VIL] HOMOLOGIES. 169

CHAPTER VIIL
HOMOLOGIES,

Animals made up of Parts mutuslly related in Various Ways.—What Homology is
—Its Varous Kinds—Serial Homology. —Lnenl HomologyfVerﬁul Homology.
—Mr. Herbert Spencer’s » 85 shown by
Faets of Comparativo Anatomy.—Of Tenwlogy St Mot B Wide
—Foot-wings.—Facts of Pathology.—Mr. James Paget—Dr. William Budd.—The
Existence of such an Internal Powerof Individual Development diminishos the Im-
probability of an Analogous Law of Specific Origination.

THAT concrete whole which is spoken of as “an indi-
vidual” (such, e. g., as a bird or a lobster) is formed of a
more or less complex aggregation of parts which are
actually (from whatever cause or causes) grouped together
in a harmonious interdependency, and which have a multi-
tude of complex relations among themselves.

The mind detects a certain number of these relations
as it contemplates the various component parts of an
individual in one or other direction—as it follows up
different lines of thought. These perceived relations,
though subjective, as relations, have nevertheless an
objective foundation as real parts, or conditions of parts, of
real wholes ; they are, therefore, true relations—such, e. g.,
as those between the right and left hand, between the hand
and the foot, ete.

The component parts of each concrete whole have also
a relation of resemblance to the parts of other concrete
wholes, whether of the same or of different kinds, as the
resemblance between the hands of two men, or that between
the hand of a man and the fore-paw of a cat.
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Now, it is here contended that the relationships borne
one to another, by various component parts, imply the exist-
ence of some innate, internal condition, conveniently spoken
of asa power or tendency, which is quite as mysterious as is
any innate condition, power, or tendency, resulting in the
orderly evolution of ive specific i
These relationships, as also this devel 1 power, will
doubtless, in a certain sense, be somewhat further explained
as science advances. But the result will be merely a
shifting of the inexplicability a point backward, by the
intercalation of another step between the action of the
internal condition or power and its external result. In the
mean time, even if by “ Natural Selection” we could elimi-
nate the puzzes of the “origin of species,” yet other
phenomena, not less remarkable (namely, those noticed in
this chapter), would still remain unexplained and as yet
inexplicable. It is not improbable that, could we arrive at
the causes conditioning all the complex inter-relations
between the several parts of one animal, we should at the
same time obtain the key to unlock the secrets of specific
origination.

Tt is desirable, then, to see what facts there are in
animal organization which point to innate conditions
(p nd tendencies), as yet lained, and upon which
the theory of “ Natural Selection” is unable to throw any
explanatory light.

The facts to be considered arc the phenomena of
“homology,” and especially of serial, bilateral, and vertical
homology.

The word “ homology * indicates such a relation between
two parts that they may be said in some sense to be “ the
same,” or at least “of similar nature.” This similarity,
however, does not relate to the wse to which parts are put,
but only to their relative position with regard to other parts,
or to their mode of origin. There are many kinds of homol-
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ogy,' but it is only necessary to consider the three kinds
above enumerated.

The term “ homologous ” may be applied to parts in two
individual animals of different kinds, or to different parts of
the same individual. Thus *the right and left hands,” or
« joints of the backbone,” or “ the teeth of the two jaws,”
are homologous parts of the same individual. But the arm
of a man, the fore-leg of the horse, the paddle of the whale,
and the wing of the but and the bird are all also homologous

=

WING-BONES OF PTERODACTTL, BAT, AXD BIED.

parts, yet of another kind, i. e., they are the same parts
existing in animals of different species.

On the other hand, the wing of the humming-bird and
the wing of the humming-bird moth are not homologous at
all, or in any sense; for the resemblance between them
consists solely in the use to which they are put, and is
therefore only a relation of analogy. There is no relation
of homology between them, because they have no common
resemblance as to their relations to surrounding parts, or
as to their mode of origin. Similarly, there is no homology

* For an enumeration of the more obrious homological relationships
see Ann. and Mag, of Nat, Hist. for August, 1870, p. 118,
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between the wing of the bat and that of the flying-dragon,
for the latter is formed of certain ribs, and not of limb-
bones.

Homology may be further distinguished into (1) a rela-
tionship which, on evolutionary principles, would be due to
descent from a common ancestor, as the homological rela-
tion between the arm-bone of the horse and that of the ox,
or between the singular ankle-bones of the two lemurine

SKELETON OF TI: FLYING-DRAGON.
(Showing the elongated ribs which support the fitting organ.)

genera, cheirogaleus and galago, and which relation has
been termed by Mr. Ray Lankester « homogeny ;* and (2)
a relationship induced, not derived—such as exists between
parts closely similar in relative position, but with no
genetic affinity, or only a remote one, as the homological
relation between the chambers of the heart of a bat and
those of a bird, or the similar teeth of the thylacine and

# See Ann. and Mag. of Nat. Hist., July, 1870.



VIIL] HOMOLOGIES. 173

the dog before spoken of. For this relationship Mr. Ray
Lankester has proposed the term * homoplasy.”

TARSAL EONES OF DIFFERENT LENTROIDS.
(Right tarsus of Galago ; left tarsus of Cheirogaleus.)

«Serial homology » is a relation of resemblance existing
between two or more parts placed in series one behind the
Bl

other in the same indi ples of such | log

A cENTIPEDE.

are the ribs, or joints of the backbone of a horse, or the
limbs of a centipede. The latter animal is a striking ex-
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ample of serial homology. The body (except at its two
ends) consists of a longitudinal series of similar segments
Each segment supports a pair of limbs, and the appendages
of all the segments (except as before) are completely alike

A less complete case of serial homology is presented by
Crustacea (animals of the crab class), notably by the squilla
and by the common lobster. In the latter animal we have

sqeTLLA.

a six-jointed abdomen (the so-called tail), in front of which
is a large solid mass (the cephalo-thorax), terminated ante-
riorly by a jointed process (the rostrum). On the under



vIL} HOMOLOGIES. 175

surface of the body we find a quantity of movable append-
ages. Such are, e. g., feelers (Fig. 9), jaws (Figs. 6,7
and 8), footrjaws (Fig. 5), claws and legs (Figs. 3 and 4),
beneath the cephalo-thorax; and flat processes (Fig. 2),
called “swimmerets,” beneath the so-called tail or abdo-
men.

PART OF THE SKELETON OF THE LODSTER.

Now, these various appendages are distinct and differ-
ent enough as we see them in the adult, but they all appear
in the embryo as buds of similar form and size, and the
thoracic limbs at first consist each of two members, as the
swimmerets always do.
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This shows what great differences may exist in size, in
form, and in function, between parts which
are developmentally the same, for all these
appendages are modifications of one common
kind of structure, which becomes differently
modified in different situations; in other words,
they are serial homologues.

The segments of the body, as they follow
one behind the other, are also serially alike,
as is plainly seen in the abdomen or tail. In
the cephalo-thorax of the lobster, however,
this is disguised. It is therefore very inter-
esting to find that in the other crustacean
before mentioned, the squilla, the segmenta-
tion of the body is more completely preserved,
and even the first three segments, which go
to compose the head, remain permanently
distinct.

Such an obvious and unmistakable serial
repetition of parts does not obtain in the
highest or back-boned animals, the Vertebrata.
Thus, in man and other mammals, nothing of
the kind is externally visible, and we have to
penetrate to his skeleton to find such a series
of homologous parts.

There, indeed, we discover a number of
pairs of bones, each pair so obviously resem-
bling the others, that they all receive a com-
mon name—the ribs, There also (i. e., in the
skeleton) we find a still more remarkable
seive ov caraco  Series of similar parts, the joints of the spine

AV or backbone (vertebrs), which are admitted
by all to possess a certain community of structure.

It is in their limbs, however, that the Vertebrata pre-
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sent the most obvious and striking serial homology—
almost the only serial homology noticeable externally.

The facts of serial homology seem hardly to have excited
the amount of interest they certainly merit.

Very many writers, indeed, have occupied themselves
with investigations and speculations as to what portions
of the leg and foot answer to what parts of the arm and
hand, a question which has only recently received a more
or less satisfactory solution through the successive con-
cordant efforts of Prof. Humphry,' Prof. Huxley,' the
author of this work,®and Prof. Flower.* Very few writers,
however, have devoted much time or thought to the
question of serial homology in general. Mr. Herbert
Spencer, indeed, in his very interesting First Principles
of Biology,” has given forth ideas on this subject which
arc well worthy careful perusal and consideration, and
some of which apply also to the other kinds of homology
mentioned above. He would explain the serial homologies
of such creatures as the lobster and centipede thus: Ani-
mals of a very low grade propagate themselves by sponta-
neous fission. If certain creatures found benefit from this
process of division ining i 2! such
(on the theory of “Natural Selection ) would transmit
their selected tendency to such incomplete division to their
posterity. In this way, it is conceivable that animals
might arise in the form of long chains of similar segments,
each of which chains would consist of a number of imper-
fectly sep d individuals, and be equivalent to a series
of separate individuals belonging to kinds in which the
fission was complete. In other words, Mr. Spencer would
explain it as the coalescence of organisms of a lower

3 Treatise on the Human Skeleton, 1858.

4 Hunterian Lectures for 1864.

5 Linn@an Transactions, vol. xxv. p. 895, 1866.

& Hunterian Lectures for 1870, and Journal of Anat. for May, 1870.
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degree of aggregation in one longitudinal series, through
survival of the fittest aggregations. This may be so. It is
certainly an ingenious speculation, but facts have mot yet
been brought forward which demonstrate it. Had they
been so, this kind of serial homology might be termed
“homogenetic.” :

The other kind of serial repetitions, namely, those of
the vertebral column, are explained by Mr. Spencer as the
results of alternate strains and compressions acting on
a primitively homogeneous cylinder. The serial homology
of the fore and hind limbs is explained by the same writer
as the result of a similarity in the influences and conditions
to which they are exposed. Serial homologues so formed
might be called, as Mr. Ray Lankester has proposed,
“homoplastic.” But there are, it is here contended,
abundant reasons for thinking that the predominant agent
in the production of the homologics of the limbs is an
internal force or tendency. And if such a power can be
shown to be necessary in this instance, it may also be
legitimately used to explain such serial homologies as those
of the centipede’s segments and of the joints of the back-
bone. At the same time it is not, of course, pretended
that external conditions do not contribute their own effects
in addition. The presence of this internal power will be
rendered more probable if valid arguments can be brought
forward against the explanations which Mr. Herbert
Spencer has offered.

Zateral homology (or bilateral symmetry) is the re-
semblance between the right and left sides of an animal,
orof part of an animal; as, e. g., between our right hand
and our left. It exists more or less, at one or other time of
life, in all animals, except some very lowly-organized
creatures, In the highest animals this symmetry is laid
down at the very dawn of life, the first trace of the future
creature being a longitudinal streak — the embryonic
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« primitive groove.” This kind of homology is explained
by Mr. Spencer as the result of the similar way in which
conditions affect the right and left sides respectively.

Vertical homology (or vertical symmetry) is the resem-
blance existing between parts which are placed one above
the other beneath. It is much less general and marked
than serial or lateral homology. Nevertheless, it is plainly
to be seen in the tail-region of most fishes, and in the far-
extending dorsal (back) and ventral (belly) fins of such kinds
as the sole and the flounder.

It is also strikingly shown in the bones of the tail of
certain efts, as in Chioglossa, where the complexity of the
upper (neural) arch is closely repeated by the infe.
riorone. Again,in Spelerpes rubra, where almost
vertically ascending articular processes above are
repeated by almost vertically descending articular
processes below. Also in the axolot], where there
are double pits, placed side by side, not only su-
periotly but at the same time inferiorly.’”

This kind of homology is also explained by
Mr. Spencer as the result of the similarity of con-
ditions affecting the two parts. Thus he explains
the very general absence of symmetry between the ™Tr™®
dorsal and ventral surfaces of animals by the differ- +*°*™
ent conditions to which these two surfaces are respectively
exposed, and in the same way he explains the asymmetry
of the flat fishes (Pleuronectidw), of snails, ete.

Now, first, as regards Mr. Spencer’s explanation of animal
forms by means of the influence of external conditions, the
following observations may be made : Abundant instances
are brought forward by him of admirable adaptation of
structure to circumstances, but as to the immense major-

" See a Paper on the “ Axial Skeleton of the Urodela,” in Proc. Zool.
Soc., 1870, p. 266.
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ity of these it is very difficult, if not impossible, to sco
how external conditions can have produced, or even
tended to have produced them. For example, we may take
the migration of one eye of the sole to the other side
of its head. What is there here either in the darkness, or
the friction, or in any other conceivable external cause, to

PLEURONECTID.S, WITH THI PECCLIABLY-PLACED EVE IN DIFFERENT FOSITIONS.
have produced the first beginning of such an unprecedented
displacement of the eye? Mr. Spencer has beautifully
illustrated that correlation which all must admit to exist
between the forms of organisms and their surrounding exter-
nal conditions, but by no means proved that the latter are
the cause of the former.

Some internal conditions (or in ordinary language some
internal power and force) must be conceded to living organ-
isms, otherwise incident forces must act upon them and
upon non-living aggregations of matter in the same way, and
with similar effects.

If the mere presence of these incident forces produces
so ready a response in animals and plants, it must be
that there are, in their case, conditions disposing and
enabling them so to respond, according to the old maxim,
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Quicquid recipitur, recipitur ad modum recipientis, as the
same rays of light which bleach a piece of silk, blacken
nitrate of silver. If, therefore, we attribute the forms of
organisms to the action of external conditions, i, e., of inci-
dent forces on their modifiable structure, we give but a
partial account of the matter, removing a step back, as it
were, the action of the internal condition, power, or force
which must be conceived as occasioning such ready modifi-
ability. But indeed it is not at all easy to see how the
influence of the surface of the ground or any conceivable
condition or force can produce the difference which exists
between the ventral and dorsal shields of the carapace of
a tortoise, or by what differences of merely external causes
the ovaries of the two sides of the body can be made equal
in a bat and unequal in a bird.

There is, on the other hand, an @ priori reason why we
should expect to find that the symmetrical forms of all ani-
mals are due to internal causes. This reason is the fact

AN ECHINUS, OR SEA-TROUIN.
(The spines removed from one-balf)

that the symmetrical forms of minerals are undoubtedly due
to such causes. It is unnecessary here to do more than al-
lude to the beautiful and complex forms presented by inor-
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ganic structures, With regard to organisms, however, the
wonderful Acantl and the Polycystina may be men-
tioned as presenting complexities of form which can hardly
be thought to be due to other than énternal causes. The
same may be said of the great group o Echinoderms, with
their amazing variety of component parts. I, then, internal
forces can so build up the most varied structures, they are
surely capable of producing the serial, lateral, and vertical
symmetries which higher animal forms exhibit. Mr. Spen-
cer is the more bound to admit this, inasmuch as in his doc-
trine of “physiological units” he maintains that these or-
ganic atoms of his have an innate power of building up and
evolving the whole and perfect animal from which they
were in each case derived. To build up and evolve the
various symmetrics here spoken of is not one whit more
mysterious. Directly to refute Mr. Spencer’s assertion,
however, would require the bringing forward of examples
of organisms which are ill-adapted to their positions, and
out of harmony with their surroundings—a difficult task
indoed.”

Secondly, as regards the last-mentioned author’s expla-
nation of such serial homology as exists in the centipede and
its allics, the very groundwork is open to objection. Mul-
tiplication by spontancous fission seems from some recent

5 Just as Buffon's superfluous lament over the unfortunate organiza-
tion of the sloth has been shown, by the increase of our knowledge, to
have been uncalled for and absurd, so other supposed instances of non-
adaptation will, no doubt, similarly disappear. Mr. Darwin, in his « Ori-
gin of Species,” 5th edition, p. 220, speaks of a woodpecker ((Colaptes
campestris) as having an organization quite at variance with its habits,
and as never climbing a tree, though possessed of the special arboreal
structure of other woodpeckers. It now appears, however, from the ob-
servations of Mr. W. H. Hudson, C. M. Z. §,, that its habits are in har-
‘mong with its structure. See Mr. Hudson's third letter to the Zoological
Society, published in the Proceedings of that Society for March 24, 1870,
. 150,
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researches to be much less frequent than has been sup-
posed, and more evidence is required as to the fact of the
habitual propagation of any planariz in this fashion. But
even if this were as asserted, nevertheless it fails to explain

AN AXNFLID DIVIDING SPONTANFOUSLY.
(A new head having been formed toward the hinder end of the body of the parent.)

the peculiar condition presented by Syllis and some other
annelids, where a new head is formed at intervals in certain
segments of the body. Here there is evidently an innate

9 Dr. Cobbold has informed the author that he has never observed
a planaria divide spontaneously, and he is skeptical as to that process
taking place at all. Dr. H. Chariton Bastian has also stated that, in spite
of much observation, he has never seen the process in vorticella.



