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of angiosperms. The older and now more or less disregarded 

theory was held by the German botanist Adolph Engler and 

his follower . It suggested that flowering plants evolved from 

conifers and that primitive flowers are similar in structure to the 

strobi li of conifers. Such flowers are inconspicuous and in clus­

ters, such as those of the grasses, oaks, willows, and cattai ls. 

Most contemporary botanists, however, point to ana­

tomical, chemical, and fossil evidence, along w ith cladistic 

interpretations, that indicate angiosperms evolved indepen­

dently from the pteridosperms (seed ferns-discussed in 

Chapter 22). They also hypothesize that a flower is really a 

modified stem bearing modified leaves. The most primiti ve 

flower is thought to be one with a long receptacle and many 

spirally arranged flower parts that are separate and not dif­

ferentiated into sepals and petals. In addition, the stamens 

and carpels are flattened and numerous. Such flowers are 

found among relatives of magnolias and buttercups, lead­

ing many modern botanists to postulate that all present-day 

flowering plants are derived from a primitive stock with 

such characteristics. A further discussion of primitive and 

advanced characteristics follows later in the chapter. 

PHYLUM MAGNOLIOPHYTA­
THE FLOWERING PLANTS 

The plants of members of this phy lum vary greatly in size, 

shape, texture, form, and longevity. The phylum includes, 

for example, the tiny duckweeds that may be less than I mil­

limeter long, all the grasses and palms, many aquatic and 

epiphytic plants, and most shrubs and trees, including the 

huge Eucalyptus reg11a11s trees of Tasmania that ri val the 

redwoods in total volume. 
A few flowering plants are parasitic. Dodders, for example, 

occasionally cause serious crop losses as they twine about their 

hosts and, by means of haustoria (shown in Fig. 5. 158), inter­

cept food and water in the host xylem and phloem. Broomrapes 
also parasitize a variety of plants, as do mistletoes. Mistletoes 

produce some chlorophyll and depend only partially on their 

hosts for food. Still others, such as the beauti ful snowplant 

(Fig. 23.2) and some of the orchids, are sap,vphytes (i.e., their 

nutrition comes mostly from the absorption in solution of dead 

organic matter). The vast majority of !lowering plants, how­

ever, produce their food independently through photosynthesis. 

Like the gymnosperms, the angiosperms are heterospo­

rous (produce two kinds of spores), and the sporophytes are 

even more dominant than in the gymnosperms. The female 

gametophytes are wholly enclosed within sporophyte tissue 

and reduced to only a few cells. At maturity, the male gameto­

phytes consist of a germinated pollen grain with three nuclei . 

Development of Gametophytes 
While the flower is developing in the bud, a diploid mega­
sporocyte cell differentiates from al l the other cells in the ovule 

(Fig. 23.3). This megasporocyte undergoes meiosis, producing 

Figure 23.2 Snowplant flowers. (Courtesy Robert A. Sch/ising) 

four haploid megaspores. Soon after they are produced, in 

most !lowering plants, three of these megaspores degenerate 

and disappear, but the nucleus of the fouith undergoes mitosis, 

and the cell enlarges. While the cell is growing larger, its two 

haploid nuclei divide once more. The resulting four nuclei then 

divide yet another time. Consequently, eight haploid nuclei in 

all are produced (without walls being formed between them). 

By the time these tl1ree successive mitotic divisions have been 

completed, the cell has grown to many times its original vol­

ume. At the same time, two outer layers of cells of the ovule 

differentiate. These layers, called integuments, later become 

the seed coat of the seed. As they develop, they leave a pore, 

or gap, called the micropyle, at one end. 
A t this stage, there are eight haploid nuclei in two groups, 

four nuclei toward each end of the large cell. One nucleus 

from each group then migrates toward the middle of the cell. 

These two central cell nuclei may become a binucleate cell, 

or they may fuse together, forming a single diploid nucleus. 

Cell walls also form around the remaining nuclei. In the 

group closest to the micropyle, one of the cells functions as 

the female gamete, or egg. The other two cells, called sy11er­

g ids, either are destroyed or degenerate during ur after events 

that occur later. Al the other end, the remaining three cells, 

called amipodals, have no apparent function, and later they 

also degenerate. The large sac, usually containing eight nuclei 

in seven cel ls, constitutes the female gametophyte (megaga­
metophyte), formerly known as the e111b1yo sac (Fig. 23.4). 

Usually while the megagametophyte is developing, a par­

allel process that leads lo the formation of male gametophytes 

takes place in the anthers. As an anther develops, four patches 

of ti ssue differentiate from the main mass of cells. These patches 

of tissue contain many diploid microsporocyte cells, each of 

which undergoes meiosis, producing a quartet (also referred to 

as a tetrad) of microspores. Four chambers or cavities (pollen 

sacs) lined witll nutritive tapeta/ cells are visible in an antl1er 

cross section by tl1e time the microspores have been produced. 

As the amher matures, the walls between adj acent pairs of 

chambers break down so that only two larger sacs remain. 

After meiosis, the haploid microspores in the pollen 

sacs undergo several changes more or less simultaneously, 
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the processes usually taking from a day or two 10 a couple of 
weeks. The following three changes are the mu~t important: 

I. the nucleus in each microspore divides once by mitosis; 

2. the members of each quartet of microsporcs separate 
from one another (in some species, the separation does 
not occur, but th is is unusual); 

3. a two-layered wall, whose outer layer is often finely 
sculptured, develops around each microspore. 

When these events are complete. the microspores have 
become pollen gra ins (Fig. 23.5). The outer layer or the pol­
len grain wall, called the exine, which is often sculptured. 
contains chemicals that may later react with other chemicals 
in the stigma of a flower. As a result of these reactions, the 
pollen grain may germinate or its further development may 
be blocked, depending on whether or not it originated from 
the same plant, another plant of the same species, or a plant 
or a different species. 

The cytoplasm of pollen grains is oflen rich in vitamins, 
and pollen is often collected and sold in health- food stores 
as a food supplement. The exine of many pollen grains is 
virtually indestructible, and pollen has been found preserved 
in deposits thousands of years old. This has proved invalu­
able in archaeological investigations. The sculpturing of pol­
len grai n exine of various species is also distinctive enough 
to allow identification to family. genus, and even species in 
some instances. This feature has resulted in its use in foren­
sic investigations of criminal cases. 

Many pollen grains have three boat-shaped or porelike 
thin areas (apertures) in the wall, but the number of aper­
tures may range from one to many. The development of the 
male gametophyte. discussed in the section, '·Fertilization 
and Development of the Seed," may involve any of the aper­
tures. One of the pollen grain's two nuclei, the generative 
nucleus, wi ll later divide, producing two nuclei that become 
surrounded by a plasma membrane and function as sper111 
cells. Unlike the sperm of many plants discussed in pre­
ceding chapters, angiosperm sperms have no flagella. The 
remaining vegetative nucleus (orten referred to as the /tlbe 
nucleus) is involved in events that take place after the pollen 
grain has left the anther (Fig. 23.6). 

Pollination 
One often reads in the press or popular magazines about 
flowers being polleni::.ed (a coined word not found in dic­
tionaries), and the implication is made that the dusting of 
the pollen of one flower upon another is the equivalent 
of ferti l ization. Not so! Pollination is simply the transfer 
of pollen grains from an anther to a stigma, nothing more. 
Fertilization involves the un ion of egg and sperm, and it 
may not occur until days or weeks or months after pollina­
tion has taken place, or it may not follow pollination at all. 

Most pollination is brought about by insects or wind, but 
in many species, water, birds. bats, other mammals, and grav­
ity act as agents or pollinators. The adaptations between the 
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flower and its pollinators can be intricate and precise and may 
even in certain in~ta11ce~ i11vulvt.: force, chemicals. or sexual 
enticement (as shown in Fig. 23.18). In some instances, self­
pollination may occur, with the pollen grains germinating 
on the stigma of the same flower in which they were pro­
duced. The genetic implications of sel f-pollination and cross­
pollination are discussed in Chapters 13 and 14. A discussion 
of pollination ecology is given later in this chapter. 

Fertilization and Development 
of the Seed 
After poll ination, with the notable exception of a number of 
crop plants (e.g., peas, apricots), further development of the 
male gametophyte may not take place unless the pollen grain 
is ( I ) from a different plant of the same species or (2) from a 
variety different from that of the flower receiving it. 

Under suitable conditions, the dense cytoplasm of the 
pollen grain absorbs fluids from the st igma and bulges out 
through one of the aperlllrcs in the form of a tube. This pol­
len tube then grows down between the cells of the st igma 
and style until it reaches the micropyle of the ovule. In corn, 
it may have to grow more than 50 centimeters (20 inches) 
before it arrives at its destination, but in most plants, the dis­
tance is considerably less. 

The pollen tube's journey may last less than 24 hours 
and usually does not take more than 2 clays, although there 
are a few plants in which growth takes over a year. As the 
tube grows. most of the contents of the pollen grain are 
discharged i1110 it. The vegetative nucleus stays at the tip, 
while the generative nucleus (cell) lags behind and divides 
by mitosis, usually in the tube, producing two nuclei that 
become sperm cells; no flagella develop. Sometimes, the 

~ I 

Pollination occupies center stage in the life cycles of 
flowering plants, which depend on various aspects of 
their environment to pollinate their flowers. The most 
important vehicles of pollination are wind and insects, 
but pollinators also include birds, mammals, water, 
and gravity. Those flowering plants that are poll inated 
by animals have often evolved complex mutualistic 
relationships with their pollinators- flowers of par­
ticular colors, shapes, and fragrances attracting and 
rewarding them with appropriate amounts of nectar 
and/or pollen. However, pol linator behavior and polli­
nation are manipulated by some plants through force, 
chemica ls, or sexual enticement. Flowering plants, 
which are also attractive to people, are increasingly 
threatened by uncontrolled overcollecting by profes­
sional botanists, nursery personnel, and amateurs. 
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sporophyte 

young 
sporophyte 

Figure 23.3 Life cycle of a typical flowering plant. 

seed 

generative nucleus (cell) div ides before the pollen tube has 

formed. The germinated pollen grain w ith its vegetati ve 

nucleus and two sperms constitutes the marure male ga111e­

tophyte (111icroga111etophyte) (Fig. 23.7). 
When the pollen tube reaches the micropyle, it contin­

ues on to the female gametophyte (megagametophyte), which 
it enters, destroying a now degenerating synergid in the pro­

cess; it then either bursts or forms a pore, discharging its 

contents. Next, an event unique to angiosperms (and a few 

fruit 

megasporocyte 
undergoes 
meiosis, 
producing -----

anther ,-

microsporocytes / 
undergo / 
meiosis, / 
each producing / 

ovary develops 
into fruit; ovule 
develops into 
seed 

" 

2n 

zygote 
develops 
into embryo 

3n endosperm 
tissue, which 
develops from 
a cell formed 
when the two 
central cell ._e 
nuclei and one 
sperm nucleus ~ 
unite t: 

~ 

gnetophytes), called double fertilization (or double fusion), 
takes place. One sperm migrates from the synergid to the egg, 

losing most of its protoplasm along the way. The sperm cell 

nucleus then unites with the egg nucleus, forming a zygote. 
The other sperm cell al o migrates from the synergid, 

and, upon reaching the central cell nuclei, unites with them, 

producing a 311 (triplo id) endosperm nucleus. The endosperm 

nucleus becomes exceptionally active and div ides repeat­

edly by mitosis, with cell cycles being completed every few 
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Figure 23.3 Continued 

hours, usually without formation of cell walls. This nutritive 
311 tissue, called endosperm, may eventually have hundreds 
of thousands of nuclei; it surrounds the embryo that develops 
from the zygote. 

In some monocots. such as corn and other grasses, the 
endosperm tissue becomes an extensive part of the seed, 
but in most dicots, such as members of the Legume Family 
(Fabaceae; e.g., peas, beans), the endosperm provides nutri-

. gametophyte. 
m1cropyle 

pollination 

ment for the embryo that develops from the zygote but is 
absorbed into the cotyledons by the time the seed is mature. 
The integuments harden, becoming a seed coat, and the 
remaining haploid nuclei or cells (antipodals, synergids, and 
tube nucleus) degenerate. At the conclusion of these various 
events, the ovule has become a seed, and at the same time, 
the ovary matures into a fru it. Seed dispersal and fruits are 
discussed in Chapter 8. 
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2 antipodals 

female gametophyte has from 4 to 16 nuclei or 
cells at maturity, and the endosperm may be 511, 

911, or even 1511. 

(3rd antipodal not visible) 

One such variation occurs in lilies, a favor­
ite of microscope slide manufacturers for show­

ing female gametophyte development. When a 
megasporocyte undergoes meiosis in a lily, all 

four of the haploid megaspore nuclei produced 
remain functional nuclei (not cells). Three of the 
megaspore nuclei unite, forming one 311 nucleus; 
the fourth megaspore nucleus remains 11. Both 

the 311 nucleus and the II nucleus undergo mitosis 
twice, resulting in a large cell w ith four 311 nuclei 

plus four II nuclei. The large cell with eight nuclei 
becomes the female gametophyte; one of the cen­
tral cell nuclei is 3n, and the other central cell 

nucleus is 11. During fertilization when one sperm 
(11) unites with the two central cell nuclei , a 511 

endosperm nucleus is produced (Fig. 23.8). 

2 central cell nuclei 

egg 

synergids 

micropyle 

Figure 23.4 A mature megasporocyte of a lily (Li/ium sp.). 

Other Types of (Female) 
Gametophyte Development 

T he process of female gametophyte development j ust 
described in the section "Fertilization and Development 

of the Seed" occurs in about 70% of the known flowering 

plants. The remaining 30% exhibit variations in which the 

A. 

B. 

Apomixis and Parthenocarpy 
Some embryos of seeds can develop apo111ic1i­
ca/Jy; that is, without development or fusion of 

gametes (sex cel ls) but with the normal struc­

tures (e.g., ovaries) otherwise being involved. 
An embryo may develop, for example, from a 
211 nutriti ve cell or other diploid cell of an ovule, 

instead of from a zygote. After germination, this makes 
the plant that develops from such a seed the equivalent of 

a vegetatively propagated plant. Fru its that develop from 
ovaries having unferti lized eggs are said to be parthenocar­
pic. Such fruits are seedless and are found in navel oranges, 

supermarket bananas. and certain varieties of figs and 
grapes. Apo111ixi.1· was discussed in Chapter 15. 

Figure 23.5 A. Six anthers, each containing microspores, surrounding a central ovary in Lillium sp. xl 0. 8. Enlargement of one 
anilier to show the details of microspores, which wi ll eventually become pollen grains. x40. 
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Figure 23.6 Scanning electron micrograph of a poppy pol­
len grain. The furrows are apertures through which a pol len tube 
may later emerge. 

G. 

\ 
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Figure 23.7 A mature male gamelophyte of a flowering 
plant. 
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Figure 23.8 Development of a lily megasporocyte. A The process begins with a diplo id (211) megasporocyle. B. and C. The mega­
sporocyte undergoes meiosis, producing four haploid (11) megaspore nuclei. D. and E. The megaspore nuclei unite, forming a triploid (311) 
nucleus; the other haploid nucleus remains separate. F. and C. Both the 311 and n nucleus undergo two consecutive mitotic divisions, result­
ing in four 311 and four 11 nuclei. H. Three of the 3 11 nuclei function as antipodals; the fourth 3 11 nucleus and one 11 nucleus function as cen­
tra l cell nuclei. The remaining haploid nuclei function as an egg and two synergids. 
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To further complicate matters, some seedless fruits aren' t 

parthenocarpic. For example, when Thompson seedless grapes 

are fertil ized, the ovules don't develop with the fruit. A lso, 

applying dilute hormone sprays to flowers can bring about 

artificial parthenocarpy. Seedless tomatoes are often produced 

in this way. Crossing watermelon varieties with different 

chromosome numbers results in hybrid watermelons that are 

seedless because the chromosomes can' t pair properly during 

meiosis, and fertilization and seed formation don't occur. 

Trends of Specialization and 
Classification in Flowering Plants 

Various classifications of plants have been proposed ever 

since the 4th century B.C. when Theophrastus grouped plants 

into trees, shrubs, and herbs. The first classifications were 

merely for convenience and did not necessarily reflect natu­

ral relationships. Even today, plants may be lumped together 

in unnatural groupings in order to make them easier to iden­

ti fy. For example, some wildflower books arrange together 

all white-flowered species or all yellow-flowered species. 

There is nothing wrong wi th such identification arrange­

ments, but because such schemes do not reflect natural 

relationships ( i .e., relationships based on heredity and evolu­

tion), it is often difficult to recognize fami ly characteristics 

or lineage. We don' t infer that all persons with red hair are 

more closely related to each other than they are to those with 

dark hair or that all long-haired dogs are more closely related 

to each other than they are to short-haired dogs. Modern bot­

anists, therefore, try to group plants according to their natu­

ral relationships. These are based on evidence gleaned from 

breeding experiments, form and structure, chemical compo­

nents, fossi I records, and other features. There are, however, 

many interpretations of trends in the specialization of flow­

ering and other plants that are based primarily on inference 

from evidence presently avai lable. 

A lthough the information is very incomplete, the fos­

sil record suggests that the flowering plants first appeared 

about 160 million years ago during the late Jurassic period 

(see Table 2 1.1 ), although the oldest known fossil of a flow­

ering plant (discovered in China in 1998) has been dated 

at 142 million years. The flowering plants then developed 

during the Cretaceous period and the ensuing periods of the 

Cenozoic era into the dominant elements of the flora they 

are today. Most botanists hypothesize that primitive flower­

ing plants had their origins in the Jurassic period and had 

the following features: their leaves were simple; the flowers 

had numerous, spirally arranged parts that were not fused to 

each other and were variable in number; the flowers were 

also radially symmetrical, or reg11lar (i .e., the flowers could 

be divided into two equal halves along more than one length­

wise plane); and the flowers had both stamens and pistils. 

Al though today there still are many plants whose flow­

ers have primitive features, various specializations and mod­

ifications have occurred since flowers first appeared. Flower 

parts have become fewer and definite in number. Some parts 

have fused, and spiral arrangements have heen compressed 

to whorls (Fig. 23.9). 
The first pistil is believed to have been formed from a 

leaflike structure with ovules along its margins. The edges 

of the blade, called a carpel, apparently rolled inward and 

fused together. In due course, the separate carpels of primi­

tive flowers fused together, forming the common co111po1111d 

pis1il consisting of several carpels, which is found in many 

of today's angiosperms (Fig. 23. 10). Each segment of an 

orange, for example, represents a single carpel, and three 

carpels are easily distinguishable in a cross section of a 

cucumber. 
In advanced flowers, the receptacle or other flower 

parts have fused to the ovary and grown up around it, so that 

the calyx and the corolla appear to be attached at the top of 

the ovary. When the ovary is embedded in the receptacle and 

other parts, it is said to be an inferior ovary, and the flower 

parts attached at the top of the ovary are said to be epigy­

nous. A more primitive superior ovary is produced on top 

of the receptacle with the other flower parts attached around 

its base; such flower parts are said to be hypogynous. Some 

flowers have ovaries in an intermediate or halj~inferior 

posi1io11, with perigynous flower parts, which are usually 

auached to a corolla tube of fused petals; the floral tube itself 

is generally not fused to the ovary (Fig. 23.1 1 ) . Flowers have 

also tended to become bilaterally sy111111etrica/, or irregular 

(i .e., capable of being divided into two symmetrical halves 

only by a single lengthwise plane passing through the axis), 

as in sweet peas and orchids. 
I f a flower has a calyx, corolla, stamens, and a pistil, it 

is co111ple1e. I f, however, the corolla or other flower parts are 

missing, the flower is incomplete. If, as is the case with most 

flowers, both stamens and a pistil (or pistils) are present, 

it is said to be pe1fec1, regardless of whether or not it also 

happens to be complete or incomplete. In some fami lies, 

however, the flowers are not only incomplete but also have 

become i111pe1fect (u11isex11a/). Each imperfect flower has 

either stamens or a pistil but not both. The Pumpkin Family 

(Cucurbitaceae) includes pumpkins, squashes, watermelons, 

cantaloupes, cucumbers, and other species with imperfect 

flowers (Fig. 23.1 2). When both male and female imperfect 

flowers occur on the same plant (as is the case with many 

members of the Pumpkin Family), the species is monoe­
cious. I f a plant bears only male flowers and other plants 

of the same species bear only female flowers, the species is 

said to be dioecious. 
In both the dicots and the monocots, evolutionary spe­

cialization has involved reduction and fusion of parts and 

a shifting of the ovary from a superior to an inferior posi­

tion, as hypothetical progression is made from families w ith 

primitive characteristics through intermediates to fami lies 

with advanced features. 
Observations on the human and ecological relevance of 

the flowering plants occupy l iterally thousands of volumes. 

A brief overview of several aspects of this subject is given in 

Chapters 24 and 25. 
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A magnolia has numerous flower 
parts that are not fused together, 
superior ovaries, and radial symmetry. 
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---petal 

An orchid has a reduced number of flower parts, 
fused parts, an inferior ovary, and bilateral symmetry. 

Figure 23.9 Comparison between a primitive flower, magnolia (top) and an advanced flower, orchid (bottom). 

POLLINATION ECOLOGY 

When certain consumers, such as insects, forage for food 
among photosynthetic producers, such as plants, they often 
come in contact with flowers. Many insects and other animals 
become dusted with pollen, and as they feed or collect pollen 
and/or nectar, they unknowingly but effectively bring about 
pollination of the plants they visit. Throughout the evolu­
tionary history of the flowering plants, the pollinators have 
evidently coevolved with plants. In some instances, the rela­
tionship between the two has become highly specialized. 

Twenty thousand different species of bees are included 
among the pollinators of present-day flowering plants. By 
far, the best known of these are honey bees. Their chief 
source of food is nectar, but they also gather pollen for their 
larvae. T he flowers that bees visit are generally brightly col­
ored and mostly blue or yellow- rarely pure red. Pure red 
appears black to bees, and they generally overlook red flow­
ers. Flowers often have l ines or other distinctive markings, 
which may function as honey guides that lead the bees to the 
nectar. Bees can see ultraviolet light (a part of the spectrum 

carpel 

simple compound 
A. B. 

Figure 23.10 Ovaries in cross section. A. The ovary of a 
simple p istil as found in a peach. B. The ovary of a compound pis­
til as found in a lily. 
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superior 
(parts hypogynous) 

inferior 
(parts epigynous) 

half-inferior 
(parts perigynous) 

Figure 23.11 Ovary positions in flowers: superior (parts 
hypogynous; e.g. geranium); half-inferior (parts perigynous; e.g., 8_ 
cherry); and inferior (parts epigynous; e.g., orchid). 

nol visible to humans), and some flower markings are visible 
only in ultraviolet light, making patterns seen by bees some­
times different from those seen by humans (Fig. 23.1 3). 

M any bee-pollinated flowers are del icately sweet and 
fragrant. In contrast, flowers pollinated by beetles tend to 
have stronger, yeasty, spicy, or fruity odors. Beetles don' t 
have keen visual senses, and flowers pollinated by them are 
usually white or dull in color. Some beetle-pollinated flow­
ers don' t secrete nectar but either furnish the insects with 
pollen or have food avai lable on the petals in special storage 
cells, which the beetles consume. 

Some flowers, including the stape/ias of Africa 
(Fig. 23.14), smell like rotten meat. Short-tongued flies polli­
nate such flowers, which tend to be dull red or brown. These 
plants are related to our mi lkweeds, although superficially they 
don' t resemble milkweeds at all. They are often called carrion 
flowers because of their foul odor and appearance. Flies with 
longer tongues may also poll inate bee-pollinated flowers. 

Moth- and butterfly-pollinated flowers, like bee-pollinated 
flowers, often have sweet fragrances. Night-fly ing moths visit 

Figure 23.12 Unisexual flowers of a squash. A. Male. 
/3. Female. Note the inferior ovary beneath the corolla. 

flowers that tend to be white or yellow--colors that stand out 
against dark backgrounds in star light or moonlight. 

Red flowers are sometimes pollinated by butterflies, 
some of which can detect red colors, but these insects are 
more often found visiting bright blue, yellow, or orange 
flowers. The nectaries of these flowers are at the bases of 
corolla tubes or spurs, where only moths and butterflies with 
longer tongues can reach. However, an enterprising bumble­
bee will occasionally bypass convention and chew through 
the base of a spur to get at the nectar. 

Birds-particularly the hummingbirds of the Americas 
and the sunbirds of A frica- and the flowers they poll inate 
are also adapted to one another (Fig. 23. 15). The birds do not 
have a keen sense of smell, but they have excellent vision. The 
flowers they visit are often bright red or yellow and usually 
have little i f any odor. Bird-pollinated flowers also are typi­
cally large, are part of a large, sturdy inflorescence (flower 
cluster), or, in some cases, are produced on trunks of trees. 
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A a 
Figure 23.13 Flower markings on coneflowers (Rudbeckia). A. In ordinary light. 8. In ultraviolet light. 

Birds are highly active pollinators and tend to burn 
energy rapidly. They must feed frequently to sustain them­
selves. Many of the flowers birds prefer produce copious 
amounts of nectar, thereby assuring repeated visits. The 
nectar is often produced in long floral tubes that keep most 
insects out. Some native Cali forn ia fuchsias and their rela­
tives have long threads extending from each pollen grain 

Figure 23.14 A Stapelia (carrion flower) plant. 

(Fig. 23. 16). When a hummingbird inserts its long bi ll into 
such a flower, the pollen grain threads catch on short, sti ff 
hairs located toward the base of its bi ll, and in this way, 
the bird unknowingly transfers pollen from one flower to 
another. 

Bat-pollinated flowers, found primarily in the trop­
ics, tend to open only at night when the bats are foraging 
(Fig. 23.1 7). These flowers are dull in color, and like flow­
ers pollinated by birds, they either are large enough for the 
animal to insert part of i ts head or consist of ball-like inflo­
rescences containing large numbers of small flowers that 
dust the visitor with pollen. 

Figure 23.15 A hummingbird visiting a flower. 
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Figure 23.16 A pollen grain of a California fuchsia, show­
ing the threads that catch in the short bristle hairs at the base of a 
hummingbird's b i ll. x1 ,000. 

The very large Orchid Family, wi th approximately 
35,000 species, has pollinators among all the types men­
t ioned. Some of the adaptations between orchid flowers 
and their pollinators are extraordinary (Fig. 23.1 8). The 
pollen grains o f most orchids are produced in little sacs 
called pollinia (singular: pollinium) that typically have 
sticky pads at the bases. When a bee visits such a flower, 
the pollinia are usually deposited on its head. The "glue" 
of the sticky pads dries almost instantly, causing the pol­
linia to adhere tightly. In some orchids, the pollinia are 
forcibly slapped on the pollinator through a trigger mecha­
nism wi thin the flower. 

Members of Op/11ys, a genus of orchids found in Europe 
and in North Africa, have a modified petal that resembles 
a female bumblebee or wasp. Male bees or wasps emerge 
from their pupal stage a week or two before the females and 
apparently mistake the flowers for potential mates. They try 
to copulate with the flowers, and while they are doing so, 
pollinia are deposited on their heads. When they visit other 
flowers, the pollinia catch in sticky stigma cavities. During a 
single visit by the pollinators, the pollinia removed from one 
flower are replaced with fresh pollinia from the next flower 
visited. 

Figure 23.17 A bat visiting a flower of an organ-pipe cactus. 
The bat's head is covered with pol len. (Photo by Donna }. Howel l) 

The pollinia of orchids pollinated by moths and butter­
flies are attached to their long tongues with sticky clamps 
instead of pads. The pollinia of some bog orchids become 
attached to the eyes of their pollinators, which happen to be 
female mosquitoes. After a few visi ts, the mosquitoes are 
blinded and unable to continue their normal activities. 

Among the most bizarre of the orchid pollination mech­
anisms are those in which the pollinator is clunked in a pool 
of watery fluid secreted by the orchid itsel f; the pollinator 
escapes under water through a trapdoor. The route of the 
insect ensures contact wi th pollinia and stigma surfaces. In 
other orchids with power fu l narcotic fragrances, pollinia are 
slowly attached to the drugged poll inator. When the transfer 
of pollinia has been completed, the fragrance abruptly dis­
appears. The temporarily stupefied insect then recovers and 
flies away. 
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HERBARIA AND PLANT 
PRESERVATION 

The botanical resources of many universities and other insti­
tutions include herbaria (singular: herbarium), which are 
often part of larger museums. Some of the larger herbaria 
contain literally millions of specimens. Unfortunately, today, 
many institutional herbaria are understaffed, underfunded, 
and underutilized. 

Herbaria are essentially libraries of dried, pressed (and/ 
or liquid-preserved) plants, algae, and fungi, arranged and 
labeled so that specific specimens can easily be retrieved. 
Properly prepared and maintained specimens should remain 
in excellent condition for 300 or more years. Formal train­
ing and experience are not needed to make one's own her­
barium. The materials, some simple equipment (that may be 
homemade), and the ability to follow a few relatively ele­
mentary procedures are all that is necessary. 

Methods 
Fungi and bryophytes are usually dried and stored in small 
boxes or packets. Larger algae tend to have unique proper­
ties that lend themselves to preservation according to the 
footnote on page 33 1. The specimens that comprise the bulk 
of the holdings of most herbaria, however, consist of vas­
cular plants, and what follows pertains primarily to such 
plants. 

The moisture content of flowers and other plant parts to 
be preserved should be reduced as quickly as possible, with 
a minimum of distortion. This is usually done with the aid of 
a pla111 press (Fig. 23. 19). This simple device consists of two 
pieces of plywood (or other wood materials or thin metal 
plates) with dimensions of approximately 30 x 46 centime­
ters ( 12 x 18 inches) and a pair of webbing or leather straps 
to go around the boards. A number of felts (sheets of heavy 
blotting paper) of similar dimensions are placed between the 
boards. A folded page of newspaper is plact::d bt::tween each 
blotter, and a few sheets of stiff cardboard are interspersed 
bet ween the blotters. 

Any soil cl inging to the roots of a specimen to be 
pressed is washed off, and the plant is laid out on one of the 
newspaper sheets. Leaves are carefully straightened out, as 
are petals and other plant parts, so that they are not folded 
during pressing. Notes on where, when, and by whom the 
specimen was collected are penci led on the newspaper, or a 
number corresponding to such notes in a separate field note­
book is used. The newspaper is then folded over the speci­
men and placed between two blotters (felts). 

Many specimens may be placed in a press at one time 
or, if there is space, between the same sheets of newspaper. 
On ly one species should be placed in a single fold of news­
paper, however, as mixing species invariably leads to some 
being pressed better than others, clue mostly to the varying 
amounts of woody tissues within the stems. II' the plant is 
small, press the entire plant, and try to have both upper and 
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lower leaf or flower surfaces visible. I f. however, the plant 
is large (e.g., a tree), press representative parts, especially 
flowers and/or fruits. After the newspaper and specimen 
are returned to the press, the straps are tightened around it 
as much as possible, and it is left to dry in the sun or near 
a heater (but not close enough to scorch!) for 3 or 4 clays. 
Unless the leaves were succulent or wet at the time they were 
placed in the press, they should be dry enough to mount on 
paper at this time. I f a press is not available, plants may be 
pressed between newspapers and blotters by placing heavy 
weights on top of them. 

If possible, I 00% rag-content paper should be used for 
mounting the specimen, as papers made from wood pulp 
deteriorate with age. The paper also should be thick enough 
to support the now-brittle pecimen. The pressed plant(s) 
may be attached to the paper in one of several ways. Some 
workers spread a good white library glue on a glass plate 
and then place the specimen on the wet glue so that one side 
is covered with it. They then transfer the specimen to her­
barium paper that normally measures 29 x 42 centimeters 
( 11 .5 x 16.5 inches). Others place the specimen on the paper 
first and add glue or liquid plastic at strategic points. The 
bottom right-hand corner of the paper should be kept clear 
for a label indicating the scientific name of the plant, col­
lection information, the collector's name, and the collection 
date (Fig. 23.20). 

Professional botanists also number their individual col­
lections, giving a collection number after the collector 's 
name. The label should measure about 7.5 x 12.5 centimeters 
(3 x 5 inches), and its paper should also be of 100% rag con­
tent. Specimens are then placed in mani la folders and stored 
in some systematic fashion so retrieval of individual speci­
mens is easily accomplished. Major institutional herbaria 
usually arrange the plants by families in a presumed evolu­
tionary sequence, and then the genera and species are alpha­
betically arranged within the families. Paracl ichlorobenzene, 
mothballs, or similar material should be added to the cabinet 
or storage area to prevent insect damage during storage. 

Although other forms of flower preservation are not 
associated with herbaria or professional botanical activi­
ties, a few will be mentioned here simply for reference. For 
example, some people are interested in pressing flowers for 
use in dry arrangements on cards, place mats, or other deco­
rative items. In such cases, the pressing is done as though 
they were herbarium specimens, but the material is then fur­
ther manipulated in one of several ways. For wall art, the 
specimens can be mounted on a piece of smooth cardboard, 
covered with clear plastic or glass, matted, and framed 
(Fig. 23.2 1 ). Decorative notepaper can be made by placing 
pressed flowers on the paper and covering them with rice 
paper or facial ti ssue. A mixture of one part white glue to 
three parts water is then brushed over the tissue, causing it to 
become a permanent mount, with the specimen clearly vis­
ible through the thin paper film. Clear contact paper cut to 
the appropriate size makes a good mount for pressed flowers 
placed on cards or place mats. Pressed flowers can also be 
embedded in clear plastic poured into molds. 

Aardevo Exhibit 1014 
Page 0067



442 Chapter 23 

anther with 
glutinous 
pollen 

mechanism 1 

anther 

mechanism 2 

mechanism 3 

,,J"-:;,'---- nectar­
secreting 
furrow 

Figure 23.18 Some pol linating mechanisms in orchids. 

stigma beneath covered 
with pointed bumps; 
these brush sticky pollen 
from insect's head or back 

pathway of insect 

This flap yields to an insect's weight and returns 
to its original position when the insect is inside 
the pouchlike petal, thus forcing the insect to exit 
through an opening in the center of the flower 
near the stigma and anthers. 

pouchlike petal (cut to show interior) 

pollen grains i1 
'""' ~ 
sticky pad 

orchid pollinium 

An insect follows a nectar­
secreting furrow on a petal 
until it reaches the center 
of the flower. Pollinia are 
removed when they 
adhere to the insect 
following an "explosion" 
initiated by the insect 
bumping a sensitive point 
below an anther. When the 
insect flies to another 
flower, the pollinia on its 
head catch on the sticky 
surface of the stigma and 
are pulled off at the same 
time new pollinia are being 
attached. 

Orchids pollinated by butterflies and moths may have a clamp 
at the base of the pollinia. When an insect inserts its tongue 
down the throat of the flower and touches a sensitive area, the 
clamp attaches the pollinia to the insect's tongue. 

Flowers can also be dried without pressing. With a 
little pat ience, relatively li fel ike, three-dimensional pres­
ervations can be made, although flowers w ith petals that 
are not easi ly detached lend themselves more readi ly to 
three-dimensional dry ing than others. Most such drying is 
done in a shoe box, but almost any type of container can 
be used. The bottom of the box is covered wi th about 2 

centimeters (0.8 inch) of sand, si lica gel, or borax mix­
ture. The fresh flower, w ith a little of the peduncle or stem 
still attached, is then gently laid on the surface. After this, 
more sand, si lica gel, or borax mixture is slowly drizzled 
by hand into the box until the enti re flower is buried, with 
care being taken not to create air pockets around any parts 
(Fig. 23.22). 
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petal 
pollinia a few ~ 
seconds later IY 

In the showy orchids, there are two 
separate stigma patches. When an insect 
visits a flower, the pollinia are attached to 
its head; then they twist outward and 
forward so that when the insect visits 
another flower, the pollinia are 
simultaneously deposited in the separate 
stigmas while new pollinia are attached to 
the insect's head. 

mechanism 4 

One genus of orchids native to Europe and North Africa evolved 
a petal that resembles a female wasp. Male wasps try to copulate 
with the "female" and, in doing so, bump a sensitive area of the 
flower containing pollinia. The pollinia are "glued" to a wasp's 
head in the process and carried to another flower. The wasps 
thus effectively bring about cross-pollination. 

mechanism 5 

bucketlike petal 
partly filled with 
fluid 

mechanism 6 

Figure 23.18 Continued. 

anther 

trapdoor 

stigma 

Each of the three drying agents mentioned has cer­
tain advantages and drawbacks. Sand must be thoroughly 
washed several times to be certain it is perfectly clean before 
use. The sand also needs to be completely dry, uniformly 
fine, and if possible, have individual grains that are rela­
tively rounded rather than angular. Such sand with rounded 
grains is found around the Great Salt Lake in Utah and is 
available in arts and crafts stores. It takes about 2 weeks to 
dry most flowers with sand. Silica gel is also available com­
mercially and is the quickest drying agent of the three men­
tioned, usually completing the job in 4 to 5 days (if the box 

The bucket orchids of South America have faucet 
glands that partially fill a bucketlike petal with fluid. 
In visiting the flower, the insects may fall into the 
fluid. They escape by a trapdoor. The pathway of 
an insect assures contact with both the stigma and 
anthers containing pollinia, since they are located 
adjacent to the trapdoor. 

Figure 23 .19 A plant press. 
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Figure 23.20 A mounted herbarium specimen. 
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Figure 23.21 Pressed flowers framed as wal l art. 

Figure 23.22 Three-dimensional drying. A flower placed 
in a box is embedded in sand, silica gel, or a borax mixture. 
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is placed in a microwave oven, the drying process may be 
completed in as little as 5 minutes). Its granules tend to be of 
different sizes, however, giving the flower surface a slightly 
irregular texture. It also tends to darken certain colors, and 
it is expensive. When borax is used, two parts of it should 
be mixed with one part sand or cornmeal. It dries flowers 
in about 3 weeks but is sometimes difficult to remove com­
pletely from the dried flower surfaces. 

When drying has been completed, the container is tilted, 
and the sand or other drying material is slowly and gently 
poured out in an uninterrupted motion. If any petals have 
come loose, they may be glued in place later. Wire may be 
inserted in the stem to add rigidity, and after any clinging 
granules have been carefully removed, soft, powdered col­
ored chalk may be dusted on to restore any fading of color. 
It is recommended that beginners use fai rly large flowers 
whose petals are not easily detached (e.g., zinnias, rose buds) 
for their fi rst attempts at three-dimensional flower drying. 

A Word of Caution to Collectors 
Dried plant collections of herbaria, in particular, have proved 
invaluable in botanical research in the past and will continue 
to do so in the future. They have facilitated quick identifi­
cations of plants in emergency situations where children 
have eaten plants or plant parts suspected of being poison­
ous, or they have helped pin down specific plants that have 
caused allergic reactions. Herbaria also have been involved 
in archaeological research where the uses of plants by past 
cultures have been determined, and they have been used for 
teaching purposes at various educational levels. Herbarium 
specimens have been useful in criminal litigation for both 
the prosecution and the defense and have been the primary 
source of information on the distribution of plants with 
potential for new agricultural and horticultural crops or those 
with possible medicinal values. Most of the unraveling of 
problems pertaining to natural relationships of plants begins 
in a herbarium, and without these plant libraries, increasing 
our knowledge along many practical and theoretical lines 
would be severely restricted. 

Literally hundreds of plants native to North America 
are now on rare and endangered species lists, and thousands 
more are in similar predicaments on other continents. The 
day has come when both professional and amateur per­
sons interested in plants must discipline themselves to exer­
cise extreme ca/Ilion in collecting native plall/s. Collectors 
should first know what they are collecting or otherwise 
refrain, and collecting for private collections without seri­
ous purpose should be strictly limited. Except for certain 
types of research, a good photograph of a plant may actually 
be preferable to a dried specimen and aesthetically more 
pleasing. It is sincerely hoped that as much as possible, each 
reader will confine a collection to photographs of native 
plants. Contact the local plant conservation organizations 
(e.g., the Nature Conservancy) for information on threat­
ened or endangered plants. 
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Summary , : .. • ,e; 

I. Flowering plants (angiosperms) have ovules and seeds 
completely enclosed within carpels; the carpels com­
prise ovaries that become fruits. There is one phylum of 
flowering plants (Magnoliophyta); it is divided into two 
classes (dicots and monocots). 

2. Englerian botanists believed flowering plants evolved 
from conifers. Most contemporary botanists hypoth­
esize they evolved separately from pteridosperms and 
that the first flowers had many separate, flattened parts 
spirally arranged on an elongated receptacle. 

3. Flowering plants are heterosporous. 

4. Flowering plant gametophytes develop in separate struc­
tures. The female gametophyte (megagametophyte) 
develops in the ovule. Integuments, which later become 
a seed coat, surround the megagametophyte. Pollen grains 
developed in anthers become male gametophytes. 

5. Pollination is the transfer of pollen grains from an 
anther to a stigma; it is brought about by insects, wind, 
and other agents. 

6. After pollination, a pollen tube may grow from a pol­
len grain to the female gametophyte; the tube nucleus 
remains at its tip, and the generative nucleus divides, 
producing two sperm nuclei. 

7. Following the discharge of the contents of the pol­
len tube into the female gametophyte, a sperm nucleus 
unites with the egg, forming a zygote; the other sperm 
nucleus simultaneously unites with the two central cell 
nuclei , forming a 311 endosperm nucleus. 

8. The endosperm nucleus becomes nutritive endosperm 
tissue that may become part of the seed or be absorbed 
by the seed's embryo. 

9. Due to variations in how a female gametophyte devel­
ops, some flowering plants produce 511, 911, or 1511 endo­
sperm tissue. 

10. Some ar tific\al grouping of flowers to aid identification 
does not reflect natural relationships. Sources of evi­
dence used to try to group plants naturally include fos­
sils, which suggest the flower ing plants first appeared 
about 160 million years ago. 

11 . Primitive flowering plants had simple leaves and 
numerous spirally arranged flower par ts that were not 
fused to each other; they possessed both stamens and 
pistils and were radially symmetrical (regular). 

12. Specializations include a reduction in the number of parts, 
fusion of parts, appearance of compound pistils composed 
of several individual carpels, inferior ovaries, bilateral 
symmetry (irregular flowers), and unisexual flowers. 

13. Monoecious species have both male and female flow­
ers on the same plants; dioecious species have male and 
female flowers on separate plants. 

14. Bee-pollinated flowers are del icately sweet and fragrant 
and tend to be blue or yellow in color. 

15. Beetle-poll inated flowers tend to have stronger odors 
and are usually white or dull in color. 

16. Some fly-poll inated flowers emit foul odors. 

17. Moth-pollinated flowers tend to be white or yellow. 

18. Bird-poll inated flowers are usually bright red or yellow 
and have much nectar but l ittle odor. 

19. Most orchids produce pollen grains in pollinia that 
adhere or clamp 01110 parts of visiting insects. The flow­
ers of some orchid species have developed bizarre pol­
lination mechanisms. 

20. Herbaria are essentially libraries of dried, pressed, or 
otherwise preserved plants, fungi, and algae arranged so 
that specific specimens may be readily located. Properly 
preserved plants may last for hundreds of years. 

2 1. A plant to be pressed is placed in a plant press between 
sheets of newspaper and absorbent material. Dry speci­
mens are affixed to sheets of high-quali ty paper, with a 
label giving collection information. 

22. Plant parts may be pressed for artwork, place mats, and 
so on. Flowers may be preserved three-dimensionally. 

23. Because so many plants are now on rare and endangered 
species l ists, collectors should try to confine their future 
collecting to photographs as much as possible. 

I . What are the basic differences between gymnosperms 
and angiosperms? 

2. What is the function of the integuments? 

3. How are the pollen grains of flowering plants different 
from those of pine trees? 

4. What is the functional equivalent of an archegonium in 
a flower? 

5. What is the function of endosperm, and how does it 
originate? 

6. What differences are there between the female gameto­
phytes of peaches and li l ies? 

7. Distinguish between radial and bilateral symmetry. 

8. What distinguishes flowers with primiti ve features from 
those that are advanced? 

9. In general , how do flowers pollinated by bees differ from 
those pollinated by moths, flies, beetles, and birds? 

I 0. What is a herbarium? 

Discussion Questi,9.'f.1s ·7• 
I . The world's largest flowers are on inconspicuous para­

si tic plants that resemble a fungus mycelium. If the 
flowers were not present, would it be possible to tell 
that the plant is 110 1 a fungus? How? 
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2. In most female gametophytes with eight nuclei, only 
the egg and the central cell nuclei do not degenerate. 
What would happen i f the megaspore itself functioned 
as an egg and did not go on to produce other nuclei in a 
female gametophyte? 

3. It takes only one pollen grain to initiate the development 
of an ovule into a seed, yet a single flower may produce 
many thousands of pollen grains. Do you suppose such 
huge numbers of pollen grains are really necessary? 
Why do you suppose wind-pollinated plants produce 
much more pollen than insect-pollinated plants? 

4. Are such items as the name of the collector and the date 
significant on a herbarium specimen? 

5. Is it really important that plants be classified? What 
would be the consequences if they were not? 
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