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Chapter 5

Campus Tree Walk

INTRODUCTION

Trees are very special members of the earth’s biological community.  They dominate the landscape and
beautify it with their colorful array of leaves and delicate flowers.  Trees are majestic creatures that inspire
awe in all observers.  The oldest and largest living things are trees.  The oldest standing tree is a
Bristlecone Pine living in the White Mountains of California.  It has been dated as 4600 years old.  This tree
first took root 3000 years before the ancient Shang dynasty ruled China, about the same time the Mayans
first settled along the Yucatan coast, at the beginning of the Mesopotamian empire, and about 1500 years
before the first pharaohs of ancient Egypt.  The Giant Sequoias (Redwoods), in California’s Sierra Nevada,
also are very old trees.  Some have been dated at over 2000 years.  And it is the Giant Sequoias that are
the world’s largest living things.  The largest Giant Sequoia is 273 feet high (about as high as a 20-story
building).  Its trunk is 36 feet in diameter (almost as wide as a 4-lane highway).  Although being very old
and very large is impressive, most trees attract our attention and earn our respect in more subtle ways.

In the city, we tend to regard trees simply as a bunch of large green things that form part of the backdrop
of our cityscape.  Most of us are not trained to discriminate
one tree from another.  City life doesn’t require it.  Instead
our minds act to make all trees blend-in together.  To our
untrained city minds, most trees tend to look alike.  But play
the role of a biologist for awhile.  To the biologist, there are
many different species of trees.  Each species is supremely
adapted to thrive in its particular habitat.  Lucky for us, trees
are not shy.  Many of a tree’s adaptations are right there in
the open for us to see — the tree’s anatomy.  It is a tree’s
particular suite of adaptations that make up the anatomy of
each species of tree.  Things like leaf size, leaf shape, and
flower design are ingenious manifestations of a tree’s total
survival strategy.  True, anatomy itself is interesting in its
own right.  But biologists are most interested in how a
particular form expedites a necessary function.  This is the
field of study called, ‘functional morphology’.

Therefore, the purpose of this exercise is to introduce you to a
new method for observing trees.  You will explore different
categories of tree anatomy and you will observe many
different species of trees.  You will use your observations and
a dichotomous key to determine the identity of each tree.
You will also consider the biological function of certain
anatomical features of trees.

Figure 1.  The tree as two opposite branching systems.
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TREE ANATOMY

Think of a tree as two opposite branching systems (the
branches and leaves on one end, and the roots on the other)
connected by a large tube (the trunk) (Figure 1).  In biology, the
purpose of finely divided branching systems is always the
same, it is to quicken the exchange of materials.  When you go
to the grocery store, they don’t have all the groceries all in one
gigantic pile at the center of the store.  How could you ever find
what you are looking for?  Instead, the groceries are all
arranged in a series of narrow aisles, making it much more
efficient for you to retrieve what you need.  This pattern of fine
branches is a solid biological principle for the exchange of
materials and energy.

So, what do the two branching systems exchange, and with
what?  Let’s look at each branching system one-at-a-time.
First, let’s study what you know normally as the tree’s
aboveground branches and leaves (Figure 2).

The aboveground branching system is designed to exchange
gases with the atmosphere, and capture light energy from the
sun.  This branching system gets finer and finer until it ends at
the finest point, the leaves.  Leaves are the point of
communication between the atmosphere and the sun.  As we
all know, trees are able to make their own food by the process
of photosynthesis, which occurs in the leaves.  The product of
photosynthesis is sugar.  Sugar is a form of chemical of
energy, and requires a source of energy in order to make it.
Trees can’t create energy.  They have to acquire this energy
from somewhere, and that “somewhere” is the sun.  Tree
leaves capture sunlight energy and use it to help make sugar.
But sugar molecules are made up of atoms carbon, oxygen and
hydrogen.  Where does the tree get these materials?  From two
places.  Carbon is obtained by the leaves by taking the gas,
carbon dioxide (CO2) out of the atmosphere.  The hydrogen in
sugar is obtained by splitting molecules of water (H2O).  So,
where does the tree get water?  Silly person, the roots, of
course — which leads us to talk about the branching system
below ground.

Tree roots obtain two main types of materials for the tree: 1)
water; and 2) nutrients.  Water, of course, is needed for
photosynthesis.  Water also is needed for all of the tree’s cells.
Remember that all living things, including trees, are made up
of living cells.  Cells are nothing less than complex chemical
factories supporting millions of chemical reactions every
second.  All chemical reactions inside cells must occur in a
water bath.  So, a tree needs water just so the chemistry has a
place to happen.  In the cell, water also is used as a transport
medium, for raw materials, products and wastes.  Without
water, the cellular factories would literally dry up.

H O2

CO 2

Figure 2.  In order to support photosynthesis, leaves take in
sunlight  and carbon dioxide, and the roots take in water.

Figure 3.  In order to support cell division, roots take in
nutrients like nitrates and phosphates.

Nitrates Phosphates
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Nutrients (sometimes called “minerals”) are special chemicals
needed by cells to make important molecules like proteins, fats,
and DNA.  Nutrients are kinds of salts that can dissolve in
water.  They exist in the soil and are taken into the tree through
the roots along with water (Figure 3).  Nutrients, like
phosphates and nitrates, are needed to support cell growth.
Since trees grow by adding more and more cells, and since new
cells need a fresh supply of nutrients, soils rich in nutrients will
support fast plant growth, and soils poor in nutrients will not.
Farmers replenish soil nutrients by adding fertilizers (nutrients).
You do it at home by adding “plant food” (nutrients) to your
house plants.

TREE TRUNK

There has to be a way for the two branching systems to be
connected to and exchange materials with each other.  The
tree’s trunk serves this function.  Water and nutrients must be
transported from the roots to the leaves, and sugars produced
by the leaves must be transported to the roots (Figure 4).

The trunk provides for these bi-directional transport needs by
maintaining several thin rings of living tissue just beneath
the bark (Figure 5).

What is most interesting to note about the  anatomy of a tree
trunk is that most of the trunk is made up of dead tissue.
The greatest concentration of living cells is located just
beneath the bark.  This tissue is responsible for transporting
materials up and down the tree.  As the tree trunk grows
outward, these cells die but stay behind to maintain
structural support for the growing tree.  New cells farther out
take over the transport functions.

LEAVES AND WATER LOSS

Leaves are the main location of water loss in the tree.  This
water loss is because of the way water is pulled from the
roots, all the way up to the top of the tree.  What pump can
possibly be this strong?  The pump is evaporation itself.  And
it’s really not a pump.  It’s more an elegant design that takes
advantage of the unique physical properties of water and
sunshine.

Water molecules like to stick together.  You know this to be true, any time you have watched a faucet leak.
The drop sort of hangs there at the end of the faucet for a while.  Then, when the drop is heavy enough, it
drips off, trailing a teardrop of reluctant molecules that are clinging both to the other water molecules in
the drop itself and still to the faucet.  This force of attraction is used to the benefit of trees to help them
move water to great heights — with almost no energy expense to the tree.  Instead, the sun provides the
energy.  Here’s how it works.

In all trees, water is found in vascular bundles (vessels) that run from the roots to the tip of the leaves.  All
of the water molecules in these vessels cling together in a sort of long, very thin chain (Figure 6).  Tug on
the chain on one end, and the whole chain moves in that direction.  Now, the leaves are exposed to direct
sunlight in order for photosynthesis to happen.  This also results in the leaf getting hot, so hot that some of

Figure 4.  The trunk transports materials in two
directions.

Sugar

Water
Nutrients

Heartwood
(Dead)

Live cells conduct water, 
nutrients and sap Potective Bark

(Dead)

Figure 5.  Generalized cross-section of a tree trunk.
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the water molecules in the leaf evaporate.  When they do,
they fly off into the atmosphere, pulling on the long chain of
water molecules left behind.  As a result, the chain moves up
the tree just enough to replace the lost water molecule.  And
the next in line now is subject to the sun’s heat.  In this
way, the tree takes advantage of the sun’s heat energy by
using it to pull water from the ground to the top of the tree.
But there is a price, especially in arid (dry) climates.

In arid climates, trees and other plants must be on-guard
against too much water loss from leaves.  If this system
works too efficiently, and there is not enough water in the
soil to replace evaporated water, the tree could dry up and
die.  Plants cope with arid conditions by developing
ingenious leaf designs (and other tricks) that act to minimize
unnecessary water loss.

Leaves are the tree’s main storytellers.  Since so much is
going on inside the leaf, we can learn a lot about a tree’s
adaptations simply by inspecting its leaves.  Leaves play a
very important part in photosynthesis and water transport.
Therefore, by studying the design of leaves on different trees,
we can easily observe surprising solutions that enable trees
to live in diverse environmental situations.

YOUR ASSIGNMENT

Your instructor will take you on a little stroll around the
Fullerton College campus.  He/she will point out certain
trees.  Your assignment is to do the following:
1) Use the dichotomous key in Exhibit A to identify each

tree.  Complete Table 1 (instructions are provided on
Table 1).

2) Indicate the location of each of your trees on Figure 7.
3) Answer the questions included in this exercise.

WHAT YOU WILL BE TURNING IN

You are expected to submit the following:
1) Completed Table 1.
2) Completed Tree Location Map.
3) Completed answers to questions -- including two

drawings (see question 8).

Figure 6.  Water molecules form a chain up the trunk.
When one evaporates from the leaf, it pulls on the chain
which moves up the tree to replace the lost water
molecule.

Evaporation
(Transpiration)
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TABLE 1

TREE IDENTIFICATION LOG

INSTRUCTIONS:  Keep a record of the steps you took in the dichotomous key that led you to
your tree.  Write the sequence of steps and the tree�s name on the appropriate lines below.

Tree
No. Sequence of Steps in Dichotomous Key                        Tree Name                           

1                                                                                                                                                     

2                                                                                                                                                     

3                                                                                                                                                     

4                                                                                                                                                     

5                                                                                                                                                     

6                                                                                                                                                     

7                                                                                                                                                     

8                                                                                                                                                     

9                                                                                                                                                     

10                                                                                                                                                   

11                                                                                                                                                   

12                                                                                                                                                   

13                                                                                                                                                   

14                                                                                                                                                   

15                                                                                                                                                   

16                                                                                                                                                   

17                                                                                                                                                   

18                                                                                                                                                   

19                                                                                                                                                   

20                                                                                                                                                   
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Figure 7

Tree Location Map
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Questions for you to answer and turn in

INSTRUCTIONS:  Answer the below questions on a separate sheet of paper.

1. The Coast Live Oak has spines on its leaf margins.  This oak is native to semi-arid, sometimes very
hot parts of California, also inhabited by deer.  It is one of the dominant plants in the beautiful oak
woodlands of the coastal ranges.  How do you think the addition of such spines could be beneficial to the
tree’s survival (adaptive)?

2. The Eucalyptus tree has leaves that smell strongly aromatic (like menthol).  How might this feature
be adaptive?

3. Speaking biologically, what is maple syrup? Why is it sweet? Where in the tree is the sugar made?

4. Take a look at the Sweet Gum tree and the Maple tree.  Both these trees are native to places where
winters are very cold (Figure 8).  What about these trees’ anatomies and changing seasonal appearance
helps them survive cold winters?

5. The term, “deciduous” means a plant loses its leaves for a time during the year.  Why do you think
Sweet Gum and Maple trees are deciduous, and Magnolia trees are not?  How does being deciduous benefit
Sweet Gum and maple trees?

6. The Rubber tree has very shallow roots.  However, shallow roots are not typical for most trees in
North America.  The Rubber tree is native to climates that have lots of rainfall, like the tropical rain forest
(Figure 8).  Here, soil moisture is abundant, and the shallow roots are not needed to soak up water.  Deeper
roots could do the job just as well.  So, why the shallow roots?

7. Look at the leaves of the Olive tree (from the dry Mediterranean) (Figure 8) and the Coast Live Oak
(from dry California).  Compare their leaves to the leaves of the Rubber tree (from the tropical rain forests of
India) and the Schefflera (from tropical rain forests in southern China) (Figure 8).  How might their
respective original environments require / permit the leaves you see?

8. Select your two favorite trees and prepare a careful drawing of a section of branch.  Show the
following details:
· Pattern of leaf attachment
· Leaf shape, (including all leaflets, if a compound leaf)
· Leaf margin
· Pattern of venation

HELPFUL HINTS
· Provide a label to identify which tree your drawing represents.
· If you use a pencil, make sure it’s sharp, not dull.
· Avoid shading, unless you are skilled at it.
· Try to be as accurate as you can when it comes to drawing anatomical features.
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EXHIBIT A

DICHOTOMOUS KEY TO SOME OF THE TREES AT FULLERTON COLLEGE

(NOTE: Adapted, with permission, from original key developed by Harold Plett.)

PURPOSE OF THIS KEY.  This key is useful only for a small universe of trees at Fullerton College.  It is
intended to be used to identify certain trees but not all.  Use this key to identify trees indicated by your
instructor during your walk around campus.

HOW TO USE THIS KEY.  This key presents you with a series of paired statements.  For example, there
are two statements numbered “1”, and two statements number “2” and so on.  Only one of the paired
statements should be true for your tree.  Read both statements in each pair. For the statement that fits
your plant the best, look to the right column for instructions on where to go next.  Follow this routine until
you end up with the name of your plant.  Always start at number “1”, and go down the key from there.

TERMINOLOGY.  Consult the drawings and definitions on the pages that follow this key.  These will help
explain some of the descriptive terms used in the key.

1 Leaves compound. ................................................................................... go to 2
1 Leaves simple............................................................................................ go to 9
2 Leaves palmately compound.................................................................. go to 3
2 Leaves pinnately compound................................................................... go to 4
3 Leaflets 7-13, oblong-ovate, 4-10 inches long, petioles long ............... Schefflera
3 Leaflets 4-6, lanceolate, 2-3 inches long, spiny stem............................ Floss-Silk Tree
4 Leaves bipinnately compound ............................................................... Jacaranda
4 Leaves once pinnately compound.......................................................... go to 5
5 Leaflets 3, deltoid shape, single tip leaflet with other two opposite,

spiny petioles and midrib........................................................................ Coral Tree
5 Leaflets many............................................................................................ go to 6
6 Leaflets 13-41, fruit a thin, transparent pod.......................................... Tree of Heaven
6 Leaflets less than 13 in number .............................................................. go to 7
7 Leaflets oval, apex emarginate, short petioles, smooth bark.............. Carrot Tree
7 Leaflets linear-lanceolate or elliptical-ovate.  crushed red berries or

leaflets sometimes smell like pepper ..................................................... go to 8
8 More than 20 leaflets per leaf.................................................................. California Pepper Tree
8 9-11 leaflets per leaf.................................................................................. Brazilian Pepper Tree
9 Leaves opposite ........................................................................................ go to 10
9 Leaves alternate or whorled.................................................................... go to 12
10 Venation palmate ..................................................................................... Maple
10 Venation pinnate ...................................................................................... go to 11
11 Leaves linear-lanceolate, 1-2 inches long, dark green on top and

whitish on bottom, apex sharply pointed ............................................. Olive Tree
11 Leaves broad, oval shaped, apex acute, margins slightly ruffled,

over 6 inches long, fruit a five-part, spiny capsule .............................. Cape Chestnut
12 Leaves fan shaped .................................................................................... Ginko
12 Leaves not fan shaped ............................................................................. go to 13
13 Venation palmate ..................................................................................... go to 14
13 Venation pinnate ...................................................................................... go to 16
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14 Leaves are star shaped, spiny spherical seed pod ............................... Sweet Gum
14 Leaves not star shaped............................................................................. go to 15
15 Leaves with 3-5 lobes, sometimes smell like sweet cinnamon........... Sycamore
15 Leaves with two lobes, somewhat heart shaped, purple and white

flowers that look like orchids.................................................................. Orchid Tree
16 Leaves with 3 distinctive lengthwise veins, bark with many

crumbly bumps......................................................................................... Melastoma
16 Leaves do not have 3 distinctive lengthwise veins.............................. go to 17
17 Leaf margins are serrate .......................................................................... go to 18
17 Leaf margins are entire (smooth) ........................................................... go to 20
18 Leaves oval, leathery, margins spine tipped and often curled, fuzzy

mass at junction of veins on underside of leaf, fruit an acorn............ Coast Live Oak
18 Leaves elliptical, margins not spine tipped and not curled................ go to 19
19 Leaf base uneven; bark deeply fissured or in plates............................ Siberian Elm
19 Leaf base even; bark smooth, gray; male flowers in slender hanging

catkins; female flowers in small stalked clusters ................................. White Alder
20 Leaves thick and leathery, 4-12 inches long, elliptical-ovate.............. go to 21
20 Leaves smaller, seldom over 6 inches long, not as thick and

leathery, lanceolate................................................................................... go to 22
21 Large leaves, 6-8 inches long, shiny on top and bottom; sap is

rubbery, milky white; fruit about 1 inch in diameter, fig-like............ Rubber Tree
21 Leaves seldom over 6 inches long, shiny on top but not on bottom,

underside of leaves with a fine rust-colored fuzz................................ Magnolia
22 Leaves 2-3 inches long, not aromatic (menthol smelling) when

crushed, elliptical with acute elongated apex; milky sap; buttress-
like shallow roots...................................................................................... Weeping Fig

22 Leaves strongly aromatic when crushed............................................... go to 23
23 Leaves light green, acute apex, various shapes depending upon

species, from lanceolate to round to bilobed; Koala food................... Eucalyptus
23 Leaves dark green, elliptical to lanceolate, apex not as acute, ruffled

edges, strong aroma ................................................................................. Victorian Box
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KEY CHARACTERISTICS
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KEY CHARACTERISTICS
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