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The modules
In keeping with the tradition of creating resource materials for the
Hoshangabad Science Teaching Programme and carrying it
forward, it was decided to develop study materials for students of
higher classes. It has a been long felt that text/resource material for
higher classes should be prepared in keeping with Hoshangabad
Science curricular tradition since science is taught as general
science till class X. For the past few years Eklavya, and the Academic
Resource Group associated with it, has been deliberating on the
high school curriculum.
One of the ideas that emerged out of these brainstorming sessions
is that, resource material on a few major areas in the field of science
needs to be created for high school science students; material that
would be based on a broad understanding of the curriculum and
would reflect that understanding. Taking the idea forward, a few
science teachers, scientists, and those working in the field of
education began working on modules pertaining to different
topics. So far, the framework of these modules is not rigidly defined
and it is hoped that the structure of the series will become clear as
work progresses.
The module Cell: the Unit of Life, developed by several biology
teachers and other people concerned with teaching-learning
process, presents the entire narrative in the light of the historical
evolution of cell theory. It went through at least four drafts. Each of
those were then subjected to rigorous review and feedback to give
it this final shape This intensive process has given the module a
noteworthy feature, i.e., all the activities presented in the module
have been done by the writers several times. Besides this, groups of
teachers have also performed most of the activities. Even the
photographs have been selected based on the fact that they would
tally with the figures children would observe while doing the
activities themselves.

3

Cell: The Unit of Life

Contents
Introduction
Why Study cell?

7

Structure of the module

8

Cell: the discovery

4

7

10

How to use a microscope

11

Cells: Initial understanding

14

A significant observation

16

The technique of staining

16

Emergence of CellTheory

18

Discovering new cell organelles

20

Cell theory and nerves

21

A synthesis of observations:The typical cell

22

Electron microscope and the Centrifuge

23

Two kinds of cells

24

A synthetic picture

25

Summary

26

Cell Membrane

30

CellWall

30

Nucleus

31

Ribosome

32

Experiments with Acetabularia

33

Golgi Body or Golgi Apparatus

34

Lysosome

34

Mitochondria

34

Chloroplast

35

Cytoskeleton

36

Vacuoles

36

Prokaryotic Cells

36

Where do cells come from?

39

Micro-organisms raise a major question

41

So is spontaneous generation possible?

43

Cells from cells

47

Advancing cell theory
Cell theory:The journey ahead

52
53

Differentiation in cells

53

Development of the Life Sciences

55

Milestones in the study of cells

58

Appendix
Appendix 1

Know the microscope

60

Appendix 2

Are cells flat?

64

Appendix 3

few more activities

66

Index

69

Acknowledgements

71

5

6
Blank

Introduction
This booklet is a resource material for teachers,
i.e., this module has been developed with the
view that teachers can use it as a resource while
introducing the topic“Cells”in their classrooms. It
is left to the teacher to decide how she would use
this module. If she wants, she may do entire
module with her students, or may choose some
portions to do in her class. Alternatively, she may
also develop a completely new method of her
own after studying this material.

continue but in the meantime it has been
decided to create materials for those concepts
about which there was unanimity in the group.

Why study cells?
There is a general agreement that cell is an
important concept in the study of Life Sciences,
and this is expressed succinctly in the cell theory.
But the question still remains, why should
anyone study cells? And more importantly, how
can children be motivated to study this. We study
certain things because they are right in front of
us. Few other areas are studied as they are
essential to explain direct observations. The cell
does not qualify in either of these categories. In
other words, if you do not have a microscope, you
will never be able to see a cell. Moreover, almost
all the characteristics of a living organism can be
satisfactorily explained without taking recourse
to the role of cells. For example, when we eat, the
food reaches our stomach and intestines, gets
digested and absorbed while the undigested
parts are egested. The absorbed food material
gets transported to different parts of the body
where they are used to generate energy to do
work and provide materials to build the body.The
energy is obtained by the process of oxidization
of energy-rich molecules and the oxygen needed
for this process enters the body with our breath,
and so on. From this it is evident that the body
consists of different organs and that they are
interconnected, but nowhere does the cell come
in the picture. Nevertheless, living organisms do
have certain characteristics that cannot be
explained without the help of cells. For example,
reproduction, especially sexual reproduction,
and genetics are impossible to understand
without going into what is happening at the
cellular level.

For the past several years, Eklavya has been
working in the field of education, particularly
science education. The Hoshangabad Science
Teaching Programme (HSTP) has been one of the
most remarkable educational interventions in
t h e c o u n t r y. S t a r t e d i n 1 9 7 2 b y t h e
Hoshangabad-based voluntary organizations
Kishore Bharati and Friends' Rural Centre, the
programme's academic responsibility was taken
up by Eklavya in the year 1983. HSTP was limited
to the teaching of science in classes VI to VIII. But
right from the beginning, it was felt that such
efforts should also be made in the lower primary
as well as higher classes.
Some work had started for the lower primary
classes but due to various reasons, not much
could be done for the high school students. Now
initiatives are being taken in a more organized
manner to create study materials for high school
teachers and students, to organize trainings and
offer academic support at the school level.
The module is a part of this effort. The idea is to
create a number of such modules for variety of
topics at the high school level. In our country, the
high school years are the final period of teaching
and learning general science. After this, students
elect their subjects and get placed in different
streams. Hence, it is important to identify topics
in science that a child needs to be exposed to
before completing high school. The debate
regarding the selection of such topics will

Another distinguishing feature of cells is that
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while it is possible to explain many of life's
phenomena without it, but, on the hand, with
increasing knowledge about cells, it becomes not
just possible but essential to look at many of these
processes in a completely different light. In fact,
the knowledge about the cell and its internal
structure and functions changes the very manner
in which we view life.

examined a section of a piece of cork under the
microscope. The figure that he saw is often
printed in textbooks.
After this, there are several activities – observing
thin sections of cork, onion peel, water from a
puddle, leaf peel, etc. under the microscope. In
fact, the microscope is the very basis of this
module. We feel that viewing cells under a
microscope can and will motivate the students to
study them further.

For example, the understanding of reproduction,
especially the reproduction in multicellular
organisms, depends a lot on the knowledge of
cells. This is because after fertilization, the lifecycle of any animal begins with a single cell. This
cell does not manifest any of the physical features
of the adult organism which only appear
gradually. Somewhere, in this entire process, we
get an inkling of the existence of some kind of a
unit. The explanation of the process of
reproduction has been one of the fascinating
chapters in Life Sciences and many theories were
put forward to explain the phenomenon. The
discovery of cells and the progress in cytology has
given us a better understanding of reproduction
and heredity.

The idea is to make children aware that all living
organisms are made of cells. Among them, a few
are made up of only a single cell, while others are
made up of more than one cell. In some living
beings, the cells are all alike, while in others the
cells are differentiated. These observations have
been woven into the historical development of
the cell theory. The reason for presenting it in
such a manner is to let the child experience the
excitement involved in the development of a
hypothesis or a theory. Usually, the manner in
which theories are taught gives the impression
that they have always existed in their final form
and we just need to imbibe them. This module
presents the cell theory in a way which will help
children understand that the theory is evolving
even today and that they too can be part of this
process. For example, if we look back we find that
one of the inferences
drawn after extensive
observation of cells was
that organisms create
cells for some reason (or

For example, earlier it was believed that the
egg contained the organism in a dormant form
which gradually grew and took the form of the
adult animal. Charles Darwin believed that each
organ of the animal contributed some
information to the egg so that the egg acquired
all the features of that individual. Many people
also believed that miniscule organs were present
in the sperm. Increasing knowledge about cells
has helped us understand the process of
fertilisation and development better and also
made it possible to control these processes in
ever novel ways.

Figure 1. Artists
rendering of a sperm
based on ideas of
Nicolaas Hartsoeker in
1694. During those
days, it was believed
that each sperm
contained a miniscule
human being.

Structure of the module
The study of cells in the module begins at the
point where it began historically. Looking back,
we find that it was Robert Hooke who first
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purpose) during the course of their life. That is,
cells are not the site of life's processes; rather they
are their result. It took a long time to establish
that the various life processes actually take place
in the cells.

outside the cells. As you all know, the digestion of
food happens in the alimentary canal. Though
the enzymes for digestion are made in cells and
secreted, yet the initial process of digestion does
not take place inside the cells. In fact, in some
animals, such as spiders, digestive enzymes are
secreted out of their bodies and the digested
food is then absorbed.

Presented in this exploratory fashion, it becomes
clear to the child that the progress of science or
any scientific theory or understanding doesn't
happen at one go. It is not just the result of a
sudden brainwave or insight of one particular
scientist and neither does its development follow
a straight path. Different ideas emerge which are
then subjected to intensive discussions and
debates; conjectures are made, experiments are
done and all these together lead to progress in
our understanding. This becomes particularly
evident vis-à-vis the origin of the cell theory.

Having observed and discussed all this, we come
to the internal structure of cells. This involves
observing different kinds of cells and examining
various organelles of a cell through staining
techniques. After examining many types of cells
in this manner, we try and develop the structure
of a typical cell. For this purpose, we have also
included figures as seen through the electron
microscope. The functions of major organelles of
the cell have also been discussed.

Gradually, we reach an understanding that quite
a few of the life processes take place in cells.
Hence, we could come to the conclusion that the
cell is not the end-product of life-processes but
rather an essential condition for life' existence.
We need to keep one thing in mind, all of life
processes do not occur in cells. For example, a
large part of the digestive process happens
outside cells. As you all know, the digestion of

It should be remembered that it is very difficult to
explain the idea that cell is the structural and
functional unit of life. The activities done here will
only serve as a foundation for the child to
understand/accept this idea better.

food happens in the alimentary canal.
Though the enzymes for digestion are made in
cells and are secreted, yet the initial process of
digestion does not take place in cells. In fact, in

Although it is true that the scientists have come
to know these things through experiments, but
unfortunately, there are no experiments
available which might be done at high school
level.

This module can be used in various ways. One,
you could study it for your own understanding,
which might indirectly reflect in your teaching.
You could also ask the students to perform the
activities given here as part of your regular
teaching schedule and then take the discussion
forward from there. Parts of the module could
also be given to students to read. Some of you
might like to do the module as a project with the
students. It is entirely up to you.

We need to keep one thing in mind: all life
processes do not occur inside cells. For example, a
large part of the digestive process happens

For convenience, an alphabetical index has been
included at the end of the module. This will help
locating topics of interest to you.

some animals, such as spiders, digestive
enzymes are secreted out of their bodies and
the digested food is then absorbed.
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Cell: the discovery
You would have surely come across the
statement that 'the cell is the structural and
functional unit of life'. What does this actually
mean and how did we arrive at this statement?
We will try and look at evolution of this idea
historically. Along with this we'll also be do a few
activities and experiments and make detailed
observations. For this study, you will mainly need
a microscope which high schools normally have.

Three hundred and fifty
years ago…
It was about 350 years ago; lenses were already
being used to magnify and view objects. Many
scientists were observing and describing an
entirely new world with the help of microscopes.
Among the scientists who deserve mention are
Athanasius Kircher (1601–1680), Jan
Swammardam (1637–1680), and Anthony van
Leeuwenhoek (1632–1723). Robert Hooke
(1635–1702) was also amongst them. Scientists
of those days had a noteworthy quality; they did
not restrict themselves to a particular area. You
must have read Robert Hooke's name in
connection with elasticity (Hooke's law). But he
had also developed a microscope of his own
(figure 3a). With a microscope in hand, Hooke
observed a whole lot of things. One such material
was a thin section of cork. Cork is made from the
inner layer of the bark of the cork oak tree. He was
deeply intrigued by what he saw and he made its
illustration (figure 3b).

figure 3a.
Robert Hooke’s microscope

It seems that Hooke was examining a cork section
under the microscope in order to understand its
physical properties. For example, he might have
wanted to know why the cork is so light. He might
have even wanted to know why the cork does not
absorb water. But when he actually placed the

Figure 3b. cells in a section of cork as
Robert Hooke described them.
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How to use a microscope

The proper use of microscopes is important for the
study of cells. Hence it would be good to get
acquainted with a microscope and the way it is used. A
detailed account of the microscope is given in
Appendix 1. Here a few important instructions for its
use are given.
C

Clean the lens, objective, eye-piece and the
stage of the microscope with a soft cloth.

C

Keep the slide prepared for observation on the
stage in such a manner that the object is directly
over the aperture.

C

Make sure that the objective lens which has 10X
written on it is placed right above the aperture.
This is the low-power objective lens. We will
shortly go into how to observe things under a
higher magnification. .

C

Adjust the mirror so that it points towards the
source of light in a way that the object receives
maximum light.

C

Sometimes too much illumination dazzles our
eyes and it becomes difficult to distinguish the
coloured areas in the slide. On the other hand, if
the light is too little, it is not possible to see the
object at all. Both these situations can be taken
care of with the help of the condenser. Rotate
the condenser and adjust the aperture of the
diaphragm to get optimum light.

C

To see the object clearly, you need to bring it
into focus. For this, use the coarse adjustment
first. Once the object becomes fairly clearly
visible, the fine adjustment can be used to focus
it properly.

C

To view the object under a greater
magnification, do not use the coarse adjustment
since the objective lens is very close to the slide
and there is a danger that the slide may break.
Hence, first use the low magnification objective
to bring the object into clear focus and then
rotate the disc and bring the high power
objective lens over the aperture. Hereafter, use
only the fine adjustment for changing the focus.

C

In most of the diagrams in this module, the
magnification used to observe the material is
mentioned. For example, x100 means that the
diagram shows the actual object magnified 100
times.

eyepiece

coarse adjustment

tube
fine adjustment

arm
disk
objective

stage
hole at stage
clip
condenser
diaphragm
filter
mirror
base

figure 2:
Compound Microscope
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cork section under the microscope, he couldn't
help but notice that the cork had many walls that
intersected each other. And these intersections
had created what looked like many small rooms
or chambers inside the cork. Hooke named these
chambers “cells”. This word was derived from
“cellula”, the Latin word meaning “a small room”.
Hooke published these observations in his book
Micrographia in the year 1665 (figure 4).
Why don't we too have some fun examining a few
things under the microscope ourselves?

Figure 4:
Micrographia, the book written by Hooke.

In these activities the emphasis has to be on
observing a few objects under the microscope
and drawing them. It is important to lay stress on
the fact that the drawings have to look exactly
like what has been seen under the microscope.

Interestingly, for
years this picture was
considered to be that
of Robert Hooke.
However, in all
probability, this is a
picture of von
Helmont. No picture
of Robert Hooke is
available.

To begin with the following objects may be
observed: thin section of cork, onion peel, leaf
peel.

See what Hooke observed!
Activity 1a: Thin section of cork
To observe the section of a cork, soak it for about
an hour beforehand. Now cut a thin section of
the cork with a blade, place it in a drop of water
on a glass slide, cover it with a cover slip and
observe it under the microscope. Compare it
with the drawing made by Robert Hooke.
Were you and your students able to see these
chambers like Hooke did?
Henceforth, we shall refer to these chambers as
cells.
Nowadays it is difficult to get hold of corks. But
do not worry; you can observe a section of
matchstick instead.
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Figure 5:
Cells of a cork X100

Were you and your students able to see these
chambers as Hooke did?

Activity 1b: Observing an onion peel
Peel an onion and cut out a small fleshy portion
from the bulb (figure 6a). Break this piece into two
small parts and try pulling them apart (figure 6b).
You'll notice a thin translucent film. Separate the
film (membrane), cut a small piece from it and
spread it evenly in a drop of water on a slide. Make
sure that it does not fold over. Cover it with a cover
slip and observe it under the microscope.

figures 6a

figures 6b

Extracting a peel from an onion

Activity 1c: Observing a leaf peel

Figure 6c:
Onion peel X100

Figure 7
caption: a leaf peel

While observing the onion peel we were, in fact, looking at
a peel from a modified leaf. But we could also take the peel
from a regular leaf and observe it. Any leaf can be used for
this, but it is better to use a fleshy leaf, such as rhoeo,
bryophyllum, calotropis etc. Make sure that the peel you
observe is taken from the lower surface of the leaf, that is, it
should be that part of the leaf which is towards the ground
while it is on the plant. To obtain the peel, tear the leaf and
take out the transparent membrane that is visible on the
torn edge. Now place it in a drop of water on a slide and
cover it with a cover slip.

There is a significant difference between the peel from a leaf
and an onion. You will see that while the onion peel is made up
of the same kind of cells, the leaf peel has different kinds of
cells. Make sure the students observe this difference. Figure 7
may be of help.
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Compare the peels from an onion peel and a
leaf peel.
-

L i s t t h e s i m i l a r i t i e s i n t h e t wo
membranes.

-

List differences in the two membranes.

-

Are all the cells of the same size and
shape in both the slides?

-

Notice the variation in the cell sizes in the
leaf peel.

Cells: Initial understanding
Besides Robert Hooke, there were many others
observing cells. It is important to note that the
cork that Hooke observed was a dead material.
Later, people also examined living organisms
under the microscope. However, no one could
make out what these were. Although one thing
was clear that all the plants and other
microscopic organisms observed were made up
of cells. Robert Hooke had assumed that the cells
could be the channels that transported water to
the entire body of the plant, or the cells might be
places where the plant sap was stored. He even
thought that it might be because of these tubes
that cork was so light.

Activity 2: Cheek Cells
For this activity, first rinse your mouth with
water. Now take a wooden or plastic spoon and
scrape the inner surface of your cheek. Keep
two things in mind. Firstly, wash the spoon
thoroughly before using it. Secondly, don't
scrape too hard, or else you could hurt yourself.

Till then, people had not turned their attention to
animal cells. One reason might be that it was easy
to examine plants. But gradually people started
observing animal materials too under the
microscope. In the next activity you also will
observe animal cells..

Now take the scrapings that you have got and
put it in a drop of water taken on a slide. Add two
drops of methylene blue solution and cover the
slide with a cover slip. (To make methylene blue
solution, take a pinch of methylene blue
powder and mix it thoroughly in 100 ml of
water.) After some time, observe the slide under
a microscope. The cells that you see would be
very similar to those shown in figure 8.

Figure 8:
Cheek Cells X 400
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There are many other things you could get your
students to observe. Some suggestions are given
in Appendix 3. For example, observing the cross
section of a stem might help if you want to show
them different kinds of cells. This experiment can
be done with sections of dicotyledonous plants
like panwar (puwaria, chirota – Cassia tora),
bathua (Chenopodium aldum), fenugreek or
some other plant with tender stem. You would
need to cut a thin cross section. To do this, hold
the stem as shown in figure 9a and make thin
sections with a sharp blade.

figure 9a.
Method for cutting cross sections

Put all the sections in water. Now choose the
thinnest section and place it in a drop of water on
a slide. Cover the section with a cover slip and
observe it under a microscope.

Cross-section of a
dicotyledonous
stem X 150;

In this case you should observe whether all the
cells of the stem are same or whether there are
differences. Figure 9b shows how the section
would look under the microscope. The students
can note the number of different kinds of cells. As
it is, they have already observed diversity of cells
in the leaf peel.
The main objective behind these experiments is
to see if all organisms are made up of cells and
whether all cells are alike. Help students notice
the variety. This is important for the discussion
which follows.

Figure9b.

It is important to note that observing animal cells
is relatively difficult. One reason is that plant cells
have a thick wall around them while animal cells
are only demarcated by a thin membrane. The
thick partitions seen between plant cells are
called cell wall. When the plant materials are
placed under the microscope, this cell wall is
clearly visible. In fact, the cell wall marks one of
the major differences between plant and animal
cells.

Cross section of a
monocotyledonous
stem X 150

We expect that after each observation,
the students have drawn a good
diagram. Come to think of it, these
diagrams are all that will be left with
them after they have done all these
experiment.

When we examine a cell, we only see the cell wall
or the membrane. This given us the feeling that
the cell is empty space. In fact, Robert Hooke
thought the same and hence the name 'cells'. But

later observations made it clear that cells are not
just empty spaces. We shall also make some such
observations a little later.
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A significant observation
The observations of a scientist named Robert
Brown (1773–1858) have made a significant
contribution to our understanding of cells.
Among different parts of a cell, the nucleus is the
most well known. Though it is generally believed
that Felice Fontana (1730–1805) and a few other
scientists first saw the nucleus in the epithelial
cells (the outermost layer of the animal body) in
th
the 18 century, Robert Brown is given the credit
for observing the nucleus in different kinds of cells
and recognizing that it was an integral part of all
cells. While observing cells in the epidermis of
orchid leaves, Brown noticed a near-circular spot
that was slightly more opaque than the
surrounding areas (figure 10). He noticed that
similar structure was present in other cells as well.
Brown considered this structure an essential part
of the cell and called it nucleus.This was in the year
1831 which means that there was gap of over
hundred seventy-five years between the first
recorded observation of cells (around the year
1650) and the observation of the nucleus.
Incidentally, this is the same Brown whose name is
associated with Brownian motion.

Figure 10

stomata

cell

This is what Robert Brown saw when he
observed the nucleus for the first time. Here
we see about 20 cells of the epidermis of an
orchid; in each cell the nucleus can be seen
clearly. We also see three stomata here:
stomata are those pores through which the
plants exchange gases with environment.

The technique of staining
By this time, the efforts of several scientists had
established the fact that all living organisms have
cells and that each cell has a nucleus. Why don't
we also observe that part of the cell which is
considered to be an essential part of all cells? For
this, we need to use a special technique which was
not available to Robert Brown. The technique is
based on the fact that there are a few coloured
substances or dyes that get attached to different
parts of a cell. In other words, with these dyes we
are able to give a different colour to each part of
the cell. This helps to highlight that particular area
in the cell. These colouring agents are known as
stains and the process is called staining. We shall
use this technique to observe the nucleus. For this
we need to use a stain called saffranin. People
have found that red ink also works as an
appropriate dye for this purpose. Hence, you
could also use red ink for this experiment. By the
way, you have already made use of the staining
technique in activity 2 since methylene blue is
also a stain.

This is what Robert Brown saw when he observed
the nucleus for the first time. Here we see about 20
cells in an orchid leaf epidermis; in each cell the
nucleus can be seen clearly. We can also see three
stomata here: stomata are the pores through
which the leaves exchange gases with the
atmosphere. During these years, major
improvements were made in microscopes as well.
In the early days, there used to be just a single lens
in the microscope. This is known as a simple
microscope. Gradually better lenses were made.
Compound microscopes, which used a
combination of more than one lenses, were also
invented. (It is generally believed that the first
compound microscope was made in the year 1595
by the scientist named Janssen. Robert
Hooke's microscope too was a compound
microscope.) With the advent of compound
microscopes, more detailed observations were
possible.
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Activity 3a: Nucleus in onion cells
For this, you need to peel a membrane from an
onion once again. Now keep this membrane on a
slide and add 1-2 drops of the dye (saffranin,
methylene blue or red ink). (To make saffranin
solution, dissolve ¼ tea-spoon of saffranin in 100
ml of water.) Cover this with a cover slip and leave
it for about five minutes. Now add water drop-bydrop from one side of the cover slip while
absorbing the extra water with a filter paper from
the other side. This will help in washing away the
extra stain. Now observe the slide under a
microscope.
Ask the students whether they are able to see red
spots within the cells. This is the nucleus. Figure 11
may be helpful.

Activity 3b: Nucleus in cheek cells
You could also take cheek cells, stain them with
saffranin or methylene blue and try to observe
the nucleus in them.

Figure 11:
Nucleus of an onion cell

Activity 3c: Nucleus in Aloe vera leaf
cells
Extract a peel from an Aloe vera leaf. Keep it on a
slide and observe it under a microscope. You will
be able to see the nucleus very clearly even
without staining by adjusting the light falling on
the material. To do this, tilt the mirror or adjust the
condenser of the microscope slightly. Structures
inside the cell can be seen more clearly by
reducing the amount of light with the help of the
condenser, Try it for yourself and see what you can
observe.

Nucleus in the cheek cells

Were you able to see the nucleus in all the cells?

The dye gets attached to different parts of
cell in various measures during staining
process. This helps us to not only see the
parts clearly but also get an idea about the
chemical composition of these parts since
dyes react with cell component differently.

In the following sections you will find that nucleus
is one of the most significant organelles in the cell.
However, it took many years for its function to be
revealed. Meanwhile, scientists made a lot of
conjectures about what its role could be.

17

Emergence of Cell Theory
These statements by Schleiden and Schwann are
considered to be the beginnings of the cell
theory. If we consider both accounts, the crux of
the theory that emerges is that all living
organisms are made of cells and their growth and
development occurs through the creation of
new cells.

The observations so far made it clear that all
living beings are made of cells and that each cell
has a nucleus. Around 1838-39, two scientists
expressed this in the form of a theory. The
scientists were Matthias Jakob Schleiden (18041881) and Theodor Schwann (1810-1882).
Schleiden was a botanist while Schwann was a
zoologist. For the record, it should be mentioned
that quite a few scientists had recognized by that
time that cells were present in all living
organisms and were expressing it in their own
ways. However, Schleiden and Schwann were the
first to claim that this fact was true for the entire
plant and animal kingdom. In other words, they
took the first bold step of generalizing from
observations and coming up with a theory which
was applicable to the entire living world. And
because of this, the credit for propounding the
cell theory goes to them. What is noteworthy is
that there was a gap of about 200 years between
Robert Hooke's first observation of cells and the
formulation of the cell theory.

These statements gave birth to a whole lot of
new ideas in the Life Sciences. The first and
foremost among these was that, be it an animal

Figure 12
A few animal cells as seen by Theodor Schwann
Did it ever cross your mind that there could be
such similarity in organisms seemingly so
different?

An important point needs to be kept in mind
here. In life sciences, it is very difficult to make
generalizations, as it is impossible to study all
organisms. Hence, at some stage during the
evolution of our knowledge about any concept, it
becomes imperative to decide that a certain
construct can be considered as fundamental or
be elevated to the status of a general principle.

or a plant, its body is composed of cells. Whoever
would have thought that there would be such
fundamental similarity in the make up of rhinos
and roses?! In other words, the cell theory
established a connection between the plant and
animal kingdoms. The unification of the world of
flora and fauna that began with this has
continued to be strengthened at various levels
over the years.

In the year 1838, Schleiden stated that all plants
are made up of cells or their products. In other
words, the entire plant body is made up of either
cells or materials produced by cells.

Secondly, the study of cells became a significant
aspect in the understanding of life. Indeed, the
cell can be called one of the most fundamental
concepts in modern biology. The concept of
organic evolution was already emerging. The
basis of this concept was that organisms change
continuously. More specialised disciplines like
genetics and the study of DNA etc. came in much
later. In a way, these latter concepts could be

On the other hand, Schwann stated this a tad
differently:“the elementary parts of all tissues are
formed of cells” and that “there is one universal
principle of development of the elementary
parts of organisms... and this principle is the
formation of cells.” In other words, most parts of
an animal are made up of cells and these parts
develop by the constant creation of new cells.
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termed as offshoots of the basic cell theory. The
cell theory rests on the understanding that the
cell is the minimum or basic unit of life.
Thanks to the work of scientists like Hooke,
Schleiden, Schwann, Virchow, Brown and many
others, the following components of a cell had
come to light thus far:
I.

cell wall and cell membrane (in plants)
or only cell membrane (in animals);

ii.

cytoplasm, the viscous liquid filling
the interior of cell; and

centrosome

nucleolus

cytoplasm

chromatin

nucleus
vacuole

iii. nucleus
Figure 13.

It is generally said that the cell theory is the

A picture depicting 1922
understanding of the internal
structure of a typical cell. This
figure is based on the picture
published in the book The Cell in
Development and Inheritance by
Edmund Wilson in that year.

gift of Schleiden and Schwann. Yet on the
basis of the details given above, is it proper to
attribute cell theory to only these two
scientists? In fact, is it at all correct to
attribute any particular theory in science to
just one or two individuals?

Legend has it that Schwann and Schleiden were
discussing their observations about different cells over
a cup of coffee after dinner one night in the year 1838.
As Schleiden was talking about the nucleus that he had
found in plant cells, Schwann remembered that he too
had seen something similar in animal tissues. Both the
scientists hurried to Schwann's laboratory and looked
at the slides. This discussion resulted in the creation of
two individual versions of the cell theory: one by
Schleiden in 1838 and another by Schwann in 1839.
Matthias Schleiden

Schwann made the following statements about cells in
his book:
1. The cell is the structural and functional unit of
all organisms.
2. The cell has a dual role: one, in the form of an
independent unit; and two, in the form of a
structural unit in the organisms.

Theodor Schwann

3. Cells are formed by free cell formation, just
like crystals.
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Discovering new cell organelles
It soon became evident that the cytoplasm was
not a homogeneous fluid. Some biologists
regarded it as fibrillary, whereas others described
it as reticular, alveolar or granular. There were
several reasons for these different descriptions.
The major reason was the manner in which the
material was prepared for observation, how it
was stained and fixed. In the course of these
processes, the cytoplasm coagulated differently
giving rise to different appearances.
Gradually the techniques improved and the
internal structures took a more definite shape.
The microscope and methods for study slowly
became more advanced. As a result, by the end of
the nineteenth century almost all the major
components of the cell had been discovered. For
example, in the year 1897, the ergastoplasm (that
is, endoplasmic reticulum) was described.
Similarly, a few scientists saw mitochondria and it
was named as such in the year 1898 by Carl Benda
(1857-1933). In the same year, Camillo Golgi
(1843-1926) discovered another structure in the
cell, named the Golgi body in his honour. While
studying various organelles in the cytoplasm,
scientists also learned that the nucleus itself was
not an undifferentiated entity. It was also
constituted of many different structures. It might
not be possible for the children to see all these
organelles and the internal details of the nucleus.

Rudolph Virchow 1821-1902

A strange fallout of
the cell theory
One of the impacts of the cell theory
was that it led to the perception of
living organisms in terms of their
constituent parts. In other words,
people began to believe that an animal
was a sum of its cells. Look at an
example. The cell theory led to the idea
of cell pathology. According to this
concept, illness was some sort of
disorder in the cells. Particularly, a
scientist named Rudolph Virchow tried
to establish this idea through his book
Ce l l Pa t h o l o g y ( 1 8 9 7 ) . A s t h e
understanding of cells and their
relation with the organism grew, this
idea was refined and took the form of
molecular pathology.

You have already observed the nucleus. The
mitochondrion is another significant organelle,
but it is difficult to observe. The mitochondria are
scattered all over the cytoplasm. If you would like
to try and observe mitochondria, please refer to
the method given in Appendix 3.
While mitochondria are found in both plant and
animal cells, there is one organelle found only in
plant cells and that is the chloroplast. It is easily
seen and can be found in the green parts of many
plants.
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Cell theory and nerves
Mention must be made of a difficult challenge faced by the
nascent and evolving cell theory. While the cell theory
claimed that the bodies of all living organisms were made
up of cells, observations of the nervous system seemed to
indicate that this particular system was not made of cells,
rather it was spread out like a continuous network
throughout the body. The nervous system is extremely
complicated and hence, it was quite difficult to study it.

Nerve cells of the human brain

It was Karl Dieter (1834–1863) who first observed the nerve
fibres in the middle of the 19th century. He saw that these
consisted of a soma (cell body), dendrites (extensions of the
cell cytoplasm) and nerve fibres (axon). However, it was so
complicated that he was unable to establish the connection
between the soma and the branch-like extensions
emerging from it (dendrites).
nerve fibres

axon

dendrite

axon

Figure 14:
Two adjacent nerve cells are shown
here. Because of such proximity, it was
difficult to ascertain where one cell
ended and the other began.

Next, another scientist stated that the sensory and motor
nerves are directly connected to each other in the spinal
cord. Slowly people came to believe that all the nerves in a
body are connected to each other. That is, nerves form a
network of cytoplasm that makes communication between
various parts of the animal body possible. It was assumed
that nerves were not constituted of separate cells; instead
they were a complex network of cytoplasm (gigantic
syncytium).
The primary reason that led to this misleading notion was
that it was extremely difficult to study nerves, as it was
tough to isolate a single neuron for study. Besides, the
branches on the ends of dendrites were also not visible with
the then available magnification and staining techniques. It
seemed as if the fibres were continuous. As a result, nerves
were accepted as an exception to the cell theory.
The scientist Wilhelm Hiss has been credited with
establishing that the soma and its branch-like extensions
form a separate unit. He also proved that the axon
terminates after extending upto a particular point and
there is a gap before the next nerve cell's dendrites begin.
Thus, nerves are made of independent cells too. He also
made it clear that the interaction between the nerves is
possible not because of their continuity but due to their
proximity. After this, the nervous system also got included
within the ambit of the cell theory.
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Activity 4a: Chloroplast in
hydrilla leaf
Hydrilla is an aquatic plant with very small
leaves. In fact, any aquatic plant can be
used for this activity. Keep a hydrilla leaf
on a slide and observe it under a
microscope. The chloroplasts are visible as
green dots in the leaf cells. If you use the
high power objective, you'll also be able to
see the chloroplast streaming in the cells
at the edge of the leaf.

Figure 15a:
Chloroplast in the
hydrilla leaf X100

Activity 4b: Chloroplast in Rhoeo
Extract a peel from the greener surface of
the Rhoeo bicolor leaf and observe it
under the microscope.
Figure 15b:
Chloroplast in a leaf
X400

Are you able to locate green dots in the
cells?
These are the chloroplasts.

Activity 4c: Chloroplasts of
different shapes
Get some algae from a pond. Algae consist
of thin filaments. Place one or two such
filaments on a slide and observe these
under a microscope.
Figure 15c:
Chloroplast in
aquatic plants X400

Draw pictures of the chloroplasts that you
see.%

A synthesis of observations: The typical cell
We observed various kinds of cells and also saw
different organelles within the cell such as the
nucleus and the chloroplast that are easily visible.
As is evident from the above account, it took
about two-two and a half centuries before all the
structures in the cell were described. This gradual
development closely corresponded with

improvements in methods and techniques. As
new techniques developed, it became possible to
study the cell in greater detail and our
understanding of the cell's internal processes
also grew.
As we noticed, the early microscopes used to
study cells were optical microscopes, which you
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have also been using. In these, light rays are used
to examine the materials. Different parts of the cell
interact with light differently which make it
possible to visualize them separately. Use of
lenses helped magnify the objec t and
development of compound microscopes
enhanced our power of observation many fold.

Electron microscope and
the Centrifuge

With the help of an electron microscope it is
possible to get a magnification of about ten
thousand to a million times the size of the original
object. Thanks to such astounding magnifications we have been able to see the cell in great
detail, and the structure of its various organelles
has been revealed.

Then came the techniques of staining. There are
certain substances that get preferentially
attached to some parts of the cell and colour
them. This enables us to differentiate between
them. Florescent staining has also been a very
useful technique.

Centrifugation has also proved to be an effective
technique in the study of cells. How does this
work? If the solid particles are suspended in a
liquid medium, they slowly settle down at the
bottom due to gravity. The rate at which these
particles settle down depends on their respective
densities. In a centrifuge, the suspension is spun
at very high speeds so that the effective force on
the solid particles is increased leading to an
increase in sedimentation rate. In order to study
cells using this technique, the cell membrane is
broken open and the cell contents suspended in
a fluid medium and centrifuged. This leads to the
various organelles getting separated. With the
help of this technique the functions of different
organelles can also be studied.

However, the magnification power of optical
microscopes is limited to about 3000. In other
words, with these optical microscopes the image
can be up to around 3000 times the size of the
original object. This was the limit of magnification
till around 1940.
During the 1940's, emergence of two new
techniques brought about a revolutionary
change in the study of cells. These were electron
microscopy and the use of centrifuge

Nucleus in a cell

With the help of these techniques it has been
possible for us to get a detailed picture of the cell.
The account that follows is a combined result of
with
an optic microscope,

with an electron microscope
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In the microscopes that we generally use, light
interacts with the material under observation.
Different parts of the material affect light
differently. In the electron microscope electron
beams are used instead of light. The
wavelength of the electron beams is 100,000
times less than that of light. Because of this,
the object can be magnified to a much greater
extent. A magnetic lens is used in place of a
glass lens to focus the electron beams in the
electron microscope.

There are two types of electron microscopes:
the transmission microscope and the
scanning microscope. Electron microscopes
enable us to see the structures of cell
organelles in great detail. The importance of
the electron microscope was acknowledged
by awarding the Nobel Prize to Ernst Ruska
who had developed it in 1932. However, he
was given this award only in 1986, a full 54
Ernst Ruska

years after his achievement!

Max Naal

all these efforts. In fact, the study of cells has
progressed along three main streams. The first
stream is the study of the chemical composition
of the cell and its components. The chemical
compounds present in the cell, their structures
and so on have been studied in great detail. In
this field of study, we can start with atoms and
molecules and try to understand how they
combine to give the complex chemical
compounds that are eventually organized into a
cell.

The third stream is a combination of the first two.
In this, we also try to understand the various subunits of the cell, the manner in which their
structures are maintained and how they function.
Whereas the cell is the smallest unit in plants and
animals, in some organisms it is not only the
smallest, but the only unit. These organisms are
made up only a single cell. Some of the microorganisms observed by Leeuwenhoek are
composed of only one cell, and we have also
observed some of them. Yeast, bacteria,
paramecium, euglena, amoeba are unicellular
organisms. It is quite astonishing that all the basic
life functions (nutrition, respiration,
reproduction, excretion) occur within that single
cell in these organisms..

Another stream relates to the cell's functioning.
In this, we consider the cell to be a part of an
organism and treat it as the smallest unit for the
proper functioning of the organism. In other
words, this is one level of organisation. The
objective behind viewing cells from this angle is
to study the interactions between cells and try to
understand how different cells work in coordination to allow the entire organism to
function as a coherent whole.

Two kinds of cells
Cells can be broadly classified into two types.
There are some cells that have a distinct nucleus.
These are called eukaryotic cells. Then there are
cells that lack a distinct nucleus. These are called
prokaryotic cells. Bacteria are examples of
prokaryotic cells. Here we will be talking
primarily about eukaryotic cells. There are
important differences between eukaryotic and
prokaryotic cells. We shall discuss these
differences towards the end of this chapter.

a bacterium cell
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A synthetic picture
Apparently plants and animal cells seem very
different, yet on a closer look, there is not much
difference between them. The structure and size
of both cells are similar. Although sizes might
differ greatly, yet the diameter of most cells is
about one hundredth of a centimetre. There is
very little difference in the cells of organisms of
different species. Almost similar organelles are
found in all the cells..

We observed quite a few cells during various
activities in this module. Superficially, there are
many differences among these cells. If that is the
case, what is point in saying that the cell looks like
this? Textbooks usually include figures of a plant
and an animal cell. But when we actually see any
cell under the microscope, its image does not
match the ones given in books. That is because
the picture depicted in the textbooks is that of a
typical plant or animal cell. This picture does not
belong to any particular cell; rather it is a
composite picture based on the observations of
many cells.

If you consider the cell at the level of fundamental
processes, there is not much difference between
the cell of a human being and a rat or the cell of a

This picture is constructed on the basis of
information derived from various sources too.
Primarily, cells are studied under the optical
microscope. When we observe the cell with a
compound microscope, we get to see only the
following organelles: cell wall, cytoplasm,
nucleus, chloroplast and the mitochondria.

plasma
membrane
mitochondria

cytoplasm
endoplasmic
reticulum

nuclear
membrane
nucleus

However, when the same cells are observed
under an electron microscope, a few other
structures become visible. In a comprehensive
illustration of the cell, these organelles and
details are also included.

ribosome

Golgi body

Figure 16:

It is not at all necessary that all the organelles
shown in the typical plant or animal cell would be
found in all the cells, though all cells might have a
few organelles in common. For example,
chloroplasts are always shown in the typical plant
cell, yet all plant cells do not have chloroplasts.
You too must have noted that chloroplasts occur
only in some cells of green parts of the plant, like
the leaf and tender stem.

Picture of a typical cell in 1962

moss and a rose. In the same way, cells of an
animal or a plant are likely to have more
commonalities than differences. For example,
cells of a liver and kidney may be somewhat
different, yet they are very similar. When there is
greater similarity rather than differences, it helps
to have a composite figure that highlights the
similarities. The typical cell is an artificial
construct that highlights such similarities. To
facilitate studies, two distinct models of the
typical cell have been made: a typical plant cell
and a typical animal cell.

So how do we understand and explain a typical
cell? We try and create a model of what a cell is.
The organelles that feature in most of the cells are
included in this model. The typical cell provides a
way to study cells. Once we arrive at such a model,
we can compare any cell with it.
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Cells: So small, so many

grains of rice,
about 8 mm. each

In 1663, Robert Hooke had estimated that
about 1 billion cells would be present in one
cubic inch (approximately 15 cubic cm.) of
cork. So you can imagine how small these
cells actually are. There are about 2 trillion
cells in the body of a new-born baby; and the
figure comes close to 60 trillion in an adult.
When you look at your favourite painting, you
do so with the help of 125 million
photosensitive cells present in the retina and
this information reaches your brain through 1
million nerve cells. When you donate blood
you give away about 5.5 billion cells at one go.
And each day your body discards about 1 per
cent of the total number of cells (that is 600
billion cells!) and creates new cells in their
place.
Let us try and get some idea about the size of
these cells. From the figures given above, it is
clear that the cells are very small in size. But
exactly how tiny? Some bacteria are just 0.2
micrometers in length. One micrometer is
equal to 1/10,00,000 (10-6) of a metre, that is,
1/10,000 of a centimetre or 1/1000 of a
millimetre. On an average, animal cells are 20
micrometers long. Incidentally, one needs to
keep in mind that a few animal cells can be
quite large. For example, the diameter of the
ostrich's egg cell is roughly 7 cm. Please note,
the ostrich egg is just the yellow portion
(yolk). Similarly, a few nerve cells in a giraffe's

Summary
In this section, we shall summarize the history of
study of cells and discuss a typical cell. According
to the initial cell theory, the cell was a box-like
structure filled with some transparent material. It
was believed that this substance contained a

Paramecium,
about 0.25 mm.

image of nerve cells as
seen under the scanning
microscope,
about 0.004 mm

Amoeba,
about 500 micron

E. coli bacteria,
about 3 micron

miraculous vital force and was called protoplasm.
Later, the word protoplasm was abandoned and
replaced by the term cytoplasm. See box about
the nomenclature of protoplasm.
By the 1830's, it had become clear that all plant
and animal cells had an oval/spherical structure
slightly darker than cytoplasm. This was called
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body extend from its legs to the brain and are
about 3 m long.
However, barring a few exceptions, almost
all cells in a plant or an animal are similar in
size. And the size of cells of different
organisms varies between 1 and 100
microns. Children (and sometimes even
adults) have mistaken notion that the cells of
large organisms are bigger than the cells of
small organisms.

Microscopic
image of the
graph paper X 400

While observing the cells you too can
estimate their size fairly well. Particularly, it is
quite easy to find out what the size of the
cells in an onion peel would be.
1 m.m.

Onion cells in the
same magnification

Figure 17:
Measuring cell size with graph paperi

the nucleus and the membrane that separated it
from the cytoplasm was named the nuclear
membrane.
Then, during the 1880's and the 1890's, it became
clear that the cytoplasm itself was not
homogeneous; it was found to be a granular and
jelly-like substance. The best microscopes
available at that time revealed granular particles
scattered in the cytoplasm. These bodies were

The method makes use of a graph paper with
1 mm squares. Observe the graph paper
under the microscope using the low power.
Without moving you eyes, see how many
millimetres you can see at a time along the
diameters of the view. Now observe the slide
of an onion peel in the microscope under the
same magnification and try to count the
number of cells along the diameter you see
at one go. These observations will give you a
tentative idea about the length and breadth
of a single cell. However, you might face a
problem since the lines on the graph paper
look very blurred under the microscope and
it is difficult to make out individual lines.
Hence, for this activity, we need a graph
paper with finely drawn and sharp lines.

oval or cylindrical in shape. These granules were
named mitochondria. Our understanding of the
structures within the cells did increase
exponentially after the development of electron
microscope which became available during the
1930's. With the electron microscope, the nucleus
and the mitochondria could be seen in greater
detail. It came to light that even their structures
are quite complicated. The electron microscope
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A Republic of living elementary units

various molecules and also divide to give rise
to new cells. These functions are essential for
their survival. But there are cells in the pancreas
that secrete enzymes and hormones as well.
The enzymes help in digestion while
hormones perform other functions in the
body.

We saw that the evolving cell theory gradually
became a common structural foundation for
Life Sciences. No matter how Schwann or
Schleiden had described it, according to one
scientist the crux of cell theory was that all
organisms were republics of living elementary
units.

Many cells coming together to give rise to an
organism demonstrate another recurring
theme in biology. When some units come
together to give rise to a new level of
organisation, the characteristics of this new
unit are not merely the sum of its constituent
units. At this higher level of organisation, some
new characteristics appear that were absent in
the constituent units. These are called
emergent properties and are seen at every
level of organisation of life.

This is a very apt statement of the cell theory.
We will see that any cell plays a dual role like a
citizen in a republic. On the one hand, it has an
independent existence, and it performs certain
functions that help keeping it alive. On the
other hand, being part of an organism, the cell
carries out activities that are essential for the
life of the organism.
Take an organ of our body for example.The cells
in our pancreas respire, use nutrients to build

also made it clear that the cytoplasm too is
not homogeneous in nature. The pictures of
the plant and animal cell that were revealed
by these observations are given here
(Figure 18).

Protoplasm vs. cytoplasm
For a long time it was believed that the
essence of life was stored in the fluid found
inside the cell. Hence this was named
protoplasm which means life fluid. But when
it became clear that the fluid is basically a
medium in which various particles and
membranes float around and that the
functions of the cell actually take place in
these organelles, it began to be understood
that life resided in this organisation. In
particular, after the discovery of the nucleus,
it was recognized that the material inside and
outside the nuclear membrane are different.
Hence, protoplasm was renamed as
cytoplasm, that is, cell fluid. The fluid inside
the nucleus came to be known as the nuclear
fluid or nucleoplasm.

So the story of cell, which began with a
membrane filled with some clear fluid,
gradually got new struc tures. The
cytoplasm began to be seen as a network of
fibres, membranes and other tiny particles.
The homogeneous fluid was now viewed as
having membranes woven into a rug-like
pattern. Along with this it also became clear
that the different functions performed by
the cell occurred in its organelles. This gave
rise to questions as to how does a cell
function like a co-ordinated unit. We shall
not go into this question here. Instead, we
shall conclude the discussion of cell
structure with a brief description of a few
common organelles.
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endoplasmic reticulum
nucleus
nuclear membrane
ribosomes

lysosome

Golgi body
or Golgi apparatus
mitochondria
cell membrane

Figure : 18a
A typical animal cell;

nucleus
nucleus membrane
ribosomes
endoplasmic reticulum
Golgi body or
Golgi apparatus

vacuole
chloroplast
cell wall
cell membrane

These figures are based on the observation of a number of
cells with an electron microscope. The pictures are not
drawn to scale. The figures basically depict the internal
structure of organelles found in the cell.
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Figure:

|ÉÉ°üÊ{ÉEò
´ÉxÉº{ÉÊiÉ
EòÉäÊ¶ÉEòÉ
18b: A
typical plant
cell

Cell Membrane
The cell membrane is the outermost layer of the
cell that separates cytoplasm from the external
environment. This is also known as plasma
membrane. It defines the shape and size of the
cell, encloses the cytoplasm and protects it from
the external environment. The internal
environment of the cell is different from outside.
Inside a cell, one finds a very specific composition
and the balance of various substances is
maintained constant. The cell membrane plays a
crucial role in maintaining this balance.

Figure 19 :
Cells of a boiled potato as seen under the scanning
electron microscope (magnification unknown)

cell wall

Any substance entering or leaving the cell can do
so only through this membrane. The uniqueness
of this membrane lies in the fact that it does not
allow each and every substance to pass through
it. The exchange of substances through the cell
membrane happens very selectively. Hence it is
known as a selectively permeable membrane.
This characteristic of the membrane enables it to
control the exchange of substances.

While the plasma membrane acts as the outer
layer in an animal cell, in a plant cell there is a
strong layer of cellulose outside the cell
membrane which is known as the cell wall.This is a
unique feature of plant cells and is considered one
of the major differences between plant and
animal cells.
The cell wall is a rigid or flexible porous layer that
lends a definite shape to the cell and it also
provides protection. Earlier it was believed to be
an inactive wall, but it is now considered to be an
important organelle of the cell that continuously
exchanges information with other cells during
growth and development.

Incidentally, the cell membrane has another
function as well. The cell membrane has specific
identifying markers or labels that help the cells to
recognize each other. In other words, establishing
the cell's identity is also the responsibility of its
membrane. This function of the membrane is
immensely important. In the initial phase of
development in animals new cells are created and
transported to other parts of the body. Then, the
new cells are identified at their final position by
these markers on the membrane. This affinity
created between the cells plays a significant role
in the development of tissues and organs.
Moreover, if a foreign cell enters the body, the
body's own cells are able to recognize it as an alien
body.

Figure 20:
Cells in a tomato peel X 450
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Observing the cell membrane of the Rhoeo leaf
Activity 5: Observing the cell membrane
It is not possible to observe the cell membrane
directly. We only get to know of its presence in an
indirect manner. To do so, we need leaves of
Rhoeo bicolour. It is an ornamental plant with
leaves that are green on the upper surface and
purple on the lower. Take a leaf from this plant and
peel a membrane from the purple surface. Place it
on a slide in a drop of water and observe it under a
microscope (figure 21a).
Do you see the cells filled with a pink
substance?
Figure 21b

Now put 1-2 drops of dilute salt solution on the
membrane and leave it for 5 minutes. Observe it
under the microscope once again (figure 21b).

Figure 21a

Do you see the pink substance shrunken
into a portion of the cell?
What has happened is that the cytoplasm has
shrunken together with the cell membrane
because of the salt solution. The outer boundary
of the coloured portion is actually the cell
membrane which has separated from the cell wall.
You can make the concentrated colour spread
over the entire cell once again. For this you need
to wash the membrane with water and leave it for
some time (5 minutes).

nuclear membrane
nuclear vesicle

Nucleus
Image 22

This is one of the most important organelles of the
cell. This is also known as the cell's control room.
The nucleus is the largest and most distinct of all
cell organelles. Robert Brown named it in the year
1831, but he had no idea of its function.
Schleiden, who was one of the proponents of cell
theory, thought that new cells were created from
the nucleus and he called it the cytoblast.

Image of a cut-out
segment of a nucleus

Image of the nucleus as
seen under the
scanning electron
microscope
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Barring a few exceptions, all eukaryotic cells have
a nucleus. Red blood cells in some mammals and
phloem sieve tube in plants are examples of cells
that do not have a nucleus. Even these cells do
have nuclei in the beginning, but it is later thrown
out of the cells and destroyed.

proteins is carried from the nucleus into the
cytoplasm in the form of another molecule
known as RNA. Manufacture of proteins takes
place in organelles known as ribosomes.

Ribosomes

The nucleus regulates and controls all cell
functions and determines the characteristics of
the organism. It is the bearer of all genetic
information. The nucleus is also closely related to
the process of cell division.

Ribosomes are like tiny particles scattered
throughout the cell. Mostly, they are found
sticking on the surface of the endoplasmic
reticulum. As mentioned above, the process of
protein production occurs in these ribosomes
based on the information received from the
nucleus.

A membrane separates the nucleus from the
cytoplasm. This is very similar to the cell
membrane. There are a lot of pores in this
membrane through which materials can be
exchanged. Almost the entire genetic material of
the cells, namely the DNA, is found in the nucleus.
The DNA is combined with other substances to
form chromatin which condenses during cell
division in the form of chromosomes. Chemical
units called genes in DNA determine what
proteins can be produced in that particular cell.
Genetic traits are determined by the proteins
produced. The information needed to produce

Figure 23: The

When the cell was observed under the electron
microscope, a network of membranes was
observed throughout the cytoplasm. This
network creates passages within the cytoplasm
for the transport of substances from one part of
the cell to another. This network of membranes is
known as the endoplasmic reticulum.

Nucleus

information used to
produce proteins
reaches the ribosomes

ribosomes

endoplasmic reticulum

present on
endoplasmic reticulum
from the nucleus.
Proteins are produced
in the ribosomes and
transported to the

vesicles
cytoplasm

Golgi body,

Golgi bodies in
vesicles. The proteins
get packaged in the
Golgi bodies and are
sent to the other
parts of the cytoplasm
or outside the cell.

32

cell
membrane

In 1934, a German biologist Joachim Hammerling
proved, on the basis of experiments performed on
a marine alga Acetabularia, that the
characteristics of any organism are determined by
its nucleus.

Experiments with Acetabularia
Acetabularia

In his experiments, Hammerling took the base of a
flower-capped Acetabularia (devoid of the stalk
and the cap) and attached the stalk (devoid of the
cap and the base) of an umbrella-capped alga to
it. The cap that grew on this alga was a cross
between the flower and the umbrella type. This
meant that certain substances from the base and
from the stalk together were responsible in
determining the shape of the cap.

cap

stalk
root

Hammerling then removed the cap from this
hybrid alga. The cap that grew this time looked
like a flower. In other words, its shape now totally
depended on the base, that is, some substance
generated by the base was deciding the shape of
the cap.

This marine alga consists
of a single cell. It is
basically a long threadlike structure (approx. 6
cm.) that has three parts:
b a s e, s t a l k a n d ca p.
Different species of this
alga have caps of different
shapes. Some caps look
like the inverted umbrellas
while others look like
flowers. If the caps are cut
off, they grow again.

create all the different kinds of cells in the
organism.
However, the next question was, how does
the entire organism with so many different
kinds of cells develop from a single cell?
Offspring inherit the traits of their parents
through a single cell, the zygote, from which
they develop. This indicates that nucleus is
also responsible for carr ying the
characteristics from one generation to the
next.

Hammerling had already observed that the
nucleus of the algal cell was present in its base.
Based on several such experiments, biologists
concluded that the nucleus has the information to

cap

stalk
root
A. mediterranea

a mix of
umbrella-flower cap

flower-cap alga A. crenulata

Figure 24
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flower capped alga

Golgi Body or Golgi Apparatus
Although Camillo Golgi had observed this
organelle in the year 1898 using an optical
microscope, its finer structure could be observed
only under an electron microscope. This organelle
is also made up of several membranes. These
membranes create sac-like structures around
which many fluid-filled vesicles abound. The
proteins and other substances produced in the
ribosome reach the Golgi body through these
vesicles. Here, these substances are altered
slightly. In a way, the function of the Golgi bodies
is to package various substances before they are
transported to other parts of the cell. From here
these substances are either sent towards the cell
membrane or to another organelle, the lysosome.
After reaching the cell membrane these
substances are either used to reconstruct the
membrane or are secreted from the cell.

Lysosome
It was found that when a cell was ruptured and its
material analyzed, it contained some enzymes
that had the ability to destroy almost all the
substances of the cell. The question which
troubled the scientist was why these enzymes did
not actually destroy the cell. This enigma was
solved when lysosomes were discovered as tiny
particles visible in the cytoplasm. It became clear
that destructive enzymes are contained in the
lysosomes and normally do not come in contact
with the rest of the cell.The materials that need to
be destroyed are transported to the lysosome.
Occasionally, under special circumstances, the
lysosomes burst open and the enzymes thus
released digest the cell from within. Hence,
lysosomes are also known as the suicidal bags of
the cell.

Mitochondria

The number of Golgi bodies varies from cell to cell.
Their numbers are particularly large in those cells
that secrete hormones and enzymes.

Mitochondria are small, spherical or cylindrical
organelles. Generally a mitochondrion is 2-8
micron long and about 0.5 micron wide. It is
about 150 times smaller than the nucleus. There
are about 100-150 mitochondria in each cell.
When seen under the optical microscope, the
mitochondria appear as oval or cylindrical dots in

Image 25:
Image of the Golgi body as
seen under the scanning
electron microscope.

Golgi body

Figure 25: Image of the Golgi
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Chloroplast
This is one organelle not found in animal cells.
Chloroplast is present in the mesophyll and
palisade cells of the leaves. It is also present in the
green stems of plants. In most cases, chloroplasts
are disc-shaped, oval or lenticular. However, in
algae, these can be found as ladders, stars, spirals
or reticular.

cristaecristae
matrix

The diameter of chloroplasts in higher plants can
vary between 4 and 10 micron. The primary
function of chloroplasts is to absorb the energy of
sunlight and transform it into chemical energy.
This process is called photosynthesis and it
involves making carbohydrate by combining
carbon dioxide and water.

Longitudinal
section of a
chloroplast

Figure 26: Image of a Mitochondrion as seen under
transmission electron microscope

the cell. Electron microscope reveals their unique
internal struc ture in great detail. The
mitochondria often shown in the diagrams of
typical cell can be deceptive because what is
usually depicted is, in fact, the internal structure
of the organelle as seen in a longitudinal section.
Information derived from the electron
microscope shows that the mitochondria are
made of a double-membrane. The inner
membrane protrudes into the interior in folds and
forms structures called cristae; the space between
cristae is known as the matrix.

Chloroplast in cells

Mitochondria are responsible for cellular
respiration, a process through which the cell
derives its energy to do work. Because of this,
mitochondria are also known as the cell's
powerhouse.

Image 27

35

In fact, a chloroplast is a special kind of plastid,
which is a common organelle found in plant cells.
Other than chloroplasts, leucoplasts (white
plastids) and chromoplast (coloured plastids) are
also found in plant cells. Plastids are responsible
for the colourful petals found in flowers.

Mitochondria and chloroplast
An interesting fact

Cytoskeleton
The cytoplasm which remains even after removing
the above-mentioned organelles is also not a
homogeneous fluid. A whole network of thin fibres
and tubes extends from the cell membrane to the
nucleus. These stabilise the structure of the cell and
can be likened to the scaffolds that support a tent.
This network of fibres and tubes is known as the
cytoskeleton.

Mitochondria and chloroplasts are special in
the sense that both these organelles have
their own DNA. This is apart from the DNA
found in the nucleus. Besides this, there are
other facts which led scientists to believe
that perhaps at some point in history these
two (i.e. mitochondria and chloroplast) were
independent organisms that somehow
became part of the eukaryotic cell.

Vacuoles
There are a few fluid-filled sac-like
structures found in cells. These are called
vacuoles. While vacuoles are quite small in
animal cells, plant cells have large vacuoles
and in mature plant cells they might
occupy almost the entire space.

mitochondria

Specific substances are stored in these
vacuoles. Vacuoles also regulate the
osmotic pressure of the cytoplasm.
chloroplast

nucleus

Prokaryotic Cells
vacuoles

The above description was primarily about
eukaryotic cells. We have mentioned
earlier that bacterium is a prokaryotic cell.
Cyanobacteria (blue-green algae) too fall
in this category.
Figure 28:
Corn leaf cells as seen under transmission electron
microscope;
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Prokaryotic cells are also enclosed in a cell
membrane and a cell wall. However, quite
a few organelles are not found in these
cells. As mentioned earlier, prokaryotic

Activity 6: Observing vacuoles
It is a bit difficult to observe vacuoles since
they are almost transparent. However,
they can be seen in the leaves or stem of
any succulent plant (like the torch cactus).

Figure 29a:
Torch cactus plant

vacuoles

The picture given here will help you to
identify the torch cactus. Take a thin crosssection of its stem and stain it with dilute
saffranin solution. Now observe the
section under low as well as high
magnification. The large empty spaces
visible in the cells are vacuoles.

chloroplast

29b: cross section of the stem

You will also see many yellowish-green
chloroplasts in these cells.

of torch cactus as seen under
the microscope X100

cells do not have a nuclear membrane and thus
they lack a well defined nucleus. In fact, most cell
organelles found in eukaryotic cells are not found
in prok ar yotic cells. For example, the
mitochondria, the endoplasmic reticulum and the
Golgi apparatus are absent in prokaryotic cells.
The prokaryotic cells do not have a cytoskeleton

either. Nevertheless, they have ribosomes.
Chlorophyll is also found in photosynthetic
bac teria, though not organized inside
chloroplasts.
The fact that these cells do not have a nucleus
does not mean that they lack DNA as well. The
only difference is that DNA exists as a circular
structure in prokaryotic cells.
Since prokaryotic cells lack many organelles, most
functions associated with these organelles take
place in the cytoplasm itself. A few functions are
carried out on the inner surface of the cell
membrane. For example, most of the functions of
the mitochondria occur on the inner surface of
the cell membrane.
So this was a brief account of a typical cell. While
reading this you need to keep a few things in
mind. Firstly, the internal structure of the cell is

Image of a prokaryotic cell (E.Coli) as seen
under an electron microscope
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cell membrane
cytoplasm
DNA
nucleolus
nucleus

Comparison between
the prokaryotic and
eukaryotic cells

ribosome

0.1-10 μm
Characteristics

Prokaryotic Cell

10-100 μm
Eukaryotic Cell

Size
nuclear membrane
chromosome
Golgi boby
endoplasmic reticulum
Mitochondria
chlorophyll
ribosome
cytoskeleton

0.1-10 micrometer
absent
one, circular
absent
absent
absent
Not contained in chloroplast
comparatively smaller
absent

10-100 micrometer
present
many, linear
present
present
present
Contained in chloroplast
comparatively bigger
present

responsible for secretion of hormones and
enzymes may contain 5-6 Golgi bodies. Some
cells have a large number of mitochondria.
Similarly, cells in the green parts of plants may
contain up to 40-50 chloroplasts.

not static. All the pictures of cells given here or the
ones that you would encounter elsewhere, depict
the cell as it appears at that precise moment when
they were observed. We call these snapshots. The
cytoskeleton and the endoplasmic reticulum are
constantly destroyed and recreated. Even other
organelles are neither stationary at a particular
location nor do they exist permanently in the cell.
The cell is not an inanimate object. It has internal
dynamics of its own. The manner in which we
prepare the material for observation affects the
internal structure of the cell and normally we get
to observe only dead cells.

The third thing is that in pictures and diagrams,
the cell appears to be flat. In reality, cells are three
dimensional structures that also have depth in
addition to length and breadth. When we observe
any object under the microscope we usually see a
thin section of that object. When the material is
brought into focus in the microscope, we only see
one layer of cells. Hence it's quite natural to
perceive the cell as flat. Nowadays, some books
have started presenting three-dimensional
pictures of cells. A few activities have been
suggested to clarify this aspect in Appendix 3.

The second thing is that the diagram of a cell
usually shows one Golgi body, few mitochondria
and one or two chloroplasts. In reality, the
numbers of these organelles depends on the
nature of the cell. For instance, cells primarily
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TUPSZPGDFMMTXJMMSFNBJOVOGJOJTIFEJGXFEPOPU
UBML BCPVU UIJT EFCBUF *U JT SFMBUFE UP UIF
GPSNBUJPOPGOFXDFMMT
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8FSF ZPV BOE ZPVS TUVEFOUT BCMF UP TFF
TPNFNJDSPPSHBOJTNTNPWJOHBCPVUJOUIF
XBUFS
*U XPVME CF HSFBU JG UIF TUVEFOUT NBLF
ESBXJOHT PG UIFTF PSHBOJTNT BOE EFTDSJCF
UIFJSNPWFNFOUTJOUIFJSPXOXPSET
UBMLBCPVUUIFDPOUSPWFSTJFTHFOFSBUFECZUIFTF
PCTFSWBUJPOT MBUFS -FU VT GJSTU PCTFSWF UIF
PSHBOJTNTUIBU-FFVXFOIPFLNJHIUIBWFTFFO
8IJMF PCTFSWJOH UIFTF PSHBOJTNT  EP LFFQ POF
UIJOHJONJOE*ONPTUDBTFTXIJMFXFPCTFSWF XF
UIJOLPGUIFQJDUVSFTUIBUXFVTVBMMZTFFJOCPPLT
#VUJOSFBMJUZ UIFPSHBOJTNTEPOPUMPPLMJLFUIBU
*U JT CFDBVTF UIF PSHBOJTNT NBLF NPWFNFOUT
BOE BMTP CFDBVTF UIF QJDUVSFT JO CPPLT BSF
HFOFSBMJTFEGJHVSFTPGUIFTFPSHBOJTNT

3LFWXUHRIDGURSRISXGGOHZDWHU
DVVHHQXQGHUWKHPLFURVFRSH

"DUJWJUZC:FBTUDFMMT
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TPMVUJPO IBT UP CF EJMVUF FOPVHI UP CF TMJHIUMZ
UVSCJE-FBWFJUTUBOEJOHGPSTPNFUJNF"GUFSUIF
GMPVSTFUUMFTUPUIFCPUUPNPGUIFDPOUBJOFS QMBDF
BGFXESPQTPGUIFTVQFSOBUBOUTPMVUJPOPOBTMJEF 
DPWFSJUXJUIBDPWFSTMJQBOEPCTFSWFJUVOEFSUIF
NJDSPTDPQF#ZUIFXBZ ZFBTUQPXEFSJTBWBJMBCMF
JOUIFNBSLFUBOEUIJTDBOBMTPCFVTFE5BLFBGFX
HSBJOTPGUIFDPNNFSDJBMZFBTUBOEQMBDFJUJOB
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T P M V U J P O  B O E
PCTFSWF BGUFS B
DPVQMFPGIPVST
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5BLFTPNFDVSE.JYJUXJUIXBUFSBOENBLFBEJMVUF
TPMVUJPO1VUESPQTPGUIJTTPMVUJPOPOBTMJEF 
DPWFSJUXJUIBDPWFSTMJQBOEFYBNJOFJUVOEFSUIF
NJDSPTDPQFVOEFSIJHINBHOJGJDBUJPO%PSFGFSUP
UIFQSPQFSQSPDFEVSFGPSPCTFSWJOHPCKFDUTVOEFS
IJHINBHOJGJDBUJPOHJWFOJO"QQFOEJY
8FSFZPVBCMFUPTFFPWBMPSDZMJOESJDBMTUSVDUVSFTJO
UIFTPMVUJPO
5IFTFBSFCBDUFSJB

'JHVSFE
,PDJHRIFXUGEDFWHULDFHOOVDVVHHQ
XQGHUWKHHOHFWURQPLFURVFRSH
'JHVSFD
%DFWHULDLQFXUG;

.JDSPPSHBOJTNTSBJTFBNBKPSRVFTUJPO
:PVNVTUIBWFOPUJDFEUIBUJGZPVPCTFSWFESPQT
PG XBUFS GSPN B QVEEMF VOEFS UIF NJDSPTDPQF 
ZPVTFFNJDSPPSHBOJTNTJOJU8IFSFEJEUIFTF
DPNFGSPN 5IJTIBTCFFOBNBKPSRVFTUJPOJOUIF
-JGF 4DJFODFT XIFSF EP MJWJOH PSHBOJTNT DPNF
GSPN 0OFPGUIFUIFPSJFTXBTUIBUPSHBOJTNTBSF
CPSO TQPOUBOFPVTMZ GSPN JOBOJNBUF NBUFSJBMT
5IFJEFBTFFNFERVJUFOBUVSBM&WFOEVSJOHUIF
UI DFOUVSZ  QFPQMF CFMJFWFE JO "SJTUPUMFhT
o#$ JEFBUIBUUIFSFBSFDFSUBJORVBMJUJFT
JO XBUFS BOE UIF TPJM UIBU DBO USBOTGPSN
JOBOJNBUF TVCTUBODFT UP MJWJOH CFJOHT 5IJT JT
LOPXO BT TQPOUBOFPVT HFOFSBUJPO &WFO UPEBZ

NBOZ QFPQMF CFMJFWF UIBU GSPHT BSF CPSO GSPN
NVDLPSGMJFTBSFDSFBUFEJODPXEVOHPSMJDFDSPQ
VQJOTXFBU
*U NBZ CF VTFGVM UP EJTDVTT UIJT XJUI ZPVS
TUVEFOUT BOE HFU BO JEFB PG XIBU UIFZ UIJOL
BCPVUUIJTPSJGUIFZIBWFIFBSEBOZUIJOHMJLFUIJT
*GZPVUIJOLJUOFDFTTBSZ ZPVDPVMEBMTPDPOEVDU
UIF FYQFSJNFOUT UIBU 'SBODFTDP 3FEJ 
 IBEEPOFUPQSPWFUIBUMJWJOHCFJOHTBSF
HFOFSBUFEPOMZGSPNPUIFSMJWJOHCFJOHT*GZPVhE
MJLFUPEPJU BSFWJTFEWFSTJPOPGUIFFYQFSJNFOUJT
HJWFOCFMPX



"DUJWJUZ-JGFDZDMFPGBGMZ
5ISPVHIIJTFYQFSJNFOUTXJUIUIFIPVTFGMZ 3FEJ
XBTBCMFUPQSPWFUIBUMJWJOHCFJOHTDBOPOMZCF
CPSOGSPNPUIFSTJNJMBSMJWJOHPSHBOJTNTBOEOPU
GSPN JOBOJNBUF NBUFSJBMT *ODJEFOUBMMZ  UIJT
FYQFSJNFOU HBWFCJSUI UP B OFX DPODFQU JO UIF
GJFMEPGFYQFSJNFOUT WJ[ QSPWJTJPOPGBDPOUSPM
3FEJhTFYQFSJNFOUDBOCFEPOFJOUIFGPMMPXJOH
NBOOFS*UJTCFTUUPEPUIJTFYQFSJNFOUEVSJOHUIF
NPOTPPOT5BLF UXP UJO DBOT PS QMBTUJD HMBTTFT
8SJUFi"w PO POF BOEi#w PO UIF PUIFS5IF OFYU
TUFQ IBT UP CF EPOF RVJUF DBSFGVMMZ5BLF TPNF
GSFTIDPXEVOHCFGPSFBOZGMZDBOTJUPOJUBOEQVU
FRVBM RVBOUJUJFT PG UIJT EVOH JO UIF UXP
DPOUBJOFST $PWFS UIF NPVUI PG DBO i"w XJUI B
QMBTUJDTIFFUBOENBLFBGFXUJOZIPMFTJOJUTPUIBU
BJS DBO QBTT UISPVHI CVU OPU GMJFT PS BOZ PUIFS
BOJNBMT
-FBWF UIF NPVUI PG DPOUBJOFSi#w PQFO BOE MFU
GMJFT TJU PO UIF EVOH JOTJEF 'MJFT XJMM EFGJOJUFMZ
BSSJWFJGZPVMFBWFUIFEVOHVODPWFSFEGPSBCPVU
IPVST"XPOEFSGVMPCTFSWBUJPODBOCFNBEF
XIFOBGMZTJUTPOUIFEVOH-PPLBUUIFSFBSFOEPG
UIF GMZhT CPEZ BOE ZPV XJMM TFF XIJUF PCKFDUT
DPNJOHPVU5IFTFBSFUIFGMZhTFHHT
#ZUIFXBZ UIFSFJTBOPUIFSNFUIPEPGPCUBJOJOH
UIFTFFHHT:PVDPVMEUSZUPMPDBUFUIFFHHTPO
EVOHXIJDIJTOPUTPGSFTIMZMBJE'MJFTVTVBMMZMBZ
FHHTCFUXFFOUIFGPMETPSMBZFSTPGUIFEVOH*G
ZPVQPLFBOETDSBUDIUIFEVOHBMJUUMFCJU ZPVhMM
GJOEMPUTPGFHHT5BLFBCVODIPGUIFTFFHHTXJUI
TPNFEVOHBOEQVUJUPOUIFEVOHJODPOUBJOFS
i#w/PXDPWFSUIFNPVUIPGUIJTDBOBMTPXJUIB
QMBTUJDTIFFUBOENBLFUJOZIPMFTJOUIFTIFFU
&WFSZ EBZ ZPV XPVME OFFE UP PQFO UIF QMBTUJD
DPWFST PCTFSWFUIFFHHTBOELFFQUSBDLPGBOZ
DIBOHFT UIBU UBLF QMBDF 8IFO ZPV PQFO UIF
DPOUBJOFST NBLFTVSFUIBUNPSFGMJFTEPOPUTJUPO
UIFEVOH:PVXPVMEBMTPOFFEUPBEEBGFXESPQT
PGXBUFSUPUIFEVOHFBDIEBZTPUIBUJUEPFTOPU
ESZVQ,FFQUSBDLPGUIFOVNCFSPGEBZTGPSUIF
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4PJTTQPOUBOFPVT
HFOFSBUJPOQPTTJCMF
0ODFUIFDFMMXBTEJTDPWFSFEBOEDFMMUIFPSZXBT
QSPQPVOEFE UIFTBNFRVFTUJPODBNFUPUIFGPSF
JO B EJGGFSFOU GPSN  MJWJOH CFJOHT IBWF NBOZ
DFMMT XIFSFEPBMMUIFTFDFMMTDPNFGSPN 0S UPCF
QSFDJTF  XIFSF EP DFMMT QFS TF DPNF GSPN  %P
SFGMFDU PO UIF TJHOJGJDBODF PG UIJT RVFTUJPO *U JT
PCWJPVTUIBUUIFNBUFSJBMTMJLFOJUSPHFO DBSCPO 
PYZHFO FUD XIJDI NBLF VQ UIF PSHBOJTNT BSF
OPOMJWJOH/PX JGUIFTFTVCTUBODFTEPOPUIBWF
MJGFhT DIBSBDUFSJTUJDT  UIFO XIBU JT TQFDJBM BCPVU
UIF MJWJOH CFJOHT UIBU NBLF UIFTF TBNF
JOBOJNBUF TVCTUBODFT CFIBWF JO B EJGGFSFOU
NBOOFS 5IFTBNFUIJOHDPVMECFFYQSFTTFECZ
TBZJOH UIBU UIF DIBSBDUFSJTUJD PG MJGF MJFT OPU JO
UIFTFTVCTUBODFTCVUJOUIFJSBSSBOHFNFOU UIFJS
PSHBOJ[BUJPO $FMM UIFPSZ UIVT VOEFSTDPSFT UIF
GBDUUIBUDFMMJTUIFTNBMMFTUVOJUPGTVDIBMJWJOH
PSHBOJTBUJPOPGJOBOJNBUFTVCTUBODFT
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GPMMPXJOH FWFOUT UP PDDVS MBSWBF NBHHPUT  UP
BQQFBS NBHHPUTCFDPNJOHJOBDUJWFBOETMPXMZ
USBOTGPSNJOH JOUP QVQBF BOE UIF QVQB GJOBMMZ
CFDPNJOHBGMZ
5IF NBJO UIJOH UP OPUJDF JT XIFUIFS NBHHPU 
QVQB BOE UIF GMJFT BSF QSPEVDFE JO CPUI UIF
DPOUBJOFSTPSJOPOMZPOFPGUIFN

*UXPVMECFHPPEUPQBVTFGPSBXIJMFBOEBTLUIF
TUVEFOUT XIBU UIFZ UIJOL BCPVU UIJT XIFSF EP
DFMMT PS NJDSPPSHBOJTNT DPNF GSPN *U JT
JNQPSUBOUGPSZPVUPCFSFBMMZPQFONJOEFEBOE
BMMPX UIFN UP MFU UIFJS JNBHJOBUJPOT SVO XJME 
CFDBVTF JO UIF UI DFOUVSZ UIF TDJFOUJTUT UPP
HBWFGSFFSFJOUPUIFJSJEFBT&WJEFOUMZ FWFOUIF
XJMEFTUJEFBTEPIBWFTPNFCBTJT'PSFYBNQMF 
QFPQMF CFMJFWFE UIBU NJDSPPSHBOJTNT XFSF
HFOFSBUFE TQPOUBOFPVTMZ GSPN XBUFS PS TPJM
5IFZ IBE PCTFSWFE UIBU NJDSPPSHBOJTNT HSFX
POOVUSJFOUNFEJVNTMJLFNFBUJGUIFZXFSFMFGU
PQFOGPSTPNFUJNF4PNFQFPQMFUIPVHIUUIBU
UIFTF PSHBOJTNT GPSNFE PO UIFJS PXO *OEFFE 
UIFZ GFMU UIBU UIFTF NJDSPPSHBOJTNT XFSF B
CSJEHF CFUXFFO UIF MJWJOH BOE UIF OPOMJWJOH
-PVJT1BTUFVS  EFNPMJTIFEUIJTCFMJFG
XJUIKVTUBGFXTJNQMFBOEFMFHBOUFYQFSJNFOUT
TFFCPYi1BTUFVShTFYQFSJNFOUw 

*U XBT CBTFE PO B TJNJMBS FYQFSJNFOU UIBU 3FEJ
DPODMVEFE UIBU GMJFT BSF POMZ QSPEVDFE JG GMZhT
FHHTBSFBMSFBEZQSFTFOUJOUIFDPOUBJOFS*OPUIFS
XPSET  BOZ PSHBOJTNT DBO CF GPSNFE POMZ JG
TJNJMBSCFJOHTBMSFBEZFYJTU#ZUIFXBZ GPSUIJT
FYQFSJNFOU3FEJEJEOPUVTFDPXEVOHIFVTFE
NFBUJOTUFBE
3FEJhT FYQFSJNFOU IBE DPOWJODFE NBOZ QFPQMF
UIBU MJWJOH CFJOHT BSF QSPEVDFE POMZ GSPN QSF
FYJTUJOH MJWJOH PSHBOJTNT )PXFWFS  UIF
PCTFSWBUJPO PG NJDSPPSHBOJTNT PODF BHBJO
CSPVHIU GPSUI UIF TBNF PME RVFTUJPO 1FPQMF
CFHBOUPGFFMUIBUQFSIBQTUIFTFUJOZPSHBOJTNT
B D U V B M M Z  D B N F  J O U P  F Y J T U F O D F  U I S P V H I
TQPOUBOFPVTHFOFSBUJPO



1BTUFVSTFYQFSJNFOU

0CTFSWBUJPO

.FBUCSPUIXBTNBEFNJDSPPSHBOJTN
GSFFBOELFQUJOBHMBTTGMBTL

"GUFSTPNFUJNF NJDSPPSHBOJTNT
XFSFGPVOEBHBJOJOUIFCSPUI

2VFTUJPO

)PXEJEUIFNJDSPPSHBOJTNDPNFJOUPUIFNFBUCSPUI

IZQPUIFTJT

B 5IF PSHBOJTNT XFSF QSPEVDFE GSPN UIF JOBOJNBUF
CSPUIJUTFMG
C  5IFPSHBOJTNTDBNFGSPNPVUTJEF

&YQFSJNF

1BTUFVS UPPL UXP GMBTLT XJUI B OVUSJFOU NFEJVN JO XIJDI NJDSPPSHBOJTNT DPVME
GMPVSJTI5IFOFDLPGPOFGMBTLXBTLFQUTUSBJHIUXIJMFUIFPUIFSXBTCFOUBTTIPXOJO
UIFEJBHSBN5IFOIFIFBUFEUIFTFDPOUBJOFSTTPUIBUBMMUIFNJDSPPSHBOJTNTXFSF
L J M M F E   / P X  I F  M F G U  U I F T F
DPOUBJOFST GPS B GFX EBZT
XJUIPVUEJTUVSCJOHUIFN

.n;z]Ä`'2'
$PODMVTJPO

'F X  E B Z T  M B U F S  X I F O  I F
FYBNJOFEUIFTFGMBTLT IFGPVOE
UIBU UIFGMBTLXJUIUIFTUSBJHIU
OFDL XBT GVMM PG NJDSP
PSHBOJTNTXIJMFUIFPUIFSPOF
XJUIBCFOUOFDLEJEOPUIBWFB
TJOHMFNJDSPPSHBOJTNJOJU

*G UIF NJDSPPSHBOJTNT XFSF BVUPNBUJDBMMZ HFOFSBUFE GSPN UIF CSPUI UIFO UIFZ
TIPVMEIBWFBQQFBSFEJOCPUIUIFGMBTLT#VUUIBUEJEOPUIBQQFO1BTUFVSDPODMVEFE
UIBU NJDSPPSHBOJTNT QSFTFOU JO UIF BJS FOUFSFE UIF TUSBJHIU OFDLFE GMBTL BOE
QSPMJGFSBUFEJOUIFCSPUI*OUIFPUIFSGMBTL UIFNJDSPPSHBOJTNTXFSFUSBQQFEBUUIF
CFOEJOUIFOFDLBOEIFODFOPNJDSPPSHBOJTNTXFSFGPVOEJOUIJTGMBTL



&YQFSJNFOU

8IFOUIJTEJEOPUTBUJTGZUIFDSJUJDT 1BTUFVSEJE
POFNPSFUIJOH)FCSPLFUIFCFOUOFDLBOE
BGUFSBGFXEBZT NJDSPPSHBOJTNTXFSFTFFOUP
QSPMJGFSBUFJOUIJTGMBTLBTXFMM

.n;zg¸tÀª`'2'
$PODMVTJPO

*UXBTGPVOEUIBUVOMFTTEVTUQBSUJDMFTFOUFSUIFGMBTL OPNJDSPPSHBOJTNTBSFGPVOE
JOJU)FODFIZQPUIFTJT B JTGBMTFBOEIZQPUIFTJT C JTUSVF

8FTBXBXIPMFMPUPGCBDUFSJBMDFMMTJODVSE
"DUVBMMZ JUJTCFDBVTFPGUIFTFCBDUFSJBMDFMMT
UIBUNJMLJTUSBOTGPSNFEJOUPDVSE8IFOXF
BEETPNFDVSE DVMUVSF UPNJML JUDPOUBJOTB
GFXCBDUFSJBUIBUNVMUJQMZJOUIFNJML5IJT
QSPDFTT HFOFSBUFT TVCTUBODFT UIBU BSF
SFTQPOTJCMFGPSUVSOJOHNJMLJOUPDVSE

*GUIFDFMMJTJOEFFEUIFTNBMMFTUVOJUPGMJGF UIF
RVFTUJPOBSJTFTXIFSFEPUIFZDPNFGSPN #Z
UIJTUJNFJUIBEBMSFBEZCFFOEJTDPWFSFEUIBUUIF
TQFSNBTXFMMUIFPWVNBSFCPUITJOHMFDFMMT5IF
[ZHPUFUIBUJTDSFBUFEBGUFSUIFGFSUJMJTBUJPOJTBMTP
BTJOHMFDFMM4PIPXEPFTUIJTTJOHMFDFMMQSPEVDF
UIFPSHBOJTNhTFOUJSFCPEZ :PVXJMMSFNFNCFS
UIBUJOUIFJOJUJBMQIBTFPGDFMMUIFPSZ 4DIXBOO
IBE TUBUFE iUIFSF JT POF VOJWFSTBM QSJODJQMF PG
EFWFMPQNFOU PG UIF FMFNFOUBS Z QBS UT PG
PSHBOJTNTBOEUIJTQSJODJQMFJTUIFGPSNBUJPOPG
DFMMTw  #VU IF EJE OPU LOPX IPX DFMMT XFSF
BDUVBMMZQSPEVDFE)FGFMUUIBUDFMMTXFSFGPSNFE
JOUIFTBNFNBOOFSBTDSZTUBMTXFSFGPSNFE

-JGFDZDMFPGBGSPH
5IJTFYQFSJNFOUIBTUPCFEPOFEVSJOHUIFSBJOZ
TFBTPO BT GSPH TQBXO JT BWBJMBCMF POMZ JO UIJT
TFBTPO 5IFTF FHHT BSF GPVOE NBTTFE UPHFUIFS
OFBS UIF FEHF PG SBJOXBUFS QVEEMFT PS BSPVOE
QMBOUTHSPXJOHJOQPOET5IFGSPHFHHTBSFIFME
UPHFUIFS CZ B KFMMZMJLF TVCTUBODF 5IF HJWFO
EJBHSBN EFQJDUT B SBJOXBUFS QVEEMF XJUI GSPH
FHHTESBXOUPTDBMF

8FEPOPULOPXXIBUDIJMESFOUIJOLBCPVUUIJT
1BSUJDVMBSMZ XIBUJEFBTEPUIFZGPSNBCPVUUIJT
BGUFSCFJOHJOUSPEVDFEUPDFMMT *UXJMMCFVTFGVMUP
GJOE UIJT PVU CFGPSF QSPDFFEJOH GVS UIFS
.PSFPWFS  JO PSEFS HJWF B DPODSFUF CBTJT UP UIF
EJTDVTTJPO  JU JT JNQPSUBOU UIBU UIFZ PCTFSWF B
TJOHMF DFMM EFWFMPQJOH JOUP B GVMMHSPXO
PSHBOJTN4UVEZJOHUIFMJGFDZDMFPGGSPHXJMMCF
WFSZVTFGVMGPSUIJTQVSQPTF

*UXPVMECFFBTZUPHFUFHHTBGUFSIFBWZTQFMMT
PG SBJO XIFO UIF EJUDIFT BSF GJMMFE XJUI XBUFS
$PMMFDU UIF FHHT JO B XJEFNPVUIFE CPUUMF PS B
CVDLFU BMPOH XJUI UIF XBUFS JO XIJDI UIF FHHT
XFSFGPVOE"OENBLFTVSFUIFTQBXOEPFTOhUHFU
EJTUVSCFE5SZUPHFUTPNFBMHBFBOEPUIFSEFCSJT
GSPNUIFQVEEMFBTXFMM



5P PCTFSWF UIF UBEQPMFT  JU XPVME CF CFUUFS UP
UBLFPVUBTJOHMFUBEQPMFBMPOHXJUITPNFXBUFS
XJUIBESPQQFS5IJTUBEQPMFDBOUIFOCFQMBDFEJO
B CFBLFS PS TPNF PUIFS USBOTQBSFOU DPOUBJOFS
BOEPCTFSWFEVTJOHBIBOEMFOT&WFSZEBZ XIFO
UIF DIJMESFO PCTFSWF UIF UBEQPMF  EJSFDU UIFJS
BUUFOUJPOUPUIFGPSNBUJPOPGOFXPSHBOT5IFZ
XJMM TFF UIF HSBEVBM EFWFMPQNFOU PG UIF FZFT 
HJMMT  IFBSU  JOUFTUJOFT  CBDLCPOF  BOE UIF GSPOU
BOE IJOE MFHT PG UIF GSPH 5IF UBEQPMF JT RVJUF
USBOTQBSFOU BOE IFODF JU JT FBTZ UP PCTFSWF JUT
JOUFSOBM PSHBOT #SJOH UP UIF OPUJDF PG UIF
TUVEFOUTUIBUUIFTFPSHBOTIBWFEFWFMPQFEGSPN
BTJOHMFFNCSZPOJDDFMM

)LJXUHD
(JJVRIIURJV

"GUFSDPNJOHCBDLUPUIFTDIPPM LFFQUIFFHHTJO
B XJEFNPVUIFE DPOUBJOFS GPS FYBNQMF  B
CSPLFO FBSUIFO QJUDIFSNBULB  BMPOH XJUI UIF
XBUFSGSPNUIFTBNFQVEEMFPSQPOE"MTPQVUJO
UIFBMHBFDPMMFDUFEGSPNUIFTBNFQVEEMF

.BLFBTNBMMNPVOEXJUIUJOZQFCCMFTJOUIFQPU
TPUIBUUIFGSPHDBODMJNCPOJUPODFJUTIJOEMFHT
BQQFBS5IFEFWFMPQNFOUDZDMFPGUIFGSPHXJMMCF
DPNQMFUFEUIFEBZJUMPTFTJUTUBJMDPNQMFUFMZ

/PX XBUDI UIF FHHT DBSFGVMMZ 5IF TUSVDUVSF
WJTJCMFJOTJEFUIFUSBOTQBSFOU KFMMZMJLFTVCTUBODF
JTUIFFNCSZPPGUIFGSPH5IJTFNCSZPJTNBEFPG
POMZBGFXDFMMT

8JUOFTTJOH UIF MJGFDZDMF PG UIF GSPH VOGPMEJOH
CFGPSF UIFN  TUVEFOUT XJMM SFBMJTF UIF SBUJPOBMF
CFIJOEUIFTUBUFNFOUUIBUDFMMJTUIFVOJUPGMJGF
5IFDSFBUJPOPGBOFOUJSFGSPHGSPNPOFTJOHMFDFMM
JT BDUVBMMZ UIF XPOEFSGVM GFBU PG UIF DFMM JUTFMG
)FSFUXPUIJOHTIBWFIBQQFOFEPOF BTJOHMF
GFSUJMJTFEDFMMIBTHJWFOSJTFUPJOOVNFSBCMFDFMMT
BOEUXP BMMUIFEJGGFSFOUUZQFTPGDFMMTJOUIFCPEZ
PG UIF BEVMU GSPH IBWF CFFO DSFBUFE GSPN UIBU
T J O H M F DF M M 0 O DF D I J M E SF O P C T F S WF U I J T
IBQQFOJOH UIFZXPVMECFJOBCFUUFSQPTJUJPOUP
BQQSFDJBUFUIFRVFTUJPOIPXBOFOUJSFPSHBOJTN
JTDSFBUFEGSPNBTJOHMFDFMM

5IJTFYQFSJNFOUXJMMHPPOGPSEBZT*GUIF
XBUFSJOUIFQPUSFEVDFT ZPVXPVMEOFFEUPLFFQ
GJMMJOH JU XJUI XBUFS GSPN UIF TBNF QVEEMF PS
QPOE 0ODF UIF FYQFSJNFOU JT TFU  UIF DIJMESFO
XJMMCFBCMFUPPCTFSWFUIFDIBOHFTJOUIFFHHT
UBLJOH QMBDF FBDI EBZ *U XPVME CF SFBMMZ
JOUFSFTUJOHGPSUIFDIJMEUPPCTFSWFXIFOFYBDUMZ
UIFUBEQPMFTIBUDIPVU XIFUIFSUIFTFMPPLMJLF
GSPHT  IPX UIF UBEQPMFT EFWFMPQ GVSUIFS  XIFO
FBDIPSHBOEFWFMPQTBOEGJOBMMZXIFOBOBEVMU
GSPHBQQFBST

)LJXUHE
/LIHF\FOHRIDIURJ



&HOOXODHFHOOXOD
(SBEVBMMZJUCFDBNFDMFBSUIBUUIFEFWFMPQNFOU
PG MJWJOH PSHBOJTNT JT TZOPOZNPVT XJUI
G P S N B U J P O  P G  O F X  D F M M T   5 I F  U I F P S Z  P G
TQPOUBOFPVT HFOFSBUJPO IBE BMSFBEZ CFFO
SFGVUFE)FODFJUXBTOFDFTTBSZUPFYQMBJOIPX
OFXDFMMTBSFGPSNFE
%VSJOH UIF UI DFOUVSZ  XIFO UIJT RVFTUJPO
BSPTF CFGPSF UIF QSPQPOFOUT PG UIF DFMM UIFPSZ 
4DIMFJEFOQVUGPSUIBOJEFB)FXBTPGUIFPQJOJPO
UIBU UIFSFJTTPNFTVCTUBODFXJUIJOUIFDFMMUIBU
QSFDJQJUBUFTBTBTFEJNFOUBOEUBLFTUIFTIBQFPG
BCBMMIFDBMMFEJUDZUPCMBTU XIJDIXBTJOSFBMJUZ
UIF OVDMFVT )F GFMU UIBU UIJT DZUPCMBTU TMPXMZ
EFWFMPQT JOUP B DFMM BOE DPNFT PVU 'PS UIJT
SFBTPO 4DIMFJEFODPOTJEFSFEUIFOVDMFVTBTUIF
NPTUTJHOJGJDBOUPSHBOFMMFPGUIFDFMM

&KURPRVRPHLQFHOODVVHHQXQGHUWKH
HOHFWURQPLFURVFRSH

FKURPRVRPH

'FX PUIFS TDJFOUJTUT CFMJFWFE UIBU DFMMT GPSNFE
CVEMJLF TUSVDUVSFT GSPN XIJDI OFX DFMMT
PSJHJOBUFE 0OF PG UIF QPTTJCMF SFBTPOT GPS
CFMJFWJOH UIJT DPVME CF UIBU B GFX PSHBOJTNT
JOEFFE QSPDSFBUF CZ CVEEJOH 8F XJMM BMTP
PCTFSWFUIJTJOUIFQBHFTBIFBE

QXFOHXV

5IFTUVEZPGUIFJOUFSOBMTUSVDUVSFPGUIFOVDMFVT
IBTCFFORVJUFTJHOJGJDBOUJOVOEFSTUBOEJOHUIF
XBZOFXDFMMTBSFDSFBUFE4JNJMBSUPUIFNBOOFS
JO XIJDI QFPQMF DBNF UP SFBMJTF UIBU UIF
DZUPQMBTNXBTOPUIPNPHFOFPVT PUIFSTUBJOJOH
UFDIOJRVFTNBEFJUDMFBSUIBUUIFNBUFSJBMJOTJEF
UIF OVDMFVT XBT BMTP OPU IPNPHFOFPVT 5XP
TDJFOUJTUT QMBZFE B NBKPS SPMF JO VTJOH TUBJOJOH
UFDIOJRVFT UP JEFOUJGZ DFSUBJO TUSVDUVSFT JO UIF
OVDMFVT

FHOO

DPOUBJOFE JO UIF OVDMFVT )F UIFO TUBJOFE B
HSPXJOHUJTTVFXJUIUIJTBOEGJYFEJU5PGJYBDFMM 
DFSUBJO DIFNJDBMT BSF VTFE 8IFO UIF DFMMT BSF
GJYFE  UIFZ EJF NBJOUBJOJOH UIFJS TUSVDUVSF BT JU
XBTBUUIFUJNFPGGJYJOH)FPCTFSWFEUIFGJYFE
DFMMTBOETBXTPNFUISFBEMJLFTUSVDUVSFTJOUIF
DFMMTUIBUXFSFEJWJEJOHJOUPUXPTUSBOET5IFEZF
UIBU IF VTFE JNQBSUFE B EFFQ DPMPVS UP UIFTF

0OFBNPOHUIFNXBT&EVBSE"EPMG4USBTCVSHFS
 )FXBTUIFGJSTUUPVTFUIFUFDIOJRVF
PG TUBJOJOH UP PCTFSWF UIF OVDMFVT 8BMUIFS
'MFNNJOH   UPP VTFE UIF TBNF
UFDIOJRVF UP TUVEZ UIF OVDMFVT 4USBTCVSHFS
EJTDPWFSFEBEZFUIBUDPVMETUBJOUIFTVCTUBODF



UISFBET)FDBMMFEUIFTFUISFBETDISPNPTPNFT
)FFYBNJOFEEJGGFSFOUDFMMTBOEXBTBCMFUPNBLF
B TFRVFOUJBM EJBHSBN PO UIF CBTJT PG UIFTF
PCTFSWBUJPOT XIJDI TIPXFE UIBU UIF DFMMT XFSF
EJWJEJOH

"DUJWJUZ#VEEJOHJOZFBTUT
$IJMESFO IBWF BMSFBEZ TFFO UIF TMJEFT PG ZFBTU
DFMMT0CTFSWFUIPTFDFMMTPODFBHBJOVOEFSIJHI
NBHOJGJDBUJPO5IJTUJNFUSZUPMPDBUFUIPTFDFMMT
JO QBSUJDVMBS UIBU IBWF BOPUIFS TNBMM PWBM DFMM
H M V F E P O UP U I F N  5I F T F ZF B T U DF M M T B SF
VOEFSHPJOHEJWJTJPO

(SBEVBMMZJUCFDBNFDMFBSUIBUUIFDFMMEJWJEF*O
  'MFNNJOH XBT BCMF UP TIPX UIBU UIF
DISPNPTPNFTTQMJUWFSUJDBMMZEVSJOHDFMMEJWJTJPO
JO TBMBNBOEFST  BOE UIBU FBDI IBMG XFOU UP
PQQPTJUFFOETPGUIFDFMM

"T IBT CFFO NFOUJPOFE FBSMJFS  UIJT QSPDFTT JT
L O P X O  B T  C V E E J O H   * O  U I J T  Q S P D F T T  B
QSPUVCFSBODF BQQFBST PO UIF DFMM XIJDI
TFQBSBUFTGSPNUIFPSJHJOBMDFMMBGUFSTPNFUJNF
BOECFDPNFTBOJOEFQFOEFOUPSHBOJTN

*OUIFTVDDFFEJOHZFBST UIFTBNFQIFOPNFOPO
XBTPCTFSWFEJOQMBOUDFMMTBTXFMM4VDITUVEJFT
FTUBCMJTIFE UIBU OFX DFMMT BSFQSPEVDFE CZ UIF
E J W J T J P O P G F Y J T U J O H DF M M T 5I F D SF E J U P G
VOBNCJHVPVTMZTUBUJOHUIBUFWFSZLJOEPGDFMMDBO
POMZ CF DSFBUFE GSPN BO BMSFBEZ FYJTUJOH DFMM o
PNOJTDFMMVMBFDFMMVMBoHPFTUP3VEPMQI7JSDIPX
5IJT-BUJOQISBTFNFBOT iFBDIDFMMJTNBEFGSPN
QSFFYJTUJOH DFMMw 5IJT JT BOPUIFS TJHOJGJDBOU
KVODUVSFJOUIFEFWFMPQNFOUPGUIFDFMMUIFPSZ
5IVT PXJOHUPUIFFGGPSUTPG4DIMFJEFO 4DIXBOO 
7JSDIPX BNPOH PUIFST  UIF GPMMPXJOH QPJOUT PG
UIFDFMMUIFPSZIBEFNFSHFECZUIFZFBS
J

)LJXUHD
\HDVWFHOOV
;

"MM MJWJOH PSHBOJTNT BSF NBEF PG POF PS
NPSFDFMMT

JJ $FMM JT UIF GVOEBNFOUBM MJWJOH VOJU PG
PSHBOJTNT *U JT UIF TUSVDUVSBM BOE
GVODUJPOBMVOJUPGMJGF
JJJ "MMDFMMTBSFDSFBUFEGSPNUIFQSFFYJTUJOH
DFMMT
-FUVTBMTPPCTFSWFUIFQSPDFTTPGDFMMEJWJTJPO

)LJXUHEEXGGLQJLQ\HDVWFHOOV
DVVHHQXQGHUWKHHOHFWURQ
PLFURVFRSH



À

"DUJWJUZ$FMMEJWJTJPOJOPOJPOSPPUT

'JMM B XJEFNPVUIFE CPUUMF XJUI XBUFS UJMM UIF
CSJN5BLFBNFEJVNTJ[FEPOJPOCVMCBOEQFFM
PGGMBZFSTGSPNJU$VUPGGUIFPMEFSESJFESPPU
UJQT GSPN UIF CPUUPN PG UIF CVMC XJUI B CMBEF
/PXLFFQUIFPOJPOJOUIFCPUUMFJOTVDIBXBZ
UIBUJUKVTUUPVDIFTUIFXBUFSJOTJEF$IBOHFUIF
XBUFSJOUIFCPUUMFEBJMZ"GUFSEBZT BMPUPG
SPPUT XPVME IBWF HSPXO GSPN UIF CBTF PG UIF
POJPO8FXJMMVTFUIFUJQTPGUIFTFSPPUTUPTUVEZ
DFMMEJWJTJPO

5P NBLF BDFUPBMDPIPM TPMVUJPO 
NJY  QBSU PG HMBDJBM BDFUJD BDJE
XJUIQBSUTPGBMDPIPM

5IJTTPMVUJPOXJMMFOUFSUIFDFMMTBOEGJYJUTPUIBU
EJWJTJPO JT TUPQQFE MFBWJOH UIF DFMMT GSP[FO JO
EJGGFSFOU TUBHFTPGUIFQSPDFTTPGEJWJTJPOXIJDI
XFDBOUIFOPCTFSWF
5IJTTPMVUJPOXJMMFOUFSUIFDFMMTBOE
JNNFEJBUFMZ TUPQ UIFJS EJWJTJPO BOE
MFBWFUIFDFMMTBTUIFZBSF"TBSFTVMU 
XFXJMMCFBCMFUPTFFUIFDFMMTJOUIFJS
EJGGFSFOUTUBHFTPGEJWJTJPO

/PX IFBU UIF XBUDI HMBTT BU BCPVU  $  BOE
MFBWFJUGPSBCPVUNJOVUFT%POPUGPSHFUUP
QVUBMJEPOUIFXBUDIHMBTT

*OBXBUDIHMBTTNJYBDFUP
DBSNJOFBOE/IZESPDIMPSJD
BDJEJOBSBUJP UIBUJT NJY
ESPQTPGBDFUPDBSNJOFXJUI
ESPQPG/IZESPDIMPSJDBDJE

1VUBESPQPGBDFUPDBSNJOFBOEBDJENJYUVSF
POBTMJEFBOEQMBDFBSPPUUJQJOJUXJUIBQBJSPG
GPSDFQT



:PVXJMMOPUJDFUIBUUIFEJTUBMQBSU
PG UIF SPPU UJQ IBT CFDPNF EFFQ
SFE JO DPMPVS UIJT JT UIF QPSUJPO
XIFSF UIF DFMMT BSF EJWJEJOH
)FODF IPMEUIFDVUFOEXJUIUIF
GPSDFQTXIJMFQJDLJOHUIFSPPUUJQT
BOECFDBSFGVMOPUUPEBNBHFUIF
EJTUBM QBSU BT UIJT JT XIBU XF BSF
HPJOHUPTUVEZ

/PXXJUIUIFIFMQPGBCMBEFPSBOFFEMF DVUUIF
EFFQSFEQPSUJPOPGUIFSPPU BCPVUNN 

$PWFSUIJTNNMPOHSPPUUJQXJUIBDMFBO
DPWFSTMJQ

8BSNUIFTMJEFMJHIUMZ

0CTFSWFUIFTMJEFGJSTUVOEFSMPXBOEUIFO
VOEFSIJHINBHOJGJDBUJPO&YBNJOFFBDI
QBSUBOEUSZUPMPDBUFUIFEJGGFSFOUTUBHFT
PGDFMMEJWJTJPO
8IBUXFOFFEUPPCTFSWFJTXIFUIFSUIF
OVDMFVT JT WJTJCMF JO BMM UIF DFMMT 8IBU
TUSVDUVSFT BSF TFFO JO UIPTF DFMMT XIFSF
UIFOVDMFVTJTOPUWJTJCMF 
)FSFJTBOJNBHF GJHVSF UIBUXJMMIFMQ
ZPVXJUIZPVSPCTFSWBUJPOT8JUIJUTIFMQ
USZUPTFFXIFUIFSZPVSTMJEFTIPXTDFMMT
XIFSF UIF OVDMFVT BQQFBST RVJUF MBSHF 
XIFUIFS UIFSF BSF UISFBEMJLF TUSVDUVSFT
JOBGFXOVDMFJBOEXIFUIFSUIFSFBSFUXP
OVDMFJJOBGFXPUIFSDFMMT5IFTFBSFUIF
EJGGFSFOUTUBHFTPGDFMMEJWJTJPO:PVXPVME
OFFE UP TQFOE TPNF UJNF QBUJFOUMZ
PCTFSWJOHBMMQPSUJPOTPGUIFTMJEFUPTFF
UIJT  CVU TMPXMZ ZPV XJMM CF BCMF UP
WJTVBMJTFBDPNQMFUFQJDUVSFPGUIFFOUJSF
QSPDFTT5IF GPMMPXJOH GJHVSF GJHVSF  
EFQJDUTUIFWBSJPVTTUBHFTPGDFMMEJWJTJPO
JOBTFRVFOUJBMNBOOFS

1MBDFUIFTMJEFPOBCMPUUJOHQBQFSBOEXSBQUIF
CMPUUJOH QBQFS PWFS UIF TMJEF 5BQ UIF CMPUUJOH
QBQFSPWFSUIFDPWFSTMJQMJHIUMZXJUIUIFCSPBE
FOEPGUIFQFODJMTPUIBUUIFSPPUUJQJTDSVTIFE 
BOEUIFDFMMTBSFTQSFBEJOBOFWFOMBZFSVOEFS
UIFDPWFSTMJQ

/PXPVSTMJEFJTSFBEZGPSPCTFSWBUJPO

ǆϰϬ
ǆϰϬϬ

)LJXUHURRWWLS
FHOOVRIRQLRQEXOEDVVHHQ
XQGHUWKHPLFURVFRSH;;



'JHVSFB"OPSNBM
DFMMCFGPSFDFMM
EJWJTJPO

'JHVSFC5IF
DISPNPTPNFTJOUIF
OVDMFVTTUBSUUPDPJM
BOEBQQFBSBTUISFBE
MJLFTUSVDUVSFT

'JHVSFD*OUIJTTUBHF 
UIFDISPNPTPNFT
BTTFNCMFJOBMNPTUB
TUSBJHIUMJOFBUUIF
DFOUSFPGUIFDFMM&BDI
DISPNPTPNFJTTQMJU
BMPOHJUTFOUJSFMFOHUI
BOEFBDIIBMGIFBET
UPXBSETPQQPTJUF
FOETPGUIFDFMM
'JHVSFE5IFEJWJEFE
DISPNPTPNFTSFBDI
UIFUXPFOETPGUIF
DFMMBOETUBSUGPSNJOH
OFXOVDMFJ/FYU B
OFXDFMMNFNCSBOFJT
GPSNFEJOUIFNJEEMF
BOEUXPOFXDFMMTBSF
GPSNFE

)LJXUH
&HOOGLYLVLRQLQURRWFHOOVRIDQRQLRQEXOE



"EWBODJOHDFMMUIFPSZ
"MMUIFTFTUVEJFTMFEUPBNBTTJWFQSPHSFTTJOUIF
DFMMUIFPSZ5PEBZXFLOPXBMPUJOUIJTBSFBUIF
EJGGFSFOU PSHBOFMMFTGPVOEJOUIFDFMM IPXUIFZ
DPNNVOJDBUF XJUI FBDI PUIFS  IPX UIF
GVODUJPOJOH PG UIF DFMMT BOE PSHBOFMMFT JT
DPOUSPMMFE BOEIPXUIFQSPDFTTPGDFMMEJWJTJPOJT
SFHVMBUFE 4JNJMBSMZ  UIF SFMBUJPO CFUXFFO
IFSFEJUZ BOE UIF DFMM UIFPSZ IBT BMTP CFFO
EJTDPWFSFE*OPUIFSXPSET UIFSPMFPGUIFDFMMJO
USBOTGFSSJOH UIF USBJUT PG POF HFOFSBUJPO UP UIF
OFYU IBT CFDPNF DMFBS 4UVEJFT BSF PO UP
VOEFSTUBOE UIF NBOOFS JO XIJDI POF DFMM
EJGGFSFOUJBUFT JOUP EJGGFSFOU LJOET PG DFMMT 
CFDBVTF  BGUFS BMM B NVMUJDFMMVMBS PSHBOJTN
CFHJOTJUTMJGFBTBTJOHMFDFMMBOEFOETVQIBWJOHB
WBSJFUZPGDFMMTJOJUTCPEZ:PVNVTUIBWFIFBSE
BCPVUTUFNDFMMTBMTP5IFTUVEZPGTUFNDFMMTIBWF
BEEFEOFXEJNFOTJPOUPUIFUSFBUNFOUPGTPNF
EJTFBTFT

$FMM EJWJTJPO JT B UJHIUMZ SFHVMBUFE
QSPDFTT*OGBDUJUJTKVTUPOFQBSUPGUIF
FOUJSF DFMMVMBS DZDMF 5IF DFMMT JO NVMUJ
DFMMVMBS PSHBOJTNT BSF TPNFIPX
QSPHSBNNFE UP VOEFSHP EJWJTJPO B
EFGJOJUFOVNCFSPGUJNFT"GUFSUIJT UIF
DFMMEJFTBVUPNBUJDBMMZ*GBDFMMLFFQTPO
EJWJEJOHJOBOVOSFHVMBUFENBOOFS UIFO
UIBUJTOPUBHPPETJHO4VDIBDFMMNBZ
UBLFUIFGPSNPGDBODFS"UQSFTFOU UIF
GBDUTBSFTUJMMOPUDMFBSBTUPIPXUIFDFMM
DZDMFJTSFHVMBUFEBOEXIZDFMMTDPOUJOVF
NVMUJQMZJOHJODFSUBJODBTFT

FDQFHUFHOOV6WHP&HOOV

QHUYHFHOOV

OLYHUFHOOV

,QWKHODERUDWRU\
VWHPFHOOVFDQEH
NHSWIRUORQJSHULRGV
ZLWKRXWGLYLGLQJ
'LIIHUHQWNLQGVRIFHOOV
FDQEHFUHDWHGWRVXLW
GLIIHUHQWQHHGV

FHOOVRIWKH
FDUGLDFPXVFOH



*OBOJNBMT BGUFSUIFZSFBDIBDFSUBJOTUBHFJO
UIFJS HSPXUI  NPTU PG UIF DFMMT TUPQ
NVMUJQMZJOH #VU UIFSF BSF B GFX DFMMT UIBU
SFUBJO UIFJS BCJMJUZ UP EJWJEF 5IFTF BSF
LOPXO BT TUFN DFMMT 8IFO DFMMT JO B
QBSUJDVMBSPSHBOPGUIFCPEZEJF UIFTFTUFN
DFMMT DSFBUF OFX DFMMT BOE SFQBJS UIF
EBNBHF8IFO B TUFN DFMM EJWJEFT  POF PG
UIFUXPDFMMTEJGGFSFOUJBUFTBOECFDPNFTB
DFMMPGUIFUJTTVFXIJMFUIFPUIFSSFUBJOTJUT
TUFNDFMMTUBUVT
4DJFOUJTUT IBWF TVDDFFEFE JO EJTDPWFSJOH
TVDI TUFN DFMMT UIBU BSF BCMF UP HFOFSBUF
DFMMTOPUPOMZGPSUIFJSSFMBUFEPSHBOCVUGPS
PUIFSPSHBOTBTXFMM&GGPSUTBSFCFJOHNBEF
UP SFDSFBUF EBNBHFE PSHBOT XJUI UIFTF
TUFNDFMMT

&HOOWKHRU\7KHMRXUQH\DKHDG
5IFDFMMUIFPSZ UPBMBSHFFYUFOU SFTUTPOUIFGBDU
UIBUBMMMJWJOHPSHBOJTNTBSFNBEFPGDFMMTBOEBMM
UIFJSMJGFQSPDFTTFTPDDVSBUUIFMFWFMPGDFMMT*O
P U I F S XP SE T  U I F SF J T O P P U I F S M F WF M P G
PSHBOJ[BUJPO PG MJGF MPXFS UIBO B DFMM $FMM JT UIF
NJOJNVN VOJU PG PSHBOJ[BUJPO UIBU FYIJCJUT UIF
DIBSBDUFSJTUJDT PG MJGF )PXFWFS  UIJT EPFT OPU
NFBO UIBU B TJOHMF DFMM PG B QFFQVM USFF DBO CF
DPOTJEFSFE BO FOUJSF USFF $FMMT GPSN UJTTVFT 
UJTTVFT HFU UPHFUIFS BOE GPSN PSHBOT  BMM UIF
PSHBOT TZODISPOJTF UP DSFBUF BO PSHBO TZTUFN
BOEUIFDPPSEJOBUFEGVODUJPOJOHPGUIFTZTUFNT
NBLFBOPSHBOJTN5IFSFGPSF BOPSHBOJTNJTOPU
KVTUBNBTTPGDFMMT*UJTPOMZBTQFDJGJDPSHBOJ[BUJPO
PG DFMMT UIBU DBO HJWF SJTF UP UJTTVFT  PSHBOT 
TZTUFNTBOEGJOBMMZUIFPSHBOJTNT
5IFSFJTBOPUIFSUIJOHUIBUNVTUCFCPSOFJONJOE
 DFMMT JO EJGGFSFOU PSHBOJTNT QFSGPSN BMNPTU
TJNJMBSUBTLTUIFJSSFTQJSBUJPOJTTJNJMBS NPEFPG
OVUSJUJPO UPP IBQQFOT UP CF TJNJMBS  QSPDFTT PG
EJWJTJPOBMTPPDDVSTJOUIFTBNFXBZ:FU UIFZBSF
EJGGFSFOU*OFWFSZDFMMUIFSFBSFDFSUBJOBDUJWJUJFT
UIBUBSFDPNNPOUPBMMDFMMT XIJMFBGFXPGUIFTF
BSFVOJRVFUPUIBUQBSUJDVMBSDFMM*OPUIFSXPSET 
BMMDFMMTFYFDVUFDFSUBJODPNNPOGVODUJPOT*OUIJT
TFOTF DFMMTBSFBVUPOPNPVTMJWJOHVOJUT#VUFBDI
DFMM BMTP QFSGPSNT DFSUBJO BDUJWJUJFT BT QBSU PG B
MBSHFS MJWJOH PSHBOJTN *O UIJT TFOTF  JU JT B
TUSVDUVSBMVOJUPGUIBUPSHBOJTN

GSPNBTJOHMFDFMMUPDSFBUFUIFXIPMFBOJNBM5IJT
JTUIFDPOTFRVFODFPGDFMMVMBSEJGGFSFOUJBUJPO
)PXFWFS  JO UIJT SFHBSE  UIFSF JT B TJHOJGJDBOU
EJGGFSFODF CFUXFFO QMBOUT BOE BOJNBMT *O
HFOFSBM UIFQSPDFTTPGEJGGFSFOUJBUJPOJOQMBOUTJT
OPU QFSNBOFOU *G XF QMBOU B UXJH  JU XJMM
FWFOUVBMMZCFUSBOTGPSNFEJOUPBGVMMZHSPXOUSFF
#VUUIJTEPFTOPUIBQQFOJONPTUBOJNBMT)FODF 
JOHFOFSBM DMPOJOHBOJNBMTJTRVJUFBDIBMMFOHJOH
UBTL :PV NBZ IBWF BMSFBEZ SFBE PS IFBSE UIBU 
TDJFOUJTUTIBWFNBEFBMPUPGQSPHSFTTJOUIFGJFME
PG DMPOJOH BOJNBMT 'PS UIF QBTU GFX ZFBST  UIFZ
IBWFCFFOUIJOLJOHBCPVUDMPOJOHIVNBOCFJOHT
BTXFMM5IJTJOWPMWFTRVJUFBGFXFUIJDBMJTTVFT
8FTBXUIBUJOUIFDPVSTFPGUIFEFWFMPQNFOUPG
DFMMUIFPSZJUTMPXMZDBNFUPMJHIUUIBUUIFFOUJSF
TUSVDUVSBMBOEGVODUJPOBMJOGPSNBUJPOPGUIFDFMMJT
TUPSFE JO UIF OVDMFVT 8JUIJO UIF OVDMFVT  UIJT
JOGPSNBUJPO TUPSFIPVTF IBT CFFO USBDFE UP UIF
DISPNPTPNFT

FHOOLQWKH
PXVFXODU
WLVVXH

UHGEORRGFRUSXVFOHV

%JGGFSFOUJBUJPOJODFMMT
5IF QSPDFTT CZ XIJDI EJGGFSFODFT PDDVS JO UIF
TUSVDUVSBMBOEGVODUJPOBMBTQFDUTPGUIFDFMMTJO
WBSJPVT PSHBOT PG UIF PSHBOJTN JT LOPXO BT
DFMMVMBSEJGGFSFOUJBUJPO'PSFYBNQMF BGUFSBTFFE
JT TPXO SPPUT  TUFN  MFBWFT  GMPXFST BSF GPSNFE
GSPN JU &WFO XJUIJO MFBWFT UIFSF BSF EJGGFSFOU
LJOETPGDFMMT8IJMFTUVEZJOHUIFMJGFDZDMFPGGSPH
XFTBX IPX EJGGFSFOU LJOET PG DFMMT BSFGPSNFE

FDUGLDFFHOO

QHUYHFHOO



$MPOJOH
&BDIDFMMJOBOPSHBOJTNIBTBEFGJOJUFOVNCFS
PG DISPNPTPNFT "U UIF UJNF PG TFYVBM
SFQSPEVDUJPO  TQFDJBM DFMMT BSF QSPEVDFE  JO
CPUI UIF NBMF BOE GFNBMF PSHBOJTNT  XIJDI
IBWFIBMGUIJTOVNCFSPGDISPNPTPNFT/FYU 
UIF NBMF BOE GFNBMF SFQSPEVDUJWF DFMMT  UIF
TQFSN BOE UIF PWVN SFTQFDUJWFMZ  GVTF BOE
GFS UJMJTBUJPO UBLFT QMBDF 5IF DFMM UIVT
HFOFSBUFE UIF[ZHPUF IBTUIFVTVBMOVNCFS
PG DISPNPTPNFT 5IJT JT OPSNBM TFYVBM
SFQSPEVDUJPO *U JT PCWJPVT UIBU IBMG PG UIF
DISPNPTPNFT JO UIF [ZHPUF DPNF GSPN UIF
NBMFBOEUIFPUIFSIBMGDPNFTGSPNUIFGFNBMF
QBSFOU *O UIJT NBOOFS  UIF PGGTQSJOH JOIFSJU
UIFUSBJUTPGUIFNPUIFSBOEUIFGBUIFS
*G ZPV UBLF B DFMM GSPN POMZ POF JOEJWJEVBM
FJUIFS NBMF PS GFNBMF  BOE DSFBUF B OFX
PSHBOJTN GSPN JU  UIFO UIJT PSHBOJTN XJMM
SFDFJWF BMM JUT DISPNPTPNFT GSPN FJUIFS UIF
NPUIFSPSGBUIFSBOETPJUXPVMECFBQFSGFDU
DPQZPGUIFNPUIFSPSUIFGBUIFS5IJTJTDBMMFE
DMPOJOH)PXFWFS JUJTOPUWFSZFBTZUPBDIJFWF
UIJTJOUIFDBTFPGBOJNBMTBOEBMPUPGFGGPSUIBT
HPOFJOUPNFFUJOHUIJTDIBMMFOHF4PGBS JUIBT
POMZCFFOQPTTJCMFUPDSFBUFSBUTPSTIFFQCZ
DMPOJOH )PXFWFS  TDJFOUJTUT IBWF FOPVHI
LOPXMFEHF BOE FYQFSJFODF UP CF BCMF UP
DSFBUFIVNBODMPOFTBTXFMM
.BOZQFPQMFGFFMUIBUDMPOJOHIVNBOTXPVME
CF HPJOH BHBJOTU OBUVSF )FODF  TVDI BO
BUUFNQU TIPVME OPU CF NBEF 0O UIF PUIFS

,I
SRVVLEOH
SOHDVH
HGLWWKH
PDWWHU
IRUILWWKH
SDJH

(SBEVBMMZ  JU IBT BMTP CFDPNF BQQBSFOU UIBU UIF
O V D M F V T  E P F T  O P U  D P O U S P M  D F M M T  F O U J S F M Z
BVUPOPNPVTMZ 5IF DZUPQMBTN UPP IBT TPNF
DPOUSPMPWFSJU

IBOE  B GFX QFPQMF CFMJFWF UIBU UIJT XJMM
BDUVBMMZ CF B HSFBU BEWBODF JO NFEJDBM
TDJFODF5IFZGFFMUIBUBOPSHBOPSUJTTVFDPVME
CF DMPOFE JOTUFBE PG UIF FOUJSF BOJNBM *G B
QFSTPOEBNBHFTBQBSUJDVMBSPSHBOPSBUJTTVF
UIFOBDMPOFPSHBOPSUJTTVFDPVMECFVTFEGPS
USFBUNFOU 0S  BO FOUJSF QFSTPO DPVME CF
DMPOFEBOEUIFDMPOFhTPSHBOTDPVMECFVTFE
BTBOEXIFOSFRVJSFE
#VUUIFRVFTUJPOJTXIBUXPVMECFUIFSJHIUTPG
UIJTDMPOFXIPTFTPMFQVSQPTFJOMJGFXPVMECF
UPTVQQMZTQBSFQBSUTFWFOUIPVHIJUJTOPSNBM
IVNBOCFJOH 5IFO8IBUJTUIFNFBOJOHPGJUT
FYJTUFODF
"OPUIFSRVFTUJPOUIBUFNFSHFTJTXIPJTUIF
DMPOFBDUVBMMZ *GJUJTUIFTBNFQFSTPOXIPTF
DMPOJOHIBTCFFOEPOF UIFOIPXXPVMEUIF
DMPOFCFSFMBUFEUPUIFPSJHJOBM 'PSFYBNQMF 
JGBXPNBOHJWFTCJSUIUPIFSPXODMPOF XIBU
XPVMECFUIFJSSFMBUJPOTIJQ 8PVMEUIFDMPOF
CFIFSEBVHIUFS IFSTJTUFSPSIFSPXOTFMG 
4VDIRVFTUJPOTBSFDPNJOHUPUIFGPSFWJTËWJT
IVNBODMPOJOH*OGBDU NBOZDPVOUSJFTIBWF
CBOOFEFYQFSJNFOUTJOIVNBODMPOJOHXIJMF
TPNFTDJFOUJTUTBSFEFNBOEJOHUIBUUIFCBO
CFMJGUFE
* O D J E F O U B M M Z  C F T J E F T  D M P O J O H  F O U J S F
PSHBOJTNT UJTTVFTBOEPSHBOT UIJTUFDIOJRVF
IBTCFFORVJUFFGGFDUJWFJOUIFGJFMEPGHFOF
DMPOJOH5ISPVHIUIJTUFDIOJRVF XFDBOVTF
UIF HFOFT PG POF PSHBOJTN JO TPNF PUIFS
PSHBOJTN
TBZXIFSFNBOZPGUIFTFHFOFTBSFMPDBUFEPOUIF
DISPNPTPNFT
8FIBWFBMTPCFHVOUPJOTFSUUIFHFOFGSPNPOF
PSHBOJTNJOUPUIFHFOPNF JFUIFDPMMFDUJPOPG
BMM UIF HFOFT  PG BOPUIFS PSHBOJTN 5IJT
UFDIOJRVF IBT QSPEVDFE HFOFUJDBMMZ NPEJGJFE
PSHBOJTNT5IJTUPPIBTHJWFOSJTFUPJOUFOTFTPDJBM
EFCBUFT

5IF NBOOFS JO XIJDI OVDMFJD BDJE SFHVMBUFT UIF
DIBSBDUFSJTUJDT PG UIF DFMM IBT CFDPNF DMFBS UP B
DFSUBJOFYUFOU8FIBWFBMTPDPNFUPLOPXUIBUUIF
USBJUT PG UIF QBSFOUT BSF QBTTFE PO UP UIFJS
PGGTQSJOHUISPVHIOVDMFJDBDJE5IFVOJUTPGOVDMFJD
)FODF XFDBOTBZUIBUUIFDFMMUIFPSZIBTDPNFB
BDJE UIBU EFUFSNJOF WBSJPVT DIBSBDUFSJTUJDT BSF
 MPOH XBZ TJODF JUT CFHJOOJOH JO UIF FBSMZ UI
LOPXOBTHFOFT5PEBZXFDBOFWFODPOGJEFOUMZ
DFOUVSZ BOEJUTFFNTUIBUJUIBTBMPOHXBZUPHP

%FWFMPQNFOUPGUIF-JGF4DJFODFT
5IF EFWFMPQNFOU PG DFMM UIFPSZ IBT QMBZFE B
TJHOJGJDBOUSPMFJOVOJGZJOHUIFFOUJSFMJWJOHXPSME
8FIBWFSFBMJTFEUIBUPSHBOJTNTUIBUBQQFBSUP
CFTPEJGGFSFOUBSFGVOEBNFOUBMMZWFSZTJNJMBS8F
IBWFBMTPCFFOBCMFUPVOEFSTUBOEUIFCBTJTPG
EJGGFSFODFTTFFOCFUXFFOEJGGFSFOUMJGFGPSNT BOE
UIF QSPDFTT CZ XIJDI UIFTF EJGGFSFODFT BSF

"

#

$FHOOZDVWDNHQIURP
WKHEUHDVWRI6KHHS

DSFBUFE8IJMFUIFUIFPSZPGFWPMVUJPOQSPWJEFT
VT XJUI B GSBNFXPSL GPS FTUBCMJTIJOH MJOLT
CFUXFFOMJWJOHCFJOHT UIFDFMMUIFPSZGBDJMJUBUFT
VOEFSTUBOEJOH UIF NBOOFS JO XIJDI MJGF JT
HPWFSOFEBUUIFMFWFMPGDFMMT5IJTUIFPSZXFBWFT
UPHFUIFSUIFEJWFSTFMJGFGPSNTJOBTJOHMFTUSBOE

7KHQXFOHXVRIWKHFHOORI6KHHS
$ ZDV H[WUDFWHG DQG SODFHG LQ
WKHRYXPFHOORI6KHHS%IURP
ZKLFK WKH QXFOHXV KDG DOUHDG\
EHHQUHPRYHG

1RZ WKH FHOO WKDW ZDV
IRUPHGKDGWKHQXFOHXV
IURP 6KHHS $·V FHOO
ZKLOHUHVWRIWKHFHOOXODU
PDWHULDOO EHORQJHG WR
WKHRYXPRI6KHHS%

$Q RYXP ZDV WDNHQ
IURP6KHHS%
7KH QXFOHXV RI WKH
RYXPZDVUHPRYHG

7KLVK\EULGFHOOZDVOHIWWRGLYLGH
,W IRUPHG D FOXVWHU RI FHOOV
$IWHUVRPHWLPHWKHFHOOFOXVWHU
RU WKH HPEU\R ZDV LPSODQWHG LQ
WKHXWHUXVRIDQRWKHUVKHHS & 

6KHHS&JDYHELUWKWRDIHPDOHVKHHSZKLFK
ZDV QDPHG 'ROO\ $OO WKH FKURPRVRPHV LQ
'ROO\ VFHOOVEHORQJHGWRVKHHS$+HQFHDOOLWV
FKDUDFWHULVWLFVZHUHOLNHVKHHS$WKXV'ROO\
ZDV$ VFORQH

1RZ WKH TXHVWLRQ LV ZKR LV 'ROO\·V PRWKHU
6KHHS$%RU&"$QGZKRLV'ROO\·VIDWKHU"



#

(FOFUJD&OHJOFFSJOH
*OOBUVSF HFOFTBSFFYDIBOHFEPOMZBNPOH
PSHBOJTNTGSPNUIFTBNFTQFDJFT#VUUPEBZ
CJPMPHJTUTIBWFEFWFMPQFEUFDIOJRVFTUIBU
IFMQUIFNUBLFBHFOFGSPNPOFPSHBOJTN
BOE USBOTQMBOU JU JO UIF HFOF TFRVFODF PG
BOZPUIFSPSHBOJTN OPNBUUFSXIBUTQFDJFT
JUCFMPOHTUP
"TBSFTVMU HFOFTBSFCFJOHUSBOTQMBOUFEUP
BOE GSPN UPUBMMZ VOSFMBUFE PSHBOJTNT5IJT
IBTSFTVMUFEJONBLJOHUIFTQFDJFTCBSSJFSUP
HFOFGMPXMFTTSJHJE
'PSFYBNQMF ZPVNVTUIBWFIFBSEBCPVU#U
DPUUPO *O UIJT  UIF HFOF GSPN B CBDUFSJVN
OBNFE #U IBT CFFO JNQMBOUFE JOUP DPUUPO
QMBOUT *U JT CFMJFWFE UIBU #U QSPEVDFT B
DIFNJDBM UIBU LJMMT B QBSUJDVMBS QFTU #Z
JOTFSUJOHJUTHFOFJOUPUIFDPUUPOQMBOU JUIBT
CFFOQPTTJCMFGPSUIFQMBOUUPQSPEVDFUIF
TBNF DIFNJDBM BT XFMM *U JT CFJOH DMBJNFE
UIBUOPXUIPTFQFTUTXJMMOPUGFFEPOUIF#U
DPUUPOQMBOUT5IJTXPVMESFEVDFUIFVTFPG
QFTUJDJEFT
)PXFWFS BGFXQFPQMFCFMJFWFUIBUUIFQFTU
XPVME EFWFMPQ JNNVOJUZ UPXBSET UIF
QPJTPO HFOFSBUFE CZ UIF QMBOU WFSZ TPPO
EVFUPDPOUJOVPVTFYQPTVSF4PNFQFPQMF
FWFODPOUFOEUIBUUIJTHFOFDPVMESFBDIUIF
DFMMT PG XFFET  XIFSFCZ UIF XFFET XPVME
CFDPNFSFTJTUBOUUPUIFTBNFQFTUTBOETPJU
XPVME HFU JODSFBTJOHMZ EJGGJDVMU UP DPOUSPM
UIFXFFET
)LJXUH &RWWRQEDOO ODUYDH +HOLFRYHUSD
DUPLJHUD IHHGLQJRQFRWWRQEDOOV
7KH %W FRWWRQ KDV EHHQ JURZQ WR UHVLVW
WKHVHDQGODUYDHRIRWKHUSHVWV



4PNF QFPQMF BSF BMTP BQQSFIFOTJWF BCPVU
TBGFUZ JTTVFT JO DPOTVNJOH HFOFUJDBMMZ
NPEJGJFEGPPE
1FPQMFBSFBMTPDPODFSOFEBCPVUXIFSFUIJT
QSPDFTTPGHFOFUSBOTGFSNJHIUMFBEVT'PS
JOTUBODF  DFSUBJO USBJUT BSF DPOTJEFSFE
EFTJSBCMFJOPVSTPDJFUZ5IFDPODFSOJTUIBU

QBSFOUT NJHIU XBOU UP VTF HFOF USBOTGFS UP
JNQMBOUUIFTFiEFTJSBCMFwHFOFTJOUIFJSDIJMESFO
"OE XIP JT UP EFDJEF XIJDI RVBMJUJFT BSF
EFTJSBCMF  5IFSF JT BO BOYJFUZ UIBU UIJT NBZ
FODPVSBHFPVSTPDJBMQSFKVEJDFT'PSFYBNQMF JO
*OEJBO TPDJFUZ UIFSF IBT BMXBZT CFFO B HSFBU
EFTJSFGPSNBMFQSPHFOZ CVUGPSBMPOHUJNFUIFSF
XFSFPOMZMJNJUFENFBOTGPSGVMGJMMJOHUIFEFTJSF
#VU OPXBEBZT  UISPVHI UIF UFDIOJRVFT PG
VMUSBTPOPHSBQIZ BOE BNOJPDFOUFTJT QFPQMF BSF
F M F D U J O H  U P  I B W F  P O M Z  C P Z T   5 I F  T P D J B M
DPOTFRVFODFPGUIJTJTFWJEFOUJOUIFEFDSFBTJOH
OVNCFS PG HJSMT JO PVS QPQVMBUJPO (FOFUJD

FOHJOFFSJOHIBTUIFJOGJOJUFQPUFOUJBMUPGVFMPVS
TPDJBMQSFKVEJDFT
)PXFWFS BRVFTUJPOTUJMMSFNBJOT*UJTUSVFUIBU
MJLFBOZPSHBOJTN UIFDFMMJTBMTPGPSNFEGSPNB
QSFFYJTUJOHDFMM#VUUIFO IPXXBTUIFGJSTUDFMM
GPSNFE  *O PUIFS XPSET  IPX XFSF JOBOJNBUF
NBUFSJBMT GJSTU PSHBOJTFE UP BDRVJSF UIF
DIBSBDUFSJTUJDTPGMJGF )PXEJEUIFGJSTUDFMMDPNF
JOUP CFJOH  5IBU JT UP TBZ  XIBU XFSF UIF
DPOEJUJPOT VOEFS XIJDI JOBOJNBUF NBUFSJBMT
DSFBUFE MJWJOH PSHBOJTNT TQPOUBOFPVTMZ  8JUI
UIJT XFCSJOHBOFOEUPPVSEJTDVTTJPOCFDBVTFJG
XFTUBSUUBMLJOHBCPVUBMMUIJT UIFOUIFEJTDPVSTF
NJHIUHPPOGPSFWFS



QRQH

.JMFTUPOFTJOUIFTUVEZPGDFMMT
T

+BOTTFO EJTDPWFST UIF DPNQPVOE
NJDSPTDPQF



3PCFSU)PPLFEFTDSJCFTDPSLDFMMT



'SBODFTDP 3FEJ SFGVUFT UIFPSZ PG
TQPOUBOFPVTHFOFSBUJPO



-FFVXFOIPFL GJSTU TJHIUT NJDSP
TDPQJDPSHBOJTNT



-FFVXFOIPFLPCTFSWFTCBDUFSJB



3PCFSU #SPXO TJHIUT UIF OVDMFVT JO
PSDIJEDFMMT



4DIMFJEFO BOE 4DIXBOOQSPQPVOET
DFMMUIFPSZ



"MCSFDIUWPO,½MMJLFSEJTDPWFSTUIBU
TQFSNBOEPWVNBSFBMTPDFMMT




/1SJOHTIFJNWJFXTTQFSNDFMM
FOUFSJOHUIFPWVN



,PMMJLFSTJHIUTUIFNJUPDIPOESJB

/HHXZHQKRHNVLJKWVPLFURVFRSLF
RUJDQLVPVDQGEDFWHULD

5REHUW%URZQQXFOHLLQRUFKLGFHOOV



3VEPMQI 7JSDIPX QSPQPVOET UIF
PNOJTDFMMVMBFDFMMVMBUIFPSZ



.JFTDIFSTFQBSBUFTUIF%/"



'MFNJOHOPUJDFTUIFSPMFPGDISPNP
TPNFTJODFMMEJWJTJPO



5XGROSK9LUFKRZ
2PQLVFHOOXODHFHOOXOD

&DPLOOR*ROJLGHVFULSWLRQRI*ROJLDSSDUDWXV



3FQSPEVDUJWF DFMMT BSF IBQMPJE JO
OBUVSF



$BNJMMP (PMHJ EFTDSJCFT UIF (PMHJ
BQQBSBUVT



$ISPNPTPNF UIFPSZ JO HFOFUJDT JT
QSFQBSFE



%JTDPWFSZPGUIFGJSTUVMUSBDFOUSJGVHF



3VTLB NBLFT UIF FMFDUSPO NJDSP
TDPQF



5IF EPVCMFIFMJY TUSVDUVSF PG %/"
DPNFTUPMJHIU



&BHMF GPVOE PVU UIF OVUSJUJPOBM
SFRVJSFNFOU PG UIF IVNBO DFMM JO
BSUJGJDJBMNFEJVN



( F O F U J D B M M Z  F O HJ O F F SF E  N J DF 
DSFBUFE



$MPOJOHJOTIFFQSFTVMUTJOUIFCJSUI
PG%PMMZ GJSTUNBNNBMDMPOF



)VNBOHFOPNFNBQQFE



'JSTUDMPOFESBUDSFBUFE

5XVNDHOHFWURQPLFURVFRSH

:DWVRQDQG&ULFN

)UDQFLV&ROOLQV
PDSSLQJRIKXPDQJHQRPH

5RVDOLQG)UDQNOLQ
GRXEOHKHOL[VWUXFWXUHRI'1$FRPHVWROLJKW



"QQFOEJY

"QQFOEJY

,OPXUIFNJDSPTDPQF
5IFNJDSPTDPQFJTBOFYUSFNFMZJNQPSUBOUJOTUSVNFOUGPSCPUIUFBDIFSTBOETUVEFOUTPGCJPMPHZ5PVTFJU
QSPQFSMZ POFNVTUVOEFSTUBOEUIFTUSVDUVSFBOEGVODUJPOPGJUTQBSUT
5IFSFBSFUXPLJOETPGNJDSPTDPQFTTJNQMFBOEDPNQPVOE*OUIFTJNQMFNJDSPTDPQFUIFSFJTBTJOHMF
DPOWFYMFOTXIJMFJOUIFDPNQPVOENJDSPTDPQFUIFSFBSFUXPDPOWFYMFOTFTLFQUBUBGJYFEEJTUBODFGSPN
FBDIPUIFS0OFMFOTFOMBSHFTUIFJNBHFPGUIFPCKFDU NBHOJGJFEJNBHF XIJMFUIFPUIFSNBHOJGJFTUIJT
JNBHFFWFONPSF)FSFXFXJMMPOMZUBMLBCPVUUIFDPNQPVOENJDSPTDPQF*ODJEFOUBMMZ BMMUIFQSFMJNJOBSZ
PCTFSWBUJPOTPGDFMMTXFSFEPOFXJUIBTJNQMFNJDSPTDPQF

*OUSPEVDUJPOUPUIFNJDSPTDPQF
.JDSPTDPQF JT NBEF PG IFBWZ NPVMEFE NFUBM
BOE IFODF  EPFT OPU UPQQMF FBTJMZ *U IBT UIF
GPMMPXJOHQBSUT
5IFSFJTB6TIBQFECBTF CBTF  UIBULFFQT
UIFNJDSPTDPQFTUBCMF5IFJOTUSVNFOUTIPVME
CFLFQUPOBMFWFMTVSGBDF

H\HSLHFH 

"$TIBQFEBSN BSN  KVUTBCPWFUIFCBTF"
WFSUJDBMUVCF UVCF  JTBGGJYFEBUJUTVQQFSFOE
5IJTUVCFDBOCFNPWFEVQBOEEPXO

NQREV  
WXEH 
FRDUVHDGMXVWPHQW 
DUP 
GLVF
REMHFWLYHV 
VWDJH 
DSHUWXUH 
FOLS 
FRQGHQVHU 
GLDSKUDJP 
ILOWHU 
PLUURUKROGHU  
EDVH 

,PDJH



5XPQBJSTPGDJSDVMBSLOPCTBSFBUUBDIFEUPUIF
BSNUPNPWFUIFUVCFVQBOEEPXO5IFCJHHFS
LOPC   NPWFT UIF BSN JO CSPBE HSPPWFT TP
UIBUJUNPWFTBHSFBUFSEJTUBODFXJUIFBDIUVSO
5IJTMFBETUPDPBSTFBEKVTUNFOUPGUIFJNBHF
5IFTNBMMFSLOPCNPWFTUIFBSNJOGJOFSHSPWFT
BOEUIFQPTJUJPOPGUIFUVCFDIBOHFTTMJHIUMZ
UIJTMFBETUPGJOFBEKVTUNFOUPGUIFJNBHFBOE
IFMQTJOPCUBJOJOHUIFSJHIUGPDVT
"QBJSPGMFOTFTJTGJYFEJOBDZMJOESJDBMDBTJOHBU
UIFVQQFSFOEPGUIFUVCF5IJTDBTJOHDBOFBTJMZ
TMJEFJOUPUIFVQQFSQPSUJPOPGUIFUVCF5IFSFJT
BUJOZBQFSUVSFPOUIFVQQFSMJEPGUIFDBTJOH
'PS PCTFSWBUJPO VOEFS UIF NJDSPTDPQF ZPV
OFFEUPMPPLUISPVHIUIJTBQFSUVSF)FODFUIJT
DBTJOHJTDBMMFEUIFFZFQJFDF5IFNBHOJGJDBUJPO

%VSJOHPCTFSWBUJPO UIFTMJEFJTIFMEVOEFSUIFTF
DMJQT *O TPNF NJDSPTDPQFT UIFSF JT B IPMEFS
JOTUFBE PG DMJQT5IFSF BSF LOPCT PO UIF IPMEFS
XJUI XIJDI UIF TMJEF DBO CF NPWFE JO BMM
EJSFDUJPOTPOUIFTUBHF5IFSFJTBMTPBTDBMFPOUIF
IPMEFSUIBUIFMQTPOFUPOPUFIPXNVDIUIFTMJEF
IBT CFFO NPWFE PS XIJDI QBSU PG UIF TMJEF JT
VOEFSUIFPCKFDUJWF

FOLS 
REMHFWLYHV 

VWDJH 
DSHUWXUH 

5IFSFBSFBGFXPUIFSQBSUTVOEFSUIFTUBHFUIBU
BSFBTGPMMPXT

PG UIF FZF QJFDF JT NFOUJPOFE PO JU  GPS
FYBNQMF9 9FUD
"TNBMMNFUBMEJTD EJTD  JTGBTUFOFEUPUIF
MPXFSFOEPGUIFUVCFJOTVDIBNBOOFSUIBUJU
DBO CF GSFFMZ SPUBUFE 5IJT EJTD IBT 
UISFBEFEBQFSUVSFTJOXIJDIMFOTTFUTDBOCF
GBTUFOFE
&BDI TVDI TFU PG MFOT JT GJYFE JO B DZMJOESJDBM
DBTJOH XJUIUISFBETPOJUTCBTF8JUIUIFIFMQ
PGUIFUISFBET UIFMFOTDBOCFGBTUFOFEJOUIF
BQFSUVSF 5IFTF MFOTFT BSF DBMMFE PCKFDUJWFT
  :PV DBO SPUBUF UIF EJTD UP CSJOH UIF
SFRVJSFEPCKFDUJWFJOBMJHONFOUXJUIUIFFZF
QJFDF5IFNBHOJGJDBUJPOPGFBDIPCKFDUJWFJT
NFOUJPOFEPOJU

B

"DJSDVMBSNJSSPSIPMEFS  UIBUDPOUBJOTB
DPODBWF NJSSPS PO POF TJEF BOE B QMBJO
NJSSPS PO UIF PUIFS 5IF NJSSPS JT LFQU BU
TVDI BO BOHMF UIBU BGUFS SFGMFDUJPO MJHIU
QBTTFT UISPVHI UIF BQFSUVSF PG UIF TUBHF
BOEGBMMTPOUIFPCKFDUJWF



5IFSFBSFBGFXSJOHTKVTUBCPWFUIFNJSSPS
UIBUIPMEUIFGPMMPXJOHQBSUT

VWDJH 
DSHUWXUH 
FOLS 
FRQGHQVHU 

+VTUCFMPXUIFPCKFDUJWF UIFSFJTBQMBUGPSN
 5IJTJTDBMMFEUIFTUBHF5IFSFJTBDJSDVMBS
BQFSUVSF   BU UIF DFOUSF PG UIF TUBHF
UISPVHIXIJDIMJHIUDBOQBTTBOEGBMMPOUIF
PCKFDUJWF5IFSFJTBDMJQ  POCPUITJEFTPG
UIJTBQFSUVSF

GLDSKUDJP 
ILOWHU 
PLUURUKROGHU  
EDVH 

5IFNBHOJGJDBUJPOPGUIFNJDSPTDPQFJTFRVBM
UP UIF QSPEVDU PG NBHOJGJDBUJPO PG UIF FZF
QJFDF BOE UIF PCKFDUJWF 'PS FYBNQMF  JG UIF
NBHOJGJDBUJPOPGUIFFZFQJFDFJT9BOEUIBU
PGUIFPCKFDUJWFJT9UIFOUIFPCKFDUXPVMECF
TFFO NBHOJGJFE  UJNFT VOEFS UIF
NJDSPTDPQF



C

"DPOWFYMFOTDBMMFEDPOEFOTFS  DBOCF
BEKVTUFE XJUI UIF IFMQ PG B LOPC   UP
BMMPXNBYJNVNMJHIUUPSFBDIUIFBQFSUVSF

D

5IFSFBSFTFWFSBMQMBUFTBSSBOHFEJOTVDIB
NBOOFSBTUPIBWFBUJOZIPMFJOUIFNJEEMF
5IFTFQMBUFTDBOCFBEKVTUFEUPNBLFUIF
IPMFMBSHFSPSTNBMMFS5IJTJTLOPXOBTUIF
EJBQISBHN  

*GOFFECF UIJTDBOCFBEKVTUFEJOTVDIBNBOOFS
UIBU B UIJO SBZ PG MJHIU QBTTFT UISPVHI UIJT BOE
EJSFDUMZ JMMVNJOBUFT POMZ UIF BSFB UIBU JT CFJOH
PCTFSWFE5IJTIFMQTJOTIBSQFSPCTFSWBUJPOT
E

6TJOHB.JDSPTDPQF

0O BOPUIFS SJOH UIFSF JT B CMVFDPMPVSFE
HSPVOE HMBTT DBMMFE GJMUFS   5IJT JT
OPSNBMMZ VTFE UP WJFX UIF PCKFDUT JO
BSUJGJDJBMMJHIU

*

1VU POF PS UXP ESPQT PG XBUFS PO UIF
NBUFSJBMBOEDPWFSJUXJUIBDPWFSTMJQ

JJ

1MBDFUIFNJDSPTDPQFJOTVDIBNBOOFSUIBU
UIFMJHIUDPNFTGSPNUIFGSPOU

JJJ

,FFQUIFTMJEFPOUIFTUBHFJOTVDIBXBZ
UIBU UIF PCKFDU SFTUT EJSFDUMZ PO UIF
BQFSUVSFPGUIFTUBHF

JW

"EKVTU UIF QMBJO NJSSPS TP UIBU NBYJNVN
MJHIU SFGMFDUFE CZ UIF NJSSPS SFBDIFT UIF
PCKFDU

W

.PWFUIFDPOEFOTFSVQPSEPXOBOEMPPL
UISPVHI UIF FZFQJFDF UP DIFDL UIBU
NBYJNVNMJHIUJTSFBDIJOHUIFPCKFDU

WJ

*G UIFSF JT OP DPOEFOTFS  NBLF VTF PG UIF
DPODBWFNJSSPS

WJJ "EKVTUUIFBQFSUVSFJOUIFEJBQISBHNMPPL
UISPVHIUIFFZFQJFDFUPFOTVSFUIBUPOMZ
UIFPCKFDUJTJMMVNJOBUFE
WJJJ #SJOHUIFMPXNBHOJGJDBUJPOPCKFDUJWF 9PS
9 PWFSUIFPCKFDU



JY

7JFXJOH UISPVHI UIF FZF QJFDF  NPWF UIF
UVCF VQ PS EPXO XJUI UIF DPBSTF
BEKVTUNFOULOPCBOEUSZUPCSJOHUIFPCKFDU
JOUPGPDVT

Y

6TJOH UIF GJOF BEKVTUNFOU  TIBSQFO UIF
GPDVT

YJ

5PVTFUIFIJHIFSNBHOJGJDBUJPOMFOT NPWF
UIF UVCF VQ  SPUBUF UIF DJSDVMBS EJTD BOE
CSJOHUIFSFRVJSFEPCKFDUJWF 9 9 JOUP
QMBDF /PX TMPXMZ CSJOH EPXO UIF UVCF 
MPPLJOH BU JU GSPN UIF PVUTJEF  UJMM UIF
PCKFDUJWF MFOT BMNPTU UPVDIFT UIF DPWFS
TMJQ-PPLUISPVHIUIFFZFQJFDFBOETMPXMZ
CSJOH UIF UVCF VQ XJUI UIF IFMQ PG GJOF
BEKVTUNFOUUJMMUIFPCKFDUDPNFTJOUPTIBSQ
GPDVT5IJTQSPDFTTSFEVDFTUIFQPTTJCJMJUZPG
CSFBLJOHUIFDPWFSTMJQPSUIFTMJEF

"GFXUJQT
5IF MFOT PG UIF NJDSPTDPQF OFFET UP CF
DMFBOFE XJUI EJTUJMMFE XBUFS PS YZMFOF PS B
NJYUVSF PG DIMPSPGPSN BOE YZMFOF "MDPIPM
TIPVMEOPUCFVTFEGPSDMFBOJOHBTJUEJTTPMWFT
UIFBEIFTJWFVTFEUPGBTUFOUIFMFOTFT
5IFMFOTTIPVMECFDMFBOFEXJUIBQJFDFPGTPGU
DMPUI  QSFGFSBCMZ POF XIJDI EPFT OPU TIFE
GJCSFT"TPGUCSVTIDPVMEBMTPCFVTFEUPDMFBO
UIFMFOT.BLFTVSFZPVEPOPUNPWFUIFDMPUI
PSUIFCSVTIJODJSDMFT5IJTNJHIUMFBEUPUIF
EVTU QBSUJDMFT TDSBUDIJOH UIF MFOT .PWF UIF
DMPUI PS UIF CSVTI JO TUSBJHIU TUSPLFT BOE
MJHIUMZXJQFUIFMFOT
*OTPNFNJDSPTDPQFTUIFSFBSFUXPFZFQJFDFT
JOTUFBE PG POF 4VDI NJDSPTDPQFT BSF DBMMFE
CJOPDVMBSNJDSPTDPQFT5IFBEWBOUBHFJTUIBU
UIJT DBO CF VTFE GPS B MPOH UJNF XJUIPVU
TUSBJOJOHUIFFZFT"NJDSPTDPQFXJUIBTJOHMF
FZF QJFDF JT L OPXO BT B NPOPDVMBS
NJDSPTDPQF 8IJMF PCTFSWJOH UISPVHI UIF
NPOPDVMBSNJDSPTDPQFZPVOFFEUPHFUVTFE
UPLFFQJOHCPUIUIFFZFTPQFO5IJTXJMMDBVTF
MFTTTUSBJOPOUIFFZFUIBUJTCFJOHVTFE
5PQSFQBSFBQFSNBOFOUTMJEF UIFNBUFSJBMJT
NPVOUFE JO B ESPQ PG TPNF TQFDJBM MJRVJE *U
LFFQT UIF NBUFSJBM VODPOUBNJOBUFE JO
BEEJUJPOUPQSFTFSWJOHJU

ϰy

ϰϬy
,PDJH

ϰϬϬy



"QQFOEJY

"SFDFMMTGMBU
6TVBMMZ XIFO DFMMT BSF TFFO VOEFS UIF
NJDSPTDPQF UIFJNBHFBQQFBSTBTGMBUBOEUXP
EJNFOTJPOBM *U TFFNT UIBU BMM UIF PSHBOFMMFT JO
UIF DFMM BSF TJUVBUFE JO POF QMBOF 5IJT JT WFSZ
TJNJMBS UP IPX TUBST BQQFBS UP CF PO UIF TBNF
QMBOF  XIFSFBT JO SFBMJUZ UIFZ BSF BU EJGGFSFOU
EJTUBODFTGSPNUIFFBSUI5IJTQFSDFQUJPOPGGMBU
DFMMT HFUT SFJOGPSDFE XIFO XF TFF UIF UXP
EJNFOTJPOBMJNBHFTQSJOUFEJOCPPLT
8FIBWFUSJFEUPJODMVEFNPSFUISFFEJNFOTJPOBM
JNBHFT
)LJXUH

*O SFBMJUZ  DFMMT IBWF MFOHUI  CSFBEUI BOE BMTP
EFQUI8FDBOFBTJMZTFFUIFMFOHUIBOECSFBEUI
4JODFXFDBOOPUTFFUIFEFQUIPGUIFDFMMTVOEFS
UIFNJDSPTDPQF XFUFOEUPUIJOLUIBUUIFTFBSF
GMBUPCKFDUT)PXFWFS UIFSFBSFBGFXFBTZXBZTUP
PCTFSWF UIF UIJDLOFTT PG UIF DFMMT 5IF FBTJFTU
NFUIPE JT UP TMJHIUMZ DIBOHF UIF GPDVT XIJMF
WJFXJOHQMBOUDFMMTPOUIFTMJEFBOEMPPLBUUIFDFMM
XBMM:PVhMMGJOEUIBUZPVBSFBCMFUPTFFUIFEFQUI
PG UIF XBMM 5IJT UISFFEJNFOTJPOBM GJHVSF
CFDPNFTDMFBSJGZPVSFEVDFUIFJOUFOTJUZPGMJHIU
BTXFMM TFFGJHVSF 

FGGFDUT8FGFFMUIBUNPSFTVDIGJHVSFTOFFEUPCF
VTFE UP VOEFSTUBOE UIF JOOFS TUSVDUVSF PG UIF
DFMMT
0CKFDUTBSFUISFFEJNFOTJPOBMJOOBUVSFCVUJGZPV
WJFXUIFNGSPNPOFTJEF UIFZXJMMBQQFBSBTUXP
EJNFOTJPOBM )FODF  UP BQQSFDJBUF BMM UIF UISFF
EJNFOTJPOT XFOFFEUPVTVBMMZMPPLBUTFDUJPOT
PGUIFPCKFDUDVUBUEJGGFSFOUBOHMFT-FUhTUBLFBO
FYBNQMF'JHVSFhBhJTBQIPUPHSBQIPGBOPOJPO
UIBUHJWFTVTBUISFFEJNFOTJPOBMGFFM#VUGSPN
UIJTXFIBSEMZHFUBOJEFBPGJUTJOUFSOBMTUSVDUVSF
5P LOPX BCPVU JUT JOOFS TUSVDUVSF XF UBLF B
MPOHJUVEJOBMTFDUJPOPGUIFPOJPO GJHVSFhCh 'SPN
UIJTXFHFUBOJEFBUIBUUIFJOUFSOBMTUSVDUVSFPG

:PVNBZIBWFOPUJDFEUIBUNBOZPGUIFEJBHSBNT
HJWFO JO UIJT NPEVMF IBWF UISFFEJNFOTJPOBM

LPDJHD

LPDJHE

LPDJHF



LPDJHG

UIF POJPO JT NBEF VQ PG UIJDL MFBWFT5P TFF
IPXUIFTFMFBWFTBSFBSSBOHFE XFUBLFBDSPTT
TFDUJPOBMPGUIFPOJPO GJHVSFhDh *OSFBMJUZ UP
VOEFSTUBOE UIF FOUJSF JOOFS TUSVDUVSF XF
XPVME OFFE WBSJPVT TFDUJPOT PG UIF POJPO
GJHVSF hEh  BOE  CBTFE PO UIPTF  QSFQBSF B
JOUFHSBUFEQJDUVSFPGUIFTUSVDUVSF

WKUHHGLPHQVLRQDOPRGHORIDVWHP

8FBEPQUBTJNJMBSQSPDFTTUPVOEFSTUBOEUIF
JOUFSOBMTUSVDUVSFPGPSHBOJTNT'PSFYBNQMF 
GJHVSFTIPXTUIFUISFFEJNFOTJPOBMNPEFM
PGBTUFN5IJTNPEFMIBTCFFOQSFQBSFEPOUIF
CBTJTPGTFWFSBMEJGGFSFOUTFDUJPOTPGUIFTUFN
5IJT JT WFSZ TJNJMBS UP B CVJMEJOH QMBO 'PS B
IPVTFXFOFFEUPQSFQBSFBHSPVOEQMBOBOEB
GSPOUFMFWBUJPO*GZPVPOMZTFFUIFHSPVOEQMBO 
ZPVXPVMEHFUUIFGFFMJOHUIBUUIFIPVTFJTGMBU
4JNJMBSMZ JGZPVPOMZTFFUIFGSPOUFMFWBUJPO UIF
IPVTFXPVMETUJMMBQQFBSGMBU0OMZXIFOZPV
TFFCPUIUIFQMBOTUPHFUIFSXJMMZPVCFBCMFUP
WJTVBMJTF UIF UISFFEJNFOTJPOBM IPVTF JO JUT
FOUJSFUZ
DVHFWLRQRIDVWHP

'JHVSF



"QQFOEJY

GFXNPSFBDUJWJUJFT
*OUIJTTFDUJPO XFHJWFBGFXNPSFBDUJWJUJFT#Z
EPJOH UIFTF  DIJMESFO XPVME EFWFMPQ B CFUUFS
JEFBBCPVUDFMMTBOEUIFJSPSHBOFMMFT

PLWRFKRQGULD

0CTFSWJOHUIFNJUPDIPOESJB
5P PCTFSWF UIF NJUPDIPOESJB  UBLF MFBWFT PG
QBXBS $BTTJB UPSB  PS MJMZ  POJPO QFFM PS DIFFL
DFMMT.BLFBGSFTITPMVUJPOPG+BOVT(SFFO#JOB
XBUDI HMBTT UP NBLF UIJT TPMVUJPO NJY  NH
+BOVT (SFFO# JO  NM PG XBUFS  1VU UIF
NBUFSJBM TBZUIFPOJPOQFFM JOUIJTTPMVUJPOBOE
LFFQJUGPSBCPVUIBMGBOIPVS"GUFSIBMGBOIPVS 
DVUBNNQJFDFGSPNUIFQFFM LFFQJUPOBTMJEF
BOEXBTIJUUIPSPVHIMZXJUIXBUFS/PXDPWFSUIF
TMJEFXJUIBDPWFSTMJQBOEPCTFSWFJUVOEFSIJHI
NBHOJGJDBUJPO

PLWRFKRQGULD
LQFHOOV
;

:PVXJMMTFFRVJUFBGFXHSFFOPWBMPSDZMJOESJDBM
HSBJOTTDBUUFSFEJOUIFDZUPQMBTN5IFTFBSFUIF
NJUPDIPOESJB

0CTFSWJOHUIFTLJOPGBGSPH
,PDJH

$BUDI B GSPH BOE XJUI B TIBSQ LOJGF TDSBQF PGG
TPNFQPSUJPOPGJUTTLJO/PXTQSFBEUIFQJFDFPG
TLJOFWFOMZPOBTMJEFBOEBEEESPQTPGXBUFS 
DPWFS JU XJUI B DPWFS TMJQ BOE WJFX JU VOEFS UIF
NJDSPTDPQF

.VTDMFDFMMT
*GQPTTJCMF CVZTPNFNFBUGSPNUIFNBSLFU1MBDF
JUPOBTMJEFBOETFQBSBUFUIFGJCSFTXJUIUIFIFMQ
PG B OFFEMF /PX LFFQ POF PS UXP GJCSFT BOE
SFNPWFUIFSFTU1VUESPQTPGXBUFSPOUIFTF 
DPWFSJUXJUIBDPWFSTMJQBOEPCTFSWFJUVOEFSB
NJDSPTDPQF
,PDJH
6NLQRIIURJDVVHHQXQGHU
PLFURVFRSH;«



8F IBWF BMSFBEZ TFFO B GFX MJWJOH PSHBOFMMFT
GPVOE JO UIF DFMM *O UIF DPVSTF PG JUT SFHVMBS
GVODUJPOJOH UIFDFMMQSPEVDFTNBOZTVCTUBODFT
0DDBTJPOBMMZ UIFTF TVCTUBODFT BSF GPVOE JO
TQFDJGJDEFQPTJUTXJUIJOUIFDFMM5IFTFBSFLOPXO
BT DFMM JODMVTJPOT 5IFTF BSF JOBOJNBUF PCKFDUT
GPVOEJOUIFDFMMT-FUhTUSZUPTFFTPNFPGUIFTF

#MPPEDFMMT
8IJMF TUVEZJOH MJGFDZDMF PG B GSPH  ZPV DBO
PCTFSWFBOJOUFSFTUJOHUIJOHJOUBEQPMFT1MBDFB
MJWFUBEQPMFPOUIFTMJEFBOEDPWFSJUTIFBEBOE
VQQFS IBMG PG UIF CPEZ XJUI XFU DPUUPO 0OMZ
MFBWFUIFUBJMFYQPTFE0CTFSWFJUTUBJMVOEFSUIF
NJDSPTDPQFZPVOFFEOPUVTFBDPWFSTMJQPWFS
UIFUBJM:PVXJMMOPUJDFCMPPEDFMMTTUSFBNJOHPOF
CFIJOEUIFPUIFSMJLFUIFDPBDIFTJOBUSBJOBMPOH
UIFFEHFPGJUTUBJM

4UBSDIQBSUJDMFT
$VUWFSZUIJOTFDUJPOTGSPNBQPUBUP/PXQMBDF
POFTVDITFDUJPOPOUIFTMJEFJOBGFXESPQTPG
XBUFS  DPWFS JU XJUI B DPWFS TMJQ BOE PCTFSWF JU
VOEFS UIF NJDSPTDPQF 5SZ UP TQPU UIF TIJOJOH
TUSVDUVSFTJOUIFDFMM

$SPTTTFDUJPOPGBMFBG
:PVIBWFBMSFBEZPCTFSWFEBMFBGQFFM/PXZPV
DBO PCTFSWF DSPTTTFDUJPO B MFBG 5BLF B 3IPFP
CJDPMPVSPSBOZPUIFSMFBG BOESPMMJUJOUPBUVCF
BMPOHJUTMFOHUI/PXUBLFBCMBEFBOENBLFWFSZ

)LJXUHVWDUFKSDUWLFOHVLQDSRWDWRVOLFH

)LJXUH&URVVVHFWLRQDOVOLFHRIDOHDI;

UIJOTFDUJPOTPGUIFMFBG JOUIFTBNFNBOOFSJO
XIJDIZPVIBEFBSMJFSTFDUJPOFEUIFTUFN5BLFB
UIJOTFDUJPO QMBDFJUJOBESPQPGXBUFSPOBTMJEF 
DPWFSJUXJUIBDPWFSTMJQBOEPCTFSWFJUVOEFSUIF
NJDSPTDPQF :PV XJMM CF BCMF UP TFF UIF FOUJSF
TUSVDUVSF  SJHIU GSPN UIF VQQFS TVSGBDF UP UIF
MPXFSTVSGBDF'SPNUIJT ZPVXJMMBMTPCFBCMFUP
HFUBOJEFBBCPVUUIFEJWFSTJUZPGDFMMT

/PX QVU  ESPQT PG JPEJOF TPMVUJPO PO UIJT
TFDUJPO BOE MFBWF JU GPS BCPVU GJWF NJOVUFT UP
NBLFJPEJOFTPMVUJPO CVZTPNFUJODUVSFJPEJOF
GSPN B QIBSNBDZ BOE EJMVUF JU XJUI UXJDF UIF
BNPVOU PG XBUFS  /PX PCTFSWF JU BHBJO 5IF
QBSUJDMFT PG TUBSDI SFBDU XJUI UIF JPEJOF BOE
BQQFBSBTEBSLTQPUTPOUIFTFDUJPO



PYBMBUF DSZTUBMT #FDBVTF PG UIFTF DSZTUBMT XF
TPNFUJNFT FYQFSJFODF BO JUDIJOH TFOTBUJPO
XIJMFFBUJOHUIFZBNMFBWFTJOEJGGFSFOUEJTIFT

/FFEMFT
5BLF B MFBG GSPN B NPOFZ QMBOU PS GSPN B ZBN
BSBCJ HIVJZBO QMBOU5BLFBUIJODSPTTTFDUJPOPG
JUT QFUJPMFNBJO WFJO PS FYUSBDU B QFFM GSPN UIF
MFBG*GZPVPCTFSWFJUVOEFSUIFNJDSPTDPQF ZPV
XJMMCFBCMFUPTFFOFFEMFMJLFTUSVDUVSFTJOJU5IF
OFFEMFT NPTUMZ BQQFBS JO CVOEMFT :PV XJMM CF
BCMF UP TFF TJNJMBS DSZTUBMMJOF TUSVDUVSFT JO UIF
TFDUJPOPGBZBNUVCFSBTXFMM5IFTFBSFDBMDJVN

4UBST
:PV NJHIU CF GBNJMJBS XJUI UIF DBDUVT QMBOU
#SFBLPGGBTNBMMQPSUJPOGSPNUIFQMBOUBOEUBLF
UIJOTFDUJPOTGSPNJU/PXPCTFSWFUIFTFDUJPOT
VOEFS UIF NJDSPTDPQF:PV XJMM CF BCMF UP TFF

)LJXUH
VWDUVLQWKHFDFWXVSODQW;
)LJXUHFDSWLRQ1HHGOHV;

TUBSTIBQFE PS QSJDLMZ CBMMMJLF TUSVDUVSFT JO JUT
DFMMT5IFTFBSFLOPXOBTESVTFT5IFTFBSFBMTP
DSZTUBMT PG DBMDJVN PYBMBUF 4JNJMBS DSZTUBMT BSF
GPVOEJOMFBWFTPGUIFDBMPUSPQJTQMBOUUPP

$ZTUPMJUI
$ZTUPMJUI JT BOPUIFS TUSVDUVSF GPVOE JO DFMMT PG
TPNFMFBWFT5PPCTFSWFUIFTFTUSVDUVSFT DVUB
UIJODSPTTTFDUJPOPGBOPMFBOEFSPSCBOZBOMFBG 
KVTU UIF XBZ ZPV IBE EPOF GPS UIF 3IPFP MFBG
0CTFSWF UIJT TFDUJPO VOEFS UIF NJDSPTDPQF
8IJMF OPUJDJOH WBSJFUZ PG DFMMT  GPDVT ZPV
BUUFOUJPO PO UIF PVUFSNPTU MBZFS PG DFMMT
FQJEFSNJT )FSFZPVhMMTFFTUSVDUVSFTUIBUMPPL
MJLF CVODIFT PG HSBQFT 5IFTF BSF DZTUPMJUIT
5IFTF BSF BDUVBMMZ DS ZTUBMT PG DBMDJVN
DBSCPOBUF

)LJXUHF\VWROLWK



*OEFY
"DFUBCVMBSJB CPY JNBHF
"NOJPDFOUFTJT
"NPFCB JNBHF
"OJNBMDVMF
"SJTUPUMF
#BDUFSJB JNBHF
#FOEB $BSM
#MPPEDFMMT
#SPXO 3PCFSU JNBHF
#U #UDPUUPO
#VEEJOH

#VEEJOHJOZFBTUT BDUJWJUZ
$BODFS
$FMMXBMM
$FMMDIFNJDBMTUSVDUVSF
$FMMUIFPSZ

BOEHFOFUJDTBOEOFSWPVTTZTUFN CPY

DFMM GJSTUVOEFSTUBOEJOH

FWPMVUJPO

JOEFQFOEFOUMZBMJWFVOJUT

NJMFTUPOFT

NJOJNVNTUSVDUVSBMVOJU

TUSVDUVSBMBOEGVODUJPOBMVOJU
$FMMUPDFMM

DFMMVMBSDZDMF

DFMMBOESFQSPEVDUJPO

DFMMEJWJTJPO

DFMMEJWJTJPOJOBOJNBMT

DFMMEJWJTJPOJOSPPUDFMMTPGPOJPOBDUJWJUZ  
JNBHF

DISPNBUJO
$FMMPSHBOT
$FMMT NBOZTIBQFT NBOZTJ[FT CPY
$FMMNFNCSBOF

JEFOUJGZJOHJNBHF

PCTFSWBUJPO BDUJWJUZ

TFMFDUJWFQFSNFBCJMJUZ
$FMMTQPXFSIPVTF
$FMM'MBUOFTTBOEUISFFEJNFOTJPOBMTUSVDUVSF
$FMMTJOUIFNPVUI BDUJWJUZ
$FMMTJODVSE BDUJWJUZ

$FMMVMBSQBUIPMPHZ
$FOUSJGVHF
$IMPSPQMBTU JNBHF

JOSIPFP BDUJWJUZ

JOIZESJMMB BDUJWJUZ

PGEJGGFSFOUTIBQFT BDUJWJUZ
$ISPNPQMBTU
$ISPNPTPNF JNBHF
$MPOJOH CPY
$PNQPVOENJDSPTDPQF
$PSL
TMJDFPGDPSL JNBHF
UIJOTMJDF BDUJWJUZ
$SPTTTFDUJPOBMTMJDFPGMFBG BDUJWJUZ
$SPTTTFDUJPOBMTMJDFPGTUFN JNBHF
$ZTUPMJUI
$ZUPQMBTN
$ZUPTLFMFUPO
%BSXJO $IBSMFT
%FTUSVDUJWFFO[ZNF
%FWFMPQNFOUPGPSHBOJTN
%JFUFS ,BSM
%JGGFSFOUJBUJPO
%/"
%SPQTPGXBUFS BDUJWJUZ
&MFDUSPONJDSPTDPQF
&OEPQMBTNJDSFUJDVMVN
&QJUIFMJVN
&SHBTUPQMBTN
&VHMFOB JNBHF
&VLBSZPUJDDFMMT
'MFNJOH 8BMUIFS
'POUBOB 'FMJDF
(FOFUJDNBUFSJBM
(FOFUJDFOHJOFFSJOH CPY

BOETPDJBMQSFKVEJDF
(FOF HFOFDMVTUFST HFOPNF
(FOFUJDBMMZFOHJOFFSFEPSHBOJTN
(PMHJCPEZ
(PMHJ $BNJMMP JNBHF
(XBSQBUIFLJQBUUJLBBWBMPLBO



)ÊNNFSMJOH +PBDIJN
)JT 8JMIFMN
)PPLF 3PCFSU
*OUSBDFMMVMBSGMVJE

PSHBOJDGMVJEWTDFMMGMVJE
+BOTTFO
,JSDIFS "UIBOBTJVT
-FFVXFOIPFL "OUPOJFWPO JNBHF

BOJNBMDVMFNBEFCZIJN JNBHF

IJTNJDSPTDPQF JNBHF
-FVDPQMBTU
-JGFDZDMFPGGMZ BDUJWJUZ
-JGFDZDMFPGGSPH BDUJWJUZ
-ZTPTPNF
.BUDITUJDLTMJDFT BDUJWJUZ
.BUSJY
.FTPQIZMM
.JDSPTDPQF
.JUPDIPOESJB JNBHF

PCTFSWBUJPOUFDIOJRVFT

VOEFSFMFDUSPONJDSPTDPQF
.JUPDIPOESJBBOEDIMPSPQMBTU
.VTDMFT BDUJWJUZ
/FFEMFTJOZBNMFBWFT BDUJWJUJFT
/VDMFVT JNBHF

EFUFSNJOBUJPOPGHFOFUJDUSBJU

OVDMFBSGMVJE

OVDMFBSNFNCSBOF

OVDMFVTJOPSDIJEDFMMT JNBHF
/VDMFJDBDJE
/VDMFVT

OVDMFVTJOPOJPODFMMT JNBHF BDUJWJUZ
/VDMFPQMBTN
0CTFSWJOHUIFTLJOPGGSPH BDUJWJUZ
0OJPONFNCSBOF BDUJWJUZ
0SDIJE JNBHF
0SJHJOPGPSHBOJTNT
0QUJDNJDSPTDPQF
0WVN
1BMJTBEFDFMMT
1BSBNFDJVN
1BTUFVS -PVJT

FYQFSJNFOUTCZ1BTUFVS JNBHF
1IMPFNTJFWFUVCF
1IPUPTZOUIFTJT

1MBTUJET
1SPLBSZPUJDDFMM

JNBHF
1SPUPUZQFDFMM JNBHF

BOPWFSWJFX

BOJNBMBOEQMBOUDFMM

EJGGFSFODFCFUXFFOQMBOUBOEBOJNBMDFMMT

QSPUPUZQJDBMBOJNBMBOEQMBOUDFMM

TJNJMBSJUJFT JO UIF QMBOU BOE BOJNBM
LJOHEPN
3FECMPPEDPSQVTDMFT JNBHF
3FEJ 'SBODFTDP

3FEJTNFNPSBCMFNFEBM JNBHF
3JCPTPNF

QSPUFJOGPSNBUJPO
3JLUJLBZFO
3/"
3PZBM4PDJFUZPG-POEPO
3VTLB &SOTU"VHVTU'SJFESJDI
4BMBNBOEFS
4DIMFJEFO .BUUIJVT +BDPC JNBHF
4DIXBOO 5IFPEPS JNBHF
4JNQMFNJDSPTDPQF
4QFSN
4QPOUBOFPVTHFOFSBUJPOUIFPSZ
4UBJOJOH

+BOVTHSFFO#

GMVPSFTDFOUTUBJOJOH

.FUIZMFOFCMVF

4BGSBOJO
4UBSDIQBSUJDMFTPCTFSWBUJPO BDUJWJUZ
4UFNDFMMT
4USBTCVSHFS &EVBSE "EPMG
4VJDJEBMTBD MZTPTPNF
4XBNEFNZBO
6MUSBTPOPHSBQIZ
6OJDFMMVMBSPSHBOJTN
7FTJDMFT
7JSDIPX 3VEPMQI CPY JNBHF
:FBTU

CVEEJOHJOZFBTU BDUJWJUZ

ZFBTUDFMMT BDUJWJUZ



"DLOPXMFEHFNFOUT

5IJT NPEVMF JT UIF PVUDPNF PG KPJOU FGGPSUT PG TPNF CJPMPHZ
UFBDIFST BOE PUIFS JOEJWJEVBMT DPODFSOFE XJUI FEVDBUJPO
$PODFQUVBMJ[BUJPOBOEBDUVBMXSJUJOHPGUIFNPEVMFXBTEPOFCZ
"OJM %JLTIJU  "SWJOE (VQUF  #IBSBU 1PPSFZ  ,JTIPSF 1BXBS 
#IPMFTIXBS%VCFZ 4VTIJM+PTIJ +BWFE4JEEJRVJBOE6NB4VEIJS
5IF GSBNFXPSL PG UIF NPEVMF XBT HSFBUMZ JOGMVFODFE CZ UIF
UFYUCPPLQSFQBSFECZ#JPMPHJDBM$VSSJDVMVN4UVEZ$PNNJUUFF
#FTJEFTUIFTFQFPQMFUIFSFXFSFBMTPPUIFSTXIPSFBEEJGGFSFOU
ESBGUT PG UIF NPEVMF BOE FOSJDIFE JU XJUI UIFJS GFFECBDL BOE
DPNNFOUT GSPN UJNF UP UJNF "NPOH UIFN BSF "TIPL 4IBSNB 
4BUZBKJU3BUI 7JOPE3BJOB /FFSBK+BJO 4$"SVOBO ,BSFO)BZEEPDL
BOE4VNJU5SJQBUIJ
5IFNPEVMFIBTCFFOUSJFEPVUBUWBSJPVTMFWFMT5IFSFIBWFCFFO
UXPEJGGFSFOULJOETPGUSJBMMJOH"UPOFMFWFMEJGGFSFOUQPSUJPOTPGUIF
UFYUBOESFMBUFEBDUJWJUJFTXFSFUSJFEPVUXJUINVMUJQMFHSPVQTPG
UFBDIFST BOE TUVEFOUT *O BEEJUJPO  UIF FOUJSF NPEVMF XBT BMTP
EPOFXJUIUIFUFBDIFSTBTTPDJBUFEXJUI7JEZB#IBXBO&EVDBUJPO
3FTPVSDF $FOUSF  6EBJQVS 5IFJS GFFECBDL UPP IBT IFMQFE JO
NBLJOHUIFNPEVMFQSBDUJDBCMF
%FTJHOBOE-BZPVUPGUIFNPEVMFIBTCFFOEPOF"NPE,BSLIBOJT 
XJUI TJHOJGJDBOU JOQVUT GSPN ,BSFO )BZEEPDL BOE .FHIOB
1BMTIJLBS"GFXQIPUPTIBWFCFFOUBLFOCZ,JTIPSF1BXBS



&LMBWZB
&LMBWZBJTBWPMVOUBSZPSHBOJTBUJPOXPSLJOHJOUIFBSFBPGFEVDBUJPOBOE
QPQVMBS TDJFODF GPS UIF QBTU TFWFSBM ZFBST &LMBWZB JT BDUJWF JO
FEVDBUJPOBMBDUJWJUJFTXJUIJOBOEPVUTJEFTDIPPMT
5IF QSJNBSZ BJN PG &LMBWZB JT UP XPSL UPXBSET BO FEVDBUJPO UIBU JT
SFMBUFTUPDIJMESFOBOEUIFJSJNNFEJBUFFOWJSPONFOUUIBUJTCBTFEPO
HBNFT BDUJWJUJFTBOEDSFBUJWFBTQFDUT*OUIFDPVSTFPGPVSXPSLXFIBWF
GPVOE UIBU UIF FGGPSUT NBEF XJUIJO TDIPPMT DBO POMZ CF TVDDFTTGVM JG
NBUFSJBMTGPSDSFBUJWFBDUJWJUZBSFBMTPNBEFBWBJMBCMFUPUIFDIJMESFO
PVUTJEFTDIPPMBOEBUIPNF#PPLTBOENBHB[JOFTBSFJNQPSUBOUQBSUT
PGUIJTSFTPVSDF
'PSUIFQBTUGFXZFBSTXFIBWFBMTPFYQBOEFEPVSXPSLJOUIFBSFBPG
QVCMJDBUJPO "QBSU GSPN UIF DIJMESFOT NBHB[JOF $IBLNBL  XF BMTP
SFHVMBSMZ QVCMJTI 4SPUF GFBUVSFT PO TDJFODF BOE UFDIOPMPHZ  BOE
4IBJLTIBOJL 4BOEBSCI FEVDBUJPOBM NBHB[JOF  "QBSU GSPN NBUFSJBMT
SFMBUFE UP FEVDBUJPO BOE QPQVMBS TDJFODF BOE DSFBUJWF BDUJWJUJFT GPS
DIJMESFO  &LMBWZB IBT DSFBUFE BOE QVCMJTIFE CPPLT  QBNQIMFUT BOE
NBUFSJBMTPOWBSJPVTJTTVFTSFMBUFEUPEFWFMPQNFOU
1SFTFOUMZ  &LMBWZB GVODUJPOT UISPVHI JUT DFOUSFT MPDBUFE BU #IPQBM 
)PTIBOHBCBE  1JQBSJB  )BSEB  %FXBT  *OEPSF  6KKBJO  4IBIQVS #FUVM 
BOE1BSBTJB $IIJOEXBSB 

8FJOWJUFTVHHFTUJPOTPOUIFDPOUFOUBOEEFTJHOPGUIJTCPPL5IJTXJMM
IFMQVT JOGVUVSF UPDSFBUFCPPLTUIBUBSFNPSFBUUSBDUJWF JOUFSFTUJOH
BOEVTFGVM
$POUBDUVTCPPLT!FLMBWZBJO

&4IBOLBS/BHBS #%"$PMPOZ 

4IJWBKJ/BHBS 

#IPQBM

