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The science of biology today is not the same science

Foundations
of Modern

Biology
Series

of fifty, twenty-five, or even ten years ago.
Today’s accelerated pace of research, aided
by new instruments, techniques, and points
of view, imparts to biology a rapidly chang-
ing character as discoveries pile one on top
of the other. All of us are aware, however,
that each new and important discovery is
not just a mere addition to our knowledge;
it also throws our established beliefs into
question, and forces us constantly to reap-
praise and often to reshape the foundations
upon which biology rests. An adequate pres-
entation of the dynamic state of modern
biology is, therefore, a formidable task and
a challenge worthy of our best teachers.

The authors of this series believe that
a new approach to the organization of the
subject matter of biology is urgently needed
to meet this challenge, an approach that in-
troduces the student to biology as a grow-
ing, active science, and that also permits
each teacher of biology to determine the
level and the structure of his own course. A
single textbook cannot provide such flexibil-
ity, and it is the authors’ strong conviction
that these student needs and teacher pre-
rogatives can best be met by a series of
short, inexpensive, well-written, and well-
illustrated books so planned as to encompass
those areas of study central to an under-
standing of the content, state, and direction
of modern biology. The FOUNDATIONS
OF MODERN BIOLOGY SERIES repre-
sents the translation of these ideas into
print, with each volume being complete in
itself yet at the same time serving as an
integral part of the series as a whole.
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This book is written on the assumption that for a

Preface

reader to comprehend a topic, he must be
presented not only with factual material but
with that material organized into systematic
form. In presenting the subject of this book
—animal diversity—therefore, I have at-
tempted to sift and arrange the facts into a
meaningful system.

Thus this book is not an introductory
survey of classificatory zoology; it is not in-
tended as a brief, descriptive compendium
of animal morphology. It does deal with
these subjects, but the aim is to go beyond
the descriptive level to the analytical and
explanatory stage—to see how a biologist
might try to explain animal diversity and
not just describe it. To attempt this, within
such a small volume, is perhaps foolhardy.
But the author is convinced that the study
of science at the introductory adult level—
where this book is directed—must basically
pursue the conscious goal of exploring the
nature of human understanding. Hence this
book approaches animal diversity in such a
context and strives to so organize facts as to
give the reader a broad perspective of our
present knowledge of animal diversity.

Earl D. Hanson
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INTRODUCTION

The need to understand is inherent in man. Hu-

Understanding
: Animal
Diversity

man nature requires that we continually
try to order our experience s¢ as to com-
prehend it. This is true both of our ex-
perience of the external world around us
and of the inner world of self. In this
short book, we shall try to organize our
experience of that part of the external
world composed of animals and thus at-
tempt to gain some understanding of it.
Before turning to the study of animals,
however, let us consider what is meant by
understanding. An experience may be
said to be understood when it can be ex-
plained, that i, when an explanatory
statement regarding it has been made,
tested, and found acceptable. But what
do we mean by the terms, “explanatory
statement,” “tested,” and “acceptable”?
Their definitions are best revealed by a
discussion of scientific methodology.
The scientific method refers simply
to what humans do in trying to under-
stand scientific problems. It is a complex
process, and its procedures are not rigidly
set, despite attempts to make it into a
formula. A scientist must, however, do
three things, whatever they may be
called, if he is systematically to search for
solutions. First, he must formulate the
problem. To do this, of course, he must
begin with an awareness of the problem,
simply be curious about a gap in our sci-
entific knowledge. Why some minds
sense a problem and others do not re-

mains a mystery. A sensitive curiosity, in
; )



Understanding Animal Diversity

any case, is a prerequisite for scientific work. The scientist’s puzzlement
should next lead him to describe the problem with meticulous care and,
if possible, in quantitative terms. Precision is crucial, not only for its own

sake, but because the more precise the question, the more likely is the
chance that a valid answer will be forthcoming.

The second essential part of all scientific acﬁvity consists of pro-
posing an hypothesis. An hypothesis is a provisional explanatory state-
ment expressing a possible relationship of the unsolved problem to other,
already tested and accepted, statemens, It is an attempt to solve a prob-

lem by logically relating it to previously established knowledge. (This i
what was meant above b

y the phrase, “order our experi ”. thus hy-

) ) perience’;
POthleSESilPlaY.a key ro‘{e in that process.) An hypothesis should suggest
results that will follow if the hypothesis is correct These expected results
are called predictions; wi : -

filled. Experi

is undexipa.li::lns;lt;]zr? ?ften S?t Up to check new data or a re-examinatio?

sequences of the hy (:;‘hor.matmn' Note that we are here testing the con”
Pothesis, not ﬂ_m hypothesis itself, as is often suppOS€®

the hypothesis, if the pre

diQtiO a
. ns i
tions are not realize(], an 05 reahze

d then

t
e. But the light still does .”03
ngs. We try the new bulb 17

18ging the original bulb out ©
our first hypotheis and > Works in the second flashlight. We refod

~How does this ex
N d i

dcribed it? oy awareg? e Mustrate g scientific method as we B4%
0t£ :11}3 flashlight, hicp, 5 » O e Droblem arose with the initial £ail%"”

L it '1d curiosity, Instead of Ct3 Probab]y Zenerated ritation
quickly revieyeq Rovw aﬂo a.sklng helplessly “ more ir i
s the bulb wag by out avsélhght Works and gy, (:iw e W;O othesis’
+2 second bulb gy ) © tested th craniie 2t e

e, 2 testad it T a;.s" U
S W@ryday EXamp1e Som:lgft};le
s of ¢ e

weé

discarded the hypothesis, postulat®
2tterles= and found it was correct
S

®PS may be taken unconscious?y

rmine whether or not the predictions are ful-

£ the

is hypothesis by replacing the e ;;

Understanding Animal Diversity

Our experience with the flashlight points up two things. First, one
can apply the scientific method without being a specialist who peers
through a microscope or a telescope; the scientific method depends on the
ability to receive sensory data and to think logically, capacities that are
common to all normal people. Much of our daily activity, therefore, falls
into a pattern that could be called scientific. The second conclusion is that
it is not what we work with that makes us scientists—anyone can look at
stars, mix different solutions, or preserve rare animals—it is how we do it
that counts. If we use the scientific method, consciously or unconsciously,
to analyze some aspect of nature, then we are scientists. How good a
scientist depends on motivation, training, and experience. The prepared
mind discovers the most promising problems; the trained intelligence con-
structs the most fruitful hypotheses; and the skilled researcher is the most
successful and ingenious experimenter.

This book will employ the scientific method to increase our under-
standing of animals and the reason for their diversity. Part Two formulates
the problem of animal diversity. Part Three presents an explanatory hy-
pothesis for this diversity and outlines certain predictions stemming from
that hypothesis. In the three chapters of Part Four, which contain the bulk
of the book’s factual information, the predictions are tested. Finally, the
concluding chapter evaluates our success in explaining the problem of
animal diversity.

By applying this approach, we hope to do more than just desctibe
animal diversity; we hope also to explain it, at least in part. As we shall
see, however, many questions remain unanswered. But perhaps we shall
be able to discern, even if dimly, the extent of our knowledge about ani-
mal diversity. How much do we really know about it? How much can we
expect to know on the basis of our present information? What are the
new questions we should be asking ourselves? Our intent, then, is to
clarify the achievement and limitations manifested by scientific activity in
the study of that part of our world composed of animal forms,




THE PROBLEM:
ANIMAL DIVERSITY

The purpose of this chapter is to present a brief
sample of the variety of animal forms, SO
that we can get an idea of the extent of

this variety and of the terms used to de-
scribe it.

The
Diversify

of
Animalg

There is a ten-millionfold difference

in size between the smallest living organ-
ism commonly considered to be an ani-
mal and the largest one. The largest
known animals are the whales, an

among these the blue whale is the big”
gest, reaching a maximum length ©

around 100 feet, The smallest living 27
mals are probably the spores, Or so-calle

resting stages, of certain tiny parasites
the Micm-‘*Porida, which are 3 to 6 ™
€rons in their largest diameter. Since one
micron equals about 1/25,000 of an inc>
:}nd since a 100-foot blue whale is 1,2

inches long, we readily see that a big P1U®
whale g 10,000,000 (;r 107 times longer
than the smallest microsporidian spOs;

Figure 1 gives specific data oD i

: VAR
ferent kings of animals: their actual Sllzte
and their size relative to a 100-fopt Pt

whale
in dia
are th

. i Aqk jcron
and to a microsporidian 3 M

ic
meter. The smallest viruses Whlfor
€ smallest living things known ( 3

€xample, the foot-and-mouth diseas®

Tus)

. 0-
» are 1/300 the size of the Wi

Sp'.:)ridian spore, and the largest li‘flngf
things e know, the redwood tre€ he

alifornia, stand at a height from® tl:z
ground that i roughly three times
ength of the Blye whale (and

we1§ht is correspondingly heavier )-

their

The Diversity of Animals

Figure 1

Relative sizes of selected animals.

Average Relative to Relative to
size blue whale microsporidian

Blue \vha]e 100 feet 1 10,000,000
African elephant 11 feet ® 0.11 1,100,000
Man 5 feet 8 inches 0.056 567,000
Gorilla 5 feet 5 inches 0.055 542,000
Dog (cocker spaniel) 2 feet 0.02 200,000
Pigeon 15 inches 0.013 125,000
Lobster 12 inches 0.01 100,000
Jellyfish 8 inches 0.0067 67,000
Starfish 7 inches 0.0058 58,000
Earthworm 6 inches 0.005 50,000
Grasshopper 1% inches 0.0013 13,000
Amoeba 500 microns 0.000017 167
Microsporidian spore 3 microns 0.00600001 1

°Shoulder height.

A cautious guess would be that around 1,200,000 different kinds or
species of animals have been described by man. This means that man can
recognize well over a million unique forms. But it should be realized that
many species show more than one distinct form (Fig. 2). There may be
differences between males and females of a single species. There are dif-
ferences in form between the young and adults, as exemplified by a cater-

pillar and its adult form, the butterfly. There are different stages of life

cycles, especially in parasitic forms, of which we shall see examples later.
And then there are differences between individuals of any given species,
not only in form but also in coloration. If we disregard this last category
of differences, we should multiply the known number of species by at
least a factor of two and probably by a factor several times that to achieve
a rough quantitative approximation of the varieties of animal form. In
other words, there are probably several million distinct animal forms.
What are some of the ways in which this variety of form is ex-

. pressed? Let us deal first just with external form, and begin- with the

concept of symmetry. By symmetry in animals we mean the arbitrary
division of animals into essentially mirror halves on opposite sides of an
imaginary dividing plane (Fig. 3). Certain animals show no symmetry;
the amoeba (Fig. 3a), is asymmetrical, for its opposite sides do not match.
Most animals show bilateral symmetry, that is, their bodies can be divided
by one and only one imaginary plane into right and left halves which are
essentially mirror images of each other (Fig. 3b)

. Certain modifications
of bilateral symmetry can be reco

; : ' gnized—for example, the coiling of the
shell as in snails (Fig. 3¢) and structural deviations on one side of the

body as in' the unequal sizes of the pincers in male fiddler crabs (Fig. 3d)
Radial symmetry is found in certain animals that have the general

5



(1)

Larva
caterpillar) (1)

Animal iy : ale

cetlos, “tli]wgsﬁy within a species. (1) Sex d]ﬁerenceﬁd’:“ of on f1g)
ity evebpmenm differences: larva an 'ah'c otot® (
-c : i

fia in Z,C& differences: Plasmodium, a paral  od Sls hef®

R ik A) Sporozoites injected into . mosd” 4 W

j (C_} develop forms that enter ﬁnof{or

Sneratiq 5 In the mosquito stoemach | i

piof SPorozaites develops.

me iy : s€ 1
% Modification of it. Ideally, 11 i1t AlEHE

A A"
€ centra] gy of the C}’hnder 1iz€ d
S

Actual] e thic ideal oo
SYMmets Y, rarely is this 1 artss

Ical animals have speci?
@

(C)Medified bilateral
symmetry

| B)Bilateral
symmetry

5o # Jellyfish
¢ e g (Aurelia)
I

(D) Moedified bilateral
symmetry

(E)Radial symmetry

Sec anemone

(Metridium)

Actinophrys

(F)Biradial symmetry

(&) Spherical symmetry

Fig. 3. Types of symmetry. (The dotted line marks the plane or planes
dividing the organism info mirrer halves.)

tentacles, distributed around their periphery; thus a dividing plane will
achieve symmetry only if it lies precisely between two tentacles on both
sides or divides a tentacle precisely in two on both sides. An example is
the jellyfish (Fig. 3e).

Biradial symmetry occurs in a few animal organisms in which two
planes of symmetry are present, at right angles to each other, each plane
cutting the organism into mirror halves but with the mirror halves of one
plane unlike those produced by the other plane. See the anemone in Fig.
3f. Finally, in spherical symmetry, which is found only in certain micro-
scopic forms such as Actinophrys (Fig. 3g), the body is in the general
shape of a sphere, and any plane passing through the center divides the
body essentially into mirror halves.

y unl'iIl'(l:la;et(t)ylp;:s ;); :ﬁ:::e:(}; ;ni 1dea?izations, and any single organism
ple of any of them (and remember that

certain organisms are without symmetry, ie., are asymmetrical ). But in
: .
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the majority of cases, we can readily tag an organism with the type of
symmetry that most closely applies to it.

The variety of animal form also expresses itself in the different ways
body parts are organized. We will see this most clearly later when We
discuss the anatomy of various anima] groups in some detail. For th‘e
present, it will be sufficient to point out that the head of a grasshopper 15
markedly different from that of a bird, as are the rest of their bodies, for
they are organized on different plans relative to the placement of body
organs. The appendages of their hodes are also quite different, and so O
Comparisons such as these between the grasshopper and the bird bring
out many obvious differences, Comparisons between a beetle and a grass”

hopper \'.’oul'd not reveal as many differences; nor wotlld a compariso?
between a bird and a reptile,

The point to remember her

. [ ds
2 € is that although we will speak of hea
from a vanety of animals, or of iy ;

5
ventral surfaces and oral surfaces, of ].eg y

prepared not only
for degrees of differences an
OWn as morphology,
we shall soon be makin
Differences i, or

In internal fopm,

d similarities, This whole study of for

¥ . 4ionS
1s of the greatest value in testing the predictio
g

A $0
ganization 4re found not only in external but al

. ms
¥amine the placement of organ SYSt°

> : . ects:
digestive system in the in5¢

S In animalg possessing backbones: thi :
© Approach can go into even finer % ‘e ’
Onstituent chromosomes can be comPd
volumes ip the series.

L sehe
r:re and.fornl, we find there is a diversity 11" U
_n}’ out life functiong, This, of course, i nolt“ﬂand
or ’

M would pot only suggest but even i :

1rerent activiti
1es, Oy
fEWa A ; I‘concernh SV ] . tpiag W
- ays in whicl, Animals meye iere ' with physiological activitie®
> Mgest

iffe : S mo 3 50 9
Tences i f, , digest, and egest food, allidvel il
e Similaritje 50 appear at the molecular 1€V<”. an
g:elr dlfferemes, ut tiizh?sr:hbemeen Organisms are more strikit® thuP
another b1 in this ot € Province of biochemistry and i taken
. va ]
Is dealt wiy, = Ty also 00

in thejr 4. ic,
here ; heir patterns of development. This tOP*, " ¢-
ould ™ this serjeg but
] be ke t in Inind:
duction. haploid reprt)duetion, and' foll

ationshj
€ Vertebrates, T}, dain hold

§ Comparat;
Lhe structure of cells and ¢, eir i
ut we wil] leave ¢ i

his for oth

h e
.urmng from Struct :
way different anim

Prising, since diEerence'

i

als cq

0
the comparative aspects als ¢
€ vast majority of ani” epr?”

oW the classic pattern ©F * .o
occurs, ¢ e . classic p T qigatl
restoring ¢ diploide C{]’rmed from dipioiq parents; te;.’ tll‘:;c
TOMO0Somea is folloV
Number, and is

cleavage; the cleaved zygote then goes through a n_umber‘ of dlexfcloial-
mental processes to achieve a new adult. Many varlahons:, big mculr sm_a E
are played on this simply stated theme of. sexual reproduc‘tlon. An arsea.ltta
reproduction, which is not uncommon, involves perhaps an even greater
iety ses.

varlet%‘igiﬁ;?f: should be aware that animal diversity is expressted in the
variety of habitats that animals occupy. Fro'm a close look at'ai?ydcouff
pasture, we can see, in addition to the consplcuolus cattle, many '1n s 0

insects swarming through the grass and _pestermg the cows. Birds are
preying on these insects, and other birds in turn are preying on }Ehe in-
sectivorous birds. The insects, birds, and cattle mel all infested wit _ para-
sites, and some of the parasites even have par?51tes. A grfeat va:.'lety of
animals, then, lives in any single habitat, and chfFerent lmbltats.—u]'ungles,
ocean depths, deserts, pine forests, lakes, etc.—will each contain its own

diverse forms of animal life.
/

Conclusions

In this chapter, we have seen that there are probé.l')l}_f at least .se\'reral
million distinct forms of animals, excluding minor indwxc.lual VaIIZLtl.OHS,
and that this great diversity is spread over a tremendous size range, since
the largest forms are around ten million times larger than the smallest.
Fortunately, we have only a few types of symmetry to apply t(? these
forms, but when it comes to individual body parts,. we are again con-
fronted with an immense amount of variety. In addition to dl-VGI'SIty of
form, we have diversity of function, of development, and f)f habitat,

’This enormous diversity in animals obviously req'mres a s'ystem to
organize it into a more readily compreh'ensible_ body of information. Such
a system and its application are the subject of the next chapter.
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The
SYSiemﬂ"ics

of AI'IiInql
DiverSify

!n this chapter, we will try to organize the mass

. ersity-
of data descriptive of animal diversity

This can be done, as we shall se¢ 2
applying the methods and principles ©
systematics or taxonom y.

The great Swedish naturalist, G
olus Linnaeus (1707-1778), was
founder of taxonomy. This is not t0 24
that prior to Linnaeus men had made ﬂ‘;
attempts to classify organisms, indeed %
Opposite is true, but earlier attempts o
for the most part limited in SCOPe-aﬁgs
Were not guided by rigorous prngh
that would permit broad applicatio™

The Linnaean Binomial Syste™

- . 1 i aeus
The binomial system 1S L5 for'

great contribution to biology- He® X0
the first time animals are giVe" t:he
fames, the first being designat® ific
Seneric name and the second the D as
Name. Thgt is, the first namé, ue in-
omo in Homo sapiens, which W& “e
aeus’ name for man, is the nam® % ond
genus to which man belongs. Thejs spe”
2?“‘81 Sapiens in our example, 15
etq‘re‘fe“ed to within the give? = jls
int:)s :“'01?16 system of grouping . jen-
Pecies and then genera, eac r].:ed

tified yy; ]
d with 4 unique Latin namé " Yiﬂg

SO . .
mmethling close to a miracle in SUP uld
eém With a device by which 27 " s
he Ctively name different anim@ s
st']e System, with certain refine™
Still useq today ¢ WS
- a
to b How did Linnaeus decide Whn‘ with”
8 $ g1
-~ SPecies or a genus? TO beg

The Systematics of Animal Diversity

he conceived of the species as a fixed and unchanging thing. To his
way of thinking, species were divinely created and persisted unchanged
in the form in which they appeared. Thus a species was a group of
organisms which closely resembled a given type of form. A genus was
a group of species having certain characteristics in common. Linnaeus
also introduced higher categories, which are still with us today: the order,
the class, and the kingdom. Placement of the genera into orders, and
orders into classes, and classes into kingdoms was done in basically the
same way that species were placed into genera. The presence or absence
of certain key characters determined whether organisms were placed to-
gether in one group. Animals not possessing the characters or possessing
them in a different form were assigned to another group. A

Since the major difference between today’s systematics and that of
Linnaeus lies in the concept of the species, we should first make clear
what is entailed in Linnaeus’ idea of the species. As we just mentioned,
Linnaeus conceived of species as immutable; they simply did not change
once they were created, and thus one could speak of an idealized type for
each and every species. Once having described this type, Linnaeus thought
the form of the species was forever secured for human knowledge. At the
same time, he was always striving for a “natural system,” a system that
would reflect the true similarities and differences among species, genera,
orders, classes, and kingdoms.

Because of his intelligent, sensitive, and imaginative mind, Linnaeus
was remarkably successful in achieving a “natural system,” starting from
his very static type concept, but in the hands of less gifted workers, tax-
onomy over the years developed a reputation of sterile pigeon-holing. The
Linnaean type concept led taxonomists up a blind alley and is no longer
accepted; the idea that drove it out is that of biological evolution.

The Impact of Evolutionary Thought on Taxonomy

The belief that animals evolve is an old one, but it only became gen-
erally accepted through the efforts of Charles Darwin (1809-1883). In
Chapter 4, Darwin and his ideas will be examined in detail; here our con-
cern is with the effect of evolutionary theory on the type concept as de-
scribed above. In brief, it destroyed the type concept, and logically so, for
the central idea of evolution is change, which is the antithesis of static
types.! According to the evolutionary theory, changes are always arising
in populations of organisms in nature. Some changes will be preserved
some will die out, and some will produce even further changes. Since;
species are made up of natural populations, species too will change, and
it becomes obvious that a Linnaean species type is a complete abstra;ction

1 Today species types are still used, but in a limited
; 3 a limited way much i
that lof Linnaeus. For_ further discussion of this problem, seeytheufohflrr? dllﬁ)ledl\,imm
Linsley, and Usinger listed under Selected Readings at the end of the‘booke i

11
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-+ stereotyped form by a description
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that is of little use in comprehending natural popu];—ltions: E\utul'f}}l P?I;J‘gaa
tions are characterized by variability, and a population is (.hescu Jei( st'e i
sample that shows the variety existing within it. The obvious nex

then, was for taxonomists to study natural populations.

The New Systematics

The term New Systematics need
tematics, as has been pointed out b

term. It simply marks a chg
The heart of the N

imply no disrespect for the. 01(11 53{:’8
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anisms that (1) are similarly placed on or
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Step I: DESCRIPTION of the distribution of homolgies among
various natural populations or groups of populations.
Natural populations or
groups of populations A BRC D E [Fio e, IR
| | |
2 2
Distribution of 3 3 3
hemologous structures 3 g J
numbered | -6 : . 2 ! ;s
6 & ) 6 & ) b
Step 2: GROUPINGS on the basis of homologous structures.
(1) @ (4]
(3)
(5)
(&)
Step 3: PLACEMENT of groups in taxa.
A-species | __— Genus
B-species Family
C-subspecies 1/ spacies / Genus Order
C-subspecies )
E-species Genus Family
F-species 1/
G-species
H-species J
Step 4: FORMULATION of phylogenetic relations.

2% ®

Fig. 5. A diagram illust

rating th f i i
B g g the use of homologies to determine phylo-
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mals can be grouped into a taxonomic system. In this section, we shall
confine ourselves to brief statements concerning the major characteristics
of eight of the largest phyla in the animal kingdom. Later on we shall
have to amplify these descriptions and to introduce more phyla.

Let us start with the phylum to which man belongs, Chordata. One
of the most important characters common to all members of this taxon is
the presence of a rod, called the notochord, along the back or dorsal side,
at least in the young forms. In many forms, this notochord is lost in the
adults and is replaced by a jointed structure called the backbone. Forms
bearing a backbone are the vertebrates. In addition to possessing the
dorsal rod, the chordates are bilaterally symmetrical, and most pessess a
well-developed tail. The trunk, the rest of the body between the head
and tail, contains well-developed organ systems and often has locomotory
appendages. Fishes, frogs, lizards (see Fig. 7), birds, and mammals are
all chordates. Altogether this phylum contains approximately 40,000 de-
scribed species.

Our next phylum contains more species than those in all the rest of
the living world combined, mainly because this group, the Arthropoda,
includes the insects. Indeed the insects alone, with some 800,000 described
species, represent well over half the known species of living things. The
arthropods are distinguished by the presence of a hard, outer skeleton or
exoskeleton. The body is bilaterally symmetrical and is segmented, that is,
subdivisible at right angles to the long axis of the body into roughly sim-
ilar parts. In some forms, such as crabs, however, this segmentation is not
at all obvious to the untrained eye. The body contains well-developed

Fig. 7. Selected chordates. (A) A cut-

away view of a tunicate larva, showing
chordate characters (redrawn from Buchs-
baum). (B) Antennarius chironectes, an
angler fish. (C) The grass frog, Rona or-
piens, an amphibian. (D) The garter
snake.

/ Nerve cord

=g
= 18 . %
& ~ A Notochor
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Fig. 8. Selected arthropods.
(A) Bpndana shrimp, Steno-
pus hispidus, a crustacean.
(B) Black widow spider,
Latrodectus  mactans, an
arachnid arthropod. (C) A
cer.ﬂpeda. Scolopendra, a
ch.llopod arthropod. (D) A
millipede, an example of
the diplopod arthropods.
(E) The grasshopper, repre-
senting the insects.
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organs. The appendages, such as the legs and antennae, are jointed (in

fact, the name arthro-poda means jointed feet). tl"hese c_argi::a,msms a;t:
found almost the world over, in water, on land, and in the air; hrorr; Oiz %
depths to mountain heights; from rain forest to‘desgrt; ;ro?u otthom o
climates. Examples of arthropods are shown in Fig. 8. arthrop
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hworms are an
‘o on the bottom, and on land. Eart

:’ater,lusu;‘- Itl}}:edgiﬂgl.gclam worms, with their conspicuous appendages,
e ‘1310 an even better example; they are found along our "East afld
%;Zspteéozgis There are around 7,000 described species of annelids (Fig.
b primarily an aquatic phylum (only th::a1

i 11-develope

ils li . any numbers), the body contains well-d ‘
S hvi Ons ilrildisull)i?atirally symmetrical, or has a modified bilaterality
B Sys‘lerrI:/I t of them have a hard shell-like structure; clams have two
L are called, and snails have a shell, but in octopuses

Is , bul pu;
valg s a'fi;htieshs%lell is an internal structure reduced in size or missing
::)lmpsl?;tl:laly Segmentation is present only in one small subgroup, the

In the Mollusca, which is

octed annelids. (A] Eunice inferrupta, a polychete worm. (B)

e seihe common earthworm. (C) Hirudo medicinalis, a leech.

Lumbricus, t
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Fig. 10. Selected molluscs. (A)
Chiton, an amphineuran mol-
lusc. (Al) A dorsal view s ow-
ing the segmented shell: (A2)
a ventral view showind, cen-
trally, the muscular "foot" anc
anteriorly, the mouth. (B) Ad
whelk, a snail or gostroP®

molluse. (C) Schizofhaerus: ©
pelecypod. This clam shows @
large dark tube or siphon for
drawing in and expelling water:
and also a Ii';h?er-colored mus-
cular "foot"" partially exfen £

at the other end of the °° "'.
(D) Octopus vulgaris, @ ¢P 2
lopod mollusc.
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Fig. Il. Selected echinoderms.
[A) Ptilocrinus pinnotus, @
ctalked echinoderm (redrawn
from Hyman). (B) A so-called
sea cucumben, Cucumaria fron-
dosa (redrawn from Hyman) .
(C) A sea urchin from Hawai-
ian waters, Heterocentrotus ma-
millatus. (D) Oreaster reficu-
latus, a starfish (redrawn from
Hyman). (E) Ophiocoma, & ser-
pent starfish (redrawn from
Hyman).
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Fig. 12. Selected cnidarian
s. |A) Hydrg J; ;
I’am‘(:ommon hydrozoan polyp, (B) Rh;zgsf':’mﬁgoraf{?.
um, a scyphozoan medusa, (C) Baloceroid, ?’m i
Ep m:al view of an anthozoan palyp, sh g2 r.'qe,
iradial symmetry, {EsioWing Fits

there is only one Openin

' to t
both ingestion and egestg e

ion. The ¢

D

Fig. 13. Selected flatworms. (A) Amphiscolops
bermudensis, a free-living, acoelous flatworm (re-
drawn from Hyman). (B) Catfenula lemnce, a
free-living rhabdoccelous flatworm (redrawn
from Hyman). (C) Monocelis, an alleoccelous
flatworm, also free-living (redrawn from Hy-
man). (D) Dugesio dorofocephala, a free-living
planarian triclad flatworm (redrawn from Hy-
man). (E) Descodelus insularis, a free-living ma-
rine polyclad flatworm (courtesy Dr. Sidney J.
Townsley, University of Hawaii). (F) Taenio sog-
ginata, the parasitic beef tapeworm (redrawn
from Buchsbaum). (&) Fosciola hepatica, a
parasitic sheep liver fluke, showing the highly
branched digestive cavity.

being small, are not commonly seen. Planaria (see Fig. 13) is the best
known of the free-living forms; the beef tapeworm and liver fluke are
examples of the parastic forms. There are roughly 6,000 described species.
The last group to be considered is the Protozoa, a heterogeneous
group whose diversity of form mirrors the wide variety of habitats oc-
cupied by its members. No other group is as widespread, largely because
hardly a group of animals exists which is not parasitized by one or more
kinds of protozoan. The free-living forms are also world-wide in their dis-
tribution. The Protozoa show all kinds of symmetry (Fig. 14). Their bodies
are not divided into cells as are the bodies of all the other animal phyla,
In 'this sense, these organisms are called acellular, as compared to the
o el e
and nucleus, however, it Possesse% then:n:me’tw ‘ICh T A
For this reason, the Protozoa are mor W s el
; e commonly called unicellular, as
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Fig. 14. Selected protozoans,
chdcr. a fl:ae-living marine radig|
(B) Actinospherium eichorni, an actinopodan from fresh

water (redrawn from Hall). (C) Amoeba proteus, the com-

mgfo:yn:niﬁf,"’ct‘;’;‘, Frj?h water (redrawn from Hall). (D)
drawn from HaH}.On (+ @ parasitic form with flagella (re-

(E) Nosemg elongatum, the spore of 2

(A) Acanthometra pellu-
arian (redrawn from Hall).

Eﬁ;ﬁsgﬁez’?:r:sﬁzgiia." (refirﬂwn from Hall). (F) Parame:

' TRty T ; : s

of transverse fission [seg allsloﬁ;ii P;?{mo"’“ i
E
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compared to the rest of the animals, which are termed multicellular. A
final choice between these two sets of terms has not been made; most peo-
ple prefer unicellular and multicellular, but in this book we shall use
acellular and cellular, since they more accurately describe the difference in
organization between protozoan organisms and other animals. There are
at least 30,000 described species of protozoans, most of which are so tiny
(such as the Microsporida) as to be microscopic.

By discussing animal-diversity in this fashion, we have been able to
divide roughly 1,100,000 animals into eight major groups. Using our pre-
vious estimate of at least 1,200,000 described species, we can see that our
system will cover more than 90 per cent of the known species. The remain-
ing 10 per cent are covered by other phyla, some of which we will ex-
amine later.

POSTSCRIPT ON SYSTEMATICS

Even though man has come this far in cataloging the diversity of
animals, much remains to be done. For example, in 1933 Remane care-
fully examined the microscopic marine animal life of a part of north
Germany that had already been extensively studied. In ten years, he found
300 new species, which included members of 15 new families. Many ani-
mal groups are poorly known—for example, certain of the flatworm
groups. Others are well known, such as birds—for example, very few new
North American bird species are ever discovered any more.

Comments and Conclusions

Now that we have completed our preliminary description of animal
diversity, the following points emerge. Despite a great variety of differ-
ences, certain forms possess homologous structures that are either modified
or absent in other forms. By grouping together animals that possess cer-
tain homologous features in common, we find that the several million
animal forms can be classified into a small number qof easily characterized
groups. Such groups we call phyla, and within phyla we can o ganize
the members into further groups by examining other sets of hor ologous
characters. Progressing in this way, we find that all animals can e placed
in a system of classification which quite precisely defines thei- degree of
similarity, or, conversely, their degree of difference, to all of'  animals.

What does this mean? How can we explain the fact that man can so
organize his experience of animal diversity that all known animals can be
grouped to express varying degrees of similarity, or difference, in form

based on homologies? This question is the formulation of the problem in
our attempt to understand animal diversity.
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EXPLANATORY
HYPOTHES!S:
EVOLUTION

Man’s curiosity about the great variety of living

Darwin
and

The Origin
of

Species

forms is responsible for the idea of evolu-
tion. Scientists, ever since Aristotle, have
been attempting to explain animal diver-
sity in terms of evolution. But what do
we mean by evolution? The most con-
vincing answer to that question is at-
tributed to Charles Darwin and will be
examined in this chapter, The purpose of
this chapter is threefold: to investigate
what factors led Darwin to believe in
evolution; to describe his theory, which
attempts to explain evolution; and to
point out briefly why this theory was 50
revolutionary, not only to biologists, but
also to the intellectua] history of mankind.

Voyage of #he H.M.S. Beagle

In the same
from Cambrig
on, at th

year that he graduated
ge, 1831, Darwin signed
£ € age of 22, as the naturalist for
_vovage of the ship, | M.S. Beagle,
WhJ‘C}ll was to circumnayigate the world
EET; ?’Olfﬂl' Map-making purposes. Dar-
2 a]l‘ fv'vas to collect rocks, plants, and
o 5 rom the various places visited
P gth;e Toute. He worked energetically
T rou‘gh]){, when on land, but at
g Svas continuously seasick, This sea-
e andel\l/fentually affected his constitu-
i ’bee is very bad health in later life

o N attributed, at least in part, to
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this buffeting received by his system. The trip gave Darwin his real train-
ing as a scientist and shaped the direction of his entire future. In his auto-
biography, he himself wrote: “The voyage of the Beagle has been by far
the most important event in my life, and has determined my whole
career. . . .” Upon returning to England, he spent the next years writing
reports on the objects he had collected, and it was during this period that
the glimmerings of a new understanding of the diversity of life first
sparked in his mind.

Before turning to his theory, we should briefly examine the type of
material Darwin was poring over. The material can be divided into two
categories: fossils and zoogeographic data (data concerning the distribu-
tion of animals). Darwin discovered great fossil beds in Argentina (we
are still studying them today), and he was much impressed by certain
fossil animals there that showed armor much like that covering the exist-
ing armadillos (Fig. 15). In other words, obvious similarities were visible

Fig. 15. South American armadillos. {A) Nine-banded armadille of today.
(B) Extinct glyptodon, reconstructed from fossils.

between forms which had lived in the distant past and forms living in his
day. Regarding zoogeography, Darwin observed that the same form of a
certain animal was not found over the whole of South America. Rather,
he noticed that similar forms replaced one another as one proceeded
southwards on the continent. That is, as one form of the animal became
rare, moving southwards, another similar but distinctly different one ap-
peared in the haunts where one might have expected the first, Farther
south, the second form might be replaced by a third, and so on.

The most intriguing puzzles in animal distribution came when the
Beagle and its naturalist visited the Galapagos Islands, some 600 miles
west of Ecuador. The fauna of these isolated islands was for the most
part distinctly South American in character, although it differed some-
what from island to island. Darwin puzzled a great deal over these differ-
ences, an(.i over tile fact that these animals were South American-like,
but yet different. “It was evident,” he noted in his autobiography, “that
such facts as these, as well ag many others, could only be explained on the
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supposition that species gradually become modified; and the subject
haunted me.”

But how to explain this gradual modification? If there was no good
explanation for the gradual changes, it would be very difficult to accejpt
the idea of change, especially since the prevailing doctrine was, as Lin-
naeus had announced, that species were immutable, Darwin started col-
lecting facts bearing on this possibility of change in 1837. After much
diligent compilation of data and the writing of a 35-page “very brief ab.-
stract” in 1842, to which he added 230 pages in 1844, he wrote to his
friend Hooker, a distinguished British botanist, “I have read heaps of
agricultural books and have never ceased collecting facts. At last gleams
of light have come, and I am almost convinced (quite contrary to the

opinion I started with) that species are not (it is like confessing a mur-
der) immutable.”

Natural Selection

In his letter to Hooker, Darwin is probably understating his posi-
tion when he says, “. . . T am almost convinced . . . for in 1838 he had
read Malthus’ Essay on Population and this had supplied him the key
insight he needed to explain his postulated mutability of species. Malthus’
theme in this famous treatise stressed that whereas the food supply in-
creases arithmetically, populations increase geometrically, The result, as
Darwin saw it, would be a great struggle for existence, and his long ex-

perience as a naturalist gave him first-hand knowledge of this struggle as
it is waged in nature; . . |
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induction is that natural populations are capable of an enormous and
rapid increase in numbers. This is easily illustrated: a single cod can lay
over 6,000,000 eggs; an oak tree, grown from a single acorn, produces
hundreds of new acorns year after year; and if we assume the average
married couple in humans has four children who in their turn grow up and
marry, the human population will double in a generation and increase a
millionfold in 20 generations if there is 100 per cent survival to maturity.
The second induction is that, for the most part, natural populations do
not increase in number, but remain relatively constant in size. The oceans
are not choked with cod; the woods not filled with oaks; humans, it is
true, are increasing geometrically in number, but they represent an un-
derstandable exception.

The first deduction now follows: since there is a potentiality for an
enormous_ increase in number and this is not realized, there must be a
struggle for existence going on which keeps the numbers of natural popu-
lations fairly constant. The third induction is that variations appear in
nature, and some of these are heritable. New strains of wheat, new color
patterns in flowers, and a larger size in this or that organism are all pos-
sible examples of heritable variations. The second deduction follows from
the first deduction and the third inductive generalization: if heritable
variations occur in the midst of the siruggle for existence, those organisms
possessing variations which increase their chance of survival are the ones
that will persist. That is, natural selection will occur.

Darwin’s first public presentation of the theory of the origin of
species by natural selection occurred in 1858. At a meeting of the Lin-
naean Society in London, a paper by Darwin and a paper by Alfred
Russel Wallace were read, both proposing natural selection as the means
by which organisms evolve. Wallace, it is interesting to note, like Darwin,
was a naturalist, a student of zoogeography in an archipelago (that of the
East Indies), and had also read Malthus! Indeed, Wallace testifies that
the essay on population had a revelatory effect on him, an effect remark-

. ably similar to its impact on Darwin.
- How these two men arrived independently at the same great idea is

explained by the fact that both were men of similar background in biology
and they were working on the same kind of problem. They both also
happened to read the same key discussion of population problems. Be-
yond this, we cannot say why some men come up with a fruitful hypothe-
sis, and others do not. We do know that Darwin and Wallace, inde-
pendently, formulated the same hypothesis of natural selection. Darwin

had been working on the idea longer than Wallace and unquestionably
possessed a more profound insight into it. Withi '
meeting of the Linnaean Societ
together and published his great
out the first edition on the d

n thirteen months of the
Y, Darwin brought his extensive notes
| book, The Origin of Species, which sold
ay 1t was offered for sale,
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Although it would be fascinating and profitable to examine the evi-
dence which tests the hypothesis of natural selection, from the publica-
tion of The Origin of Species down to the present day, and evidence has
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1829), who also was an outstanding proponent of evolution. In Lamarck’s
view, organisms change because of two factors. First, an inner plastic
force in all living nature is forever driving toward a more perfect organi-
zation. Second, the environment tends to obstruct this drive towards an
ideal state. In responding to the disturbances from the environment, the
organism develops a simple response into a change in behavior, a change
in behavior into a habit, a habit into a change in organs and ultimately
into a change in general organization. This last change is presumably
heritable. Use and disuse thus lead to heritable change as a part of the
perfecting principle inherent in each and every organism, and this nrocess
ended in what Lamarck termed the inheritance of acquired characters.
To Lamarck, then, observed changes were an expression of the action of
self-perfecting life in the face of insensible, inorganic nature. He was the
last great biologist to express this subjective, almost poetic, view of life.

Darwin’s handling of observed changes or heritable variations was
completely different from Lamarck’s. Where Lamarck could not see
change except as an inherent part of the whole organism, Darwin could
deal with variation as a concept divorced from organisms. Darwin ac-
cepted variation as a fact, even though he had no explanation for it. Such
a position was impossible for Lamarck. This ability to objectify nature,
to break up nature into concepts which are rationally manipulated as
objects, distinguishes Darwin from Lamarck. As one historian of science
has recently said, “So far as the intellectual and cultural significance of
evolutionary theory is concerned, therefore, Darwin had no -predecessor
in Lamarck. Lamarck’s theory of evolution belongs to the contracting
and self-defeating history of subjective science, and Darwin’s to the
expanding and conquering history of objective science.”

Conclusions

We should leave this chapter with the following main ideas: After
long first-hand observation and study, Darwin realized that species are
not immutable. His next problem was to develop an exgplanation for
change in species, and he solved it by formulating his theory of natural
selection. It states that in the struggle for survival, which occurs in
nature as the result of an enormous reproductive potential acting within
a limited environment, those organisms will persist which have gained
an advantage through some new, ataptively significant, heritable varia-
tion. By accumulating such variations in many successive generations, liv-
ing forms will gradually change. The sum total of such adaptive changes
in living things is called evolution, TJe Origin of Species was a detailed
compilation of evidence in favor of the theory of natural selection. Wide.
spread acceptance of the theory has led to general acceptance of the con-
cept of evolution, and we now think of all living thinge ag having evolved.
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come from pre-existing organisms.” This means that spontaneous genera-
tion does not occur.

Spontaneous generation, it should be noted, is not the same thing
as the original origin of life, or biopoiesis, as it is termed. Biopoiesis is
limited to the origin of the first system that can be called living, and that
system probably had little resemblance, at least in form, to our present
organisms and was much simpler than anything living today. Spontaneous
generation, then, and not biopoiesis, refers to the question of whether
present-day forms can arise complete in all details from nonlife. Although
there are many excellent reasons for concluding that biopoiesis occurred,
we do not think it could take place today, because it would require the
presence in nature of a high concentration of complex organic compounds
that we know could not exist now for any length of time because bacteria
and other microorganisms would promptly consume them. Biopoiesis
could occur only in a world where such forms were absent, in a sterile
‘world, and such a world has long since vanished. ~

Although biopoiesis cannot take place today (except perhaps in a
laboratory!), the presence of life on this earth argues that it .did occur
at least once in the history of our planet. If life only originated at one
time and place, then all living things trace their ancestry, ultimately,
back to one common ancestor. We have no way at present, however; to
determine whether there was only one progenitor or several. The basic
similarities of metabolic patterns and subcellular morphology in organisms
suggest a fundamental unity of all life, and hence possibly a common
ancestor. In any case, well before the first animals appeared on earth
the possibility of further origins of life was probably ended, for at that
time forms which we would probably recognize as bacteria and algae—
and fungi, too, perhaps—were the predominant ones. Since no more
biopoiesis occurred, animals must have arisen from these early organisms,
and all contemporary forms must be the evolved offspring of these
earlier forms. In brief, animals may have had one common ancestor or
they may have had several (we shall have occasion to discuss this prob-
lem later), and there is at least one line of common evolutionary descent

~for all living things, although there may be more. If we combine this
conclusion with our second point, ie., the similarity of offspring and
Parents, we can see why similarities exist among living things—animals
included, of course. This, then, raises the next question: Where do the
differences come from?

The preservation of heritable variations by natural selection supplies
a possible explanation of differences in form among animals. Here we
relate the well-known facts of heredity to our problem of animal diversity
through the concept of natural selection. Not only can we see how n
selection could achieve successive changes in a single popul
can see how two or more diverging lines of evolution coul

atural
ation, but we
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single populatioil. This would occur when certain members of a P_OPula'
tion became adapted to one mode of life in an isolated locale, while th.e
rest of the population adjusted to a different environment. In time, this
initial divergence might widen considerably, perhaps to the extent that
the original divergent lines would branch into distinctly different popula-
tions. The members of the most recently diverged populations, therefore,
would still be quite similar to one another, but very different from de.-
scendants of the populations which diverged many generations Previ-
ously. The preservation of heritable variations by natural selection woul
thus explain rot only the differences among animals, but also degrees 9
difference, or conversely, degrees of similarity. And this is just what we ‘
need to understand our formulation of the problem of animal diversity-
~ In short, we can now state our working hypothesis in this 'way’-
Animal diversity can be systematically arranged into groups of antis
that show differing degrees of similarity based on homology, because !
animals hage evolved—thqt is, they have passed thmugh successive
generations (probably starting from one or at most a few ancestral forM*
in which adaptive changes have been preserved by natural selection:
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and its mountains, plains, rivers, and seas have been continually altered,
we can expect to find that habitats also have been changing. Some forms
will die out if their habitat changes and they cannot evolve as fast as
other forms to take over new habitats. These forms thus become extinct,
and their place is taken by forms that will be quite different from the
progenitors shared by them both. If forms with different ancestors come
to occupy a similar habitat, they might evolve somewhat similar forms
as they adapt to the same, environmental problems.

Our predictions regarding temporal diversity, then, can be summed
up in this way: (1) change results from the accumulation of many small
differences; (2) the changes go from simpler to more complex forms;
and (3) forms become extinct, new forms emerge and diverge from their
ancestors and among themselves, and some forms perhaps even converge.

DIVERSITY IN SPACE

By spatial diversity we mean the distribution of animals in space,
Le., throughout the habitable areas of the earth. Spatial diversity, of
course, exists today. From our understanding of evolution, what should
we expect this diversity to be like? The most obvious expectation is for
‘all forms to be specially adapted to their way of life. We have already
touched on this problem, and its analysis is intimately connected with
demonstrating the actual occurrence of natural selection. Here, as before,
we will assume that natural selection occurs and that all organisms are
adapted to some extent. Our question now is: What kind of diversity
should we expect of animals that have undergone adaptive changes?
First, since each natural population represents the exploitation of a given
way of life or niche over a period of many generations, we should predict
that different animal forms exploit different niches. That is, different
kinds of animals will not pursue the same mode of life, although similar
forms will probably have similar niches.

Second, we should expect the fauna of a broad geographical area to
have many forms peculiar to that area. That is, certain forms will charac-
terize one area and will be found only in that area, because as the forms
increasingly exploit the niches of that area they will evolve forms not
found elsewhere, since (1) this niche might not be present anywhere else,
and (2) even if it were, it might be filled by some other group. But we
need to define more precisely what we mean by “broad geographical
area.” The kind of area we have in mind is one that is clearly set off from
its neighbors into a natural unit—the continents are good examples. We
would say, then, that the continents have their own
though we know that flying animals are not great]
barriers. Restricting our prediction to mammals, whi
a few aquatic forms, are land-bound,
tal land masses will have theiy own

peculiar fauna, even
y impeded by water
ch, except for bats and
we could say: The various continen-
characteristic mammalian fauna,
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Third, and as a corollary to the second prediction, we should expect
a given mode of life to be exploitable by quite different kinds of organ-
isms. This follows from our previous knowledge that similar habitats can
be geographically isolated and hence not necessarily invaded or exploited
by forms from the same taxon, perhaps simply because that taxon might
not be present in both areas.

In summary, our three possible predictions are: (1) each animal
form represents a separate way of life; (2) distinct geographical areas,
such as continents, will have distinct and characteristic faunas: and (3)
a given way of life occurring in.separate geographical areas s e 18
ploited by forms from different taxa.

PHYLOGENY

The third and final area of prediction is that of phylogeny. Phylog-
eny, as we saw earlier, is the attempt to reconstruct the cours‘z of evolution
through the application of systematics, Qur prediction is this: From a sys-
tematic study of the animal groups, we should he able to z;l‘range them-

11.1 a sequ}?nce of. forms that will represent a plausible scheme of evolu-
tlor?ary .c ange, i.e., a phy}ogeny, We predict thish because: avolutiontis
a historical process that progres -

; diate ancestors because
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|n testing our predictions, we must examine the
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fossil history of animals to determine (1)
whether there has been change as a
result of the accumulation of many small
changes, (2) whether the change has
been from simpler to more complex
forms, and (3) whether there is evidence
of extinction of old forms, of emergence
of new forms, of divergence of closely
related forms, and of convergence of
somewhat distantly related forms.

Fossils

Before we check the predictions,
however, we must know just what fossils
and the fossil record are. A fossil is any
evidence of life in the geological past.
This definition is broader than the one
we commonly apply to animal fossils, for
we usually refer simply to the bones,
teeth, or shells of long-dead forms. But
footprints also can be logically consid-
ered as fossils, as in the case of dinosaur
tracks, and so can the trails of worms left
on the bottom mud of bygone seas. The
impressions of soft-bodied animals, such
as jellyfish, in mud which later hardens
into rock are also fossils. Whole mam-
moths have been preserved in frozen arc-
tic bogs—in what amounts to a polar
deep-freeze—and they are unique and
enlightening fossils. Giant sloths have
been found in a dried-out condition in
Patagonian caves; large parts of the ani-

mals’ dried skin and hair, tendons, and
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dr.ied excrement have been discovered with the bones, Fossil remains of \
fh_ls sort are extraordinarily rare and, although interesting, do not con- f
tribute much to the total picture of past life. At least 99 p(;r cent of our
known animal fossils consist of preserved hard parts, and it is from these

that we obtain the bulk of our information | :
0 4
Fossilization of a dead or T n regarding the life of the past.

the object is buried before it has a chan
The organism sinks into a bog or a mar
or river. In some rare cases, it is buried

ce to become extensively decayed.
sh, or to the bottom of a lake, sea, | : i
by wind-driven sands. Even after ' A

e the soft body parts which em- -
phasizes again that the hard parts are the ones thytp : 1 ! Fig. 16. Correlation and sequence in fossils. A and B are strata of fossil-
survive as fossils, The buned parts th d at most commonly | bearing rock from two different localities. The correlation of the strata is
AT o hard at do not decay are presewed, and i indicated diagrammatically by the oversize fossils. Actually, the strata
rdens to rock the fossil be | would be characterized by the whole fossil fauna, not by just one type of
4 comes entombed. i fossil. The faunal sequence, a-f, is shown at the left; one discontinuity in

the sequence is present in B.

a fossil is difficult to calculate and the older the fossil the less precise
the calculation. The technical problems involved here are important and
fascinating but must be omitted for lack of space.

j The determination of the relative age of a fossil rests on the follow-
ng very simple principle. If objects are layered one on top of the other,
the ones on the bottom must have been there first. In the case of
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fossil record, make the appropriate allowance for them, and, at the same

: : o : |

When we discover fossils, remove and study them as remains of past | time, constructively use what appears to be reliable. This third position
|

|

life, determine their age and their place in the historical sequence of life,
and correlate fauna from different parts of the world, we compile what we
call the fossil record.

seems the most sensible and will be the one we will adopt in this book.

Certain of the broad features of the animal fossil record can best
| be seen in tabular form (see Fig. 17). Let us start with Part I of the
| figure, which deals with time spans. Note that the present time appears
at the top of the table and the ages grow older as we progress down the
table. Since the time periods are so enormous, they are most conveniently
expressed in terms of millions of years; thus 600 means 600,000,000 years
: (or 600 x 10 %). The left-hand column of figures represents our estimate .
fegncludo only a minute fraction of the total number of animals that of how long ago a certain geological age commenced. The figure 600 in
l'nave lived on the earth. Because it is such a small fraction, and th}ls ‘ this column means we estimate that the Paleozoic era began about six
mCOH}PIEte: S0me may argue that there is little significance in our C_hs' | hundred million years ago. The right-hand column gives the estimated
coveries to date. Others may take the opposite tack and, by emphasizing duration of each of the periods.
th_e_lafge number of fossils ¢Xamined disregard the obvious sources of | In Part II are the names given to the various time spans of the
mlSl'n.terpretation that may arise from small, selected samples. A third i
position is also possible, We can be aware of the inadequacies in the

The Fossil Record |

MAJOR FEATURES
Although many hundreds of thousands of fossils have been studied,

Fig. 17. The broad features of the fossil record.
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history of the earth. The largest time periods are called eras .(we }}"‘[}":
already mentioned the Paleozoic era). Each era is bﬂ?keﬂ up xntq por mth :
the oldest one of the Paleozoic being the Cambnan,. and within f
periods are epochs, which are most important in discussing Fhe Cent?zol:i-
era. Occasionally two eras, the Proterozoje and Archaeozoic, are liste

before the Paleozoic and would appear, therefore, sometime between the
formation of the earth, which occurred roughly—very roughly—four a"_d
a half billion years ago, and the beginning of the Paleozoic. There is
little advantage in us breaking down this Pre-Cambrian span into even

such large time spans as €ras, since we know too little about this period
to attempt to define an

the approximate duration of each,
Part III represents
isms in the major phyla as

here. For Instance, very fe

un
W fossil genera of the Protozoa have been fo
from the early, or lo

zoiC
Wer, Paleozoic, but in the later, or UppeT, Paleovery
they show up in large numbers, and in the Cenozoic their fossils are

3 » ‘1
common. Similarly, gpe can follow the fate of other phyla through ha
a billion years in terms of

: a.
the abundance of their known fossil gff?ﬂ;fﬂs
One of the striking feature of this record is the relative lack of f0
from the Pre-Cambyriay, A f

e

€W are known, apd among these man}; :‘I;e

clearly algae, , relatively simple plant, Some authorities claim to lbUt

found the gheyis of certain Protozoans in Pre-Cambrian deposits, jon

others doubt the validity of syl discoveries, If this difference of ‘?Pm re-

is {esolved in favor of those claiming to have found Pre-Cambrial we

mains of Protozoang, g ils would represent the oldest evidenc® i

of all the major fossil-producing f%ssils
€ Tepresented i, the Cambrian, and these

reveal that Cambrian gp; Quite complex organisms, I;]?éhly
ater in these groups, but s

; 1

ith dstence. Since certalln PI;,l{nraelifh1
s Predominantly gof bodies, e.g, the 2 in the
gd P.latyhelmmthe& have Jeft OcCcasional fossils, such as tracks inning
eble (o assume they were aJso present at the begoin

note in P:r(::z?lli:"antﬁ Perhaps even i large numbers. One Oglereﬁqmp y
Is the ¢ 1 ils. For & ren
TV0zoan fossils are p| o e Fiat dancg of fopslls ne

P il ot
entiful in the Ordovician and Silurian @

i i d, sponges, sea
i f a Cambrian sea showing seawee
a9, l% sR?:rl::lm;:;?ligpods. trilobites, and crustaceans. \( Photo courtesy
r 4 2 -
éuhﬁz:g: Museum of Natural History.)

i only to reappear strongly in the late
C o s e e, G oy
o imals li rently just during :
s fossil re(?ord]i th;::-t?;l;n ?riliiv:iyigpsiow znlxe folssil genera thanl én
Smce‘m s icht conclude that there was a divers§ﬁc.:atlon of- 1e
the Cambnan,b\"fenmt(;bT the Cenozoic Tertiary. Although this 1s'la })oss1b7§
from the Ca.m ria could also conclude that we have more fossils r?m =
mFez.‘pretahon, weth from 500 million years, because the younger foss.1~
mlll_mn years ago than e readily examined strata. These youn.g:i" oss:a
i e i uppti:', mﬂ;m had less time to undergo geologic lmea -
bearing rocks aV;a‘d oﬁliterate fossils if they were p.resent. 'Ijhe on }): m
morphjoses t}.1at cc'uti n is to look at the fossils within any gwenh[? yft
¥ (;1 ec1d;3f tt]]]]lesrs l:: Zn())r direct evidence for diversit)Ir.VWe will do this after
ke re, Part IV.
ety .examine s Ijiittf)azlflil?:Sengl:om Part IV is that t.he physic.zﬁ
- 1mp0rt;mt p(;)f the earth has been continually changing and sF: t
Paturfa (e sur“ace seas once stood where continental land masses ju
is doing so. Sha OWt ins have pushed up where before there were n_onei
up foday,. and moun f;c h and south poles has varied and so has tl_1e genera
T}.le position of thitiothrough the many millions of years. It is hard to
chm.ate ofs eah desert was once a fertile, productive land E.md that
ety in Greenland, but such are the conclusions we
R tesasflone %}rlzwfossil record. These drastic changes undoubtedly
Seae Ry isms living at that time. The transition from the Paleo-
aﬁ.e G i Orga;(;:;n \Svas a period of great geological turmoil that left its
fr?;:kt?);h:ﬁnﬁiioall animal groups. In thi§ Permian-Triassic period, almost
all groups show evidence of a decre:;se in number
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Not only did the numbers of fossils from different geologlet gt
and periods vary, so did the kinds of fossils. Any major ta.\oiﬂ i
would show this. Let us look at the vertebrates, a subphy u;]' alig
Chordata, and one of the more clearly documented examples. ltg This
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Fig. 22. Similarities in exter

nal form of certain aquaflc

8 vertebrates. | [All lchtiycs
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0sa :
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similarity in exterpg form 4nimals have also been known to have $U¢
for

> the trilobites (Fig. 23), once 2 Ver)f
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Fig. 24. Reconstruction of a Silurian sea, emphasizing eurypterids with
associated snails, crustaceans, worms, and seaweed.’(Photo courtesy Chicago
Museum of Natural History.) -

Another important mollusc group, the ammonites, appear in the Silurian
(Fig. 24). Today we have the modern snails, clams, and the chambered
Nautilus, but the ammonites disappeared by the end of the Mesozoic.
In each group, new forms appear and old ones die out. Only rarely do
forms seem to persist unchanged for long periods of time.

Now let us summarize the major features that have emerged from
our description of the fossil record. (1) The fossil record covers a time
span of at least half a billion years. Prior to that time, in the Pre-Cambrian,
only a few fossils of relatively simple plants are definitely known. A
significant fossil record exists only for the time from the Cambrian down
to the present day, and this time span is divided into various eras, periods,
and epochs.

(2) The Cambrian fossils represent all the major phyla that pro-
duce fossils except the phylum Chordata. The chordates appear in the
fossil record in the early Silurian. The first land animals, which were
invertebrates, appear in this period, too. Land vertebrates first appear
later, in the Devonian. About 200,000,000 years ago, at the end of the
Paleozoic or the beginning of the Mesozoic, a crisis occurred in living
forms, as is evidenced by an almost universal decrease in the number of
fossil genera. This disaster probably resulted from extensive changes in
the earth’s surface. Following this crisis, certain new forms became com-
mon, of which the most striking are the reptiles. During the last 70,000,000
years—in the Cenozoic, that is—birds and mammals have come to oc-
cupy an important number of the earth’s habitats,

(3) In the past three eras of the world’s history, the fossil record
reveals that there has been a general increase. in the total number of
genera in the different phyla. This means, of course, that new genera have
arisen during these times, although we also know that old ones have
disappeared. Most terrestrial forms apparently die out over the course
of several hundred million years; very few survive. In some cases, forms
from distinctly different groups come to resemble each other, but mostly

there appears an increase in diversity.
47
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Betore leaving the fossil record, we should take a close look at a
selected portion of it By examining a form that has a fairly complete
fossil history, we can gain a detailed insight into the fossil record. In the
previous section, we discussed this record largely in terms of phyla and
classes; in this section, we will look at what goes on within a family, and

none is more informative thap the family, Equidae, which contains,
among other forms, the modery horse, Equus,

We will begin the history of the horse family (Fig. 25) Wit.h
Hyracotherium, more commonly called eohippus, the “dawn horse.” This
animal lived in the early Eocene epoch of the Cenozoic, about 60,000,000
years ago. It was tiny compared to moderp horses, being about the size
of a wire-haired terrier. Its relatively sma] teeth appear to be those of

a browser, i.e., an animal t, and twigs, and the teeth
have low crowns—that is,

especially thick. The Patterns or conformations of the crowns, in terms
of the bumps or Cusps and of the ridges between them, were not very
complex, and the molar teeth were clearly different from the premolars.
In the skull, the distance from_the noge to the eye, which contains the
tooth-bearing part of the skull, ig about equal to the (,Iistance from the eye

to the base of the sky]]. Another Important featyre is the Jimbs, especially
the feet. The forefeet of eohippus show four ¢

the hindfeet show three toes anq two
interpretable as the first an
eohippus but st]] present in thjg Somewhg
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form called Orohippus, anq eol B L longer
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18 arger t J i - eohip-
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Mesohippus took the place ©
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After another continuous gradation 9f slight. diﬁi;encez,i Wzsﬁn’ghz
further distinct form emerging in the Mmc':enef, ie., xEcggcfothpsti.u e
body size is larger than in any of the foreg};)mlx))lg’ c?gmnz.t : (z)-luc}] (i e
SRR e 'OUtenT]t(‘)StdZn:Ii Exrl?yi si}ndle toe on each foot. The
e the;]l, Mggjigigél;d;ot only do the}? show high crowns, but
i ha"e‘ckfmé% eof cement-filling in between the cusps and ri.dges; and
e f “; cusps and ridges has become more complex. Smce. these
Sl tllel etttlsjr suited to grinding than are those of Mesohippus,
e i g })') us, we can infer that Merychippus is no longer a
A lzlérp th;lt feeds on tough grasses which would wear .the
Lty b less stubs if they did not have some extra protection.
s FTOWH NS ment, and complex surface are exactly whz.lt a grass
e C(rlmzzssg:fnd ul; its food. It is very hard now to distinguish
grazer needs
PremOIa'TS fl‘om HEOLSISE: new larger form that appears in. the Pl.iocene,

Plrohtppu«.‘»‘ﬂ;s ;chipptts by, once again, a series of slightly dfﬂerent
F e fr?m' % the feet are definitely one-toed, for only splints re-
R s. The jaw is much elongated to hOl(.i tht? large,
m_ain s Oth('irdt‘oe .teeth. Equus, the modern horse, W’th]:J first ap-
hlgh“cm'wned g?lf‘l tmcgene after another series of graduated differences,
peared in the P BIfS ,Oh]res’ of Pliohippus to an even more extreme degt;:ze.
v e ge e.d resent our sequence of fossil development with a

i Alfth?u%llilst\izitl?grms the actual fossil reco}:d S?.OL'US r;ohiz:)lclizﬁfé:sf;d

S L b r w this chain of e
ﬁnuiﬁes" i tll?lle fl(:'[;n;S“si;li?s t?hsr’ah(\)farious other fos'sil form; w?]
R bmnCheS.tl isgit is clear that some seventeen dlﬁerﬁn't os_&;ls
know today. F rm?’l ble distinguished, and all are joil"led, thrfm:hg EOS:; 5
Sthora o l-mrst?s cmt Huyracotherium, the little eohippus o z 6;3 'dae"‘
of slight differences, to h.llde from this description of the fc)s'51 qu'1 e

3 ‘Vl.] roa we COrilcection of fossils presents a very contn;!.‘l(;us ‘11221}1’
Fmt.’ e ?xtem“)e C(S)econd these continuities are so-cleaui th(ll \’velzed
i d1fferex_1ccs.f li ht]\,«' different fossils connectmg-he b OE:]-Slt d
N Chﬂll:l g fS ﬁ%ty million years ago with the large, sing e(i OC?_I
man}f—toed browserdo T S h.ere}:o ‘S ;
S e el 8'}1’;6 justified in saying that whenever man ' as] ein
A cas.es, w?‘i the fossil history of a given gTOUP .°f animals, he
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e itmelte e pj]l sscription of the fossil record and turn to the prob-
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diversity.
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FIRST PREDICTION: CHANGE IN TiM

: that, in itself, the presence of successively different forms
tl IE - Cle?—jrod of, time is not evidence of change in those forms. We
tough a pe ‘
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the history of the Equidae and also in the history of the invertebrates.
Furthermore, we can also say something about the nature of these
changes. The size of the individual changes seems on the whole to be
small, on the order of what we would expect from hereditary mutations.
The fossil record of the horse again supports this viewpoint. Therefore,
since the data from the fossil record coincide so closely with what we
would predict if evolutionary change had actually occurred, we can con-
clude that fossils provide evidence of evolutionary change in time.

Some paleontologists and geneticists, however, believe that muta-
tions of profound effect, i.e., those that greatly change the appearance or
phenotype of the animal, are also significant in the history of animal life.
Most students of evolution discount this theory on the basis that such
large changes would not enable the animal to adapt sufficiently in order
to survive, since a delicately organized system can be transformed only
so much and still function efficiently. But strong arguments have been
made for these so-called macromutations, and they are known to occur.
Whether or not they are of evolutionary significance is still being debated.
If they are, we might expect evidence of them in the fossil record, in the
form of large differences between neighboring stages in a fossil sequence.
Such gaps are claimed, for example, in the fossil record of certain in-
vertebrates, but these gaps can also be explained by the disappearance of
certain strata containing fossils from the few million years in question.
Gaps in the record, then, may have resulted from the fact that a muta-
tional change has had profound phenotypic effects, or, as is more likely,
from the fact that part of the record has been destroyed by climatic or

geological catastrophes.

SECOND PREDICTION: ORIENTED CHANGE
Our second prediction was that we should find evidence of a direc-

tion in the evolutionary changes of the fossil record, from less complex to
more complex forms. We must admit that good evidence of such an
orientation is lacking. The area where fossil evidence would be most
informative—that recording the rise of the major phyla of the cellular
animals from the simpler acellular state—is entirely absent from the fossil
record. Presumably all this evolution was in the Pre-Cambrian, We are
left, then, with only Cambrian and post-Cambrian data.

Some modern forms are definitely more complex than earlier forms.
The vertebrates today, for instance, are obviously more complicated or-
ganisms than the primitive Paleozoic fishes, the ostracoderms or placo-
derms, (Such comparisons really depend on a detailed anatomical study,
for which we have no space here.) We could also argue that most contem-
porary forms have evolved more complex sensory systems than existed
back in the Paleozoic, which is perhaps only another way of saying that
selection -pressures extending over 500 million years have probably
Wwrought certain changes in the direction of better adaptation, resulting in

1X-3
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t an altogether convincing argu-
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Fig. 27. Parallelism in porcupines. (A] South American porcupine; (B)
African porcupine. A

immi that such similar appearances could
e iﬂSt silwclllxlil';:::ft ;lisf;:rtindicates both the plastici‘ty of living
i OUt?l o erful forces of selective pressures. Parallelism, on the
S aﬂd; : It}}(::avindependenf: evolution by two or more closely related
p e features not present in the common ancestral form. '
S Com“;ont example is found in the evolution of the South Ameri-
o exc'(al x orcu ?nes (Fig. 27). The fossil evidence indicates that
S eI;tor 0? these two species was not a porcupine but. a now
the' Lt an.t{l:lat had a world-wide distribution. In South A‘menca an.d
e 1-Od“lalntdoascendants of this non-porcupine rodent expl?lted certain
m'cﬁi?i?dtezolved independently into perfectly good porcupines.
ni d

Conclusions

Our first prediction—that animals ch?nge in time thro_ugho;hfz rz:;
lation of many small changes—is. realized. The.successlon :
e he fossil record is in complete accord with our evolutionary
e m't '(;'1 : third prediction—that certain animal forms become? ex-
h’YPOthESIS- Tleemer e, and others diverge and converge—is also real.lzed.
e Onfes extingction is not always known, but its occurrenc? is an
ke f 01—t It is clear that new forms result from the contmuo'us
Observabl‘fe a'c : line or by the divergence of a line into adaptive radia-
E};izgggn:efé\;ie of distantly related animal forms and parallel changes

i : also known.

¥ mO;Zzlzziyn:‘ie};:ggitfz(t)gﬁs—?trl:at change takes place from less to more
complex forms—is not realized. The prc.)blerr.l here .is twofolc}: (l) ';}liz
evidence we have is equivocal regarding increasing  comp thé— :
chordates, for instance, show it, but the ammonites do not, an 1( ‘) t (;
lack of Pre-Cambrian fossils precludes a s.tudy of the early.evo ut%on‘ 0
the invertebrate phyla, an area of critical 1mp0.rtance. for thl-s predmnon_
We can come to no distinct conclusions regarding this predlch.on and .50
will set it aside for the present. On the basis of the first and third predic-
tions, however, we can conclude that evolution is an acc

eptable explana-
tion of animal diversity.
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occupy the same habitat (i.e., the surface waters of the ocean) and both
are carnivores—the tuna feeds on the herring and the herring on tiny
animal forms known as zooplankton. But they occupy different niches,
largely because they pursue different food organisms.

In relating an organism, or a population of a certain kind of organ-
ism, to its environment, defining its habitat is just the beginning, for
accurate knowledge of its niche is our real goal. To describe the ecological
niches of organisms, we must understand the functioning of natural popu-
lations, and to do this we must consider a great many factors: the number
of organisms in the population, the sources of their food, how rapidly or
efficiently they metabolize as a group, the effect of the nonliving or abiotic
environment (i.e., temperature, humidity, oxygen availability, etc.), the
effect of the organisms on the abiotic environment, the interactions that
occur within the group or between this group and other ones, and so
forth—in other words, all the multifarious activities of organisms that in
some way, directly or indirectly, determine their mode of life.

Some niches are more complicated than others. For instance, the
niches at the bottom of oceanic trenches or in certain caves are relatively
less complex than those in a forest or shallow lake, for in the former many
of the conditions bearing on the niche—temperature, light, amount of
moisture—are far more constant than in the latter. Differences in the
complexity of nichgs also depend on the organisms themselves. Those
organisms with complex life cycles usually occupy more than one niche.
The mosquito larva, for example, feeds on microscopic aquatic forms
found in shallow water, but as an adult it is airborne and feeds on verte-
brate blood—a quite different mode of life.

The animal that causes malaria in man, to take a second example,
lives in two hosts, the Anopheles mosquito and man. In man this parasite
has three different phases in its life cycle, and each is passed in a different
part of the human body. The first phase occurs in certain cells of tissues
such as the liver; the second one occurs in the red blood cells; and the
third is in the blood fluid outside the red blood cells. In the mosquito, this
parasite passes again through different stages, one in the gut, a second in
the gut wall, and a third in the salivary glands (Fig. 2¢). Since the ma-
larial organism looks quite different in each of these six different phases,
it probably means that it carries on different functions in each, and thus
has a different niche for each stage of its life eycle, Although this is push-
ing the concept of the niche to an extreme, it does illustrate that niche is
the composite of many factors, which differ in the various stages of a single
organism, as well as between entirely different organisms. ¥

Ecosystems

No organism lives in a vacuum, for organisms
are inseparably interrelated and inter

: and their environment
active. A system of interacting
=]

live
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or}%’.anhisms and nonliving substances forms wh
::1 blsct anc(fu'l bezconvement]y broken up into four components: (1) abiotic |
es, (2) producers, (3) consumers, and (4) decomposers ‘

The abiotic substances of an ecosystem ar |

at we call an ecosystem,
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and microscopic suall
Al iy pic plants, u y

|
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grasses are; in lakes, the pro- \
producers, : |

gestors b()dy The vast majority of dimensions, within the in- | Fig. 28. Diagram of a pond ecosystem. (A) Abio?icdsuishnce; comp{o;ed
ma consume i ' i anic and organic material, including water and the products of de-
i I'Y consumers in any particulay habit t TS are .anlmals, and the pri | gi::;?ed profoplﬁ?m' (81) Producers, the rooted plants. (B2) Producers,
eproducers A deer is a primary " dat are herblvores, which feed on | the phytoplankton or microscopic, nonroolteg_ plants. _[Cla) Prlr‘n;ry C?tn-
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which feed on the ﬂoating algae ,of Ezls rotozoa and certain Crustacea, animals) which feed on the phy;‘oplankfon. (C2) Secon(dé;\,; (i_on:_umers or
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level of abiotic substances. [Redrawn from Odum.)

In an ecosystem, then, the last three of the four components are
composed of living things. Plants are the predominant producers, animals
the consumers, and certain microorganisms the decomposers. In Fig. 28,
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Population Interactions

Within the complexity of an
degree of specialization j
preceding section, menti

ecosystem, .organisms achieve a high
T pursuing their various modes of life. In the

on was made of the relationships of producers,

attention centers on
m, for in studying the
ally population competition, we
ments present in the exploitation

: , the animal component of the ecosyste
Interaction of animal populations, especi

gain some insight into the delicate adjust
of animal niches. -

Population interactions can generally be classified ag positive, neu-
tral, or negative. In positive intemctions, at least one of the inter;lctiﬂg
populations increases in size. Neutrql interaction is where there is no
effect on population size, And negative interaction covers those cases
where one or hoth populations decrease in size,

) decic;;zp.etrtwn [;S negatiYe interaction where both populations suffer
; ' number. The interaction involveg competition for food, liv-

> Species Occupies a given niche. A

species; niches m

ay overlap, byt
form.

, - By growing the ¢
containing the same fyiq medium gnd fo\:(? ((Jr

under similar conditions of temperatyre and li
niches occupied by the tye Populations were

eliminated, In jso] tl- other. Under the latter conditions, P. caudatum was
+ A 1solation, P, aurelig grew more rapidly than P. caudatum,

ganisms in similar vessels,
a kind of bacterium) and
ght, he made sure that the
identical, In Fig. 29 we see
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f Paramecium aurelia and
i th curves of laboratory cultures o \
5 230?u(?nrm[v/\) I:opulaﬁon densities when the protozoans are grown in
F'pcaor‘;fe cultures (B) Population densities when both species are grown in
se 5
the same culture.

{cati ia us e available food more rapidly and effi-
il'ldlcatmhg thggesz::;ifga;:’si S’C’hen both occupy the same nicllt?, there-
e 1d ex ;ect P. aurelia to be the more successful competitor.

g X Wm;hef 2ll:udy t.wo species of flour beetles, Tribolium castan.eu-m
and ]}n czrl)?:;usum, wer’e also grown separz.ately and as rrllixfed pofptzllanic\)fr;
te groups, each species established a population o g
i S?Pam ith T. confusum becoming the denser. When the pro.tozoan,
j(ilnesltm \:flllich ‘parasitizes both beetles, was introduced into .tlzle iola;cle?g
cultures: it decreased the T. c:ast‘laneun:El [;(sjgi?lt;or’} E: ;\;g;ltll:trioi 5 g; ; }118
not affect the T. confusum nearly so dr 4 R b gl
two beetles were repeatedly mixed, and one or t e o it
i i nfirm Gause’s claim that when two er
it EXtinl‘-:it’rf? Lcl:saxltle;cedt:anfgoiotlfg same niche, one must be displaced. When
e 'a i as absent, T. castaneum usually won out; when Adelina was
o Pal‘aﬁ’?e wnfusum tisually dominated, which shows how varyir‘lg one
PYGSEHF, ] CO' he can determine the final outcome of the competition.
i 2;2 examples, this time from field observations of birds, will
furtheTrvB?uI;rate the Gause principle.:. The first concerns thoset chaﬁrmlr.lgli«;
awkward-appearing creatures, ﬂam‘lngos. In Africa the gll\:ea erh an’;ng
(Phoenicopterus antiguorum) feed's in the same shallow lakes w i{'e .1ere
is also found a very similar-appearing species, the so-called lesser ar.mr‘ago
Phoeniconaias minor). At-first glance, we would suspect that such similar
g)irds sharing the same pond must be competing fo.r food, but cazeful
study shows this not to be the case, for fine Qlatelets in the mouth of the
lesser flamingo restrict its diet largely to microscopic blue-green algae,
while the coarser filter structure in the bill of the greater flamingo allows
it to ingest larger food particles, including such small animals as tiny
61
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of spruce needles. These warblers, then, roughly partition the tree into
different feeding zones, and where the zones overlap competition is mini-
mized by the varying hunting patterns of the birds.

All these examples are in accord with the Gause principle. The
laboratory experiments showed that only one species survives when two
compete for the same niche. The field studies demonstrated that where
certain forms in nature at first seem to occupy the same niche, they actu-
ally do not. These and other data confirm Gause’s principle so convinc-
ingly that we can justifiably conclude there is only one species to a niche.

Animal Habitats

Animals live in all but a few places on the surface of our planet, and
our next concern will be to characterize, and to systematize our knowl-
edge of, the various habitats that exist in the oceans, in fresh-water streams
and lakes, and on the land masses. We now have the advantage of know-
ing the rudiments of how populations interact with each other and with
the nonliving world. Note that these habitats are more comprehensive in
scale than the ecosystems and their constituent niches.

Let us begin with the major marine habitats. These habitats are
separated into divisions, the two largest of which are the neritic and the
oceanic zones (Fig. 31). The neritic zone extends from the high-tide mark
to the edge of the continental shelf. The dominant producers in it, and in
the deep ocean as well, are floating algae, called phytoplankton, although
in some locations the algae attached to the bottom also become important

Fig. 31. Oceanic life zones (after Hedgpeth, modified from Odum).
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their adaptations. Some develop suckers, hooks, or sticky body surfaces in
order to cling to a solid substrate or to move across surfaces swept by
currents; others possess streamlined body shapes. Behavior is also a clue;
if an organism tends to face upstream or to press closely to surfaces,
chances are it belongs to a lotic population.

Streams are usually relatively shallow and therefore have a large
surface compared to their depth. These lotic waters are ordinarily well
supplied with oxygen, with the result that most of their inhabitants are
very sensitive to decreases in the oxygen content of the water produced
by the discharge of wastes into creeks and rivers. Since streams also have
extensive contacts with land, the major portion of their nutrients falls into
the currents from their banks. Another large nutrient source for certain
streams is the detritus washed in from lakes.

Lentic waters divide into three major zones (Fig. 32) that are sim-
{lar to those of the marine habitats. The littoral zone adjoins the shore
(and is thus the home of rooted plants) and extends down to a point
called the light compensation level, or the depth at which the rate of
photosynthesis equals the rate of respiration. The limnetic zone includes
all the waters beyond the littoral zone and down to the light compensation
level. Below that level is the profundal zone.

The animals of a lake or pond fall into the same categories as those
in salt water: zooplankton, nekton, and benthos; an additional category,
called the periphyton, consists of the forms living on the rooted plants.

The habitats of the continental land masses are naturally quite differ-
ent from the aquatic habitats discussed above, most notably in their dearth
of water; the distribution of this precious resource determines the habit-
ability of particular geographic areas (compare a rain forest and a desert).
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Fig. 32. Life zones of a
fresh-water lake (modified
from Odum).
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Furthermore, as a whole, terrestrial habitats are more diverse than aquatic
ones. The gaseous atmosphere is not as uniform a matrix for life as is the
liquid hydrosphere, as the watery parts of the earth’s surface are called.
Hence, terrestrial habitats often show greater extremes, as of temperature,

and sharper discontinuities, as on opposite sides of a mountain range, than
are found in the ocean, for example,
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Figure 34

Wallace's data on vertebrate families and mammalian and bird genera.

Regions Vertebrates Mammals Birds

: T"’.’“,l Unique| Total Unigue’genem Total Unique genera

families |families genera | Number % genera | Number %

Palaearctic 136 3 100 35 33
lear 35

Ethiopian 174 22 140 90 64 égi 1'% 60

Oriental 164 12 118 55 46 340 165 48

Australian 141 30 72 44 61 298 189 64

Neguooicaly| s A Wt oR 8 55 b e e 7 | 683 | 576 | 88

Nearctic 122 12 74 24 32 169 52 31
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Himalayas, that sepa-

Third, certain animals (

> Mountain ranges, and deserts.
places. This latter pheno

e) live in widely separated
ned by the fossi] record.

ple. Fossi] camels have been
earliest came] fossils are Ne-

Menon can he explaj
Take the case of the camel, for exam

found in North America, and, in fact the

arctic, not Palaearctic or Neotropical, S0 We can reasongh] lude that
camels arose in North America (hyt have since disa ea_): ((:Ioltl}ceuet)e il
spread t(.) both Asia and South America where they I}))z i e 1t rb]ished
and persist today. For this Migration to haye oceurred, 1aITc11ebefda o
have joined Asia and North America, ang fossil evi’deni[; sugpglis the

V.lew tbat the Nearct}c and P alaearctic Zones were Connected at various
times in the Cenozoic,

Before leaving animal geo

graphy, we must menti i iv-
alents, those organisms that oce tion ecological equ

R, b “PY essentially the same ecological niche
in similar communities or even biomes but in different zoogeographical

regions. These equivalents, signiﬁcant]y enough, need not be taxonomically

related. Here, for instance, is 5 list of the grazing herbivores from four
continents.
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i 1 Australia
North America Eurasia A South Africa s RGN
Bison Saiga antelope  True antelopes arge kang:
Pronghorn  Wild horse Zebra

Antelope Wild ass

i th Amer-
Other equivalents are the jack rabbit of th.e weste.r‘n Elf;E?Ji?rfaiIgrc};P}’bara
ica and the capybara of the Argentine plains; the ]d}C; a el
are members of different orders of mammals. Per ﬂl;i ared to the other
equivalent mentioned here is that of the_ kangarloo 0(113 nl:)‘“ L
grazing herbivores. Kangaroos are being dep At T e T
ranchers are introducing cattle and' sheep, just as cz
replaced pronghorn and bison in ﬂ?'s Lo aphy. We turn now to see
This ends our study of ecological Zof)geogml:,ity; have been realized.
whether our predictions concerning spatial dl.\’erl f)orms represent differ-
Our first prediction was that different anima different niches. How
ent modes of living or, as we can now say, f);;]c?!py case of the flamingos.
can we test this prediction? Let us start w1t_ ll'et'Il the same niche, it
Since very similar forms were apparently exp (t)l 111%0 the prediction, but
might be thought they would constitute an #ig 1Ocies feeds on the pro-
closer study revealed that the lesser flamingo SE emingo species feeds on
ducers in the lakes, the algae, while the gfeat:;r S]ic animals. These two
the primary consumers of the lake, the .tmy'ﬁ i t niches. Our examina-
different populations of birds thus exploit di ereﬂt compete for the same
tion of the warblers revealed that they, too, do noﬁll the same niche, for
niche. Nowhere in nature, in fact, do two forms ies compete with one
the good reason that if members of a gven SPT;tion size (see p. 60).
another the species will suffer a decrease o p(.)pu species is unavoidable,
The intense struggle that goes on within Ia if) 2hles constitution,
since the members of the specics ge:}i:lssih?afyt':ﬁ exploit essenti'.lilly t:hg
iri nother, an i overlappin
:;E]:e;};cil;n 11&1-’11:; Otnvioasomewhat diﬁerel_it f‘g‘?znsec:l‘li}é decrease all
niches, however they can capitalize on Loty filtrz opulation struggle, by
Comp(;tition, exc’ept for the still unavoidable intrap

- h a develop-
f the niches. Suc
evolving characters that reduce the Ovelrlaph?ch only happens, of course,

; W 11
ment is called character d"s‘pliweglz:é’liviﬂg together; where t}:ley 31::39-
whe ulations involve ized. Each species, ther
aParrt1 izszw:hgfizter differences are not emgha:;z cases of character dis-
fore ;'epresents a unique way of life, or, 8 1%

’ niqueness. it 3 d
Placement, seems to be evolving SUChS:idqwe would find distinctive an
N » intion. We
In our second prediction,

i 1and
c contmental
at least mammals, on the sep'lr e
i tic fauna, or at

. istinctive
lized. The distinc
iction has been only pies i ly in a gen-
masses. This prediction has h continental boundaries only

P ; _ : ial
Mammalian faunas coincide M}tleqst Asia the main barriers are terrestria
eral way, for in Africa and Southes at the words, “distinctive and char-

th 1N §

and not aquatic ones. We see.I‘l:Wwe did not specify how distinct and
a » : 15€.
acteristic fauna,” are imprecise;
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unique a fauna we were e
SOme genera are shared g
shared ones to enab]e us
are present in the fauna]
level, the prediction woy

With thig prediction, we have not, op th
ress. First, our chogep geographic are
although other recognizah]
spell out carefully engy
tic fauna.” If e had s
could not haye tested

xXpecting. From Wallace’s data, we know that
nd some are unshared. There are enough_un'
perhaps to argue convincingly that distinctions

zones, but if we Compare the fauna at the family
Id not be fulfilled,

e whole, made much 'Pl'olg'
as did not turn out to be valid,
€ geographic areqs did. Second, we did ﬂ_Ot
gh what we meant by “distinctive and character 139
aid distinctiye and characteristic species, we S_n“
the Prediction, sipce comprehensive compﬂmt“"?
i had specified genera, the results
> Since we could say we Predicwd
e had specified families, the data
Supported the Prediction. We should now discard
§ 1ot precisely, formulated ang realize, from hind-
; 5 s with certaip unique genera and 1
very few unique families (,, exist and thag such uniqueness or lack of it
s related to problems of historica] geography (recall the example of the
camel and the PaIaearcﬁc-Nearctic Cenozojc land bridge).
Qur third prediction stated that Similar niches could be filled by
grgamsms from differeyy taxa, The €xistence of ec;ologl'czll equivalents
o e b 7 8, e
niche filled by ks § herbivores o the Australian grasslands,
: s °¢ animalg jp other grassland hiomes. Indeed the whole
izﬁlr:lgn?lzag ad'aptwe radiati aISupials (animals whose newborn
Velop in ; R stralian zone
shows many cases o m&tliﬁiliel:t:}]fnfl\_nllix?a:;};m(livl1ose
iples are the maper }?Orne pie.lcenta Rihe mOthe.r) Of
arsupia] T asmanian wolf and the placen
fVeS, e arsupial flying Phalanger and the placental
other Zones, and g, forth. oy, , smaller scale, to cite
alapagog ﬁnches—-oflen called Darwins
: s which are occupied on
€quivalentg do fu £ oodpeckers ;}:)(: Sfﬁ;g;er;lem
lephant or rhino of the
dre common to both zones.

tal Holarctic wol
flying Squirrels ¢

Pical zope of the
although, Savanngl biomes

The first ang third predictions h

ave beep fully realized, The second
ause

: it is tog vaguely stated to be care-
ound j s /e can
now conclude, theref, d it to be fulfilled in part. We

ict if ani 1 of spatia] diversity we would pre-
dict if animals have evolyed i« : R ty :

2 15 indeed the 1. iversi e find in
nature today. e kind of diversity we

4! Sai
W ave now e\.dnl“led VO detS Of our PI Op()
e h. t| 7
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ion is ¢ :planatory hypoth-

at evolution is an exp : :
th'dt For animal diversity. This (ihatlzt;_
es'llsl be devoted to the third par.t, ? o
wi S

iction that the a
i he prediction ‘ s
ing tbe 'l:rranged in such a ?va)lz asse‘
= esent a plausible evolutionary
repr d
! logeny.
quem: Oxrvzll);] frug in the case of the other
s

i cer-

first compile a :
ctions, we must d information
be critically
k is to take

edi
Eqrm amount of backgroun

before the predictmg . ctz;nta.s

Juated. Qur imme 195' ksl
i look at the major a sl
i will examine In .det,n‘ %
i W? less phylogenetic 1mp01tanwe,
Othf?f?a ; ch on only briefly. Becmllse‘ e
e to believe that the evo utloto
Dt e is from simpler forms ks
i Sequen? % ones, we will start wtll
11'101'9_0(;"{;1; ephvla and progress to the
the sim 3

. ‘oups. .
licated gr vill in-
more Compach mﬂjOl' taxon, we V
For e

i ement of its distin-
clude_ a bill.(:fons']tiiZl features,l f(?f]il();:;ii
ZEisEi ad‘iscussion of the signi c.hnt
by a short tures. The more impor :b 2F
2 theseWifﬁﬂbe accompanied b:e adg:aﬂ

ROSDE i ation in SOI =
gontaining 1;1f:ri§?a]’;;o N di'scu;s?osn
Finally therd Wk e relgtmns i_Ph,
a suspec"fel attempt to determine wh1cl
e WI]l'v‘ing organisms most clﬁsety

oHDAG tlhe forms that are thougﬂt ;

e al to the taxon under consi elzrd-
e ancestl}']‘ affinities, it will be recalel :
e d by the study of homologies
e We study the problem
(see Chapter 3).
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this way for two reasons: (
or, indeed, in ten such vol
of each and every species,
number of taxa; and (2)
and problems of phylogen

1) we do not have the space in this volume—
umes—to elucidate the phylogenetic relations
and thus we must concentrate on a restricted

We can more readily grasp the broad outlines
y by studying the larger taxa.

Protozoq

e Frowz0a are o heterogeneous group of unicellular animals or,

as we prefer to call them, acellular animals. Their heterogeneity is most
evident from an examination of the major subgroups. Usually the Protozoa
are subdivided into classes on the basis of their mode of locomotion. We
ch does not reflect the natural relation-
. rouping is suggested in Fig. 35. Its chief
¢ Is that it far more nearly approaches one aim of the modern
Systematist, i.e., that the 8roups be monophyletic, than does the taxonomy
based on modes of locomotion, -

The Radiolari

ships within the group. Another g
advantage is th

a, Actinopoda,
flagellata are commonly treated 5
they all show some form of pse
for locomotion ang food ¢
must be changed in the |;
still do not know

and the ameboid members of the Rhizo-
§ a single group, the Sarcodina, because
UdOPOdia‘—PTOtOplasmic extensions used
apture. This usefu], though naive, classification
ght of modern principles of systematics, but we
enough about the biology of these forms to know

arisen from different groups within
Chrysophyta), and if so, the group Actinopoda
d be split into two independent taxa.
a are a large, diverse group, Both ameboid and
o c;}:niebd 1(111 this grouping because certain forms e
o exampfe L 01d and flagellate, Tetramitus rostratus (Fig
* WIS tiny protozoan exists in two different forms. In
Wl'_'iP:like" structures—the ﬂagella—-WhiCh
- In the cther the flagella are absent, and blunt
; change from one form to the other takes
=08 C}}a“ge in the salt concentration of the cul-
A iltI;etl}fle rll_:‘l‘izoﬂagellates, however, are exclu-
exclusively flagellate (Fig, 14d). (Fig. 14c) 5 4 good example—or
Thc? Sporo?:oa are all parasitic forms ang includ h ites as
Plasmodium (Fig. 2¢). Certain stages of the )ife e;clz Sol’lr‘esoglirff them

reveal flagellated gametes, | !
rhizoflagellates. rence their presumeq relationship with the

The Ciliophora (Fig. 14f
protozoans. Although their cili

and the Acantharia, Thege may have
Fhe yvellow-green algae (
1s polyphyletic and shoul

The Rhizoflagellat
flagellated forms are in

strangely enoy
36)

.) are probably the best-known group of
a seem to bhe nothing more than short fla-

Phylogeny
Figure 35
i i o ok
Major protozoan groups. (For illustrations see Fig. 14, Chap. 3.)
Suspected
i nities
Groups Distinguishing taxonomic features aff

Pyrrophyta (a group
of flagellated, usually
photosynthetic algae)

Siliceous skeleton; perforat‘ed cenn:‘:i}vcag-
sule; slender pseudopodia; usuall

i ; ine forms.
herical shape; marine
5Elljxample: Aulacantha, Acanthametra

usually Chrysophyta (the

Radiolaria

Actinopoda Skeleton occasionally siliceous but Sl AR e
k non-siliceous; no central capsule, o{;. oo
present, not pcrforated;d pserH:én &
(with central, s]ender'ro )h c(e i
opodia; usually of spherical shape;
and fresh-water forms.
Example : Actinospherium ) A
; boid ~ Chrysophyta, :
: : llated formEis i, different from
Rhizoflagellata ;\mcbo\l:lit }:)rb i:;%e Elunt pseudopoilla r‘}’: ﬁ:g;’é’ diforent from
e : i a network; > p
often forming e
illf::](ll: rprzggs,t in many forms; Sorxfﬂfﬂzf::
multinucleate. Flagellate’ forrnir> L o
or more, occasionall'y‘severa o e
flagella, often contmmggp aT;sitic ROR
favine -water, an
Mamﬁ?ag;i:s?vt’xmoeba, Coronympha il
: i ata
. dy Rhizoflage
i variety of bo
g rasitic, showing 2 :
" -I,\()ll!mlzzl Gametes of some ﬂagcl(l)z;teclin laria
Example: Causative agent a8
Plasmodium, Nosen e s
ical and T t from
Ciliophora Commonly bilaterally syrrtlll:’!i::f:m im. group differen

those related to the
Sporozoa.

covered with c.ilia, but wi
portant cxcep_tlons;
mouth; extensively d
mic organelle

erally located-l Paramecium.
Examples: Dileptus, - solution 1720

of standard

i hism;

uclear dimorphisn

itfljferentiatcd cytoglas-
s which are mostly perip

strength

|n solution 1/8

strength of standord
In standard

solution pseudopodium // /\
Nucleus /4 |

—

Cyst wall N\ [ 4j \
'9. 36, Response of Tetra- /,/ NS ot SRR
mitys rostratus to different V4 é “. \ ——— |¥EEs /,
C.On(:enfraﬁons of salt solu- 0 /-‘ / k./”’
tions, (Modified from P. P. AN /)// —
PSR AN |
- Paris: assen e :
1952,) et oy
Resting stage o

or cyst
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gella, at least structurally, other characters clearly separate them from the
rhizoflagellates. Their two most distinctive features are (1) their mode of
asexual reproduction and (2)

Ciliophora are also called, un
production (Fig. 37); the fissi

their nuclear dimorphism. Ciliates, as the
dergo transverse fission during asexual re-
on plane is at right angles to the long axis
of the body. The zooflagellates, on the
other hand, undergo longitudinal fis-
sion, as we have already noted. Nu-
clear dimorphism means that the cili-
ates possess one or more small diploid
nuclei, called micronuclei, and one or
more larger, usually polyploid nuclei
called macronuclei. Other important
characters are: a mouth or cytostome;
differentiated cytoplasmic structures
lying near the body surface such as
muscle-like contractile fibrils; fibrils
that supposedly perform a nerve-like
function; and contractile wvacuoles,
which pump excess water from the
ciliate’s body.
B Since the protozoans are a poly-
phyletic group, we should abandon the
term Protozoa as a taxonomic category.
From here on, then, we shall use the
term only as a common name, to refer
collectively to acellular animals. But
now how do we treat the groups for-
. rotozoa? There is n od answer to
this as yet. The Radiolaria are easily separable from th; ng(;rcc)lpl;liflta their
most closely related forms, and might well be a phylum. Perhaps ;)ne’ large
taxon could include the Actinopoda, rhizoﬂagellates, and Chrysophyta,

since no clear differences exist between certain members of the former two
groups and the vellow-green algae

from which th
Sporozoa could be included in th AT e The

0zC e rhizoflagellates, The Ciliophora are
s0 (]'1st1n_c;t that they deserve the status of a phylum a]onglwith the
Radiolaria. These are some possible solutions, but obviously more Sys-

tematic work is needed on this problem. Since the protozoa in all prob-
ability evolved from the algae (Fig. 35), their taxonomy can only be gI'OP‘
erly understood in conjunction with a taxonomic study of the aléae

In summary, the protozoa are acellulay animals that show affinities
not only to each other but to at least two groups of algae. They are un-
doubtedly a polyphyletic group. The arrangement of monophyletic groups
presented here is consistent with modern taxonomic principles, but the
taxonomic status of these proposed monophyletic groups is still unclear.

Eig 8378 Tean

i sverse fission in Pargme.
cium aurelia. (A) Diagrammatic rep-
resenfation of 4 nondividing animal.
(B) Dividing animal: compare with
the photagraph in Fig. 14F.

A
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Porifera

The sponges are a large group of aquatic, sessile, filter fe;edszisl.l g’ﬂ;}e}:z
attach to a solid substratum in either fresh or salt watlte;; ?vnat;r e
flagella present in certain of their cells, form;i 1current s Sl
their bodies (Fig. 38). From this water, they filter out p

material which serve as their food. A sing_le
sponge consists of many cells, held. togeﬂletl’h“;
very loose aggregates—so 1005(3, m fact, a
no real tissues are formed and the Sp.onges al'g
considered today as little more than integrate
colonies of individual cells. The most charac-
teristic cell type is the collared _Cep i Ch(:}aggc;
cyte. This flagellated cell is similar to -Ih'
found in certain zooflagellates. Lazeehy fOllt lci
reason, the sponges are thought to have evt; ve
from colonies of choanocytic zooflagel El.tt(lalse'
The way certain sponges develoP f.r OI-I[]. to
fertilized egg, on the other hand, is 'sulm AI{‘3 g
the development of certain colqma %r et
algae (Chlorophyta). These two lines 0 i
dence suggest that either choanocylic stral
flagellates or colonial green alga'e L e that
to the sponges. In either case, it ap pears'was
the cellularized body of the Spongels of
achieved through the integration ofialCo ]
€ither protozoan or algal organisms.

Platyhelminthes

of

The Platyhelminthes or ﬂatWOl’m;l:r:le of

the greatest importance to ﬂ.le 2 classes
Phylogeny, This phylum contains tw% toda
of Parasitic forms, the Trematoda 2t ‘(;S ar‘;
and ope class of free-living f()rmS-_? eclziss
especially interested in this nonparasitic €%

: ] f bi-
Called the Turbellaria, which consists ©

ranging
: flattened worms
Aterally symmetrical, usually dorit yERE

xternal body
everal inches 1D Iength'_ The':ai.a One mid-
Tom a micrOSCOPiC size up to s Cove[ed \ﬂth culd.

T T ; d

SWiace, or at Jeast part of it, is t}‘f};cfor« both the ingestion of foo;{ ct; 3

ventr, . o mouth ser -living groups

¥ et:ll opening Caliie'deited matter, In all 'the _frZeC}wit;g, which is also

one (g:(s;)l;n Ofﬂu 2 :ngouth opens into @ dl.ge;t(l):h di:qests and distributes

known tha)’ i ascular cavity because it :
as the gastrove 1

the food to the body.

5 Diagrammatic
Fig. 38. f(a?iim o{?ﬂafer cur-
d filter-feeding
A collar cell
(Redrawn

represen
rents aroun
sponges. [B}
or choanocyfe.
from Buchsbaum.]
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These worms are hermaphroditic
or monoecious, that is, an individual
can produce both eggs and sperm—
but self-fertilization is the rare excep-
tion, not the rule. There are well-
developed sexual organs. Except in the
Acoela, nephridia are present in the
free-living forms. Nephridia are excre-
tory organs consisting of a tubule,
which may be branched, leading ex-
teriorly; interiorly the tubules may be
closed (termed protonephridia) or
open (metanephridia). In the Turbel-
laria, protonephridia are present (Fig,
39). Beyond these general similarities,
Fig. 40 should be consulted for the
characteristics of the four orders of
flatworms we shall consider. The rhab-

docoel and alloeocoel orders are not

Figure 40

Maijor turbellarian platyhelminth taxa.

ORDERS

EXAMPLES Symmetry Body layers

Acoela

Rhabdocoela

Alloeocoela

Tricladida

Polycladida

Convoluta,

Bilateral
Amphiscolops i

Epicytium,
cctocytium,
and endo.
o cytium
Polycystis, Partially
Catenula cellularized
cpidermis,
mesenchyme,
and gastro-
dermis

GL‘Uanll’p})Irom, L “
Monocelis

Planaria

Extensiv
{Dugesia) ve

cellulariza-
tion of epi-
dermis,
gastrodermis,
and certain

mesenchyme
largely syn.-
cytial
Notoplana,
Decodelus “

OTgan systems;

Flame bulb

Fig. 39. A turbellarian pro-
tonephridium (redrawn
from Hyman).

(For illustrations see Fig. 13, Chap- 3

MAJOR FEATURES

Special

E
Body cavities features CHARACT

Appendages

None None of Internal
general

importance

Tiny,
ciliated
worm-like
form

modal P
cleavagt:
larval form?

Internal f€
lization, 5P
cleavage:

Very small,
ciliated
worm-like

form larval o

Very small,
partially
ciliated,
worm-like
form

Small,
ventrally
ciliated,
flattened,
worm-like
form

Small,
ciliated,
fattened,
worm-like
form

Nucleus

i
DEVELOP“ENT

jlization: f
fcrtdll_ﬁcd apird

rti
ird

forms
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satisfactory taxonomic groups and are presently bein
new revisions would introduce unnecessar
shall ignore them here.

The first point to be noted :
group is probably monophyletic. The parasl
from the free-living forms, an
to an acoeloid form as the ancestra
fore of the Hatworms as a whole.

The cell divisions of the flatworm zygote pro
orient the resultant cells into a definite spira e
ment is termed spiral cleavage. Each lcell in f;rm
to play in normal development. Cert.am ones 2B
layers of the adult organism; certamn others

duce cleavages

digestive cavity, the gastrodermis; one W
the structures lying between the epidermi
layer is the adult mesoderm or mesenchy 1
mass of cells. Since the way organisms s
since animal form is the essential S
of the basic concepts relating to anima bryo, cal
use to describe the major parts abite emhf)ywil in
their derivative structures in the adult are §

ment. T
1 develop led germ layers

Fig. 41.

ORGAN SYSTENS piratory Sheletal

[ Res
Digogy; Sensory s Excretory Circulatory
{ve Reproducti o neriol : —
uctive  Muscular an ' i L
M/‘
n‘gl‘ﬁl‘]ﬁ Monoecious ~ Peripherally ~ Fibrils of Non
] located so-cnllcﬁct y
Hicloley ; Ecl’;:hrsm“': nerve | :
Mouu l Proto-
: i ently Aed
llhg“ﬂ‘,n 5 Muscle ‘;\rrl’]gax:ervous nephridia
Cdvm“c Sllslslgl?' tissue, plus
circular sensory ;
and inner structure:
longitudinal
musclc? ; ]
lus others 1
Mﬂu(h o P ¢ g
gl)!la’?ﬂ'x ™
Igl'stivc-
ca"ily
:lhicl.’
diav have
\@rlicul ' "
k\'to i
Lll i
Pc:]a"-"i:l'x (7 i
lrrt"?“ Pro
lu"'hlc) R
bhl‘q,:_ »
d}a"’ihcd
Cagi ;i\'e
Wity o
d“c"iclﬁh
w“ “
.
Duth )
hapots A )
Dighy, “
Tan ot
(o1
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g revised. Since the
y details for us, however, we

about the Platyhelminthes is that the

tic forms presumably evolved
ithi ationships point
thin the latter the relations

i luform of the Turbellaria, and there-

that

| pattern; this type of develop-
piral has a specific role

the outer or epidermal
layer around the
-ell-defined cell gives rise t.o all
is and gastrodermis. This rrmfldle
me, which is a loosely organized
'y determines their form and

i is book, let us review some
e o he terms we shall

and

B

SUSPECTED
AFFINITIES
| s s
Ciliophora
or coelen-
terate
planula

Acoela

Acoela

Alloeocoela

Acoela
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C)— (1) —

e U

Zygote 2-cell stage 4-cell stage

Blastula

Blastocoel

SR
Blastopore /

Gastrula

Start of invagination

The germ layers and their derivative structures,

Embryological

Derived adult structure Position in adult

Qutermost parts of the body, linings
of the oral and anal ends of the
digestive cavity

Lining of the digestive cavity except
at the oral and anal ends

tissue or
germ layer
Ectoderm Epidermis and associated
struclures
Endoderm Gastrodermis
Mesoderm

(a) Mesenchyme—loose[y
connected mass of cells

(b) Well-differentiated

mesoderm—cells organized
info tissues and organs

Between epidermis and gastrodermis

Between epidermis and gastrodermis

?ig- 41, Selected aspects of animal development. (A) Diagram of the
w}:sf three divisions of the fertilized eqg, with spiral cleavage apparent 1N
the 8-cell stage, (8) Development of the hollow, spherical blastula info @

gastrula by invagination. (Front half of th i d.) (C) Germ
layers and their derivatives, e i Temaver.), (G

If we look carefully at the anatomy of the Acoela, we find that ex-
cept for the germ cells—th

cytial, that is, there

€ eggs and sperm—the body is essentially syn-

. that are no cell membranes separating the nuclei; the
nuclei lie in a commo

contractile fibrils, and the so-
entities which contain no n

organs, ie., those made up of cell

This lack of cellularization ;
clusive of the germ cells)
an ancient, relatively sim
argued, however, that it

0 cytoplasm, The differentiated structures, such as

called nerves are differentiated cytoplasmic
uclei. The Structures most nearly like true

ularized tissues, are the reproductivé

! 0 the soma (that part of the body €x-
'S Usually interpreted to be a carry-over from
ple type of Organization. Some biologists have

ved simplicity, that Turbellaria at one
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neticall

were initially quite complex and therefore place tt(gh:n\:@gl;}y;lgc; arthm)f
closer to other complex forms such as the segmen i o
pods. That the Turbellaria might have 10f;t CB[‘tall":lh TR
it difficult to determine their relationships to 0 e‘e \f R
very general way. Those that espouse t'he ﬁrs'; v:i éisag;ee s
o A ils x Seco:lcxlfiglijr‘;;vlfel’ieve that the general

i acoels were ev : ; R ST
f;JC:.(I;)]’ ffr(:):; v:r?ac};yilgzlasmic differentiations ig(mlt tgntil; tf)lrlfa]:: i
fatiiecty tow clliate fe GRS i mos‘t i etczrd from the larva of the
number of researchers think the Acogla orlgH;‘- e
Cnidafia, the group that includes the jellyfish. To

Cnidaria

j : lenterates are less
; idarians or coeé :
iologists claim that the cnl ixst, for many year
Com i\:a]’:}}: bl:llazgfllsaiworm% for two major re.asonsijf;’l; bodies composed
¥ (I:)nigari:::s were thoughELEATs diplOblaSEicl,otgler cellularized animals,
Bon. : ir bodies are
i layers of protop: . use their bodi

zii?ngfﬂlyt%f g tv: w};re termed triploblastic, b::acareful L0 Ee
forr:ec;n E‘ eis:lrl):;:eg]a’yers of protoplasm. .Bllt I:0Between Sl o
S cgg;enterates it tIiplOblashec,sflc;r;)unding the digestive or
I i contain-

dermal layer of the body and the inn: i
gastrovasgular cavity, the gastrodermis,

there is & jelly e
ird body layer, a
Ing scattered cells that can be cons'ider.edt}’ililself;l; 1o
Mesenchymal mesoderm. In the Cnidaria

alled the mesoglea.
than the
idari e less complex :

inking the enicar e biradially, in one

: : Secon‘d reaﬁont}for f?cltn lgll.;gt they are radlallﬁfo éltzlr . e1 e

El:gililyﬁntz:rifal ]eust why radial syml?etry s S

. . s SO eason

Complex than bilateral symn}etrgg 11501rllger s tli;el i;i‘;li‘rii;ﬂles s

l 1S 1L he o

% A rgajs: discretion and placec}otrm e

Orsgﬁe’ ge; - 1llnseecause there seems t0 be no ke i i
e Cnidaria,

as simple as the simplest turbell

arian flatwor™h Ty oria, despite their
I kn h sition. The more complex
$ & weakness in this po ‘
SYneytial characteristics, aré Pro

idaria.
bly more complex than the Cni
bably
i e will em
OWwever, since we must decide, W

phasize the simplicity of the
4 tworms.
L rtain other flatv Y
than the comple:ut).f of ce il animals with
coel flatworms rather dially or biradially Sydermis and inner gastro-
fas Cnidaria.l & r?i layers, the s eI';}he number of cells in the
0 major cellularized 30 tZ {556k of mesog]ea.n e N ers of the phylum
°IMis, and an intermeci ¢ of cnidarian. A lusts, containing special
nesoglea varies in each tYlsjpecial cells, enidobla 'fs’t is capable of explo-
et I et it
% ! ; ; :
Oganelle, the nemm‘OCfJ ad-like tube armed Wi B .
Svely discharging a thl'ﬁ;tic armament of the cnl
POison, This characteri
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Nucleus

Fuz. 42. Coelenterate cnidoblasts. [A]
; S:’nac:,ocvsf undischarged; (B) nemato-
ium ]ISCharqed‘ {Redrawn from Buchs-

asionally fatal, injuries to humans
of jellyfish,

is phylum (Fig. 43). Of the tW°
—the polyp and the medusa—the
S Scyphozoa essentiaily only the

e Cnidarjg
l'nEduSa, and the

POLYP .~ MEDUSA
: Velum (absent in

scyphozoan

Oral side

R
12\
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T .....1.-,3‘.

Fig. 4. Typical coslenterate
Efocly forms: tranverse sec-
tions of polyp and medusa
(the latter is inverted for
the saks of comparison).
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Aboral side

Aboral side

al form produced from sexual processes is

In all the classes, the larv
ciliated, solid mass of cells. In

called the planula, which is a completely :
those forms that have only a hydroid stage in their life cycle (certain
hydrozoans and anthozoans ), the planula settles to the bottom, attaches
at one end, and develops a mouth and tentacles at the other end. II’.l those
forms with only medusae, the planula develops into & metdusa-dlrectly.
In certain hydrozoans, both medusa and polyp are present In a life cycle.
Here the planula develops into a polyp which then buds oft medusefle by
an asexual process. These medusae in tuin produ‘ce the gameteis th‘]*t ‘z;m’
Upon fertilization, the zygote which develops into a new piant a, thus

c)’linder- one end i Only th C()mpletin the ]er ¢ cle (Flg 45) .
: 1 attacheq € polyp. The polyp is basically 2 Sai e cy ¢ e Cnidaria and the inter
mouth surrounde }, to the Substratym and tlﬁe ﬁler contains 2 Biologists disagree about thess;linzhti)nk A e

tentaclag -
Compared Y tentacleg, Ty,
p tO the h(- mEdusa is a free_s‘vimming form and,

Yelations of the cnidarian classes. s S

ylum and t

. i polyp. s . ;
axis (Fig, 44 P, Is g cylind } & more nrimitive members of the ph
polyp becay s)e T};:% h drozoay, 5 s m}wh compressed along its centrd the most sgecialized Others assert just the reverse: Il’roponents of thir ﬁf;
lacks Septa-Vertl't as radiy] SYmmZtP_ is (lhstinguishable from the anthozoa? ; View believe thqtlt}'le Cnidaria originated from bilaterally symn:ie : }i;r
cavity, Th ical gast‘roderm.] 537 (insteaq of biradial symmetrY) an {‘ urbellari d‘ | he biradial symmetry of the anemones an i
€ hydrozogy e al ridgeg €xtending into the gastrovascul 1 ria and that the R TE Jovelopment of a sessile

usa i
5 e i | n
Presence dlstlngumhab]e from the scyphOZOﬂ

. a .
Jellyfish, bel] vetum, an inward extension of the "

margin of the I

D is one consequence of this par
:‘lode of life led to radial symmetry
Xample) no longer needed by the
*educed in size or eliminated. The ot

(such as mesoglea, for
inactive animals were
ought believes that

and structures
increasingly
her school of th
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' an e i i ]
l . ;ézzsﬁcei ?;212236?0 :)2 atut}:ii;ha; h:eis gglzsalgf in the anterior end of
. it Dol o pturing food. Li e the ﬂat'worr.ns and cnidar-
i y ins no cavities other than the digestive one. Spiral
R t%] i E present in the early stages of development. Most workers
emertina are closely related to the flatworms.

Aschelminthes

AL aﬁlthough thi.s phylum contains an array of forms that are related
| BT by respects, it may not be a monophyletic group. We consider them
e et:ia'use they show an anatomical feature not seen in the phyla

betwey iscussed. This new feature is the pseudocoel, a cavity that lies
i en the gastrodermis and the outer body wall. Since this body wall
composed internally of mesoderm and externally of epidermis, and

Scyphistoma —
asexual stage

Elg. 45. Metagenesis or alteration of
enerations in Aurelia (redrawn fro™

\
Buchsbaum)., }
a medusa i ‘ n ’
Cnidarii.a:, t{le more primitive hody ‘ “giha cuticle on the very outside, the pseudocoel is a body cavity lined
medu5a~lj]<eofc‘)’9d from a hydroz()aﬁ orm and thinks that the present—d3Y ‘ a bl gastrodermis and mesoderm. It develops out of a cavity, known as
medusae, or (;r;l’saEEd the .ac‘tinul’a.1 I’II'I‘;;:h;C}:j the planula develops intC { NEma;:sggelt h( Sfi'e Fig. 41), found inththe early emlzryimilc sta_ge:}.fln ;he
medusae, or (3) inIt)on attachment, iptq poT nula can develop (1) into i e )Se ed argelst_ anddplerhaps e most uzrl]potri ‘fun 0;: z:;smTh is }?0 5;-
Polyps fr yps that will then produc® | wall hOusI:es uthocoeﬂ]m adu Fslicoletams repr; :::n ] eSpi%al : leé:age )Sz
, e other specialized organ s s ; i
' fhnities of the Aschelminthes to

Present in the Aschelminthes. The a

Other groups are not well known. The best they are distantly

this wa
Y, the vari om whic
ous classes of h no medusae are produced. In

were evolved cnidarians i
. The adherents o s s With their typical body forms
guess is that

planula is the prj o thi
Primitive 1S second vi :

and they have coelenterate f, viewpoint argue that the f rel

sh Suggested t orm which Y ated to the free-living flatworms.

aped colony of green algaehéi :3}2]8 Planula evolvgéeiigrid i }E:C?il;:]i; g

orophyta). a sphe
) Annelida

eature of the annelid worms is their

Nemertina L o The outstanding anatomical f
‘ gMentation, Tn an ideally segmented animal, all the segments of the
| found, for segments
|

0 TR
dy would be identical, but such a situation is never

often have some special function. For example; the head segment Or
g the anus will naturally be different

Se T
gments and the segment containin

two openin thus
£s, a mouth us far, The
is an advanta and an anyg ; first feature 0
€0 us, i is the presence

move in just fneu(;:i:lahzation b;;lag;e C.llgestive system. 'I'hrljs structuré ' nrlom each other and from other segments. The differences between seg-

] e 3 : ;

Earncles are not mixe( 0;1 in the gyt, Partgzlfnal?les the ingested food to \ ints that are shown by all segmented animals can arise througilh.fusmn or

tions along its length fo; Iclf-l the gut jtself oq digested and undigestil® | meﬂugh the loss of segments, or by changes BEOE Mo i 5o
igesti an readily evolve specialiZ?” ther;t' Ehe annelids are as ideally segmented aSIanY 1,1("11181 C;:'l‘;»t onlaly e‘;fle

Show many intersegmental Jdifferences. In externa , U
at the anterior end; in-

most obvious
¢ of the digestive, nervous, and

d in certain segments.
tant aspect of the annelids

i
tefferemes between segments are
eirnally, they are largely in the anterior part == -
culatory systems, and the gonads are localize

flatworms
, the nemerts oord. ‘
ertin, mative g]

worms, too) and €S posse elements in th

. Alsn G S eXen e Cnidaria a»

through()ut the bod this Circulatq etory structures (as do the flat- { . In addition t ntation another impor

The ne g Ty system for tran - s 1S thej 0 e i fertilized e undergoes spiral

: mertines, ip by sporting substanc® eir mode of larval development The fertilized €88

a few inch » I brief apa smallish, bi] Oleavage of the sort seen in the flatworms. And, as in the flatworms, the

, bilaterally symmetrical worms: cells formed by cleavage develop into specific parts of the adult, but be-
;a typical Jarval form appears which is

0-
Te the adult stage is reached

e ext lIlal
g 3 that dare cove ed
S In lell t]l ver e
(e}
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Mollusca, the next phylum to be discussed. The development of the
mesoderm in the trochophore is of interest here. As is typical of spiral
cleavage, the mesodermal cells are all derived from the division products
of a single cell. In the trochophore, the mesodermal cells lie against the
ectoderm and endoderm and create a hollow space between them that is
called the coelom (Fig. 46). This method of coelom formation, in which
the mesodermal cells are separated into linings of the epi- ar’ld gastro-
dermis, is termed schizocoelous. — '

The cavity thus formed is of considera

ble i t ‘ i - e-
maining phyla and especiall importance in the r

Ldevel ly so for the annelids. All annelids possess a
wed- e\'/e oped coelom, which, as we have just seen, is formed within
a]?. en‘tlrely surrounded by mesoderm or its derivative tissues. (Compare
this with the pseudocoel, p. 83.) In the Annelida, the coelom contains

a fluid ﬁnd the various organs which protrude into it from the body or
gut wall. In other phyla, the coelom is often completely filled with a

Fig. 46. Annelid devel;
mesoderm, {E? IA +re::}:zpmenf and body structure, (A) Development of

body. (All redrawn from FE}LC:I‘E:J:;‘:-' (C) Cross section of an earthworm

Schizocoelous
ccelom

mesoderm cell

Fold of
intestinal

Epidermis

Circular
muscles

muicles
Sibnaural blood
¢ vessel

Ventral
B blood vassal

i
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variety of organs and tissues. The fluid in the annelid coelom serves as
a-necessary liquid internal environment and also as a.sort of skelfeton—
a “hydraulic skeleton,” as it has been called. Contraction of the c1?cusﬁr
muscles in the body wall (Fig. 46) produces a turgor or pressure 11(1i : afi
fluid that forces the body to elongate, while contraction of the longitudin
muscles builds up a turgor pressure that expands the body. oty 210
Figure 47 reveals that the annelids possess all the T?:;ran t%lat
Systems except those for respiration. This of course does no e e
annelids do not respire. All living things breathe and anne; o
exception, The point is that the annelids have no organ S)’Ste;chr e
esigned for respiratory purposes. Gaseous exchange]f e
through capillaries in the parapodia of polychetes and t 'fio‘ug( e . 76)
Surface of the forms in the other two classes. Metanephridia .

take care of excretion. ‘ o
The three classes of annelids shown in the_ t?l?lz prc;’:)lill)bl)tfhi poly-
Monophyletic group. The origins of the most 1:_trn‘mt1vt fll; 5 e
chetes, are very obscure. The best guess, and it 1S 1O s some time in
that, i that these annelids arose from free-living flatworm :

the Pre‘Cambrian.

Mollusca
a shell or at least

d of skeleton and
picuous,

sS
The molluscs are soft-bodied forms that posse

] . a kin
2 modified shell, The shell can be considered a?luscs it is a cons

1S formeg by the animals themselves. In most -mOI squids it is an
extemally borne structure, as in clams and sn%ﬂs. Iflt}‘;le ventral body wall,
Sructure, A large muscule’lr “foot,” or 1*_111'ckenmg10 ones, the cephalopods,
aPpears ip nearly all molluscs. In the most comp (]e:s surr:)Unding the head.

g “0tis greatly modified into a crown ol tentilc Segmented, but most of
€ primitive molluscs were undOUbted y The class Amphineura
i Present-day forms have lost this character. tation, These chitons,
“ontaing he only living molluscs that v ;{i%]mgut internally 8ive little
it they are éalled, have an eight-sectioned shell, ists dred

d up from an
. X s ge ol
Vidence of segmentation. In 1952 Danish ;}?iieura“ mollusc, Neopiling,
am

0 it has but
“ean depth of about 10,000 feet an ion, although it has bY

Whic gives clear evidence of internal s€ blishes direct ewde':c.e.

% single shel], This exciting discovery es;-':l i example of _hv1:}11g

segmentation in the lower molluscs and is 2 an s subtaxon within the

fossi]S,» s0 named because other memb.er's Ofoésils! :
Mphineura are known only from Or}? OVI(iC;f;d It is most easily_seen as

The C scs is muc re :
A oelom of mollu

ty ar i d since
S present, an
i mocoel however, 1 ; &
it H(aw ound the heart. A he OZ(;S from the embryonic blastoco

> L ;

e th docoel, ar . which develops

Its develoi);(:;]tatizdgigt::nf from that (_)f th(;ﬂ(cof}l:;n;seudocoel in that
Within the d But the hemocoel is unixe

mesoderm. -

internal -
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ably in form from one group to another and ar
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Onychophora

This small phylum contains_forms of considerable significance to
thq phylogeny of segmented animals. The onychophorans are terrestrial
form§ with soft, bilaterally symmetrical, segmented bodies; a pair of
!egs' is on each segment (Fig. 49), and the legs carry a set of claws that
is s'umlar to those in insects. The outermost layer of the body is a thin
Eﬁﬂile;nlén?emfaatdh‘ which is a body wall with muscles organized in cir-
is the pre;::ifu i:nal lf‘lyers, i l'n.annelids. Another important feature
B t(;u tracheae, regplratory organs that open externally
20 bOdyPtissues ct(;lrefs, the spiracles, and that extend internally inFO
young onycho }foas ellalcat(f t“_bes- The coelom is well developed in
hemocoel is thg rran's, ek almost obliterated in the adult where a
egg is similar t prominent body cavity. The development of the fertilized

ar to arthropod deve]opment, which we shall come to shortly.

Legs

Fig. 49. A i
) peripatus (M H f . old of
tropical rain forests lsfrg ch:ocph:r;puﬁfbis geayi) found in the leaf mol

Members of this

Australia, : .
Suggests t}f:tugie;}? Asia, Africa, and South and Central America, Whic
The Segmentzﬁpast they were a very widespread form.
muscles indicate thaton 2 l?ody and the organization of the body
oEha T some annelid-like form might have been an ancestor
argues against thi ans. But the absence of annelid-like development
is. The Onychophora may have arisen from a group ©

. S, n i i
rise to the pres OW extinct, that was different from those which 82Y°
ent-day annelids and molluscs

phylum are found in damp leaf mold or rotting logs in
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The exoskeleton is an outer layer or cuticle composed essentially of
a material called chitin, which is secreted by the arthropod epidermis.
This chitinous exodkeleton is so rigid that it serves as a stable site for
the attachment of muscles. To appreciate the difference between this
type of exoskeleton and a chordate endoskeleton like our own bony
skeleton, let us imagine ourselves in a suit of medieval armor. If we were
to remove our bones and attach the muscles, formerly attached to the
bones, to the inside of the armor, the arrangement would resemble the
structure in the arthropods. The exoskeleton is a protective armor and

& |st antenna
I3
W

m il
]

2nd maxilla

| st maxilliped

st abdominal
oppendage of male 2

Swimmeret ;

Eig. 50. The jointed ap-
endages of the lobster
fedrawn from Buchsbaum).
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a frame for ;

person enclost:c;: ur1n Zf:;:—, but it poses a problem in growth. Just as a

the armor, 5o an arthropo dﬂ.«tlnllgrfyw o l‘éu‘ger than the limits imposed by

overcome this restricticl)jn b]S lm}teq in size by its exoskeleton. Arthropods

old hard exoskeleton and 2] }lsermdmauy melting, that is, they shed their

effective resistance t o on a new soft one. Its softness offers no
o muscle action and thus makes efficient movement

Phylogeny

larval form, the nauplius. In the insects, development of the zygote leads
to larval molts that may achieve little or much change in body form, de-
pending on the species. The change from a caterpillar to a butterfly is
an example of extreme change (see Fig. 26).

The four different classes of arthropods
recognized by the appendages and their location on

(Fig. 51) are most easily
the body (see Fig.

1

difficult. The arthro
N EE D pod grows, alt
again and limits further growth u?ltgough .

centipedt?s and millipedes have m
are all alike. But in the head regi
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ar
furrow from Soion
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The jointed a

ety of forms that isprﬁi?ghag siJOfﬂ?rt
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appendages are biramous, ie, h ]S
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Figure 51
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hropods appear in a fascinating vari-
equally interesting array of functions
the lobster (Fig. 50). The Jobster’s
two branches, and the branches are
appendages. Other forms such as the
any appendages for locomotion that
g of these latter forms, the appeudages
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:tm;;ods begins with the fertilization of aP
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8). The body of the Chelicerata has two parts, an anterior cephalothorax

and a posterior abdomen. The a
cephalothorax, and, typically, there are four
the Crustacea, the body is also divisible into ce
and a pair of biramous appendages is genera
We have already discussed th
acteristically have many pairs 0
“hundred” and “thousand” implied by the na

The insect body has three major p
airs of legs
Jar to the onycho
y clear in one resp
the now extinct trilobites

The thorax usually has three p

claws on the walking legs are simi
The affinities of arthropo

ese (see Fig. 50

f walking legs,
mes centi
head, thorax, and abdomen.
of wings. The

the Crustacea and the Chelicerata, along

(see p. 46), form a fairly distinct group, an
Indeed, one lin
have
nnelid-like form and th
be related to a now
e strik-

form another distinct group-

that perhaps these two large groups
origins, the first from some ancie
from an onychophoran-like form (W.
extinct type of segmented worm
ing convergences in the arthropods.
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from that of the onychophorans, myriapods, and insects; (2) the special
excretory organ of many arthropods, the Malpighian tubules, must also
have been evolved twice, independently of each other, And, if we accept
these affinities, it means that the arthropods are not

monophyletic but
diphyletic and that this group should undergo certain t

axonomic revisions.

Lophophorate phyla
This somewhat enj :
possession of a lophoph

Ore, a tentacle-bearing extension of the body used
for feeding, and certaj

n general features such as a coelom, Beyond this,
€. The Brachiopoda, which we encountered in our
rd, are of interest because they produce a larva that

tube feet (Fig. 52). B
tubes, the echinoderm cap make the end of the tube feet convex OF

Placed against a substratum and a cop-

concave. When the tube foot ig

N\
Ampullg
— Tube foot

Fig. 2. Diagram of the water vasc”r;
ar system in the starfish (redraw
from Buchsbaum).

gmatic group of three phyla has in common the -
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i . The suction
cavity is produced, the end of the foot acts as a sw;llit;t:n ];:;ittaching ah
is released when the end of the foot becomes t::ct t};e i e
releasing the tube feet as they extend and contract,
able to move around.

The development of the echinoder it e N
cal larval form, Ehe bipinnaria. The coelom of the larva is

ig. 53). Note that
pouches are pinched off from the larval endof'ir;nis(;fte di)ﬁerent from
this enterocoelous method of mesoderm f(?rmat }1]e T o
the schizocoelous method associated “”thl show this enterocoelous
show spiral cleavage. (The brachi‘)pc,)d.5 an)a larva, with its coelomic
method.) The bilateral, echinoderm blpmr,lanof changes into the pen-
pouches, develops through a striking series
taradiate adult form.

ms reveals a bilaterally symmetri-

Eiq. 53, Mesoderm forma-

Blostopore
1°n in echinoderms and the

' 19'mation of the enterocoe-

A
Ous coelom,

iqvertebrates are(,i a:v Zfes::
The affinities of the echinode_rms to to:‘l;c; ;;16 Ay m; i

obscure . m, with its pentases it o ani e

\ra:ELl;;:r s']\—lslf;;q af;l;:"efs(;;ts an unusual a;urin ilstz o e

 larva, with ’its enterocoelous moded;)ed- sl e

dMong the forms we have thus far s:u;derms, further cc;}rnr;ln L

Said about the origins of the echin S e

eferred until we discuss the problem

Chordete ourselves belong: The

- characterized by
Jlow nerve tube,
ure that is present
ly in the embryos

fum to which ‘;efo
?c(rical, segmente

Joskeloton, &

We come finally to the ph
Chordates are bilaterally S}’méﬂzn
4 notochorq and its associate I rod-li
i sal,
o gill slits, The notochord is :‘1 dt;::: chordates, but 'glrlates, it is replaced
Young and adults of certain Slmf ordates, the verte
of

ition in the
: ; h hords position I
uh.lghEr chordates. In thfhh,ﬁ:e\:ertebrae; ﬂ;’ I;(;u:sith the appearance of
g embryogenesis Wi Kkbone. Alo
ted baC

. eleton appears.
tOdy is taken by t}le Segmen ¢ of the bony endosk
he Vertebrae, of course, the r€s X-ta
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I Pisces I

Vertebrata
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; : is or
The dorsal nerve tube develops when the embryonic epidermis

ectoderm is infolded and

ment, .

The gill slits, the

the notochord, only
stages of the more

e central nervous sy
to form the brain,
since in the major invertebrate phyl
pods—the position of the major ney

Note especially the dors

of any of the previoy
Sea-squirts or Tunjeat

The chordate ¢

Figure 54

Major chordate taxa.
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“

[s

rate embryos alsq give cle ;
eementation evident in the backbone, are two obvi-
gmentation in the chordates.
oelom is wel] developed e
ave space for development, i.lrh
eak, with coelomic fluids Whlfle
another and yet not hinder t.k

m is an enterocoelous one, like

ns see Fig. 7, Chap. 3.)

pinched off. The tube becomes, through develop-
stem, and the anterior end greatly enlarges
al position of the nerve tube,
a—the annelids, molluscs, and arthro-
ve trunk is ventral. \
third major chordate character, are present, like
in the simpler chordate taxa and in the embryonic
complex forms. In humans they appear as nonfunc-
. The embryonic muscle
ar evidence of segmenta-

t
re complicated than t]tll?e
- The first question is why 5
phylum, To answer, we mu

Body Appen-

cavities dages

Coelom None

(entero-

coelous)

by Fins

5 Two
pair
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cters are in
he larval tunicates. Since all three chord;.ltf ghfr:athe phylum
loc?k S e :1}1‘ forms, the tunicates must be _ls et a sessile, filter-
pggrice i “escf 1t tuni’cates represent an adaptation Olve an elaborate
Chm:data.. v aﬂ 1 have had no selective pressure to eV‘ied the gill slits
i o o ad tho: astém Therefore, they have Presetrxs system and no
skeleton or nervous Sq};d hz;ve only a very simple ?erv(.J the subphylum
as a filter apparz;tus .‘,maining groups, all appearlng‘:: throughout tiis
%r;di):gelftonl-mzeleb;gn mentioned in various Szziitd There we spoke
rtebrata, : ' i
volume ezpecially in the discussmr}s of tht; :zss‘vith the fishes and gomtg
of a Pr)ogressive scale of complexity, Statl;, the birds and mammals. No
up through the amphibians and reptiles

ample of increasing
g . Fig 54—a good examp ro-
the changes in the heart listed in F:fe 5br.cu'n onldireyea Tkl
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; f
anatomical complexity. A st‘udy 0f
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The affinities of these taxa, €

the kidneys, at ]e;tstt
xcept for the tunicd
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; ave goo i T
clearest of any studied yet. We have g d how the various &
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that tells us a great deal about Whglr; r:)rigin 0

We have less clear evidence abOUtl s originate
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rw‘al'd for
Various theories have been put fo e arthropods I

] elicerat e
in general. Annelids and certain ch then the major

d from an €

in certain respects.
es, are perhaps the
ce of the tetrapods
oups Aarose.

el

; some bmlog:s'
f the fishes; R e
not know.

i n of chordates
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tion is that the animals si
and dorsal s simply turned over—thus :
evolutionarys?}.lf:r?g: t];ut .thl:S Possibilit}’Vilf.oultgu?niz}r?mng the yerfa}
theories show how Unl?]: it 1? probably not valid. If ve S'uch a drastic
chordates evolved fro ikely it i§ that a highly c.m 1110th1ng else, i
f Perhaps a more I;Il?ofc;:hgf equally complex grc::};se . goup b
orms. Two At able approach i ‘ :
chordate de\?e(;f);glgl?te? present thlemsdl\],;:- t](:: :r ﬁitum to the less complex
coelom formation fo ﬁre very similar—in thei Jygsiingcerm and early
adult forms, thes:a )I.. &.\]Rmp]_e_a"d, unlikely a r'm? de of mesoderm and
parallels in embryonic dev:l;;;f:ris from compAE
nt suggest that the

progenitors of i .
: L L W seriousl
rd un 31 1
dates. We have ali"’ead)(/1 e:—; Con'Mdgmtlon ol
xamined this second

possibility in o
ur discussi
3rth1:0pod affinities. Fu[-t}sllon? of annelid, mollusc
etails of anatomy that \: I Investigation of this tlan.’. onychophoran, and
S0 we must leave the be are unprepared t d_]ems would take us into
Befars ot e tgro lem at thig X Od iscuss at this time, and
a two-step su an examinatj ved point
mmarizatip Nination of our A
sﬂfl: de.gr.ee of anatomica] gj hyla into rather br:r:gr i _First, e s]1a]1
origins of these broadomp]exity_ ey w:a 1grotlpxngs based on
groups and of th,e i Slllall investigate pos-
wyla contained within

them We h
7 ave, of co
ou urse
I comments on suspeet ) a]ready laid th
pected aﬂ:‘mitieq € groundwork of this tOpiC by

on

The first and
i Pel’haps mo
st obvioug

rotos
: git:')tAindr :.:1(T cellular Metazoa.
T b z?fmsn two further groups,
nges prr::l era (sponges), and the
th is, alth sent what has been called
R oh ﬂ’] ey are never go h; Ough. the sponge body i
€ other hang ch ighly integrated as to form

» “Haracteristically are at the tissue
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enterocoe
s pll?;/llsa pg}ylaAThe‘former group contains certain of the lopho-
T con’t -u‘nef hnnehda,_ Mollusca, Onychophora, and Arthropoda.
EChinOdermata‘ X r?dt Ce} Brachiopoda of the lophophorate group, and the
e, pSEUdoc(;(;IO ; hordata. We should also point out that the acoelo-
’_fimes S torred o aSTTtl]E]lee,S El.l"ld.SChlZOCOBIOUS coelomate groups are some-
s Tt piralia, because of the presence of spiral cleavage
basedItOI:uzt be em.phasized that these group
whether of r?mplemty .Of organization and
Jo ot the: various grades are monop
grade coincide with a taxon. In the case of

all the :
phyla of this level of organization have arisen from an ancient
hen this grade could

acoeloj

lave tii S:;‘;Og_“, anc.l hence are monophyletic, t

mata?), These imensions as a single large taxon (superphyh.lm Acoelo-

Parent increas grades are presented as a useful way of grasping the ap-
e in complexity of animal form as one moves from proto-

Zoans
te arthropods and chordates.

ings are not taxa. They are
disregard the question of
hyletic. Only in the Porifera
the acoelomates, if

Phyletic Origins

Now ¢t
oW there remains the ticklish problem of or

With N
he origin of the acellular animals. AS We have said, the protozoa are
biologists will need the

pol ;

e gp(f}ylljﬂlc, .and to reorganize their taxonomy, o
the a]gq) otanists who understand the taxonomy of the plants—especiaty
Well be groups—from which the protozoa most probably a}rose. It may
that animal-like and plant-like acellular organisms will eventually

€ i
8ro ncluded in the same taxon. Already We recognize that most a]gal
thetic forms that are only with

g HDS C g
di cultyogt?al‘n certain motile nonphotosyn
hi ls.tmgui-‘;hed as algal rather than protozoan:
Is raises a question we have completely ignored
tiate an €le

What ;
is : ,
an animal? It is obviously €asy t© differen )
or even a &

tree
» & snail from . 1lvfsh from mosS,
a fem, a jellyis imal is @ nonphotosyn
essile animals,

Qo]ohi
organiiinalgae' We might say, then, that an ant

3 corg] capable of locomotion. But since all the S oyl

ave S Various parasites, tube-dweliing worms, et.C-, 4 OThi leave; i
With « eliminate the phrase “capable Of Jocomotion: ]dsmean y
nonphnonphomsynthetic organism,” W ich, howevel, would me#8 °
th QOtosynthetic bacteria and fung would be classified as1 ;ng;l u; 2
Hame (?alorless (UOBPhOtosynthetic) flagellated algae WU

tegory as colorless ﬂagellated protozod: faadv oaid

l. Solved in this Wa‘y

igins. Let us start

thus far, namely,
phant from
liate from
thetic
suc

? CCept 3 th}nk the dilemma is bes A

rm € Tact that I Jants an anima

=pla,nst',, €cond, we sh(())‘xflr gdmit that in simpler organisms the jcerms

Utie and “apnimal” do not designate sharply definable taxonomic €n-
the terms Plantae (plants} and Animalia
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(animals) or their equivalent to designate kingdoms, because these so-
called taxa do not enable us to separate clearly the simpler plants frorrj
the simpler animals. Fourth, we should apply the term animal in a comt
mon-sense way to those organisms that are not photosynthetic anfl thfi]
are neither bacteria, fungi, nor colorless algae. We realize that it wi

;i W
forms from protozoa, and ne

e ill
presence or absence of photosynthetic pigments wi

have to be employed,

Fifth, the kingdoms m
(a similar system, incig
by the biologist, Haec
include the bacteria an
nuclear apparatus, in
algae, and protozo

ight be reorganized along the following lines
entally, was proposed in the nineteenth Centur)_/
kel, a great student of phylogenetic Problems)'
d blue-green algae, largely because of their umq'“T
the kingdom Monera; include the fungi, non-colonia
a in the kingdom Protis
ingdom Metaphyta; and include all the
possible €xception of the sponges (see below),

etazoa, Animals, then, would be members of twoO

different kingdoms: the Protist, (including the protozoans) and the
Metazoa (including the cellular animals ) ]

Theoretically, there are two ways ip which the cellular or multi-
cellular state coulq evolve from the acellular or unjcellular condition. A
colony of acellulay forms coulq become gq highly integrated that fhe

; es
al organism, and thus beCoffl’ti_
organism could become mu

ista.
azoa from the acellular Frots tn
en through colonial integration;

either of zooflagellate 1 green alga that lost its photo-

S or of 3 colonig
synthetic pigments,

ved from protistans. The planula
LT ) onial green alga much like one 2
the possible Sponge progenitoys. Us it, too, could be the result of colonial
integration. The Turbellaria, o the other ’hand robably have evolve

from multinucleate ciliates that became Ce]]ular; Sd Theze last specula-
tions are based on the assumption th,¢ cellular; s
single organism, but at this ¢

speculations,

“We might summari,

om a c¢g)
Th

e the sjty,

be highly integrated, animal-Jike, p
highly integrated algal colonies, anq thus remove the sponges from the
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: 2)
‘ nophyletic group. (
Metazoa, which would be left as a p0531b1¥th12: thI; znidarian planula
The most primitive metazoan is probably eld rive the marine-dwelling,
or the acoel turbellarian. (3) The attempts to de L colonial green
diploid, cellularized planula from fresh-wategerive the marine, diploid,
algae a’re not very fruitful. (4) The attempt to (or diploid—nuclei) ciliates
syneytial acoel from marine multimicronucleate |oa-to-cnidarian scheme.
seems m many ways to be more valid than tger?vi the cnidarian planula
It is difficult although not unreasonable, to ihall take the pOSiFion t‘?at
from the low:er flatworms. In this volume, we by the cellularization of a
the Metazoa (excluding the opone eS) til;‘ljzseﬁlariﬂn- h Metazoa,
ciliate-like form to achieve a primitive he phyla within the f the
In our discussions of the origins of t.t is the key postion © ntal
tWo important points stand out. dTbe.]?:signiﬁcance of devehog?l;ese
St n eac.
acoe] ; s, and the second 1 : mment 0! il
eham(:;mte wlormala morphology. Let us bneﬂ}]’ qzhat we have exarlelnga
in tL;mer(S)fo rthin;on flatworm metazoan g}lly axception of the Cr{‘l 11‘;1:
' iy : ssible € ¢ to the Tur

there j5 not one phylum, with the po Ily lead us bacl\-t d from tur-
Whose suspected affinities do not even:an;ost likely derwealthough for
a. The pseudocoelomate ?rOuP;i:OC"elous Coeﬁ"?a:lf; intervene, in

bellarjang is true for sc lid forn

s. The same is tiu and anne
4 group like the insects, onychophoran an

too,
/ eached. , but here,
at order, before the flatworms tar‘eq;e a tougher Pro?}izmnemel‘ﬁ“es a
The enterocoelous coelomates ¢ : sinated from ot rely too
our best guess might be that they Orlgmas But we must Criures. Some
that thege Jatter aross iromBathe ﬂatworm‘e' still just comeﬂcemﬂg €’
Cavily on the ;)eculatiODS, for they fusuch as those COtwormS may
t e-se '1fﬁnitist§s '1lre excessively teﬂ‘_mus’rtance oS Egr more likely
2terocoelous phyla, The seeming lm-POtlnere e Oitkely candidates
SMply arise b pd fault—that is, because s the most BXeY © 5y it
o arise by defau ke the flatworms & In some €ases:
g fom“’"‘s‘})l Y It.iely «rmost likely” 15:
: Oes not say how liK

$ ot Very probable at all, but it i Sl;n 12)1‘
€ significance of larval fori;r;iﬂg 2 owth.
> OTganisms develop by first ated during &
®0 further and further elabor;o $ Vs
S.mammalian embryo, limbs beg]?’mbs come DY ernails. because
Ideg are determined, After the I claws of P devemprnfm,c
eSe Come digits and then ﬁﬂﬂ“}’ S Of

t
lopmen
tage ent develoP™
;i early SY45 ubseq4 d anize
Angeg only rarely occur in the course @ . " gelicately OIE* any
! Sug, Change 1d affect the whole changes 1 - modified by ™
anq s cou e e

SiV be t often
"oduce massive effects. Mas s are bout mos
SYstel
s

e

First

. S stem come a
e NS are not usually helpful; bufh Y hanges

]1 C elOpment' 7
: ch sma in dev , m early,
by ESsl\;e small Ch.‘lllges- A]]d su i stages hlch are 131d dow

at
. e la : W
tations that affect only th n orgamist
s the major features O g
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are evolutionarily quite conservative
T‘hls probably explains the presence
gill clefts in all chordate embryos, a

or absent i ' ins

radiall;ns in I;;itu.lts.l Itc1 expla‘mb why the bilateral larva, rather than the

£l an?ilvh Elca adults, is used to suggest the affinities of the echino-
y the occurrence of spiral cleavage in platyhelminths, nem-

ertines, aschelminthg annelj
X ; ids, molluscs. on ' : : .
arthropods, is taken as a sign of evolutio’ s and o

To summarize these last two sectio

; they show little evolutionary change.
of dorsal nerve cord, notochord, and
Ithough they are all highly modified

ns, we can say: The animal phyla

mplex grade contains the protozoa
Metazoa contains the remaining

schizocoelous and enterocoeloys

A discussio igi
taxonomic Problla:n?: fil:dongms of the major animal gy oups reveals many
many ideas of general biological interest. TO

more im i
portant ones: (1) The taxon kingdom Animalia

Protista and Metazoa (2)'T S Separated into the two kingdoms of
g € origin of the Metazoa is obscure; this

writer thinks the primiti
views are more cltj)leqnl::(t)lnvle Iﬁe;azoan Was an acoeloid flatworm, but other
not altogether convipe: T (3) The flatworms are a plausible but

Oor metazoan evolutionary radia-

tion. (4) Develo
‘ Pme
genetic problems, of great help in unraveling phylo-

-

The Predicfion and Conclusjons

In our Jast prediction, we stated th

for anj i i
e :Tmal dwemty, then we should b
cts the courge of evolutiop Suche

The quest;
. on now js; C
ble is it? The answer t(:)i Izhweﬁe.onstmet A phylogeny and if so how plausi-
€ first part of the question is clearly, yes. The

answer to the sec
ond part .
Part cannot he ¢, definite, The phylogenies we put

together toda
y that deal w;i m
B lth re]‘ 1 e

re at best only carefy] Specu]atig{ﬁm at the leve] of phyla and kingdom$

. One way to i
is to COmpareyseV;lj:; t;;}l ?})’1 the speculatiye Nature of phylogenetic schem®s
SUMmarizes the jmpnort o The one fayoreq by the author and which
another thIOgenyptha?nt POIts of this chaper i given in Fig. 55. IP
Protozoa, of the met APPears-in Fig. 56, note the treat-mengtv of the
Caldae e o s azoans, and of the placement of th and
of Sdo Payl, Universo‘nty who Proposed this phylogeny. P ef Sp‘onges rcus
'y, Brazil, considers that al] Eilai]érafomees:;zrol:izl aré

at if evolution is an explaurlfcltic'n
able tq arange this diversity s0 it
4n arrangement is a phylogeny-:
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from the schizocoelous ones. This means that mesoderm formation by

outpocketing of the embryonic gastrodermis h
formation by separation of mesodermal masse
and gastrodermis, respectively, Note the grad
—without segments; Polymeria—many segm

Fig. 56. A second
pessibility that
(adapted from
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ments; and Chordonia——having a (noto-) chord, The variety of opinion
shown in these three phylogenies indicates that mankind is still a long
way from establishing an unquestionably valid phyiogeny at the level
of the higher taxa. There is presently only one area of agreement: that
protozoa are close to the bottom of animal phylogeny, that cnidarians

are among the primitive metazoans, and that arthropods and chordates

are among the higher metazoans.
Does this mean our prediction is refuted? In one sense, yes; in an-
other sense, no. It is refuted in that it i

largely the incomplete nature of our d

scheme, we are somewhat in the position of a person who is trying to re-

construct a tree when all there is to 80 on is a big pile of Jeaves. Our leaves
can be compared to living species, the twigs

ata. In constructing a phylogenetic

: easier than that of the unhappy
person reconstructing the tree from Separate leaves, First, animal species

show more variety of form than do the leaves from a single tree, and
from this variety we can determine homologies. Second, animal fossils

trace out certain phylogenetic
ut the evolution of such phy-

gies of living forms are our only tool in th
. TP Is area, uld
expect difficulties in constructing 5 definitive anTherefme: i

phylogenetic tree, for it must be baseq

AR : on ho jes i ; at
initially diverged from each other we] g peles in Creanisle

Finally, let us recall that animal diye
We have emphasized a scheme based op
cellularity and (2) absence or presence
though they are not 3 phylogeny,

T e

d widely acceptable f

Phylogeny

Summary .
gher taxa that are thought

This chapter has briefly described the lnproblelns' All phylogenies

to be of major significance to phylogenetic open to much criticism.
that have been proposed for the higher taxa a.re th}; ® volutionary history
Perhaps the most critical area of phylogeny is ] history and so we must
of the soft-bodied worms. This group has no fosfl o by looking at modern
infer the events of more than 500,000,000 years dgf the changes that are
forms, both adult and developmental. ];t;ef:ausi’: er we must settle for
Sure to have occurred in these half billion years,

Imprecige ions. ; is not presently

3 The lec]tc ltlliiflot a definitive Ph.Vlogen.ehC tscizlgsnsible for animal
available does not mean that eVO]Uti(_)n _IS nc(;anges wrought by eyelt;

Wversity, but just the reverse. The COntLHUInF eny in the hichafrs 150
tion are just what make the studies of phylo8 to try to formulate P>
Very complicated. Evolution, then, spurs us o~ difficult to do sO-
genetic trees and at the same time makes it VErY
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CONCLUSIONS

)

Only the last step now remains, to decide what

Does
Evolution
Explain
Animal
Diversity?

we can conclude from the previous chap-
ters in which we tested our predictions.
First let us summarize the conclusions
we arrived at in Chapters 6, 7, and '8,
those chapters in which we examined, re-
spectively, the predictions regarding tem-
poral diversity, spatial diversity, and
phylogeny.

Diversity in time: The fossil record
clearly shows that large-scale change can
oceur as the result of many small, dis-
c'rete changes; that animals become ex-
tinet; and that, in terms of their forms,
animals diverge from one another and
also converge. Whether or not they be-
come more complex as time goes on i
hard to say from fossi] data.

Diversity in space: An ecological
Zoogeographic study shows that different
types of animals adapt to specific ways of
life; that ecological equivalents do occur;
and that if we look at the generic Or
specific level], especially in mammals, we
ﬁnld that particular geographic areas con-
tain distinct and characteristic fauna.

Phylogeny: N, widely accepted
e'volutionary sequences can be estab-
lished, as we can see from the many dif-
fe?rences that exist in the proposals of
dlﬁerent biologists. The disagreements
arise largely from Jack of data rather
tban from any doubt as to whether evolu-
tion did or did not occur; we concluded
that evolution both spurred biologists to

CO';Struct phylogenies and also made it
06

Does Evolution Explain Animal Diversity?

very difficult for biologists to create totally satisfactory phylogemest.
Since our predictions have not been completely fulfilled, we c‘annof
conclude that Darwinian evolution is a wholly convincing QXPlanat‘l"‘;;n
animal diversity. On the other hand, we do not mean to re]eCt1 ivosulook
48 an explanation. Just where, then, do we stand? To find out let u
4gain at the predictions we chose to examine. a B
At the outset, it should be realized that the pre‘dlchons W e
Were not the only ones possible. If we had so desired, we cou.Iln o
Selected predictio-ns that, at one extreme, would have been €0 tfstable
fulﬂ]led: or, at the other extreme, would have been comPletlely “;t i
C D erhaps even unfulfilled. If we had taken the ﬁr§t ﬂte;nv expl;.n i
Might now be concluding that evolution i indeed a sahsfact;)e,if i
hioulof animal diversity. This would have followed, for f:xzfmp ;
confined our attention solely to the first and third Predlc?o enetic predic-
20d spatial diversity. But if we had made only the phy (r)f' + tenuously
:Em’ jioad o o canclndishies e\’Olugﬂﬂr;Z gf (}:onﬁdence we
. ;“szsisriiuévexplanation of animal diversity. :12;‘ dii.gersity hus clearly de-

3 inor
few min
imed at @ b
ave been ) not be
llrev are realized We “3."13(,11‘.; are
edic
f‘ however, the Ie.l ce an

ends olution as an explanation of ani
S on the predictions we select.
urthermore, if our predictions
ms and questions, then even if t
In accepting the hypothesis. i i
Scope and touch on questions of broad, % of our un?ent
are realized, we can be far more Co-nﬁden'nimal reservations:
accept the explanatory hypothesis with mi 5 Are

arge jp,
161-1

i ing herée:
3 5c0re, what about the predictions we are testing piien
road in scope? qimed at major P ithin
© answer is clear: our predictions % mprehensiVe rea;qmel}f,
ete , it is difficult to conceive of any MOe €% = onsidered, ce from
. 0 iC . ; . 2 those we : Vse
leersi};t) _Of‘ammal diversihy th.mh vhole evolutiond? oad areas:
ace]ly. - time and in space, and t¢ f;nd within these "y s some of
1ms e
redica-r to complex cellular ammals. i at P. changes

o S0 na
thep, 8s have raised basic questloﬂs;ne of the €¥° “rl deVGIOPme“t
. o) ¢
Pl‘odumay have seemed naive: Are $ Is evolt

i
asiCaie d Y Successive gene mutatloﬂp the autho u'sedi

Y from simple to complex forms? ask why eographlca

the . © Might digress briefly at this Po{nt ‘(that different tirned out t0
aren. 220 prediction of spatial diversY i X it might Pe
bEEIS, Such g C.lon or s characteristic a e, Sur Ys Sy wo ed,
® impran., cOntinents, have e not o adly e

Saiq, y cisely formulated and heP€q o ediction "o course, %
Coylq . 2uthor of the book, finding erly: 2777 s retainec 10
ethod, 1t 15

12 : W

‘otion P ction

haye 189 back and state the predict®” Sy o predict, o 1y
€en orm O he scieD

two done, but the present oL

1
Cag . e eI]SlO
Morg in ons. First, for the comPr od and some
Suctive to have some &°
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l};ave. all good ones. Se:cond, what we learned about zoogeography and its
pf:i:{lil;ﬁoc;n_ evolution is still the same regardless of the formulation of the
. Nevertheless, no matter how instructive or far-ranging our predic-
FIOIIS are, many other predictions are stil] possible. For emmg le cc?ncem-
ing th.e fossil record, we might have predicted, on the‘ cbasI;s ,of known
m}li_ta}tllon rate's and population sizes, possible rates of evolutionary change
:a ‘:;: r\:gi :tl;cglhti}:] enc}(l)unter in a sequence of fossil forms. Or we could
g fmhor fil ::.(t) ,: % numhb'er of available niches limits animal diversity.
omitted it because osfl t}‘?lr :hgi o G S
niche. Or we could ! 3 R e Pissrchyt o manunoh

ould have made phylogenetic predictions within one of

]]e 1211'ger ta‘{ i ins i i < >
t Xa fOI lllstaHCE Wlthln the i t eans, or t]le b"

. msec S or CI‘LISt'lC i
or ]lldlllmﬂls—l‘aﬂler than between SUCh tax’d

Since to test the predictions we had to draw upon many areas of

ggiln{)l btlolog)cfl—-paleontolo'gy, ecology, morphology—these topics could
rese ? i.fa}tle g ot orily in this small book. We could nét ssibly
present all the different interpretations of 5 given subject nor s rE?‘ndriZe
u ¢ c

: ject. This brevi
S A vity of treatment also warns

Our f.inal position might be stated in ¢},
bave examined are broad in scope, and they t
importance. We are justified in having cor};ﬁ

have drawn after testing these predictiong a

of the predictions have been f
! n fulfilled (i, : i
concerning temporal and spatial divergilt;s t}';"i(fisreﬂtﬁ:? e prte?i?;ill{lmg
. were not fulfille

are of two types; either the
: Y were not
of data (second prediction of tem el ey testable because of lack

phylogeny), or they were imprecis
spatial diversity ). From the an
we can accept evolution as g
more information is needed
examined.

is way. The predictions we
ouch on problems of general
dence in the conclusions we
nd we have found that most

'ely formulated
alysis in this short 1
n explanation of ani
and other predictip

(second prediction of
ook, then, we find that
mal diversity, but that
ns can and should be

] S ur .
animals, we have investigated a wiq B€ concerning the external world of

o € arrg 2 :
he most complex. We should realize t);u?tf fnl::l ?1].3’ fr?;“ the SlmpllleSt
imself is as much 2

poral diversity and the problem of
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e, too, has a fossil history and is
process of natural sele(_:-
But, in addition, man 15
k himself questions that
Jume: What are the
ding? Can this
the diversity of

part of that array as any other animal. H
continuously changing as he is acted on by the
tion. He, too, is a leaf on a phylogenetic tree.
the only thing on earth aware of this. He can as
p_erhaPS transcend all the others raised in this vO
limits of the scientific method in achieving understan
r?ethod be used not only to understand man’s position in
life but also to understand his need to understand?
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