
BOX3·2 Evidence-Based Decision Making 

All of us make decisions every day. What do we use as a basis 
for making our decisions? Sometimes we just use personal 
preference, what we like: You might like coffee better than tea, 
so you decide to buy a cup of coffee this morning. Personal 
preference works well if you are familiar with the things you 
are deciding about and if your decision affects only yourself. 
If we are not very familiar with the things, we might instead 
decide based on a hunch or by flipping a coin and letting 
random chance decide. If Lhe decision will affect a group of 
people, the decision is usually made by voting, and the major
ity wins. 1his method is suited for determining the priorities 
of a group of people; for example, whether they are willing to 
pay more taxes to fund better schools. But voting on whether 
xylem conducts water wiU not help us understand plant phys
iology at all. 

As the scientific method was being developed in the 
early years of the Renaissance, the importance of evidence 
became obvious. Previously, many concepts bad been based 
on the writings of ancient Greek and Roman scholars, 
but after the discovery of America it was realized that the 
ancients had not known everything after all, and scientists 
needed to study the world itself to obtain knowledge about 
it. Some folks felt that pure logic should be used instead, that 
truth about the world could be obtained through pure reason 
and logical thinking; this is known as rationalism. Unfortu· 
nately, if our reasoning is based on too few facts, it is possible 
to come to multiple logical conclusions that contradict each 
other. How do we decide which conclusion is correct? We 
must make observations and do experiments-we must 
gather evidence-to see which conclusion matches reality. 

Using our sense organs to gather information about the 
world is called empiricism; it is also called evidence-based 
decision making. For example, to know whether il is 

presents us with a bit of a dilemma; it is not a natural, simple 
food, but on the other hand, when we eat TVP instead of real 
meat, we are reducing the number of animals that must be 
slaughtered for food and we are also eating lower on the food 
chain, being primary instead of secondary consumers. An 
acre of land used to cultivate soy for TVP produces LS times 
more protein than if that same .land were used for pasture for 
cattle. 

Legumes are also important as feed for domesticated 
animals. Horses and cattle are fed alfalfa either by letting them 
graze on fields of it or by mowing it and then drying it to 
make hay (FIGURE 3-16). It can also be compressed to pellets 
that are easily stored and transported. Alfalfa is especially 

raining, we can look out the window and see the rain or put 
our hand out and feel it. This empirical evidence will tell us 
for certain. Alternatively, we could study the relative humid
ity, the temperature, and other factors, and then use rational 
logic Lo determine if it is raining, but that may not be accu
rate. Here, empiricism is best. On the other hand, rational 
logic is our only option for deciding if it will probably rain 
tomorrow: we cannot look out the window today and know 
if it will rain tomorrow. 

Many of our questions about the world are more com
plex. How is water pulled upward through xylem? How does 
electron transport in chloroplasts lead to photosynthesis? 
Which types of species will be at risk of extinction due to 
climate change? To answer questions like these, we use the 
evidence we already have as a basis for making rational, log
ical hypotheses about the phenomenon. Often our reasoning 
leads us to several hypotheses, and we must decide which is 
most accurate. Each hypothesis must make predictions that 
can be tested (if a statement cannot be tested, it is a specula
tion, not a hypothesis). Using the predictions, we can design 
observations or experiments that will give us the evidence we 
need to decide which hypothesis is the best model of reality. 

At first, we might not have enough evidence to be 
confident in our decision. In fact, some evidence may 
supporL one hypothesis and other evidence support an 
alternative hypothesis. These are not "alternative facts" (a 
phrase invented recently by a politician), it is just that our 
hypotheses were not sufficiently refined, or perhaps we had 
misunderstood the phenomenon in the first place. But as 
more evidence is gathered, one hypothesis will receive more 
support than the other. In the long run, every hypothesis and 
theory must match the evidence. The scientific method is an 
empirical, evidence-based method of analysis. 

important for cows while they are lactating and producing 
several gallons of protein-rich milk every day. 

Our own bodies synthesize almost every lipid we need 
with the exception of the omega-3 and omega-6 fatty acids: 
Linoleic acid and alpha-linolenic acid are essential fatty acids, 
and we must obtain them in our food. Plants make these 
omega Catty acids and other lipids that are beneficial for us, 
and just as important, plants never make chol.esterol or harm
ful trans-fats (see BOX 3·3). Consequently lipids obtained 
from plants tend to be healthful; good sources are nuts such as 
walnuts, pecans, and almonds; several fruits such as avocados, 
olives, and coconuts; and certain seeds such as peanuts, sun
flower, canola, safflower, and soybeans (FIGURE 3-17). 
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BOXS-2 Designing Experiments: Parachutes Don't Increase the 
Survival Rate of People Who Jump Out of Airplanes 

Do you believe that roots really absorb water and minerals 
from the soil? Could you design an experiment to prove your 
belief? Be careful, because as you might guess, I am leading 

you into a trap. 
The first part of my trap is the word "believe:' It seems 

reasonable that roots do absorb water and minerals, but to 
say we "believe" they do means that we have already reached 
a conclusion before we have even designed an experiment, 
not to mention that we haven't obtained results yet. It is bet
ter to say we "strongly suspect" that roots absorb water and 
minerals, or "that it seems highly likely" they do. Remem-
ber, keeping an open mind-skepticism-is a fundamental 
principle of the scientific method. On the basis of a great deal 
of research that gave consistent results many people believed 
that DNA was the universal information storage molecule 
oflife. But then it was discovered that some viruses that 
infect plants store their information in RNA, not DNA. It 
would have been so easy to have not even bothered to check 
the plant viruses if everyone "believed" that they must have 
DNA; fortunately, someone was skeptical. 

The second part of my trap was to ask if you could 
"design an experiment to prove" your belief. An experiment 
should be designed with an open mind. A well-designed 
experiment must be set up such that it does not improperly 
favor one outcome over the other. For example, look at the 
statement in the title of this box: Parachutes do not increase 
the survival rate of people who jump out of airplanes. This 
seems ridiculous, but it is possible to design an experiment 

. tl this result. In fact, the experiment has 
to give us exac Y 

1: . d I A group of people were selected, and the 
been penoi me • . n 

f th m chosen at random-received good, func-
some o e - . . 
. 1 hutes whereas the others received empty back t10na parac . , . . • 

k All people then did in fact Jump out of airplanes, 
pac s. . h d'd . 
and everyone survived. Ha:mg a_ parac ute I not increase 
the survival rate over jumpmg without a parachute: The 
survival was 100% for both groups. To say the least, that is 
an unexpected result until you learn that the airplanes were 
parked on the ground, not mov~ng at all when_ the pe~ple 
jumped out of them. This expenmen~ was designed with 
strong bias in order to produce a desired result. It was not 
designed to produce impartial information that would be 
useful to someone flying in an airplane. 

This experiment was obviously meant to be a humorous 
teaching tool, but we must be careful not to introduce similar, 
less extreme biases into our own thinking and experimental 
design. It is difficult to be certain our experiments or obser
vations do not have biases; we all have blind spots. But every 
scientific paper has a section called "Materials and Methods" 
in which the procedures of the research must be described in 
detail. People reading the paper can examine this section and 
may see a bias or error that was not obvious to the authors. 
Also, research is repeated by other scientists and if the results 
are inconsistent, then they search for the re~on. Eventually, 
any errors are discovered. This principle of open publication 
not only of research results but also the materials and methods 
makes the scientific th d lf me o a se -correcting process. 

'You can read the published results online: Yeh, R. W., Valsdottir, L. R., Yeh, M. W. Shen c Kr D 
' • ., amer B Str J hurt 

use to prevent death and major trauma when jumping from aircraft: Randomized controlled t . j • ·, om, • B., • .• Nallamothu, B. K. (2018). Parac 
You can also read a report about it at National Public Radio: Harris, R. (2018, December 22) R na • BMJ, 363, k5094. https://doi.org/10.1 l 36/bmj.kSD94• 
Weekend Edition Saturday. Retrieved from https://www.npr.org/sections/health-shots/ZOl f3/l~;archers show parachutes don't work, but there's a catch. 
-but-there-s-a-catch. 216790S3038/researchers-show-parachutes-dont·Y1°~ 
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BOX 11-2 New Knowledge Versus Old Knowledge 

What did the ancient Greeks know about photosynthesis? 
About ATP? Proton pumping? Nothing. They knew that plants 
do not grow in completely dark caves, but they did not associ
ate that with sunlight, and they had no word for photosynthe
sis. Plato, Aristotle, and others were brilliant, but we know that 
their knowledge was limited, and we are not surprised by that. 

But imagine that you are a European living in 1000 CE. 

You can read ancient Greek and Roman works about math
ematics, biology, medicine, and cosmology. All doctors are 
being trained using the 800-year-old writings of Galen. The 
Sun, Moon, and stars move through the sky as Ptolemy had 
described in Almagest, written about 150 CE. You might have 
seen the Colosseum in Rome or the Acropolis in Athens, and 
you might have heard about the Pyramids in Egypt. These 
were monumental feats of architecture and engineering that 
cannot be reproduced in the times in which you live. 

Imagine if today in our own world we were surrounded 
by structures that were beyond our technology, if there were 
ruins of ancient, lost civilizations with libraries that con
tained books describing concepts of physics, mathematics, 
and medicine vastly more advanced than what we know 
today. We would immediately set out to translate those books 
and attempt to rediscover their lost knowledge, to benefit 
from the scientific advances they had already made. If you 
lived in the Middle Ages between about 500 CE and 1492 CE, 

you lived in just such a world. The past had been a golden 
age of almost superhuman geniuses and builders. It seemed 
that the best way to gain knowledge of the world was to study 
old Greek and Latin texts in an attempt to relearn what had 
already been discovered. Everything that could be known 
already had been known to the Ancients. You would have to 
be extremely bold to think that by studying the world your
self, by looking at flowers or minerals, you would figure out 

I Environmental and 
Internal Factors 

A plant's photosynthesis is affected by its environment in 
many ways. 

Light 
From a plant's viewpoint, light has three important properties: 
(1) quality, (2) quantity, and (3) duration. 

Quality of sunlight refers to the colors or wavelengths 
it contains. Sunlight is white because it contains the entire 
visible spectrwn. During sunset and sunrise, sunlight passes 
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something that Plato, Aristotle, Hippocrates, or the others 

had not known. 
But everything changed in 1492: Columbus discovered 

America. This was important for many reasons, of course b 
a real shock was that America was something the Ancien~ lit 

had not known. All of a sudden, as Columbus returned IVi~ 

his maps, exotic plants, and never-before-seen animals,in 
that instant people knew things that had never been kno\Vn 
before. There was such a thing as new knowledge. It would 
be impossible to learn about these things by reading old 
books-instead, one had to go out and explore, observe, 
measure, think for oneself To the truly insightful people in 
1492, this was more than a breath of fresh air: The world was 
full of new knowledge that needed to be discovered in the 
world itself. 

The concept can be summarized as "To know the world 
study the world:' Many people embraced this immediately, 
and breathtaking new knowledge soon resulted. An early 
pivotal result was the work of Andreas Vesalius. He dissected 
human cadavers, examined them closely, and realized that 
many aspects of Galen's teachings were wrong. In 1543, Vesi· 
lius published De humani corporis fabrica, and immediatefy 
our understanding of human anatomy became more detailed 
and accurate than ever before. Galileo, using newly invented 
telescopes, discovered that the Moon had mountains, whidi 
demolished the old "knowledge" that the Moon had to bea 
per~ectly smooth sphere because it was part of the heavens. 
Galileo also discovered four moons orbiting Jupiter: Earth 
was no~ the center of everything. 

It IS so easy for us today, especially for those of us at 
research universities, to assume that people have always 

searched for new knowledge. But that is not how it was. our 
search for new things is actually a new thing itself 

tangentially through the atmosphere and a large percentage~ 
the blue light • d fl ' . QJ'()IJ"" 
l . . is e ected upward; consequently,lightato f 
evel 1s enriched in d, hi . . • 0d o 

d . re w ch 1s easily visible. This pen 1~
re -ennched light 1 bl ]Ji!SP 
ti ffi 

asts only a few minutes and proba Y ,. 
e e ect on ph t th • arlY' 

ticaJJ throu O osyn esis. At noon, sunlight passes ne ·tied 
and :Ven th g~e atmosphere, more blue light is rransJlll red> 
greens and ou the blueness of the sky suggests that all all 
of thes~ wa;;~:; have been blocked, in fact, enough of r-i 
photosynth . Th's ~enetrate to Earth's surface to allo~ 

es1s. ts is tru f jai:wSi , 
and the top layer-the e O plants in deserts, grasS erbSsJ~. 
shrubs that grow canopy-of a forest; howev-er, h plil 

near ill rt and the light that the ;0 _evel in a forest are W1derst~gll iJ!I 

leaves of the can Y eceive has already passed thr0 

opy (FIGURE 11-20). As light penetrates 



gOX 11·3 Tabla Rasa, Clean-SheetThinking 

I rasa" is an expression we do not hear very often. It 
•raba d "bl k 1 " "1 

Uy translate as an sate or c ean sheet" and it ~usua . , 
to start new, from scratch with no preconceived ideas. 

n1eans • • d th fi 
Pilatre de Rozier mvente e rst hot air balloon in 

i\fhen · d • bl · N th. ll li 
73 he designe it ta a rasa. o mg at a ke a hot air bal-18 

'existed before his creation. He had to invent every part 

~:on his ow~. In contrast, ~e :Wright brothers invented the 
first powered ai~plane, but_ therr ideas were based on studies 
of bird wings, kites, and gliders that many other people had 
~ready built and flown. 

How does the concept of tabla rasa relate to biology? 
People have been trying to understand how plants and animals 
work for thousands of years. Aristotle was a critical thinker, 
and we are fortunate that many of his writings still exist. Greeks 
of his time believed the world was composed of only four ele
ments: earth (solid), water (liquid), air (gas), and fire (energy). 
As they puzzled over the nature of living creatures, they 
thought in terms of those four elements. For example, plants 
must be composed of fire, earth, and water: Living plants need 
sunlight and dead plant material burns; plants will not grow 
unless rooted in soil; and no plant lives without water. Aristotle 
and his contemporaries did not approach the explanation of life 
tabla rasa; that is, they did not try to come up with a completely 
new explanation of life. If someone had proposed cells, photo
synthesis, or DNA, those ideas would have been untestable and 
unknowable; such concepts would have seemed like magic or 
mysticism similar to the superstitions that had been proposed 
earlier by Babylonians and Egyptians. 

For over a thousand years, the Greek explanation of life was 
satisfactory for everyone. Romans were excellent at engineering 
and building, but were not especially interested in investigating 
fundamental concepts. During the Dark Ages after the fall of the 
Roma E • • th ft "c • n mpire, people were more interested ill e a enue ill 

heaven (which would be eternal) rather than actual life here on 
tarth (which rarely lasted longer than 40 years). 

But gradually some people did turn to thinking about the 
:or!d we live in, and slowly the earliest concepts of chemistry 

d Physics were discovered. It was realized that the four ele-
rneuts f l • 
Ill . 0 earth, water, air, and fire were inadequate to exp am 
any Phenomena. New concepts were postulated; some were 

Corre t h th 
\vat c ' ot ers were wrong. For example, it was shown at 
iwt Wa~ not an element after all but rather a compound of 

preYl.ously unknown new elements, hydrogen and oxy
~~~On the other hand, one of the new ideas was that life had 
a"Vi USua] characteristics because it contained a new element, 
"' ta] force~• Through the use of hypotheses and experi-
·••ents • . th · al 
force ' 11 Was realized that the earliest version ~f e vit. 
l\.,·eaklbeory did not fit many observations, so it was adJuSred, 
'11er ed, and refined. The proposal that vital force was an . 
~ •· gy that gives life to inanimate chemicals was reasonable. 

"a&c • try 0111Patible with what little was known of chemis ' 

physics, and biology at the time. But people continued to 
study the world, and bit by bit new observations were made 
that were not compatible with the theory of vital force. People 
started to look for a hypothesis that was better able to explain 
most of the observations. It was proposed that life is not so 
special after all; instead, all metabolism could be understood 
using the principles of chemistry and physics. This was a bold 
claim, completely outside the box: This theory started from 
scratch, there was nothing like it, it was not a modification of 
any previous theory. This was clean-sheet thinking. 

But was it correct? Vital force was a familiar concept, and 
many observations were ambiguous enough to be consistent 
with it, whereas chemical/physical biology was unfamiliar 
and it was not immediately obvious how that theory could 
really be applied to concepts such as growth, reproduction, 
heredity, or sense organs. Even today we still don't understand 
how the chemistry and physics of brain cells result in human 
consciousness and thinking. But finally, in an exquisite series 
of experiments in the second half of the 1800s, Louis Pasteur 
explained fermentation in terms of chemistry and disproved 
spontaneous generation; support for vital force collapsed. 

Think of where we are today. Biology-the study oflife, 
the theory oflife-is so immense that you can study biology 
for 4 years in college and yet be only superficially familiar 
with just a fraction of the basic facts and theories. Within our 
body of biological knowledge there are many gaps that need 
to be filled in, many thin areas that need more supporting 
evidence, and, unfortunately, some parts of our "knowledge" 
seem sound but are actually erroneous. 

How do biologists do clean-sheet thinking now? Someone 
would have to be very bold to believe that they could ignore all 
our existing theories and propose a completely new view of life 
starting from scratch. But rather than thinking about replacing 
all current biological theories, we can focus on areas in which 
the results of a set of experiments and observations are not 
fitting well into a paiticular current theory. If further research 
produces even more observations that are not compatible with 
that theory, someone will eventually decide to look for a com
pletely new explanation: Clean-sheet thinking will be necessary. 

Such thinking sometimes requires courage. When Darwin 
and Wallace proposed natural selection as the driving force of 
evolution and the fundamental principle of all biology-a pro
foundly dean-sheet thought-many people did not accept this 
idea, as you w1doubtedly know. Darwin and Wallace had their 
supporters, but they were also ridiculed by numerous influen
tial people: In many ways their lives became more difficult. But 
think about the great, famous people in biology or any other 
scientific field: They are famous because when confronted with 
confusing observations that did not fit into contemporaneous 
theories, they started from scratch and came up with new 
theories-they changed our way of thinking. 
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BOX 16-3 Emergent Properties 

One plus one equals two, right? One million plus one million 
equals two million, correct again? The sum is equal to the 
parts, isn't it? For many things, such as the numbers we 
learned in arithmetic in grade school, the answer is "Yes": l 
+ 1 = 2. But very often, the answer is "No:' the sum is greater 
than its parts. 

Consider an ordinary brick that is usually twice as long 
as it is tall, and its thickness is a bit greater than its height. We 
can count, weigh, measure, and perform a chemical analysis 
of one brick, and we can do the same for two bricks: 1 + l 
= 2, so far. But with two bricks we can do something that 
is impossible with only one brick: We can arrange them in 
patterns relative to each other. Even with just two bricks, the 
number of patterns is almost infinite. We could use multiple 
bricks to encode information, to be a message. For example, 
an upright brick might represent a dot in Morse code, and a 
brick lying on its side could be a dash, and with many bricks 
we could write any sort of message, however complicated. 
The patterns that we can make with multiple bricks is what 
we call an emergent property; it is a property that exists 
only in a number of units but does not exist at all in any one 
unit. If we use 1,000 bricks to make a pattern, it is not that 
each brick contains 1/1,000th of the pattern; instead, each 
individual brick contains none of the pattern at all. The pat
tern ( or the possibility of a pattern) only comes into existence 
when multiple units are present. 

Emergent properties are central to biology and many 
other fields. Think about water: The properties of a mass of 
water molecules are much greater than the properties of any 
individual molecule. A mass of water can be a solid, liquid, or 
gas; it can be moved in bulk flow under tension from transpi
ration or under pressure from a heart; it has surface tension 
where it meets air (and thus a mass of water does not move 
easily through a pit membrane in xylem or move out of the 
air sacs in our lungs, even though an individual molecule can 
readily do so). All these are emergent properties; no part of 
these properties exists in any individual water molecule. 

CRISPR-Cas9 is such an exciting new system, with so 
much potential, that other modifications are being made. One 
variation involves inactivating Cas9's cutting ability and instead 
just using the Cas9-guide RNA complex as a means of bring
ing various molecules to precise sites on DNA. For example, 
the Cas9 might carry transcription activators to the DNA: The 
guide RNA would bring the Cas9 to exactly the correct site of 
DNA, and then the cargo of activators would bind the DNA 

We see emergent properties at all levels of biological 

organization. The conduction of water throughout a plant 
is the property of xylem but. not of ~y indivi_dual xylem 
cell. Proton pumping, chem10smotic synthesis of ATP, the 
reduction of NADP+, and other processes of photosynthesis 
are emergent properties of intact chloroplasts but not of any 
individual chloroplast molecule. Sexual reproduction and 
evolution are the emergent properties of whole organisms but 

not of any individual cell. 
Some definitions or explanations of emergent properties 

that you will find on the internet state that emergent proper
ties are properties that cannot be predicted from a knowledge 
of the individual units. That is not true. If we cannot predict 
an emergent property from knowledge of the units, then that 
just means that we do not yet know enough about the units. 
Please think about this carefully. To say that emergent prop
erties cannot be predicted even with complete knowledge 
would be to say that they are magic, supernatural. If that were 
true, there would be no reason to study them. 

Now let's take one last case of an emergent property: 
human consciousness. None of our carbon atoms has any 
trace of our consciousness, none of our self-awareness, and 
neither do any of our hydrogen atoms, none of our DNA, 
none of our cells, not even any individual brain cell. Our 
c~n.sciousness is an emergent property of our hundred 
bilhon ~er.ve cells being interconnected in complex pat
terns Withm our brains. And in each of us our neurons are 
interconnected in unique ways: You are a~ emergent prop· 
erty of your cells; I am an emergent property of mine. At 
present, we know so little about nerve cells and conscious· 
ness ~hat we cannot predict brain biology based on nerve 
cell biology, but that does not mean that we will never be 
~ble to do so, it does not mean that we should stop search· 
~nglfodr ndew knowledge. It means that we biologists, you 
me u e have tak th ' en on an enormous task-studying e 
emergent prop rty 11 . • 
c 

1 
. e ca ed life. This task will keep us busy 

1or a ong time. 

and attract the c ll' 
the cell to activa;e ~ transcription machinery. This should cause 

Th . gene that would normally be repressed. 
e potential of CRISP st 

limitless At th· . R-Cas9 technology seems ahn°. 
• IS Wrtting . . . th t hJS 

team had used CRIS ' a scientist m China claimed a 
embryo that was th P~-Cas 9 to genetically modify a htU]I~ 
a healthy baby w ben implanted into its mother; reportedl), 
fi asornlf•i..: . db the 

rst case of genetical] e. . uus ~laun is true, it woul e 
y ngtneenng a human being. 
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sox2s·-3 Can't See the Forest for the Trees-Reductionist and 

Holistic Thinking 

You might not be familiar with the old-fashioned saying, 
"Can't see the forest for the trees:' Its more complete form is 
"He can't see the forest because all the trees are in the way:' 
one meaning of this is that a person is looking so closely at 
the individual details (trees) of something that he doesn't 
even realize there is a larger concept ( the forest) present. 
The phrase is often reversed as well: "He can't see the trees 
because the forest is in the waY:' The point of this is that 
many concepts can be regarded as either a set of individual 
components or as a whole. 

How does this apply to plant biology? Consider xylem; 
learning about xylem involves learning about many different 
things: tracheids, vessels, secondary walls, pit-pairs, pit mem
branes, perforations, cavitations, embolisms, xylem paren
chyma, growth rings, sapwood, heartwood, and so on. It can 
all seem like a jumble of different concepts. But now think 
of how these fit together, how each contributes to the safe 
conduction of water through a plant. These work together, 
function together, and each fits into the larger concept-"wa
ter transport by means of xylem~' We can think of "water 
transport by means of xylem" as the forest made up of the 
trees. It is also a human model of water movement. The indi
vidual facts about xylem can seem endless and confusing, but 
if we keep in mind the emergent property of water transport, 
then various facts fit together and begin to make sense. We 
see how each item contributes to water conduction. 

It might help if we think of the pieces of a jigsaw puzzle 
and how the picture becomes complete once all the pieces 
are put together correctly. When we first start a puzzle, all 
the pieces lie scattered at random, and each makes little or 
no sense. Fortunately, each contains clues about how it might 
fit With others, but if we haven't looked at the picture on the 
box, we have no idea what the pieces will combine into. As 
We progress in fitting some pieces together, part of the picture 
ernerges, and even while it is incomplete, we might be able to 
guess at what it will be, and that will guide us in assembling 
the rest of the pieces. As we get close to finishing the puzzle, 
We see the emergent property of the entire picture that we 
can understand at a glance. . 

We could apply this to all other topics in plant b'.ology. 
let's use ecology. Many students are inspired by tropical 
rainforests and they want to study them. But how do you go 
about stud~g a tropical rainforest? We can't put one o~ a 
lllicroscope slide, nor can we measure the photosynthesis of 
an entire forest. Instead, we might study the xylem anatomy 
of rainforest herbs compared to rainforest trees, or compare 
Photosynthesis on sunny days with that on rainy days. We 

could study pollinators, seed dispersers, the climate history 
of the rainforest, and so on. The situation here is that the 
students have seen the big picture-tropical rainforests-and 
now they must look into it to see its individual parts. We can 
start to understand the whole by studying its individual parts 
(this is called reductionist thinking or reductionism). 

But can we understand a rainforest, or any other com
plex phenomenon, just by studying its parts? No. Emergent 
properties exist in biology, the sum is greater than the parts, 
so to understand the whole, we need to integrate all the parts 
and think in terms of their relationships ( called holist think
ing or emergentism). It is important for us to realize that 
in addition to actual, physical, tangible tropical rainforests 
such as those of the Amazon River Basin or Southeast Asia, 
there are also the concepts, the theoretical models of tropical 
rainforests. If we want to understand a real rainforest, we 
must also construct and understand a theory of rainforests, 
a theory that encompasses all the evidence we have gathered 
and which goes beyond it. Ultimately, we always want to 
be able to fit our many facts-our observations and exper
imental results, our empirical evidence-into a theory or a 
model. Theories and models give us an understanding of the 
whole as well as the relationships of the parts. Until we are 
able to construct a theory or model, we have little more than 
random facts with little meaning. 

You may not realize it, but you have already learned 
many integrating theories. Let's consider one you know 
so well you might not realize it is a theory: shoots of seed 
plants are composed of leaves attached to stems at nodes and 
separated from each other by internodes. With this theory, 
you can examine any seed plant in the world and either 
understand its organization immediately or figure it out with 
a little observation and rational logic. Just think about this: 
One simple model organizes and makes sense of millions 
of observations on more than 200,000 species of plants. Is 
there an alternative? If so, what is a consequence? Yes, there 
are several alternatives. For example, the seedless plants 
known as thallose liverworts do not have leaves or nodes or 
internodes. A consequence is that if you come across some 
of them, you will be bewildered by their organization. You 
cannot be confident of what part is what, how they grow, how 
they branch, even how they reproduce. We get even further 
from our model if we examine the bodies of the brown algae 
known as kelps or the bodies of large red algae. Some parts 
will fool you because they superficially resemble leaves and 
internodes, but they had a completely separate evolutionary 
origin and our model does not apply to them at all. You will 

The Structure of Ecosystems 719 



Plants and People
BOX 1-2 The Characteristics of Life

#PUBOZ�JT�B�TVCEJWJTJPO�PG�CJPMPHZ�UIF�TUVEZ�PG� MJGF��%FTQJUF�
UIF�JNQPSUBODF�UP�CJPMPHZ�PG�EFĕOJOH�MJGF�OP�TBUJTGBDUPSZ�EFG-
JOJUJPO�FYJTUT��"T�XF�TUVEZ�NFUBCPMJTN�TUSVDUVSF�BOE�FDPMPHZ�
NPSF�DMPTFMZ�XF�VOEFSTUBOE�NBOZ�MJGF�QSPDFTTFT�JO�DIFNJDBM�
QIZTJDBM� UFSNT�� *U� JT�EJďDVMU� UP�EJTUJOHVJTI�CFUXFFO�CJPMPHZ�
BOE�DIFNJTUSZ�PS�CFUXFFO�MJWJOH�BOE�OPOMJWJOH�CVU�UIF�MBDL�
PG� B� EFĕOJUJPO� GPS� MJGF� EPFT� OPU� CPUIFS� CJPMPHJTUT�� WFSZ� GFX�
TIPSU�EFĕOJUJPOT�BSF�BDDVSBUF�BOE�MJGF�JT�TVDI�B�DPNQMFY�BOE�
JNQPSUBOU�TVCKFDU� UIBU�B� GVMM�VOEFSTUBOEJOH�HBJOFE� UISPVHI�
FYUFOTJWF�FYQFSJFODF�JT�NPSF�VTFGVM�UIBO�B�EFĕOJUJPO�

"MUIPVHI�XF�DBOOPU�EFĕOF�MJGF�JU�JT�DSJUJDBMMZ�JNQPSUBOU�GPS�
VT�UP�SFDPHOJ[F�JU�BOE�UP�LOPX�XIFO�JU�JT�BCTFOU��.BOZ�IPTQJUBMT�
VTF� BSUJĕDJBM� WFOUJMBUPST� CMPPE�QVNQT� BOE�ESVHT� UP�NBJOUBJO�
UIF�CPEJFT�PG�WJDUJNT�PG�BDDJEFOUT�PS�JMMOFTT��ćF�QFSTPO�T�DFMMT�BSF�
BMJWF�CVU�JT�UIF�QFSTPO�BMJWF �0O�B�MFTT�ESBNBUJD�TDBMF�IPX�EPFT�
POF�SFDPHOJ[F�XIFUIFS�TFFET�BSF�BMJWF�PS�EFBE �"�GBSNFS�BCPVU�
UP�TQFOE���������PO�TFFE�DPSO�XBOUT�UP�CF�DFSUBJO�UIBU�UIF�TFFE�
JT�BMJWF��)PX�EP�XF�SFDPHOJ[F�UIBU�DPSBM�JT�BMJWF �*U�MPPLT�MJLF�SPDL�
CVU�HSPXT�TMPXMZ�CVU�TUBMBDUJUFT�BSF�SPDL�BOE�UIFZ�BMTP�HSPX�

ćF�BCJMJUZ�UP�SFDPHOJ[F�MJGF�PS�JUT�BCTFODF�JT�JNQPSUBOU�JO�
TQBDF�FYQMPSBUJPO�BMTP��ćF�TVSGBDF�PG�.BST�JT�ESZ�CVU�XBUFS�NBZ�
FYJTU�XJUIJO�UIF�TPJM��NBOZ�CBDUFSJB�PO�&BSUI�MJWF�CFMPX�HSPVOE�
PCUBJOJOH�FOFSHZ�GSPN�DIFNJDBMT�JO�SPDL��&VSPQB�B�NPPO�PG�
+VQJUFS�IBT�BO�PDFBO�CFMPX�B�MBZFS�PG�QFSNBOFOU�JDF��PO�&BSUI�
XPSNT�DMBNT�BOE�CBDUFSJB�MJWF�JO�DPNQMFUF�JDZ�EBSLOFTT�OFBS�
WFOUT�PO�UIF�PDFBO�ĘPPS�PCUBJOJOH�FOPVHI�FOFSHZ�GSPN�WPM-
DBOJD�HBTFT�UP�UISJWF�OPU�KVTU�TVSWJWF��8IFO�XF�FYQMPSF�.BST�
&VSPQB�BOE�PUIFS�QBSUT�PG�UIF�TPMBS�TZTUFN�IPX�XJMM�XF�TFBSDI�
GPS�MJGF �)PX�XJMM�XF�LOPX�XIFUIFS�XF�IBWF�GPVOE�JU 

"MM�MJWJOH�CFJOHT�IBWF�BMM�PG�UIF�GPMMPXJOH�DIBSBDUFSJTUJDT��
JG�FWFO�POF�JT�NJTTJOH�UIF�NBUFSJBM�JT�OPU�BMJWF�
��� Metabolism involving the exchange of energy and matter 

with the environment.� 0SHBOJTNT� BCTPSC� FOFSHZ� BOE�
NBUUFS� DPOWFSU� TPNF� PG� JU� JOUP� UIFJS� PXO� CPEJFT� BOE�
FYDSFUF� UIF� SFTU��.BOZ�OPOMJWJOH� TZTUFNT� BMTP� EP� UIJT��
3JWFST�BCTPSC�XBUFS�GSPN�DSFFLT�NJY�JU�XJUI�NVE�BOE�
CPVMEFST�BOE�UIFO�iFYDSFUFw�JU�JOUP�PDFBOT�

��� Nonrandom organization.� "MM� PSHBOJTNT� BSF� IJHIMZ�
TUSVDUVSFE� BOE� EFDBZ� JT� UIF� QSPDFTT� PG� JUT� NPMFDVMFT�
SFUVSOJOH� UP� B� SBOEPN� BSSBOHFNFOU�� IPXFWFS� NBOZ�
OPOMJWJOH�TZTUFNT�BMTP�IBWF� UIJT� GFBUVSF��$SZTUBMT�IBWF�
BO� PSEFSMZ� BSSBOHFNFOU� BT� EP� NBOZ� DMPVE� QBUUFSOT�
XFBUIFS�QBUUFSOT�BOE�SJQQMF�QBUUFSOT�JO�ĘPXJOH�TUSFBNT�

��� Growth.�"MM� PSHBOJTNT� JODSFBTF� JO� TJ[F� GSPN� UIF� UJNF�
UIFZ� BSF� GPSNFE�� 'FSUJMJ[FE� FHHT� HSPX� JOUP� TFFET� PS�
FNCSZPT� BOE� FBDI� JO� UVSO� HSPXT� JOUP� BO� BEVMU�� "U�
TPNF�QPJOU�HSPXUI�NBZ�DFBTF�XF�TUPQ�HFUUJOH� UBMMFS�
BU�BCPVU����ZFBST�PG�BHF��ćJT�UPP�JT�OPU�TVďDJFOU�UP�EJT-
UJOHVJTI�MJWJOH�GSPN�OPOMJWJOH��.PVOUBJOT�BOE�DSZTUBMT�
BMTP�HSPX�

��� A system of heredity and reproduction.� "O� PSHBOJTN�
NVTU�QSPEVDF�PČTQSJOH�WFSZ� TJNJMBS� UP� JUTFMG� TVDI� UIBU�
XIFO�UIF�JOEJWJEVBM�EJFT�MJGF�QFSTJTUT�XJUIJO�JUT�QSPHFOZ��
'JSFT�SFQSPEVDF�CVU�BSF�OPU�BMJWF�

��� A capacity to respond to the environment such that metab-
olism is not adversely a!ected.�8IFO�DPOEJUJPOT�CFDPNF�
ESZ� BO� PSHBOJTN� DBO� SFTQPOE� CZ� CFDPNJOH� EPSNBOU�
DPOTFSWJOH� XBUFS� PS� PCUBJOJOH� XBUFS�NPSF� FČFDUJWFMZ��
.PVOUBJOT�BMTP�SFTQPOE�UP�UIF�FOWJSPONFOU�CZ�HSPXJOH�
BT�HFPMPHJDBM�GPSDFT�QVTI�UIFN�VQXBSE�BOE�CZ�CFDPNJOH�
TNBMMFS�BT�FSPTJPO�XFBST�UIFN�BXBZ�
*O�BEEJUJPO� UP� UIFTF� BCTPMVUF� SFRVJSFNFOUT�PG� MJGF� UXP�

GFBUVSFT�BSF�BMNPTU�DFSUBJOMZ�BTTPDJBUFE�XJUI�BMM�GPSNT�PG�MJGF��
	�
�0SHBOJTNT�EFWFMPQ�TVDI�UIBU�ZPVOH�JOEJWJEVBMT�BOE�PME�
POFT� IBWF� EJTUJODUJWF� GFBUVSFT� BOE� 	�
� PSHBOJTNT� FWPMWF�
DIBOHJOH�XJUI�UJNF�BT�UIF�FOWJSPONFOU�DIBOHFT�

"MUIPVHI�UIFTF�WBSJPVT�GFBUVSFT�BSF�BMXBZT�QSFTFOU�JO�
MJWJOH� DSFBUVSFT� OP� POF� DIBSBDUFSJTUJD� JT� TVGGJDJFOU� UP� CF�
DFSUBJO�UIBU�TPNFUIJOH�JT�MJWJOH�WFSTVT�JOBOJNBUF��8F�IBWF�
OP�EJGGJDVMUZ�CFJOH�DFSUBJO�UIBU�SJWFST�GJSF�BOE�DSZTUBMT�BSF�
OPU� MJWJOH� CVU�XIFO�XF� TFBSDI� GPS� MJGF� PO� PUIFS� QMBOFUT�
PS� FWFO� JO� TPNF� FYPUJD� IBCJUBUT� IFSF� PO�&BSUI� EFDJEJOH�
XIFUIFS�XF� IBWF� BDUVBMMZ� EJTDPWFSFE� MJGF�NJHIU� CF� RVJUF�
QSPCMFNBUJDBM�

FIGURE B1-2A Lichens grow extremely slowly and 
remain dormant for months; almost no sign of life 
can be detected during their dormant period.

FIGURE B1-2B These seeds of corn (Zea mays) are alive and 
healthy, but inactive metabolically. They will germinate and 
become obviously alive, but only if given the proper conditions.
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BOX 3-2 Calcium: Strong Bones, Strong Teeth, but Not Strong Plants
Most plants and animals need hard parts. Wood is strong 
enough to support the weight of a tree, and bones play a 
similar role in animals. Seeds are o!en protected by resis-
tant shells such as those of walnuts and almonds, and animal 
shells protect clams and oysters. Our teeth are so tough that 
they can chew through almost anything. Although plants 
and animals use hard parts for similar roles, plants rely on 
thick, tough cell walls, whereas animals use calcium salts. 

Would it be possible for plants to 
use bone-like material? We can an-
alyze this as a set of alternatives and 
their consequences. "e present alter-
native—wood—consists of cellulose 
and a chemical called lignin. Both are 
carbohydrates that a plant itself makes 
through photosynthesis, and thus, 
they are readily available. And both 
are remarkably inert, having little 
impact on other aspects of the plant’s 
metabolism. In contrast, calcium and 
its salts participate in many metabolic 
pathways, and building or resorbing 
shells, bones, or teeth has a broad im-
pact on cell physiology. Shells consist 
of calcium carbonate, and as animals 
use carbonate ion (CO3

2-) to build a 
shell, the acidity of the protoplasm is 
altered. Furthermore, animals can di-
gest part of their shells if they need the 
calcium elsewhere, and this liberation 
of carbonate will again a#ect the pH. 
"is is tolerable for marine organisms 

because they use carbonate from the surrounding seawater 
rather than from their own protoplasm so their pH is not 
a#ected. If the shell is resorbed later, the liberated carbonate 
is likewise dumped outside the animal into the seawater.

Animals like us—with an internal skeleton—use calcium 
phos phate in our bones and teeth. Calcium carbonate’s tendency 
to alter pH is too dangerous for us, and our skeleton cannot use 
seawater as a carbonate reservoir. "e phosphate ion (PO4

2-) that 

FIGURE B3-2 (A) A leaf clearing of maidenhair tree (Ginkgo), showing several red-stained leaf veins that conduct sugars out of the leaf. Such veins are the targets of aphids and 
other sucking insects (× 15). (B) The same tissue, in polarized light (× 15).(C) A cross-section of Aristolochia wood; crystals are present in the two bands of tissue with blue-stained 
walls, see (D). This is a soft tissue in wood and is the site where sugars and other nutrients are stored (× 50). (D) The same tissue as (C), but with polarized light (× 50).

Plants Do Things Differently
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Plants and People
BOX 4-1 $POUSPMMFE�(SPXUI�7FSTVT�$BODFSPVT�(SPXUI

ćF�BDUVBM�TUFQT�PG�LBSZPLJOFTJT�BOE�DZUPLJOFTJT�NVTU�CF�DPO-
USPMMFE�JG�DFMMT�BSF�UP�EJWJEF�QSPQFSMZ�CVU�PUIFS�BTQFDUT�NVTU�CF�
SFHVMBUFE�BT�XFMM��'JSTU�UIF�SBUF�BOE�GSFRVFODZ�PG�DFMM�EJWJTJPO�
BSF�JNQPSUBOU�JO�EFUFSNJOJOH�IPX�SBQJEMZ�PS�TMPXMZ�POF�DFMM�
QSPEVDFT�B�NBTT�PG�QSPHFOZ�DFMMT��4FDPOE�PSJFOUBUJPO�PG�CPUI�
DFMM�EJWJTJPO�BOE�DFMM�HSPXUI�BČFDUT�UIF�TIBQF�PG�UIF�HSPXJOH�
NBTT�PG�DFMMT��*G�BMM�DFMMT�EJWJEF�XJUI�UIFJS�OFX�XBMMT�QBSBMMFM�UP�
FBDI�PUIFS�UIF�NBTT�HSPXT�BT�B�DPMVNO�CVU�JG�OFX�DFMM�XBMMT�
PDDVS�JO�BOZ�QMBOF�UIF�NBTT�HSPXT�JO�BMM�UISFF�EJNFOTJPOT��
ćF�NBTT�HSPXT�BT�B�TIFFU�JG�OFX�DFMM�XBMMT�DBO�PDDVS�JO�UXP�
QMBOFT�CVU�OPU�JO�UIF�UIJSE��'JOBMMZ�JU�JT�JNQPSUBOU�UP�DPOUSPM�
XIJDI�DFMMT�EJWJEF��*G�POMZ�TPNF�DFMMT�VOEFSHP�DFMM�EJWJTJPO�
UIFZ�NBZ�QSPEVDF�B�MVNQ�PS�PVUHSPXUI�XIJMF�UIF�SFTU�PG�UIF�
NBTT�PG�DFMMT�SFNBJOT�VODIBOHFE�

ćFTF� GBDUPST� BSF� DPOUSPMMFE� BDDVSBUFMZ� JO� QMBOUT�� *O� B�
ZPVOH�FNCSZPOJD�QMBOU�BMM�DFMMT�EJWJEF�CVU�MBUFS�DFMMT�BU�UIF�UJQT�
PG�SPPUT�BOE�TIPPUT�CFDPNF�DFOUFST�PG�DFMM�EJWJTJPO�BOE�HSPXUI�
XIJMF�UIF�SFTU�PG�UIF�TUFN�BOE�SPPU�UJTTVFT�NBUVSF�BOE�DBSSZ�PVU�
UIFJS�GVODUJPOT��#Z�DPOUSPMMJOH�SBUF�PSJFOUBUJPO�BOE�MPDBUJPO�PG�
DFMM�EJWJTJPO�QMBOUT�QSPEVDF�DZMJOESJDBM�TUFNT�BOE�SPPUT�UIJO�
ĘBU�MFBWFT�BOE�QFUBMT�BOE�NBTTJWF�UISFF�EJNFOTJPOBM�GSVJUT�

1MBOUT� JNQPTF� RVJFTDFODF� PO� DFSUBJO� DFMMT� BOE� UIFO�
SFBDUJWBUF�UIFN�UP�HSPXUI�BOE�EJWJTJPO�MBUFS��1MBOUT�QSPEVDF�
CVET�UIBU�BSF�GPSDFE�UP�SFNBJO�RVJFTDFOU�GPS�B�MPOH�UJNF�FWFO�
ZFBST�CVU�DBO�UIFO�CF�TUJNVMBUFE�CZ�UIF�QMBOU�UP�HSPX�PVU�BT�B�
CSBODI�PS�B�ĘPXFS��*O�ZPVOH�TUFNT�FQJEFSNBM�DFMMT�HSPX�SBQ-
JEMZ�FOPVHI�UP�LFFQ�UIF�TUFN�DPWFSFE�CVU�UIFO�UIFZ�NBUVSF�
BOE�SFNBJO�NJUPUJDBMMZ�RVJFTDFOU�BT�UIFZ�QSPUFDU�UIF�QMBOU��*O�
NBOZ�TQFDJFT� UIFTF�DBO�CF�SFBDUJWBUFE�ZFBST� MBUFS�VOEFSHP�
DFMM�EJWJTJPO�BOE�QSPEVDF�CBSL�DFMMT�

$FMM�EJWJTJPO�BOE�HSPXUI�NVTU�CF�DPOUSPMMFE�JO�BOJNBMT�
BT�XFMM��%VSJOH�FBSMZ�TUBHFT�PG�GFUBM�EFWFMPQNFOU�BMM�DFMMT�PG�
IVNBO� FNCSZPT� EJWJEF� BOE� HSPX�� -BUFS� TPNF� DFMMT� EJWJEF�
NPSF�SBQJEMZ�UIBO�PUIFST�CVU�CBTJDBMMZ�NPTU�PG�PVS�DFMMT�BSF�
NJUPUJDBMMZ�BDUJWF�EVSJOH�NVDI�PG�PVS�HSPXUI�CFGPSF�CJSUI��
ćFO� DFMMT� JO� DFSUBJO� UJTTVFT� BOE�PSHBOT�VOEFSHP� DFMM� DZDMF�
BSSFTU��UIFZ�NBUVSF�BOE�OFWFS�EJWJEF�BHBJO�TVDI�BT�UIF�DFMMT�

PG�PVS�FZFT�BOE�PVS�CSBJOT��0UIFS�DFMMT�OFWFS�TUPQ�EJWJEJOH�
BOE�BSF�BDUJWF�VOUJM�XF�EJF�TVDI�BT�UIF�MBZFS�PG�DFMMT�UIBU�QSP-
EVDFT�PVS�TLJO�BOE�IBJS�BOE�UIF�CPOF�NBSSPX�UIBU�HFOFSBUFT�
NPTU�PG�PVS�CMPPE�DFMMT��+VTU�BT�JO�QMBOUT�TPNF�PG�PVS�DFMMT�
FOUFS�B�QSPMPOHFE�TUBUF�PG�RVJFTDFODF�BOE�MBUFS�BSF�BDUJWBUFE�
UP�EJWJTJPO��'PS�FYBNQMF�TVSHJDBM�SFNPWBM�PG�QBSU�PG�UIF�MJWFS�
DBVTFT�DFMMT�PG�UIF�SFNBJOJOH�QPSUJPO�UP�EJWJEF�BOE�SFTUPSF�
UIF�PSHBO�UP�BO�BEFRVBUF�TJ[F��0G�DPVSTF�UIJT�JT�OPU�USVF�PG�
NPTU�PG�PVS�PSHBOT�

4PNF�PG�PVS�DFMMT�SFMFBTF�UIFNTFMWFT�GSPN�DFMM�DZDMF�BSSFTU�
BOE�CFHJO�HSPXJOH�VODPOUSPMMFE�CZ�UIF�SFTU�PG�UIF�CPEZ��ćJT�
JT�DBODFSPVT�HSPXUI�BOE�JUT�TFWFSJUZ�EFQFOET�PO�XIJDI�UZQFT�
PG�DFMMT�BOE�PSHBOT�BSF�JOWPMWFE�IPX�SBQJEMZ�UIF�DFMMT�EJWJEF�
BOE� XIFUIFS� UIF� DFMMT� DBO� NJHSBUF� GSPN� UIFJS� PSJHJOBM� TJUF�
BOE�JOWBEF�TVSSPVOEJOH�UJTTVFT��*U�JT�XFMM�LOPXO�UIBU�DFSUBJO�
FOWJSPONFOUBM�GBDUPST�BDU�BT�DBSDJOPHFOT�BHFOUT�UIBU�DBVTF�
DBODFS�CZ�JOUFSGFSJOH�XJUI�DFMM�DZDMF�BSSFTU��$JHBSFUUF�TNPLF�JT�
LOPXO�UP�DBVTF�DBODFS�PG�UIF�MVOH�BOE�UISPBU�BOE�VMUSBWJPMFU�
MJHIU�USJHHFST�TLJO�DBODFS�

8IFSFBT�VODPOUSPMMFE�DBODFSPVT�HSPXUI�JO�IVNBOT�NBZ�
CF�GBUBM�JU�EPFT�OPU�TFFN�UP�CF�B�QSPCMFN�JO�QMBOUT��*SSFHV-
MBS�MVNQT�BOE�HSPXUIT�DBMMFE�HBMMT�NBZ�PDDVS�CVU�UIFTF�BSF�
PęFO�DBVTFE�CZ�JOTFDUT�PS�NJDSPCFT�OPU�CZ�UIF�QMBOU�T�PXO�
DFMMT� VOEFSHPJOH� B� TQPOUBOFPVT� TFMG�JOEVDFE� SFMFBTF� GSPN�
DFMM� DZDMF� BSSFTU�� *U� NBZ� CF� UIBU� QMBOUT� EP� GPSN� DBODFSPVT�
HSPXUIT�CVU�UIBU�UIFZ�BSF�OPU�B�TFSJPVT�QSPCMFN�GPS�TFWFSBM�
SFBTPOT��'JSTU�DFMMT�DBOOPU�NJHSBUF�UISPVHI�B�QMBOU�CPEZ�UIF�
XBZ�UIBU�PVS�DFMMT�NJHSBUF�UISPVHI�PVS�CPEJFT��DPOTFRVFOUMZ�
BOZ�VODPOUSPMMFE�HSPXUI� JT� MPDBMJ[FE�OPU� JOWBTJWF��4FDPOE�
XIFSFBT�XF�IBWF�NBOZ�PSHBOT�UIBU�BSF�FBDI�DSJUJDBM�UP�PVS�MJGF�
BOE�XIJDI�PDDVS� TJOHMZ� 	IFBSU�CSBJO
�PS� JO�QBJST� 	LJEOFZT�
MVOHT
�QMBOUT�IBWF�NBOZ�MFBWFT�SPPUT�BOE�ĘPXFST�BOE�OP�
TJOHMF�POF�JT�JOEJTQFOTBCMF��%BNBHF�UP�POF�QBSU�PG�UIF�QMBOU�
NBZ�IBWF�MJUUMF�FČFDU�PO�UIF�SFTU�PG�UIF�QMBOU��#Z�MBDLJOH�UIF�
IJHIMZ� EJČFSFOUJBUFE� DPNQMFY� BOE� UJHIUMZ� JOUFHSBUFE� CPEZ�
PG�IVNBOT�BOE�NBOZ�BOJNBMT�QMBOUT�BSF�OPU�TP�UISFBUFOFE�
CZ�EJTFBTFT�JOWPMWJOH�DPOUSPM�PG�OVDMFBS�BOE�DFMMVMBS�EJWJTJPO�

NJDSPUVCVMFT�UIBU�FYUFOE�GSPN�UIF�PQQPTJUF�QPMF��ćF�UXP�TFUT�
UPHFUIFS�PWFSMBQQJOH� JO� UIF�DFOUFS� GPSN�B� MBSHF� GSBNFXPSL�
	FIGURES 4-15�BOE�4-16
��0UIFS�NJDSPUVCVMFT�SVO�GSPN�B�QPMF�
UP�B�DFOUSPNFSF��ćF�QPJOU�PG�BUUBDINFOU�JT�B�kinetochore��B�
TUSVDUVSF�DPOTJTUJOH�PG�UXP�MBZFST�PG�QSPUFJOT�POF�MBZFS�CPVOE�

UJHIUMZ�UP�DFOUSPNFSF�%/"�BOE�UIF�PUIFS�BUUBDIFE�UP�TQJOEMF�
NJDSPUVCVMFT�� &BDI� DFOUSPNFSF� IBT� UXP� LJOFUPDIPSF� GBDFT�
POF�BUUBDIFE�CZ�BQQSPYJNBUFMZ����UP����NJDSPUVCVMFT�UP�POF�
FOE�PG� UIF� TQJOEMF� BOE� UIF�PUIFS� GBDF� BUUBDIFE�CZ�B� TJNJMBS�
OVNCFS�UP�UIF�PUIFS�FOE�PG�UIF�TQJOEMF�	'JHVSFڀ����
�

91Division Phase of the Cell Cycle





Plants Do Things Differently

BOX 7-1 Plants and People and Having a Weight Problem

.PTU�PG�VT�QSPCBCMZ�EP�OPU�TQFOE�UPP�NVDI�UJNF�XPSSZJOH�
BCPVU�TUBSWJOH�UP�EFBUI��)PXFWFS� UISPVHIPVU�NVDI�PG� UIF�
IJTUPSZ�PG�DJWJMJ[BUJPO�QFPQMF�IBE� UP�CF�DBSFGVM� UP� TUPSF�VQ�
FOPVHI� GPPE� UP� MBTU� OPU� POMZ� UISPVHI� XJOUFS� CVU� UISPVHI�
TQSJOH�BT�XFMM��'PPE�TVQQMJFT�IBE�UP�MBTU�VOUJM�HBSEFOT�DPVME�
QSPWJEF�QPUBUPFT� CFBOT�XIFBU� BOE�PUIFS� TUBQMFT��(SPDFSZ�
TUPSFT�BSF�B�SFDFOU�MVYVSZ��)PX�EJE�QFPQMF�TUPSF�GPPE �*G�ESZ�
TFFET� MJLF�XIFBU� BOE�CFBOT� BSF� LFQU� GSFF� PG�NPJTUVSF� UIFZ�
MBTU�B�MPOH�UJNF��(SBQFT�BOE�NJML�BSF�OPU�ESZ�CVU�UIFZ�DBO�
CF�QSFTFSWFE�CZ� UVSOJOH� UIF�ĕSTU� JOUP�XJOF�BOE�UIF�TFDPOE�
JOUP�DIFFTF��.FBU�BOE�ĕTI�DBO�CF�ESJFE�TNPLFE�PS�TBMUFE�GPS�
MPOH�UFSN�TUPSBHF��

0OF� QBSUJDVMBS�NFUIPE� PG� TUPSJOH� GPPE� JT� QBSUJDVMBSMZ�
QPQVMBS�XJUI�IVNBOT�BOE�JT�UIF�POMZ�NFBOT�BWBJMBCMF�UP�NPTU�
BOJNBMT��&BU�UIF�GPPE�XIFOFWFS�JU�JT�BWBJMBCMF�BOE�TUPSF�JU�BT�
GBU�JOTJEF�PVS�CPEZ��#FBOT�DBO�CFDPNF�NPMEZ��3BUT�DBO�ĕOE�
PVS�TVQQMZ�PG�ESJFE�NFBU�CVU�GBU�JO�PVS�BEJQPTF�UJTTVFT�JT�TBGF��
'PS�BOJNBMT�UIBU�IJCFSOBUF�HFUUJOH�GBU�JO�BVUVNO�JT�UIF�POMZ�
XBZ�UP�TVSWJWF��8F�NBZ�SFHSFU�FBUJOH�TP�NVDI�BU�ćBOLTHJW-
JOH�CVU�UIF�QJMHSJNT�EJE�OPU��'FBTUJOH�XBT�B�NFBOT�PG�TUPSJOH�
GPPE�UIBU�NJHIU�PUIFSXJTF�TQPJM�EVSJOH�XJOUFS�

1MBOUT� UPP� NVTU� CF� BEBQUFE� UP� UIF� BWBJMBCJMJUZ�PS� UIF�
TDBSDJUZ�PG�GPPE��'PS�QMBOUT�iGPPEw�JT�TVQQMJFE�CZ�QIPUPTZO-
UIFTJT�BOE�UIBU�SFRVJSFT�POMZ�MJHIU�DBSCPO�EJPYJEF�BOE�XBUFS��
*O�USPQJDBM�DMJNBUFT�XIFSF�UFNQFSBUVSFT�BSF�BMXBZT�NJME�BOE�
ESPVHIUT�WJSUVBMMZ�OFWFS�PDDVS�QMBOUT�IBWF� MFBWFT�UISPVHI-
PVU�UIF�ZFBS�BOE�QIPUPTZOUIFTJ[F�FWFSZ�EBZ�NBLJOH�BMM�PG�UIF�
DBSCPIZESBUFT�UIFZ�OFFE�XIFOFWFS�UIFZ�OFFE�UIFN��4UPSJOH�
GPPE�SFTFSWFT�JT�OPU�B�QSPCMFN��*O�UFNQFSBUF�DMJNBUFT�FWFS-
HSFFO�USFFT�TVDI�BT�QJOFT�BOE�IPMMJFT�BMTP�BSF�BCMF�UP�QIPUPTZO-
UIFTJ[F�NPTU�EBZT�CFJOH�JOIJCJUFE�POMZ�XIFO�JU�JT�FYUSFNFMZ�
DPME��#VU�EFDJEVPVT�QMBOUT�UIPTF�UIBU�ESPQ�UIFJS�MFBWFT�BOE�
CFDPNF�EPSNBOU�BSF�TJNJMBS�UP�BOJNBMT�JO�UIBU�UIFZ�OFFE�UP�
TUPSF�GPPE�UP�NBJOUBJO�UIFJS�NFUBCPMJTN�XIJMF�MFBĘFTT��8IFO�
B�QMBOU�BCTDJTFT�JUT�MFBWFT�JO�BVUVNO�JU�JT�BMNPTU�BT�JG�BO�BOJ-
NBM�XFSF�UISPXJOH�BXBZ�JUT�FOUJSF�EJHFTUJWF�USBDU�JO�BOUJDJQB-
UJPO�PG�HSPXJOH�BO�FOUJSF�OFX�POF�JO�TQSJOH��*G�B�QMBOU�IBE�OP�
OVUSJFOU� SFTFSWFT� JOTJEF� JUTFMG�XIFO� JU� BCTDJTFE� JUT� MFBWFT� JU�
XPVME�OPU�FWFO�CF�BCMF�UP�NBLF�OFX�MFBWFT�JO�UIF�GPMMPXJOH�
TQSJOH��*U�XPVME�TUBSWF�UP�EFBUI�

&OFSHZ�SFTFSWFT�DBO�CF�TUPSFE�BT�B�WBSJFUZ�PG�DIFNJDBM�
DPNQPVOET��8F�BOJNBMT�TFRVFTUFS�PVS�SFTFSWF�FOFSHZ�BT�GBUT��
"�MJUUMF�CJU�PG�FOFSHZ�JT�TUPSFE�BT�B�QPMZNFS�DBMMFE�HMZDPHFO�
MPDBUFE�JO�PVS�MJWFS�BOE�NVTDMF�DFMMT�CVU�UIBU�JT�POMZ�FOPVHI�
UP� LFFQ� VT� HPJOH� GPS� B� GFX� IPVST� BT� BOZ� SVOOFS� PS� DZDMJTU�
LOPXT��1MBOUT�WJSUVBMMZ�OFWFS�TUPSF� GBUT�� UIFZ�SFMZ�PO�TUBSDI�
JOTUFBE��8IZ�EP�QMBOUT�BOE�BOJNBMT�EJČFS�PO�TVDI�B�TJNQMF�
GFBUVSF �-FU�VT�MPPL�BU�UIF�DPOTFRVFODFT�PG�FBDI�BMUFSOBUJWF�
TUPSBHF�NPMFDVMF�

"O�FOFSHZ�TUPSBHF�NPMFDVMF�TIPVME�OPU�CF�UPP�IFBWZ�
BOE� JU� NVTU� CF� TUBCMF� FOPVHI� UIBU� JU� EPFT� OPU� iHP� CBEw�
XJUIJO� UIF� QMBOU� PS� BOJNBM�T� CPEZ�� 'BU� JT� UIF� NPTU� MJHIU-
XFJHIU�NFBOT�PG�TUPSJOH�FOFSHZ��"�QPVOE�PG�GBU�XIFUIFS�
JU�JT�MBSE�PJM�CVUUFS�PS�NBSHBSJOF�TUPSFT�NPSF�FOFSHZ�UIBO�
B�QPVOE�PG�TUBSDI�PS�QSPUFJO��'PS�BO�PSHBOJTN�UIBU�OFFET�UP�
NPWF�XFJHIU�XJMM�CF�MFTT�PG�B�QSPCMFN�JG�JU�TUPSFT�GBU�SBUIFS�
UIBO�JG� JU�TUPSFT�UIF�TBNF�BNPVOU�PG�FOFSHZ�BT�TUBSDI��ćF�
OFYU�UJNF�ZPVS�CBUISPPN�TDBMF�SFBET����QPVOET�NPSF�UIBO�
ZPV�XBOU�CF�HMBE�XF�EP�OPU�TUPSF�TUBSDI��8F�XPVME�CF�FWFO�
NPSF�PWFSXFJHIU�BOE�IBWF�FWFO�CJHHFS�SFBS�FOET�

1MBOUT�IPXFWFS�EP�OPU�NPWF�BSPVOE� UPP�NVDI�� UIVT�
TBWJOH�PO�XFJHIU�JT�OPU�B�SFBM�OFDFTTJUZ��'PS�QMBOUT�UIF�MPOH�
UFSN� TUBCJMJUZ� PG� TUBSDI� JT� CFUUFS� UIBO� UIF� MJHIUOFTT� PG� GBU��
4PNF�QMBOUT�TBWF�VQ�FOFSHZ�GPS�ZFBST�OPU�KVTU�NPOUIT�BOE�
TUBSDI�XJMM�MBTU�UIBU�MPOH�JO�UIF�QMBOU�T�CPEZ��'PS�FYBNQMF�DFO-
UVSZ�QMBOUT�CMPPN�POMZ�PODF�BęFS�HSPXJOH� GPS�BCPVU���� UP�
���ZFBST� 	CVU�OPU� GPS�BO�FOUJSF�DFOUVSZ
�BOE�ĕTIUBJM�QBMNT�
NBZ�OPU�CMPPN�VOUJM�UIFZ�BSF�NPSF�UIBO����ZFBST�PME��ćFTF�
QMBOUT�TUPSF�TPNF�TUBSDI�FBDI�ZFBS�UIFO�VTF�JU�BMM�BU�PODF�JO�
B�NBTTJWF�ĘPXFSJOH��'BU�XPVME�OPU�MBTU�UIBU�MPOH�CFDBVTF�JU�
CFDPNFT�SBODJE�JG�FYQPTFE�UP�PYZHFO�BOE�BMM�QBSUT�PG�B�QMBOU�
BSF�XFMM�BFSBUFE�

1PMMFO�BOE�TFFET�BSF�FYDFQUJPOT��.BOZ�ĘPXFST�QSPEVDF�
QPMMFO�XJUI�B�ESPQ�PG�PJM�SBUIFS�UIBO�B�HSBJO�PG�TUBSDI�XIJDI�
NBLFT�JU� MJHIUFS�BOE�FBTJFS�GPS�XJOE�PS�JOTFDUT�UP�DBSSZ�JU�UP�
BOPUIFS�ĘPXFS��4FFET�TVDI�BT�QFBOVUT�DBTIFXT�BOE�TFTBNF�
TUPSF� PJM� BOE� UIVT� BSF� MJHIUFS� BOE� TNBMMFS� BOE�NPSF� FBTJMZ�
NPWFE�CZ�BOJNBMT��"WPDBEPT�BSF�WFSZ�SJDI�JO�PJM�CVU�SBUIFS�
UIBO�CFJOH�BO�FOFSHZ�TUPSBHF�NFDIBOJTN�JU�JT�B�SFXBSE�UIBU�
FOUJDFT�BO�BOJNBM�UP�FBU�UIF�GSVJU�BOE�UIFO�TQJU�UIF�TFFE�PVU�
TPNFXIFSF�UIFSFCZ�EJTQFSTJOH�UIF�QMBOU�T�TFFET�GBS�BOE�XJEF��

1MBOUT�BMTP�TUPSF�B�MJUUMF�TUBSDI�IFSF�BOE�UIFSF�UISPVHI-
PVU�UIFJS�CPEJFT�TPNF�JO�DPSUFY�DFMMT�TPNF�JO�QJUI�DFMMT�BOE�
FWFO�XPPE�DBO�TUPSF�B�CJU��)PXFWFS�XIFO�B�QMBOU�OFFET�UP�
TUPSF�B�MPU�PG�TUBSDI�JU�BMNPTU�BMXBZT�SFMJFT�PO�JUT�SPPUT��ćF�
FOMBSHFE� SPPUT� PG� CFFUT� DBSSPUT� SBEJTIFT� TXFFU� QPUBUPFT�
BOE� TJNJMBS�QMBOUT�BSF�ĕMMFE�XJUI� TUBSDI��#Z�VTJOH� SPPUT�BT�
B�TUPSBHF�PSHBO�UIF�QMBOUT�BSF�QVUUJOH�UIFJS�SFTFSWFT�VOEFS-
HSPVOE�PVU�PG� TJHIU�PG�IVOHSZ�BOJNBMT��"MTP� UIF� TPJM� JT� B�
NPSF� TUBCMF� FOWJSPONFOU� CFJOH�OFJUIFS� BT� IPU� EVSJOH� UIF�
EBZ�OPS�BT�DPME�BU�OJHIU�BT�UIF�BJS�BOE�TJNJMBSMZ�JU�NBJOUBJOT�
B�NPSF�VOJGPSN�IVNJEJUZ��ćF�TUPSBHF�UJTTVF�JO�SPPUT�JT�VTV-
BMMZ�XPPE�B�UZQF�PG�YZMFN��UIVT�KVTU�BT�JO�BEJQPTF�UJTTVF�PG�
BOJNBMT�SPPU�TUPSBHF�UJTTVFT�BSF�XFMM�WBTDVMBSJ[FE�

&WFO�UIPVHI�QMBOUT�BOE�BOJNBMT�TUPSF�FOFSHZ�EJČFSFOUMZ�
UIF� SFBTPOT� BSF�VOEFSTUBOEBCMF�XIFO�XF� DPOTJEFS� UIF� DPO-
TFRVFODFT�PG�FBDI�BMUFSOBUJWF��1MBOUT�GBWPS�TUBCJMJUZ��"OJNBMT�
OFFE�NPCJMJUZ�

178 Chapter 7: Roots



BOX 8-2 Having Multiple Bodies in One Lifetime
8PPEZ� QMBOUT� IBWF� UXP� CPEJFT�� "T� UIF� QSJNBSZ� CPEZ� PG� B�
XPPEZ�QMBOU� BHFT� B� WBTDVMBS� DBNCJVN�BSJTFT� JOTJEF� JU� BOE�
QSPEVDFT� XPPE� BOE� TFDPOEBSZ� QIMPFN�BO� FOUJSF� OFX�
CPEZ�JOTJEF� UIF� QSFFYJTUJOH� CPEZ�� ćJOL� BCPVU� IPX� EJG-
GFSFOU�UIF�UXP�CPEJFT�BSF��ćF�QSJNBSZ�CPEZ�IBT�MFBWFT�BOE�
BYJMMBSZ�CVET�ĘPXFST�GSVJUT�BOE�TFFET��*U�IBT�SPPU�IBJST�BOE�
BCTPSCT�XBUFS�BOE�OVUSJFOUT��ćF�TFDPOEBSZ�CPEZ�JT�KVTU�XPPE�
BOE�CBSL��*U�IBT�OP�MFBWFT�OP�CVET�OP�ĘPXFST�BOE�TP�PO��ćF�
TFDPOEBSZ�CPEZ�JT�GPS�UIF�NPTU�QBSU�OPUIJOH�NPSF�UIBO�BO�
FWFS�HSPXJOH�WBTDVMBS�TLFMFUBM�TZTUFN��ćF�UXP�CPEJFT�MPPL�
DPNQMFUFMZ�EJČFSFOU�BOE�IBWF�EJTUJODU�GVODUJPOT��(SPXUI�PG�
UIF� TFDPOEBSZ� CPEZ� UFBST� BQBSU� BOE� EFTUSPZT� UIF� QSJNBSZ�
QIMPFN�DPSUFY�BOE�FQJEFSNJT�PG�UIF�QMBOU�T�QSJNBSZ�CPEZ�
BOE�UIFTF�EFBE�SFNOBOUT�BSF�TIFE�BT�QBSU�PG�UIF�QMBOU�T�ĕSTU�
CBSL�� 4IPPU� UJQT� BOE� SPPU� UJQT� DPOUJOVBMMZ�NBLF�NPSF� TFD-
UJPOT�PG�QSJNBSZ�CPEZ�CVU�UIFZ�UPP�XJMM�CF�EFTUSPZFE�CZ�GPS-
NBUJPO�PG�NPSF�TFDPOEBSZ�CPEZ�JOTJEF�UIFN��*U�JT�ESBNBUJD�
GPS� POF�PSHBOJTN� UP�IBWF� UXP�EJTUJODU� CPEJFT� UP�IBWF�POF�
CPEZ�GPSN�JOTJEF�BOPUIFS�EFTUSPZJOH�UIF�ĕSTU��%PFT�BOZUIJOH�
MJLF�UIJT�PDDVS�JO�BOJNBMT �*O�VT �:FT�BOE�JO�FWFO�NPSF�ESB-
NBUJD�GBTIJPO�

8F� IVNBOT� VOEFSHP� NPEFSBUF� DIBOHFT� JO� PVS� CPEZ��
8IFO�BCPVU���PS���ZFBST�PME�XF�TIFE�PVS�CBCZ�UFFUI�BT�B�OFX�
TFU�PG�QFSNBOFOU�UFFUI�GPSNT�CFMPX�UIFN��"T�UIF�QFSNBOFOU�
UFFUI�EFWFMPQ�BOE�FOMBSHF�UIFZ�TJNQMZ�QVTI�PVS�CBCZ�UFFUI�
PVU�BOE�XF�MPTF�UIFN��1BSUT�PG�PVS�CPEZ�UFFUI�XJUI�CMPPE�
WFTTFMT�OFSWFT�BOE�MJWJOH�DFMMT�KVTU�GBMM�PVU�NVDI�UIF�XBZ�
CBSL�GBMMT�PČ�B�USFF��-BUFS�XIFO�XF�HP�UISPVHI�QVCFSUZ�PUIFS�
DIBOHFT� PDDVS�� )BJS� GPMMJDMFT� FTQFDJBMMZ� JO� CPZT� CFDPNF�
BDUJWF� BOE� TUBSU� QSPEVDJOH� UIJDLFS� IBJS� UIBO� UIF� UZQF� DIJM-
ESFO� IBWF�� *O� HJSMT� UIFSF� JT� EFWFMPQNFOU� PG� HMBOEVMBS� BOE�
BEJQPTF�UJTTVF�JO�UIF�CSFBTUT��ćFTF�BOE�PUIFS�DIBOHFT�IPX-
FWFS�BSF�SFBMMZ�KVTU�NPEJĕDBUJPOT�PG�QSFFYJTUJOH�UJTTVFT�UIBU�
XFSF�BMSFBEZ�QSFTFOU�JO�DIJMESFO��ćFSF�JT�OPUIJOH�FRVJWBMFOU�
UP�B�DBNCJVN�BOE�UIF�GPSNBUJPO�PG�CSBOE�OFX�DFMMT�

0VS� QVCFSUZ� IPXFWFS� QBMFT� JO� DPNQBSJTPO� UP� UIBU�
PG� FFMT�� +VWFOJMF� FFMT� BSF� KVTU� UJOZ� ĘBU� DPJO�TIBQFE�NBSJOF�
ĕTI�UIBU�MPPL�TPNFUIJOH�MJLF�B�MFBG��"T�UIFZ�HP�UISPVHI�UIF�
USBOTGPSNBUJPO�UP�CFJOH�BEVMUT�UIFZ�EFWFMPQ�UIFJS�WFSZ�MPOH�
DZMJOESJDBM�TIBQF�BOE�TXJUDI�UP�CFJOH�GSFTIXBUFS�ĕTI�NJHSBU-
JOH�VQ�SJWFST�UP�TQBXO��+VWFOJMF�BOE�BEVMU�FFMT�IBWF�TVDI�EJG-
GFSFOU�CPEJFT� UIBU� UIF� KVWFOJMFT�XFSF� MPOH�DPOTJEFSFE� UP�CF�
B�DPNQMFUFMZ�EJČFSFOU�UZQF�PG�ĕTI��+VWFOJMF�BOE�BEVMU�Homo 
sapiens� BSF� PCWJPVTMZ� UIF� TBNF� TQFDJFT��8F� EP� OPU� DIBOHF�
UIBU�NVDI�EVSJOH�QVCFSUZ�

0UIFS� BOJNBMT� HP� UISPVHI� NPSF� TJHOJĕDBOU� CPE-
JMZ� DIBOHFT�� $SBCT� MPCTUFST� BOE� CFFUMFT� IBWF� BO� FYUFSJPS�
FYPTLFMFUPO� UIBU� JT� TP� IBSE� JU� DBOOPU� HSPX�� ćF� BOJNBM�

QFSJPEJDBMMZ�QSPEVDFT�B�OFX�TPę�FYPTLFMFUPO��UIFO�UIF�BOJ-
NBM�NPMUT�UIBU�JT�JU�TIFET�JUT�TLJO�BOE�PME�FYPTLFMFUPO�BOE�
WFSZ�RVJDLMZ�HSPXT�UP�B�OFX�TJ[F�CFGPSF�JUT�OFX�FYPTLFMFUPO�
IBSEFOT�BOE�QSFWFOUT�GVSUIFS�HSPXUI��"ęFS�TPNF�UJNF�UIF�
BOJNBM�XJMM�SFQFBU�UIJT�QSPDFTT�TP�UIBU�JU�DBO�HSPX�FWFO�MBSHFS��
4OBLFT�UPP�QFSJPEJDBMMZ�TIFE�BO�PME�TLJO�SFQMBDJOH�JU�XJUI�B�
OFX�POF��*O�UIFTF�FYBNQMFT�FOUJSF�DPNQMFY�UJTTVFT�BSF�CFJOH�
TMPVHIFE�PČ�BOE�OFX�CPEZ�QBSUT�BSF�GPSNFE�

6OEPVCUFEMZ� UIF�NPTU�ESBTUJD�FYBNQMFT�PG� JOEJWJEVBMT�
UIBU�IBWF�UXP�EJTUJODU�CPEJFT�BSF�JOTFDUT�UIBU�HP�UISPVHI�XIBU�
JT�DBMMFE�B�DPNQMFUF�NFUBNPSQIPTJT��ćFJS� MBSWBM�CPEJFT�EP�
OPU�MPPL�BOZUIJOH�BU�BMM� MJLF�UIF�BEVMU�CPEJFT��&YBNQMFT�BSF�
DBUFSQJMMBST�XIJDI�NFUBNPSQIPTF�JOUP�NPUIT�PS�CVUUFSĘJFT�
BOE�NBHHPUT�XIJDI�NFUBNPSQIPTF�JOUP�ĘJFT��ćF�MBSWBM�CPEZ�
JT�TQFDJBMJ[FE�GPS�FBUJOH�BOE�HSPXJOH�BOE�IBT�OFJUIFS�XJOHT�
OPS�TFY�PSHBOT�PG�BOZ�LJOE��*O�DPOUSBTU�UIF�BEVMU�CPEZ�EPFT�
IBWF�XJOHT�BOE�TFY�PSHBOT�FOBCMJOH�JU�UP�ĘZ�BCPVU�BOE�ĕOE�B�
NBUF�BOE�UIFO�DBSSZ�PVU�TFYVBM�SFQSPEVDUJPO�BOE�EJTQFSTBM��
*O�TPNF�DBTFT�UIF�BEVMU�CPEZ�OFFET�UP�TVSWJWF�POMZ�B�EBZ�PS�
UXP�VOUJM� JU� DBO�NBUF�BOE�EJF� 	NBMFT
�PS� MBZ� GFSUJMJ[FE�FHHT�
	GFNBMFT
��4VDI�BEVMU�CPEJFT�IBWF�FJUIFS�OP�EJHFTUJWF�TZTUFN�
BU�BMM�PS�TVDI�B�TJNQMF�POF�UIBU�JU�DBO�POMZ�BCTPSC�UIF�TVHBS�
XBUFS� PG� ĘPXFS� OFDUBS�� *O� UIF� DPNQMFUF�NFUBNPSQIPTJT� PG�
DBUFSQJMMBST�UIF�DBUFSQJMMBS�TQJOT�B�DPDPPO�BSPVOE�JUTFMG��UIFO�
JUT�CPEZ�NPSF�PS�MFTT�EJTTPMWFT�FYDFQU�GPS�TQFDJBM�TFUT�PG�DFMMT�
DBMMFE�JNBHJOBM�EJTDT��ćFTF�BDU�MJLF�NFSJTUFNT�BOE�QSPEVDF�
UIF�DFMMT�UJTTVFT�BOE�PSHBOT�PG�UIF�BEVMU�CPEZ�CZ�VTJOH�UIF�
OVUSJFOUT�GSPN�UIF�EJTTPMWFE�MBSWBM�CPEZ��#Z�UIF�UJNF�NFUB-
NPSQIPTJT� JT�DPNQMFUF�UIF�CPEZ�IBT�CFFO�DPNQMFUFMZ�SFBS-
SBOHFE��BMNPTU�OPUIJOH�FYJTUT�PG�UIF�QSFFYJTUJOH�MBSWBM�CPEZ�
FYDFQU�UIBU�JUT�NPMFDVMFT�IBWF�CFFO�SFDZDMFE�BOE�OPU�XBTUFE�

"�QMBOU�T�QSJNBSZ�CPEZ�EJČFST�BT�HSFBUMZ�GSPN�JUT�TFDPOE-
BSZ�CPEZ�BT�EP� UIF�DBUFSQJMMBS�CPEZ�BOE� UIF�CVUUFSĘZ�CPEZ�
PG�B�QBSUJDVMBS�TQFDJFT�� *G�QMBOUT�DPVME�BMTP�EJHFTU� UIFJS�QSJ-
NBSZ�CPEJFT� BOE� SFCVJME� UIFN� UIF�XBZ�DBUFSQJMMBST�EP� UIF�
USBOTGPSNBUJPO�JO�QMBOUT�XPVME�CF�TFFO�UP�CF�KVTU�BT�ESBNBUJD�
BT�NFUBNPSQIPTJT�JO�BOJNBMT��)PXFWFS�QMBOUT�EP�OPU�GPSN�
DPDPPOT� BOE�EP�OPU�VOEFSHP� TFMG�EJHFTUJPO� TP� UIF� BDUJWJUZ�
PG�B�WBTDVMBS�DBNCJVN�BOE�B�DPSL�DBNCJVN�JO�UIF�QSPEVD-
UJPO�PG�BO�FOUJSF�OFX�TFDPOEBSZ�CPEZ�TFFNT�VOSFNBSLBCMF��
*U�BQQFBST�BT�JG�UIF�QMBOUT�BSF�EPJOH�OPUIJOH�NPSF�UIBO�BEE-
JOH� B� GFX�OFX� UJTTVFT�CVU� UIF� DIBOHF� JT� SFBMMZ�NVDI�NPSF�
GVOEBNFOUBM�

+VTU�DPOTJEFSJOH�PVSTFMWFT�UIF�JEFB�PG�JOEJWJEVBM�QMBOUT�
BOE� BOJNBMT�IBWJOH� TFWFSBM� EJTUJODU� CPEJFT�NBZ� TFFN� GBS�
GFUDIFE�CVU�BT�JU�UVSOT�PVU�JU�JT�B�DPNNPO�PDDVSSFODF�XJUI�
FBDI� CPEZ� DBSSZJOH� PVU� EJTUJODU� QIBTFT� PG� UIF� PSHBOJTN�T�
MJGF�BDUJWJUJFT�

Plants Do Things Differently
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Plants and People
BOX 10-1  Photosynthesis, Global Warming, and  

Global Climate Change

Our atmosphere is critically important to life on Earth; iron-
ically, its composition is the product of that very life. !e free 
oxygen (O2) we breathe is produced solely by oxygenic pho-
tosynthesis; there is no other source. Oxygenic photosynthe-
sis originated 2.8 billion years ago: We know this because 
for millions of years the newly produced oxygen reacted 
with iron, forming a worldwide stratum of rust in ancient 
rocks. A"er all iron had been oxidized, free oxygen began 
accumulating in the atmosphere, and its concentration has 
been increasing ever since. Simultaneously, photosynthesis 
pulled carbon dioxide out of the atmosphere, converting it 
#rst to 3-phosphoglyceraldehyde and then to all of the other 
organic compounds that exist. Every single organic molecule 
started out as carbon dioxide snared by RuBP carboxylase. 
Most organic molecules are digested and respired by aerobic 
organisms, a process that returns carbon dioxide back to the 
atmosphere rather quickly. But millions of tons of trees have 
died and fallen into stagnant swamps where a lack of oxygen 
prevented decay: !e carbon in their wood—all of the cellu-
lose, hemicellulose, and lignin—was converted to coal and 
did not return to the atmosphere. Petroleum also is probably 
derived from photosynthetically #xed carbon dioxide. !e 
point is that respiration does not release all carbon back to 
the atmosphere; therefore, photosynthesis is gradually caus-
ing carbon dioxide concentration in the air to decrease.

!ree groups of organisms have had especially important 
impacts on atmospheric carbon dioxide: coccoliths, mollusks, 
and humans. Coccoliths are microscopic algae that build 
shells of calcium carbonate, as do mollusks. When they die, 
their shells and the carbon they contain sink to the bottom 
of the ocean and decompose only slowly. All limestone and 
vast carbonate deposits on the ocean $oor represent millions 
of tons of carbon dioxide removed from the atmosphere by 
clams, barnacles, and unimaginable numbers of algae.

We humans were no di%erent from any other aerobic 
organism until we made a fateful discovery: how to use #re. 
Since then, we not only oxidize food in our mitochondria, 
but we also oxidize wood, coal, oil, and gas, putting carbon 
dioxide back into the atmosphere and raising its concentra-
tion measurably.

Why does the concentration of atmospheric carbon 
dioxide matter? !ink of carbon dioxide as a pigment; its 
absorption spectrum is low for visible light but high for 
infrared wavelengths. Visible light from the sun passes eas-
ily through the atmosphere: It is not absorbed by nitrogen, 
oxygen, or carbon dioxide. As it strikes Earth’s surface, some 
is re$ected immediately back out into space, and a small 

amount is absorbed by biological pigments such as chloro-
phyll in leaves or rhodopsin in eyes, where it powers photo-
synthesis or vision; however, most visible light has no e%ect 
other than to warm rocks, soil, and water, causing them 
to radiate the extra energy away as long-wavelength infra-
red light. Many of these infrared quanta pass directly back 
through the atmosphere without hitting a carbon dioxide 
molecule because the concentration of carbon dioxide is so 
low (0.03% of air), but many quanta are absorbed by atmo-
spheric carbon dioxide molecules, causing them to become 
warmer. !is energy is trapped in the Earth/atmosphere sys-
tem and warms our world. !is is called the greenhouse 
e!ect because the glass in greenhouses works the same way, 
as does the glass in a parked car. Carbon dioxide is a green-
house gas.

An important balance exists between the atmospheric 
concentration of carbon dioxide and life: With less carbon 
dioxide, more heat would be lost and Earth would be frozen, 
like Mars. With more, more heat would be trapped and our 
world would be as hot as Venus, at 800°C, with lakes of mol-
ten lead. During the industrial age, we have been adding car-
bon dioxide to the atmosphere by burning oil, gas, and coal, 
and we have destroyed forest trees that can remove the car-
bon dioxide by photosynthesis. !e concentration of carbon 
dioxide is increasing in the atmosphere, and the average tem-
perature is also increasing. !is is global warming, and it 
could cause mean temperatures to be 2°C or 3°C (3°F or 4°F) 
warmer in the next century.

Global warming is having numerous consequences. 
First, surface water of the oceans is becoming warmer; 
therefore, more water evaporates into the air. Much of our 
weather in North America comes as winds blow eastward 
across the North Paci#c. !e water is cold and the air picks 
up only enough moisture to keep the Paci#c Northwest wet; 
by the time it moves to the Central Plains states, it has so lit-
tle moisture le" that only grasses, not forests, thrive. But as 
surface waters of the Paci#c become slightly warmer, vastly 
more moisture will evaporate into the wind and be carried 
to the Mississippi drainage basin. !is increased rainfall 
could cause much better farming conditions in the Cen-
tral Plains, and catastrophic $ooding in most river valleys 
where cities are located. El Niño years show the gigantic 
$ooding that results from slight warming in just one area 
of an ocean.

Global warming is also causing rapid melting of snow 
and glaciers in mountains and of ice caps in the Arctic 
and Antarctic. It is di&cult to comprehend, but Antarctica 
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BOX 13-1 Plants Eat Dirt; Animals Eat Protoplasm
� "U� JUT� NPTU� GVOEBNFOUBM� MFWFM� QMBOU� OVUSJUJPO� JT� BMNPTU�
JEFOUJDBM�UP�UIBU�PG�BOJNBMT�WJSUVBMMZ�JOEJTUJOHVJTIBCMF��"MM�
DFMMT�EFQFOE�PO� UIF� TBNF�BNJOP�BDJET�OVDMFJD� BDJET� TVH-
BST�BOE�XJUI�B�GFX�FYDFQUJPOT�UIF�TBNF�MJQJET�	QMBOUT�OFWFS�
VTF�DIPMFTUFSPM
��4NBMM�NPMFDVMFT�TVDI�BT�"51�BOE�WJUBNJOT�
TVDI�BT� UIJBNJO�SJCPĘBWJO�BOE�GPMJD�BDJE�QFSGPSN�FYBDUMZ�
UIF�TBNF�GVODUJPOT�JO�CPUI�UZQFT�PG�PSHBOJTNT��"U�UIF�TBNF�
UJNF�IPXFWFS�UIF�UXP�UZQFT�PG�PSHBOJTNT�DPVME�IBSEMZ�EJG-
GFS� NPSF�� /P� PSHBOJTN� DBO� TZOUIFTJ[F� NJOFSBM� FMFNFOUT�
PG� DPVSTF� TP� QMBOUT� BOE� BOJNBMT� TIBSF� UIBU� PCWJPVT� TJNJ-
MBSJUZ�CVU�EJČFSFODFT�BCPVOE�JG�XF�DPOTJEFS�IPX�BO�PSHBO-
JTN�PCUBJOT�PSHBOJD�NPMFDVMFT��1MBOUT�DBO�CF�EFTDSJCFE�ĕSTU�
CFDBVTF�UIFZ�BSF�TP�FBTZ��ćFZ�UIFNTFMWFT�NBLF�BCTPMVUFMZ�
FWFSZUIJOH�PSHBOJD�XJUIJO� UIFJS�PXO�CPEJFT�� *U�NJHIU�CF�B�
CJU�EJďDVMU� GPS�[PPMPHJTUT�NFEJDBM� TUVEFOUT�BOE�EJFUJUJBOT�
UP� USVMZ� HSBTQ� UIJT� QPJOU�� &WFSZ� QMBOU� JUTFMG� NBLFT� FWFSZ�
PSHBOJD�NPMFDVMF�GPVOE�XJUIJO�JUT�CPEZ��"�CBMBODFE�EJFU�GPS�
B�QMBOU�JT�EJSU�EJSU�BOE�NPSF�EJSU�XJUI�DBSCPO�EJPYJEF�BOE�
XBUFS�NPSOJOH�OPPO� BOE�OJHIU��1IPUPTZOUIFTJT� DPOWFSUT�
DBSCPO�EJPYJEF�BOE�XBUFS�JOUP�HMZDFSBMEFIZEF���QIPTQIBUF�
BOE�TUBSUJOH�XJUI�KVTU�UIJT�TJNQMF�TNBMM�NPMFDVMF�BOE�TPNF�
NJOFSBMT�B�QMBOU�DPOTUSVDUT�FWFSZUIJOH� JU�VTFT� JO� JUT� MJGF�
BCTPMVUFMZ�FWFSZUIJOH�

"OJNBMT�MBDL�NBOZ�PG�UIFTF�TZOUIFUJD�QBUIXBZT�BOE�NVTU�
PCUBJO�NBOZ�PSHBOJD�DPNQPVOET�JO�UIFJS�EJFU��8F�IVNBOT�
MJLF�BMM�PUIFS�PSHBOJTNT�VTF�B�VOJWFSTBM�TFU�PG����BNJOP�BDJET�
JO�PVS�QSPUFJOT�CVU�XF�DBOOPU�NBLF���PG�UIFTF�PVSTFMWFT��8F�
NVTU�PCUBJO�UIFTF���JO�UIF�GPPE�XF�FBU�PS�XF�CFDPNF�JMM�BOE�
DPVME�FWFO�EJF��4FWFSBM�GBUUZ�BDJET�DBOOPU�CF�TZOUIFTJ[FE�CZ�
BOZ�UJTTVF�DFMM�PS�PSHBOFMMF�PG�PVS�CPEJFT��ćF�MJTU�PG�FTTFOUJBM�
OVUSJFOUT� JT�FTQFDJBMMZ�ESBNBUJD�XIFO�JU�DPNFT�UP�WJUBNJOT�
UIF�PSHBOJD�NPMFDVMFT� TP� GVOEBNFOUBMMZ� JNQPSUBOU� JO�TVDI�
TNBMM�BNPVOUT�UIBU�UIFZ�XFSF�UIF�ĕSTU�DIFNJDBMT�UP�CF�EJT-
DPWFSFE�BT�CFJOH�FTTFOUJBM�EJFUBSZ�GBDUPST��ćJSUFFO�NPMFDVMFT�
IBWF�SFDFJWFE�UIJT�EFTJHOBUJPO�TP�GBS�BOE�OP�POF�XPVME�CF�
TVSQSJTFE�JG�PUIFST�BSF�BEEFE�UP�UIF�MJTU�XJUI�GVSUIFS�SFTFBSDI��
&WFSZ�QMBOU�NBLFT�BMM�PG�JUT�PXO�WJUBNJOT��XF�NVTU�HFU�NPTU�

PG�PVST�GSPN�PVS�GPPE��*G�BO�PSHBOJD�NPMFDVMF�JT�BMXBZT�SFMJ-
BCMZ�QSFTFOU�JO�BO�BOJNBM�T�GPPE�UIFO�NVUBUJPOT�UIBU�QSFWFOU�
UIF�TZOUIFTJT�PG�UIF�NPMFDVMF�BSF�BDUVBMMZ�CFOFĕDJBM��ćF�BOJ-
NBM�TBWFT�FOFSHZ�CZ�OPU�TZOUIFTJ[JOH�DPNQPVOET�JU�XJMM�HFU�
JO�JUT�EJFU�BOZXBZ�BOE�UIBU�FOFSHZ�DBO�CF�VTFE�UP�DBSSZ�PVU�
PUIFS�MJGF�BDUJWJUJFT��*G�UIF�WJUBNJO�JT�USVMZ�BMXBZT�BWBJMBCMF�JO�
UIF�EJFU�UIFO�JU�JT�SFEVOEBOU�GPS�UIF�BOJNBM�UP�TZOUIFTJ[F�JU�
BT�XFMM�

ćF�EJČFSFODFT� JO�OVUSJUJPOBM� SFTPVSDFT�VTFE�CZ�QMBOUT�
WFSTVT�BOJNBMT�BSF�BMTP�HSFBU��1MBOUT�PCUBJO�OVUSJFOUT�JO�UIF�
GPSN� PG� FMFNFOUT� PS� BT� TJNQMF� DPNQPVOET� QSFTFOU� JO� UIF�
FOWJSPONFOU�TVDI�BT�$02�)20�,+�.H2+�404

2−�BOE�TP�PO��
"O�BOJNBM�CFHJOT�XJUI�GPPE�JO�UIF�NPVUI�CVU�UIF�OVUSJFOUT�
PDDVS�BT�NPOPNFST�JO�DPNQMFY�QPMZNFST�XIJDI�JO�UVSO�BSF�
QBSUT�PG�DFMM�TUSVDUVSF��.JOFSBMT�NVTU�CF�EJHFTUFE�BXBZ�GSPN�
PSHBOJD�NPMFDVMFT�� GPS� FYBNQMF� JSPO�NVTU� CF�EJHFTUFE�PVU�
PG�IFNPHMPCJO�BOE�NZPHMPCJO�CFGPSF�JU�JT�BCTPSCFE�JOUP�UIF�
CMPPE�TUSFBN��"MUIPVHI�BOJNBMT�TBWF�FOFSHZ�CZ�OPU�OFFEJOH�
UP�TZOUIFTJ[F�NBOZ�NPMFDVMFT�UIFZ�NVTU�HP�UISPVHI�NVDI�
NPSF�FČPSU�UP�PCUBJO�UIFJS�GPPE�BOE�DPOWFSU�JU�UP�GPSNT�UIBU�
DBO�CF�BCTPSCFE��"OE�UIFJS�GPPE�VTVBMMZ�BMTP�DPOUBJOT�JOEJ-
HFTUJCMF�GVS�GFBUIFST�CPOFT�UFFUI�BOE�EJSU��1MBOUT�OFWFS�UBLF�
JO�TVDI�EFCSJT�

1MBOUT� BSF� OPU� DPNQMFUFMZ� TFMG�TVďDJFOU� OVUSJUJPOBMMZ��
.PTU� SFMZ�PO�CBDUFSJB� GPS� DPOWFSUJOH� BUNPTQIFSJD�OJUSPHFO�
HBT� 	/2
� JOUP� B� DIFNJDBM� GPSN� TVDI� BT� OJUSBUF� 	/04

2−
� PS�
BNNPOJVN�	/)4

+
� UIBU�QMBOUT�BOE�BOJNBMT� DBO�VTF��4PNF�
QMBOUT�IBWF�HPOF�TP�GBS�BT�UP�BDUVBMMZ�DVMUJWBUF�UIFTF�CBDUFSJB�
XJUIJO�UIFJS�PXO�CPEJFT�XJUIJO�OJUSPHFO�ĕYJOH�OPEVMFT�PO�
SPPUT�PG�BMGBMGB� GPS�FYBNQMF�PS�XJUIJO�TQFDJBM�DIBNCFST� JO�
MJWFSXPSUT��"MUIPVHI�QMBOUT�DBO�UBLF�VQ�QIPTQIPSVT�GSPN�UIF�
TPJM�PO�UIFJS�PXO�UIFZ�VTVBMMZ�PCUBJO�JU�NPSF�FďDJFOUMZ�CZ�
FOUFSJOH�JOUP�B�TZNCJPUJD�SFMBUJPOTIJQ�DBMMFE�B�NZDPSSIJ[BM�
BTTPDJBUJPO�XJUI� DFSUBJO� TPJM� GVOHJ� UIBU� BSF�NPSF� FČFDUJWF�
BU� TDBWFOHJOH� QIPTQIPSVT��0UIFS� QMBOUT� IBWF� EFDJEFE� UIBU�
BOJNBMT�IBWF�UIF�SJHIU�JEFB��UIF�QMBOUT�FJUIFS�BSF�QBSBTJUJD�PO�
PUIFS�QMBOUT�PS�UIFZ�DBQUVSF�BOE�DPOTVNF�BOJNBMT�

Plants Do Things Differently

ćF� FMFNFOUT� DIMPSJOF� NBHOFTJVN� OJUSPHFO� QIPT-
QIPSVT�QPUBTTJVN�BOE�TVMGVS�BSF�mobile elements�� FWFO�
BęFS� UIFZ� IBWF� CFFO� JODPSQPSBUFE� JOUP� B� UJTTVF� UIFZ� DBO�
CF� USBOTMPDBUFE� UP� ZPVOHFS� UJTTVF�� "ęFS� UIF� TPJM� CFDPNFT�
FYIBVTUFE�PG�POF�PG�UIFTF�FMFNFOUT�PMEFS�MFBWFT�BSF�TBDSJĕDFE�
CZ�UIF�QMBOU��ćF�NPCJMF�FMFNFOUT�BSF�TBMWBHFE�BOE�NPWFE�UP�
HSPXJOH�SFHJPOT�	FIGURE 13-6B
��ćF�BEBQUJWF�WBMVF�PG�UIJT�JT�
FBTZ�UP�VOEFSTUBOE��"�MFBG�QIPUPTZOUIFTJ[FT�NPTU�FďDJFOUMZ�
SJHIU�BęFS�JU�IBT�ĕSTU�FYQBOEFE�BOE�MFTT�FďDJFOUMZ�BT�JU�BHFT��

ćF�QMBOU�JODSFBTFT�JUT�PWFSBMM�QIPUPTZOUIFUJD�SBUF�CZ�TBDSJĕD-
JOH�PME�JOFďDJFOU�MFBWFT�BOE�VTJOH�UIF�NJOFSBMT�UP�DPOTUSVDU�
OFX�FďDJFOU�MFBWFT�

ćF�JNNPCJMJUZ�PG�DFSUBJO�JPOT�JT�OPU�VOEFSTUPPE��CPSPO�
DBMDJVN�BOE�JSPO�BSF�JOJUJBMMZ�NPWFE�VQXBSE�GSPN�SPPUT�JOUP�
TIPPUT�ĘPXFST�BOE�GSVJUT�TP�USBOTQPSU�NFDIBOJTNT�EP�FYJTU�
GPS�UIFN��.VUBUJPOT�UIBU�XPVME�SFTVMU�JO�UIF�EFHSBEBUJPO�PG�
DZUPDISPNFT�JO�PME�MFBWFT�BOE�UIF�SFDPWFSZ�PG�JSPO�TIPVME�CF�
TFMFDUJWFMZ�BEWBOUBHFPVT��"OJNBMT�IBWF�USPVCMF�XJUI�NJOFSBM�

347Mineral De!ciency Diseases



BOX 14-3 Environmental Stimuli and Global Climate Change

Plants and People

(MPCBM� DMJNBUF� DIBOHF� JT� DBVTJOH� PVS� XPSME� UP� SBQJEMZ�
CFDPNF� XBSNFS� BOE� XFUUFS� CVU� QMBOU� NFDIBOJTNT� GPS�
EFUFDUJOH� BOE� SFTQPOEJOH� UP� FOWJSPONFOUBM� TUJNVMJ� BSF�
DIBOHJOH�NPSF� TMPXMZ� JG� BU� BMM�� "T� XF� CVSO� PJM� DPBM� BOE�
OBUVSBM�HBT�BOE�BT�XF�DPOWFSU�GPSFTUT�JOUP�QBTUVSF�GPS�DBUUMF�
XF�JODSFBTF�UIF�BNPVOU�PG�HSFFOIPVTF�HBTTFT�JO�UIF�BUNP�
TQIFSF� DBVTJOH� UIF� BJS� TPJM� MBLFT� BOE� PDFBOT� UP� CFDPNF�
XBSNFS��"T� PDFBO� UFNQFSBUVSFT� SJTF� UIFJS� TVSGBDF�XBUFST�
FWBQPSBUF� GBTUFS�NBLJOH� UIF�BUNPTQIFSF�NPSF�IVNJE�BOE�
JODSFBTJOH� UIF� BNPVOU� PG� SBJO� BOE� TOPX� UIBU� MBUFS� GBMM� PO�
MBOE��5FNQFSBUVSFT�EP�OPU�JODSFBTF�VOJGPSNMZ�FWFSZXIFSF��
JOTUFBE�DJSDVMBUJPO�QBUUFSOT�JO�UIF�BUNPTQIFSF�BOE�PDFBOT�
BSF�BČFDUFE� TP� TPNF�BSFBT�CFDPNF�XBSNFS�PUIFST�DPPMFS�
TPNF�XFUUFS�PUIFST�ESJFS��

$IBOHJOH� DMJNBUF� XJMM� IBWF� QSPGPVOE� FČFDUT� PO� BMM�
QMBOUT�OPU�POMZ�PO�UIPTF�UIBU�SFTQPOE�UP�UFNQFSBUVSFT�CVU�
BMTP�PO�UIPTF�DPOUSPMMFE�CZ�EBZ�MFOHUI��*ODSFBTJOH�UFNQFS�
BUVSFT�BČFDU� UXP�DSJUJDBMMZ� JNQPSUBOU�FWFOUT� GPS� UFNQFSBUF�
QMBOUT��ćF�EBUF�PG�UIF�MBTU�GSPTU�JO�TQSJOH�PDDVST�FBSMJFS�BOE�
UIF�UJNF�PG�UIF�ĕSTU�GSPTU�JO�BVUVNO�DPNFT�MBUFS��ćF�GSPTU�GSFF��
HSPXJOH�TFBTPO�JO�NBOZ�BSFBT�TUBSUT�FBSMJFS�BOE�FOET�MBUFS��
1MBOUT�IBWF�B�MPOHFS�HSPXJOH�TFBTPO�

1MBOUT�UIBU�HFSNJOBUF�PS�CVE�PVU�TPMFMZ�CBTFE�PO�UFN�
QFSBUVSFT�DBO�UBLF�BEWBOUBHF�PG�UIJT�MPOHFS�HSPXJOH�QFSJPE�
BOE�NBOZ�TFFN�UP�CF�UISJWJOH��#VU�GPS�QMBOUT�DPOUSPMMFE�CZ�
QIPUP�QFSJPE� UIFJS� DSJUJDBM� OJHIU� MFOHUI� EPFT� OPU� DIBOHF�
UIFZ�HFSNJOBUF�PS�CVE�PVU�BU�UIF�TBNF�UJNF�JO�TQSJOH�BT�UIFZ�
IBWF�GPS�DFOUVSJFT�BOE�UIFZ�HP�EPSNBOU�BU�UIFJS�UZQJDBM�UJNF�
JO�BVUVNO��ćFZ�BSF�OPU�BCMF�UP�UBLF�BEWBOUBHF�PG�UIF�FYUSB�
EBZT� PG� XBSNUI� JO� TQSJOH� BOE� BVUVNO�� JOTUFBE� UIFZ� BSF�
EPSNBOU�XIFO� UIFZ� DPVME�CF�QIPUPTZOUIFTJ[JOH� HSPXJOH�
BOE� SFQSPEVDJOH�� "OE� KVTU� BT� CBE� UIFJS� SFTQJSBUJPO� EVS�
JOH�EPSNBODZ�JT�IJHIFS�UIBO�CFGPSF�CFDBVTF�JU�JT�DPOUSPMMFE�
CZ�FOWJSPONFOUBM�UFNQFSBUVSF��/PU�POMZ�BSF�UIF�QMBOUT�OPU�
QSPEVDJOH�TVHBST�QIPUPTZOUIFUJDBMMZ�BT�MPOH�BT�UIFZ�DPVME�
UIFZ�BSF�OPX�SFTQJSJOH�BXBZ�UIFJS�DBSCPIZESBUFT�GBTUFS��ćFZ�
XJMM�IBWF�MFTT�SFTFSWF�OVUSJFOUT�BWBJMBCMF�XIFO�UIFZ�SFTVNF�
HSPXUI�JO�TQSJOHUJNF�

/PX� DPOTJEFS� UIF� JOUFSBDUJPO� PG� QIPUPQFSJPEJD� QMBOUT�
BOE�UFNQFSBUVSF�DPOUSPMMFE�QMBOUT��ćFZ�PDDVS�UPHFUIFS�JO�UIF�
TBNF�IBCJUBU�BOE�DPNQFUF�XJUI�FBDI�PUIFS�GPS�XBUFS�NJOFSBMT�
SPPN�GPS�UIFJS�SPPUT�BOE�TP�PO��"T�XBSN�UFNQFSBUVSFT�PDDVS�

FBSMJFS�JO�TQSJOH�UIF�UFNQFSBUVSF�DPOUSPMMFE�QMBOUT�HFU�B�IFBE�
TUBSU�PWFS�UIF�QIPUPQFSJPE�DPOUSPMMFE�POFT�BOE�UIF�TBNF�JT�
USVF�JO�BVUVNO��*U� JT� MJLFMZ�UIBU�UIF�QIPUPQFSJPE�DPOUSPMMFE�
QMBOUT�XJMM�TVČFS�JO�UIJT�DPNQFUJUJPO�BOE�UIF�SBUJP�PG�UIF�UXP�
UZQFT�PG�QMBOUT�JO�UIF�FDPTZTUFN�XJMM�DIBOHF�

"T� UFNQFSBUVSF� JO� HFOFSBM� JODSFBTFT� UIF� TOPX�GSFF�
IBCJUBCMF�[POF�JO�BMQJOF�BSFBT�HSBEVBMMZ�SJTFT�UP�IJHIFS�FMF�
WBUJPOT��4JNJMBSMZ�IBCJUBCMF�[POFT�BSF�FYQBOEJOH�OPSUIXBSE�
JO� UIF�/PSUIFSO�)FNJTQIFSF� TPVUIXBSE� JO� UIF�4PVUIFSO��
"SFBT� OFBS� UIF�/PSUI� BOE� 4PVUI� 1PMFT� BSF�NPSF� IPTQJUB�
CMF��"HBJO�UFNQFSBUVSF�DPOUSPMMFE�QMBOUT�NBZ�CFOFĕU�GSPN�
UIJT�� *G� UIFJS� TFFET� IBQQFO� UP� PDDVS� JO� UIF� OFXMZ�XBSNFS�
BSFBT�UIFZ�TIPVME�CF�BCMF�UP�HSPX�BOE�SFQSPEVDF��#VU�UIF�
TBNF� JT� POMZ� QBSUJBMMZ� USVF� GPS� QIPUPQFSJPE�DPOUSPMMFE�
QMBOUT��ćFTF�TIPVME�CF�BCMF�UP�HSPX�IJHIFS�PO�BOZ�NPVO�
UBJO�PO�XIJDI�UIFZ�FYJTU�BMSFBEZ��ćF�DSJUJDBM�OJHIU�MFOHUI�JT�
UIF�TBNF�VQ�BOE�EPXO�UIF�NPVOUBJO��#VU�DMPTF�UP�UIF�QPMFT�
B� GFX� EBZT� BU� UIF� CFHJOOJOH� PG� TVNNFS� 	+VOF� ��� PS� ��
�
IBWF�TVOMJHIU�GPS����IPVST��ćFSF�JT�OP�OJHIU�BU�BMM�GPS�B�GFX�
EBZT��"OE�BU�UIF�CFHJOOJOH�PG�XJOUFS�	%FDFNCFS����PS���
�
TFWFSBM� EBZT�IBWF�OP� TVOMJHIU�� 'SPN�FBSMZ�XJOUFS� UP� FBSMZ�
TVNNFS�EBZ�MFOHUI�JODSFBTFT�GSPN�����UP����IPVST��"U�UIF�
FRVBUPS�EBZMJHIU�BMXBZT�MBTUT�GPS����IPVST�BOE�OJHIU�JT�BMTP�
���IPVST�BMM�ZFBS� MPOH��#FUXFFO�UIFTF�UXP�FYUSFNFT�EBZT�
HFU� TMJHIUMZ� MPOHFS� FBDI� EBZ� JO� MPXFS� MBUJUVEFT� BOE�NVDI�
MPOHFS�FBDI�EBZ�JO�IJHI�MBUJUVEFT��'PS�QMBOUT�UIBU�OFFE�WFSZ�
MPOH�EBZT�UP�CMPPN�	GPS�FYBNQMF����IPVST�XJUI���IPVST�PG�
OJHIU
�UIBU�PDDVST�JO�.BZ�PS�+VOF�JO�UIF�OPSUIFSO�QBSU�PG�UIF�
6OJUFE�4UBUFT�BOE�TPVUIFSO�$BOBEB�CVU�JU�PDDVST�JO�.BSDI�
JO�OPSUIFSO�"MBTLB�BOE�$BOBEB��*G�B�MPOHFS�HSPXJOH�TFBTPO�
XPVME�BMMPX�UIBU�TQFDJFT�UP�HSPX�UIBU�GBS�OPSUI�JUT�DSJUJDBM�
OJHIU�MFOHUI�XPVME�PDDVS�UPP�FBSMZ�	.BSDI
�XIJMF�UIF�QMBOU�
JT�TUJMM�B�TFFEMJOH��*U�DPVME�HSPX�JO�UIF�OFX�IBCJUBU�CVU�OPU�
SFQSPEVDF�UIFSF�

*U�JT�JNQPSUBOU�UP�SFNFNCFS�UIBU�QMBOUT�BOE�UIFJS�DPOUSPM�
NFDIBOJTNT�EP�FWPMWF��)VOESFET�PG�EJČFSFOU�QMBOU�TQFDJFT�
EJČFS�JO�UIFJS�DSJUJDBM�OJHIU�MFOHUI�BOE�UIJT�WBSJBUJPO�DBNF�
BCPVU�UISPVHI�FWPMVUJPO�CZ�OBUVSBM�TFMFDUJPO��ćF�JNQPSUBOU�
RVFTUJPO� JT�XIFUIFS� UIFTF�NFDIBOJTNT�XJMM� FWPMWF� SBQJEMZ�
FOPVHI�UP�BMMPX�QMBOUT�UP�BEBQU�UP�UIF�DIBOHJOH�DMJNBUF��8F�
EP�OPU�LOPX�UIF�BOTXFS�CVU� JO�HFOFSBM�TVDI�FWPMVUJPO�JT�
TMPX�BOE�XF�BSF�DBVTJOH�UIF�DMJNBUF�UP�DIBOHF�SBQJEMZ�
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