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Lesson 1 Evolution and Extinction of Animals

Macroevolution

The evolution of the major groups of organisms is known as macroevolution, to distin-
guish it from the effects of variation, selection and speciation which collectively can be called
microevolution, and the emergence of entirely new biological systems which is megaevolution
(1). The essential features of microevolution are now well understood but the complex
processes of macroevolution and megaevolution are still being researched. Many workers
think that factors operating above the changes in life are well documented from fossil evi-
dence but the methods by which entirely new biological systems emerge are not understood.

All macroevolution follows the acquisition of a new adaptation of the adoption of a new
lifestyle. Within this new “life-zone” adaptive radiation takes place to produce many new
species with diverging features. The new “life-zone” must be unoccupied by a strong compet-
itor or the process of adaptive radiation cannot take place. Macroevolution involves sustained
evolution trends. Certain characters tend to undergo progressive development so that organ-
isms become more adapted to particular niches, Each adaptation limits the possibilities for
future evolution.

Adaptive radiation within the new “life-zone” tends to produce specializations similar to
those adopted by distantly related groups in similar habitats. This is convergent evolution.

For example the cacti of the new world are very similar in morphology to the Euphorbiaceae
of the old world.

An Example of an Evolution Trend

A classic example of macroevolution is provided by the horse family, The Eocene ances-
tor of equine was a doglike browsing creature with padded feet. As habitat conditions
changed from lush vegetation that could be browsed, to a drier grassland which necessitated
grazing and speed of flight from predators, natural selection altered the population(2). Evo-
lutionary changes involved the progressive elongation of the legs and head, and a reduction in
the number of toes.

Many variations on this common theme resulted from adaptive radiation within the “life-

zone”, Evolution in horses from the Eocene to the modern from demonstrates the progres-
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sive, sustained development of the main features of the modern horse, Equus.

The Origin of New Biological Systems

The emergence of completely new biological types, such as vertebrates from inverte-
brate, is rare. Only a few major types of biological system have developed in the history of
life but almost all of them survive. The origin of these is the most important of evolutionary
events but it is the least understood. The main features of megaevolution are:

(a) The breakthrough from one biological system to another, such as from aquatic to
terrestrial life, always follows evolutionary experimentation through adaptive radiation, One
trend in evolution manages to adapt to an entirely new mode of life.

(b) In order to survive, the breakthroughs must always be rapid and devoid of competi-
tion.

(c) Major breakthroughs are followed by periods of adaptive radiation.

(d) Each geological era has been characterized by one dominant life-form. Major envi-

ronmental changes induce extinctions and the evolution of new systems.

Extinction

Extinction is an integral part of evolution. As new species evolve, others less suited to
the environment become extinct. The process of extinction has several basic characteristics:

(a) Extinction is most likely to occur when environments are changing. Those species
which cannot tolerate new condition and which cannot adapt to them quickly enough will not
survive(3).

(b) Extinction is most likely to occur in species with narrow tolerance limits. Organisms
which become specialized for a particular mode of life lose the ability to adapt to changing
conditions.

(c) Extinction is often preceded by the development of a relic community. The popula-
tion of an endangered species becomes progressively smaller until only a few are left. These
usually live in a habitat refuge that is, in a place where conditions are still suitable. If envi-
ronmental conditions improved generally for the species, the relic population may spread out
again.

(d) Extinction of species and genera is common. Few orders and classes have become
extinct; almost all the phyla have survived from their time of origin to the present.

(e) Types of organisms in which speciation is rapid tend to have the greatest rates of
species extinction. The turnover of birds and mammals is often much greater than that of

plants.,
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The rate of extinction has been greatly accelerated by man activities. Industrial tech-
niques and agricultural practices have destroyed habitats and natural food supplies and caused
pollution. In the last 300 years, man has completely destroyed over 200 species and has
brought another 300 to the verge of extinction. This increased rate of extinction threatens e-

cosystem stability.
Words and Expression

macroevolution [ imakroueva'lu: [on ] n. (B FHYH) 7 G 4k, Fh oAb k4L , Ktk
speciation [ spi:[i'eifon] n. ¥JFHIE 5L

microevolution [ 'maikrauii:va'lu:fon ] n. 8 O) 4k
megaevolution [ imegoiva'lu: fon] n. B #E1k , i 4 ¥4k
fossil ['fosl] n. tb A

acquisition [ jeekwi'zifon ] n. K75

habitat [ 'heebiteet | n. (ZhH)#)) W4 5 H

ancestor [ 'znsisto | n. #5%  JRFh

lush [1af] adj. (FA) SEREH) s B A1

vegetation [ vedszi'teifon | n. fH4 CEFR)

pad [paed] n. Cff) JNIE 25 3h ¥ 14 TN

browse [ brauz]| vi. ($EF )z &

cacti [ 'kaektai |(cactus [ E 0 n. il A%
morphology [mo:'folad3i]| n. JE &%

Euphorbiaceae [ju:fo:bi'sesii: | n. KB Y)
Eocene ['i:ousi:n| 7 tHH

predator [ 'predata(r) | n. R4

Equus ['ekwoas| n. B8 (135 5 . 59"  BF 5 45)
vertebrate [ 'va:tobrit]| n. BRI Y ;0. HHEHEM
invertebrate [in'va:tabrit | n. THHESIY) ;a. TTEHHEM
aquatic [o'kwaetik ] adj. K4 K sn. KAESFEY)
terrestrial [ to'restriol | n. HuER A, i i 25 )

integral ['intigral] adj. 52¥ 1) ; T 1

relic ['relik ] n. 34y , 158 305

refuge [ 'refju:dz] n. EEXMEFT ; v, JIE

community [ ka'mju;niti| n. 7% ;4B

phyla ['faile](phylum K& %) n. (4222817

class [kla:s| n. (4322 H0) 4

order [ 'o:da] n. (4K ¥0) H
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family [ 'femili] n. (2K2E 1) F
genera [ 'd3enara] n. (43221 &
species [ 'spi:fi:z] n. (43R Fh
verge [va:d3] n. %

Sentence Structures and Analysis

(1) The evolution (of the major groups of organisms) is known as macroevolution, [ to
distinguish it from the effects of variation, selection and speciation which collectively can be
called microevolution, and the emergence of entirely new biological systems which is megaev-
olution].

AW R 3 B S 0 AL RO S AL, 5 DA S LR £ L W) R IE AR R AIE A TROU 2 4L
FH DX A1 L 5 DA 28 A ) R o i BN FRAE 19 B R4 AR X 51

(2)[ As habitat conditions changed from lush vegetation that could be browsed, to a dri-

er grassland which necessitated grazing and speed of flight from predators ], natural selection

altered the population.

BEE Sh I B AN E R BT & A m T R ESN SR, WA/ ALUE SR
PR T ekt K E X Pl B AR BE RO T X R EE .

(3)Those species [ which cannot tolerate new condition and which cannot adapt to them

quickly enough] will not survive.

AR 26 K Bl 2. 32 B A B DR 5 107 B SR ) ) o 2 A T R




Lesson 2 Classification of Domestic Animals

The scientific classification system for animals can be found in almost any zoology or
general biology text. All living things are classified into large groups called kingdoms. For
many years there were only the plant and animal kingdoms. In recent years, biological tax-
onomists have proposed the classification of living things into at least three and as many as
five kingdoms. In the newer systems of classification, bacteria and fungi are not included in
the plant kingdom as they formerly were, and protozoa are excluded from the animal king-
dom.

A kingdom is subdivided into large groups called phyla. A phylum is subdivided into
classes, a class into orders, an order into families, a family into genera, and a genus into
species. If any of these major categories need to be subdivided further, we find subphyla,
suborders, and subfamilies being used. Depending upon the particular species being classi-
fied, species may be further subdivided into varieties, breeds, strains, or lines.

All domestic animals are members of the kingdom Animalia, phylum chordate, subphy-
lum vertebrate, and either the class Mammalia or the class Aves. Mammals grow hair and
produce milk for their young. Birds (avians) grow feathers, lay eggs, have no teeth, and do
not have a diaphragm. The diaphragm is a thin muscular tissue that separates the thoracic
and abdominal cavities in mammals. Both birds and mammals are homeothermic; that is,
they have the ability to maintain a constant body temperature. Thus, they are generally re-
ferred to as warm-blooded animals. All other animals, such as reptiles,‘fishes, and worms,
are poikilothermic or cold-blooded. Their body temperatures vary with that of the environ-
ment in which they live. Table 2-1 lists the classification scheme for selected domestic ani-
mals. The rules of taxonomy (the science of classifying living things) prescribe that the sci-
entific names of an animal include both the genus and species. The term for the species is not
capitalized, but all other scientific terms are. Further, the names of the genus and species

are either underscored or printed in italicized letters.

Table 2-1 Classification of selected domestic animals

Class Order Family Genus and species
Phasianidae Gallus gallus domesticus (chicken)
Galliformes
Meleagrididae Meleagris gallopava (turkey)
Aves

Anas platyrhyncha (duck)

Anseriformes Anatidae

Anser anser (goose)

W
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continued Table 2-1

Class Order Family Genus and species
Equus caballus (horse)
Perissodactyla Equidae
Equus asinus (donkey)
Bos taurus (European cattle)
Bas indicus (Zebu cattle)
Bovidae
Mammalia Artiodactyla Capra hircus (goat)
Owis aries(sheep)
Suidae Sus scro fa domesticus (pig)
Canidae Canis familiaris (dog)
Carnivore
Felidae Felis catus (cat)

A species is defined as a group of animals with certain common characteristics, that
when mated among themselves will produce fertile offspring. By this definition B. taurus
(European cattle) and B. indicus (Indian cattle) are technically members of the same spe-
cies. The American bison are members of the family Bovidae and also members the genus Bos
by some classification schemes. The scientific name is B. bison. Bison and cattle will some-
times interbreed and produce fertile offspring, The mule is a member of the genus Equus,
but is a hybrid of the species E. caballus and E. asinus, actually a cros-s between a donkey
jack and a horse mare. A donkey jenny mated to a stallion would produce a hinny.

Taxonomists do not always agree as to how some animals should be classified. For ex-
ample, in some references the domestic pig referred to by the scientific name S. scrofa, other
references will use the term S. domesticus, and one reference uses the term S. scro fa domes-
ticus. The wild pig from which our pigs were domesticated called S. crofa. The process of

domestication does not create a new species, so the latter terminology may be quite appropri-

ate,

Words and Expression

domestic [ do'mestik ]| adj. ZX ), EH W1, Y155 1

domestic animal [ de'mestik'eenimal | 7. &

kingdom [ 'kindem ] n. £ &, F, 4k

taxonomist [ taek'spnomist | n. 43 A2 5

taxonomy [ tak'spnemi] n. (¥ EK¥ . DR ES
protozoa [ \prouta'zeve] (protozoan )44 i & ) n. JR A S
variety [ ve'raioti | n. Fl2s, A5 fi




strain [ strein] n. f &, o fl . R B

line [lain] n. M5, % .5 &

chordate [ 'ko:deit] n. R

mammal [ 'memoal] n. 31

ave ['a:vi] n. &K

avian ['eivion] adj. S ), 5K

diaphragm [ 'daiofraeem | n. f i &

tissue [ 'tisju: | n. HZH

thoracic [ 6o: 'reesik | adj. i

abdominal [ab'dominal | adj. i

cavity [ 'keeviti |n. Jli 7T

homeothermic [ haumisu'0s: mik | adj. fE R i
reptile [ 'reptail ] n. J€4T8h#)

worm [wa.m | n. BFH

poikilothermic [ poikilou'0a: mik | adj. 7% & W) . ¥ Il A9
capitalize [ 'keepitolaiz] vt. Fl K5 7 455 8 E[ il
underscore [ anda'sko: (r) ] vt. HZE T T , iR
mate [meit] vz, & vi. () B R B, () 32
fertile ['fo: tail] adj. IEIK i , AT %7

offspring [ 'ofsprin] n. 518, T

bison [ 'baisn] n. Bf 4=

interbreed [iinta'bri:d] v. ({fi) FHF3Z L , (i ) Z4 Fh E 5
hybrid [ 'haibrid] n. Z2#

jenny [ 'dzeni] n. £GP

ass [ees] n. ' F

hinny ['hini ] n. (/55 FIEE ) 7 A4 B9 381
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Lesson 3 Genes Chromosomes and Cell Division

Genetics is a branch of biology that deals with genes and their transmission from one
generation to the next and their effects on external traits and characteristics(1). It deals with
heredity and variation. As with other subject matter areas, genetics has a language of its
own.

Many kinds of traits in animals are controlled by genes. The amount or degree of control
varies from trait to trait and from species to species. Environmental factors also play a role in
determining how genes express themselves. The many colors and color patterns in animals
are inherited characteristics. Color inheritance is used extensively in the explanation of how
genes interact and why certain genetic ratios are important., However, we will find that ge-
netics is much more than dominance and recessiveness and 3 : 1 ratios. Knowing how to ap-
ply genetic principles helps us to eliminate genetic defects, to select for resistance to diseases
and stress, and to increase the productive ability of domestic animals(2).

This lesson deals primarily with the chemistry, biology, and mathematical bases of in-
heritance. Tt deals further with how genes are distributed from one generation to the next,

and how they function in one-and two-pair crosses.

Genes and Chromosomes

In the nondividing cell, chromosomes are relatively long, slender, threadlike structures
found inside the nucleus of the cell. They cannot be seen as separate structures with the aid
of a microscope until the cell is in the preparatory stages of division. Chromosomes are im-
portant to the study of genetics because they contain the genes. The number of genes that
can be found on a single chromosome is not known definitely but estimates vary from less

than 100 to more than 1 000.

Chromosome Number

The number of chromosomes in animal cells varies from species to species. Within a spe-
cies, however, the number remains constant. In fact, if for some reason the number of chro-
mosomes should vary from normal, vital functions are usually affected to the extent that the
organism generally dies during embryonic development. The typical number of chromosomes

in the body cells of common animals is indicated in Table 3-1.




Table 3-1 The number of animal’s chromosomes

Animal Number Animal Number
Pig 38 Cat 38
Rat 42 Rabbit 44
Human 46 Sheep 54
Cattle 60 Goat 60
Donkey 62 Horse 64
Dog 78 Chicken 78

The size of chromosomes also varies. They may be very short with only a few genes or
be relatively long with a large number of genes, Another distinguishing feature is the centro-
mere which serves as a point of attachment for the spindle fiber during cell division. The lo-
cation of the Centromere also varies among chromosomes. It may be somewhat centrally lo-
cated or be located nearer to one end than the other. All of these differences in the morpholo-
gy of the chromosomes make it possible to distinguish one from another when they are ob-
served in a dividing cell(3).

In addition to the fact that there is a constant number of chromosomes in the body cells
of animals, the chromosomes exist in pairs. The members of each of these pairs are the same
shape and length and have their centromeres located in the same position. It is often custom-
ary to express chromosome number in terms of the number of pairs typical for any species,
such as 30 pairs in cattle, 19 pairs in swine, 39 pairs in dogs, or 23 pairs in humans. The
two members of the paired set of chromosomes are called homologs of each other. Homolo-
gous chromosomes are described as two chromosomes that are alike in size, shape, and posi-

tion of their centromeres. Cells that contain chromosomes in pairs are said to be diploid.

Chemical Nature of Genes and Chromosomes

Chromosomes are made up of a complex combination of protein and deoxyribonucleic
acid (DNA). The protein acts as a matrix or skeleton to support the DNA. The DNA con-
sists of many molecules connected in chainlike fashion along the length of the chromosome,
Each gene is thought to be composed of one molecule of DNA. Therefore, if a particular
chromosome contains 200 genes, it would in reality contain 200 molecules of DNA.

Genes carry out their functions by controlling the synthesis of substances called en-
zymes. Enzymes are made of protein and usually function as catalysts in chemical reactions.
The activities of a cell are controlled by many hundreds of chemical reactions. The activities

of all cells working together in tissues, organs, and systems ultimately cause the animal to

\. /
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have a certain appearance or to behave in a certain manner(4). This appearance or manner of

behavior is called the animal’s phenotype.

Alleles and Loci

The exact position or location of any gene on a particular chromosome is called a locus.
Every gene has a locus. For every locus on a particular chromosome there is an identical lo-
cus at the exact position on the homolog. This means that the gene that occupies a locus on
one chromosome could also occupy the same locus on the other homologous chromosome.
However, the genes that occupy these two homologous loci (plural for locus) may or may
not be the same. Whether they are the same or different, they will affect the same set of
traits, Further, the genes that occupy these homologous loci will not be found on any of the
hundreds of other loci on all the other chromosomes in the cell. If the genes at these homolo-
gous locations are different, they will have a different effect upon the set of traits that they
control. The different genes that can occupy the same loci on a pair of chromosomes are
called alleles or allelomorphs. Keep in mind the key parts to the definition of alleles: the
genes must be on the same locus of two homologs, they must be different, and they affect
the same trait. For example, one gene may cause a cow to possess horns, and the allele of
that gene may cause it to be polled (without horns). The presence or absence of horns is the
trait, Two phenotypes may exist for this trait: the horned phenotype, or the polled pheno-
type. Genotype refers to the genes an animal possesses, while phenotype refers to the way
the genes cause the animal to appear or behave.

When describing genes and solving genetic problems, it is necessary to use symbols to
represent the genes. The most common way is to use letters for gene symbols. There is no
standard or accepted pattern to follow, but one way is to use upper and lower case letters to
represent alleles if only two alleles are involved. Suppose at a given locus, the possibility of
two alleles exists. We may call this the A-locus and use the letters A and a to symbolize the
two alleles. Either allele can occupy either locus, so in a group of several animals we might
well expect to see the two alleles present in all possible combinations. If an animal possesses
two A-genes, its genotype would be written as AA. If another animal possesses two a-
genes, its genotype would be written as aa. In these two cases, the genotype of each animal
is made up of two identical genes. These genotypes are said to be homozygous. A third pos-
sible genotype may exist. It will be made up of one of each of the two alleles (Aa). This
genotype is said to be heterozygous.

Before we consider how genes are transmitted from one generation to the next, the sub-
ject of cell division should be discussed. An understanding of how cells divide, and how

chromosomes duplicate and are transmitted to daughter cells is vital to a fuller understanding




of gene segregation and recombination(5),

Cell Division

Two types of cell division occur in animals. One type involves a single division of a dip-
loid cell to produce two identical diploid daughter cells. This kind of cell division is called mi-
tosis. An understanding of mitosis will help in explaining the second kind of cell division
called meiosis. Meiosis involves a series of two divisions whereby four daughter cells are pro-
duced from a single diploid parent cell. The four meiotic products are not identical and con-
tain only one-half the number of chromosomes found in the parent cell. The daughter cells

are said to be haploid.

Mitosis

The simpler of the two kinds of cell division, mitosis, occurs among the body cells.
Body cells, which are also called somatic cells, include all cells except the sex cells or gam-
etes. Mitosis occurs in order to increase the number of cells in growing animals or to main-
tain the number of cells in tissues as old cells wear out and die. It is not known what causes
a cell to begin the process of division. The nondividing cell is usually described as being in in-
terphase. This phase in the life of a cell ends when preparations for mitosis begin. For ease
of discussion the process of mitosis is divided into four phases: prophase, metaphase, ana-
phase, and telophase.

1. Prophase includes most of the activities that prepare the cell for division. In this
phase, each chromosome manufactures a complete new chromosome strand. The two strands
are called chromatids, and are united as one structure by a common centromere. The DNA,
and thus the genes, in each chromatid are identical to one another. From a genetic stand-
point, chromosome duplication could very well be considered the most important aspect of
cell division.

The other activities that are included as a part of prophase occur mainly to bring about
an orderly division of the doubled chromosomes and ultimately of the cell itself. The chromo-
somes become shorter and thicker than they were in the interphase cell. The centriole, which
is located just outside the nuclear membrane, divides and begins to migrate to two sides of
the cell. As the centrioles move, the nuclear membrane disappears. By the time the centri-
oles have completed their migration to what is referred to as the poles of the cell, the spindle
has also formed. The spindle is made up of several fibers that seem to extend from centriole
to centriole. Each spindle fiber also appears to connect to a centromere of a doubled chromo-

some.
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