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24 OUTLINES OF EVOLUTIONARY BIOLOGY

may be deposited in different forms, in shapeless masses as in
the case of flints, or in symmetrical erystals as in some specimens

e

Fra. 3.—Different forms of Radiolarian Skeletons, In the central figure the
protoplasmic pseudopodia are seen coming ouf from the openings in the
shell. (From Haeckel's * Kunstformen der Natur.”)

of guartz, whilst the beautiful opal, chemiecally speaking, is
merely a hydrate of silica, or silicic acid.
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Many simple unicellular organisms, such as the Radiolaria
(Fig. 8) amongst animals, and the diatoms amongst plants, have

Fia. 4.—Different forms of Foraminiferan Skeletons. (From Haeckel's
“ Kunstformen der Natur.")

the power of taking up dissolved silica from the water in which
they live and using it for building skeletons. These skeletons,


























































































HISTOLOGY OFF HIGHER ANIMALS 55

eytoplasm is granular. They are, however, dead, or at any rate
moribund cells. Owing to the constant friction to which the

16, 18.—Vertical Section of Stratified Epithelium from the Mouth of a
foctal Cat, x 280. (From a photograph.)

der., dermis; epd., epidermis; s.n., Stratum Malpighii, or layer of actively dividing cells.

surface of the body is exposed such cells are always being rubbed
off, and it is these which, by accumulating in places where the
friction is less severe, form the so-called seurf of the hair.

Fia. 19.-—Section of Adipose Tissue from which the Fat has been dissolved
out, leaving the thin-walled Cells empty and shrivelled, x 173. (From

a photograph.)

As they are worn away their places are taken by other cells
which arise from a deeply situated layer, at the lower limit of the
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contraction of which serves to pump the blood through the blood-
vessels. It is more especially associated, however, with the
movements of the limbs, the bones of which form a system of
levers operated by the muscles which are attached fo them. It
differs greatly in minute structure from unstriped musele, though
consisting essentially of greatly elongated, nucleated fibres
endowed with remarkable powers of contraction. These fibres,
and the fibrille into which they are subdivided, are charaecterized
by a transverse striation of alternate light and dark bands.
Their structure is very complex and in the fully developed
muscle it is difficult if not impossible to recognize the limits

Fia. 22, Striped Muscle-Fibres (m.) from the Tail of a larval Axolotl,
showing their nuelei (n.), ¥ 360. (From a photograph.)
between the eonstituent cells. Fig. 22 represents a number of
striated muscle-fibres from the tail of a larval axolotl, in which

each fibre is seen to be provided with several distinet nuelei.
The nervous system, as we have already pointed out, serves to
place the different parts of the body in communieation with one
another and exercises a controlling and eo-ordinating influence
over the whole, while through the mediation of the special organs
of sense it keeps the organism in close touch with its environ-
ment. The tissne of which it is composed (Fig. 23) consists
of nerve-cells and nerve-fibres, but the fibres are merely out-
growths of the cells. A eell and fibre together form a neuron
—a single unit of the nervous system. The nerve-cells, or
rather their bodies, oceur chiefly in the brain and spinal cord,
which constitute the central nervous system, but also in small
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local aggregations, cr ganglia, in various parts of the lody.
The nerve-fibres extend outwards from the ecentral nervous
system in long, slender bundles, the nerves, which are distributed
to the various organs.

The body of a nerve-cell contains the nucleus and is usually
much branched into slender processes or dendrons (Fig. 24),
which are quite distinet from the nerve-fibre and are supposed
to afford the means of transmitting impulses between one nerve-
cell and another, with the dendrons of which they interlace.

Fia, 23.-—Nervous Tissue, as seen in a thin Section of the Brain (Medulla
oblongata) of the Monk Fish. Two large nucleated Nerve Cells are
shown imbedded in a Mass of smaller Cells and Fibres, x 168, (Froma

photograph.)

Like other higher specialized tissue-cells of the animal body the
neurons have lost the power of multiplication by division. More-
over there appears to be no provision, in some adult vertebrates,
for their renewal when worn out or injured. A certain number
are formed in the course of the development of the embryo and
these have to serve the animal for the whole of its life.

All the different kinds of cells met with in the body, a few of
which have been thus briefly deseribed, are derived from the
apparently simple unicellular ovam by repeated subdivision and
eradual differentiation. The funetions which in an Amwba are
all performed by a single protoplasmic unit are in one of the



























65 OUTLINES OF EVOLUTIONARY BIOLOGY

results both for pure biology and for medical science, owes itz -
origin and development entirely to the elaboration of the cell

I'1G. 29, Part of the Plasmodium of a Mycetozoon (Badlamia utricularis),
® 00. (From a photograph.)

The small dark spots are the very numerous nuclei.

theory under the influence of improved methods of mieroscopical
investigation.

There is another point of view with regard to the living cell
which we may briefly refer to in this place. It is not only the
morphological or struetural unit of the body but also the physio-
logical or funetional unit. All the essential vital processes take
place within the bodies of cells, and all the different materials
required for and produced by these processes pass in and out of
them. Iach cell may be looked upon as a microscopie laboratory
in which the complex chemical reactions comprised under the
term metabolism take place, and although, in the higher
organisms, the.cells have become mutually dependent upon one
another, yet each retains a certain degree of physiological as
well as of morphological individuality.
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plants, where the various meristematic or actively dividing
tissues remain in an undifferentiated embryonic eondition and
give rise to those additions to the permanent tissues whereby
growth is effected. Such actively dividing meristem is found at
the growing points of stems and roots, where it serves to bring
about growth in length, and in the cambium, which serves, by
the addition of new elements to the wood and the bast, to bring
about growth in thickness.

The microseopic appearance of such a meristematic tissue,

Fia, 33.—Part of a longitudinal Section of the actively growing Root of a
Hyacinth ((faltonia candicans) showing the Nuelei of the Cells in various
stages of mitotic Division, A x 280; B x 640, (From photographs.)

when suitably stained and prepared for examination, is shown in

Fig. 83, taken from photographs of part of a longitudinal section

of the growing point of the root of a hyacinth (Galtonia candicans).

The cell-walls are as yet thin and inconspicuous and filled with

dense protoplasm, while the conspicuous nueclei exhibit all stages

of mitosis, the whole forming a striking contrast to the dead
tissues, such as eork and wood, of which the bulk of many plants
is made up, and which consists merely of cell-walls without any

protoplasmie contents (¢f. Figs. 6 and 7).

Mitosis in the cells of the higher plants is usually, though by
































































































































































































































































































































































































































































































236 OUTLINES OF EVOLUTIONARY BIOLOGY

the fore limbs are modified to form wings for flying in the air;
and the same is true of the fore limbs of bats and of the extinet

Fig. 91.—The Duck-billed Platypus (Ornithorhynchus anatinus). (From
British Museum Guide.)

flying reptiles known as Pterosauria (pterodactyls). The Cetacea
(whales and porpoises), the Sirenia (dugongs and manatees) and
the seals, amongst mammals; and the turtles and extinet

F1a, 92.—The Echidna or Spiny Anteater (Echidna aculeata). (From British
Museum Gude. )

Ichthyosauria and Plesiosauria amongst reptiles, on the other
hand, have limbs which take the form of paddles and are
specially adapted for swimming in water.

We find, then, three chief types of locomotor organs amongst
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locomotion on dry land we may conveniently confine our attention
to the hoofed mammals or Ungulata. In the elephant the limbs
remain, as In man, in a primitive condition, with five well
developed digits in each. The entire limb 1s stout and massive
and the foot! remains very short and affords a broad support for

Fie. 95, Skeletons of Man and Horse, photographed rl'rnl[l. a group i[l. the
Natural History Museum. (From Lankester’s “ Extinet Animals.”)

E. Elbow bone (olecranon process of ulna); H, Heel bone in ankle (the hock of the
horse): K, Knee joint (the stifle of the horse); P, Hijrllnﬂw: Sh, Shoulder bone
fseq_-upialm + T Vertebrse of tail (coceyx in man); W, Wrist or carpus (the so-called
knee in the horse's fore leg).

the heavy body. This type of limb is somewhat clumsy and not
adapted for very rapid locomotion.

In the more typical ungulates we always find a reduction in the
number of digits, accompanying an uplifting of the hinder part
of the foot from the ground, until finally the animal comes to

1 The term foot in the case of quadrupeds is commonly used to include both
manus and pes.
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consider the way in which this type has been adapted to form
organs of flight in different vertebrate groups.
The wing of the extinet pterodactyls (Fig. 99) was formed
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. F16. 98.— Limbs of artiodactyl or even-toed Ungulates.

by an expansion of the skin of the body stretched between the
fore and hind limbs, and the phalanges of the little finger were
enormously elongated so as to aid in the support of its anterior
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margin. The surface of the flying membrane was probably
covered with seales. In the bhats (Fig. 99) four of the digits

PTERODACTYL

(From Romanes' ** Darwin and after Darwin.”)

‘Wings of Pterodactyl, Bat and Bird.

Frc. 99.

BIRD 4
Z;"?'_F RE AL -

of the hand, Nos. II—V, are elongated and take part in the

support of the flying membrane, the surface of which is either

naked or covered with fine hair. In the birds (Fig. 99) the
R 2
























CONVERGENT EVOLUTION 251

mammals found in other parts of the world. The so-called
marsupial wolf of Tasmania (Thylacinus) closely resembles a
typical earnivore in its habits and general structure. Its teeth
are adapted for a predaceous life, and the entire skull (Fig. 107, B),
with its dentition, bears an extraordinary general resemblanece to
that of a dog (Fig. 107, A), being distinguishable only by details
of structure which would hardly be noticed except by an

F16. 107.—A. Skull of Dog, side view ; B. Skull of Thylacine, side view.
(From photographs.)

anatomist. These details, however, are quite sufficient to show
that there is in reality no close relationship between the two.
Thus the dog (Fig. 108, A, A,) has in each upper jaw three
ineisor teeth (i.'—1.%), one canine (e.), four premolars (p.m.!—p.m.*)
and two molars (m.!—m.?); and the dentition of the lower jaw is
the same except for the presence of a third molar (m.y), which is,
however, in a vestigial condition. The thylacine, on the other
hand (Fig. 108, B, B,), has four incisors (i.'—L1) in the upper and
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I'16. 108.—A, A4, Skull and Mandible of Dog; B, B, Skull and Mandible
of Thylacine, to show the arrangement of the teeth, &ec. (From
photographs.)

i.l,—i.%, incisors of upper jaw;i.,—i.g, incisors of lower jaw; c., canine; p.m.l—p.m.4,
premolars of upper jaw ; p-mg—p.m.,, premolars of lower jaw; m.l—m.4, molars
of upper jaw; m.—m.;, molars of lower jaw.
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the swim-bladder have become highly vascular and it serves as
an organ of respiration. Air is taken into it through the mouth,
so that the blood eirculating in its wall is oxygenated, and the
arrangement of the heart and blood-vessels has become modified
accordingly. TFunctional gills, however, are still present.

In the amphibians the swim-bladder has become completely
converted into a pair of lungs, and in this way was rendered
possible that great step in the evolution of the vertebrates, the
migration from water to land. Thus in the air-breathing verte-
brates the gills have been entirely supplanted and replaced
functionally by the lungs, which are still to be regarded as
homologous with, or morphologically equivalent to, the air-
bladder of fishes.

The hand of man affords another beautiful example of change

Fig. 110.- The Australian Mud-Tish, Neoceratodus forsteri, greatly reduced.
(I'rom DBritish Museum Guide.)

of function—from locomotion to prehension—but it has under-
gone surprisingly little struetural modification in the process.
The proboscis of the elephant is also a very efficient organ of
prehension, but 1t 1s formed by enormous elongation of the nose,
which is primarily an organ for conveying air to and from the
olfactory organs and lungs. Still more remarkable is the con-
version of muscle fibres in the torpedo and the electric eel
(Gymnotug) into powerful electric batteries, capable of giving
severe shocks and therefore valuable as weapons of offence and
defence. In this ease the change of funetion is accompanied by
very profound modifications in structure.

Wherever we turn we find that novel requirements are met, not
by the sudden creation of new organs, but by the gradual modifi-
cation of old ones. As we have already said, the organism has
to do its best with the material which it has inherited from its
ancestors ; and yet the power of living protoplasm to meet every
new requirement by a suitable modification of bodily structure
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vestigial struetures. A characteristic feature of oceanie islands
is the presence on them of birds which have more or less lost the
power of flight. Such were the dodo of Mauritius, the solitaire
of Rodrigiez, and the gigantic moas of New Zealand. All these
forms are now extinet, but we still find in New Zealand several
flightless birds surviving. One of the most interesting is the
kiwi or Apteryx (Fig. 111), a moderate-sized bird of nocturnal.
habits, now rapidly be-
coming exterminated.
The wholebodyis covered
with coarse, hair - like
plumage and externally
shows no trace of wings.
There is, however, a
minute remnant of a
wing present on eacl
side, completely econ-
cealed in the plumage
and entirely functionless
as an organ of flight.
Yet it still possesses the
pentadactyl skeleton,
though in a greatly
reduced condition (Fig.
112). It i1s saud that
when the kiwi goes to
sleep it still endeavours
to tuck its long beak
under its wing after the
F1g. 112.—Skeleton n!‘ a Kiwi, :I-'-hnwi;ig the manner of other birds.
wostiial Wing Blonee, bobind which & oy (o extinet mons, 10

% 1. (From a photograph.) which the kiwis are per-
haps related, even the

last vestiges of the wings seem to have disappeared, for amongst
the enormous quantities of the remains of these gigantic birds
which oceur in New Zealand no wing bones have ever been found.
There is very strong reason to believe that the remote ancestors
of existing vertebrates possessed an additional pair of eyes on
the top of the head, behind the still existing lateral eyes.
Traces of this second pair—the pineal or parietal eyes—are yet
to be found in lampreys and lizards, and especially in that
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remarkable New Zealand reptile the tuatara (Sphenodon punctatus).
This animal (Fig. 113) is usually regarded as the oldest surviving

Fia. 113.—The New Zealand Tuatara, x }. (Drawn by Miss V. E. Dendy
from a model uml photographs.)

type of terrestrial vertebrate, the order to which it belongs (the
Rhynechocephalia) dating back to the close of the Palwozoic period
of the earth’s history (Permian epoch).

In the adult tuatara there is still a fairly well developed pineal

Fiag. 114.—Section through the Pineal Eye of the Tuatara, x 68 (From
photograph.)

le., lens; n., nerve; ret., retina,

eye (Fig. 114), with retina, lens and nerve, but it is only about
ssth inch in diameter and lies deeply buried beneath the
8 2
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condition and ean be of very little if any use to its possessor,
and there is reason to fear that in man himself the teeth are
disappearing a good deal more rapidly than we could wish,
though in this case the disappearance seems to be chiefly due
to disease,

A Dbetter example of a vestigial structure in man is the
coceyx ab the hinder end of the vertebral column (Fig. 95), which
represents the last remnant of the aneestral tail, and is occasion-
ally accompanied by vestiges of the muscles by which an ordinary
tail is moved. The hair on the chest, again, is a vestige of the

Fra. 116.—Seclion throngh the vestigial Pineal Eye of the Frog (Tadpole),
# 168, (From a photograph,)
epd., epidermis; p.e., pineal eye; ras., voof of skoll; v.n., fe#t.iginl stalk amd nerve.

hairy coat which once clothed the entire human body, as it still
does that of the apes.

Examples of wvestigial organs might be multiplied to an
indefinite extent, but enough has perhaps been said to show that
such structures are of very common occurrence and to indicate
their value as evidences of organi¢ evolution. They oceur, of
course, not only in the adult condition bit also, as in the case of
the embryonie gill-slits of air-breathing vertebrates, at earlier
stages of development, but such cases will be more conveniently
dealt with in the next chapter.

Closely akin to the oceurrence of vestigial structures is another
phenomenon known as atavism or reversion, by which we mean
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to another, as, for example, at a later stage, from the chrysalis to
the butterfly, the development really progresses quite slowly
and gradually internally, although the external appearance may
for a long time remain unaltered and give the impression that
it is completely at a standstill.

The fact that the young organism cannot commence its life at
the stage reached by its parents, but has to make a fresh start
from the beginning and go through a whole series of stages

¥i. 117.—A. Chick Embryo of about 5 days, X 5. B. Rabbit Embryo of
about 13 days, ¥ 5, In both cases the fretal membranes and yolk-sac
have been removed. (From photographs.)

before reaching the adult condition, is very significant from the
point of view of the evolutionist. Still more significant is the
fact that different organisms all eommence at the same stage—
as unicellular eggs—and come to diverge further and further
from one another in structure as their development progresses.

If we examine a number of series of embryos belonging to
different vertebrate types, no matter how widely the adult
animals may differ from one another, we shall find that as we
trace their life-histories backwards they gradually converge until,
while still at a relatively advanced stage of development, the
different embryos come to resemble one another so closely that
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though generally eomplicated by the development of tentacles,
skeleton, &e. The development of ceelomie pouches (Fig. 18,
XI—XIII, e.p.) as outgrowths of fhe primifive digestive ecavity,
and the conversion of these into mesoblastic somites (Fig. 13,
XV, m.s.), arranged serially or metamerically down each side of
the body, mark the ftransition from the unsegmented and
ecelenterate condition to the wmetamerically segmented! and
ecelomate condition. The cavities of the ecclomie pouches form
the ewlom or body cavity, which is at first transversely sub-
divided into compartments, as it still is in the adult earthworm,
while their walls form the third germ-layer or mesoblast, lying
between the epiblast which covers the surface of the body and

F16. 118.—The Lancelet ( Amphicaus lanceolatus), x 2. (From a photograph.)

the hypoblast which lines the digestive cavity. Along the mid-
dorsal line of the body a strip of epiblast sinks down (Fig. 13,
XI, npl.) and becomes folded into the form of a tube (Fig. 13,
MIT—XI1V, wnt), the rudiment of the central nervous system
(brain and spinal eord), and beneath this tube a long strip of
hypoblast becomes mipped off from the roof of the gut, forming
the notochord (Fig. 18, XI—XIV, not.) or axial skeletal rod—
the foundation around which in higher types the wvertebral
column is built up. A little later the front part of the gut
becomes pierced by gill-slits for purposes of respiration and
the primitive chordate condition is thus fully -attained.
Amphioxus (Fig. 118) does not progress much beyond this
stage in its development. It never acquires any limbs but swims
about by lateral undulations of the body eansed by the eontraction
I Metamerie segmentation has, of eonrse, nothing to do with the segmentation of
the ovum, but is the term applied to the transverse division of the body in many

animals into a geries of joints or segments arranged longitudinally, each of which
typically repeats the essential features of all the others.
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The process of gastrulation is profoundly modified by the
presence of the food-yolk, and instead of a simple invagination
of the lower half of the blastula wall to form the hypoblast, we
find the small (epiblast) cells, now arranged in several layers,
spreading themselves over the yolk-containing cells until they
completely enclose the latter except for a small ecircular area

Fig. 119.—Iiarly Stages in the Development of the IFrog (partly from
Ziegler's models and partly adapted from Marshall.)

I, the ferlilized ovam ; JT—7VF, segmentation of the ovam ; VI, blastula ; P11 modified
blastula, with wall composed of more than one layer of cells; VI commencement
of gastrulation ; IX, the modified gastrola stage ( FI—IX in vertical section).

ble., blastocoe]l or segmentation cavity ; bp., Mastopore; ent., enteron; ep., epiblast;
yp., hypoblast; w.lbp., apper lip of blastopore; gk.e., yolk-containing cells.

which corresponds to the blastopore or aperture of invagination
in Amphioxus blocked up by yolk cells (Fig. 119, VIII, 1X).
Indeed, practically the whole of the primitive digestive cavity or
enteron in the frog’s gastrula may be regarded as being filled
with yolk cells, from which hypoblast will be derived, and it

only gradually opens out later on in development as the yolk is
used up. Hence the ceelenterate stage of the ancestral history
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with food-yolk, and we accordingly find that the mammalian
ovam (Fig. 71) has become reduced in gize again until it 1s
no larger than that of Amphioxus, i.e. about l5th inch in
diameter. The early stages of segmentation have also gone
back to the primitive fype, but, strange to say, a yolk-sae is still
formed although there is no yolk for it to contain—affording an
admirable example of a vestigial embryonic organ. Here one
record has been superposed upon another in the ontogeny and
we have a recapitulation of an embryonic stage of the reptilian
ancestors of the mammals. After birth, of course, the young

I'16. 120.—Embryo of a Dogfish, with Yolk-Sac (Y.8.) attached, x 2. (From
a photograpb.)

mammal is nourished by the secretion of milk, and is thereby
enabled to reach a very advanced stage of development before it
has to begin o find its own food. The chick, owing to the very
large amount of food-yolk with which the egg is supplied, is also
able to reach a highly developed condition before it hatehes and
begins to look after itself.

With animals whose eggs contain insufficient food-yolk, and
which are not provided with any other special means of
nourishing the developing young, the case is very different. They
are obliged to hateh and begin life on their own account while
still a long way from the adult condition—when only a small
part of their ontogenetic journey has been accomplished.
Amphioxus, for example, hatches as a free-swimming ciliated
embryo shortly after the gastrula stage has been passed through,
and completes its development at the expense of food supplies
which it obtains for itself.
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A. Papilio meriones g

C.Amauris niavius Bz. Papilio dardanus (merope) g
(Sinpocoon Fors)

D. Limnas chrysippus. Ba. Papilio dardarus (merope) g
(Lrophoniva Fore)

Fig. 177.—Mimiery in Butterflies. (After Trimen, from coloured plates in
the Transactions of the Linnean Society, First Series, Vol. XX VI.)






















































































































































































































































































































































