within each structure have been adapted for different functions. For example, the front 
limb bones of various vertebrates are homologous, but bones have been altered in size and shape, or 
fused with other bones. 
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Figure 2.5 Comparative Embryology. Developmental similarities and differences between organisms are 
used to determine evolutionary relationships. The more similar the stages of development, the more 
closely related the organisms. 
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Figure 2.6 Studies in molecular biology examine biochemical characteristics to determine relationships 
between organisms. Biochemical features change over time, as do anatomical features, and closely 
related forms will share more biochemical similarities than distantly related forms. Biochemical 
similarities and differences between organisms are used to determine evolutionary relationships. 
Generally, the fewer differences detected in comparisons of the same molecule in different organisms, 
the closer the evolutionary relationship between the organisms. 

 

The fossil record provides evidence of life in past ages and information on the biology of pre-existing 
organisms. Palaeontology is the study of fossil organisms and this field has provided striking evidence 
that different sets of organisms lived during different time periods in earth’s history. The fossil record 
thus provides strong evidence that evolutionary change has occurred. See Table 2.4 and Figure 2.3. 
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Era Period Epoch Age  Dominant life 
    Plants Animals 

Cenozoic Quaternary Recent 0.01 Agricultural plants Domesticated animals 

  Pleistocene 2 Herbaceous plants 
rise; forests spread 

First humans appear 

  Pliocene 5   

 Tertiary Miocene 25 First extensive grass 
lands 

Radiation of apes, birds, 
bony fishes 

  Oligocene 35 Angiosperms 
dominant 

Mammals become dominant 

  Eocene 55  Expansion of mammals 
  Paleocene 70  Extinction of dinosaurs 

Mesozoic Cretaceous  140 Angiosperms rise; 
gymnosperms decline 

Dinosaurs reach peak; first 
snakes appear 

 Jurassic  200 Cycads prevalent First birds, salamanders, and 
mammals appear. 
 

 Triassic  245 Gymnosperms rise; 
seed ferns die out 

First dinosaurs; reptiles 
prominent 

Paleozoic Permian  285 Conifers become 
forest trees, cycads 
important 

Great expansion of primitive 
reptiles.Trilobites disappear 

 Carboniferous  350 Lycopods and seed 
ferns abundant, 
swamp forests 

Amphibians dominant, 
cockroaches abundant, first 
reptiles. Peak of crinoids and 
bryozoans 

 Devonian  405 First forests. First 
gymnosperms 

Fish dominant. First 
amphibians, insects and 
spiders 

 Silurian  435 First known land 
plants 

First land animals 
(scorpions). 

 Ordovician  500 Algae, fungi, bacteria Earliest known fishes; 
trilobites peak 

 Cambrian  545 Algae, fungi, bacteria; 
lichens on land 

Trilobites and brachiopods; 
marine invertebrates 

Precambrian   700  First animals 
   150

0 
 Oldest eukaryotic fossils 

   350
0 

Algae, fungi, bacteria 
(in water) 

First known prokaryotic 
fossils - stromatolites 

Table 2.4 The Geological Time Scale. Age is given in millions of years 

In comparative studies, biologists compare the anatomy, development, physiology, behaviour, 
molecular biology or any other biological attribute between organisms of different species. The 
similarities and differences among organisms can be used to determine their level of evolutionary 
relationship. In general, similarity in biological attributes implies that the species being compared are 
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closely related. Differences in characteristics imply that species are more distantly related. Several 
examples from comparative biology provide compelling evidence for evolution. 

When evolutionary biologists discuss “descent with modification” they are implying that a currently 
existing species has a structure or characteristic that has been modified over evolutionary time by 
natural selection. Homology and analogy are two examples of descent with modification which provide 
evidence that evolution by natural selection has occurred. Homologous structures have a similar 
underlying structure (implying a close evolutionary relationship) but have been modified by natural 
selection in species that occur in different environments. The similarity of underlying structure implies 
that the different species descended from a common ancestor. For example, many vertebrates have the 
same bones in their forelimbs (Figure 2.4). However, these common bones have been modified in 
different groups (e.g. whales, birds, and humans) to serve different functions (e.g. swimming, flight, and 
manipulating tools). Analogous structures are similar structures which occur in distantly-related species 
that have evolved in similar environments (See Figure 2.4). The structures have different evolutionary 
origins but similar functions. For example, both hummingbirds and butterflies have wings which are 
used in flight. The underlying structure and evolutionary origins of the wings are very different, but both 
have presumably evolved under the influence of natural selection in similar environments. 

Biologists also compare the morphology of embryos among different species to determine evolutionary 
relationships. Often there will be a striking similarity in the appearance of embryos in organisms that 
have quite different appearances as adults, indicating that the species are closely related. Comparison of 
embryological stages can thus be used to determine evolutionary relationships among species (Figure 
2.5). Finally, by comparing the structure of DNA and protein between different organisms, we can 
deduce the evolutionary relationships that exist among species (Figure 2.6). The simple fact that all 
living things have the same biochemical structure (i.e. DNA, protein, etc.) provides evidence that all 
species have evolved from a common ancestor.   
 
The Major Categories of Classification 
There are 8 major levels of classification used in biology. Every living organism is assigned to a 
least 8 categories. These are: 

Domain 
Kingdom 
Phylum (Division) 
Class 
Order 
Family 
Genus 
Species 

 
In the case of plants and fungi, the Phylum is often referred to as the Division. In addition to 
these 8 major categories some groups of organisms are assigned to minor levels such as 
superorder, suborder, superfamily, subfamily, subspecies, etc. Remember that natural 
classification systems reflect evolutionary relationships. Our understanding of these relationships 
changes over time and so does our taxonomy. For example, there were three subspecies 
recognized for the Canada lynx (Lynx canadensis), before 2017 and now there are no subspecies 
recognized according to the Cat Classification Task Force of the Cat Specialist Group of the 
IUCN (International Union for the Conservation of Nature).  



59 
 

The categories are assigned in a hierarchical manner according to evolutionary relationships. At 
the bottom is the species which represents organisms most closely related to each other. 
According to the biological species concept, organisms within the same species can reproduce 
and have fertile offspring. However, there are exceptions to the biological species concept. At 
the top end of the hierarchy is the most general degree of relationship an organism can have with 
another group. For example, as humans we are related to flatworms because we are both animals. 
However, flatworms are in a different phylum, so our degree of relationship is not close. We are 
more closely related to birds because they are in the same phylum (Phylum Chordata), but not 
the same class. Dogs and cats are more closely related to us because they are in the same class 
(Class Mammalia), and they are more closely related to each other than to us because they are in 
the same order (Order Carnivora) whereas humans are in the Order Primata (Figure 2.7). Thus, 
knowing how an organism is classified provides information on the degree of relatedness to other 
organisms, as a result of the hierarchical nature of the classification scheme. 
 

 
Figure 2.7 Major taxa used to classify people and dogs showing that we are related to 
dogs because we are mammals but cats, for example, are more closely related to dogs 
than people because they are in the same Order Carnivora. 

 
The Six Kingdom System of Classification 
 
Originally all organisms were considered to be either plants or animals, and only the Kingdom 
Plantae and Kingdom Animalia were recognized. As more information about organisms became 
available through discovery and scientific investigation, it became apparent that there were many 
significant differences which warranted the formation of additional kingdoms. Many unicellular 
organisms were placed into a third kingdom, Kingdom Protista. Then, some of the protists were 
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placed into a fourth kingdom, Kingdom Monera. Fungi were removed from the plants and placed 
into a kingdom of their own. Finally, the Kingdom Monera which contained bacteria was split 
into the Archaebacteria and Eubacteria. The six-kingdom system of classification is the one 
which is the most generally accepted at the present time. 
  
In addition to each organism being assigned to one of the six kingdoms, it is also assigned to one 
of three domains – Archaea, Bacteria, and Eukarya. The domains Archaea and Bacteria each 
have one kingdom, the Archaebacteria and Eubacteria respectively. They are characterized by 
having prokaryotic cells that have no internal membranes within the cell – so, no nuclear 
membrane and no membrane-bound organelles e.g. no mitochondria, no Golgi apparatus, no 
endoplasmic reticulum. However, they still conduct the same functions as if they had the internal 
membranes. The domain Eukarya has the remaining four kingdoms. These organisms have a 
well-defined nucleus and membrane-bound organelles. 
 
The six kingdoms – Archaebacteria, Eubacteria, Protista, Plantae, Fungi, Animalia - are 
distinguished from each other on the basis of several fundamental general characteristics. These 
are as follows: 
 
Kingdom Archaeabacteria 

- Unicellular 
- No membrane-bound structures within the cell (no organized nucleus, nor organelles) 
- Unlike bacteria, possess genes and metabolic pathways more closely related to 

eucaryotes, especially enzymes involved in transcription and translation 
- Some use ammonia, metal ions or hydrogen gas as an energy source in addition to sugars 

 
Kingdom Eubacteria 

- Bacteria and blue green algae 
- Unicellular or colonial 
- No membrane-bound structures within the cell (no organized nucleus, nor organelles) 

       
Figure 2.8 The three basic shapes of bacteria are coccus (round), rod (bacillus) and spiral 
(spirillus) 

 
Kingdom Protista 

- Animal-like (amoeba, paramecium), plant-like (Euglenas, diatoms) (Figure 2.9), and 
fungus-like (slime molds) 

- Unicellular 
- Membrane-bound structures within cell (organelles) 
- Some green and red algae (some algae are problematic to classify to kingdom) 
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Figure 2.9 Examples of dinoflagellates (left) and diatoms (right) 
 
Kingdom Plantae 

- Some green, red and brown algae  
- Mosses, liverworts, stem plants, club mosses, horsetails, ferns, seed plants 
- Membrane-bound structures within cell, including chloroplasts 
- Autotrophic 

 
Figure 2.10 Broom fork moss (Dicranium scoparium) 

 
Kingdom Fungi 

- Fungi, lichens, yeast 
- Multicellular 
- Membrane-bound structures within cell 
- Heterotrophic, mostly saprotrophic (nutrients from dead organic matter) 
- Absorb nutrients across body wall 
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Figure 2.11 The mold Aspergillus (left) and the fungus Penicillium (right) from which 
we discovered the antibiotic penicillin.  

 
Kingdom Animalia 

- Sponges, anemones, starfish, worms, insects, crustaceans, spiders, vertebrates 
- Multicellular 
- Membrane-bound structures within cell 
- Heterotrophic 
- Ingest food 

 

 
Figure 2.12 A scorpion about to immobilize its insect prey with its stinger. 

 
The characteristics mentioned for the kingdoms are very general. There are exceptions to these 
general characteristics within each kingdom. 
 
People spend most of their time dealing with the Kingdom Plantae and Kingdom Animalia. 
Within the Kingdom Animalia, most attention is given to insects, crustaceans, and vertebrates. 
These are the organisms that people are most familiar with in their lives. They are conspicuous 
and catch our interest. 
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Figure 2.13 Salmonberry is a common shrub in the understorey of deciduous forests of 
the west coast of North America.  

 
Levels of Organization Within the Biosphere  

The biosphere is the entire portion of the Earth and its atmosphere that is inhabited by life. Biological 
systems are organized at many levels. Atoms, the chemical building blocks of all matter are joined together 
into complex biological molecules. Biological molecules in turn, are arranged into minute structures called 
organelles, which are the components of cells. Some organisms consist of single cells while others may be 
organized systems of many cells. Populations are groups of organisms of one species that inhabit a 
particular geographical area. Ecosystems include the populations of various species that make up a 
biological community, and the components of the physical environment with which the community 
interacts. At each level, new properties emerge that were not present in the previous level. These new 
properties arise from the interactions of the components as biological complexity increases at successively 
higher levels. Table 2.5 illustrates the levels of organization and the composition of each unit in the 
Biosphere. You should be familiar with the meaning of the highlighted units. 
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UNIT COMPOSITION 

BIOSPHERE Entire portion of the earth and its atmosphere that is inhabited by life 

ECOSYSTEM A biotic community and its physical environment 

COMMUNITY All organisms that inhabit a certain area 

POPULATION A group of individuals of one species that live in a particular geographic area 

ORGANISM A living individual, may be a single cell or an organized system of many cells 

CELL Simplest collection of matter that can live. Organized unit surrounded by a 

membrane 

ORGANELLE Components of the cell that carry out specialized functions 

MOLECULE Two to many atoms joined together 

ATOMS Smallest unit of an element, not divisible by ordinary chemical means 

Table 2.5 Levels of organization within the Biosphere. Each unit is made up of the units immediately below 

 
Cell Theory 

At the beginning of the 19th century, Theodor Schwann and Matthias Schleiden recognized that: 1. All 
organisms are made up of cells, and 2. the cell is the simplest collection of matter that can live.  
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Diagrams of an animal cell and a plant cell are given in Figures 2.14 and 2.15. For the purpose of this 

course we will focus on major components of the eukaryotic cell and their functions. 

 

Figure 2.14 An animal cell. 

 

Figure 2.15 A plant cell.  
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The components of cells allow them to perform the processes associated with life. These components 
and their functions are listed in Table 2.6. 
 

Name of cell component (those 
surrounded by membranes are 
called cell organelles) 

Function 

Cell membrane Functions as a selective barrier that allows the passage of gases, 
nutrients and wastes from and to the cell. 

Cytoplasm Region between nucleus and plasma membrane. It contains the 
cytosol where the specialized organelles are suspended. 

Endoplasmic reticulum Labyrinth of membranes, with sacs and tubes that separate the 
contents from the cytosol. Some proteins are modified here. 

Golgi apparatus Another membranous organelle, important in the synthesis, 
storage, secretion, etc. of chemical products in the cell 

Lysosomes Membrane-enclosed structures which contain digestive enzymes 
that break down macromolecules 

Mitochondrion Membrane-bound component of cells which converts energy to 
forms that cells can use for work 

Chloroplasts Membrane-bound component of plants and some unicellular 
organisms. Convert light energy into chemical energy 

Nucleus Membrane-bound structure that contains the genetic information 
that controls the cell. 

Cell wall Encase cells of plants and a few other organisms. Cell walls are not 
found in animals. 

Ribosomes Non-membranous sites where the cell assembles proteins. Found 
in both prokaryotic and eukaryotic cells 

Vacuole Membrane bound component, found mainly in plant cells. Very 
large in older plant cells. It stores chemicals, breaks down 
macromolecules and plays a role in plant growth 

 
Table 2.6 Summary of some cell components and their functions.  

 

 
At the boundary of every cell is the cell membrane (also known as plasma membrane) which functions 
as a selective barrier that allows sufficient passage of gases, nutrients and wastes to service the entire 
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volume of the cell. The nucleus is a membrane-bound structure that contains the genetic information 
that controls the cell. In other words, the material found in the nucleus is responsible for directing the 
processes that go on in the cell, such as the production of proteins. The mitochondrion is a component 
of cells which converts energy to forms that cells can use for work. For example, sugars are burned in 
order to produce energy that will allow for movement. Chloroplasts are the sites of photosynthesis and 
they are only found in plants and in some unicellular organisms. They convert light energy into chemical 
energy by using inorganic molecules such as carbon dioxide and water to produce sugars. Cell walls 
encase cells of plants and a few other organisms. In plants, the cell wall protects the cell, maintains its 
shape, and prevents excessive uptake of water. Cell walls are not found in animals. 
  
In a cell membrane there is a phospholipid bilayer that constitutes the backbone of the membrane, 
which has integral membrane proteins that directly penetrate the membrane, as well as peripheral 
membrane proteins which are attached to the integral membrane proteins (Figure 2.16). The glycocalyx 
is on the outer surface of the plasma membrane. The glycocalyx, composed of carbohydrates connected 
to membrane proteins, is on the outer surface of the plasma membrane. 
 

 

 
 
Figure 2.16 The Singer-Nicholson fluid mosaic model of the cell membrane. 
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Taxonomy – Vocabulary 
 
The binomial names of organisms, or the terminology used to describe body structures, often appear 
formidable. However, many terms contain common Latin or Greek roots. The prefixes, suffixes, and 
combined forms of a surprising number of these words have common meanings. Understanding the 
basis behind the term will allow you to ‘translate’ the word, or at least have a basic understanding of 
what is being described. A selection of prefixes and suffixes beginning with a-c is included below by way 
of example: 

A-  not, without 
Ad-  to or toward 
Af-  to or toward 
Alb- white 
-alis  pertaining to 
Alve- cavity 
Ambi- surrounding 
Amoeb- change 
Amphi-  both or double 
An-  without 
Anti- against 
Apo- from, away 
Aqua-  water 
Arbor- tree 
Archae- ancient 
Auto- self 
Bi-  two 
Bio-  life 
Brachi- arm 
Branch- gill 
Caecum- blind 
Calc- lime 
Capill- hair 
Caud- tail 
Cephal- hair 
Cess- stop 
Chlor- green 
Chondro- cartilage 
Chord- string 
Chrom- colour 
Circ- ring, around 
Coel-  hollow 
Corp- body 
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Figure 2.17 Cyclops is a copepod in the Class Crustacea of the Kingdom Animalia 
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Chapter 3 Archaebacteria and Eubacteria 
 

 

Colourful Thermophilic Archaebacteria in Hot Springs in Midway Geyser Basin, Yellowstone National Park 
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LEARNING OUTCOMES 
Successful completion of this unit will enable you to: 
 
1. Compare prokaryotic and eukaryotic cells. 
2. Explain why bacteria are classified into two different kingdoms. 
3. Describe features of organisms in Eubacteria. 
 
Kingdoms Archaebacteria and Eubacteria 
The smallest, simplest and most numerous cells on earth are the prokaryotes. These tiny bags of 
cytoplasm first appeared more than 3.5 billion years ago. Today they can be found thriving in 
every environment and are vitally important to the success of life on planet earth. In contrast to 
the viruses, they are metabolically independent and can reproduce on their own. Members of 
these kingdoms are commonly referred to as bacteria. These simple cells have certain structural 
characteristics, which set them apart from the more complex eukaryotic cells, namely: 
 
1. Membranes: they have no membrane-bound organelles. The term which describes this 
condition is prokaryotic (pro=before, karyon=nucleus). This means that they have no membrane-
bound nuclei, nor are there membrane-bound organelles like chloroplasts or mitochondria. All 
the cellular functions take place directly in the cytoplasm. 
 
2. Size: prokaryotic cells are very small ranging in diameter from 1 (or smaller) to 5 um. 

 
3. Cell wall: Most bacteria have a cell wall surrounding their plasma membrane. This wall 
affords protection. Differences in the chemical composition of the cell wall is an important 
characteristic which is used to classify different kinds of bacteria. Cell walls in bacteria are 
distinct in structure and composition from the cell walls found in other groups of organisms like 
plants and fungi. 
 
Some biologists place all the prokaryotes in one kingdom, the Monera. However, there are two 
major subdivisions within the kingdom Monera: the Eubacteria and the Archaebacteria. 
Currently, many biologists place the Archaebacteria into a separate group called the Archaea 
because recent molecular studies show that Archaebacteria are more closely related to the 
Eukaryotes than to the Eubacteria. Archaebacteria live in extreme environments such as hot 
springs, salt lakes, swamps or deep-sea ocean vents. The Archaebacteria are of considerable 
interest because of their ability to live in environments where Eubacteria and other organisms 
cannot survive.  
 
Viruses 

Figure 3.1 shows you a diagram of a virus. The simplest viruses are made up of only two components: 
their genetic material and the shell of protein (capsid) which surrounds it. Viruses are not cellular and 
are not able to reproduce on their own. Viruses are intracellular parasites, which means that they need 
to enter a living cell and take over the cell’s machinery in order to reproduce. They can infect cells in all 
six kingdoms, although we know more about viruses that infect animal, plant and bacterial cells. Most 
viruses can only infect one type of organism. For example, tobacco mosaic virus, a virus that infects 
tobacco plants, will not infect humans. 
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Figure 3.1 Schematic drawing of the southern bean mosaic virus (left) and electron 
microscopy photograph of virus particles (right). These viruses have been magnified 
100,000 times.  

In spite of the fact that viruses cannot metabolize or reproduce on their own, their chemical organization 
is complex and they can modify their environment (the organisms they infect). They also evolve very 
closely with populations of infected organisms. The fact that viruses are complex, that they replicate, 
that they evolve, and that they have the same chemical composition as other organisms indicates that 
they are important components of the biosphere. However, the fact that they are not made up of cells 
and that they are unable to use energy or reproduce without a host cell makes viruses unique.  

 
Archaebacteria 
 
Archaebacteria live in extreme environments. There are three different groups: 
 

Methanogens – live in bogs and digestive tracts; they produce methane gas 
 
Halophiles – live in salt lakes and ponds; require >20% salt 
 
Thermoacidophiles – live in hot (45-110°C) sulfur springs, volcanic vents, and deep-sea vents; 
they can live at pH=1  
 

 Originally the Archaebacteria were grouped in with the Eubacteria but modern sophisticated genetic 
and molecular biology techniques identified major biochemical differences between them. 

 
Eubacteria 
 
In order to survive and to grow, a living organism needs energy to build new organic molecules. The 
Eubacteria exhibit great nutritional and metabolic diversity. 
 
Eubacteria obtain energy in different ways. By far the largest group of Eubacteria is nutritionally 
similar to animals in that they get energy from organic molecules in their environment. These are called 
the heterotrophic Eubacteria. Several groups of Eubacteria are autotrophic (self--feeders) which make 
their own carbon molecules using carbon dioxide present in the air and light or chemical energy. If they 
use light as an energy source, as in the cyanobacteria, we call them photosynthetic autotrophs. If on 
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the other hand they get their energy from the breakdown of inorganic compounds present in their 
environment, as happens in the purple bacteria, we call them chemosynthetic autotrophs. 
 
Eubacteria vary in their need for oxygen. Most Eubacteria must have molecular oxygen to survive and 
are called aerobic bacteria. For some bacteria, however, it is not necessary, and because they live 
without oxygen they are called anaerobic bacteria. Anaerobic bacteria cause botulism, flesh eating 
disease and gangrene. 

 
Eubacteria reproduce quickly and form spores. Under optimum conditions, bacteria have enormous 
reproductive potential, dividing once every 20 minutes. Some bacteria form structures called 
endospores. These endospores allow the bacteria to survive difficult environmental conditions and then 
become active when the environment is favourable. The heterotrophic Eubacteria are unable to make 
their own foods and must therefore rely on the environment to provide them with the organic carbon 
molecules which they need to survive. As a group, Eubacteria are incredibly diverse both in the type of 
food required and in the type of environmental conditions they can tolerate. This diversity accounts 
for the fact that bacteria are found everywhere in the biosphere. Bacteria decompose dead biological 
material, act as food for other organisms, act as partners in mutually beneficial interactions and cause 
diseases.  

Decomposers are important in cycling of nutrients in the biosphere. Ongoing life depends on the 
recycling of chemical elements between the biological and physical components of an ecosystem. 
Bacteria are indispensable links in these chemical cycles. They are the important in the 
decomposition of plant and animal material. If it were not for the decomposers, elements essential 
to life would be locked in the organic molecules of corpses and feces. Because of their varied 
metabolic abilities, prokaryotic organisms are the only organisms able to transform nonbiological 
molecules, containing elements such as iron and sulfur, into forms useful to living organisms. 
 
Bacteria are an important food source for other organisms. Bacteria are the main dietary staples of many 
soil organisms like earthworms, animals living around the thermal vents in the ocean, as well as for many 
microscopic aquatic animals (zooplankton). 
 
Some bacteria live within other organisms and provide benefits to their host. Bacteria such as E. coli, are 
normal residents of many animal digestive tracts where they maintain the proper environment for 
digestion and absorption of nutrients. Plant-eating animals (cows, beavers), are unable to break down 
cellulose, the main component of the plant cell wall. Bacteria living in the digestive tract of these 
animals are able to break down the large cellulose molecules into their component sugars. Through a 
symbiosis with bacteria, the nutrients tied up in the cell wall can be made available to the cow or beaver. 
Bacteria also form symbiotic relationships with plants to fix atmospheric nitrogen. The bacteria 
Rhizobium, living in association with the roots of certain plants, changes nitrogen gas in the atmosphere 
to a form of nitrogen which plants can use in a process called nitrogen fixation. 
 
Some bacteria cause disease in other organisms, including plants and animals. Bacteria cause 
approximately half of all human diseases. Some bacteria disrupt the physiology of the host by invading 
host tissues, as happens in diseases like tuberculosis and leprosy. Bacteria responsible for botulism and 
cholera produce potent toxins with specific effects.  In other bacteria, the outer membranes of the 
bacteria cause the toxic effect by inducing a general response (fever, headaches) in the host. 
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Photosynthetic Eubacteria produce oxygen and fix nitrogen. Photosynthetic Eubacteria possessing 
chlorophyll are known as Cyanobacteria. Since they have many features in common with the Eubacteria, 
most biologists group them with the Eubacteria, as we do in this course, whereas other biologists put 
them in a separate division. Cyanobacteria may exist as single floating cells, as chains, or as mats. The 
individual cells are larger than the average heterotrophic bacteria. These photosynthetic bacteria use 
chlorophyll to trap light for photosynthesis and produce oxygen. In the oceans, floating mats of these 
bacteria produce much of the global oxygen supply. Other Cyanobacteria have the ability to fix nitrogen 
with a specialized nitrogen-fixing cell called a heterocyst, which makes them very important in 
agriculture and forestry.  
 
General Characteristics of Cyanobacteria 

• Form scummy growths over wet soil and bottoms of shallow areas 
• Some are free floating 
• Microscopic in size 
• Contain chlorophyll and a blue pigment (phycocyanin) 
• Colours can range from blue-green, olive, brown and black 
• Found in fresh water and on land more often than in marine sites but can occur on upper tidal 

beaches, estuaries and brackish marshes 
• Contaminates water supplies and can be poisonous to fish 

Species 
Lyngbya aestuarii 
Nostoc spp. 
Note: Many species do not have common names 
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Chapter 4 Protista 

 

 
The Protist Stentor roeseli in a composite image. This free-living ciliate is found throughout the world and 
is common in ponds, lakes, rivers and ditches. When feeding it attaches itself to a substrate and the cilia 
bring bacteria, algae and other protozoans into its body. 
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LEARNING OUTCOMES 
Successful completion of this unit will enable you to: 
 
1. Describe the features of single-celled eukaryotic organisms. 
2. Explain the classification of algae within the Kingdom Protista. 
3. Compare the processes and benefits of asexual and sexual reproduction. 
4. Apply the processes of mitosis and meiosis to different modes of reproduction. 
 
Kingdom Protista 
 
Within the eukaryotes, there are both unicellular and multicellular organisms. The Protista is a 
taxonomic group that includes all of the unicellular eukaryotes and some multicellular eukaryotes that 
don't fit the definition of Plants, Animals or Fungi. The Protists are an extremely diverse group compared 
these other eukaryotic kingdoms. Biologists have identified five taxonomic groups within the Protista 
that may be as distinct from one another as plants are from animals. Protists are distinguished as much 
by what they are not (i.e. not bacteria, plants, animals or fungi) as by what they "are" (mainly unicellular 
eukaryotes). Currently, the classification of the Protista is undergoing reassessment using molecular and 
biochemical information to determine the evolutionary relationships among the different groups. Below, 
we will describe the features of some of the unicellular and colonial Protists as well as the algae which 
constitute three multicellular lineages. 
 
All protists are eukaryotic. These cells have membrane bound nuclei (i.e. their genetic material is enclosed 
in a nuclear membrane). Most protists have other membrane-bound organelles such mitochondria and 
chloroplasts unlike the bacteria. 
 
With the exception of the algae, most protists are unicellular. This is generally true, but in organisms 
like Volvox a number of identical cells clump together to form a hollow ball. It is not a multicellular 
organism though. Volvox is a "colonial" protist in which the cells are similar and function independently. 
 
All protists live in aquatic environments. They are important members of the microscopic community 
which drifts on or near the surface of ponds, lakes, and oceans. They are common inhabitants of damp 
soil, leaf litter, and other terrestrial habitats that are sufficiently moist. In addition, they can be found 
inhabiting the body fluids or cells of host organisms. 
 
Evolution of the eukaryotic cell 
 
Among the most fundamental questions in biology is how the complex eukaryotic cells arose from the much 
simpler prokaryotic cells. The small size and relatively simple construction of the prokaryotic cell has many 
advantages, but imposes limits on the number of metabolic activities which can be carried on at one time. 
Nevertheless, bacteria have been evolving and adapting since life first appeared on earth and are the most 
widespread organisms even today. But in some prokaryotic groups there arose some compartmentalization of 
different functions within single cells, resulting in a eukaryotic cell. 
 
How did this compartmental organization of the eukaryotic cell evolve from the prokaryotic condition? Two 
different processes may have been involved here; first, the formation of the nuclear membrane and second, 
the origin of mitochondria and chloroplasts. The nuclear membrane was formed as a result of an infolding of 
the plasma membrane to enclose the nuclear material and this resulted in a cell with a membrane bound 
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nucleus - a eukaryotic cell. In the second process, small prokaryotes were engulfed by a larger heterotrophic 
cell and over time these smaller prokaryotes became permanent residents of the host cell. There is now 
substantial evidence that the chloroplasts were once free-living photosynthetic prokaryotes, and that 
mitochondria were once free-living heterotrophic bacteria. 
 
Movement of Molecules at Cell Level 

Processes moving material into and out of a cell and within a cell are: diffusion, facilitated diffusion, 
osmosis, active transport, phagocytosis, pinocytosis. 

Diffusion is defined as the movement of molecules from an area of high solute or gas concentration to 
an area of lower solute or gas concentration. Diffusion is a process which allows cells to obtain or release 
a variety of materials. Diffusion is effective in situations where materials must be moved along a 
concentration gradient that is from high concentration to low concentration of the solute.  

Facilitated diffusion is essential in moving large solute molecules along a concentration gradient across 
the cell membrane, and involves the use of membrane transport proteins. 

Osmosis is the movement of water from an area of low solute concentration to an area of high solute 
concentration and is primarily important in maintaining the proper pressure within cells. Because 
osmosis is a passive process, it is not directly regulated by the cell. However, osmosis is indirectly 
regulated by the cell as it controls the solute concentrations by active transport. Some protists have a 
special organelle called a contractile vacuole that will expand with extra water in the cell and then expel 
that extra water to the outside. 

Active transport is important because cells may require nutrients (such as sugars and salts) to be 
maintained at different concentrations inside the cell than is normally present outside the cell, or to 
counteract the effects of diffusion. Consequently, the cell must expend energy to maintain solute 
concentration differences on either side of the membrane. Active transport is very important in 
maintaining the concentrations of solutes necessary for normal physiology to occur and to regulate 
osmosis. 

Phagocytosis is a process where the cell will extend the cell membrane around an external particle to 
engulf it in a process called “cell eating” and is the primary method of ingestion for many protists such as 
the amoeba. 

Pinocytosis, also called “cell drinking”, is a mechanism by which cells can take in liquids by pinching the 
cell membrane inward. 

To summarise, cells utilise three active processes to pass materials through the cell membrane. The 
differences between these processes are predominately the size of the materials brought into the cell. In 
active transport, ions and small molecules are moved; in pinocytosis, large molecules such as proteins 
are carried through the membrane in solution, and in phagocytosis large pieces of material or whole 
cells are moved through the membrane. 

Movement in Protists 

Movement by pseudopodia or amoeboid movement in some unicellular organisms happens when the 
cytoplasm flows into new projections of the cell called pseudopodia (false feet, Figure 4.1). One 
hypothesis states that the protoplasm is divided into a fluid central core (endoplasm) which is 
surrounded by an ectoplasm which is more jellylike. The hypothesis basically states that the endoplasm 
core gets pushed forward by the ectoplasm at the rear, being converted into endoplasm (Figure 4.1). The 
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effect is that the front of the cell pushes forward as the endoplasm is converted into ectoplasm and at 
the rear of the cell the reverse process occurs. Examples of organisms with amoeboid movement are 
Amoeba and Plasmodium (the organism that causes malaria). Both are animal-like protists.  

Movement by cilia and flagella involves whip-like structures that beat or twirl. The mechanism 
underlying this form of movement is fairly similar in that both cilia and flagella have the same basic 
internal structure. The difference is that cilia (Figure 4.2), are relatively short while flagella are relatively 
long compared to the organism’s total length. The mechanism common to both is the power stroke (like 
the power stroke of a human swimmer (Figure 4.3). The cilia or flagella is extended rigidly and then 
swept backwards bending only at the base. This provides the force necessary to move the organism. The 
recovery stroke brings the cilia or flagella forward again with a wavelike bending that moves along the 
stalk from the base so that at no time during this stroke is there very much surface exposed to the water 
(very little pressure on the cilia or flagella). Examples of organisms that move using flagella are Euglena 
(plant-like protists) and dinoflagellates (animal-like protists). 

 

 

Figure 4.1 An amoeba. When an amoeba moves, the endoplasmic core slides forward between the 
layers of stationary ectoplasm. As the core moves forward, ectoplasm at the rear of the cell is converted 
into endoplasm, while the endoplasm at the front of the cell is converted to ectoplasm.  
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Figure 4.2 The protist Paramecium moves by means of cilia which are short, slender tail-like 
structures that can beat to create movement.  
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Figure 4.3 The power stroke of a cilium. 

 
Examples of Unicellular or Colonial Protists 
 
As a group, the protists are more nutritionally diverse than the other eukaryotic Kingdoms. Within the 
Protists, there are both heterotrophs and photosynthetic autotrophs. Within the heterotrophic protists, 
some unicellular organisms "ingest" food into their cells in a manner analogous to animal feeding. Other 
heterotrophic protists acquire nutrients through an absorptive process. 
 
Examples of heterotrophic protists include Amoeba and Paramecium. They feed by ingesting their food 
as particles. Both of these organisms have well-defined nuclei and other membrane bound organelles. 
 
Photosynthetic protists are resident in freshwater ponds and other aquatic habitats. Euglena is a good 
example of a freshwater photosynthetic protist. It has chloroplasts which allow it to produce its own 
food by photosynthesis, a long flagellum which propels it through the water with a whip-like motion, a 
nucleus, mitochondria, and a contractile vacuole for pumping out excess water. In addition, it has a red 
eyespot which allows it to respond to external light. 
 
Slime molds and water molds have a filamentous body structure during part of their life cycle and 
function as decomposers in their ecological community. These organisms are absorptive heterotrophs 
(i.e. they "absorb" nutrients directly from their environment into cells). Water molds decompose dead 
insects, fish and other animals. Slime molds are important decomposers in forest ecosystems. As you 
walk through the coastal forest, you may see slimy orange or yellow material (protoplasm) occurring on 
rotting logs. These organisms have a complex life cycle which includes a free-living amoeba-like stage 
and a colorful colonial stage in which a large number of amoeba-like cells fuse together to form a large 
multinucleated mass which engulfs decaying material. 
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Algae 
 
The algae constitute three primarily multicellular taxonomic groups that are classified as Protists. All 
algae are photosynthetic, but the three algal groups differ in a number of characteristics. Many algae 
have leaf-like, root-like, and stem-like parts (not functionally or anatomically comparable to the organs 
characteristic of flowering plants). Examples are: 

o The holdfast serves to anchor the plants to the substrate 
o The blade or lamina is the leaf-like structure 
o The stipe or stalk is the stem-like support 

Algae are divided into four main groups (Divisions) – largely on the basis of the colour of the pigments 
they contain: green, brown, red, and yellow-brown 
 
DIVISION CHLOROPHYTA – The Green Algae 
Green algae are the most diverse of all the algae. About 7000 species are known. Most green algae are aquatic but they 
are found in a wide variety of habitats, including the surface of snow, on tree trunks, in the soil and in symbiotic 
relationships with fungi, protozoa and anemones. Similar to plants, Chlorophyta have chlorophyll a and b, store their 
food reserves as starch inside plastids and have cell walls composed of polysaccharides such as cellulose. As such, we 
believe that Chlorophyta are close relatives of land plants. They include single-celled species such as Chlamydomonas 
and multicellular species such as Ulva.  
 

   
 

   
 

   
Figure 4.4 Examples of green algae - Ulva, Spirogyra, Ulolthrix, Chlamydomonas, and Eudorina 
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General Characteristics 

• Bright green in colour and contains the same pigments, including chlorophyll, as do higher 
plants 

• Green algae occur more often in fresh water than in marine (salt) waters; some are terrestrial 
• Some members of this family are one-celled while others have a cellular structure and grow in 

the form of sheets or tubes 
• Although there is a fair cross section of green algae to be found in the cool temperate waters of 

the Pacific Northwest, there are more types found in the warm, tropical seas 
 
Species 
Sea Lettuce   Ulva sp. 
Sea Hair   Enteromorpha linza 
Sea Staghorn  Codium fragile 
Eelgrass  Zostera marina 
 
DIVISION PHAEOPHYA – The Brown Algae 
 
The brown algae Phaeophyta is an almost entirely marine group. Most of the conspicuous seaweeds you will see off 
rocky shores in the temperate regions off the coast of B.C. will be from this group. There are about 1500 species. Brown 
algae range in size from microscopic forms to the largest of kelps. Large kelps such as Macrocystis and Nereocystis are 
differentiated into regions known as the holdfast which look like roots and secure them to a rocky bottom and a flexible 
stem-like stipe and blade. They also have air bladders which keep the large blades near the surface. Unlike the green 
algae, Phaeophyta have chlorophyll a and c. Although clearly not closely related to land plants, the phaeophytes are 
among the most structurally complex of marine algae. Postelsia is found on the most wind swept rocky shores on the 
west coast of Vancouver Island while Fucus (also called rockweed), is more widely distributed in the intertidal zone in 
B.C. For example, it is common around Stanley Park. 
 
General Characteristics 

• Largest of the algae 
• Most complex structurally 
• Often reach lengths of several hundred feet 
• Have long holdfasts 
• Many have stemlike, rootlike, and leaflike parts 
• Often have air bladder for buoyancy 
• In addition to chlorophyll have a brownish pigment (fucoxanthin) 

Species 
Sea Palm   Postelsi palmaeformis 
Sugar Kelp   Laminaria saccharina 
Rockweeds   Fucus spp. 
Bull Kelp   Nereocystis leurkeana 
Giant Kelp  Macrocystis pyrifera 
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Figure 4.5 Examples of brown algae – giant kelp Macrocystis (left), rock weed Fucus (right) and 
kelp forest of bull kelp Nereocystis (below) 

 
DIVISION RHODOPHYTA – The Red Algae 
There are some 4000 species of red algae or Rhodophyta. These organisms are primarily marine (only about 100 
species are found in freshwater), very diverse and complex. Rhodophyta usually grow attached to rocks or other 
algae; most are multicellular although there are a few unicellular and colonial forms. All red algae possess 
chlorophyll a and many also contain chlorophyll d, a pigment not found in other eukaryotes. The accessory pigments 
that give these plants their red, violet, yellowish or even black/brown colours are very efficient at absorbing the 
blue and green wavelengths of light that penetrate to great depth in seawater. Consequently, rhodophytes are 
found in deeper water than green algae.  
 

 
 

Figure 4.6 An example of a red alga Callphyllis. 
 
 
General Characteristics 

• Often feathery, branched or filamentous, sometimes ribbon-like with jelly-like surface 
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• Many are small and delicate (use a hand lens to appreciate) 
• In addition to chlorophyll, contain a red pigment (phycoerythrin) 
• Found at great depths in warmer portions of oceans 
• Used in cosmetics, glue, confections, jellies and ice cream 
Species  

Poryphra 
Polyneuris 
 
DIVISION CHRYSOPHYTA – The Yellow Brown Algae 
General Characteristics 

• Predominately fresh water algae, some marine species 
• Common plankton of lakes, especially during colder seasons of year, fast flowing mountain 

streams, springs and shallow ponds 
• Also occur in acid habitats such as sphagnum or peat bogs 

Species  
Vaucheria 
 
Distinguishing Between Asexual Reproduction and Sexual Reproduction 

Asexual reproduction (also known as vegetative reproduction) is reproduction without genetic 
recombination. That is, the offspring are identical to the parent - they are a clone of the parent. A new 
individual is produced from a part of the parent's body or from an unfertilized ovum (egg) of the parent. 
Asexual reproduction is common in plants, but also occurs in some animals. Protists such as amoeba 
reproduce by dividing the cell into two asexually by binary fission.  

Table 4.1 identifies the major mechanisms of asexual reproduction and provides examples of plants and 
animals which use these mechanisms. Note that there are differences between the mechanisms in 
terms of their effects on the dispersal of the offspring.  
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 ASEXUAL MECHANISM EXAMPLE 

Fragmentation In fragmentation, parts of the 
parent grow to form new 
individuals. For example, plants 
root systems of some dicots 
produce shoots that grow into 
new plants. If a piece of plant is 
severed from the parent plant, a 
new plant will sometimes grow 
from the severed piece as in 
algae. Cuttings of plants can be 
used to clone various decorative 
and agriculturally important 
plants. 

In animals a part of the parent's 
body will produce a new 
individual. 

Potatoes may reproduce using tubers. Tubers 
are swellings of underground stems. The tuber 
can produce new stems and leaves which grow 
into a new plant. 

Onions and tulips can develop from bulbs. Bulbs 
are modified underground shoots (stem and 
leaves) which can grow into a new plant. 

Strawberries may develop from modified stems 
called stolons which grow along the surface of 
the ground and start new plant growth 
 
Many sponges, cnidarians and annelid worms 
can produce new individuals from fragments of a 
parent. 

Parthenogenesis Parthenogenesis is an asexual 
mechanism of reproduction in 
which seeds or a new individual 
are produced without 
fertilization. This has the 
advantage of providing for 
dispersal of seeds by wind just 
as sexually produced seeds 
would be distributed, or for new 
individuals to be produced if a 
male is not available to fertilize 
the egg. 

Dandelions can produce seeds by 
parthenogenesis. 

Aphids, rotifers, Daphnia (a freshwater 
crustacean) and some lizards can reproduce by 
parthenogenesis. 

Budding A new individual splits from the 
existing parent. 

Certain cnidarians and tunicates, algae 

Fission A parent organism will separate 
into two or more individuals 
that are more or less equal in 
size. 

Many invertebrates. 

Prokaryotes reproduce by binary fission where 
the cell divides in half. 

Table 4.1 Mechanisms of asexual reproduction 
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Sexual reproduction evolved from asexual reproduction. Sexual reproduction involves sex cells or 
gametes fusing to produce offspring which are different from each other and from the parent or 
parents. In the formation of the gametes the amount of genetic material, the number of chromosomes, 
must first be cut in half so when the gametes fuse in fertilization the genetic material will be turned to 
its original amount. The genetic material is reduced from a diploid state where there are two copies of 
each chromosome to a haploid state where there is only one copy of each chromosome. This reduction 
in chromosome number in the formation of gametes is accomplished through the process of meiosis. 
When non-reproductive cells divide in the process of mitosis they retain the same number of 
chromosomes in each of the two cells resulting from the division. 

Sexual reproduction may involve only one parent which produces male and female sex cells (gametes), 
or it may involve two parents which each contribute sex cells to the offspring.  

Advantages and disadvantages of asexual versus sexual reproduction. 

Asexual reproduction appeared first in the living world and has four advantages: 1) If the organism is 
well suited for its environment, asexual reproduction enables it to produce identical copies, 2) There is a 
higher rate of reproduction by asexual means in some animals and other organisms, producing greater 
numbers of offspring compared to sexual reproduction, 3) In many cases the offspring are fragments of 
the original parent so they are already somewhat mature when they break free and are better able to 
survive than a seed or newborn produced by sexual reproduction, 4) Dense clones of asexually produced 
plants, such as a prairie grassland, could keep out competition from other species. 

The biggest disadvantage of asexual reproduction is that the species is unable to adapt to change - the 
offspring are all identical. When changes occur in biotic or abiotic components of the environment, the 
survival of populations within the species may be affected. Examples of environmental changes include 
climate change, changes in competition from other species and the continuing evolution of pathogens. 
Such changes can affect the reproductive success of populations of a species. If, as a consequence of 
asexual reproduction, all populations are genetically identical and none are suited to the new 
conditions, the species has no capacity to evolve and becomes extinct. 

Sexual reproduction generates variability within a species. In the process of meiosis the genetic material 
is recombined into new combinations. If a species is more variable, at least some individuals might 
survive environmental changes and perpetuate the species. 

Sexual reproduction also has some disadvantages. In some multicellular organisms it takes longer for the 
fertilized ovum to develop into a new individual. Sexual reproduction may also be more energetically 
expensive in multicellular organisms as it requires: a) the production of gonads, b) finding and securing a 
mate through, for example, floral displays and courtship, and c) producing male individuals in a species 
where the sexes are separate. 

Most plants, including the more advanced Angiosperms, and algae, undergo both sexual and asexual 
reproduction as part of their lives, taking advantage of the benefits of each. There is an alternation of 
generations, of asexual and sexual reproduction. Asexual reproduction is less common in animals and is 
mainly restricted to invertebrates. However, there are some parthenogenetic lizards (parthenogenesis is 
defined in Table 4.1). In some organisms, asexual reproduction occurs when environmental conditions 
are favourable. There is a shift to sexual reproduction when conditions become unfavourable, producing 
variability when it is needed for the species to adapt to change. 
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Stages in a Sexual Life Cycle 

The sexual life cycle consists of the following stages: a) meiosis b) fertilization c) haploid  d) diploid  e) 
gamete f) zygote g) mitosis h) gametophyte i) sporophyte j) spore. The key terminology used to describe 
life cycles is summarized in Table 4.2. The key differences between the three cycles of animals, most 
fungi and some algae, and plants and some algae, is the timing of meiosis and fertilization. 

Fertilization, the fusion of haploid sex cells called gametes, produces a diploid cell called a zygote. In 
animals the zygote undergoes a number of mitotic divisions forming the adult which is a diploid 
multicellular organism. In most fungi and some animals the diploid zygote immediately undergoes a 
meiotic division producing haploid cells. The haploid cell in this case will undergo mitotic divisions to 
form the adult which is a haploid multicellular organism. In plants and some algae, there are both 
multicellular haploid and diploid stages.  

All sexual cycles alternate between the haploid and diploid stages. Haploid cells are produced from 
diploid cells by meiosis, and diploid cells are produced from haploid cells by the fusion of gametes 
(fertilization). In most plants and some algae, the diploid stage is called the sporophyte because the 
products of meiosis are spores which grow into a multicellular haploid stage called the gametophyte. 
The gametophyte produces gametes. 
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meiosis Meiosis is a special type of cell division which results in the daughter cells having 
one-half the number of chromosomes that are found in the parent cell. Meiosis 
results in the production of haploid cells from a diploid parent cell. 

fertilization Fertilization is the fusion of two sex cells such as an egg and a sperm to produce a 
fertilized egg or zygote. The zygote has double the chromosomes found in either the 
egg or the sperm.  

haploid Cells which contain one set of chromosomes are haploid. The chromosomes carry 
the genetic information for the individual. Individuals of each species have a specific 
set of chromosomes in the nucleus of each cell. The complete set of chromosomes 
carries all the genetic information for the species. Cells usually contain either one or 
two sets of chromosomes.  

diploid Cells which contain two sets of chromosomes are diploid. 

gamete A gamete is a haploid sex cell which is involved in fertilization. Egg cells and sperm 
cells are gametes. 

zygote A zygote is the cell resulting from the fusion of two gametes (e.g. fusion of egg and 
sperm). 

mitosis Mitosis is a type of cell division which produces daughter cells with exactly the same 
genetic makeup as the parent cell. 

gametophyte  Multicellular haploid stage in a plant or algal life cycle that produces gametes. 

sporophyte Mulitcellular diploid stage in a plant or algal life cycle that produces spores.  

spore Spores are cells produced by meiosis which are capable of reproducing by mitosis. 

Table 4.2. Terminology relating to life cycles. You are responsible for understanding the meaning of all 
the terms in this table. They are essential for the understanding of life cyles.  

 

Figure 4.7 is an illustration of a generalized life cycle with multicellular haploid and multicellular diploid 
stages as found in plants and some algae. When mitosis occurs in the zygote, it results in the production 
of a multicellular diploid plant. This diploid stage is called the sporophyte because it produces spores. 
When mitosis occurs in spores, a multicellular haploid is produced. This haploid stage is called the 
gametophyte because this stage produces gametes. 

Variations to this basic life cycle of plants are primarily based on the relative sizes and/or duration of the 
gametophyte and sporophyte generations. 
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Figure 4.7 Generalized sexual cycle typical of most plants. In most plants, both the diploid and 
haploid stages are multicellular. The multicellular diploid stage develops as a result of the zygote 
dividing by mitosis to form two cells, and these cells in turn dividing, thus producing the 
multicellular diploid. Similarly, the spores produced by meiosis replicate by mitosis to form a 
multicellular haploid. Gametes are produced by mitosis in specialized parts of the plant. 
Gametes fuse to produce a zygote. Usually gametes are from different parents but in many 
species, gametes involved in fertilization are produced by the same plant. 

Life Cycle of Green Algae 

Figure 4.8 illustrates the life cycle of a simple green alga. The visible algal plant is a multicellular haploid. 
The zygote does not replicate by mitosis, but directly undergoes meiosis to produce haploid spores. The 
spores replicate by mitosis to form the multicellular haploid. The haploid generation is the conspicuous 
generation. 
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Figure 4.8 Life cycle of green algae. In the green algae, the haploid stage (gametophyte) is 
multicellular. The diploid stage is unicellular, consisting only of the zygote. The zygote undergoes 
meiosis to produce haploid spores which then again produce the multicellular haploid mature 
algal filament. 

 
 
Types of Ecological Interactions of Protists with Other Organisms in the Biosphere 
 
Like the bacteria, the protists are nutritionally very diverse and consequently are involved in a wide variety of 
ecological interactions.  
 
Some protists are decomposers. For example, slime molds are important in breaking down rotting logs or 
plant litter in the forest, and water molds grow as cottony masses on dead plants and animals in fresh water 
habitats. 
 
Protists are food for animals and other organisms. Small protists are an important food source for larger 
protists and animals, particularly in fresh water. When examining a sample of sample of pond water, larger 
protists are often seen engulfing smaller protists and bacteria. 
 
Photosynthetic protists are important globally as a source of oxygen. Like plants and cyanobacteria, 
photosynthetic protists floating in the plankton contribute to the world's oxygen supply. 
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Protists cause disease of plants and animals. Certain protists have had and continue to have a significant 
impact on the production of agricultural products. Of particular interest is late blight of potato which has 
been a problem historically (e.g. Irish potato famine) and continues to trouble potato farmers today. When 
clams and oysters ingest a marine protist called Gonyaulax concatenensis, they store a toxin which is 
poisonous to humans and other warm-blooded creatures. A "red tide" occurs when blooms of this protist, a 
dinoflagellate, give the seawater a reddish color. Many human diseases are caused by protists. One example 
is malaria which is transmitted by mosquito bites and has been a problem in the tropics for thousands of 
years. Other diseases such as dysentery and Giardia are also caused by protists. 
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Chapter 5 Plants 
 

 
 
Devil’s club is a large understory plant in the Pacific northwest associated 
with streams with stems covered with needle-like spines. 
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Kingdom Plantae 
LEARNING OUTCOMES 
Successful completion of this unit will enable you to: 

1. Explain historical perspectives and methods of studying plants. 
2. Apply anatomical terminology to plant identification. 
3. Describe the physiological and reproductive aspects of plant functioning. 
4. Apply the classification system and binomial nomenclature principles to plants. 
5. Identify characteristics of major plant taxonomic groups. 

Chapter Outline: 
§ History of Botany 
§ Plant Collecting 
§ Describing Plants 
§ Describing Trees 
§ Classification of Plants 
§ List of Classifications 
§ Bibliography 

 
History of Botany 
The study of plants started very early in the time of humans on this planet. Early peoples recognized the 
importance of plants and soon cultivated species for food, selected wild plants for their medicinal 
values, sought shelter under their boughs, and with the discovery of fire, the opportunity for plants to 
provide warmth. Records from China, Egypt and Assyria showed that cultivated plants formed part of 
their early culture.  
 
Indigenous peoples were very knowledgeable about plants and their ecology since time immemorial. 
This traditional ecological knowledge (TEK) was passed on to succeeding generations through oral 
tradition. The first written records of plant studies were provided by Greek and Roman Scholars, many 
of whom were Doctors. The oldest botanical work was by Theophrastus (c. 370-287 B.C.) who described 
500 species of plants in his Enquiry into Plants. Pliny the Elder (23-79 A.D.), a Roman naturalist and 
scholar mentioned nearly 1,000 species in his Historia Naturalis. In this 37 book series Pliny treated such 
topics as medicinal properties, plant anatomy and the practice of horticulture. Another Roman, 
Dioscorides (first century A.D.), was a military doctor who described the medicinal purposes of 600 
plants of Mediterranean in Materia Medica. 
 
During the Middle Ages very little work was done of a botanical nature. Many of the early publications 
were used and recopied with few additions or improvements. One such early document was the 
Doctrine of Signatures which the local herbalist followed when treating his patients. This document was 
based on the belief that plants resembled part of the human body and therefore must have been 
created for the purpose of curing ailments occurring in that portion of the body. Plants were then given 
common names that referred to remedial properties and many plants today still trace their scientific 
name back to this practice. An example would be the generic name Hepatica, the shape of the leaves in 
that genus being thought to resemble the shape of the liver and the leaves therefore to be a remedy for 
diseases of that organ. 
 
It is very difficult to draw a single line between the Middle Ages and the start of the modern period. 
Gradually botanists broke away from old traditions and began to develop systems of classification, and 
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terminology of descriptions. There are far too many botanists to list here but we will discuss the key 
person of this era – Carolus Linnaeus. His real name was Carl Linne (1707-1778), and he was a Swedish 
naturalist and classifier. His early studies involved traveling and studying medicine, teaching and 
recording plant species. In 1753 he published Species Plantarum which is the starting point for the 
system used today for the nomenclature of the higher plants. In 1761 he was knighted in Sweden and 
became known as Carl von Linne. Today the Linaean Society carries on the tradition of plant study. 
 
Since the time of Carl Linne the science of botany has made great strides. From being able to classify 
plants we now look within the structure of the plant and determine the core of its existence through 
genetics and chemistry. Where once we included cultivated plants in the study of botany we now have 
separate fields of agronomy, horticulture, and forestry. We have now become so specialized that we 
have developed whole fields of plant study. Some of the branches include: 
 
Plant Morphology – study of plant structure 
Plant Anatomy – internal structures of plants – tissues 
Plant Taxonomy – plant classification 
Plant Pathology – study of causes and the control of plant diseases 
Plant Physiology – study of chemical and physical processes and behavior of plants 
Plant Ecology – plants in relation to their environment 
Plant Geography – distribution of plants on earth 
Plant Genetics – the study of inheritance and breeding of plants 
Plant Cytology – study of structure of individual cells, and biochemistry 
 
Collecting Plants 
For study, nature houses and display 
In many areas of North America there is still a lot to be learned about natural history and especially the 
plants. With a growing interest in flora and fauna there is an opportunity to add to our local knowledge 
in this field. An expert knowledge about plants is not essential for the appreciation of the diverse species 
of flora found in any one area. By taking the beginning botanist and helping them to collect, identify and 
learn about native plants, we not only add to that person’s store of knowledge but to the overall record 
when their records are added to the numerous other records being collected. Museums, universities, 
and nature houses are all able to help you learn and collect plants – especially if you are willing to share 
your finds with them. Now that we know why we want to collect and for whom we are doing it, let us 
consider this… 
 
Before I collect I should… know the rules 
Collecting isn’t as simple as pulling a plant out of the ground and sticking it on a page in a binder. We 
MUST consider where we collect, (is this private land, park reserve or public land); and what are the 
implications of collecting a particular species (e.g. Is it endangered, threatened or rare). 
When collecting on private property, permission should be obtained in advance and the owner should 
be clearly aware you will be removing plants from the property. When collecting in National or 
Provincial (or even local parks), Ecological Reserves, Wildlife Management Areas and other specially 
designated areas, permission in writing is required from the Manager or Warden. The permit will outline 
the terms of how, when, how many etc., and any follow up (liker providing a list of species collected) 
may be required. 
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In addition, you need to contact the appropriate government agency which has plants under their 
mandate to check which plants are protected or classified as rare, threatened, or endangered. Example: 
In British Columbia the dogwood (Cornus nuttallii), trillium (Trillium ovatum) and Californian 
rhododendron (Rhododendron macrophyllum) are protected by law. 
 
Collecting and Preserving Plants 
Materials Used in Preserving Plants 
Polyethylene bags: convenient for collecting specimens in the field; generally keeps specimens fresh up 
to a day 
Newspaper: a page, cut down the centre line and then folded across the middle is the right size for 
pressing plants in cardboard and a press 
Separators: pieces of corrugated cardboard, cut to 30-40 cm. Make sure corrugations run across the 
width to allow air to circulate helping to dry the specimens 
Felt or construction paper: this material helps absorb moisture while allowing the stems to retrain their 
shape, even while pressing the leaves. Make these the same size as the separators. 
Foam rubber batts: are useful for pressing specimens with very thick stems or fruits 
Press Backs: ¼ inch plywood cut to 30-40 cm to form cover for press 
Straps or cord: for tying the press together 
 
When to Collect: 
The key word here is “dry”. Dry weather, in addition to being nicer to do collecting, it will allow you to 
take a dry specimen and therefore avoid the possibility of your sample going mouldy. The faster one can 
dry a specimen the better colour it will retain. 
How to: 
When collecting certain plants it is necessary to collect the root systems. It is important to have a 
substantial digger – which can be a sheathe knife, geologist’s pick, or a small garden shovel. An 
illustration of a plant press is shown in Figure 5.3. 
What to: 
Remember, when you get back and sit down with your botany key the only thing you will have to 
identify your plant with is what you have collected. A specimen must include everything that is 
necessary to identify the species. Therefore, herbaceous plants must include the stem, leaves, flowers, 
and/or fruit. In some other plants, like grasses, it is important to collect the root system. To identify a 
tree or shrub (you are not going to remove the whole thing!), be sure to collect twigs, leaves, flowers 
and catkins and in some cases cones. (Note: cones should be collected in brown paper bags and marked 
to correspond with twigs, etc.) 

 
Figure 5.1 Leaf and seeds (samaras) of a vine maple. 
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Keeping Records 
Now what? 
Now that you have your specimens, and before you run off in search of another sample, you will need to 
collect some data on your specimen. This information, called metadata, should include the location, 
date, collector’s name, and preferably some note on the habitat including altitude, slope and aspect for 
mountain samples. Small index cards 76 x126mm make good record forms as does a field book. You can 
also keep your records electronically with software on a tablet or smartphone and there are several 
online databases such as iNaturalist where you can record your information including a photograph. If 
you are unable to identify a specimen it may be helpful to record additional details about habitat that 
you can provide if you enlist the help of an expert. 
 
The Herbarium 
The herbarium is where all specimens and records are collected and kept that represent the flora of a 
particular defined area. All specimens are mounted, labelled, and filed. Herbaria are found at museums 
and at universities. They are particularly useful in conducting research on plant ranges and habitat since 
the herbarium label for the plant will contain the date and location the plant was collected. 
 

 
Figure 5.2 Cattails and lily pads in a pond. 

 
 
FLOWER PRESSING 
Materials: 
Various cut flowers, leaves, etc. 
Two pieces of plywood 
Cardboard 
Paper 
Scissors 
A belt 
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Figure 5.3 A plant press. 

 
Flower pressing is very simple. Use one sheet of plywood for the lowest layer of the press. The second 
layer should be a sheet of cardboard on which two pieces of white paper or newspaper are placed. 
Between these sheets place a freshly cut flower. On the top of the sheets of paper place another layer of 
cardboard and a layer of plywood. Wrap a belt around these layers of cardboard, plywood and paper, 
and pull tight. Leave the flowers in the press for two to three weeks to dry. 
 
 

 
Figure 5.4 Vine maple 

 
 
PROTECTION FOR PLANTS 
These definitions are generally recognized worldwide as appropriate for determining the status of a 
plant. 
 
Rare Plant: is a plant that has a small population within the province or state. It may be restricted to a 
small geographical area or it may occur sparsely over a wider area. 
Threatened Plant: is a plant that is likely to become endangered within the forseeable future over all or 
a significant portion of its range in the province or state. 
Endangered Plant: is a plant that is in danger of extirpation throughout all or a significant portion of its 
range in the province or state. 
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Throughout the world many programs are being established to protect rare, threatened and 
endangered plants. In Canada the Canadian Wildlife Service has a Plant Subcommittee of the Committee 
on the Status of Endangered Wildlife in Canada (COSEWIC - https://www.canada.ca/en/environment-
climate-change/services/committee-status-endangered-wildlife.html). This program systematically 
prepares and reviews status reports on rare, threatened and endangered species for the development 
of provincial and national regulations regarding these plants. 
  
On the international scene, the International Union for Conservation of Nature and Natural Resources 
has established a Threatened Plants Committee at the Royal Botanic Gardens, Kew, England. The 
Secretary of the Threatened Plants Committee has been active in establishing a review system to 
determine which threatened or endangered plants are currently in cultivation in the world’s botanical 
gardens. The United States Fish and Wildlife Service keeps records on endangered species in the United 
States (https://www.fws.gov/endangered/species/us-species.html) The International Union for 
Conservation of Nature and Natural Resources has publishes the IUCN Red Data Book and maintains an 
up-to-date website http://www.iucnredlist.org/about/overview. 
 
There has been a growing recognition by most of the major governments of the world that legislation is 
needed regarding the importation, sale and transport of endangered and threatened species. The 
Convention on International Trade in Endangered Species (CITES) is an international agreement between 
governments formed in the 1960s regarding the control of trade in endangered species of wild fauna 
and flora for conservation purposes. Canada is one of the signing members. 
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WHAT IS A PLANT? 
 
 

      
Figure 5.5 Dandelion and Douglas-fir 
 

Plant Anatomy 
Getting started in plant identification requires you to learn the “terms” that go along with the activity. In 
plants this terminology is called phytography. In this section we will describe the “main characteristics” 
such as roots, leaves, flowers, fruits or seeds, and their function and finish with instructions on using a 
key for plant identification. 
 
Descriptions for plant identification are broken down into two areas: 
 1. Vegetative organs – the roots, stems, leaves  
 2. Reproductive organs – inflorescences, flowers, fruits and seeds 
 
1. Vegetative Organs 
ROOTS: that portion of the plant that generally grows in the soil 
Function: 
-absorb water and minerals from the soil 
-help anchor the plant 
-feed the plant by moving food up and down the stem 
-store food and water produced in the leaves 
-aid in reproduction 
-form symbiotic associations with mycorrhizal fungi  
 
Description of types: 
There are two common types of root systems: 

- diffuse (fibrous) root 
- tap-root or primary root 



100 
 

          
Figure 5.6 A dandelion has a tap root (left) whereas grasses have fibrous roots (right). 

 
STEMS: the portion of the plant that supports the leaves and reproductive structures. 
Function: 
-to conduct nutrients between the roots and leaves, fruit, etc. 
-to produce and support leaves and reproduction system 
-to store food 
 
Description of types: 
Stems that grow above the ground are called aerial stems and are classified into two types – 
Herbaceous 

- Soft and green 
- Little growth in diameter 
- Mostly annual 
- Covered by thin skin 
- Buds generally naked 
-  

Woody 
- Tough and not green 
- Considerable growth in diameter 
- Mostly perennial 
- Covered by bark 
- Buds generally covered by scales 

 
TREE OR SHRUB? At this time let us define the terms tree and shrub as they often cause confusion 
when describing them in the field. 
Tree: is a woody-stemmed plant with, generally, a single main stem (trunk). 
Shrub: is a woody plant with several stems of about the same size. 
Woody plants that are about twenty feet in height are arbitrarily called trees – even if they have 
multiple stems. 
 



101 
 

 
Figure 5.7 Vegetative structures of a flowering plant. 

 
Some modification on stems used for asexual reproduction, protection or additional support: 

- Stolons or runners – stems trailing above the ground that often root where they come in 
contact with the soil producing new plants, e.g. strawberry 

- Rhizomes or rootstocks – underground stems that creep horizontally and produce new shoots 
at the tips, e.g. some grasses 

- Tubers – subterranean stems that are thick and fleshy for storing food, e.g. potato 
- Corms – subterranean stems that are fleshy and upright and have papery modified leaves or 

scales, e.g. crocus 
- Bulbs – subterranean stems surrounded by thickened leaves or scales, e.g. onion 
- Tendrils – stems used for support by climbing plants, e.g. grapes 
- Spines or thorns – sharp or stunted branches e.g. roses 
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Figure 5.8 Modifications of stems used in asexual reproduction. Clockwise from top left: tuber 
(Jerusalem artichoke with carrot roots), corm (crocus), runner (strawberry) and bulb (tulip).  
 
 

LEAVES: a leaf is a lateral outgrowth of a stem, arising at a node (swelling on a stem), and possessing a 
bud in its axil (the angle between the leaf and the stem). 
Function: primarily a food manufacturing organ 
Description of types: This section will include  

- Leaf arrangement 
- Leaf parts 
- Simple and compound leaves 
- Leaf margins 
- Leaf venation 
- Leaf shapes 
- Leaf surfaces 

Leaf Arrangement: Leaves may be arranged on the stem in three basic patterns: 
- Alternate: leaves are situated singly at each node 
- Opposite: leaves are paired on the stem, two at each node 
- Whorled: where three or more leaves occur at one node 

 
Figure 5.9 Opposite leaf arrangement on a stem. 
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Leaf Parts: A leaf consists of four main parts: 
- A stalk or petiole – grows from a node 
- The blade – the expanded flat portion 
- The stipules – small flaps of tissue that grow out from the petiole 
- The rachis – the elongated axis of a compound leaf or inflorescence 

On some leaves the blade attaches directly to the branch – this is called sessile. 
Leaves are either: 
Simple: a leaf with a single blade 
Compound: a leaf with more than one blade and its blades are leaflets 

Compound leaves may be arranged in the following ways: 
Palmately compound: like the fingers on a hand 
Pinnately compound: resembles a feather 
Trifoliate: a compound leaf with leaflets in threes, e.g. clover. 
 

 
 
Figure 5.10 Simple versus compound leaves 
 

Leaf Margins: the edge of the leaf blade. There are many kinds of leaf margins. We will illustrate only a 
few here. 
Leaf Venation: the system of principal veins in the leaf blade. 
Leaf Shapes: the general outline of the blade, or all of the leaflets of a compound leaf 

- Be careful to discriminate between the shape of a compound leaf and the shape of its leaflet. 
- It is normal to use two or more terms to describe intermediate shapes, hyphenating the terms 

used, e.g. intermediate between ovate and lanceolate in outline may be termed ovate-
lanceolate. 
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Figure 5.11 Oregon grape showing toothed leaf margins. 
 

Leaf Surfaces: include the presence or absence of hairs, the kinds of hairs and other surface features on 
the blade (Figure 5.12). 
 

 
Figure 5.12 Thimbleberry has hairy leaves and berries. 
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Figure 5.13 A raceme inflorescence has the flowers arranged one after another along a well-
marked peduncle forming a spike. 

 
FLOWERS 
 
Types of Inflorescences 
Some of the common kinds are: 

Raceme – flowers on individual pedicels on main axis 
Spike – flowers sessile on an elongated axis 
Umbel – flowers on individual pedicels coming from a common node or main axis 
Catkin – loose spike of many sessile flowers 

 
Flowers: generally made up of four parts: sepals, petals, stamens, pistil or pistils 
Sepals – collectively called the calyx, are the outermost parts and are commonly leaf-like and green but, 
may be coloured. They enclose the flower in a bud and may not persist for the life of the flower. 
Petals – collectively called corolla, and are usually found in the flower between the sepals and the 
stamens. Petals are delicate in texture and are often coloured. 
The sepals and petals together make up the perianth, or floral envelope. 
Stamens – collectively called the androecium, are the male reproductive parts of the flower. 
Each stamen consists of two parts: 

anther – the sac-like part which contains pollen 
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filament – or stalk, which connects the anther to the floral axis some other part. 
Pistils – collectively called the gynoecium, are the female reproductive parts of the flower and occupy a 
central position. 
Each pistil consists of three parts: 

Stigma – the pollen receptive part, may be singled, lobed or branched. 
Style – the stalk-like portion below the stigma 
Ovary – the enlarged portion at the base which contains one or more ovules or immature 
seeds 
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Figure 5.14 Parts of a flower 
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Figure 5.15 Daffodil flower cut longitudinally. 
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Figure 5.16 Salal  
 
 

 
Figure 5.17 Shooting Star is a species characteristic of Garry Oak Ecosystems. 
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Fruits and Seeds 
Fruit is defined as a matured ovary and its contents. Often fruits have adhering to them other floral pars 
called accessory fruits. 
Fruits are classified as follows: 
Simple Fruits: a simple fruit develops from a single ovary of a single flower 

Fleshy Fruits: these simple fruits are soft and pulpy at maturity 
Berry: the entire pericarp (wall of fruit) becomes soft and fleshy (grape, tomato, orange) 
Drupe: the exocarp (the outermost layer of pericarp) and mesocarp (middle location of 
pericarp) are soft and fleshy, the endocarp become hard and stony (pit – peach, cherry). 

Dry Fruits: these are dry and hard or papery at maturity. Dry fruits are of two kinds, dehiscent 
and indehiscent. 

  Dehiscent Fruits: split open along one or more defined seams (sutures): 
  Capsule: a dry fruit formed from a compound ovary (snapdragon, poppy) 
  Legume: develops from a single carpel, splits along two seams (pea, bean) 
  Follicle: develops from a single carpel, splits along one seam (columbine) 

Silique: develops from two carpels which separates at maturity, leaving a 
partition wall (mustard) 

Indehiscent Fruits: do not split by definite seams or pores at maturity. 
Achene: one seed attached to inside of ovary at one point; ovary wall and seed 
coat separable (sunflower) 
Caryopsis (grain): one seed, coat of which is fused with ovary wall and not 
separable from it (corn, wheat) 
Samara: one or two seeds. Pericarp has wing-like out-growths (maple, ash) 
Nut: hard one-seeded fruit developed from a compound ovary (acorn, hazelnut) 
Schizocarp: carpels usually two, separating at maturity. Each carpel has one 
seed (carrot, parsnip) 
 

 
Figure 5.18 Samara seed type of a maple tree. 
 
Aggregate Fruits: a fruit which develops from separate simple ovaries of a single flower 
(blackberries, raspberries) 
Multiple Fruits: a fruit which develops from the ovaries of several flowers borne close together 
on a common axis (pineapple, mulberry) 
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Accessory Fruits: a fruit in which the major portions consist of tissue other than ovary tissue. 
Common types are: 

Apples and pears: in which the true fruits are the walls and locules of the core, and the 
fleshy portion is the swollen receptacle and calyx surrounding the core. Such a fruit is 
called a pome. 
Strawberries: in which the true fruits are tiny achenes on the surface of a much 
enlarged, sweet fleshy receptacle. 

 
SEEDS 
Seeds are mature fertilized ovules (female gametes with associated nutritive tissue). The typical seed 
consists of: 
Seed coat: tough outer portion. It prevents evaporation of water from within and prevents parasites 
from entering 
Endosperm: stores food, like starches, proteins and oils. Some seeds are valued by humans for their 
starch (wheat), fats (coconuts) and protein (beans). 
Embryo: the miniature part of the seed consisting of: 
 Seed leaves (cotyledon) digest and absorb food from the endosperm 

Shoot or growing tip (epicotyl) develops when the seed sprouts (germinates). The tip is often 
called the plumule. 
Primary roots (hypocotyl) develop at the same time as the shoot begins growing. The root tip is 
often called the radicle. 
 

Seed germination occurs when the seed takes up water and swells, food is digested and cell division 
begins. As the embryo grows the seed coat breaks open and the root starts to absorb water and 
minerals for growth. Next the shoot sprouts and at that point the embryo is called seedling. In plant 
propagation, some seeds need to be exposed to cold temperatures before they can germinate if the 
species is from a cold climate (stratification). Some seeds that are dispersed by animals and that 
normally pass through a digestive system that would weaken a tough seed coat need to be treated 
mechanically, chemically or thermally (scarification). 
 
Conditions affecting germination include both external and internal causes. 
 
External: 
Moisture: seeds need abundant moisture to case swelling, aid with digestion and growth. 
Oxygen is required to germinate 
Temperature must be warm enough to ensure freezing will not occur. Best temperatures are 70 – 85oF 
Food supply is required for growth. Fungi often provide these nutrients. 
Other factors include light, soil acidity, and carbon dioxide. 
 
Internal: 
Growth regulators are hormones whose presence influences germination. Often called auxins. 
Food must be stored in sufficient quantities 
Completion of the dormancy period allows the seed to rest before germination begins 
 
Seed viability: most seed retain the ability to grow up to six years if all conditions are good. Other seeds 
last only a few weeks (orchids) and some have been known to grow after 400 years (Indian lotus). 
 
Dispersal of fruits and seeds: there are many ways in which seeds and fruits spread. 
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Wind: scattered by the wind (maples, elms) 
Plumes: blown by wind (dandelion fruits, milkweed seeds) 
Spines and barbs: dispersed by humans and animals when they cling to fur or clothing 
(cocklebur fruits) 
Air spaces or corky floats: carried by water (coconut) 
Minute seeds: blown by wind (orchid) 
Fleshy fruits: eaten by animals, seeds scattered with feces 
Nuts: buried in ground or trees by animals and birds 
Explosive fruits: burst and scatter seeds (touch-me-nots) 

 

 
Figure 5.19 Parts of a dicot seed (bean) and a monocot seed (corn).  
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Trees 
The following is a discussion of the key structural and silvicultural characters that are required in order 
to identify trees. Trees are usually defined as woody plants that grow at least 5m (16 feet) tall and that 
have a single trunk. A shrub is generally categorized as a multiple stemmed woody plant with more than 
one dominant stem and less than 5 m (16 feet) tall. 
The term habit refers to the general appearance of a tree as seen from a distance. In distinguishing trees 
we need the following information:  

- The height 
- Appearance and form of the trunk 
- Shape, density, and size of crown 
- The number, size and direction of growth of the branches 

In conifers the trunk extends to the tip of the tree without branching 
Called: excurrent 

In hardwoods the trunk divides or breaks into several large branches 
Called: deliquescent 

How a tree grows depends on its light supply. Some prefer lots of light and few neighbours while others 
tolerate shade and other trees close by. 
 

 
Figure 5.20 A conifer tree showing excurrent branching where the trunk extends to the tip. 
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ROOTS 
Function: 

- The large tap roots help anchor the tree 
- The small roots absorb water and nutrients from the soil and store food for future use 
- Some trees have deeper roots and can withstand heavy winds while others have shallow roots 

and are not as wind resistant 
- Trees exposed to wind while growing have stronger roots=root firm 
- Roots require oxygen like the above soil portions of the tree 
- When flooding occurs, or the water table changes trees often die from too much moisture 

TRUNK 
Function: 

- Supports the crown of leafy branches 
- Serves to transport water and nutrients from the roots to the crown and from crown to roots 
- Most of a tree trunk is made up of dead cells 
- The living cells are those just under the bark 
- The bark is produced by the cork cambium layer and is followed by a narrow band of cells called 

the phloem which carries food from the leaves to the rest of the tree 
- Next is another cambium layer and it produces the new wood layer and increases the diameter 

of the trunk and branches 
- In the centre are the concentric rings of wood cells called the xylem and although they are dead 

cells they still help transport water and nutrients from the roots to the leaves. 
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-   

  
- Figure 5.21 Cross section from a trunk of a tree that is 62 years old showing annual growth rings. 

 
BARK 
Function: 

- To protect the tree from diseases and insects 
- To prevent water loss from within the tree 
- Each tree has its own bark characteristics 
- Bark may be smooth, rough, scaly, furrowed or with ridges 
- Bark of a young tree will be different from that of a mature tree in many species 

 
BRANCHES, TWIGS & BUDS 
Function: 

- The crown of a tree consists of the branches, branchlets and leaves 
- Leaves grow on the tips of branchlets, or twigs 
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- In winter leaf buds form at the twig and are protected by structures called bud scales 
- In spring the bud scales fall off, leaving a ring of scars indicating where the scales had been 

attached 
- The age of the twigs can be determined by counting back along the stem the bud scale scars 
- Leaf scars are left when leaves fall away 
- Each species produces its own particular scar 
- Twigs are often marked with small, light-coloured pores (lenticels) of varying shapes 
- The lenticels are responsible for the gas exchange between the living tissue in the stems and the 

air 

 
Figure 5.22 The lengths and arrangement of needles are used to identify some conifers. The 
needles on the branch shown here are unequal in length, a characteristic of hemlocks. 

LEAVES 
Function: 

- Primary role is to produce food 
- By combining the energy from sunlight, the carbon dioxide from the air, and the water absorbed 

in the roots, sugar is formed (photosynthetic process) 
- Many leaves are required to carry out this process 
- Most leaves are thin, flattened, and flexible and can range in size from 1mm in the junipers to 

some palms which reach 4 m. 
General characteristics: 

- Leaves are one of the best identifying features of trees 
- Leaves consist of  

o An expanded portion – blade 
o A supporting stalk – petiole 
o A small leaf-like or scaly structure – stipule which is attached at the base of the petiole 

There are two kinds of trees in North America that are based on leaves: 
- Those that seasonally lose their leaves: deciduous 
- Those that keep their leaves: coniferous (evergreen; there are some exceptions in this group) 

 
Types of leaf arrangements include: 

- Alternate (one leaf attached to the twig at a certain point) 
- Opposite (where two leaves emerge at opposite sides from the same place on a twig) 
- Whorled (where more than two leaves emerge from one point of the twig) 

Leaves may be: 
- Simple (and consist of a single blade) 
- Compound (made up of several individual leaflets) 
- Other characteristics of leaves that are used include: 
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• Textures, colour, surface – smooth or hairy 
• Shape and type of margin, apex and base 

 
FLOWERS 
All trees have flowers, although most are very small. The floral characteristics are the most accurate 
means of identification of the tree. 
Function: 

- Essential for the production of seeds and ensure survival of the species 
General characteristics: 

- Flowers vary greatly in form, structure, and size 
- In conifers the cones are the flowers 

o Composed of spirally or vertically arranged scales and usually smaller bracts 
o The scales have reproductive organs that include male pollen sacs or female ovules that 

contain the eggs 
o Cones are either male or female and are generally on the same tree 

- In the hardwoods the typical flower has four different parts: 
o Sepals 
o Petals 
o Stamens 
o Pistil 

- Trees generally have both sexes present on one tree, a condition known as dioecious 
- The exceptions are hollies, ginkgo, juniper, yew and date palms, which have only male or female 

on one tree, a condition known as monoecious 
- Flowers are usually produced on new growth of the season 
- Some occurs at the tip of shoot – the terminal 
- Most commonly occur from lateral bud in the angle at the junction of leaves and the branchlets 

– the axillary buds 
- Some trees produce single flowers while others produce clusters – inflorescences (there are 

technical names for these arrangements but are not necessary to learn at this time. Any good 
botany book will have a section covering this topic in more detail). 

The following simple descriptions are the essential names for the types of flowers found on trees: 
Spike: a simple arrangement where the flowers occur laterally along an elongated axis (not common in 
trees) 
Raceme: similar to spike except that each flower has a short to long stalk, e.g. pin cherry, locust, 
broadleaf maple 
Catkin: a specialized spike on which the tiny flowers are either male or female and the petals are absent 
or hardly noticeable, e.g. willows and birches 
Panicle: flower is usually longer than broad, and central axis is branched many times, e.g. ashes 
Corymb: broad flat-topped flower cluster. Flowers open from outer edge to the centre, e.g. hawthorn, 
crabapple 
 
FRUITS 
Function 

- To enclose the seed 
- To protect the seed from predators (insects and disease) 
- To aid in seed dispersal 
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Development 
- Once the pollen has been received by the pistil and the egg is fertilized the ovary begins to 

enlarge and becomes a fruit 
- Then the petals and stamens fall away leaving the immature fruit 

General characteristics 
- Fruit consists of an outer wall that is produced in 2-3 layers 
- The outer layer is the skin 
- The next layers are either fleshy or hard – they protect the seed 

Types of fruits: 
Simple fruits: develop from a single pistil within a flower, e.g. maples and oaks 
Aggregate fruits: develop from more than one pistil within a flower and form into an aggregate fruit, 
e.g. magnolias or tulip trees 
Fruits can be divided into two categories: 
Fleshy fruits: are designed to be eaten by birds and mammals that eat the flesh part and leave the seeds 
unharmed 
Dry fruits: are often dispersed by wind (wings of maples) and by animals who eat them. They are 
generally smaller and more abundant than fleshy ones, and include hazelnuts and fruits of ashes, elms, 
and maples. Most dry fruits split open when mature. 
 
SEEDS 
Function 

- Contain the embryos capable of developing into new plants 
General characteristics 

- Seed is made up of an outer covering – often hard 
- The embryo includes food tissue to nourish plant during germination as the root system 

develops 
- Many seeds require a dormant period accompanied by a cold or dry period before they start to 

grow 
- Trees often produce hundreds or thousands of seeds each year 
- Many of these seeds are eaten by wildlife and insects or are damaged by disease 
- Less than 1% will survive to produce new trees 

 

 
Figure 5.23 Western Yew branch and seed.  
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Respiratory exchange in vascular plants. 

In vascular plants, respiratory exchange takes place through root hairs, lenticels and stomata. Root hairs 
are extensions of root epidermal cells (Figure 5.24). They can penetrate between soil particles and are 
found in the region immediately behind the tip of the root, in the growing part of the plant. Respiratory 
gases are exchanged between the soil spaces and the root hairs. Lenticels can be seen as slightly 
elevated dots or streaks on the bark of woody stems. Bark is impermeable to both water and gases. 
Lenticels are formed from masses of cells under the epidermis which grow rapidly and rupture the 
epidermis. This rupture leaves spaces between cells which allow for the diffusion of gases into and out 
of the stem. Stomata are small openings on the surfaces of leaves which allow for the exchange of 
gases. They are usually open during the day and closed at night to prevent water loss. 

Stomata are found on the upper and lower surfaces of leaves. Most plants have more stomata on the 
lower surface of the leaf. Each stomate is formed by two sausage shaped guard cells which contain 
numerous chloroplasts (Figure 5.24). Each guard cell has a thick inner wall and a thin outer wall. Around 
the outside of the guard cells are thin walled epidermal cells which have few or no chloroplasts. The 
walls are uneven, thick to the inside and thin to the outside, so the cells swell unevenly such that there 
is an opening formed.  

 

 

Figure 5.24 a) root tip showing root hair zone.  
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Figure 5.25 Stomata and epidermal cells as viewed from the leaf surface. 

Explain how the structure of a leaf facilitates respiratory exchange.  

Figure 5.26 illustrates a cross section through a leaf. The cuticles are waxy coatings on both the upper 
and lower surfaces of the leaf. They prevent water loss from cells inside the leaf. Underneath the 
cuticles is a single layer of epidermal cells. Dispersed among these epidermal cells are the stomata. 
Under the epidermal layer is the palisade layer, consisting of elongated parenchyma cells. These are 
closely packed with many chloroplasts. It is here that much of the photosynthesis takes place. The next 
layer between the palisade layer and lower epidermis is a layer of loosely packed parenchyma cells, 
referred to as the spongy parenchyma. The respiratory gases (carbon dioxide and oxygen) can readily 
diffuse within this layer. Stomata allow gases to enter and leave the leaf and the spongy parenchyma 
layer has structure for easy diffusion to the palisade layer, where the bulk of photosynthesis occurs. 
Carbon dioxide is used in photosynthesis and oxygen is released. Vascular bundles or veins pass through 
the spongy layer. These veins take water and minerals to the leaf and carry products of photosynthesis 
away for storage. 
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Figure 5.26 Cross section of a leaf showing internal tissues and pathways by which gases 
enter and leave the leaf. 

 

Mechanism of respiratory exchange in roots and why this is important to the plant. 

Air containing carbon dioxide and oxygen is found in spaces between soil particles in which gases get 
dissolved in water which surrounds each soil particle. Root hairs penetrate between the soil particles and 
water is drawn into root hairs by osmosis. With the water comes some dissolved carbon dioxide and 
oxygen. Respiratory gases can be exchanged directly with the air in the soil spaces by diffusion. 0nce these 
gases are in the root they can diffuse from cell to cell until they reach the xylem, at the center of the root. 
The xylem transports water, dissolved minerals and gases to other parts of the plant. 
 
Events and Stages in the Life Cycles of Plants 

a) algae. Figure 5.27 illustrates the life cycle of a simple green alga. The visible algal plant is a multicellular 
haploid. The zygote does not replicate by mitosis, but directly undergoes meiosis to produce haploid 
spores. The spores replicate by mitosis to form the multicellular haploid. The haploid generation is the 
conspicuous generation. 

b) moss. Figure 5.28 illustrates the moss life cycle. In the moss, both the haploid stage (the gametophyte), 
and the diploid stage (the sporophyte) are multicellular. Spores divide by mitosis and grow into a 
threadlike filament which eventually produces a vertical plant with leaf-like structures. This green 
gametophyte is the typical moss plant that is observed wherever mosses grow. Special reproductive 
structures called antheridia and archegonia develop on the mature gametophyte plant. The antheridia 
produce sperm, which swim to the archegonium where the eggs are produced and the sperm fertilizes an 
egg cell. The zygote then replicates by mitosis to form a multicellular diploid or sporophyte which grows 
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on top of the mature gametophyte. Spores are produced by meiosis in the sporangium of the sporophyte 
and are released to again produce a haploid generation. 

In the moss, the gametophyte is larger and more obvious than the sporophyte. The gametophyte is 
referred to as the conspicuous generation. 

 

Figure 5.27 Life cycle of green algae. In the green algae, the haploid stage (gametophyte) is 
multicellular. The diploid stage is unicellular, consisting only of the zygote. The zygote undergoes 
meiosis to produce haploid spores which then again produce the multicellular haploid algae. 
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Figure 5.28 Life cycle of mosses. In mosses both the haploid stage (gametophyte) and the diploid stage 
(sporophyte) are multicellular. The haploid stage is the conspicuous or dominant stage, while the diploid 
stage is smaller than the haploid stage. The diploid stage grows on top of the haploid stage 
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c) fern. Figure 5.29 illustrates the fern life cycle. Like the moss, both the gametophyte and sporophyte 
stages are multicellular. In the fern, the gametophyte which grows from a spore is a small heart shaped, 
leaf-like structure. Fertilization is similar to that in mosses, but the sporophyte becomes very large, 
forms its own roots and does not remain dependent on the gametophyte. The sporophyte develops 
large leaf-like structures called fronds. Spores form by meiosis in structures called sori on the underside 
of the fronds. The spores then grow into new gametophytes. 

In the fern, the sporophyte is large and conspicuous, while the gametophyte is small and is seldom 
noticed. 

 

 

Figure 5.29 Life cycle of ferns. In ferns both the haploid stage (gametophyte) and the diploid 
stage (sporophyte) are multicellular. The diploid stage is the conspicuous or dominant stage, 
while the haploid stage is much smaller than the diploid stage. 
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d) angiosperm. Figure 5.30 illustrates the angiosperm life cycle. In angiosperms, both the gametophyte 
and sporophyte stages are multicellular. The gametophyte stage is represented by only a few cells which 
develop within the flowers. The male gametophyte is contained within the pollen grain produced within 
the anther of the flower. The female gametophyte is contained within the ovary of the flower. When 
fertilization occurs, the zygote is formed within a structure called an ovule inside the ovary. The ovule 
develops into a seed which is released and grows into a new sporophyte. In angiosperms, the 
gametophyte stage is represented by a small number of cells, whereas the sporophyte stage may have 
millions of cells. 

 

 

Figure 5.30 Life cycle of angiosperms. In angiosperms, both the gametophyte and sporophyte 
stages are multicellular. The gametophyte stage is represented by a few cells which develop in 
flowers. The male gametophyte is contained within the pollen grain produced within the anther 
of the flower. The female gametophyte is contained within the ovary of the flower. 
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Relative dominance of the sporophyte and gametophyte generations for each of the following plants: 
algae, moss, fern, gymnosperm and angiosperm 

Figure 5.31 illustrates the relative sizes of the gametophyte and sporophyte stages in algae, mosses, 
ferns, gymnosperms, and angiosperms. In less complex plants, such as simple green algae, the haploid 
stage is relatively large or dominant and the sporophyte is small (sometimes a single cell). In mosses, the 
gametophyte is dominant, but the sporophyte is large enough to be visible. In the ferns the sporophyte 
is dominant and the gametophyte is relatively small. In gymnosperms and angiosperms, the sporophyte 
stage is large or dominant and the gametophyte stage is very small, consisting of only a few cells. 

 

Figure 5.31 Relationship between sporophyte and gametophyte stages in plants. In less complex 
plants, such as algae, the haploid stage is relatively large or dominant and the sporophyte is 
small (often a single cell). In mosses, the gametophyte is large (dominant), but the sporophyte is 
large enough to be visible. In the ferns the sporophyte is dominant and the gametophyte is 
relatively small. In both gymnosperms and angiosperms (anthophytes), the sporophyte stage is 
large (dominant) and the gametophyte stage is very small, consisting of only a few cells. 
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Pollen germination and double fertilization in angiosperm plants 

Figure 5.32 illustrates the components of a typical flower. The male part of the flower is the stamen 
comprised of the anther and filament. The anther produces the pollen or microspores. The microspores 
are the male gametophytes. The female part of the flower is the pistil often comprised of a number of 
pistils, each consisting of a stigma, style and ovary. The ovary contains ovules, each with a single ovum. 
Pollen will land on the sticky stigma of a flower and produce a tube down the style to the ovary that 
contains the female gametophyte. 

In the pollen sacs of an anther, two haploid cells are formed by a mitotic division of a haploid 
microspore. These two cells are called a tube cell and a generative cell; the tube cell encloses the 
generative cell. They are both encased in a thick resistant covering. The covering and the two cells form 
the pollen which is the immature male gametophyte. When pollen lands on the stigma, the tube cell will 
grow the pollen tube and its nucleus will disintegrate on fertilization. When the pollen lands on the 
stigma, the generative cell will divide into two by mitosis to form two sperm nuclei that move down the 
tube formed by the tube cell. 

The two sperm nuclei move down the tube to the ovary that contains the multicellular female 
gametophyte. One of the nuclei fuses with the ovum of the female gametophyte in an ovule to produce 
the diploid (2n) zygote. The other sperm nucleus fuses with two other cells (polar nuclei) in the female 
gametophyte to produce a 3n triploid (3n) cell that will form the nutritive portion of the seed called the 
endosperm. 

The formation of the zygote from one sperm nucleus and the endosperm from the other sperm nucleus 
represents a double fertilization that is not seen in animals or other plants (except for a few 
gymnosperms where it seems to have evolved independently). 

 

Figure 5.32 Illustration of the components of a typical flower. 
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Tropisms  

Tropism is a bending response of a plant part to an environmental stimulus. Phototropism is a bending 
response to light. Shoots are positively phototrophic (i.e., they bend towards light). Geotropism is a 
bending response to gravity. Shoots are negatively geotrophic (they bend away from gravity). Roots are 
positively geotrophic. Roots going downwards are more likely to find water, soil and minerals. Stems 
growing upwards and towards light are more likely to expose their leaves so that photosynthesis may 
occur. The mechanism underlying these two tropisms is differential growth rates, under the control of 
plant hormones. These hormones are called auxins. In phototropism light causes the auxin to move to 
the shady side of the shoot, so there is an unequal distribution of auxin. Auxin causes cell elongation. 
The shady side elongates more than the side exposed to the sun, causing the shoot to bend towards the 
light (Figure 5.33). The very same mechanism accounts for geotropism. If a seedling is placed 
horizontally, more auxin will be found in the lower half of the shoot and root than in the upper half. The 
root bends downwards while the shoot bends upwards due to the different effects of auxins on shoots 
and roots. In shoots, auxins cause elongation of cells, while in roots it retards elongation of cells. 

Thigmotropism is the response to touch or pressure. Not all plants respond to touch but some do. An 
example is a plant called Mimosa pudica. If a leaflet of this plant is touched, the whole leaf collapses. 
Another example is the Venus fly trap. The leaf is in two halves, with hinges between the two. If a fly 
lands on the leaf, the two halves shut. There are special effector cells at the hinges of the venus fly trap 
and at the base of the leaflets and leaves of the Mimosa pudica. When the leaf is touched there are 
rapid changes in turgor pressure within individual cells and as cells lose pressure the leaf collapses, 
causing the fly trap to close. The exact details of what causes the cells to lose turgor pressure are 
unknown.  

 

   

Figure 5.33 Tropisms refer to bending responses of plants towards or away from a 
stimulus. Plants bend towards light – a positive phototropism. Plant shoots bend away 
from gravity – a negative geotropism. 

 
Circulatory Systems of Plants 

Unicellular and small organisms can distribute material to and from cells by simple diffusion (because 
each cell is close to the external environment). Single celled organisms (i.e., bacteria, protozoa and 
unicellular algae) rely on simple diffusion, supplemented by active transport across membranes 
(because their surface area is large relative to their cellular volume). Multicellular organisms may find 
diffusion or active transport sufficient if bodies are thin and every cell is close to the surrounding 
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medium. Multicellular algae (particularly red and brown algae) lack well developed conducting tissue 
and rely on diffusion to remove water and essential gases and to deliver nutrients to all their cells. This 
is possible because cells of such organisms are seldom far from their surroundings so each cell gets 
ample supplies locally and long distance transport is rarely necessary. Diffusion is important in water 
uptake by specialized roots of more complex plants. With the above exceptions, virtually all multicellular 
plants require a specialized internal transport system. Animals are generally adapted for active 
locomotion. Since animals are more active and demand a more rapid metabolism, they are less able to 
rely on diffusion. Some exceptions include simple animals like sponges, coelenterates and flatworms. 
They rely extensively on diffusion. Body size, shape and activity dictate that most animals must have 
true circulatory systems to accomplish effective transport of wastes and nutrients. 

Two components of the plant vascular system and the function of each 

Vascular tissue is a distinctive tissue of the higher plants. It has made possible the extensive exploration 
of the terrestrial environment by plants that possess it. There are two principal vascular tissue types: 
xylem and phloem. Both are complex and consist of more than one kind of cell. 

Xylem functions in the transport of water and dissolved minerals usually from the roots up to the rest of 
plant. In flowering plants there are two types of conducting cells in the xylem: tracheids and vessel 
elements. The xylem of flowering plants also includes non-conducting cells: parenchyma cells and 
sclerencyhma cells. Parenchyma are the only living cells in the mature functioning xylem. Cytoplasm and 
nuclei of tracheid, vessel elements and sclerenchyma cells all disintegrate at maturity leaving thick walls 
as the functional structure. Tracheids are thick walled, dead cells which form tubes. Water and minerals 
pass from one tracheid to another by small openings called pits. Vessel elements are similar to tracheids 
but are shorter and wider. In addition to pits, water can also be conducted by holes in end walls. End 
walls are broken down forming a continuous tube. Water flows more rapidly through these tubes and 
therefore vessel elements are more efficient than tracheids in water conduction. Vessel elements are 
found in most flowering plants. Other vascular plants rely on tracheids only. Xylem also functions in 
support. Secondary xylem forms wood. 
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Figure 5.34 Xylem: Tracheids and vessel elements. 
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 Figure 5.35 Phloem. Sieve elements and companion cells.  
 
Phloem runs parallel to the xylem. Materials can move in either direction in the phloem and it functions 
primarily in the transport of organic material (i.e. carbohydrates and amino acids). Like xylem, phloem is 
a complex tissue. It contains both parenchyma and sclerenchyma cells. The cells involved in transport in 
the phloem are sieve elements and companion cells. (Figures 5.35). Sieve elements are alive at maturity, 
(the word, "sieve" refers to the little holes or pores in the end walls) and are functionally linked with 
specialized adjacent parenchyma (companion) cells. The ends of the cells with large pores are known as 
"sieve plates". At maturity the nuclei of sieve elements break down and only the cytoplasm remains. 
Companion cells retain both cytoplasm and a nucleus at maturity. The nucleus of these companion cells 
may control both its own cytoplasm and adjoining sieve elements. 
 

The distribution of vascular bundles in stems of monocotyledons and dicotyledons. 

Vascular bundles are made up of xylem and phloem tissue. They are distributed differentially in 
monocots and dicots and in both roots and stems. Figures 5.36 shows cross sections of both monocot 
and dicot stems and roots. Monocot stems have the simplest vascular system. In the stem each vascular 
bundle contains both xylem and phloem and is surrounded and supported by a bundle sheath. As the 
bundles grow in diameter, they make new bundles. There is no clear separation between cortex and 
central pith in terms of the distribution of vascular bundles. In the dicot stem a ring of vascular tissue 
separates the central pith from an outer cortex. New vascular tissue is added by actively growing 
meristematic tissue called the vascular cambium which lies between the xylem and phloem. In both 
dicot and moncot roots there is a cortex region beneath the epidermis. Interior to the root cortex is a 
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one cell thick cylinder, the endodermis which surrounds the vascular column. The Casparian strip in the 
walls of each endodermis cell is a continuous waterproof band. It forces the water and mineral ions to 
move through the cytoplasm of the cells of the endodermis. (Figure 5.37). The vascular tissue in dicot 
roots differs in organization from that in monocots (Figure 5.36). In dicots the central core of the roots is 
called the stele. The xylem forms the star-shaped figure at the very center of the stele. In the monocots, 
the xylem and phloem alternate in a ring around the pith. 

 

 

Figure 5.36 Cross sections of monocot and dicot stems and roots.  
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Figure 5.37  Diagrammatic cross-section of a root showing the root tissues and the pathways of water 
and mineral uptake. Notice the location of the Casparian strip and how it blocks off the pathway to the 
vascular cylinder of the root. In order to pass the Casparian strip, the solutes must be transported 
through the cell membranes of the endodermal cells. 

 

Mechanism by which water and minerals enter plant roots. 

In soil, rainwater becomes available to plants as a loose film of water of around soil particles known as 
capillary water. Roots and root hairs are in contact with this water (Figure 5.38). Since the root 
epidermis lacks a cuticle, the capillary water moves to the roots by osmosis or by flowing through the 
intercellular spaces. The Casparian strip forces all water to cross the living cells of the endodermis. This 
allows the plants to control the movement into the vascular cylinder of substances dissolved in water. 

Plants usually absorb minerals in ionic form. Nitrogen is absorbed as nitrates (NO3
-) or ammonium 

(NH4
+) ions. Phosphorus is absorbed as dihydrogen phosphate (H2PO4

-2) or monohydrogen phosphate 

(HPO4
-1) ions. Sulfur is absorbed as sulfate (SO4

-2) ions. Potassium, calcium, magnesium, and iron are 
absorbed as their simple ions. To be available to the plant, soil minerals must be in solution. 
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Figure 5.38 The relationship of root hairs to soil particles, soil water, and soil air. 

 

Describe two mechanisms, root pressure and transpiration cohesion theory, by which water and 
minerals are transported up the stem of a vascular plant and specify the relative importance of each.  

Xylem sap consists of water and dissolved minerals. Sap moves upward through the plant body from the 
tracheid and vessel elements. The forces capable of raising water to the top of the tallest trees (90 - 120 
m high) are accounted for by two theories. 

The first theory is the root pressure theory. A force results from the osmotic movement of water into 
roots from the soil. This osmotic force is generated at the bottom of the xylem and pushes the sap 
ahead of it up the xylem (Figure 5.39). The cut ends of stems bleed xylem sap because of the push 
applied by root pressure. This pressure can only move water one or two meters up a plant, not 120 
meters (like tallest trees). This pressure is found in only a few species of plants under limited 
environmental conditions. The transpiration cohesion theory is another mechanism for transport in 
plants. It refers to the evaporation of water from the surface of a plant, especially the leaves. 
Transpiration pull and cohesion of water together provide a better explanation of how water is drawn 
up through xylem of very tall trees. The theory states that water deficits are created in leaves by 
transpiration and columns of water in the xylem are pulled up by the cohesive force among water 
molecules (Figure 5.40). Attraction of molecules of some kind is called cohesion. Cohesion forces among 
water molecules are so great that this pull is transmitted down through the entire plant and whole 
columns of water are actually pulled up from the top. Transpiration provides the pulling force and the 
cohesion of water provides the chain (Figure 5.41). 
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Figure 5.39 As a result of their metabolic activities, roots exude sap against the pressure gradient. 
This root pressure may push water one or two metres up the xylem. 

 

 

Figure 5.40 Transpirometer: a device for measuring the rate of transpiration in a stem. As water 
is transpired and evaporated from the leaves it is pulled from the reservoir on the right. The rate 
of transpiration is measured by the movement of the air bubble through the graduated tube. 
The reservoir on the right can then be refilled from the reservoir on the left and a new 
measurement begun. 
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Figure 5.41 The transpiration-cohesion theory to explain how water is drawn up even the tallest 
trees.  

 

Factors that affect the rate of transpiration in vascular plants. 

The only way plants can control their transpiration rate on a short-term basis is to close their stomata. In 
opening or closing its stomata, a plant must respond to both the need to conserve water and the need 
to admit carbon dioxide (CO2 is necessary for photosynthesis). Factors which affect the rate of 
transpiration include:  

Available light: photosynthesis in the guard cells increases the sugar concentration and the resulting 
osmosis causes cells to swell and open. Open stomata increase water loss & transpiration rate from the 
leaf.  

Temperature: higher temperatures increase evaporation and therefore transpiration from the leaf.  
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Relative humidity: if air is saturated with water, less water will evaporate from leaves. As relative 
humidity decreases, transpiration increases.  

Air movement: wind affects the humidity around the leaf and causes water loss.  

Availability of water: when water is so scarce that the whole plant wilts, the guard cells become limp 
and close the stomata. A plant hormone called abscisic acid plays a primary role in allowing potassium 
ions to pass rapidly out of guard cells and therefore in causing stomata to close. This plant hormone is 
produced by leaf tissue under water stress. 

Atmospheric pressure: at low pressure there will be a greater rate of transpiration. 

A device for measuring transpiration is shown in Figure 5.40. 

Two theories to explain how the products of photosynthesis may be transported in vascular plants and 
specify the relative importance of each. 

The main organic constituent moved in solution throughout the plant is sugar (usually in sucrose form). 
Amino acids, various hormones and even proteins and virus particles also move within the plant. The 
movement of these materials in plants takes place from a point of origin (the source), to point of 
utilization (the sink), either up or down. One possible transport method in phloem is diffusion. Transport 
through phloem is much too rapid for simple diffusion alone. For example: sugar moves through the 
phloem of a cotton plant more than 40 000 times faster than it diffuses in a liquid. One hypothesis to 
explain how products of photosynthesis are transported is the cytoplasmic streaming hypothesis (Figure 
5.42). This hypothesis suggests that materials flow from one sieve element to the next along a 
concentration gradient. Once inside the sieve element, organic solutes are rapidly moved from one end 
to the other by streaming cytoplasm. The argument against this hypothesis is that there is little evidence 
that cytoplasm streams in mature sieve tube elements. The most widely accepted hypothesis is the 
pressure flow or mass flow theory. It involves the mass flow of water and solutes through the sieve 
tubes along a turgor pressure gradient. During photosynthesis, the leaf produces sugars. These sugars 
are transported into the phloem cells in leaves which will then contain high concentrations of sugars. 
Sugar is osmotically active resulting in water diffusing into the cell. The passive osmotic movement of 
water following the sugar causes the turgor pressure of cells to rise. Neighbouring sieve elements have a 
lower turgor pressure so sugars and substances dissolved in water are forced from one sieve element to 
the next by turgor pressure. In storage organs or actively growing tissues, sugars are being used and 
actively removed from sieve elements. The osmotic concentration in the sieve tube therefore falls. The 
tubes tend to lose water and their turgor pressure drops. The leaf serves as a source of sugars that are 
loaded into phloem sieve tubes by active transport across sieve tube element membranes resulting in a 
high turgor pressure. Other parts of the plant (i.e., storage areas, rapidly growing regions and roots) 
with low turgor pressure act as a sink. Materials move from source to sink along a turgor pressure 
gradient caused by osmotic gradients (Figure 5.43). 
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Figure 5.42 The cytoplasmic streaming hypothesis of solute translocation. The rate of 
movement is accelerated by streaming. Note that diffusion of white or black particles across the 
sieve plate occurs in response only to their own concentration gradients. 

 

Figure 5.43 The pressure-flow theory of Munch to explain solute translocation. Solute moves by 
osmosis down a pressure gradient. 
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CLASSIFICATION OF PLANTS 
To date over 350,000 kinds (species) of plants have been classified. Early botanists classified plants 
according to vegetative characteristics (such as growth habits, leaf structure), and usefulness to humans. 
Today, botanists probe the reproductive structure and use plant ecology for classification. Reproductive 
features are felt to be more reliable because they are less susceptible to environmental influences and 
therefore more stable. 
 
System of classification 
The arrangement of the major groups of plants into a unified scheme is called a system. Today there are 
several systems of classification because complete knowledge is lacking for many plants. 
 
CLASSIFICATION UNITS 
In the following general listings, the groups progress from the more specific (species) to the broader 
categories (divisions). Sub-categories for these groups are also common in plant taxonomy. 
Species: is the basic unit in the classification of organisms. A species is a kind of organism (e.g. dog, 
birch). A species is a group of individuals of the same ancestry, of similar structure and behavior, and 
they retain their characteristic features through reproduction over many generations under natural 
conditions. 
Genus (pl. genera): is a collection of closely related species. For example, the birch genus, Betula, is 
made up of a number of species: paper, water, scrub, etc. All have certain common major characteristics 
but differ in minor ways. 
Family: is a group of closely related genera. For example, the birch family Betulaceae is made up of the 
birch genus (Betula), the alder genus (Alnus) and the hazelnut genus (Corylus). The names of families 
usually end in “aceae” and occasionally “ae”, e.g. the birch family is Betulaceae. These genera have 
certain traits in common which show them to be related but there are also marked differences among 
them. 
Order: is a group of closely related families which have certain common traits but which differ in certain 
respects. The names of orders end in “ales”. The birch order, for example, is Fagales . 
Class: is a group of related orders. The names of classes end in “ae”. 
Division: is a group of related classes (called a Phylum in some other Kingdoms). The names of divisions 
end in “phyta” which translates into “plant”. 
 
NOMENCLATURE 
The internationally accepted method for naming plants is based on a binomial system of nomenclature. 
The practice stems from the work of Linneaus when he proposed that genera be divided into species 
and that the name of each species consist of two words – the generic name followed by a specific 
epithet. The names and epithets were chosen largely from words with Greek or Latin roots, and are 
descriptive in many instances. Using this procedure Linneaus made hundreds of binomials for plants and 
animals, many of which are still in use. 
 
One of the advantages of this system in naming species is that it can be understood by people 
throughout the world. Because many plants have common local names and are called something else in 
another province or state, confusion often follows. An example is the plant “goatsbeard.” Depending on 
where you are from, the species that pops into you mind will be Aruncus sylvester of the Roseacea 
family or Tragopogon pratensis of the Compositae family. 
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Taxonomy of the Kingdom Plantae 
A taxonomy of the Kingdom Plantae is shown in Figure 5.44. It identifies the characteristics used to 
distinguish between the Subkingdoms and some of the major Divisions. Subdivisions, Classes and 
Subclasses.  
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Figure 5.44 A taxonomy of the Kingdom Plantae 
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SUBKINGDOM EMBRYOPHYTA – THE EMBRYO PLANTS 
• Multicellular plants with structures that resemble roots, stems or leaves 
• Embryo stage present and dependent on parent plant 
• Usually terrestrial 
• Divided into two major divisions (phylum) 

o Bryophyta: nonvascular plants 
o Tracheophyta: the vascular plants 

 
DIVISION BRYOPHYTA – The Liverworts and Mosses 

• Small and inconspicuous green land plants 
• Lack a vascular system therefore have no absorptive structures for mineral and water uptake 

and no complex internal conducting system for photosynthesis 
• Most grow in a humid environment, some in arid, and fewer in aquatic sites 
• Some mosses possess a central conducting strand in the stem and nutrients are absorbed from 

the soil by the rhizoids (root like structure) and pass through the strand to the leaves 
 
CLASS HEPATICAE – The Liverworts 
General Characteristics 

• Have a permanent gametophye generation which produces gametes from female archegonia 
and male antheridia, and a temporary sporophyte (which produces spores and is dependent on 
the gametophyte; it usually grows from the gametophyte tip) 

• Sporophytes are short-lived and have no chlorophyll 
• There are two main kinds of liverworts: 

o Leafy – that grow much like mosses 
o Thalloid – that form flat lobed growths 

Thalloid Liverworts 
Species: 

• Riccocarpus natans 
• Riccia fluitans 
• Marchantia polymorpha 
• Lunularia cruciate 
• Concocephalum conicum 

 
Leafy Liverworts 
Species: 

• Porella sp. 
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Figure 5.45 Example of two life stages of the common liverwort Marchantia. 

 
CLASS MUSCI – The Mosses 
General Characteristics 

• Usually grow vertically (liverworts – horizontally) 
• Have distinct stem-like structure, with small green leaflike appendages – they are not 

considered to be leaves because then lack the vascular system of higher plants 
• From the base of the stem portion grow rhizoids which anchor the plant and absorb 

water and minerals 
• Reproduce by means of microscopic spore 
• The spore cases (capsules) are important in identification 
• On top of the capsule is a lid (operculum) which is protected in its early stages by a hood 

(calyptra) 
• Below the lid is a unique system of teeth (peristome) which controls the dispersal of 

spores 
• Worldwide in distribution 
• Grow on rocks, bark of trees and soil – in moist places 

Species 
• Haircap Moss   Polytrichum juniperinum 
• Birds Beak Moss  Dicranum howellii 
 

 
Figure 5.46 Glittering Wood Moss Hylacomium splendens 
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Figure 5.47 The Stair-step Moss is common in coniferous forests of Canada. 

 
DIVISION TRACHEOPHYTA – The Vascular Plants 

• Made up of true roots, stems and leaves 
• All plants rely on spores for reproduction 
• Spore plants have more ancient lineage than flowering plants – some flourished 500 million 

years ago 
• Play an important role in our economy, especially as source of food for man and animals and in 

providing building materials 
• Indirectly play an important role in conservation and wildlife management 
• There are five main subdivisions of vascular plants: 

o Stem Plants 
o Club Mosses 
o Horsetails 
o Ferns 
o Seed Plants 

 
DIVISION PSILOPSIDA – The stem plants 

• Known mainly from fossil records 
• Only three species presently known 
• Existed in many parts of the tropic and subtropic world 
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General Characteristics 
• Branched stem with no leaves 
• Rhizoids replace root system 
• No cambium, therefore no secondary growth 

Species  
Psilotum spp. 

 
Figure 5.48 Stem plants like this Psilotum nudum have no leaves or leaf-like structures. 

 
The stem plants are thought to be very important from an evolutionary standpoint in that they probably 
originated from green algae and that higher plants such as club mosses, horsetails and seed plants in 
turn probably derived from them. 
 
SUBDIVISION LYCOPSIDA – THE CLUB MOSSES 

• Ancient species dating back some 400 million years 
• Both water (aquatic) and land (terrestrial) species known 
• Perennial moss-like plants 
• Prefers a moist environment 
• About 200 living species 

General Characteristics 
• Stems elongated to much branched, upright or trailing (Figure 5.49) 
• Roots arising from the undersides of stems 
• Plants produce spores, similar to those of ferns 
• Spores usually clustered together forming cones (strobili) on branch tips 
• Club mosses are dependent on soil fungi for their nutrition 

Species 
Alpine Club-moss  Lycodium alpine 
Stiff Club-moss   Lycopodium annotinum 
Running Pine   Lycopodium clavatum 
Ground Cedar   Lycopodium complanatum 
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Figure 5.49 Although they look like mosses, club mosses are distinctive in having branched 
stems. 

 
SUBDIVISION SPHENOPSIDA – The Horsetails 

• Perennial herb 
• Several genera, which included tree-like forms, existed some hundreds of millions of years ago 
• 25 living species are known today (one genus) 

General Characteristics 
• Branches are four whorled structures on main stem 
• Leaves very reduced 
• Stems are hollow and jointed 
• Contains silica, which gives them a harsh, rough texture 
• Is a sporophyte whose spore bearing leaves are borne in cone shaped clusters (strobili) at the tip 

of the stem 
• Grow along river banks, margins of lakes and often in ditches and sandy places 

 
Species 
Common Horsetail  Equisetum arvense 
Scouring rush   Equisetum hyemale 
 

 
Figure 5.50 Equisetum, a member of subphylum Sphenopsida  
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SUBDIVISION PTEROPSIDA – the Polypody Ferns 

• A large family of 17 orders, over 150 genera and 7,000 species in the world 
General Characteristics 

• Leafy plants of various habitats 
• Stems are creeping or erect, not much branched, often clothed with scales 
• Fronds (leaves) usually rather large, stalked erect, spreading or drooping 
• Sporangia are produced on the lower surfaces or margins of the fronds 
 

Species 
Northern Maidenhair Adiantum pedatum 
Green Spleenwort Asplenium viride 
Lady-fern  Athyrium filix-femina 
Parsley-fern  Cryptogramma crispa 
Spiny Wood-fern Dryopteris austriaca 
Licorice Fern  Polypodium glycrrhiza 
Rusty Woodsia  Woodsia ilvensis 
 
 

 
Figure 5.51 Anatomy of a fern. Sori, in which spores are produced, occur on the underside of the 
fern leaf (frond) and appear as orange spots.  
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Figure 5.52 Sword Fern. 

 
SUBDIVISION SPERMOPSIDA – The Seed Plants 

• Divided into two main Classes: 
o Conifers with seeds in cones (Gymnosperms) 
o Flowering Plants with seeds in flowers (Angiosperms) 

• Also includes Ginkgos and Cycads 
 
Class Ginkgoae – the Ginkgo 

Order Ginkgoales 
Family Ginkgoaceae – Ginkgo 

• only one surviving species in the world 
• Originally found in southeastern China but introduced throughout northern hemisphere 
• Also known as Maidenhair Tree 

Species 
Ginkgo  Ginkgo biloba 
 



149 
 

       
Figure 5.53 Cones of a hemlock (above) and red alder cones and leaves (below) 
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CLASS GYMNOSPERMAE – The Conifers (Evergreens) 
• Over 90 native species in North America that grow large enough to be considered trees 
• Include – pines, firs, spruces, cedars, yews, bald cypresses, and related groups 
• Fossil records show conifers older in origin than hard-woods 

General Characteristics 
• All gymnosperm have naked seeds, e.g. – the seed producing structures of the female flowers 

are not directly enclosed in tissue as they are in flowering plants and hard woods 
• Resin bearing 
• Leaves are needle-like or scale-like 
• Nearly all are evergreen 
• Ginkgo, bald cypress and larches lose their leaves in the fall 
• Flowers consist of basic reproductive structures which are contained in the spirally arranged 

scales that make up the cone; these include: 
o Males pollen sacs 
o Female seed-producing organs 

• Cones are either male or female and both are usually present on the same tree 
• Cones are generally leathery to woody and number of scales ranges from a few to over 100 
• One genus, the yew, does not produce cones but a fleshy, berry-like fruit 
 

 
Figure 5.54 Male and female cones of a spruce tree. 

 
The four main Families of the gymnosperms are: 
Pine  Pinaceae 
Sequoia  Taxodiaceae 
Cypress  Cupressaceae 
Yew  Taxaceae 
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ORDER CONIFERALES 
FAMILY PINACEAE 
GENUS PINUS – The Pines 

• 210 species in 9 genera world wide (6 genera in North America) 
• One of the most valuable and commercially important groups of trees in the world (pulp, lumber 

products, paper products) 
• Important to wildlife for cover, habitat for nesting, food source 
•  

General Characteristics 
• Straight cylindrical trunks 
• Whorled, spreading branches 
• Fall into two natural groupings 

soft pines 
hard pines 

 
Soft Pines 

• Sometimes called white pines 
• Needle-like leaves enclosed at the base by a sheath 
• Sheath falls away when leaves mature 
• Leaves in clusters of 5, occasionally 1-4 clusters 
• Leaves with 1 vascular bundle in cross section 
• Cones scales generally lack a spine 
• Wood usually soft, coarse-grained 

Species 
Western White Pine Pinus monticola 
Sugar Pine  Pinus lambertiana 

 
Hard Pines 

• Sometimes called pitch or yellow pines 
• Needle-like leaves enclosed at the base by a sheath 
• Sheath remains when leaves mature 
• Leaves in clusters of 2-3, occasionally 5 
• Cones scales have a spine on outer face 
• Wood usually hard, close-grained 

Species 
Lodgepole Pine  Pinus contorta 
Red Pine  Pinus resinosa 
Ponderosa Pine  Pinus ponderosa 
Jack Pine  Pinus banksiana 
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Figure 5.55 Pine branch 
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Figure 5.56 Life Cycle of pine.  

 
FAMILY PINACEAE 
GENUS LARIX – The Larches 

• 10 species in the world 
• Restricted to colder regions of Northern Hemisphere 
• Occur in mountainous regions 
• 3 species native to North America 
 
General Characteristics 
• Tall, pyramid shaped trees 
• Irregularly shaped trees with peeling bark 
• Bark red-brown 
• Branches slender 
• Wood is strong, heavy and durable 
• Leaves needle-like and clustered on short, lateral shoots 
• All lose leaves in autumn 
• New growth appears in spring 
• Male and female cones separate structures on same tree 
• Old cones may stay on tree for more than one year 
• Seeds are eaten by mice, chipmunks, and seed-eating birds (crossbills) 

Species 
Tamarack (American Larch) Larix laricina 
Western Larch   Larix occidentalis 
Subalpine Larch   Larix lyalii 
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Figure 5.57 Needles and cone of American larch. 

 
FAMILY PINACEAE 
GENUS PICEA – The Spruces 

• Approximately 40 species in the cool temperate regions of the Northern Hemisphere 
• 7 species native to North America 
• Important source of pulp in North America 
• Utilized by wildlife – Spruce Grouse for food and shelter, and seed eating birds such as crossbills 

and mammals like the chipmunks 
General Characteristics 

• Long-lived trees 
• Tall with tapering trunk 
• Bark usually thin and scaly 
• Branches small and slender  
• Winter buds dry, not resinous 
• Needle-like leaves 
• Male and female cones on separate branches of same tree 
• Fruits are leathery cones shed at the end of the first growing season 
• Each cone scales has 2-winged seeds 

Species 
White spruce   Picea glauca 
Black Spruce (Bog Spruce) Picea mariana 
Engelmann Spruce  Picea engelmanni 
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Figure 5.58 Engelman spruce with cone. 
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FAMILY PINACEAE 
GENUS TSUGA – The Hemlocks 

• 10 species in the world 
• 4 species native to North America 

General Characteristics 
• Drooping leader shoot 
• Irregular drooping branches 
• Bark deeply furrowed and reddish-brown 
• Small, soft leaves usually flat on branchlets 
• Male and female cones occur on same tree 
• Cones produced early in spring 
• Cones ripen in fall 
• Tiny seeds are winged 

Species 
Eastern Hemlock Tsuga canadensis 
Western Hemlock Tsuga heterophylla 
Mountain Hemlock Tsuga mertensiana 
 

 
Figure 5.59 Branch and tree of western hemlock. The droopy leader at the tip of the truck is 
characteristic of this species. 
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FAMILY PINACEAE 
GENUS PSEUDOTSUGA – The False Hemlocks 

• 5 species worldwide 
• 2 species in North America 
• Important timber tree 
• Used by wildlife for food and cover 

 
Figure 5.60 Branch and cone of Douglas-fir Pseudotsuga douglasii. The Douglas-fir is classified in 
with the pines and firs in the Family Pinaceae. However, true firs are in the genus Abies  

 
General Characteristics 

• Large, very long-lived trees 
• Bark of young trees thin, grey and resin pocked 
• Bark thick, deeply furrowed and dark reddish-brown 
• Wood is soft and light coloured 
• Winter buds are long, sharp-pointed and dry 
• Leaves soft and evergreen 
• Male and female cones on the same tree 
• Cones are 2-4 inches long 

Species 
Douglas-fir  Pseudotsuga menziesii 
Bigcone Douglas-fir Pseudotsuga macrocarpa 

Douglas-firs have hanging cones while the true firs have upright cones resting erect  on top of a 
branch. 
 
FAMILY PINACEAE 
GENUS ABIES – The Firs 

• Approximately 40 species in the Northern Hemisphere 
• 9 species in North America 
• Wood used for pulp and lumber 
• Used by wildlife for food and cover 
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• Sensitive to industrially polluted air 
General Characteristics 

• Large, long-lived trees 
• Bark of young trees is thin and smooth and marked with pockets of resin 
• Old trees bark is thick and rough 
• Wood is soft and light coloured 
• Male and female cones on the same tree 
• Male cones are small and hard; female cones are large and erect 

Species 
Balsam Fir Abies balsamea 
Subalpine Fir Abies lasiocarpa 
 

 
Figure 5.61 Branch of a balsam fir. 

 
FAMILY TAXACEAE – The Yews 

• 15 species divided into 5 genera 
• 2 species are native to North America 

o Taxus 
o Torreya 

• Of minor importance to humans and wildlife 
• Used in landscaping 
• Fruits are eaten by wildlife 

General Characteristics 
• Usually flower in spring 
• Fruit ripen in first summer and in Torreya in second summer 
• Wind transfers the pollen grains 
• Fruit consist of a fleshy outer covering a single seed 
• Male and female flowers occur on separate trees 

Species 
Pacific Yew  Taxus brevifolia 
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Florida Yew  Taxus floridana 
California Toreya Torreya californica 
 

 
Figure 5.62 Western yew.  

 
FAMILY TAXODIACEAE – The Sequoia and Bald Cypress 

• 16 species in 10 genera worldwide 
• 3 genera native to North America 
• Important commercially 

General Characteristics 
• Narrow, very thin or even bristle-like leaves arranged spirally 
• Male and female flowers are in separate cones but on same tree 
• Fruits are glove shaped cones with leathery or woody scales 
• 2-7 seeds per scale (may or may not have wings) 

Species 
Coastal Redwood Sequoia sempervirens 
Giant Sequoia  Sequoiadendron giganteum 
Bald Cypress  Taxodium distichum 

 
FAMILY CUPRESSACEAE – The Cedars, Cypresses and Junipers 

• Includes 150 species in 18 genera throughout world 
• 5 genera native to North America, they are: Incense Cedar, Arborvitae, White Cedar, Cypress 

and Juniper 
• Important to wildlife for cover and food 
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General Characteristics 
• Small scale-like leaves 
• Winter buds are generally not covered 
• Fruits are small 
• Cones composed of scales that are fused with their bracts 
• Fruits hard at maturity 
• The junipers have male and female fruits on separate trees 

Species 
Incense Cedar   Calocedrus decurrens 
Western Red Cedar  Thuja plicata 
Yellow Cypress (Alaska Cedar) Chamaecyparis nootkatensis 
Arizona Cypress   Cupressus arizonica 
Rocky Mountain Juniper Juniperus scopulorum 
 

   
Figure 5.63 Branches of cedar and juniper. True cedars had needles so applying the name “cedar” to the 
western redcedar was a misnomer and it is actually classified as a cypress in the Family Cupressaceae. 
True cedars are in with the pines in Family Pinaceae. 
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Figure 5.64 Western Redcedar showing sweeping branches. Adults will often have a buttressed 
trunk. 
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CLASS ANGIOSPERMAE  
FLOWERING PLANTS 
SUBCLASS DICOTYLEDONAE 

• Plants herbaceous or woody 
• Leaves net-veined 
• Leaves seldom sheathing at base 
• Petiole usually present 
• Vascular bundles arranged in a ring throughout stem 
• Flower parts in multiples of 4s or 5s 

SUBCLASS MONOCOTYLEDONAE 
• Plants herbaceous 
• Leaves usually with parallel veins 
• Leaf-base sheathing 
• Petiole seldom developed 
• Vascular bundles scattered throughout the stem 
• Flower parts in 3s or multiples of 3s 
 

 
Figure 5.65 Comparison between monocots and dicots based on seed structure (one cotyledon 
versus two), leaf venation (parallel versus netted), arrangement of vascular bundles in a stem 
section (random versus in a ring) and flower parts (multiples of 3 versus 4 or 5).  
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SUBCLASS MONOCOTYLEDONEAE 
ORDER ALISMALES 
FAMILY ALISMACEAE – Water Plantain 

• Aquatic or marsh herb 
General Characteristics 

• Basal leaves 
• Conspicuous peduncles bearing racemes or panicles 
• Fruits are achenes 

Species 
American Water Plantain Alisma plantago-aquatica 
Wapato    Sagittaria latifolia 

The early settlers often referred to this plant as Indian potato. The tubers of some species are harvested 
in the fall and eaten. Ducks are also very fond of these tubers. 
 
ORDER HYDROCHARITALES 
FAMILY HYDROCHARITACEAE – Frog-bit 

• Grows in wet places (streams, ponds and sloughs) 
• Sometimes called ditchmoss 

General Characteristics 
• Plants with leafy stems 
• Leaves whorled, may be opposite below 
• Leaf edge toothed 
• Roots may be anchored or floating 
• Flowers small 

Species 
Canada Waterweed Elodea canadensis 
Nuttall’s Waterweed Elodea nuttalli 

 
ORDER NAJADALES 
FAMILY JUNCAGINACEAE –Arrow-grass 

• Plants usually found in moist places 
• Some plants like alkaline or saline locations 

General Characteristics 
• Herb with rush-like or grass-like leaves 
• Flowers in a spike or raceme 
• Fruit in a follicle 

Species 
Flowering Quillwort  Lilaea schilloides 
Three-ribbed Arrow-grass Triglochlin maritima 

 
FAMILY NAJADACEAE – Water Nymph 
General Characteristics 

• Stems slender and leafy 
• Leaves all alternate or opposite 
• Fruit an achene or a small, thin-walled one-seeded fruit 

Species 
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Wavy Water-nymph  Najas flexilis 
 
ORDER LILIALES 
FAMILY LILIACEAE – Lily 
General Characteristics 

• Mostly herbs with perennial bulbs, corms or rhizomes 
• Flower parts in threes, rarely in twos 
• Fruit a capsule or berry 

Species 
Geyer’s Onion   Allium geyeri 
Asparagus    Asparagus officinalis 
Harvest Brodiaea   Brodiaea coronaria 
Mariposa Lily    Calchortus macrocarpus 
Common Cams   Camassia quamash 
Queen’s Cup   Clintonia uniflora 
Large-flowered Fairy-bell Diporum mithii 
Avalanche Lily    Erythronium montanum 
Chocolate Lily    Fritillaria lanceolate 
Wood Lily    Lilium philadelphium 
Alpine Lily    Lloydia serotine 
False Lily of the Valley  Maianthemum dilatatum 
False Solomon’s Seal  Smilacina racemosum 
Sticky Tofieldia   Tofieldia glutinosa 
Western Trillium  Trillium ovatum 
Green False Hellebore   Veratrum viride 
Beargrass   Xerophyllum tenax 
Yucca     Yucca glauca 
Death Camas    Zigadenus elegans 
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Figure 5.66 Mountain bells.  

 
ORDER IRIDALES 
FAMILY IRIDACEAE – Iris 
General Characteristics 

• Flowers with inferior ovary, stamens three 
• Flowers regular 
• Leaves two-ranked 
• Roots generally rhizomes, sometimes corms or bulbs 
• Fruit a capsule 

Species 
Yellow Iris  Iris pseudacorus 
Western Blue Iris Iris missouriensis 
Blue-eyed Grass  Sisyrichium angustifolium 

 
ORDER ORCHIDALES 
FAMILY ORCHIDACEAE – Orchid 
Many species growing on dead plant material or other living plants 
General Characteristics 

• Flowers strongly irregular 
• Leaves often sheathing at base, but not folded 
• Roots rhizomes or fleshy 
• Fruit a capsule, seeds dust-like 

Species 
Calypso Orchid    Calypso bulbosa 
Striped Coral Root   Corallorhiza striata 
Mountain Lady Slipper   Cypripedium notanum 
Phantom-orchid   Eburophyton austiniae 
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Giant Hellebore   Epipactis gigantean 
Rattlesnake Plantain   Goodyera oblongifolia 
Elegant Rein-orchid   Platanthera elegans 
Twayblade    Liparis loeselii 
Heart-leafed Listera   Listera cordata 
Small Round-leafed Orchid  Orchis rotundifolia 
Hooded Ladies-tresses   Spiranthes romanzoffiana 
 

 
Figure 5.67 Plantain 
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ORDER JUNCALES 
FAMILY JUNCACEAE – Rush 
General Characteristics 

• Annual or perennial herb 
• Pithy simple cylindrical stems 
• Leaves consist of blade 
• Roots usually fibrous 
• Fruit a three or more seeded capsule 

Species 
Tapered Rush  Juncus accuminatus 

 
ORDER POALES 
FAMILY POACEAE (GRAMINEAE) – Grass 
General Characteristics 

• Leaves two ranked, leaf sheath open 
• Stem round, hollow, with nodes 
• Roots usually fibrous 
• Flowers small, arranged in spikelets 
• Fruit a one-seeded grain 

Species 
Quaking Grass   Briza media 
Northern Reedgrass  Clamagrostis inexpansa 
Tufted Hairgrass  Deschampsia caespitose 
Seashore Saltgrass  Distichlis spicata 
Meadow Fescue  Festuca elatior 
American Mannagrass  Glyceria grandis 
Foxtail Barley   Hrdeum jubatum 
Italian Ryegrass  Lilium multiflorum 
Timothy   Phleum pretense 
 

 
Figure 5.68 Couch grass. 
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ORDER ARALES 
FAMILY ARACEAE – Arum 

• Swampy moist places 
• Odor attracts insects for pollination, primarily carrion beetles, blowflies and other insects which 

lay their eggs on the leaves and whose larvae eat the leaves 
• Often one of the earliest plants to bloom in the spring 

General Characteristics 
• Numerous small flowers arranged on a thick, fleshy stalk (spadix) partially enclosed by 

(subtended) a conspicuous petaloid bract (spathe) 
• Spathe generally yellow in colour 
• Leaves large, net-veined 

Species 
Skunk Cabbage    Lysichitum americanum 
Eastern Skunk Cabbage   Symplocos foetitus 

 
FAMILY LEMNACEAE – Duck Weed 

• Plants forming colonies on surface of ponds or slow-running water 
General Characteristics 

• Lacking a stem 
• Leaf-like plants having a fine root-like appendages 
• Free-floating 
• Flowers rarely produced and are microscopic 
• Flowers in groups of three, two of which are pollen producing and consisting of a single stamen, 

the other is pistillate and produces a seed 
 
Species 

Small Duckweed   Lemna minor 
Large Duckweed   Sirodela polyrhiza 
Wolffia     Wolffia columbiana 
 

 
Figure 5.69 Duckweed. 
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ORDER TYPHALES 
FAMILY SPARGANIACEAE – Burreed 

• Marsh or aquatic perennials 
General Characteristics 

• Creeping rhizomes 
• Erect or floating stems 
• Flowers small 
• Fruit nut-like 

Species  
Broadfruited Burreed   Sparganium eurycarpum 

 
FAMILY TYPHACEAE – Cattail 

• Marsh or aquatic perennial herbaceous plants 
General Characteristics 

• Creeping rootstalks 
• Cylindrical stems 
• Long alternate leaves sheathing at spikes 
• Fruit a nutlet 

Species 
Cattail   Typha latifolia 
 

 
Figure 5.70 Cattail. 
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SUBCLASS DICOTYLEDONAE (MAGNOLIIDAE) 
• Herbaceous or woody 
• Leaves net-veined 
• Leaves seldom sheathing at base 
• Petiole usually present 
• Vascular bundles arranged in a ring in stem 
• Flower parts in 4s or 5s 

 
ORDER ARISTOCHIALES 
FAMILY ARISTOLOCHIACEAE – Birthwort 
General Characteristics 

• Herbaceous 
• Roots smell of ginger 
• Stem covered with fine hairs 
• Leaves heart-shaped and dark green 
• Fruit a capsule 

Species 
Wild Ginger   Asarum caudatum 

 
ORDER NYPHAEALES 
FAMILY NYMPHAEACEAE – Water-Lily 
General Characteristics 

• Herbaceous and aquatic (partially submerged, growing in ponds and lakes) 
• Leaves large and undivided 
• Mostly floating on surface of water 
• Stamens 12 or more 
• Flowers regular 
• Fruit a follicle or leathery capsule 

Species 
Yellow Water-lily  Nuphar polysepalum 
 

 
Figure 5.71 Yellow pond lily. 
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FAMILY CERATOPHYLLACEAE – Hornwort 

General Characteristics 
• Plants distinctly aquatic, free-floating in water 
• Herbaceous 
• Leaves whorled 
• Stamens 16-19 
• Flowers minute 
• Fruit an achene 

Species 
Hornwort   Ceratophyllum demersum 

 
ORDER RANUNCULALES 
FAMILY RANUNCULACEAE – Buttercup 
General Characteristics 

• Woody vines (distinctly climbing) or herbaceous 
• Leaves opposite, compound, may be variously divided 
• Stamens numerous 
• Fruit an achene with feather tail, or hairy, or a follicle 

Species 
Monkshood    Aconitum columianum 
Pasqueflower    Anemone nuttalliana 
Lyall’s Anemone   Anemone lyallii 
Columbine    Aquilegia flavescens 
Travelers Joy    Clematis vitalbe 
Longbeaked Water Buttercup  Rununculus longirostris 

 
ORDER PAPAVERALES 
FAMILY PAPAVERACEAE – Poppy 
General Characteristics 

• Herbaceous with milky juice 
• Often growing in wet places but not aquatic 
• Leaves mostly basal and simple, stem leaves simple and opposite 
• Stamens 6 
• Flowers regular 
• Fruit a capsule 

Species 
White Meconella   Meconella oregano 

 
FAMILY FUMARIACEAE – Fumotory 
General Characteristics 

• Plants herbaceous, with watery juice 
• Leaves deeply divided and irregular (almost fern-like) 
• Stamens 6 
• Flowers distinctly irregular 
• Fruit a nut or capsule 

Species 
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Golden Corydalis   Corydalis aurea 
Steer’s Head    Dicentra uniflora 

 

 
Figure 5.72 Bleeding heart. 

 
ORDER SARRANCENIALES 
FAMILY SARRANCENIACEAE – Pitcher Plant 
General Characteristics 

• Usually growing in bogs 
• Leaves large, tubular, adapted for trapping insects by a hollow leaf stalk with digestive enzymes 

at the bottom, with hairs on inner surface pointing downward 
• Stamens numerous 
• Flowers nodding on a separate stalk 
• Fruit a capsule 

Species 
California Pitcher-Plant   Darlingtonia californica 

 
ORDER UTRICALES 
FAMILY CANNABACEAE – Hemp 
General Characteristics 

• Herbaceous 
• Twinning vines 
• Leaves opposite, 3-5 lobed 
• Stamens 5 
• Fruit an achene 

Species 
European Hop    Hummulus lupulus 

 
FAMILY URTICACEAE – nettle 
General Characteristics 

• Leaves opposite, simple, leaf edge toothed 
• Stamens 4 
• Plants with stinging hairs 
• Fruit and achene, somewhat flattened 
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Species  
Stinging Nettle    Artica dioica 

 
Figure 5.73 Stinging nettle. 

 
ORDER BAREYALES 
FAMILY BARBEYACEAE – Barberry 
General Characteristics 

• Shrubs with evergreen leaves or herbaceous and erect 
• Leaves alternate or compound 
• Number of stamens variable 
• Flowers regular 
• Fruit a blue, very acid berry or a several seeded follicle 

Species 
Oregon Grape or Mahonia  Berberis nervosa 
Inside-out Flower   Vancouveria hexandra 
 

 
Figure 5.74 Oregon grape. 
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ORDER FAGALES 
FAMILY FAGACEAE – Beech 
General Characteristics 

• Shrub or tree 
• Leaves simple, lobed, leathery 
• Some with smooth leaf edge 
• Flowers in catkins, petals absent 
• Stamens 4-20 
• Fruit a nut (acorn) 

Species  
Garry Oak   Quercus garryanna 

 
ORDER BETULALES 
FAMILY BETULACEAE – Birch 
General Characteristics 

• Shrub or tree with woody stems 
• Leaves are alternate, thin, simple, not lobed 
• Stamens 1-4 (may be 8) 
• Flowers in catkins 
• Fruit a nut or nutlet 

Species 
Red Alder   Alnus rubra 
Paper Birch   Betula papyrifera 
Hazelnut (filbert)  Corylus cornuta 

 
Figure 5.75 Leaves in this family are thin, simple, and not lobed - paper birch (left) and red alder 
(right). 
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ORDER MYRICALES 
FAMILY MYRICACEAE – Bayberry or Sweet Gale 
General Characteristics 

• Shrub or tree 
• Strong smelling 
• Leaves alternate, simple, more than twice as long as broad, not lobed 
• Leaf edge toothed on upper half 
• Flower a catkin 
• Plants growing in bogs or swamps 
• Fruit a nutlet 

Species 
Sweet Gale   Myrica gale 

 
ORDER CARYOPHYLLALES 
FAMILY NYCTAGINACEAE – Four-o-clock 
General Characteristics 

• Herbaceous 
• Leaves opposite 
• Stamens 1 to many 
• Stem and leaves covered with sticky hairs 
• Fruit an achene 

Species 
Yellow Sand Verbena  Abronia latifolia 

 
FAMILY CACTACEAE –Opuntia or cactus 
General Characteristics 

• Plants with bunches of large, sharp spines 
• Stems jointed, thick and fleshy 
• Leaves absent 
• Stamens numerous (more than 10) 
• Flowers regular, large and showy 
• Plants growing in dry places 
• Fruit dry and spiny 

Species 
Prickly-pear Cactus  Opuntia fragilis 
 

 
Figure 5.76 Prickly-pear Cactus  Opuntia fragilis 
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FAMILY CARYOPHYLLACEAE – Pinks 
General Characteristics 

• Herbaceous and more or less trailing 
• Leaves opposite, fleshy, nodes usually swollen 
• Stamens 10 (8) 
• Flowers in leaf axils 
• Fruit a capsule 

Species 
Sea Purslane   Honkenya pepliodes 

 
 
FAMILY CHENOPODIACEAE – Goosefoot 
General Characteristics 

• A greenish shrub, spreading, matted or erect 
• Stem jointed, fleshy 
• Leaves alternate 
• Plants apparently leafless 
• Fruits small, one-seeded 

Species 
Glasswort   Salicorinia virginica 
Greasewood   Sarobatus vermiculatus 

 
ORDER POLYGONALES 
FAMILY POLYGONACEAE – Buckwheat 
General Characteristics 

• Herbaceous or semi-woody 
• Leaves alternate 
• Stamens 3-9 
• Fruit an achene 

Species 
Yellow Buckwheat  Eriogonum flavum 
Climbing Knotweed (Smartweed)  Polygonum convolvulus 

 
ORDER PLUMBAGINALES 
FAMILY PLUMBAGINACEAE – Plumbago 
General Characteristics 

• Herbaceous or shrubby 
• Leaves alternate or basal 
• Stamens 5 or same number as corolla lobes 
• Flowers in rounded head-like clusters or regular 
• Fruit achene-like 

Species 
Thrift    Armeria maritima 
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ORDER THEALES 
FAMILY HYPERCACEAE – St. John’s Wort 
General Characteristics 

• Herbaceous  
• Leaves opposite or whorled, blackish or purple, dotted along edges 
• Stamens numerous 
• Flowers regular 
• Fruit a capsule 

Species  
Common St. John’s Wort  Hypercium perforatum 

 
 
ORDER VIOLALES 
FAMILY VIOLACEAE – Violets 
General Characteristics 

• Herbaceous 
• Leaves simple, alternate and/or basal 
• Stamens 5 
• Flowers irregular, single 
• Fruit a 3-valved capsule 

Species 
Evergreen Violet  Viola sempervirens 

 
 
ORDER CUCURBITALES 
FAMILY CUCURBITACEAE – Cucumber or Gourd 
General Characteristics 

• Herbaceous, vine with slender tendrils 
• Leaves alternate, simple, palmately lobed 
• Stamens 3 
• Fruit fleshy (sometimes dry), somewhat spiny and thick-skinned 

Species 
Wild Cucumber   Echinocystis lobate 

 
ORDER CAPPARALES 
FAMILY CAPPARACEAE – Capers 
General Characteristics 

• Herbaceous 
• Leaves mostly alternate and compound 
• Stamens usually 6 
• Flowers regular 
• Fruit a capsule, on a long stalk 

Species 
Cleomella   Cleomella macbrideana 
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FAMILY BRASSICACEAE (also known as Cruciferae) – Mustards 
General Characteristics 

• Herbaceous 
• Leaves mostly alternate or basal 
• Stamens 2, 4, or 6 
• Flowers regular or small 
• Fruit a silicle or silique 

Species 
Peppergrass   Lepidium campstre 
Awlwort   Subularia aquatic 
Pale Alyssum   Alyssum alyssoides 

 
FAMILY RESEDACEAE – Mignonette 
General Characteristics 

• Herbaceous 
• Leaves symmetrical or alternate 
• Stamens numerous 
• Flowers distinctly irregular or regular 
• Fruit a capsule, 3 or 6 horned or 4 toothed at top 

Species 
Yellow Mignonette  Reseda lutea 
Upright Mignonette  Reseda alba 

 
 
ORDER TAMARICALES 
FAMILY TAMARIACEA – Tamarisk 
General Characteristics 

• Tall shrub or small tree, growing in dry or saline areas 
• Leaves alternate, simple, but crowded and overlapping 
• Stamens 4-8 
• Flwoars small and regular 
• Fruit a capsule 

Species  
Tamarisk   Tamariz parviflora 

 
ORDER SALICALES 
FAMILY SALICACEAE – Willow* and Poplars 
General Characteristics 

• Shrub and/or tree 
• Leaves alternate and simple 
• Stamens 2 to many 
• Flowers in catkins, lacking both petals and sepals 
• Fruit a capsule, seeds with silky hairs 

Species 
Pacific Willow   Saliz lasiandra 
Trembling Aspen  Populus tremuloides 
Black Cottonwood  Populus trichocarpa 
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*Willows are a very difficult species to identify in the field and require a good key and experience to 
figure out! 
 

   
Figure 5.77 Species in the genus Populus – trembling aspen (left) and black cottonwood (right). 
 

 
Figure 5.78 Black cottonwood. 
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ORDER ERICALES 
FAMILY ERICACEAE – Heath 
General Characteristics 

• Plants, shrubs, (often low and creeping) or herbs 
• Some saprophytic, growing in deep humus of coniferous forest, and lacking green colour 
• Stamens many 
• Leaves alternate or opposite, deciduous or evergreen 
• Fruit a berry or capsule 

Species 
Candystick   Allotropa virgate 
Copper Bush   Cladothamnus pyroliflorus 
Wild Cranberry   Vaccinium oxycoccos 
Salal    Gautheria shallon 
Red Huckleberry  Vaccinium parviflolium 
Bog-rosemary   Andromeda polofolio 
Swamp Kalmia   Kalmia microphylla 
Trailing Azalea   Loiseleuria procumbens 
 

 
Figure 5.79 Fruits in this family are a berry or a capsule – salal, red huckleberry and blueberry. 
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FAMILY PYROLACEAE – Wintergreen 
General Characteristics 

• Herbaceous 
• Leaves often basal or arranged in irregular whorls 
• Flowers regular 
• Fruit a round capsule 

Species 
Single Delight Pyrola uniflora 
Pipsissewa Chimaphila umbellate 

 
FAMILY MONOTROPACEAE – Indian Pipe 
General Characteristics 

• Lacking green colour, most saprophytic 
• Plants white, yellowish, pinkish to brown 
• Leaves absent or reduced and scale-like 
• Fruit a capsule 

Species 
Indian Pipe  Monotropa uniflora 
Pinesap  Hypopitys monotropa 
 

 
Figure 5.80 Indian pipe is white and does not undergo photosynthesis. Although it looks like a 
fungus itself, it is parasitic on certain mycorrhizal fungi associated with tree roots. 
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FAMILY EMPETRACEAE – Crowberry 
General Characteristics 

• Low, evergreen shrubs 
• Leaves needle-like 
• Stamens 2-4 (usually 3) 
• Flowers small, purplish, petals lacking 
• Fruit berry-like, black, with 2-9 seeds 

Species 
Crowberry  Empetrum migrum 

 
 
ORDER PRIMULALES 
FAMILY PRIMULACEAE – Primrose 
General Characteristics 

• Herbaceous 
• Leaves opposite or alternate 
• Stmens 5 or same number as corolla lobes 
• Fruit a capsule 

Species 
Saltwort    Glaux maritima 
White-flowered Primula  Primula incana 

 
ORDER MALVALES 
FAMILY MALVACEAE – Mallow 
General Characteristics 

• Shrub or tree 
• Leaves alternate, simple, undivided or palmately lobed 
• Stamens numerous 
• Flowers regular 
• Fruit a capsule or splitting into many sections when mature 

Species 
Musk Mallow    Malva moschata 

 
ORDER EUPHORBIALES 
FAMILY EUPROBIACEAE – Spurge 
General Characteristics 

• Herbaceous with milky juice 
• Leaves mostly opposite 
• Stamen 1 
• Flowers small 
• Fruit in a capsule 

Species 
Spotted Spurge    Euphorbia maculate 
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ORDER SAXIFRAGELES 
FAMILY GROSSULARIACEAE – Gooseberry or Currant 
General Characteristics 

• Shrub, some with spines 
• Leaves alternate, simple, palmately lobed 
• Flowers regular 
• Fruit a several-seeded berry (currant) 

Species 
Swamp Gooseberry   Ribes lacuatre 

 
FAMILY HYDRANGEACEAE – Hydranga 
General Characteristics 

• Shrubs 
• Leaves opposite, large, simple, not lobed 
• Leaf edge toothed 
• Stamens numerous (25-50) 
• Umbel inflorescence 
• Bark shreddy 
• Fruit a woody capsule 

Species 
Mockorange    Philadelphus lewisii 

 
FAMILY CRASSULACEAE – Stonecrop 
General Characteristics 

• Herbaceous 
• Leaves alternate, whorled, or opposite 
• Flowers regular 
• Stamens 4-5 
• Fruit a group of follicles (separate or partly joined) 

Species 
Lance-leaved Stonecrop  Sedum lanceolatum 
Pigmy Weed    Tilleae aquatic 

 
 
FAMILY SAXIFRAGACEAE – Saxifrage 
General Characteristics 

• Herbaceous 
• Leaves opposite, alternate of basal 
• Stamens 5-10 
• Flowers inconspicuous 
• Fruit a capsule or follicle 

Species 
Pacific Water-carpet   Chrysosplenium glechomaefolium 
Western Saxifrage   Saxifraga occidentalis 
Wedge-leaf Saxifrage   Saxifraga adscendens 

 
FAMILY PARNASSIACEAE – Grass-of-Parnassus 
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General Characteristics 
• Herbaceous 
• Leaves basal and not divided 
• Stamens 10 
• Flowers regular 
• Fruit a capsule 

Species 
Fringed Grass-of-Parnassus  Parnassia fimbriata 

 
ORDER ROSALES 
FAMILY ROSACEAE – Rose 
General Characteristics 

• Herbaceous, shrub or tree 
• Leaves alternate or simple 
• Stamens 4 to numerous 
• Flowers usually regular but may lack petals 
• Fruits various 

A very large and diverse family – a few examples are listed below 
Species 

Serviceberry (Saskatoon)  Amelanchier alnifolia 
Black Hawthorne   Crataegus douglasii 
Coastal Strawberry   Fragaria chiloensis 
Largeleafed Geum   Geum macrophyllum 
Oceanspray    Holodiscus miscolour 
Western Crabapple   Malus fusca 
Indian Plum    Oemleria cerasiformis 
Ninebark    Physocarpus capitatus 
Marsh Cinquefoil   Potentilla paulustris 
Bittercherry    Prunus emarginata 
Little Wild Rose   Rosa gymnocarpa 
Evergreen Blackberry   Rubus laciniatus 
Creeping Sibbaldia   Sibbaldia procumbens 
European Mountain-ash  Sorbus aucuparia 
Douglas Spirea    Spirea douglasii 
 

 
Figure 5.81 Nootka rose. 
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ORDER FABALES 
FAMILY FABACEAE OR LEGUMINOSAE – Pea 
General Characteristics 

• Herbaceous shrub or tree 
• Leaves alternate or compound, or reduced to scales 
• Stamens 10 
• Flowers irregular 
• Fruit a pod 

Species 
Scotch Broom    Cytisus scoparius 
March Peavine    Lathyrus palustris 
Two-coloured Lupine   Lupinus bicolour 
Black Medic    Medicago lupulina 
White Sweet-clover   Melilotus alba 
Red Clover    Trifolium pretense 
Gorse     Ulex europaeus 
 

 
Figure 5.82 Clover and other species in this family fix nitrogen in the soil. 

 
ORDER NEPENTHALES 
FAMILY DROSERACEAE – Sundew 
General Characteristics 

• Small, usually growing in bogs 
• Leaves small, in a group at the base of the stem 
• Leaves adapted for trapping insects by long, purplish hairs with sticky tips on flat leaf blade 
• Fruit a capsule 

Species 
Round-leaved Sundew   Drosera rotundiflolia 
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ORDER MYRTALES 
FAMILY LYTHRACEAE – Loosestrife 
General Characteristics 

• Herbaceous often with squashed stems 
• Leaves mostly opposite 
• Flowers regular 
• Stamens fewer than 10 to numerous 
• Fruit a capsule 

Species  
Purple Loosestrife*   Lythrum salicaria 

*This species was introduced from Europe and is now becoming a serious pest taking over from cat-tails, 
bullrushes and other important marsh vegetation. It is not beneficial for food or nesting material. 
 
FAMILY ONAGRACEAE – Evening Primrose 
General Characteristics 
Herbaceous 

• Leaves opposite or alternate, undivided to pinnately compound 
• Stamens mostly 4-8 
• Fruit a many seeded capsule or occasionally 1-2 seeded and nut-like 

Species 
Enchanter’s Nightshade  Circaea alpine 
Farewell-to-spring   Clarkia amoena 
Fireweed    Epilobium angustifolium 
Water-purslane   Ludwigia palustris 
Evening Primrose   Oenothera biennis 
 

 
Figure 5.83 Fireweed is a pioneer species colonizing areas that have been destroyed by fire. 
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ORDER HIPPURIDALES 
FAMILY HALORAGACEAE – Water-milfoil 
General Characteristics 

• Herbaceous and aquatic 
• Leaves whorled, finely divided 
• Stamens 4-8 
• Flowers tiny 
• Fruit fleshy or nut-like 

Species  
Spiked Water-milfoil   Myriophyllum picatum 
American Water-milfoil   Myriophyllum brasiliense 

 
FAMILY HIPPURDACEAE – Mare’s Tail 
General Characteristics 

• Herbaceous, distinctly aquatic and rooted in mud 
• Leaves whorled 
• Stamens 1 
• Flowers small 
• Fruit nut-like (one seeded) 

Species 
Mountain Mare’s-tail   Hippuris montana 

 
ORDER RUTALES 
FAMILY ANACARDIACEAE – Sumac 
General Characteristics 

• Shrubs with acrid or milky juice 
• Leaves alternate, compound, leaflets 3 or more 
• Leaves turn colour in fall 
• Flowers regular 
• Fruit berry-like, reddish, or white to yellowish 

Species 
Sumac   Rhys glabra 

 
ORDER SAPINDALES 
FAMILY ACERACEAE – Maple 
General Characteristics 

• Tree 
• Leaves opposite, simple, or compound 
• Stamens 4-10 
• Fruit a 2-winged samara 

Species 
Big-leaf Maple  Acer marophyllum 
Douglas Maple Acer glabrum var. Douglassii 
Vine Maple  Acer circinatum 
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Figure 5.84 Vine maple (left) and bigleaf maple (right) both prefer moist sites.
 
 
ORDER GERANIALES 
FAMILY LINACEAE – Flax 
General Characteristics 

• Herbaceous 
• Leaves simple and alternate or opposite, undivided 
• Flowers regular 
• Fruits a capsule 

Species 
Wild Blue Flax  Linum perenne 

 
FAMILY ZYGOPHYLLACEAE – Caltrop 
General Characteristics 

• Herbaceous, low and matted 
• Leaves mostly opposite and pinnately compound 
• Stamens 10 
• Flowers regular, with 5 yellow petals 
• Fruit a spiny schizocarp, breaking into 5, 2-spined segments 

Species 
Ground Bur-nut  Tribulus terrestris 

 
 
FAMILY OXALDIACEAE – Oxalis 
General Characteristics 

• Herbaceous, with watery sour juice 
• Leaves alternate, compound 
• Stamens 10 
• Flowers regular 
• Fruit a capsule 

Species 
Upright Yellow Wood-Sorrel  Oxalis stricta 
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FAMILY GERANIACEAE – Geranium 
General Characteristics 

• Herbaceous 
• Leaves alternate or opposite, mostly palmately lobed or pinnately compound 
• Flowers regular 
• Fruit a long-beaked capsule, with the slender often coiling style at tip 

Species 
Crane’s-bill Geranium  Erodium cicutarium 
Sticky Purple Geranium  Geranium viscosissimum 

 
FAMILY BALSAMINACEAE – Touch-me-not 
General Characteristics 

• Herbaceous 
• Leaves simple, alternate and/or whorled, leaf edge toothed 
• Stamens 5 
• Flowers irregular 
• Fruit a capsule, exploding when mature 

Species 
Jewelweed  Impatiens glandulifera 

Children (and some adults) get great pleasure in “popping” the seed pods in late summer. These seeds 
are fired out by a spring-like mechanism and are an excellent example when discussing seed dispersal. 
 
FAMILY LIMNATHACEAE – Meadow-foam 
General Characteristics 

• Herbaceous, usually growing in wet places 
• Leaves alternate, compound 
• Stamens 3-5 
• Flowers regular 
• Flowers round, 1-seeded and nut-like 

Species 
Macoun’s Meadow-foam*  Limnanthes macouncii 

*on the endangered species list in British Columbia, Canada 
 
ORDER POLYGALALES 
FAMILY POLYGALACEAE – Milkwort 
General Characteristics 

• Herbaceous 
• Leaves alternate, simple, leaf edge smooth to toothed 
• Dark green above, pale below 
• Stamens 7 
• Flowers small, white to greenish (flowers are often confused with those of the Pea Family) 
• Fruit a capsule 

Species 
White Milkwort  Polygala alba 
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ORDER CORNALES 
FAMILY CORNACEAE – Dogwood 
General Characteristics 

• Tall shrubs or herbaceous 
• Leaves opposite 
• Flowers regular 
• Fruit red, white or bluish berry-like 

Species 
Bunchberry    Cornus canadensis 
Western Flowering Dogwood  Cornus nuttallii 
Red-osier dogwood   Cornus stolonifera 
 

 
Figure 5.85 Dogwoods have a parallel leaf venation. 
 
FAMILY ARALIACEAE – Aralia 
General Characteristics 

• Shrubs or herbaceous 
• Leaves large, alternate, compound 
• Flowers small 
• Fruit a berry 

Species 
Wild Sarsaparilla  Aralia nudicaulis 
English Ivy   Hedera helix 
Devil’s Club   Oplopanax horridum 
Sarsaparilla   Aralia nudicaulis 
Devil’s Club   Oplopanax horridum 

Sarsaparilla root was one of the original ingredients giving root beer its unique flavour 
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FAMILY APIACEAE – Parsley 
General Characteristics 

• Herbaceous, often aromatic 
• Leaves usually alternate with sheathing petiole 
• Stamens 5 
• Fruit a dry schizocarp, consisting of two halves, each usually 5-ridged 

Species 
Dawson’s angelica  Angelica dawsonii 
Water-hemlock    Cicuta bulbifera 
Poison-hemlock   Conium maculatum 
American Carrot   Daucuc pusillus 
Cow-parsnip    Heracleum lanatum 
Chocolate Tips    Lomatium dissectum 
Indian Consumption Plant  Lomatium nudicaule 
Water Parsley    Oenanthe sarmentosa 
Sweet Cicely    Myrrhis odorata 
Do not be misled by the name “parsley.” Many of these plants are highly poisonous, like the 
Water-hemlock; while others, like the Indian Consumption Plant, were used by First Nations 
people to cure diseases. 

 

 
Figure 5.86 Cow parsnip prefers moist sites and is enjoyed by deer. It resembles giant hogweed, 
a highly noxious invasive species. 
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ORDER CELASTRALES 
FAMILY AQUIFOLACEAE – Holly 
General Characteristics 

• Ornamental trees or shrubs 
• Oval to elongated evergreen leaves, alternate, simple, shiny, leaf edges with coarse, spiny teeth 
• Flower regular 
• Stamens 4 
• Fruit bright red berry 

 
Species 

Holly  Ilex aquifolium 
This non-native species is often found in “wild” settings thanks to birds like robins who eat the holly 
berries and then deposit the seeds as they travel around. 
 

 
Figure 5.87 Leaves in English holly are highly variable and can have toothed edges or can be 
smooth, and can have a variegated colour or be solid green. It is dioecious and only female 
plants have berries. 

 
FAMILY CELASTRACEAE – Stafftree 
General Characteristics 

• Low, evergreen shrubs 
• Leaves glossy, opposite, small, simple and leathery 
• Flowers regular 
• Fruit in capsule with 1-2 dark brown seeds 

 
Species 

Burning Bush   Euonymus occidentalis 
Mountain Boxwood  Pachistima myrsinites 
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ORDER RHAMNALES 
FAMILY RHAMNACEAE – Buckthorn 
General Characteristics 

• Shrubs 
• Leaves alternate, simple, prominently veined 
• Stamens 4-5 
• Fruit berry-like 

 
Species 

Common Buckbrush  Ceanohus cuneatus 
Cascara   Rhamnus purshiniana 

For many years cascara bark was the main ingredient in natural-based laxatives. Bark was stripped 
carefully from the trees to prevent permanent damage to the tree. 
 

 
Figure 5.88 Cascara 

 
ORDER OLEALES 
FAMILY OLEACEAE – Olive and Ash Trees 
General Characteristics 

• Trees and shrubs 
• Leaves opposite, compound (ashes) with odd numbers of leaflets 
• Flowers small, dark, in compact clusters 
• Fruit a single seed with a long wing (ashes) 

 
Species 

White Ash  Fraximus americana 
Red Ash  Fraxinus pennsylvanica 
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ORDER SANTALALES 
FAMILY SANTALACEAE – Sandalwood 
General Characteristics 

• Herbaceous, root parasites 
• Leaves alternate, simple, more or less fleshy 
• Stamens 4-5 
• Flowers lacking petals 
• Fruit round, fleshy, red or blue, purplish or brown 

 
Species 

Comandra Comandra livida 
 
FAMILY CORANTHACEAE – Mistletoe 
General Characteristics 

• Branch parasites (always growing on conifers) 
• Stems not twining 
• Leaves opposite and often reduced to scales 
• Flowers small, greenish and inconspicuous 
• Stem joints swollen 
• Fruit a one-seeded sticky berry, somewhat fleshy 

 
Species 

Dwarf Mistletoe  Arceuthobium campylopodum 
Juniper Mistletoe  Phoradendron juniperinum 

 
ORDER ELAEAGNALES 
FAMILY ELAEAGNACEAE – Oleaster 
General Characteristics 

• Shrubs or trees 
• Leaves alternate or opposite, flat, broad, with smooth leaf edge 
• Stamens 4-8 
• Fruit either hard and bony or fleshy and 1 seeded 

 
Species  

Soopolallie   Shepherdia canadensis 
This bright red berry is also known as Soapberry because of its taste! 
 
ORDER DIPSACALES 
FAMILY CAPRIFOLIACEAE – Honeysuckle 
General Characteristics 

• Shrub or woody vine (sometimes herbaceous) 
• Leaves mostly opposite, but without stipules 
• Stamens 5 
• Fruit fleshy (dry in Linnaea) 

 
Species 

Twinflower   Linnaea borealis 
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Black Twin-berry  Lonicera involucrata 
Orange Honeysuckle  Lonicera ciliosa 
Red Elderberry   Sambucus racemosa 
Snowberry   Symphoricarpos albus 
High-bush Cranberry  Viburnum edule 
 

 
Figure 5.89 Bog cranberry grows lying on the ground. 

 
FAMILY ADOXACEAE – Moschatel 
General Characteristics 

• Herb with a musky odour 
• Leaves mostly basal, with one pair of opposite leaves on flowering stems, leaves compound 
• Flowers regular 
• Fruit small and dry, with 4-5 nutlets enclosed in a casing 

 
Species 

Moschatel   Adoxa moschatellina 
 
FAMILY VALERIANACEAE – Valerian 
General Characteristics 

• Herbaceous, sometimes with a square stem 
• Leaves opposite, variously divided 
• Stamens 3, attached to petals 
• Fruit dry and somewhat winged, a ridged achene 

 
Species  

Northern Valerian  Valeriana dioica 
 
 
ORDER GENTIANALES 
FAMILY APONCYNACEAE – Dogbane 
General Characteristics 

• Herbaceous with milky juice 
• Leaves opposite (alternate) and simple 
• Stamens separate and the same number as the coralla lobes 
• Fruit a pair of follicles, about 5 times as long as broad 

 
Species 

Common Dogbane  Apocynum sibiricum 
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FAMILY ASCLEPIADACEAE – Milkweed 
General Characteristics 

• Herbaceous with either creeping underground stems or with thickened fleshy roots and milky 
juice 

• Leaves opposite or whorled, somewhat fleshy 
• Stamens united and same number as corolla lobes 
• Flowers regular 
• Fruit a pair of follicles, 3 times as long as broad 

 
Species  

Showy Milkweed  Asclepias speciose 
 

 
Figure 5.90 Milkweed is the main food source of the monarch butterfly. 

 
FAMILY GENTIANACEAE – Gentian 
General Characteristics 

• Herbaceous with or without hairs (at least in some parts) 
• Leaves opposite or whorled 
• Fruit a capsule 

 
Species 

White Frasera   Frasera albicaulis 
Swamp Gentian  Gentiana sceptrum 

 
FAMILY RUIACEAE – Madder 
General Characteristics 

• Herbaceous 
• Leaves in whorls 
• Fruit dry or fleshy 

 
Species 

Northern Bedstraw Galium boreale 
Kelloggia  Kelloggia galioides 
Blue Field-madder Sherardia arvensis 
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ORDER POLEMONIALES 
FAMILY POLEMONIACEAE –Phlox 
General Characteristics 

• Herbaceous or shrub or vine 
• Leaves alternate or opposite 
• Stamens 5 or same number as corolla lobes 
• Flowers in small head-like clusters 
• Fruit a capsule 

 
Species 

Large-flowered Collomia  Collomia grandiflora 
Scarlet Gilia    Gilia aggregate 
Spiny Phlox    Leptodactylon pungens 
Spreading Phlox   Phlox diffusa 
Showy Jacob’s Ladder   Polemonium pulcherrimum 

 
FAMILY CONVOLULACEAE – Morning Glory 
General Characteristics 

• Branch parasites (growing on live, woody branches or green shoots) 
• Stems twinning, thread-like 
• Plants leafless 
• Stamens 5 
• Flowers small 
• Fruit a capsule 

 
Species 

Field Bindweed    Convolvulaceae arvensis 
White-Morning Glory   Convolvulaceae sepium 

 
FAMILY HYDROPHYLLACEAE – Waterleaf 
General Characteristics 

• Herbaceous 
• Leaves basal, either toothed or lobed, or alternate 
• Stamens same number as corolla lobes 
• Fruit a capsule 

 
Species 

Dwarf Waterleaf  Hydrophyllum capitatum 
Narrow-leaved Phacelia  Phacelia linearis 
Mistmaidens    Romanzoffia unalaschcensis 

 
  



199 
 

FAMILY BORAGINACEAE – Borage 
General Characteristics 

• Herbaceous, often rough, hairy 
• Leaves alternate or partly opposite, usually undivided 
• Stamens same number as corolla lobes 
• Flowers regular 
• Fruit consisting of 4 nutlets 

 
Species 

Fiddle-neck   Amsinckia intermedia 
Hound’s Tongue  Cynolglossum Grande 
Gromwell   Lithospermum ruderale 
Lungwort   Mertensia longiflora 
Forget-me-not   Myosotis laxa 

 
FAMILY LOASACEAE – Blazing Star 
General Characteristics 

• Herbaceous 
• Leaves alternate, rough and clinging to the touch, sometimes bristly with rough, barbed or 

stinging hairs 
• Stamens numerous 
• Flowers regular 
• Fruit a capsule with irregular-shaped seeds 

 
Species 

Blazing-star   Mentzelia laevicaulis 
 
ORDER SCROPHULARIALES 
FAMILY SOLANACEAE – Nightshade 
General Characteristics 

• Herbaceous (occasionally shrubs or vines) 
• Leaves alternate, simple to pinnately divided 
• Stamens same number as corolla lobes 
• Flowers regular 
• Fruit a fleshy or dry berry 

 
Species 

Deadly Nightshade* Atropa belladonna 
Bittersweet   Solanum dulcamara 

 
*Immature berries of this plant are toxic. Did you know that potatoes and tobacco are also found within 
this family? 
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FAMILY CROPHULARIACEAE – Figwort 
General Characteristics 

• Herbaceous 
• Leaves various (opposite, alternate or basal) 
• Stamens usually 4 
• Fruit a capsule 

 
Species 

Giant Red Paintbrush    Castilleja miniata 
Blue-eyed Mary    Collinnsia grandiflora 
Foxgloves     Digitalis purpurea 
Butter and Eggs (or Common Toadflax)  Linaria vulgaris  
Common Monkeyflower   Mimulus guttatus 
Yellow Owl’s Clover    Orthocarpus luteus 
Yellow Barsia     Parentucellia viscosa 
Elephant’s Heads    Pedicularis groenlandica 
Shrubby Penstemon    Penstemon fruticosus 
Common Mullein    Verbascum thapsus 
Brooklime or Speedwell   Veronica americana 
 

 
Figure 5.91 Common mullein (left) and foxglove (right).  

 
FAMILY LENTIBULARIACEAE – Bladderwort 
General Characteristics 

• Usually aquatic 
• Leaves adapted for trapping insects, forming little bladder-like structures or with sticky upper 

surface 
• Stamens 2 
• Flowers yellow or purplish 
• Fruit a capsule 
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Species 

Common Butterwort   Pinguicula vulgaris 
Greater Bladderwort   Utricularia vulgaris 
 

   
Figure 5.92 Common bladderwort. 

 
ORDER LAMIALES 
FAMILY VERBENACEAE – Verbena 
General Characteristics 

• Herbaceous 
• Leaves various, leaf edge divided or just toothed 
• Stamens fewer in number than corolla lobes 
• Fruit consisting of 2-4 nutlets 

Species 
Wild Hyssop    Verbena stricta 

 
FAMILY LAMIACEAE – Mint 
General Characteristics 

• Mostly herbs or shrubs with a square stem often aromatic 
• Leaf edge undivided to variously divided 
• Stamens 4 or fewer in number than corolla 
• Fruits consisting of 2-4 nutlets 

 
Species 

Creeping Charlie   Glecoma heceracea 
Water Horehound   Lycopus americanus 
Field Mint    Menthe arvensis 
Wild Bergamot    Monarda fistulosa 
Self Heal   Prunella vulgaris 
Hedge Nettle    Stachys cooleyae 
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FAMILY CALLITRICHACEAE- Water Starwort 
General Characteristics 

• Herbaceous, distinctly aquatic but rooted in mud 
• Leaves opposite (or tufted at branch ends) – not divided 
• Stamens 1 
• Flowers tiny, in leaf axils, lacking both petals and sepals 
• Fruit achene-like (one seeded) 

 
Species 

Winged Water-starwort  Callitriche marginata 
 
ORDER CAMPANULALES 
FAMILY CAMPANULACEAE – Harebell 
General Characteristics 

• Herbaceous, often with milky juice 
• Leaves alternated (or all basal) and simple 
• Stamens 5 
• Fruit a dry capsule 

 
Species  

Alpine Harebell    Campanula lasiocarpa 
 
ORDER ASTERALES 
FAMILY ASTERACEAE – Asters 
General Characteristics 

• Herbaceous or woody 
• Leaves various 
• Stamens 5 
• Fruit an achene, usually crowned with hairs or scales 

This is a very large group of plants and the flower heads vary between species 
 
Species 

Yarrow     Achillea millefolium 
Silver Green    Adenocaulon bicolor 
Pearly Everlasting   Anaphalis margaritacea 
Pink Pussy-toes    Antennaria rosea 
Field Chamomile   Anthemis arvensis 
Lesser Burdock    Arctium minus 
Heart-leaved Arnica   Arnica cordifolia 
Common Sagebrush   Artemisia tridentata 
Balsam-root    Balsamorhiza sagittata 
Nodding Beggar-ticks   Bidens cernua 
Spotted Knapweed   Centaurea maculosa 
Rabbit Bush    Chrysothamnus nauseosus 
Canada Thistle    Cirsium arvense 
Smooth Hawksbeard   Crepis capillaris 
Tall Purple Fleabane   Erigeron peregrinus 
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Brown-eyed Susan   Gaillardia aristata 
Pineapple Weed   Maricaria matricarioides 
Goldenrod    Solidago canadensis 
Common Dandelion   Taraxacum officinale 
Oyster Plant or Goatsbeard  Tragopogon porrifolius 
 

 
Figure 5.93 Thistles and dandelions are aggressive invasive species. 
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Chapter 6 Fungi  

 
Figure 6.1 Examples of Basidiomycetes, cap fungi. 
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Kingdom Fungi 
Learning Outcomes 
Successful completion of this unit will enable you to: 
1. Recognize the structure and function of fungi in their various forms. 
2. Describe symbiotic interactions and evolutionary relationships between fungi and other organisms. 
3. Describe sexual and asexual modes of fungal reproduction. 
4. Identify characteristics of the major fungal taxonomic groups. 
 

     

   
Figure 6.2 Diversity of growth types in the Kingdom Fungi – from top to bottom: black mold, 
bracket fungi, Aspergillus, brewers yeast, and mushrooms. 
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Figure 6.3 A diversity of cap and stalk types. 

 
Anatomy of a Fungus  
The fungi include molds, mildews, yeasts, mushrooms, puffballs, and lichens. Most people recognize 
fungi as mushrooms growing on the ground, bracket fungi on trees or rotten logs, and puffballs which 
produce dramatic clouds of spores when crushed. They are also commonly used in everyday life. Yeast is 
used to leaven bread and forms alcohol in beer and wine. Athlete’s foot is caused by a fungus. In 
addition, whole families of antibiotics, including the penicillins and tetracyclins, are derived from fungi. 
 
As with most kingdoms it is difficult to precisely delineate the fungi as a group. However, what they all 
have in common is: 

• The cells contain membrane bound structures called organelles, e.g. mitonchondria, Golgi 
apparatus, ribosomes, endoplasmic reticulum and a membrane bound nucleus 

• Spores are produced at some stage in the life cycle 
• The non-reproductive (somatic) structures are filamentous 
• The cells contain cell walls with cellulose or chitin or both 
• Heterotrophic nutrition in the following forms… 

o Saprotrophic –feeding on dead organic material 
o Parasitic – feeding on a living organism but not killing it 
o Mycorrhizal – symbiotic with tree and other plants 

 
Fungi resemble plants in having cell walls, reproducing by means of spores, and frequently having a 
plant-like growth form. However, they do not have any chloroplasts and are therefore not autotrophic. 
They also have no vascular system, stems, roots, or leaves. 
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Examine the forest floor, or other suitable habitat, for the non-reproductive structures of a fungus. This 
structure is called a thallus. It is a term used to refer to a multicellular, relatively undifferentiated 
structure. It is composed of numerous microscopic threads or filaments called hyphae. The hypha is 
thin, transparent and tubular, filled with the cytoplasm of cells. The collection of hyphae is referred to as 
the mycelium. The cytoplasm (protoplasm) of the hyphae is divided into compartments by cross-walls 
called septa, which occur irregularly along the tube. The septum may be complete, or it may contain 
pores which form a direct connection between adjacent compartments. 
 
The cell walls of fungi are rather unusual in containing chitin in some instances. Chitin is a 
polysaccharide (sugar) which is normally associated with insects as a hardening substance in the 
exoskeleton. Also, the cell walls of fungi are extremely variable in composition. They may contain not 
only polysaccharides but sometimes proteins, lipids, and other substances. Environmental factors such 
as temperature and pH (relative acidity), plus the age of a hyphal filament, all have a bearing on its 
composition. 
 
Fairy Rings 
The hyphae of fungi grow from the tip, with the original portion dying after a time. They can grow 
indefinitely under favourable conditions, growing outward from a central point in a circular manner. 
Some fungal colonies growing in nature are known to be 400 years old – it is probable that some mycelia 
are thousands of years old. The “fairy ring” is produced by aging mycelia growth where the centre of the 
mass dies off, leaving only the ring which will produce fruiting bodies. 
 
Some fungi obtain nutrients by digesting organic material outside their body wall, and then absorbing 
the broken down products. This is accomplished by releasing enzymes exterior to the hyphae into the 
substrate. The enzymes will then break the substrate down into its molecular components which can 
then be absorbed. 
 
Mycorrhiza 
The fungi living on dead organic material, and which do not infect living organisms, are called obligate 
saprobes. Some can live on dead organic material or can cause disease in which case they are called 
facultative parasites. Those which can only live on organisms are obligate parasites. Fungi commonly 
form symbiotic relationships with plants by entering their roots. These “infections” are called 
mycorrhiza, and in many cases include a close association between a particular plant species and its 
mycorrhizal fungi. 
 
Reproduction 
Within the Kingdom Fungi there is unisexual and asexual reproduction. Within the Kingdom asexual 
reproduction is more important in propagation because many new individuals are produced in one 
cycle, and the cycle is repeated during the season. Most fungi undergo a single sexual cycle in a year.  
 
Asexual reproduction in fungi can occur by fragmentation of the mycelium (each fragment producing a 
new individual), fission of cells, budding of cells or spores (each bud capable of producing a new 
individual) and the production of conidia (asexual spores). Fission and budding are common in the 
yeasts. Other fungi more commonly reproduce asexually by spores. These are extremely variable in size, 
shape, and general appearance. They may be produced from the hyphae in a variety of ways (conidia), 
or in a sac-like structure called a sporangium (sporangiospores). The sporangiospores may be motile 
(called zoospores) or nonmotile (aplanospores). In many complex fungi the spores are borne on a 
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sporocarp. This is a multicellular reproductive body which obtains nutrients from the mycelium. An 
example of a sporocarp is the mushroom. 
 

 
Figure 6.4 Structure and reproduction of Rhizopus nigricans. 

 
In sexual reproduction, two nuclei which are compatible are brought together in single cell, fuse, and 
then undergo a meiotic division. A new mycelium is produced from these cells. In the Ascomycotina the 
ascospores are produced sexually, sometimes in a sac called an ascus. 
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Figure 6.5 Binary fission and budding. 

Common evolutionary ancestry of animals and fungi. 

The phylogenetic relationships between fungi and other eukaryotes are not well understood. The present 
understanding of the hypothetical relationship between protists and fungi is as follows. A flagellated 
aquatic heterotrophic protist appears to be the common ancestor of both animals and fungi. Organisms 
of the fungal line developed into multicellular organisms with cell walls made of chitin. Animals evolved 
from another branch where the cells did not develop walls but retained many flagellated cells and the 
ability to ingest food particles, as observed in an early animal branch, the sponges. 

Comparison of several proteins and ribosomal RNA indicate that fungi are more closely related to animals 
than to plants.  

 

Figure 6.6 A cluster of boletes, a common cap fungus. 
 
Classification of Fungi 
The fungi belong to the Kingdom Fungi, also called the Kingdom Myceteae. Within the kingdom groups 
are distinguished primarily on the basis of their life cycle, the morphology of their spores, and the nature 
of the fruiting body. There are 50,000 – 100,000 known species, with scientists estimating thousands or 
even millions yet to be discovered. 
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Slime molds are occasionally included in the Kingdom Fungi under the Division Myxomycota, but are 
now generally classified in the Kingdom Protista. 
 
DIVISION: EUMYCOTA – THE TRUE FUNGI 
This group includes fungi with a mycelia (multicellular) and sometimes unicellular thallus. 
 
Subdivision: Chytridiomycota 
 
These fungi produce asexual motile zoospores. They live in aquatic environments such as oceans, bogs, 
ponds, lakes, and streams. They may also be found in damp soil. 
Contains four main classes  

• Chytridiomycetes 
• Hyphochytridiomycetes 
• Plasmodiophoromycetes 
• Oomycetes 

General Characteristics 
• Smallness, simpleness 
• Thallus variable in appearance 
• Uniflagellate or biflagellate motile cells 
• Hyphae without septae 
• Asexual reproduction by zoospores 

Species 
Chytridium sp. 
Rhizidium sp. 
Hyphochytrium sp. (parasite on roothairs of corn) 
Plasmodiophora sp. (causes clubroot disease on cabbage) 

 
Subdivision: Zygomycota 
General Characteristics 

• Terrestrial saprobes or parasites on plants and animals; 
• Some predators 
• Reproduce asexually by aplanospores 
• Sexual reproduction produces a zygosporangium 

Species 
Rhizopus stolonifera (Black Bread Mold) 
Mucor sp. (used to produce commercial products) 
Endogone sp. (symbiotic association with plant roots) 
Cochlonema verrucosum (predator on amoeba) 
Pilobolus sp. (dung fungi) 
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Figure 6.7 Rhizopus stolonifera, black bread mold. 
 
 
Subdivision: Trichomycota 
General Characteristics 

• Obligate symbionts (often commensals) of arthropods, almost invariably in the gut 
• Limited mycelium 
• Asexual reproduction through amoeboid cells, arthrospores (formed by fragmentation of 

hyphae), or sporangiospores. 
Species 

Amoebidium sp. (on the surface of exoskeleton of insects) 
 
Subdivision: Ascomycota 
General Characteristics 

• Both asexual and sexual reproduction 
• Soma (main body) mycelial, sometimes unicellular 
• Asexual reproduction by conidia 
• Asci (structures in which spores develop) present typically in sporocarps; spores borne inside 

ascus 
 
Species 

Penicillium sp. (produces antibiotic) 
Saccharomyces cerevisiae (commercial yeast) 
Taphrina deformans (causes peach leaf curl) 
Aspergillus sp. (used commercially to produce citric acid or steroids to be used in medicine) 
Sarcoscypha coccinea (Scarlet Elf Cup) 
Morchella esculenta (morel) 
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Figure 6.8 Diversity in sac fungi showing a morel, cup fungus, Aspergillus and yeast. 
 
Subdivision: Basidiomycota 
General Characteristics 

• Sexual reproduction only 
• Mycelial 
• Sexual reproduction by basidia, spores borne outside basidium 

 
Species 

Puccinia graminis  black stem rust of wheat 
Urocystis cepulae  smut fungus 
Agaricus campestris  field mushroom 
Tremella fubulifera jelly fungi 
Clavaria sp.   Coral fungus 
Coprinus sp.   Inky cap mushroom 
Mutinus caninus  Stinkhorn 
Lycoperdon sp.   Puffball 
Cyathus striatus  bird’s nest fungus 
 

       
Figure 6.9 Diversity in the Subdivision Basidiomycota. 
 
Subdivision Deuteromycota – the imperfect fungi 
 
This group includes fungi with only asexual reproduction, either because the sexual phase has not as yet 
been discovered, or the sexual phase has been replaced by other mechanisms such as parasexual 
reproduction in which the haploid condition is formed by the shedding of chromosomes from a diploid 
nucleus. Some imperfect fungi (e.g. Aspergillus) are classified with their perfect forms. 
 
Species 

Pezizales or Helotiales: Spores develop on the inner surface of shallow cups 
Sphaeriales: The asci develop in flask-cavities 
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LICHENS 
 Evolution of mutualism in lichens 
 

   
Figure 6.10 The body of a lichen consists of algal cells mixed with fungal threads. Lichens are 
dual organisms, consisting of a fungus, which give the plant its shape and form, living in very 
close association with an alga, which, like other green plants, can use the light energy of the sun 
to manufacture sugar and other food substances from simple materials. 
 

This close association of two very different kinds of organisms is able to produce a more elaborate and 
longer-lived structure than either could form alone. 

• The algal partner is either a green alga, frequently a species of Trebouxia, or a blue-green alga, 
usually Nostoc 

• The algae reproduces by simple cell division 
• The fungus partner reproduces by means of sexual spores 
• The lichen is classified according to the fungal group present, e.g. Basidiomycota, Ascomycota, 

etc. 
• In many lichens, special powdery reproductive structures (soredia) are also produced, each 

‘granulor’ or the powder consisting of a few algal cells surrounded by the fungal threads. 
• In a few tropical lichens the fungus is a member of the group Ascomycotina 
• These lichens are found in a great variety of habitats, ranging from the bare surfaces of exposed 

rocks to the frozen substrata of arctic regions. 
• Most flourish on decaying wood and undisturbed soil in organic debris 
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Figure 6.11 Lichens grow in three characteristic growth forms – crustose (forming crusts), foliose 
(looking like leaves) and fruticose (stem-like, as shown here on a branch with moss– bird’s nest 
lichen). 
 

 
Figure 6.12 Cross section of a lichen. 

 
DIVISION: MYXOMYCOTA – THE SLIME MOLDS 
General Characteristics 

• Also classified in Kingdom Protista 
• Simple organisms with both animal and plant characteristics 
• Not closely related to fungi 
• When actively growing, they consist of a mass of living ‘jelly’ or protoplasm with no fixed shape, 

which creeps slowly about on the surface of rotten wood or other decaying plant material 
• Food is obtained by digesting vegetable matter, and may frequently be found feeding on fungi 
• When fully grown, they cease moving and the protoplasm becomes converted into large 

numbers of spore cases which may grow separately on stalks or they may be joined together in 
masses. 



216 
 

 
Figure 6.13 Life history of the slime mold Physarium polycephalum 

 
 

 
Figure 6.14 Life history of the slime mold Dictyostelium discoideum 
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