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‘PREFACE.

THIS ‘book is of%red as a contribution to the study of the
yoblem of Spe01es The reasons that have led to its production
are as follows.”

Some );eé,rs ago it was my fortune to be engaged in an investi-
gation of the anatomy and development of Balanoglossus. At the
close of that investigation it became necessary to analyze the
meaning of the facts obtained; and especially to shew their bear-
ing upon those questions of relationship and descent which modern
morphology has attempted to answer. To this task I set myself
as 1 best might, using the common methods of morphological
argument and gnterpretation,. and working all the facts into a
schgme which should be as consistent as I could make it.

But the value of this and of all such schemes, by which each
form is duly ushered to its plaee, rests wholly on the hypothe%
that the methods of argument are sound. Over it all hung the
suspicion that they were not sound. This suspicion seemed at. that
time so strong that in preface to what I had to say I felt obliged
to refer o it, and to state explicitly that the analysm was-under-
tgxken in pufsuance of the current, methods of morphologca,l
criticism, and without prejudging the questlon of possible or even
probable error in those methods.

Any one who has had to do such work must have felf the same
thing. In these discussions we are contlnua,lly stopped by such
phrases as, “if such and such a variation then took place and was
favourable,” or, “ we may easily suppose circumstances in whlch
such and such a variation if it occurred might be beneficial,” and
the like. Bhe whole argument’is based on such assumptions as
thesg—assumptmnn which, were they found in the arguments of
Paley, or of Butler, we could not too scornfully ridicule. “If,” say
we with much mrcumlocutlon “the course of Nature followed the
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lines we have suggested, then, in short, it did.” That is the sum
ent.

o O%I:eatizg;l\l'?all agreed in our assumpfions and as to the canons of
interpretation, there might be some excuse, but we are not a.greed.
Out of the same facts of anatomy and developmel?t men of egual
ability and repute have brought the most opposite conclusions.
To take for instance the question of the ancestry of Chordata, the
problem on which I was myself engaged, even if we neglect
fanciful suggestions, there remain two wholly incompatible views
as to the lines of Vertebrate descent, each well supported and
upheld by many. From the same facts oppesite conclusions are
drawn. Facts of the same kind will take us no further. The
issue turns not on the facts but on the assumptions. Surely we
can do better than this. Need we waste-more effort in these vain
and sophistical disputes ?

If facts of the old kind will not help, let us seek facts of a new
kind. That the time has come for some new departure most
naturalists are now I believe beginning to recognize. For the
reasons set forth in the Introduction I suggest that for this new
start the Study of Variation offers the best chance. If we had
before us the facts of Variation there would be a body of evidence
to which in these matters of doubt we could appeal. We should
no longer say “4f Variation take place in such a way,” or “if such
a variation were possible;” we should on the contrary be able to
say “since Variation does, or at least may take place in such a way,”
“since such and such a Variation s possible,” and we should
be expected to quote a case or cases of such occurrence as an
observed fact.

To collect and codify the facts of Variation is, I submit, the
first duty of the naturalist. This work should be undertaken if
only to rid our science of that excessive burden of contradictor
assumptions by which it is now o ‘ :

: ppressed. Whatever be our
views of Descent, Variation is the common basis of them all. As
the first step towards the systematic study of Variation we need a

compact catalogue of the known facts, a list which shall contain as

far as po‘ssible all cases of Variation observed, To carry out such a
Project in any completeness ‘

. may be impossible ; but were the plan
t<l)) find favour, there is I think no reason why in time a consirc)ier-
able approach to completeness should not be made.
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Difficulty has hitherto arisen from the fact that Variation is
not studied for its own sake. Each observer has some other object
in view, and we are fortunate if he is good enough to mention in
passing the variations he has happened to see in following his own
ends. From the nature of the case these observations must at
first be sporadic, and, as each standing alone seems to have little
value, in the end they are unheeded and lost. If there were any
central collection of facts to whjch such observations might from
time to time¢ be added, and thus brought into relation with cognate
observations, their value would at once appear and be preserved.
To make a nucleus for such a céllection is the object of the present
work. '

The subject treated,in this first instalment has been chosen for
the reasons given in the text. Reference to facts that could not
be included in this section of the evidence has as far as possible
been avoided, but occasionally such reference was necessary,
especially in the Introduction.

It was my original purpose to have published the facts with-
out comment. This course would have been the most logical and
the safest, but with hesitation it was decided to add something of
the nature of analysis. I do this chiefly for two reasons. First,
in starting a method one is almost compelled to shew the way in
which it is to be applied. Ifitis hoped that others may interest
themselves in the facts, it is necessary to shew how and why their
interest is asked. In the old time .the facts of Nature were
beautiful in themselves and needed not the rouge of speculation
to quicken their charm, but that was long ago, before Modern
Science was born.

Besides this, to avoid the taint of theory in morphology is
impossible, however much it may be wished. The whole science
is riddled with theory. Not a specimen can be described without
the use of a terminology coloured by theory, implying the accept-
ance of some one or other theory of homologies. If only to avoid
misconception matters of theory must be spoken of.

It seemed at first also that the meaning of the facts was so
clear that all would read it alike; but from opportunities that
have occurred for the discussion of these matters I have found
that it is not so, and reluctantly I have therefore made such com-
ments as may serve to bring out the chief significance of the
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phenomena, pointing out what they shew and whgt they do not
deficiencies in the evidence.

shew, having regard'al\vvays to .

That this is a dangerous course I am aware. But in any
discussion of a problem in the light of insufficient knowledge the
real danger is not that a particular conclusion may be wrong, for
that is a transient fault, but rather that the facts themselves may
be so distorted as to be valueless to others when the conclusions
that they were used to shew have been discarded. This danger I
have sought indifferently to avoid by printing the facts as far as
possible apart from all comment, knowing well how temporary the
worth of these comments is likely to be. I have thus tried to
avoid general statements and have kept the descriptions to
particular cases, unless the number of similar cases is great and
an inclusive description is enough.

Each separate paragraph relating a fact has been as far as
possible isolated and made to stand alone; so that if any one may
hereafter care to go on with the work he will be able to cut out
the discarded comments and rearrange the facts in any order
preferred, inserting new facts as they come to hand. Most of
these facts are numbered for reference. The numbers are distrib-
uted on no strict system, but are put in where likely to be useful.

For almost every fact stated or mentioned one reference at least
is given. When this is not the case the fact is either notorious,
or else the result of my own observation. In collecting evidence [
have freely used the collections of former writers, especially those
of Geoftroy St Hilaire, Ahlfeld, and Wenzel Gruber, but unless
the contrary is stated, each passage referred to has been seen in
its original place. By this system I hope I have avoided evidence
corrupted by repetition. Several well known conceptions, notably
th.at of the presence of order in abnormality, first formulated by
.Is1dor<.e Geoﬁtroy St Hilaire, have been developed and exhibited
1n their relation to recent views,

The professed morphologist will note that many of the state-
mgnts are m.ade on authority unfamiliar to him. I have spared no
};(i:;:ttt:d V;ifgozl:e factskvx.fherever possible, and no case has been
St S T renl?r if there. was reason to doubt its authen-

Yoo g as skilled zoologists continue to neglect all forms

. . ]

This neglect of the Study of Variation may be attributed in
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A

great measure to the unfortu;{ate circdmstance that Natural History
has come to be used as a vehicle for-elementary education, a
purpose to which it is unsuited. From the conditions of the casé
when very large classes are brought together it becomes necessary
that the instruction should be organized, scheduled, and reduced to
diagram and system. Facts are valued in proportion as they lend
themselves to such orderly treatment; on the rest small store is
set. By this method the pupil learns to think our schemes of
Nature sufficient, turning for inspiration to books, and supposing
that by following his primer he may master it all. In a specimen
he sees what he has been told to see and no more, rarely learning
the habit of spontaneous observation, the one lesson that the
study of Natural History is best fitted to teach.

Such a system reacts on the teacher. In time he comes to
forget that the caricature of Nature shewn to his pupils is like
no real thing. The perspective and atmosphere that belong to
live nature confuse him no more. Two cases may be given in
illustration. Few animals are dissected more often than the
Crayfish and the Cockroach. Each of these frequently presents
a striking departure from the normal (see Nos. 83 and 625) in
external characters, but these variations have been long unheeded
by pupil and by teacher; for though Desmarest and Brisout
published the facts so long ago as 1848, their observations failed
to get that visa of the text-books without which no fact can
travel far.

It is especially strange that while few take much heed of the
modes of Variation or of the visible facts of Descent, every one is
interested in the causes of Variation and the nature of “Heredity,”
a subject of extreme and peculiar difficulty. In the absence of
special knowledge these things are discussed with enthusiasm,
even by the public at large.

But if we are to make way with this problem special know-
ledge is the first need. We must know what special evidence each
group of animals and plants can give, and this specialists alone
can tell us. It is therefore impossible for one person to make any
adequate gathering of the facts. If it is to be done it must be
done by many. At one time I thought that a number of persons
might perhaps be induced thus to combine ; but though I hope
hereafter some such organized collection may be made, it is
perhaps necessary that the first trial should be single-handed.
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As I have thus been obliged to speak of many Fhmgs of which
I have no proper knowledge each sectior.x must '1nev1ta.b1y segm
meagre to those who have made its subject their special study,
and I fear that many mistakes must have been .made. To any one
who may be willing to help to set these errors right, T offer thanks
in advance, “humbly acknowledging a work of such concern-
ment unto truth did well deserve the conjunction of many heads.”

Iu the course of the work I have had help from so many that
I cannot here give separate thanks to each. For valuable criticisms,
given especially in connexion with the introductory pages, I am
indebted to Mr F. Darwin, Dr C. S. Sherrington, Dr D. MacAlister,
Mr W. Heape, Mr G. F. Stout, Dr A. A. Kanthack and particularly
to Mr J. J. Lister. I have to thank the authorities of the
British Museum, of the Museum of the Royal College of Surgeons,
of the Musée d’'Histoire Naturelle in Paris, and of the Museuns
of Leyden, Oxford, Rouen, Newcastle-upon-Tyne, of the Ecole
Vétérinaire at Alfort, and of the Dental Hospital for the great
kindness that they have shewn me in granting facilities for the
«tudy of their collections. In particular I must thank Mr Oldfield
Thomas of the British Museum for much help and advice in con-
nexion with the subject of Teeth. I am also greatly obliged to
Mowrs Godman and Salvin for opportunities of examining and
drawing specimens in their collections. To many others who have
been good enough to lend specimens or to advise in particular
casex my obligations are acknowledged in the text, but I must
especially express my gratitude to Dr Kraatz of Berlin, to Dr L.
von Heyden of Frankfurt, and to M. H. Gadeau de Kerville of
Rouen for the large numbers of valuable insects with which they
entrusted me.

My .best thanks are due to Dr A. M. Norman for many useful
suggestions, for the loan of specimens and for the kindly interest
he has taken 1n my work.

.M)' fl‘ie.nd Mr HH Brindley has very kindly given me much
assistance in determm%ng and verifying several points that have
ill.'li‘cll, and I am part.1cu1ar1y indebted to him for permission to
glb\s e an.account of his very interesting and as yet unpublished
observations on the variation and regeneration of the tarsus in
Cockroaches.
intrfgzzzggzr}? ::111113 ;)){ Dr David Sharp I have been enabled to

able evidence relating to Insects, a subject of
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which without his assistance I could scarcely have spoken. It is
impossible for me adequately to express my obligation to Dr Sharp
for his constant kindness, for the many suggestions he has given
me, and for the generosity with which he has put his time and
skill at my service.

It is with especial pleasure that I take this opportunity of
offering my thanks to Professor Alfred Newton for the encourage-
ment and sympathy he has given me now for many years.

As many of the subjects treated involve matters of interpret-
ation it should be explicitly declared that though help has been
given by so many, no responsibility for opinions attaches to anyone
but myself unless the contrary is stated.

The blocks for Figs. 18, 19, 25, 133, 161 and 185 (from Proc.
Zool. Soc.) were very kindly given by the Zoological Society of
London; that for Fig. 28 (from Trans. Path. Soc.) by the Pathological
Society; and for Fig. 140 which is from the Descent of Man I am
obliged to the kindness of Mr F. Darwin, Figs. 5B, 5¢, and 77 were
supplied by the proprietors of Newman’s British Butterflies, and
Figs. 5 A, 82 and 84 by the proprietors of the Entomologist. The
sources of other figures are acknowledged under each. Those not
thus acknowledged have been made from specimens or from my
own drawings or models by Mr M. P. Parker, with the exception
of a few specially drawn for me by Mr Edwin Wilsow,

The work was, as I have said, begun in the earnest hope that
some may be led thereby to follow the serious study of Variation,
and so make sure a base for the attack on the problems of
Evolution. Those who reject the particular inferences, positive
and negative, here drawn from that study, must not in haste
reject the method, for that is right beyond all question.

That the first result of the study is to bring confusion and
vagueness into places where we had believed order established
may to some be disappointing, but it is best we deceive ourselves
no longer. That the problems of Natural History are not easy but
very hard is a platitude in everybody’s mouth. Yet in these days
there are many who do not fear to speak of these things with
certainty, with an ease and an assurance that in far simpler
problems of chemistry or of physics would not be endured. For
men of this stamp to solve difficulties may be easy, but to feel
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difficulties is hard. Though the problem is all unsolved and the
old questions stand unanswered, there are those w}{o have taken
on themselves the responsibility of giving to the 1gnorant, as a
gospel, in the name of Science, the rough guesses of yestgerday
that tomorrow should forget. Truly they have put a sword in the
hand of a child.

If the Study of Variation can serve no other end it may make
us remember that we are still at the beginning, that the com-
plexity of the problem of Specific Difference is hardly less now
than it was when Darwin first shewed that Natural History is a
problem and no vain riddle.

On the first page I have set in all reverence the most solemn
enuntiation of that problem that our language knows. The priest
and the poet have tried to solve it, each in his turn, and have
failed. If the naturalist is to succeed he must go very slowly,
making good each step. He must be content to work with the
simplest cases, getting from them such truths as he can, learning
to value partial truth though he cheat no one into mistaking
1t for absolute or universal truth; remembering the greatness
of his calling, and taking heed that after him will come Time,
that “author of authors,” whuse inseparable property it is ever
more and more to discover the truth, who will not be deprived
of his due.

ST Joux's CoLLEGE, CAMBRIDGE.
29 December, 1893,
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23, line 5. For ‘“and thatin” read ** and in.”’

27, line 29. For * appear” read * appears.”

37, line18. For * their” read ‘* the.”

54. Note 2. For *xxvii” read *“xx.”

55. Parra is now known not to have affinities with the Rallids.

141. In description of Fig. 15 insert “ After SoLeER.”

151, line 2 and p. 153, Note. For “W. B.” read *‘G. B.”

198. For ¢ Pinnipedie " read *Pinnipedia.” For * Dent.” read ‘ Deut.”
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[
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212. In description of Fig. 40 delete ‘* p! of the left side is in symmetry with
two teeth on the right side.” The figure is correct.

. 281, 15th line from bottom. Delete  and perhaps all.”

382, For “W. H. Benham"” read ‘“W. B. Benham.”

429, For “ Banyul's "’ read ¢ Banyuls.”

473, 4th and 6th lines from bottom. For ‘ Tornaria’ read * Balanoglossus.”

. 526, Delete the heading * (1) Clear cases of Extra Parts in Secondary
Symmetry.”

= sop T

Note to p. 461, Note 718. As to union of eyes in Bees, see further, DiTTRICH,

Zeit. f. Ent.,.Breslau, 1891, xvi. p. 21, and Coox, A. J., Proc. Amer. Ass., 1891,
p. 327.

Note to p. 468, Note 2. In connexion with Giard’s observation the following
fact should be given. Since this Chapter was printed I have had an opportunity of
examining a sample of Flounders taken in the shallow water off Bournemouth. Of
23 specimens seen alive, all but about half a dozen were more or less blotched with
shades of brown on the “ blind” side. In five the brown was more extensive than
the white. The eyes and dorsal fins were normal. The fishmonger who shewed
them to me said that the Flounders in that place were generally thus blotched, and

that t.hose seen were a fair sample. In estimating the significance of Cunningham’s
experiment (p. 467) this fact should be remembered.



INTRODUCTION.

AU flesh i3 not the same flesh : but there is one kind of flesh of men, another
Jlesh of beasts, another of fishes, and another of birds.

SECTION L

THE STUDY OF VARIATION.

To solve the problem of the forms of living things is the aim
with which the naturalist of to-day comes to his work. How
have living things become what they are, and what are the laws
which govern their forms? These are the questions which the
naturalist has set himself to answer.

It 1s more than thirty years since the Origin of Species was
written, but for many these questions are in no sense answered
yet. In owning that it is so, we shall not honour Darwin’s
memory the less; for whatever may be the part which shall be
finally assigned to Natural Selection, it will always be remem-
bered that it was through Darwin’s work that men saw for the
first time that the problem is one which man may reasonably
hope to solve. If Darwin did not solve the problem himself, he
first gave us the hope of a solution, perhaps a greater thing.
How great a feat this was, we who have heard it all from child-
hood can scarcely know.

In the present work an attempt is made to find a way of
attacking parts of the problem afresh. and it will be profitable
first to state formally the conditions of the problem and to examine
the methods by which the solution has been attempted before.
This consideration shall be as brief as it can be made.

The forms of living things have many characters: to solve the
problem completely account must be taken of all. Perhaps no
character of form is common to all living things; on the
contrary their forms are almost infinitely diverse. Now in those
attempts to solve the problem which have been the best, it is this
diversity of form which is taken as the chief attribute, and the
attempt to solve the general problem is begun by trying to trace
the modes by which the diversity has been produced. In the
shape in which it has been most studied, the problem is thus the

B. 1



2 THE PROBLEM OF SPECIES. [INTROD.

f Species. Obscurity has been brought nto the treat-
gglll)’le:)? tc})le qu.)leStiOIl through want of recognition of the fa.cl’zi th‘a]ti
this is really only a part of the ge,npral pl;oblem, which wou thl
remain if there were only one species. Nevertheless the ﬁ)ro e}:n
of Species is so tangible a part of the whole that 1t 1s perhaps the
best point of departure. For our present purpose we cannot
begin better than by stating it concisely.

The forms of living things are diverse. They may neverthe-
less be separated into Specitic Groups or Species, the members of
each such group being nearly alike, whlrl‘e they are less like the
members of any other Specific Group. [The Specific Groups mway
by their degrees of resemblance be arranged in Generic Groups
and so on.] )

The individuals of each Specific Group, though alike, are not
identical in form, but exhibit differences, and in these dlﬁ'erer.lcgs
they may even more or less nearly approach the form characteristic
of another Specific Group. It is true, bestdes, that in the case of
many Specific Groups which have been scparated from each other,
intermediate forms are found which form a continuous serles of
gradations, passing insensibly from the form characteristic of one
Species to that characteristic of another. In such cases th_e
distinetion between the two groups for purposes of classification 1s
not retained.

The tact that in certain cases there are forms transitional
betwcen groups which are sufficiently different to have been
thought to be distinet, is a very important fact which must not
be lost sight of; but though now a good many such cases are
known, it remains none the less true that at a given point of
time, the forms of living things may be arranged in Specific
Groups, and that between the 1mmense majority of these there
are no transitional forms. There are therefore between these
Specitic Groups differences which are Specific.

No definition of a Specific Difference has been found, perhaps
because these Differences are indefinite and hence not capable of
definition. But the forms of living things, taken at a given
moment, do neverthdess most certainly form a discontinuous
scrics and not a coutinuous series. This is true of the world as
we see 1t now, and thcrf: 1s no good reason for thinking that it has
ever been other"wlse. No much is being said of the mutability of
species that !Shls, which is the central fact of Natural History, is
almost lost sight of, but if ever the problem is to be solved this
fact must be boldly faced. _There 1s nothing to be gained by
shirking or trying to forget it. ’

. 'he existence, then, of Specific Differences is one of the
characteristics of the forms of living things. This is no merely

subjective conception, but an objective, tangibl £ e
first part of the problem, ) , tangible fact. This is the
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In the next place, not only do Specific forms exist in Nature,
but they exist in such a way as to fit the place in Nature in
which they are placed; that is to say, the Specific form which an
organism has, is adapted to the position which it fills. This again
18 a relative truth, for the adaptation is not absolute.

These two facts constitute the problem :

1. The forms of living things are various and, on the whole,
are Discontinuous or Specific.

II. The Specific forms; on the whole, fit the places they
have to live in.

How have these Discontinuous forms been brought into exist-
ence, and how is it they are thus adapted? This is the question
the naturalist is to answer. To answer it completely he must find
(1) The modes and (2) The causes by which these things have
come to pass.

Before considering the ways in which naturalists have tried to
answer these questions, it is necessary to look at some other
phenomena characteristic of Life. We have said that at a given
moment, or point of time, the specific forms of living things com-
pose a discontinuous series. The element of time thus intro-
duced is of consequence, and leads to important considerations.
For the condition of the organized world is not a fixed condition,
but changes from moment to mowment, and that which can be pre-
dicated of its condition at one moment may not at any other point
of time be true. This process of change is brought about partly by
progressive changes in the bodies of the individuals themselves,
but chiefly. by the constant succession of individuals, the parents
dying, their offspring succeeding them. It is then a matter of
observation that the offspring born of parents belonging to any
one Specific Group do as a rule conform to that Specific Group
themselves, and that the forin of the body, the mechanisms and
the instincts of the offspring, are on the whole similar to those
which their parents had. But like most general assertions about
living things this is true not absolutely but relatively only. For
though on the whole the offspring is like the parent or parents, its
form is perhaps never identical with theirs, but generally differs
from it perceptibly and sometimes materially. To this pheno-
menon, namely, the occurrence of ditferences between the structure,
the instincts, or other elements which compose the mechanism of
the offspring, and those which were proper to the parent, the name
Variation has been given.

We have seen above that the two leading facts respecting the
forms of living things are first that they shew specific differen-
tiation, and secondly that they are adapted. To these we may
now add a third, that in the succession from parent to offspring
there is, or may be, Variation. It is upon the fact of the exist-
ence of this phenomenon of Variation that all inductive theories
of Evolution have been based.

1—2
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ion which thus forms the‘ common ground of thqse
the;II"?ees sllsl%ﬁfss f—May not the Specific Differences between Species
and Species have come about through and be con.lpm;nded of the
individual differences between parent and offspring ? ng'nog
Specific Differentiation have resulted from Individual Variation ?
This suggestion has been spoken of as the Doctrine of Common
Descent, for it asserts that there is between living things a

ity of descent. - )

comInrlxu\I;l}gt follows it will be assumed that this Doctrine of
Descent is true. It should be admitted from the first that the
truth of the doctrine has never been proved. There is never-
theless a great balance of evidence in its favour, but it finds its
support not so much in direct observation as in the difficulty of
forming any alternative hypothesis. The Theory of Descent in-
volves and asserts that all living things are genetically connected,
and this principle is at least not contrary to observation; while
any alternative hypothesis involves the idea of Separate Creation
which by common consent is now recognized as absurd. In favour
of the Doctrine of Common Descent there is a balance of evidence:
it is besides accepted by most naturalists; lastly if it is not true
we can get no further with the problem: but inasmuch as it is
unproven, it is right that we should explicitly recognize that it is
in part an assumption, and that we have adopted it as a pos-
tulate.

The Doctrine of Descent being assumed, two chief solutions of
the problem have been offered, both starting alike from this
common ground. Let us now briefly consider each of them.

A. Lamarck’s Solution. So many ambiguities and pitfalls are
in the way of any who may try to re-state, in a few words, the
theory propounded in the Philosophie Zoologique, that it is with
great diffidence that the following account of it is given.

Lamarck points out that living things can in some measure
adapt themselves buth structurally and physiologically to new
(_:ircun}stances, and that in certain cases the adaptability is present
in a high degree. He suggests that by inheritance and perfection

of such adaptations they inay have become what they are, and that

thus specitic forms and mechanisms have been produced, as it were,
by sheer force of circumstances,

On this view it is assumed that
to the demands made on it by the environment the organism
makes an appropriate structural and physiological response; in
other words, that there is in living things a certain tension, by
which they respond to environmental pressure and fit the place
they are in, somewhat as a fluid fits a vessel.

This is not, I think, a misrepresentation of Lamarck’s theory.
It amounts, in other words, to a proposal to regard organisms as

machines which have the power of Adaptati '
) : ation as one of their
fundamental and inherent qualities or attlgbutes.
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Without discussing this solution, we may note that it aims at
being a complete solution of both
(1) The existence and persistence of differing forms,
(2) The fact that the differing forms are adapted to
different conditions;
and (3) The causes of the Variation by which the diversity has
occurred.

B. Darwin’s Solution. Darwin, without suggesting causes of
Variation, points out that since (1) Variations occur—which they
are known to do—and since (2) some of the variations are in the
direction of adaptation and others are not—which is a necessity—
it will result from the conditions of the Struggle for Existence
that those better adapted will on the whole persist and the less
adapted will on the whole be lost. In the result, therefore, there
will be a diversity of forms, more or less adapted to the states
in which they are placed, and this is very much the observed
condition of living things.

We may note that this solution does not aim at being a com-
plete solution like Lamarck’s, for as to the causes of Vanation it
makes no suggestion. 4

The arguments by which these several solutions are supported,
and the difficulties which are in the way of each, are so familiar
that it would be unprofitable to detail them. On our present
knowledge the matter is talked out. Those who are satisfied with
either solution are likely to remain so.

It may be remarked however that the observed cases of adap-
tation occurring in the way demanded on Lamarck’s theory are
very few, and as time goes on this deficiency of facts begins to be
significant. Natural Selection on the other hand is obviously a
‘true cause, at the least.

In the way of both solutions there is one cardinal difficulty
which in its most general form may be thus expressed. According
to both theories, specific diversity of form is consequent upon
diversity of environment, and diversity of environment is thus
the ultimate measure of diversity of specific form. Here then we
meet the difficulty that diverse environments often shade into
each other insensibly and form a continuous series, whereas the
Specific Forms of life which are subject to them on the whole
form a Discontinuous Series. The immense significance of this
difficulty will be made more apparent in the course of this work.
The difficulty is here put generally. Particular instances have
been repeatedly set forth. Temperature, altitude, depth of water,
salinity, in fact most of the elements which make up the physical
environment are continuous in their gradations, while, as a rule,
the forms of life are discontinuous®. Besides this, forms which

1 It may be objected that to any organism the other organisms coexisting with
it are as serious a factor of the environment as the strictly physxca.l components;
and that inasmuch as these coexisting organisms are discontinuous species, the
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are apparently identical live under conditions which are apparently
very different, while species which though closely allied are con-
stantly distinct are found under conditions which are apparently
the same. If we would make these facts accord with the view
that it is diversity of environment which is the measure of
diversity of specific form, it is necessary to suppose either (1)
that our estimate of similarity of forms, or of environment, 1s
wholly untrustworthy, or else (2) that there is a wide area of
environmental or structural divergence within which no sensible
result is produced: that is to say, that the relation between en-
vironment and structure is not finely adjusted. But either of these
admissions is serious ; for if we grant the former we abrogate the
right of judgment, and are granting that our proposed solutions
are mere hypotheses which we have no power to test, while if we
admit the latter, we admit that environment cannot so far be either
the directing cause or the limiting cause of Specific Differences,
though the first is essential to Lamarck’s Theory, and the second is
demanded by the doctrine of Natural Selection.

Such then, put very briefly, are the two great theories, and this
is one of the chief difficulties which beset them. We must now
pass to our proper work.

We have to consider whether it is not possible to get beyond
the present position and to penetrate further into this mystery
of Specific Forms. The main obstacle being our own ignorance,
the first question to be settled is what kind of knowledge would
be of the most value, and which of the many unknowns may
be determined with the greatest profit. To decide this we must
return once more to the ground which is common to all the induc-
tive theories of Evolution alike.  Now all these different theories
start from the hypothesis that the different forms of life are re-
lated to each other, and that their diversity is due to Variation.
On this hypothesis, therefore, Variation, whatever may be its cause,
and however it may be limited, is the essential phenomenon of
Evolution. Variation, in fact, s Evolution. The readiest way,

then, of solving the problem of Evolution is to study the facts of
Variation.

SECTION II.

ALTERNATIVE METHODS. .

‘The Study of Variation is therefore suggested a
:‘hwh 1s on the whole more likely than anfifgother t(s) g;:e I?lzﬂé(})li
ind of knowledge we are wanting. It should be tried not so
much in the hope that it will give any great insight into those
element of discontin

help in the attempt ¢
organisms.

uity may thus be introduced. This i i
uced. 8 18 true, but it does not
o find the cause of the original discontinuity of the coexisting
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relations of cause and effect of which Evolution is the expression,
but merely as an empirical means of getting at the outward and
visible phenomena which constitute Evolution. On the hypothesis
of Common Descent, the forms of living things are succeeding each
other, passing across the stage of the earth in a constant proces-
sion. To find the laws of the succession it will be best for us to
stand as it were aside and to watch the procession as it passes by.
No amount of knowledge of individual forms will tell us the laws or
even the manner of the succession, nor shall we be much helped by
comparison of forms of whose descent we know nothing save by
speculation. To study Variation it must be seen at the moment
of its beginning. For comparison we require the parent and the
varying offspring together. To tind out the nature of the progres-
sion we require, simultaneously, at least two consecutive terms of
the progression. KEvidence of this kind can be obtained in no other
way than by the study of actual and contemporary cases of Varia-
tion. To the solution of this question collateral methods of re-
search will not contribute much.

Since Darwin wrote, several of these collateral methods have
been tried, and though a great deal has thus been done and a vast
number of facts have been established, yet the advance towards a
knowledge of the steps by which Evolution proceeds has been
almost nothing. It will not perhaps be wandering unduly if we
consider very shortly the reason of this, for the need for the Study
of Variation will thereby be made more plain.

Before the publication of the Origin of Species the work of
naturalists was chiefly devoted to the indiscriminate accumulation
of facts. By most the work was done for its own sake in the strict-
est sense. In the minds of some there was of course a hope,that
the gathering of knowledge would at last lead on to something
more, but this hope was for the most part formless and vague.
With the promulgation of the Doctrine of Descent the whole course
of the study was changed. The enthusiasm of naturalists ran
altogether into new channels; a new class of facts was sought and
the value of Zoological discovery was judged by a new criterion.
The change was thus a change of aim, and consequently a change
of method. From a large field of possibilities the"choice fell
chiefly upon two methods, each having a definite relation to the
main problem. The first of these is the Embryolegical Method,
and the second may be spoken of as the Study of Adaptation.
The pursuit of these two methods was the direct outcome of
Darwin’s work, and such grcat hopes have been set on thetm that
before starting on a new line we shall do well to examine carefully
their proper scope and see whither each of them may reasonably
be expected to lead.

It is besides in the examination of these methods and in ob-
serving the exact point at which they have failed, that the need
for the Study of Variation will become most evident.
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When the Theory of Evolution first gained a hearing it beca_me
of the highest importance that it should be put to some test which
should shew whether it was true or not. In comparison with this
all other questions sank into insignificance.

Now, the principle which has been called the Law of von Baer,
provided the means for such a test. By this principle it 1s affirmed
that the history of the individual represents the history of the
Species. If then it should be found that organisms in their de-
velopment pass through stages in which they resemble other forms,
this would be prima facie a reason for believing them to be geneti-
cally connected. The general truth of the Theory of Descent
might thus be tested by the facts of development. For this reason
the Study of Embryology superseded all others. Itisnow, ofcourse,
generally admitted that the Theory has stood this test, and that
the facts of Embryology do support the Doctrine of Community of
Descent. '

But the claims of Embryology did not stop here. In addition
to the application of the method to the general Theory of Descent,
it has been sought to apply the facts of Embryology to solve
particular questions of the descent of particular forms. It has
been maintained that if it is true that the history of the individual
repeats the history of the Species, we may in the study of De-
velopment see not only that the various forms are related, but
also the exact lines of Descent of particular forms. In this way
Embryology was to provide us with the history of Evolution.

_ The survey of the development of animals from this point of
view 1s now complete for most forms of life, and in all essential
points; we are now therefore in a position to estimate its value.
It will, I think, before long be admitted that in this attempt to
extend the general proposition to particular questions of Descent
the embryological method has failed. The reason for this is
obvious. The principle of von Baer was never more than a
rough approximation to the truth and was never suited to the
solutuip ﬁf particular problems. It is curious to notice upon how
::;g’s s 1% tha basis of evidence this widely received principle really

: as been established almost entirely by inference and

1t has been demonstrated by actual observation in scarcely a single
1nstance.

For the stages through which a particular organism passes

In the course of its develo 1881 '
_ . elopment are admissible as evidence of
1ts pedigree only when it shall have been proved as a general

truth that the development of i divi :
on which. the Speciesp deve10pezlr,l 1viduals does follow the lines

from tl}ose forms. Thus the
established by assuming it
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true in special cases, while its applicability to special cases rests
on its having been accepted as a general truth.

Probably however the apologists of this method would main-
tain that the principle of von Baer, though its truth has not
been demonstrated directly, yet belongs to the class of “True
Hypotheses.” To establish the trnth of a hypothesis in a case
like the present in which the number of possible hypotheses is
not limited, it should at least be shewn that its application in all
known instances is so precise, so simple, and in such striking
accordance with ascertained facts, that its truth is felt to be
irresistible.

Nothing like this can be said of the principle of von Baer.
Even if it be generally true that the development of a form is
a record of its descent, it has never been suggested that the record
is complete.

Allowance must constantly be made for the omission of stages,
for the intercalation of stages, for degeneration, for the presence
of organs specially connected with larval.or embryonic life, for
the interference of yolk and so forth. But what this allowauce
should be and in what cases it should be made has never been
determined.

More than this: closely allied forms often develop on totally
different plans; for example, Balunoglossus Kowalevskiv has an
opaque larva which creeps in the sand, while the other species of
the family have a transparent larva which swims at the sarface of
the sea; the germinal layers of the Guinea-pig when conipared with
those of the Rabbit are completely inverted, and so on. These are
not isolated cases, for examples of the same kind occur in almost
every group and in the development of nearly all the systems of
organs. When these things are so, who shall determine which de-
velopmental process is ancestral and which is due to secondary"
change ? By what rules may secondary changes be recognized as
such? Do transparent larve swimming at the surface of the sea
reproduce the ancestral type or does the opaque larva creeping in
the mud shew us the primitive form? Each investigator has
answered these questions in the manner which seemed best to
himself.

There is no rule to guide us in these things and there is no
canon by which we may judge the worth of the evidence. It is
perhaps not too much to say that the main features of the de-
velopment of nearly every type of animal are now ascertained,
and on this knowledge elaborate and various tables of phylogeny
have been constructed, each differing from the rest and all plau-
sible ; but it would be difficult to name a single case in which
the immediate pedigree of a species is actually known.

The Embryological Method then has failed not for want of
knowledge of the visible facts of development but through ignor-
ance of the principles of Evolution. The principle of von Baer,
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taken by itself, is clearly incapable of interpreting the phenomena}
of development. We are endeavouring by means of :it) mai,‘st }?
conflicting evidence to reconstruct the series of Descent, hut of the
laws which govern such a series we are ignorant. In the lr}ter-
pretation of Embryological evidence it is coustantly necessary }1130
make certain hypotheses as to the course of Variation iu the
past, but before this can be done it is surely necessary that we
should have some knowledge of the modes of Variation in the
present. When we shall know something of the nature of the
variations which are now occurring in animals and the steps by
which they are now progressing before our eyes, we shall be in
a position to surmise what their past has been; for we shall then
know what changes are possible to them and what are not. In
the absence of such knowledge, any person is at liberty to pos-
tulate the occurrence of variations on any lines which may suggest
themselves to him, a liberty which has of late been freely used.
Embryology has provided us with a magnificent body of facts,
but the interpretation of the facts is still to seek.

The other method which, since Darwin’s work, has attracted
most attention is the study of the mechanisms by which organisms
are adapted to the conditions in which they live. This study of
Adaptation and of the utility of structures exercises an extra-
ordinary fascination over the minds of some and it is most
mportant that its proper use and scope should be understood.

We have seen that the Embryological Method owed its import-
ance to its value as a mode of testing the truth of the Theory
of Evolution: in the same way the Study of Adaptation was
undertaken as a test of the Theory of Natural Selection.

Amongst many classes of animals, complex structures are pre-
sent which do not seem to contribute directly to the well-being of
their possessors. By many it has been felt that the persistent
occurrence of organs of this class is a difficulty, on the hypothesis’
that there is a tendency for useful structures to be retained and
for useless parts to be lost. In consequence it has been antici-
pated that sufficient research would reveal the manner in which
these parts are directly useful. The amount, of evidence collected
with this object is now enormous, and most astonishing ingenuity
has been evoked in the interpretation of it. A discussion of the
truth of the conclusions thus put forward is of course apart from
our present purpose, which is to examine the logical value of this
method of research as a means of attacking the problem of Evo-
lution.  With regard to the results it has attained it must suffice
to notice the fact that while the functions of many problematical
organs have been conjectured, in some cases perhaps rightly, there
S e, e, of s i v
B binche s Tting o ur L Y speculation, and structl.lr.es and.

e best known forms, as to the “ utility ” of



SECT. IL] INTRODUCTION. 11

which no one has made even a plausible surmise. All this is fa-
miliar to every one and every one knows the various answers that
have been made.

It 18 not quite fair to judge such a method by the imperfection
of its results, but in one respect the deficiency of results obtained by
the Study of Adaptation 1s very striking, and though this has
often been recognized it must be again and again insisted on as a
thing to be kept always in view. The importance of this consider-
ation will be seen when the evidence of Variation is examined.
The Study of Adaptation ceases to help us at the exact point at
which help is most needed. We are seeking for the cause of the
differences between species and species, and 1t 1s precisely on the
utility of Specific Differences that the students of Adaptation are
silent. For, as Darwin and many others have often pointed out,
the characters which visibly differentiate species are not as a rule
capital facts in the constitution of vital organs, but more often
they are just those features which seem to us useless and trivial,
such as the patterns of scales, the details of sculpture on chitin or
shells, ditferences in number of hairs or spines, differences between
the sexual prehensile organs, and so forth. These differences are
often complex and are strikingly constant, but their utility is in
almost every case problematical. For example, many suggestions
have been made as to the benefits which edible moths may derive
from their protective coloration, and as to the reasons why unpalat-
able butterflies in general are brightly coloured; but as to the
particular benefit which one dull moth enjoys as the result of his own
particular pattern of dullness as compared with the closely similar
pattern of the next species, no suggestion is made. Nevertheless
these are exactly the real ditticulties which beset the utilitartan
view of the building up of Species. We knew all along that Species
are approzumately adapted to their circumstances; but the diffi-
culty is that whereas the differences in adaptation seem to us to
be approximate, the differences between the structures of species
are frequently precise. In the early days of the Theory of Natural
Selection it was hoped that with searching the direct utility of
such small differences would be found, but time has been runuing
now and the hope is unfulfilled.

Even as to the results which rank among the tritumphant suc-
cesses of this method of study there is need for great reserve.
The adequacy of such evidence must necessarily be a matter for
individual judgment, but in dealing with questions of Adaptation
more than usual caution is needed. No disrespect is intended
towards those who have sought to increase our acquaintance with
these obscure phenomena; but since at the present time the con-
clusions arrived at in this field are being allowed to pass unchal-
lenged to a place among the traditional beliefs of Science, it is
well to remember that the evidence for these beliefs is far from
being of the nature of proof.
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The real objection however to the employment of the Study of
Adaptation as a means of discovering the processes of Evolution is
not that its results are meagre and its conclusions unsqund. ) Apart
from the doubtful character of these inferences, @here 1S a d1fﬁ0ult.y
of logic which in this method is inherent and insuperable. This
difficulty lies in the fact that while 1t 1s generally possible to
suggest some way by which 1n circumstances, known or hypothe-
tical, any given structure may be of use to any animal, it cannot on
the other hand ever be possible to prove that such structures are
not on the whole harmful either in a way indicated or otherwise.
There is a special reason why the impossibility of proving the
negative applies with peculiar force to the mode of reasoning we
are now considering. This is due to the fact that whereas the
only possible test of the utility of a structure must be a quan-
titative one, such a quantitative method of assessment is entirely
beyond our powers and is likely to remain so indefinitely. The
students of Adaptation forget that even on the strictest applica-
tion of the theory of Selection it is unnecessary to suppose that
every part an animal has, and every thing which it does, is useful
and for its good. We, animals, live not only by virtue of, but also
in spite of what we are. It is obvious from mspection that any
Instinet or any organ may be of use: the real question we have to
consider is of how much use it is. To know that the presence of a
certain organ may lead to the preservation of a race 1s useless if we
cannot tell how much preservation it can effect, how many indi-
viduals 1t can save that would otherwise be lost; unless we know
also the degree to which its presence is harmful ; unless, in fact, we
know how its presence affects the profit and loss account of the
organism. We have no right to consider the utility of a structure
demonstrated, in the sense that we may use this demonstration as
evidence of the causes which have led to the existence of the struc-
ture, until we have this quantitative knowledge of its utility and are
able to set off against it the cost of the production of the structure
and all the difficulties which its presence entails on the organism.
No one who has ever tried to realize the complexity of the relations
between an organism and its surroundings, the infinite variety of
the consequences which every detail of structure and every shade of
mstinct ney cotail upon the organism, the precision of the correla-
tion between funct.ion and the need for it, and above all the mar-
vellous accuracy with which the presence or absence of a power or
a structure 1s often compensated among living beings—no one can
reflect upon these things and be hopeful that our quantitative
estimates of utlllty are hl-(ely to be correct. But in the absence of
Sl;'clht cor}‘ect and final estimates of utility, we must never use the
(r;l ; xll ﬁ’/e: fat.ts'trugtprt? as a point of departure in considering the
Tt \'zt ;Sli(élt;llgln ,ﬂfOI: though we can see that it is, or may be,
but whether on i}:e exion will shew that it is, or may be, harmful,

e whole it is useful or on the whole harmful,
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can only be guessed at. It thus happens that we can only get
an indefinite knowledge of Adaptation, which for the purposes of
our problem is not an advance beyond the original knowledge
that organisms are all more or less adapted to their circumstances.
No amount of evidence of the same kind will carry us beyond this
point. Hence, though the Study of Adaptation will always remain
a fascinating branch of Natural History, it is not and cannot be a
means of directly solving the problem of the origin of Species.

SECTION III.
CoONTINUITY OR DISCONTINUITY OF VARIATION.

What is needed, then, is evidence of a new kind, for no
amount of evidence of the kinds that have been mentioned will
take us much beyond our present position. We need more know-
ledge, not so much of the facts of anatomy or development, as of
the principles of Evolution. The question to be considered is how
such knowledge may be obtained. It is submitted that the
Study of Variation gives us a chance, and perhaps the only one, of
arriving at this knowledge.

But though, as all will admit, a knowledge of Variation lies at
the root of all biological progress, no organized attempt to obtain it
has been made. The reason for this is not very clear, but it
apparently proceeds chiefly from the belief that the subject is too
difficult and complex to be a profitable field for study. However
this may be, the fact remains, that since the first brief treatment of
the matter in Anvmals and Plants under Domestication no serious
effort to perceive or formulate principles of Variation has been
made, and there is before us nothing but the most meagre and
superficial account of a few of its phenomena. Darwin’s first
collection of the facts of Variation has scarcely been increased.
These same facts have been arranged and rearranged by each
successive interpreter; the most various and contradictory pro-
positions have been established upon them, and they have been
strained to shew all that it can possibly be hoped that they will
shew. Any one who cares to glance at the works of those who
have followed Darwin in these fields may assure himself of
this. So far, indeed, are the interpreters of Evolution from adding
to this store of facts, that in their hands the original stock
becomes even less until only the most striking remain. It is
wearisome to watch the persistence with which these are revived
for the purpose of each new theorist. How well we know the
offspring of Lord Morton’s mare, the bitch ‘Sappho,’” the Sebright
Bantams, the Himalaya Rabbit with pink eyes, the white Cats
with their blue eyes, and the rest! Perhaps the time has come
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i i t be made to shew
when even these splendid observations cannot De o sh
much more. Surely their use is now rather to point the direction

in which we must go for more facts.

The questions which by the Study of Variation we hope to
answer may be thus expressed. In affirming our belief in the
doctrine of the Community of Descent of living things, we declare
that we believe all living things to stand to each other in definite
genetic relationships. If then all the individuals which have
lived on the earth could be simultaneously before us, we believe
that it would be possible to arrange them all, so that each stood
in its own ordinal position in series. We believe that all the
secondary series together make up one primary series from which
each severally arises. This is the fundamental conception of
Evolution and is represented figuratively by the familiar image of
a genealogical tree. If then all the individual ancestors of any
given form were before us and were arranged in their order, we
believe they would constitute a series. This view of the forms of
organisms as constituting a series or progression 1s the central idea
of modern biology, and must be borne continually in mind in the
attempt to apply any principle to the Study of Evolution.

Each individual and each type which exists at the present
moment stands, for the moment, therefore, as the last term of
such a series. The problem is to find the other terms. In the
case of each type the question is thus stated in a particular
form, and it is a somewhat remarkable circumstance that it is in
its particular forms that this problem has been most studied.
The xamc problem is nevertheless capable of being stated in the
general form also. Instead of considering what has been the
actual series from which a specified type has been derived, we may
consider what are the characters and attributes of such series in
general. It may indeed be contended that it is scarcely reason-
able to expect to discover the line of descent of a given form, for
the evidence is gone; but we may hope to find the general
ghararacteristics of Evolution, for Evolution, as we believe, is still
 progress. It is really a strange thing that so much enterprise
and research should have been given to the task of reconstructin
particular pedigrees—a work in which at best the facts must be
eked out largely with speculation—while no one has ever seriously
tried to determine the general characters of such a series. Yet if
our modern conception of Descent is a right one, it is a pheno-
menon now at this time occurring, which by common observations,
without the use of any imagination whatever, we may now see.
'Izhe‘ chief object, then, with which we shall begin the Study of
Variation will be the determination of the nature of the Series by
whlgh forms are evolved.
manln }éi ?;St‘v(l]ll}eﬁtlops that‘ we shgll ‘seek to answer refer to the

ich differentiation is introduced in these Series.
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All we as yet know 1s the last term of the Series. By the
postulate of Common Descent we take it that the first term
differed widely from the last, which nevertheless is its lineal
descendant: how then was the transition from the first term to
the last term effected ? If the whole series were before us, should
we find that this transition had been brought about by very
minute and insensible differences between successive terms in the
Series, or should we find distinct and palpable gaps in the Series ?
In proportion as the transition from term to term is minimal and
imperceptible we may speak of the Series as being Continuous,
while in proportion as there appear in it lacunae, filled by no
transitional form, we may describe it as Discontinuous. The
several possibilities may be stated somewhat as follows. The
Series may be wholly continuous; on the other hand it may be
sometimes continuous and sometimes discontinuous; we know how-
ever by common knowledge that it is never wholly discontinuous.
It may be that through long periods of the Series the differences
between each member and its immediate predecessor and successor
are impalpable, while at certain moments the series is interrupted
by breaches of continuity which divide it into groups, of which the
composing members are alike, though the successive groups are
unlike. Lastly, discontinuity may occur in the evolution of par-
ticular organs or particular instincts, while the changes in other
structures and systems may be effected continuously. To decide
which of these agrees most nearly with the observed phcnomena of
Variation is the first question which we hope, by the Study of
Variation, to answer. The answer to this question is of vital con-
sequence to progress in the Study of Life.

The preliminary question, then, of the degree of continuity
with which the process of Ewvolution occurs, has never been
decided. In the absence of such a decision there has never-
theless been a common assumption, either tacit or expressed, that
the process is a continuous one. The immense consequence of a
knowledge of the truth as to this will appear from a consideration
of the gratuitous difficulties which have been introduced by this
assumption. Chief among these is the difficulty which has been
raised in connexion with the building up of new organs in their
initial and imperfect stages, the mode of transformation of organs,
and, generally, the Selection and perpetuation of minute variations.
Assuming then that variations are minute, we are met by this
familiar difficulty. We know that certain devices and mechanisms
are useful to their possessors; but from our knowledge of Natural
History we are led to think that their usefulness is consequent on
the degree of perfection in which they exist, and that if they were
at all imperfect, they would not be useful. Now 1t 1s clear that in
any continuous process of Evolution such stages of imperfection
must occur, and the objection has been raised that Natural
Selection cannot protect such imperfect mechanisms so as to lift
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them into perfection. Of the objections which have been brought
against the Theory of Natural Selection this is by far the most
serious. . N

The same objection may be expressed in a form which is more
correct and comprehensive. We have seen that the differences
between Species on the whole are Specific, and are differences of
kind, forming a discontinuous Series, while the diversities of en-
vironment to which they are subject are on the whole differences
of degree, and form a continuous Series; it is therefore bard to
see how the environmental differences can thus be In any sense
the directing cause of Specific differences, which by the Theory of
Natural Selection they should be. This objection of course in-
cludes that of the utility of minimal Variations

Now the strength of this objection lies wholly in the sup-
posed continuity of the process of Variation. We see all organ-
1zed nature arranged in a discontinuous series of groups differing
from each other by differences which are Specific; on the other
hand we see the divers environments to which these forms are
subject passing insensibly into each other. We must admit, then,
that if the steps by which the divers forms of life have varied
from each other have been insensible—if in fact the forms ever
made up a continuous series—these forms cannot have been
broken into a discontinuous series of groups by a continuous es-
vironment, whether acting directly as Lamarck would have, or
as selective agent as Darwin would have. This suppositioﬁ has
been generally made and admitted, but in the absence of evidence
as to Variation it is nevertheless a gratuitous assumption, and
as a matter of fact when the evidence as to Variation 1s studied
it will be found to be in great measure unfounded. ’
~ In what follows so much will be said of discontinuity in Varia-
tion that it will not be amiss to speak of the reasons which have
led many to suppose that the continuity of Variation needs no
proof. Of these reasons there are especially two. First there
1s in the minds of some persons an inherent conviction that all
natural processes are continuous. That many of them do not
appear so is admitted: it is admitted, for example, that among
chemical processes Discontinuity is the rule; that changes in the
Titl?z.es I%fe‘rg?:ﬁixiessreitc?;n%wlply Sffected discontinuously, and the
o Veverth elieved that such outward and visible
: rlsccontlnl}lllj;);1 1s but a semblance or mask which conceals a real

ess which 1s continuous a i i
be found. With this class of olll)?ec‘?:ilz)lrcl: vt')g, af;‘leo rioiegle‘;‘l}i:;gs z?)i}.,
%??:rd,o?&t theg are felt by so many that their existence must not

rgotten. Secondly, Variation has been supposed to be al
continuous and i rraoaii s

ntin and to proceed by minute steps because ch f
this kind are so common in Variation. Hence i h e
that the mode of Variat: J ce 1t has been inferred
1 of Variation thus commonly ob d
That this inference is a wron oy iToiweres!.
g one, the facts will shew.
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To sum up:

The first question which the Study of Variation may be ex-
pected to answer, relates to the origin of that Discontinuity of
which Species is the objective expression. Such Discontinuity
is not in the environment; may it not, then, be in the living
thing itself?

The Study of Variation thus offers a means whereby we may
hope to see the processes of Evolution. We know much of what
these processes may be: the deductive method has been tried,
with what success we know. It is time now to try if these things
cannot be seen as they are, and this is what Vanation may shew
us. In Variation we look to see Evolution rolling out before our
eyes. In this we may fail wholly and must fail largely, but it
is still the best chance left.

SECTION 1IV.

SYMMETRY AND MERISTIC REPETITION.

Having thus indicated some of the objects which we may
hope to reach by the Study of Variation, we have next to consider
the way in which to set about this study.

The Study of Variation is essentially a study of differences
between organisms, so for each observation of Variation at least
two substantive organisms are required for comparison. It is
proposed to confine the present treatment of the subject to a
consideration of the integral steps by which Variation may pro-
ceed; hence it is desirable that the two organisms compared
should be parent and offspring, and if, as is often the case, the
actual parent is unknown, 1t is at least necessary that the normal
form of the species should be known and that there must be
reasonable evidence that the varying offspring is actually de-
scended from such a normal. For this reason, evidence from a com-
parison of Local Races, and other established Varieties, though a
very valuable part of the Study, will for the most part not be here
introduced. For the belief that such races are descended from the
putative normal scarcely ever rests on proof, and still more rarely
1s there evidence of the number of generations in which the
change has been effected.

For our purpose we require actual cases of Variations occurring
as far as possible in offspring of known parentage; and if, failing
this, we make use of cases occurring in the midst of normal indi-
viduals of known structure, it must in such cases be always
remembered that we cannot properly assume that the varying form
is the offspring of such individuals, though special reasons may
make this likely in special cases.

Since the structure of the offspring is perhaps in no case
B. 2
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identical with that of the parent, observation of any parent and
its offspring is to the point; but such a field as this is plainly too
wide to be studied with profit as a whole, and it is necessary from
the first, that attention should be limited to certain classes of such
phenomena. With this object certain limitations are proposed,
and though confessedly arbitrary, they will be found on the whole
to work well.

The first limitation thus introduced concerns the magnitude
of Variations. We have seen above that the assumption that
Variation is a continuous process lands us in serious difficulties
in the application of a hypothesis which, on general grounds,
we nevertheless are prepared to receive. If then we can shew
that Variation is to some extent discontinuous, a road will be
opened by which these difficulties may perhaps be in part avoided.

Species are discontinuous; may not the Variation by which
Species are produced be discontinuous too? It may be stated at
once that evidence of such Discontinuous Variation does exist,
and in this first consideration of the subject attention will be con-
fined toit. The fact that Continuous Variation exists is also none
the less a fact, but it is most important that the two classes of
phenomena should be recognized as distinct, for there is reason to
think that they are distinct essentially, and that though both may
occur simultaneously and in conjunction, yet they are manifesta-
tions of distinct processes. The attempt to distinguish these two
kinds of Variation from each other constitutes one of the chief
parts of the study. It will not perhaps be possible to find any
general expression which shall accurately differentiate between
Variations which are Discontinuous and” those which are Con-
tinuous, but it is possible to recognize attributes proper to each
and to distinguish changes which are or may be effected in the one
way from other changes which are or may be effected in the other.

For the present we shall treat only of the evidence of Dis-
continuous Variation.

In order to explain the second limitation which is to be intro-
duced it is necessary to refer to some phenomena which are
characterlstlg of the forms of organisms, and to separate from them
the group with which we shall deal first.

It was stated above that perhaps no character of form is
common to all living things, but nevertheless there is one feature
which is found in the great majority.

In the first place, the bodies of organisms are not homo-
geneous but heterogeneous, consisting of organs or parts which
In substance and composition differ from each other. This
heterogeneity in composition is of course an objective expression
of the process of Differentiation, and it is further recognized
that such structural heterogeneity of material corresponds with
a physiological Differentiation of function. This Differentiation
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or Heterogeneity is found in the bodies of all organisms, even
in the simplest.

Now in a wide survey of the forms of living things there is
a fact with regard to the presence of this Heterogeneity which to
the purpose of our present consideration is of the highest con-
sequence. This may perhaps be best expressed by the state-
ment that in the bodies of living things Heterogeneity is generally
orderly and formal; it is cosmic, not chaotic. Not only are the
bodies of all organisms heterogeneous, but in the great majority
the Heterogeneity occurs in a particular way and according to
geometrical rule. This character is not peculiar to a few
organisms, but is common to nearly all. We will now examine
this phenomenon of geometrical order in Heterogeneity and try
to see some of the elements of which it is made up.

Order of form will first be found to appear in the fact that in
any living body the Heterogeneity is in some degree symmetri-
cally distributed around one or “more centres. In the great
majority of instances these centres of symmetry are themselves
distributed about other centres, so that in one or more planes the
whole body is symmetrical.

The idea of Symmetry which is here introduced is so familiar
that it is scarcely necessary to define it, but as all that follows
depends entirely on the proper apprehension of what is meant by
Symmetry it may be well to call attention to some of the phenomena
which the term denotes.

In its simplest form the Symmetry of a figure depends on the
fact that from some point within it at least two lines may be
taken in such a way that each passes through parts which are
similar and similarly disposed. The point from which the lines
are taken may be called a centre of Symmetry and the lines may
be called lines of Symmetrical Repetition.

Commonly the parts thus symmetrically disposed are related
to each other as optical images [in a plane mirror passing through
the centre of Symmetry and standing in a plane bisecting the
angle which the lines of Symmetrical Repetition make with each
other]. For a figure to be symmetrical, in the ordinary sense of
the term, it is not necessary that the relation of optical images
should strictly exist, and several figures, such as spirals, &c.,
are accordingly described as symmetrical. But since the relation
of images exists in all cases of bilateral and radial symmetry, which
are the forms most generally assumed in the symmetry of organ-
isms, it is of importance to refer particularly to this as one of
the phenomena often associated with Symmetry. ) -

In the simplest possible case of Symmetry there is a series
of parts in one direction corresponding to a series of parts in
another direction. Perhaps there is no organism in which such an
arrangement does not at some time and in some degree exist.
For even in an unsegmented ovum or a resting Ameba there is

2—2
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little doubt that Symmetry is present, though owing to the slight
degree of Differentiation, its presence may not be clearly
perceived. In the manifestations, however, in which 1t 1s most
familiar, Symmetry is a decided and obvious phenomenon.

Symmetry then depends essentially on the fact that structures
found in one part of an organism are repeated and occur again 1n
another part of the same organism. Symmetrical Heterogeneity
may therefore be present in a spherical body having a core
of different material, and it is possible that in an unsegmented
ovum for example a Symmetry of this simple kind may exist.
But Symmetry, as it is generally seen in organisms, differs from
that of these simplest cases in the fact that the organs repeated
are separated from each other by material of a nature different
from that of the organs separated. Repetitions of this kind are
known in almost every group of animals and plants. The parts
thus separated may belong to any system of organs. There 15 no
known limit to the number of Repetitions that may occur.

This phenomenon of Repetition of Parts, generally occurring
in such a way as to form a Symmetry or Pattern, comes near to
being a universal character of the bodies of living things. It will
in cases which follow be often convenient to employ a single term
to denote this phenomenon wherever and however occurring.
For this purpose the term Merism will be used. The introduc-
tion of a new term is, as a practice, hardly to be justified; but in
a case like the present, in which it is sought to associate divers
phenomena which are commonly treated as distinct, the employ-
ment of a single word, though a new one, is the readiest way of
giving emphasis to the essential unity of the phenomena comprised.

The existence of patterns in organisms is thus a central fact
of morphology, and their presence is one of the most familiar
characters of living things. Anyone who has ever collected
fossils, or indeed ammals or plants of any kind, knows how in
hunting, the eye is caught by the formal regularity of an organized
being, which, contrasting with the irregularity of the ground, is
often the first indication of its presence. Though of course not
diagnostic of living things, the presence of patterns is one of their
most general characters.

On examining more closely into the constitution of Repetitions,
they may be seen to occur in two ways; first, by Differentiation
within the limits of a single cell, as in the Radiolaria, the sculpture
of egg-shells, nl}clear spindles, &c., to take marked cases; and
secondly, by, or in conjunction with, the process of Cell-Division.
The Symmetry which 1s found in the Serial Repetitions of Parts in
unicellular organisms does not in all probability differ essentially
from that which is produced by Cell-Division, for, though suffi-

ciently distinet in outward a
: : . ppearance, the two ar _
tainly manifestations of the satr?e power. are almost cer
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Such patterns may exist in single cells or in groups of cells, in
separate organs or in groups of organs, in solitary forms or in
colonies and groups of forms. Patterns which are completed in the
several organs or parts will be referred to as Minor Symmetries.
These may be compounded together into one single pattern, which
includes the whole body : such a symmetry will be called a Major
Symmetry. In most organisms, whether colonial or solitary,
there is such a Major Symmetry; on the other hand organisms
are known in which each system of Minor Symmetry is, at least
in appearance, distinct and without any visible geometrical relation
to the other Minor Symmetries. Examples of this kind are not
common, for, as a rule, the planes about which each Minor
Symmetry is developed have definite geometrical relations to
those of the other Minor Symmetries. It 1s possible, even, that in
some if not all of these, the planes of division by which the tissues
composing each system of Minor Symmetry are originally split off
and differentiated, have such definite relations, though by sub-
sequent irregularities of growth and movement these relations are
afterwards obscured.

The classification of Symmetry and Pattern need not now be
further pursued. The matter will be often referred to in the
course of this work, when facts concerning Variations in number
and patterns are being given, for it is by study of Variations in
pattern and in repetition of parts that glimpses of the essential
phenomena of Symmetry may be gained.

That which is important at this stage is to note the almost
universal presence of Symmetry and of Repetition of Parts among
living things. Both are the almost invariable companions of division
and differentiation, which are fundamental characters without which
Life is not known.

The essential unity of the phenomenon of Repetition of Parts
and of its companion-phenomenon, Symmetry, wherever met with,
has been too little recognized, and needless difficulty has thus been
introduced into morphology. To obtain a grasp of the nature of
animal and vegetable forms, such recognition is of the first con-
sequence.

To anyone who is accustomed to handle animals or plants, and
who asks himself habitually—as every Naturalist must—how they
have come to be what they are, the question of the origin and
meaning of patterns in organisms will be familiar enough. They
are the outward and visible expression of that order and complete-
ness which inseparably belongs to the phenomenon of Life.

If anyone will take into his hand some complex piece of living
structure, a Passion-flower, a Peacock’s feather, a Cockle-shell, or
the like, and will ask himself, as I have said, how it has come to
be so, the part of the answer that he will find it hardest to give, 1s
that which relates to the perfection of its pattern.

And it is not only in these large and tangible structures that
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the question arises, for the same challenge is presented in the most
minute and seemingly trifling details. In the skeleton of a Diatom
or of a Radiolarian, the scale of a Butterfly, the sculpture on a
pollen-grain or on an egg-shell, in the wreaths and stars of nuclear
division, such patterns again and again recur, and again and again
the question of their significance goes unanswered. There are
many suggestions, some plausible enough, as to why the tail
of a Peacock is gaudy, why the coat of a pollen-grain should be
rough, and so forth, but the significance of patterns is untouched
by these. Nevertheless, repetitions arranged in pattern exist
throughout organized Nature, in creatures that move and in those
that are fixed, in the great and in the small, in the seen and in
the hidden, within and without, as a property or attribute of Life,
scarcely less universal than the function of respiration or meta-
bolism itself.

Such, then, is Symmetry, a character whose presence among
organisms approaches to universality.

SECTION V.

MERISTIC VARIATION AND SUBSTANTIVE VARIATION.

It is to the origin and nature of Symmetry that the first
sectlon of the evidence of Variation will relate. That a knowledge
of the modes of Variation of so universal a character is important
to the general study of Biology must at once be evident, but to
the particular problem of the nature of Specific Differences this
lmportance is immense. This special importance comes from two
reasons. ~ As it is the fact first that Repetition and Symmetry are
among the commonest features of organized structure, so it will be
found next that it is by differences in those features that the various
forms of organisms are very commonly differentiated from each other.
Their forms are classified by all sorts of characters, by shape and
proportions, by size, by colour, by habits and the like ; but perhaps
almost as frequently as by any of these, by differences in number
of parts and by differences in the geometrical relations of the parts.
It is by such differences that the larger divisions, genera, families,
&c. are especially distinguished. In such cases of course the
differences in number and Symmetry do not as a rule stand
alone, but are generally, and perhaps always, accompanied by
other differences of a qualitative kind; nevertheless, the differ-
ences in number and Symmetry form an integral and very definite
part of the total differences, so that in any consideration of the

t
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In the present Introduction I do not propose to forestall the
evidence more than is absolutely necessary for the purpose of
making clear the principles on which the facts are grouped, but
it will do the evidence no wrong if at the present stage it 1s stated
that Meristic Variation is frequently Discontinuous, and that in
the case of certain classes of Repetitions is perhaps always so.

The nature of Merism and the manner in which Meristic
Variations occur will be fully illustrated hereafter, but it is
necessary to say this much at the present stage, since it is from
this Discontinuity in the occurrence of Meristic Variations that
the phenomena of Symmetry and Repetition derive their special
importance in the Study of Variation.

The importance of the phenomena of Merism to the Study of
Variation is thus, in the first instance, a direct one, for the Varia-
tions which have resulted in the production of Meristic Systems
are a direct factor in Evolution. In addition to this direct relation
to the Study of Variation, the phenomena of Merism have also an
indirect relation, which is scarcely less important; for they are a
factor in the estimation of the magnitude of the integral steps by
which Variation proceeds. This will be more evident after the
second group of Variations has been spoken of.

We have thus far spoken only of the processes by which the
living body is divided into parts, and we have thus constituted a
group which is to include Variations in number, Division, and geo-
metrical position. From these phenomena of Division may be
distinguished Variations in the actual constitution or substance
of the parts themselves. To these Variations the name Substan-
tive will be given. Under this head several phenomena may be
temporarily grouped together, which with further knowledge will
doubtless be found to have no real connexion with each other.
For the present, however, it will be convenient to constitute such
a temporary group in order to bring out the relative distinctness of
Variations which are Meristic.

These two classes of Variation, Meristic and Substantive, may
be recognized at the outset of the study. There can be no doubt
that they are essentially distinct from each other, and the proof
that they are thus distinct will be found in the evidence of Varia-
tion, for it will be seen that either may occur independently of the
other. An appreciation of this distinction is a first step towards
a comprehension of the processes by which the bodies of organisms
are evolved.

A few simple illustrations may make the nature of these two
classes of Variations more clear. For example, then, the flower of
a Narcissus is commonly divided into six parts, but through
Meristic Variation it may be divided into seven parts or into only
four. Nevertheless there is in such a case no perceptible change
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in the tissues or substance of which the parts are made up. All
belong to and are recognizable as belonging to the same sort of
Narcissus.  On the other hand many Narciss, N. corbularia, for
example, are known in two colours, one a dark yellow and the other
a sulphur-yellow, though the number of parts and pattern of the
flowers are identical. This is, therefore, an example of a Sub-
stantive Variation.

Again, the foot of a Pig may, through Meristic Variation, be
divided into five or six toes instead of into four; or, on the other
hand, the number may, by absence of the median division between
the digits III and IV, be reduced to three, though the tissues
composing the toes may not in structure differ from the normal.

Again, the tarsus of a Cockroach (Blatta) may, through Me-
ristic Variation, be divided into only four joints instead of inta
five, the normal number, but the joints are still in substance or
quality those of a Cockroach.

I am aware that Meristic and Substantive Variations often
occur together, and that there is a point at which it is not possible
to separate satisfactorily the changes which have come about by
the one process from those which have come about by the other.
Instances of this kind occur especially in the case of series of
parts such as Teeth or Vertebre, in which individual members
or groups of members of the series are differentiated from the
others. For example, we may see that it is through Meristic
Variation that the vertebral column of a Dog may be divided into
a number of Vertebree greater or less than the normal; and
though in such cases all the Vertebrz have distinctively canine
characters, yet there are nearly always Substantive Variations
occurring m correlation with the Meristic Variations, manifesting
themselves in a re-arrangement of the points of division between
the several groups of Vertebrz, and causing individual Vertebra
to assume characters which are not proper to their ordinal
positions.

Further inquiry into the questions thus raised cannot at this
stage be profitably undertaken, though when the evidence has
been considered it will perhaps be advisable to recur to them ; all

that is now intended is to indicate broadly the general scope of
Meristic and Substantive Variation respectively.

As has already been stated, it is proposed to begin the Study
of Variation by an examination of Variations which are Meristic,
leaving the consideration of Substantive Variation %o be under.
taken hereafter. But nevertheless in the consideration of Meristic
Variation 1t will be necessary to refer to phenomena of Substantive
Variation in so far as their occurrence or distribution in the body are
affected by Meristic phenomena. For in the determination of the
magnitude of the integral steps by which Variation proceeds, the
existence of Merism plays a conspicuous part, and 1t is in con-



SECT. V.] INTRODUCTION. 25

sequence of this that the subject of Symmetry and Repetition of
Parts has a second and indirect bearing on the Study of Variation
which is scarcely less important than the direct bearing of which
mention has been made above.

This indirect bearing on the manner of origin of Specific
Differences arises from a circumstance which in treatises on
Evolution is commonly overlooked. In comparing a species in
which parts are repeated, with an allied species in which the same
parts are repeated, it commonly occurs that each of the repeated

rts of the one have some character by which they are dis-
tinguished from the like parts of the other. This differentiating
character may be a qualitative one, or a numerical one, or both.
In such cases it very frequently happens that this character occurs
in each member of the series of Repetitions. For example, the
tarsi of the Weevils have only four visible joints, while those
of the majority of beetles have five; but the characteristic
division into four joints occurs in each of the legs. Before the
four-jointed character as seen in the Weevils could be produced
it was necessary that not one but all of the legs should vary from
the five-jointed form, and in this particular way. The leaves on a
beech tree are all beech leaves, and if the tree is a fern-leaved
beech, they may, and generally speaking do, all shew the charac-
ters of that variety; and so on with other particular species and
varieties.

The limbs of a bilaterally symmetrical animal, in which the
right side is the image of the left, are of course alike, and any
specific character which is present in the limbs of the one side
must in such an animal be normally present in those of the other
side.

The same is true of many forms in which appendages are
repeated in series, as for example, the fore-legs and hind-legs
of the Horse, the fore- and hind-wings of the Brimstone Butterfly
(Gonepteryz rhamni); of the patterns on several segments of many
caterpillars ; of the patterns of the segmental sete of many worms,
and so forth. In series whose members are differentiated from each
other, it of course frequently happens that the same specific
characters are not present in all the members of the series, and in
nearly all such cases these characters are not presented by all in
equal degree; nevertheless substantially the phenomenon remains
that similar characters often are presented by the several members
of a series of repeated organs. .

To many this will seem little better than a truism, neverthe-
less I offer no apology for its introduction; for though, as a
common and obvious fact, it is a truism, it is besides a truth, the
far-reaching significance of which is scarcely appreciated. For,. in
the consideration of the magnitude of the mtegral steps by which
Variation proceeds, we shall have this to remember: that to
produce any of the forms of which we have spoken, by Variation
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from another form, it is not enough that the particular Variation
should occur and become fixed in one member of the series, but it
is necessary that the character should sooner or later be taken on
by each member of the series which exhibits it. In such cases
therefore, this question is raised. Did the Variation come in first
in one member of the Series and then in another? Did it occur,
for example, simultaneously on the two sides of the body? Did
the right and left fore-legs of the Horse cease to develop more
than the present number of digits simultaneously or separately?
Was the similar form of the hind-legs assumed before, after, or
simultaneously with that of the fore-legs? Were the orange
markings which are present on both fore- and hind-wings of the
Brimstone, or the ocellar markings of the Peacock (V' Io), and of
the Emperor (Saturnia carpini), assumed by both wings at once?
Were the four wings of the Plume Moths split simultaneously into
the characteristic “plumes”? Did the brown spots on the three
leaflets of Medicago, the fimbriation of the petals of Ragged Robin
(Lychnmas flos-cuculr), the series of stripes on the Zebra, the pink
slashes on the segments of Sphinz larvae, the eyes on the scutes
of Chitons, and the thousand other colour-marks, sense-organs,
appendages and structural features, which throughout organized
Nature occur in Series, vary to their present state of similarity
by similar and simultaneous steps, or did each member of
such Series take these characters by steps which were separate
and occurring independently? To this question, which lies at
the root of all progress in the knowledge of Evolution, the
Study of Variation can alone reply. That in the facts which
follow, the answer to this question will be found, cannot of course
be said; but these facts, few though they are, do nevertheless
answer 1t In part, and they suggest that more facts of the same
kind would go far towards answering it completely. But beyond
this, the facts are of value as an indication of the part which the
phenomenon of Merism may play in determining the magnitude of
Variations and the manner of their distribution among the several
parts of the body. On examining the evidence it will be found
that between parts related to each other in the way that has been
described, there is a certain bond or kinship, by virtue of which
they may and often do vary simultaneously and in similar ways,
though the fact that they may also vary independently, and in
different ways, will of course also appear.

The phenomenon of the Similar Variation of parts which are
repeatgd Meristically in Series is a fact which will be found to
}ﬁ?’ve Important bearings on several distinct departments of

1ological study.
of sﬁzh“;?[sn islhewn dab'ove’ it is by recognition of the existence
THgth of the :11;11 a_tln s1mu%ta1.1eous Variation that the manner of
SHITE ostant o ;efﬁ co;)np exity of severat'l organs belonging to the
€s becomes comparatively comprehensible ; for
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it is not then necessary to conceive a separate origin for the com-
plexity of each member of the series. For example, it is difficult
to conceive the manner of evolution of an eye of a vertebrate;
nevertheless, for each vertebrate two eyes have been evolved. If
it were necessary to suppose that each arose by separate selections
of separate variations, the difficulty would be thus doubled. If,
however, it is recognized that the complexity of both arose simul-
taneously, the phenomenon becomes the more intelligible as the
number of integral variations and selections demanded is reduced.

The case chosen, of paired organs in bilateral symmetry, is
a very simple one, but it will be found that similar relations hold
between other parts repeated in series. For in the same way it is
not necessary to suppose an independent evolution for each of the
tail-feathers of the Peacock, for the legs of the Horse, and the like,
since in the light of the facts of Variation 1t is as easy for all to
take on the new characters as for one.

If the manner of development of Repeated Parts is considered,
this fact will not seem surprising. For all these parts arise from
the undifferentiated tissues by a process of Division, and what-
ever characters were potentially present in the undifferentiated
tissues.may appear in the parts into which it subsequently divides.
A somewhat loose illustration will perhaps make this more clear.
Everyone knows the rows of figures which children cut out from
folded paper. There are as many figures as folds, each figure being
alike if the folds coincide. If the paper is pink, all the figures are
pink; if the paper is white, all the figures are white, and so on.
If blotting-paper is used, and one blot is dropped on the folded
edges, the blot appears symmetrically in all the figures. So also
any deviation in the lines of cutting appear in all the figures;:
a whole row of soldiers in bearskins may be put intd helmets by
one stroke of the scissors. Of course 1t is not meant to suggest
that the process of division by which parts of the body are pro-
duced bears any resemblance to that by which the figures are cut
out, but merely to illustrate the fact that since it is by a process
of Division of an undifferentiated mass that the Repeated Parts
are produced, so the characters of these Repeated Parts depend
upon the characters which were present in the original mass and
upon the modes by which the parts were divided out from 1it.

Summary of Sections I to V.

At this point it will be well briefly to recapitulate the pre-
ceding Sections. ‘ .

We are proposing to attack the problem of Species by studying
the facts of Variation. Of the facts of Variation in general we have
selected a particular group upon which to begin this study. The
group of variations thus chosen are those which relate to Number
of parts, Division, Repetition, and the other phenomena which are
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to be included under the term Meristic. With variations in
quality and Substance it is not at present proposed to deal, except
in so far as it is necessary to refer to them in their relation to the
phenomena of Merism, and in illustration of the structural possi-
bilities or necessities which in the body follow as corollaries upon
the existence of Meristic Repetition.

It has also been proposed to limit the consideration to Varia-
tions which are Discontinuous. As has been already stated, Dis-
continuous Variations may belong to the Meristic Group or to the
Substantive, but it is to the former that attention will first be
directed.

SECTION VI.
MERrisTiIc REPETITION AND HoMOLOGY.

In what has gone before, the two conceptions now introduced,
namely the distinction of Variations into Meristic and Substan-
tive, and into Continuous and Discontinuous, have been sketched
in outline. The significance of the facts which follow will be
made more evident if these two conceptions are now more fully
developed in some of their aspects.

Under the name Merism I have proposed to include all pheno-
mena of Repetition and Division, whenever found and in whatever
forms occurring, whether in the parts of a body or in the whole.
The consequences of the admission of this proposition are con-
siderable and should be fully realized ; for on recognition of the
unity of these phenomena it 1s possible to group together a number
of facts whose association will lead to simplification of some
morphological conceptions, and to other results of utility.

That the phenomena of Merism form a natural group is in
some respects a familiar idea, but in its fullest expression it is as
yet not generally received, still less have the consequences which
1t entails been properly appreciated. Every one who has gone
even a little way into morphological inquiry has met some of the
difficulties to which we shall now refer.

It is with respect to the phenomena of Segmentation that
these difficulties are most familiar, and it is in this connexion that
they may be best discussed. Segmentation is a condition which
reaches its highest development in Vertebrates, the Annelids,
and the Arthropods, and it is in these groups that it has been
most studied. In them it appears as a more or less coincident
Repetition of elemer}ts belonging to most of the chief systems
of organs along an axis corresponding to the long axis of the body.
To segmentation of this kind the name ‘ Metameric’ has been
g_l:};en, ;md by many morphologists the attempt has been made,
?;ti:; f?(():rllt‘;l); t(}):;e r}n l:vords, to separate such Metameric Segmen-

phenomena of Repetition elsewhere occurring.
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It has thus been attempted to distinguish the Repetitions which
occur along the long axis of the body from those occurring
along the long axis of appendages, such as for example the joints
of antennz or of digits, and some have even gone so far as to
regard the Segmentation of the Vertebrate tail as a thing different
in kind from that of the trunk itself. It would be apart from our
present purpose to recur to these subjects, were it not that this
suggestion of the existence of a difference in kind between Meta-
meric Segmentation and other Repetitions has led to several
notable errors in the interpretation of the facts of morphology and
in the application of these facts to the solution of the problems of
Descent. In order to lay a sound foundation for the study of
Meristic Variation these errors must be cleared away, and to do
this it is necessary to break down the artificial distinction between
the phenomena of Metameric Segmentation and other cases of
Repetition of Parts, so that the whole may be seen in their true
relations to each other. When this is done, the mutual relations,
of the facts of Meristic Variation will also become more evident.

The first difficulty which has been brought into morphology
by the suggestion that Metameric Segmentation is a phenomenon
distinet in kind, is one which has coloured nearly all reasoning
from the facts of Morphology to problems of phylogeny. For the
existence of Metameric Segmentation in any given form is thus
taken to be one of its chief characters, and, as such, is allowed pre-
dominant weight in considering the genetic relations of these
forms. By the indiscriminate though logical extension of this
principle the conclusion has been reached that Vertebrates are
immediately connected with, or have arisen by Descent from
Annelids, or from Crustacea and the like, for the Repetition in
these forms is closely similar. Others again, being struck with
the resemblance between the Repetition of Parts along the radial
axes of Starfishes and those which occur along the long axes of
Annelids have hazarded the conjecture that perhaps this resem-
blance may indicate the actual phylogenetic history of these’
Repetitions. Though such speculations as these are little better
than travesties of legitimate theory, some of them still commqn@
interest if not belief! All alike are founded on the assumption -
that resemblances between the manner and degree in which Repe-
tition occurs are unlikely to have arisen save by community of
Descent. A broader view of Meristic phenomena will shew that

! Thegse modern * Instances” recall many that once were famous but are now
forgotten. For example : Item non absurda est similitudo et conformitas illa, ut
homo sit tanquam planta inversa. Nam radiz nervorum et f'acultatunf ammalz'ur{a
est caput; partes autem seminales sunt infime, non computatts extremitatibus tibi-
arum et brachiorum. At in planta, radiz (que instar capitis est) regulariter infimo
loco collocatur ; semina autem supremo. Bacon, Nov. Org. Lib. 1. 27. In non
computatis extremitatibus, amateurs of INsTANTIE CONFORMES 1ay still find matter
for warning,
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this assumption is unfounded; for so far are the expressions of it
which are called Metamerism from standing alone, that it is
almost impossible to look at any animal or vegetable form without
meeting phenomena of Repetition which differ from Metamerism
only in degree or in extent. Between these Repetitions and
Metameric Repetitions it is impossible to draw any line, and the
Meristic Variations of all will therefore be treated together.

This error in the estimate of the value of Metamerism as a
guide to phylogeny is one by which the evidence of Variation is
only indirectly affected. The other errors now to be mentioned
are of a much more serious nature, for they concern the general
conception of the nature of Homology which is the basis of all
morphological study. . -

In introducing the method of the Study of Variation I have
said that it can alone supply a solid foundation for inquiry into
the manner by which one species arises from another. The facts
of Variation must therefore be the test of phylogenetic possibility.
Looking at organs instead of species, we shall now see that the
facts of Variation must also be the test of the way in which organ
arises from organ, and that thus Variation is the test of Homo-
logy. For the statement that an organ of one form is homologous
with an organ of another means that there is between the two
some connexion of Descent, and that the one organ has been
formed by modification of the other, or both by modification of a
third. The precise way in which this connexion exists is not
defined, and indeed has scarcely ever been considered, though
such a consideration must sooner or later be attempted. We
must for the present be content with the belief that in some un-
defined way there is a relationship between ¢ homologous’ parts,
and that this is what we mean when we affirm that they are
homologous.

We have however assumed that the transition from one form
to another takes place by Variation. If therefore we can see the
variations we shall see the precise mode by which the descent is
effected, and this must be true of the parts or organs as it is true
of the whole body. In like manner then as the Study of Variation
may be hoped to shew the way by which one form passes into
another, so also may it be hoped that it will shew how the organs
of one form take on the shape of the homologous organs of
another.

In the absence of the evidence of Variation reasoning as
to Homology rests solely on conjecture, and assumptions have
thus been made respecting the nature of Homology which have
colourgd the whole of morphological study. Of these, two demand
attention now. ’

L A4s to Homology between the Members of one Series. We
saw above (page 29) how the resemblance be{ween Repetitions
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occurring in divers forms has led to the belief that those forms
had a common descent: In a somewhat similar way it has hap-
pened that the resemblance between individual members of a
series of Repeated Parts has led to the belief that they must
originally have been alike, and that they have been formed by
differentiation of members originally similar. Many who would
hesitate thus to formulate such a belief nevertheless have taken
in inquiries which can succeed only on the hypothesis that
this has been the history of such parts. Of this nature are the
old attempts to divide the skull into vertebre, recognizing the
several parts of each; the modern disquisitions on the segmenta-
tion of the cranial nerves; the attempts to homologize the several
phalanges of the vertebrate pollex and hallux with the several
phalanges of the other digits; similar attempts to trace the
precise equivalence of the elements of the carpus and tarsus, and
many other quests of a like nature. In all these it is assumed
that there is a precise equivalence to be found with enough
searching, and that all the members of such series of Repetitions
were originally alike. If the series of ancestors were before us it
is expected that this would be seen to have been the case. In the
light of the facts of Variation this assumption will be seen to be a
wrong one, and these simple views of the Repetition and Differen-
tiation of members in Series must be given up as inadequate and
misleading, even though there be no other to substitute.

II.  As to the wndwiduality of Members of Series. In seeking
to homologize a series of parts in one form with a series of parts in
another, cases often occur in which the whole series of the one is
admittedly homologous with the whole series of the other. In
such cases the question arises, can the principle of Homology be
extended to the individual members of the two Series? If the
two Series each contain the same number of members this question
is a comparatively simple one, for it may be assumed that each
member of the Series is the equivalent or Homologue of the
member which in the other Series occupies the same ordinal
position. If however the number of members differs in the two
Series, how is the equivalence to be apportioned? This is a
question again and again arising with regard to Meristic Series
such as teeth, digits, phalanges, vertebrz, nerves, vessels, mamms,
colour-markings, the parts of the flower, and indeed in almost every
system whether of animals or plants. To decide this question
there are still no general principles. But though we yet know
nothing as to the steps by which Meristic Variation proceeds,
there is nevertheless a received view by which the interpretation
of the phenomena is attempted, and though in the case of each
system of organs the application of the principle is different, yet
the principle applied is essentially the same. o '

Thus to compare the members of Series containing different
members it is first assumed that the series consisted ancestrally of
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some maximum number, from which the for;nula. cl}aragteristic of
each descendant has been derived by successive diminution. Here,
again, 1 do not doubt that many who employ this assumption

vs?ould hesitate to make it in set terms, but nevertheless 1t is the

i is of all such calculations. )
10g110\?(1)v?aihis hypothesis involves a gieﬁnite conception of the
mode in which Variation works, and 1t 1s most important that
this should be realized clearly. For 1f it 1s true that each .memb(?r
of a Series has in every form an individual and proper history, it
follows that if we had before us the whole line of ancestors from
which the form has sprung, we should then be able to see the
history of each member in the body of each of its progenitors. In
<uch a Series the rise of an individual member and the decline of
another should then be manifest. Each would have its individual
history just as a Fellowship in a College or a Canonry in a
Cathedral has an individual history, being handed on from one
holder to his successor, some being suppressed and others founded,
but none being merged into a common fund. In other words,
according to the received view of the nature of these homologies,
it 1s assumed that in Variation the individuality of each member
of a Meristic Series is respected. o

The difficulty in applying this principle is notorious, but when
the evidence of Variation is before us the cause of the difficulty
will become evident. For it will be found that though Variation
may sometimes respect individual homologies, yet this is by no
means a universal rule; and as a matter of fact in all cases of
Meristic Series, as to the Variation of which any considerable
body of evidence has been collected, numerous instances of Vana-
tion occur, in which what may be called the stereotyped or tra-
ditional individuality of the members is superseded.

This error in the application of the principle of Homology to
individual members of Meristic Series has arisen almost entirely
through want of recognition of the unity of Meristic Repetition,
wherever found. In the case of a series of parts among which
there is no perceptible Differentiation, no one would propose to
look for individual Homologies. For example, no one considers
that the individual segments in the intestinal region of the Earth-
worm have any fixed relations of this kind ; no one has proposed
to homologize single leaves of one tree with single leaves on
another; it is not expected that the separate teeth of a Roach
have definite homologies with separate teeth of a Dace, for such
expectations would be plainly absurd. But in series whose mem-
bers are ditferentiated from each other the existence of such in-
dividuality 1s nevertheless assumed. To take only one case: a
whole literature has been devoted to the attempt to determine
some point in the vertebral column or in the spinal nerves from
which the hpmqlogies of the segments may be reckoned. This is a
problem which in its several forms has been widely studied. Some
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have attempted to solve it by starting from the lumbar plexus,
while others have begun from the brachial. In the case of Birds
this question is reduced to an absurdity. Which vertebra of a
Pigeon, which has 15 cervical vertebrz, is homologous with the
first dorsal of a Swan which has 26 cervicals? To decide these
questions the only possible appeal is to the facts of Variation, and
judged by these facts the whole inquiry comes to an end, for it is
seen at once that the expectation is founded on a wrong con-
ception of the workings of Variation. No one, as has been said
above, would attempt such an inquiry if the series were un-
differentiated, for this individuality would not be expected in such
a Series; but to suppose that it does exist in a differentiated
Series of parts, is to suppose that with Differentiation the ordinal
individuality of the members has become fixed beyond revision.
This supposition the Study of Variation will dispel.
F

Here, as in the preceding case of the theoretical doctrine of
Serial Homology, the current view is far too simple and far too
human. Though the methods of Nature are simple too, yet
their simplicity is rarely ours. In these subjective conceptions of
Homology and of Variation, we have allowed ourselves to judge
too much by human criterions of difficulty, and we have let our-
selves fancy that Nature has produced the forms of Life from each
other in the ways which we would have used, if we had been
asked to do it. If a man were asked to make a wax model of the
skeleton of one animal from a wax model of the skeleton of
another, he would perhaps set about it by making small additions
to and subtractions from its several parts; but the natural process
differs in one great essential from this. For in Nature the body
of one individual has never been the body of its parent, and 1s not
formed by a plastic operation from it; but the new body is made
again new from the beginning, just as if the wax model had gone
back into the melting-pot before the new model was begun.

SECTION VIL

MEeRisTIC REPETITION AND DIVISION.

Before ending this preliminary consideration of Merism 1t 1is
right that we should see other aspects of the matter. What fol-
lows is put forward in no sense as theory or doctrine, but simply as
suggesting a line of thought which §hould be in the minds of any
who may care to pursue the subject further or to study the
evidence. It is perhaps only when it is seen 1n connexion with its
possible developments that the magnitude of the subject can be
fully felt.

B, 3
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In the treatises on Comparative Anatomy which belong especi-
ally to the beginning of this century, the idea constantly recurs that
the series of segments of a metamerically segmented form do in
some sort represent a series of individuals which have not detached
themselves from each other. Seen in the light of the Doctrine
of Descent this resemblance or analogy has been taken as a pos-
sible indication that the segmented forms may actually have had
some such phylogenetic history as this. By similar reasoning the
Metazoa have been spoken of as “Colonies” of Protozoa. Now
though we need not allow ourselves to be drawn away into these
and other barren speculations as to phylogeny, we may still note
the substance of fact which underlies them. For it i1s now
recognized that between the process by which the body of a Nais
is metamerically segmented, and that by which it divides into a
chain of future “individuals,” no line can be drawn: that the
process of budding, or of strobilization, by which one fort*gives
rise to a number of detached individuals, is often indistinguishahle
from the process by which a near ally gives rise to a connected
colony, and that the two processes may even be interchangeable in
the same form; finally that the process of division of a fertilized
ovum by the first cleavage plane may be in some essentials com-
parable with the division of a Protozoon into two new individuals.
All these are now commonplaces of Natural History.

With what justice these considerations may have been applied
to the problems of phylogeny we need not now inquire, but to the
interpretation of the facts of Variation they have an application
which ought not to be neglected.

If, then, as is admitted, there is a true analogy between the
process by which new organisms may arise asexually by Division,
and the process by which ordinary Meristic Series are produced, it
follows that Variation, in the sense of difference between offspring
and parent, should find an analogy in Differentiation between the
members of a Meristic Series. Applied to the case of asexual re-
production there seems no good reason for denying this analogy.
It is of course an undoubted fact that in the asexual reproduction
of many forms Variation is rare, though the sexually produced
oﬂ'spr}ng of the same forms are very variable. In plants this is
familiar to everyone, though the extension of the same principle
to animals rests chiefly on inference. Nevertheless in plants bud-
(‘igr}aplon, both Meristic and Substantive, happens often, and the

1vision of a plant Into two dissimilar branches may well be com-
pared to the production of dissimilar offspring by one parent ; in-

deed, if the processes of Division are admitted to be fundamentally
the same, this conclusion can scarcely be escaped.

. In one more aspect this subject may be considered with prdit.
. 18, a5 We ha,vg seen, beheyed that the division of am ovum into
WO segmentation-spheres is not g process essentially different
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from the division of certain Protozoa into two “individuals.” In
conceiving the manner of Variation in such Protozoa we have
little or no fact to guide us, but this much is obvious: that for the
introduction of a variety as the offspring of a given species, it is
necessary either that the two parts into which the unicellular
organism divided should have varied equally, and that the
division should thus be a symmetrical division (in the full sense of
qualitative as well as formal symmetry); or that the division
should be asymmetrical, the resulting parts being dissimilar, in
which case one may conceivably belong to the type and the other
be a Variety. If Variation has ever occurred in the reproduction
of animals of this class it must have occurred on one or both of
these plans.

Returning to the segmentation of the Metazoan ovum we have
the well-known results of Roux and others, shewing that, in
certaif species, the first! cleavage-plane divides the body into the
future right and left halves. In such cases then on the analogy
of the Protozoon, the right and left halves of the body are in a
sense comparable with the two young Protozoa, and though each
half is hemi-symmetrical, it is in this way the equivalent of a
separate organism. This suggestion, which is an old one, receives
support from many facts of Meristic Variation, especially from the
mode of formation of homologous Twins and “double Monsters ”
which are now shewn almost beyond doubt, to arise from the
division of one ovum® But besides the evidence that each
half of the body may on occasion develop into a whole, evidence
will be given that one half may vary in its entirety, independently
of the other half Such Variation may be one of sex, taking the
form of Gynandromorphy, so well-known among Lepidoptera, in
which the secondary sexual characters of one side are male, those
of the other being female; or it may happen that the difference
between the two sides is one of size, the limbs and organs of one
side being smaller than those of the other; or lastly the Variation
between the two sides may be one that has been held characteristic
of type and variety or even of so-called species and species®.

These matters have been alluded to here as things which a
student of the facts of Variation will do well to bear in mind. It
is difficult to see the facts thus grouped without feeling the

1 Often it is the second cleavage-plane (if any) which corresponds with the
future middle line.

2 The well-known evidence relating to this subject will be spoken of later. * The
view given above, which is now very generally received, finds support in the striking
observations of Drimsca, lately published (Zt. f. w. Zool., 1891, L. p. 160).
Working with eggs of Echinus, Driesch found that if the first two segmentation-
spheres were artificially separated, each grew into a separate Pluteus; if the
separation was incomplete, the result was a double-monster, united by homologous
sdefaces. Similar experiments attended by similar results have since been made on
Amphiozus by E. B. #msox, Anat. Anz., vii. 1892, p. 732.

3 Evidence of such abrupt Variation between the two sides of the body belongs
for the most part to the Sub#tantive group.

3—2
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possibility that the resemblance between the two sides of a
bilaterally symmetrical body may be in some essentials the same
as the resemblance between offspring of the same parent, or to
use an inclusive expression, that the resemblance between the
members of a Meristic Series may be essentially the same as the
resemblance and relationship between the members of one family;
that the members of a row of teeth in the jaw, of a row of peas
in a pod, of a chain of Salps, or even a litter of pigs, all resulting
alike from the processes of Division, may stand to each other
in relationships which though different in degree may be the
same in kind.

If reason shall appear hereafter for holding any such view as
this, the result to the Study of Biology will be profound. For
if it shall ever be possible to solve the problem of Symmetry,
which may well be a mechanical one, we shall thus have laid a
sure foundation from which to attack the higher problem of
Variation, and the road through the mystery of Species may thus
be found in the facts of Symmetry.

SECTION VIII.
DISCONTINUITY IN SUBSTANTIVE VARIATION: SIZE.

From the subject of Merism and the thoughts which it suggests,
we now pass to another matter.. The first limitation by which we
proposed to group Variations was found in the characters which
they affect: the second relates to the magnitude, or as I shall call
it, the Continuity of the variations themselves. And though
for many a conception has no value till it be cast in some finite
mould, my aim will be rather to describe than to define the
meaning of the term Continuity as applied to Variation. In
dealing with a subject of this obscurity, where the outlines are
doubtful, an exact mapping of the facts cannot be made and
ought not to be attempted; but I trust that from the present
indications, vague though they are, some larger and more definite
conception of Discontinuity in Variation may shape itself hereafter
by a_process of natural growth. For this reason I shall as far as
possible avail myself of examples rather than of general expres-
sions, whether inclusive or exclusive.

To those who have studied the recent works of Galton, the
conceptions here outlined will be familiar. In the chapte’r on

Organic Stability ” in Natural Inheritance, the matter has been
sela]t_ forth with charming lucidity, and what follows will serve
chiefly to illustrate t_he manner in which the facts of Natural
History correspond with the suggestions there made.

In the ease of most species it 15 a matter of common knowledge
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that though no two individuals are identical, there are many which
in the aggregate of their characters nearly approach each other,
constituting thus a normal, from which comparatively few differ
widely. In such a species the magnitude of these differences is
proportional to the rarity of their occurrence. Now this, which is
a matter of common experience, has been shewn by Galton to be
actually true of several quantities which in the case of Man are
capable of arithmetical estimation. In the cases referred to it has
thus been established that these quantities when marshalled in
order give rise to a curve which is a normal curve of Frequency of
Error. Taking for instance the case of stature, Galton’s statistics
shew that for a given community there is a mean stature, and the
distribution of the statures of that community around the mean
gives rise to a Curve of Error. In this case the individuals of that
community in respect of stature form one group. Now in the case
of a collection of individuals which can be separated into two
species, there is some character in respect of which, when arranged
by their statistical method, the individuals do not make one group
but two groups, and the distribution of each group in respect of
that character cannot be arranged in one Curve of Error, though
it may give rise to two such curves, each having its respective
mean. For example, if in a community tall individuals were
common and short individuals were common, but persons of medium
height were rare, the measurements of the Stature of such a
community when arranged in the graphic method would not form
one Curve of Error, though they might and probably would form
two. There would thus be a normal for the tall breed, and a
normal for the short breed. Such a community would, in respect
of Stature, be what is called dimorphic. The other case, in which
the whole community, grouped according to the degrees in which
they display a given character, forms one Curve of Error, may
conveniently be called monomorphic in respect of that character.
By considering the possible ways in which such a condition of
dimorphism may arise in a monomorphic community, one of the
uses of the term Discontinuity as applied to Variation will be
made clear.

Considering therefore some one character alone, in a species
which is monomorphic in respect to that character, individuals
possessing it in its mean form are common while the extremes
are rare; while if the species is dimorphic the extremes are
common and the mean is rare. Now the change from the mono-
morphic condition to the dimorphic may have been effected with
various degrees of rapidity: for the frequency of the occurrence of
the mean form may have gradually diminished, while that of the
extremes gradually increased, through the agency of Natural
Selection or otherwise, in a long series of generations; or on the
other hand the diminution in the relative numbers of the mean
individuals may have been rapid and have been brought about in
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a few generations by a few large and decisive changes, whether of
environment or of organism. o ‘ ‘
Referring to the curve of Distribution formed in the graphic
method of displaying the statistics, during the monomorphic period
the curve has one apex corresponding with the greatest frequency
of one normal form, but in the dimorphic period the curve has two
apices, corresponding with the comparative frequency of the two
extremes, and the comparative rarity of the mean form. The
terms Continuous or Discontinuous are applicable to the process
of transition from the monomorphic to the dimorphic state according
as the steps by which this change was effected are small or large.
The further meanings of Discontinuous Variation will be
explained by the help of examples. The first cases refer to Sub-
stantive Variation’, and we may conveniently begin by examining
a case of Variation in a character which 1is easily measured arith-
metically. :
Among beetles belonging to the Lamellicorn family there are

numerous genera in which the males may have long horns arising
from various parts of the head and thorax®. These horns may be

Fre. 1. Bide-views of the Lamellicorn beetle, Xylotrupes gideon. Legs not
represented. I, High male, IT, Medium male, III, Low male.

! In referring thus to evidence as to Substantive Variation, I fi i
. r g nd myself in the
difficulty mentioned in the Preface. For it is necessary to a,liude to maﬁ:ters which
:ﬂnnot be properly treated in this first instalment of facts. In order, however, that
I (i,n szftzxi)ﬁzogggtcl)ry accotlmlt; maéytierv: for all the evidence together, such allusion
can only tru i i iati
L };r%duced St o y trust that full evidence as to Substantive Variation may
or particulars of this subject with illustrations see Descent of Man, 1st ed
; :l. I tP{h 3%9—372. A detailed account of this and the succeeding {xampyle in the
Se of the Karwig was given by Mr Brindley and myself in P. Z. S., 1893.



SECT. VIIL] INTRODUCTION. 39

of very great size, as in the well-known Hercules beetle (Dynastes
hercules) and others. The females of these forms are usually
without horns. In such genera it is commonly found that the
males are not all alike, but some are of about the size of the
females and have little or no development of horns, while others
are more than twice the size of the females and have enormous
horns. These two forms of male are called “low” and “high”
males respectively.

In many places in the Tropics such beetles abound, both
“high” and “low” males occurring in the same locality. An
admirable example of this phenomenon is seen in Xylotrupes
gideon, of which a “high,” “low,” and medium male are shewn
in profile in Fig. 1. Of this insect a very large number were
kindly given to me by Baron Anatole von Hiigel, who collected
them at one time, in one locality, in Java. In this species there is
one cephalic and one thoracic horn, placed in the positions shewn
in the figure. Fig. 1,1 shews a “high” male, 11 i1s a medinm,
and 111 a “low” male. In the gathering received there were
842 males. My friend, Mr H. H. Brindley, has made careful
measurements of the lengths of the horns of these specimens and
has constructed the diagram, Fig. 2. In this each dot represents
an individual, and the abscisse shew the measurements of the
length of the cephalic horn. For clearness these measurements
are represented as of twice the natural size. So far as the
numbers go the result shews that the most frequent forms are
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Fie. 2. Diagram representing the frequency of the lengths of cephalic horf] in
wale Xylotrupes gideon. M, the mean case; M’ the mean value. The absciss®
give lengths of cephalic horn in lines.
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the moderately low and the moderately high, the forms of mean
measurement being comparatively scarce. It is true that the
numbers are few, but so little heed is paid to phenomena of this
kind that material is difficult to obtain and the present oppor-
tunity was indeed wholly exceptional’. But taking the evidence
for what it is worth, the comparative scarcity of “ medium ” males
in that particular sample is clear, and so far the form is dimorphic,
and has two male normals.

Now such a condition may have arisen in several ways. First,
in the past history of the species there may have been a time
when the males were horned and were monomorphic, the “ medium”
form being the most frequent, and the present dimorphic condition
may have been derived from this, either continuously or discon-
tinuously as described above for the case of Stature. Secondly,
the dimorphism may date from the first acquisition of the horns,
and this character may perhaps have always been distributed in
the dimorphic way. In this case the term Discontinuous would
be applicable to the Variation by which the groups of “high” and
“low” males have been severally produced. I am not acquainted
with evidence as to the course of inheritance in these cases, and I
do not know therefore whether both “ high” and “low” males may
be produced by one mother. If this should be shewn to be the
case, it would suggest that the separation of the males into two
groups was a case of characters which do not readily blend,
and are thus exempt from what Galton has called the Law of
Regression®,

In the case of a somewhat similar structure found in the Common

Earwig (Forficula auricularia) the dimorphism is

still more definite. In the autumn of 1892 on a

3 visit to the Farne Islands, a basaltic group off the
coast of Northumberland, it was found that these

islands teem with vast quantities of earwigs. The

x abundance of earwigs was extraordinary. They

\/ lay in almost continuous sheets under every stone

and tussock, both among the sea-birds’ nests

and by the light-keepers’ cottages. Among them
Fie. 3. I, High Were males of the two kinds shewn in Fig. 3; the
g;a(l}e' 1L, Low male one or high male having forceps of unusual length
ommon Barwig the other or low male, being th form.
(Forficula auricu, e, being the common form.
laria) from the It appears that the high male is known from many
Farne Islands. places in England and elsewhere and that it was
made into a distinct species, F. forcipata, by

I I

! In the Lucanide, of which the Stagh i imi
) [ gbeetle (L. cervus) is an example, a similar
glelenomefngn occurs, the * high?” and ‘“low” males being distinguish’ed by the
gree of development of the mandibles. No sufficient number of male Stagbeetles

a8 yet been i i
typeg e mle:&celved to warrant any statement as to the frequency of the various

? Natural Inheritance, pp‘. 88—110.
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STEVENS! though by later authorities? the species has not been
retained. A large sample of Earwigs collected in a Cambridge
garden contained 163 males of which 5 would come into the
high class, but the great abundance of high males at the Farnes
seems to be quite exceptional.

With a view to a statistical determination of the frequency of
the high and low forms 1000 of these Earwigs were collected by
Miss A. Bateson, the whole being taken at random on one day
from three very small islands joined to each other at low tide.
Of the 1000 specimens 583 proved to be mature males with elytra
fully developed, no specimen with imperfect elytra being included
1 this number®. On measuring the length of the forceps to the
nearest half mm. and grouping the results in the graphic method
the curve shewn in Fig. 4 was produced. The figures on the

Fic. 4. Curve shewing frequency of various lengths of forceps of male Earwigs
(F. auricularia) from the Farne Islands. Ordinates, numbers of individuals:
absciss®, lengths of forceps in mm.

ordinates here shew the numbers ot in'divi('lu:als, those on the
abscisse giving the length of the forceps in millimetres. As there

) Stevens, Brit. Ent. 1885, vi. p. 6, Pl. xxvi. fig. 4.

2 F1scBER, Orthop. Euvop., 1853, p. 74; BRUNNER VoN WATTENWYL, Prodr. d.
europ. Orthop., 1882, p. 12, .
’pFor pafticulars Ii)n evidence of the maturity of these specimens see P. Z. S.,
1893
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shewn the smallest length of forceps was 2'5 mm., and the greatest
9 mm., the greatest frequency being grouped about 35 mm. and
7 mm. respectively. The mean form having forceps of moderate
length is comparatively rare. The size of the forceps of the
females scarcely varies at all, probably less than 1 mm. in the
whole sample.

The number of cases is enough to fairly justify the acceptance
of these statistics and it is not likely that a greater number of
cases would much alter the shape of the curve. Here, therefore,
is a group of individuals living in close communion with each
other, high and low, under the same stones. No external circum-
stance can be seen to divide them, yet they are found to consist
of two well-marked groups.

Before leaving these examples special attention should be di-
rected to the fact that the existence of a complete series of indivi-
duals, having every shade of development between the “lowest” and
the “highest ” male, does not in any way touch the fact that the
Variation may be Discontinuous; for we are concerned not with
the question whether or no all intermediate gradations are possible
or have ever existed, but with the wholly different question
whether or no the normal form has passed through each of these
intermediate conditions. To employ the metaphor which Galton
has used so well—and which may prove hereafter to be more than
a metaphor—we are concerned with the question of the positions
of Organic Stability; and in so far as the intermediate forms are
not or have not been positions of Organic Stability, in so far is
the Variation discontinuous. Supposing, then, that the “high” and
“low ” males should become segregated into two species—a highly
improbable contingency—these two species would have arisen by
Variation which is continuous or discontinuous according to the
answer which this question may receive.

SECTION IX.

DISCONTINUITY IN SUBSTANTIVE VARIATION: COLOUR
AND COLOUR-PATTERNS.

’

From the consideration of Discontinuity in the Variation of a
character, size, which may be readily measured arithmetically, we
pass to the more complex subject of Discontinuous Variation in
qualities which are not at once capable of quantitative estimation.
In this connexion the case of colour-variation may be profitably
considered. Nature abounds with examples of colour-polymor-
phism, and in numerous instances such Variation is discontinuous.
Of such discontinuous Variation in colour I shall speak under two
heads, considering first variations in colours themselves and
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secondly variations in colour-patterns. As it is not proposed to
give the evidence as to Substantive Variation in this volume, a
few examples must suffice to shew the use of the term Dis-
continuity as applied to these Colour-variations.

I Colours. The case of the eye-colour of Man may well be
mentioned first, as it has been studied statistically by Galton. In
this case the facts clearly shewed that certain types of eye-colour
are relatively common and that intermediates between these
types are comparatively rare. The statistics further shewed that
in this respect inheritance was alternative, and that the different
types of eye-colour do not often blend in the offspring. “If one
parent has a light eye-colour and the other a dark eye-colour,
some of the children will, as a rule, be light and the rest dark;
they will seldom be medium eye-coloured, like the children of
medium eye-coloured parents.”” )

Colour dimorphism of this kind is very common among animals
and plants. It is well known, for example, among beetles. Several
metallic blue beetles have bronze varieties of both sexes, living
together in the same locality. A familiar instance of this dimor-
phism occurs in the common Phratora vitelline. Again in the
Elaterid beetle, Corymbites cupreus, there is a similar dimorphism
in both sexes, the one variety having elytra in larger part yellow-
brown, while the elytra of the other are metallic blue. Th1§ blue
variety was formerly reckoned a distinct species, C. ceruginosus.
In the latter case I am informed by Dr Sharp, who has had a
large experience of this species, that no intermediate between
these two varieties has been recorded, and in the case of the
Phratora the occurrence of intermediates is very doubtful. ~An-
other common example of colour dimorphism is seen in Telephorus
lividus, the “sailor” of “soldiers and sailors.” This beetle may
be found in large numbers, about half being slat‘;y in colour (vgr.
dispar), while the remainder have the yellowish colour which
coleopterists call “testaceous.” Such instances may be multi-
plied indefinitely. When the whole evidence is examined 1t will
be found that different colours are liable to different discontinuous
variations ; as instances may be mentioned black and tan in dogs;
olive-brown or green and yellow in birds, &c.?; grey and cream-

1 Natural Inheritance, p. 139. . .
2 A specimen of the g;een Ring Parakeet (Pal@ornis torquatus) at the Zoological

Society’ rdens was almost entirely canary-yellow in 1890. Since that date it
has be):::niamgre and more * ticked ”ywith green feathers. A Green Woodpecker
(Picus viridis) is described, having the feathers of the rump edged with red instead
of yellow, the normally green feathers of the three lower rows of wmg-cgggas
and the back were pointed with yellow. J. H. GURNEY, Zpologzst. XL P 3
1 am indebted to Mr Gurney for the loan of a coloured drawing of this speqmeni.
Another example is described as being entirely canary-yellow, with the exception o
a few feathers on the cap, which were purpl_e-red. De BETTA, Mater. pesr una faum}
Veronese, p. 174. For this reference 1 am indebted to Prof. Newton. blpeclmen o
Common Bunting whitish yellow. Epwarp, Z.ool.,‘64.92; Sedge Wa]xé ler caﬁary-
yellow. Birp, Zool., 3632. The Canary itself is a similar case. An Eel gamboge-
yellow. Gurxey, Zool., 3599.
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colour in mice and cygnets'; red and blue in the eggs of many
Copepoda?, the tibiz of Locusts’, the hind wings of the Crimson
Underwing (Catocala nupta)*, &c. Another case of blue as a
variety of scarlet is the familiar one of the flower of the Pim-
pernel (Anagallis arvensis). ~Discontinuous colour-variation of
this kind is one of the commonest phenomena In nature, but to
advance the subject materially it is necessary for a large mass of
evidence to be produced. This cannot now be attempted, but in
order to bring out the close relation between these facts and the
problem of Species I propose to dwell rather longer on one special
section of the evidence which must serve to exemplify the rest.
The case which I propose to take is that of certain yellqw, orange,
and red pigments. For brevity I shall present the chief facts in
the first instance without comment.

1. Colias edusa (Clouded Yellow) is usually orange-yellow, having
a definite pale yellow female variety, kelice, which is not recognized as
occurring in the male form. A specimen is figured having the right
side helice and the left edusa. FircH, E. A., Entomologist, 1878, xL1.
p. 52, PL fig. 11. This was an authentic specimen, for Mr Fitch tells
me that it was taken by his son and seen alive by himself.

A specimen having one wing white and the rest orange is recorded
by Morris, Brit. But., p. 13.

Intermediates between edusa and helice must be exceedingly rare.
OBERTHUR records two such specimens and says that STAUDINGER took
a similar one at Cadiz. For this intermediate he proposes a new name,
helicina. Bull. Soc. Ent. Fr. (5), x. p. cxlv.

1 In this case I can affirm the alternative character of the inheritance. For
several years a pair of swans kept by St John’s College, Cambridge, have produced
cygnets, some of which have been of the normal grey, while others have been fawn-
colour, a condition which Prof. Newton tells me has been thought characteristic of
the * Polish ”’ swan, a putative species. None of these cygnets are intermediate in
colour, and all acquire the full white adult plumage, but the feet of the fawn-coloured
cygnets remain pale in colour. Now the father of these has pale feet and was
doubtless himself a fawn-coloured cygnet; the hen is normal. The cock formerly
belonged to Dr Gifford, who kindly told me that the cygnets of this bird by a different
hen were also thus diverse. A pair of these were given to Sir John Gibbons, who
informs me that ‘‘ from these there has been a brood every year, and always I think
one of the cygnets has been white or nearly so, the others being of the usual colour.”
One of Dr Gifford’s birds was also given to the late Mrs Gosselin of Blakesware,
to whom I am indebted for descriptions of and feathers from several fawn-coloured
cygnets which were its offspring. A similar case on the Lake of Geneva is re-
corded by Fauver, Rev. Zool., 1869, p. 334, and another in the Zool. Gardens at
Amsterdam, by Newron, Zool. Rec., 1869, p. 99.

? This is well known to collectors of fresh-water fauna, and I have repeatedly
seen the same phenomenon in species of Diaptomus, especially D. asiaticus, in the
lakes of W. Siberia. Among thousands of individuals with red-brown egg-sacs, will
often occur a few specimens having the egg-sacs of a brilliant turquoise-blue. In
this connexion compare the case of the Crayfish (4stacus fluviatilis), which turns
scarlet on being boiled, and which, like the Lobster, not uncommonly appears in a
full blue variety.

3 Caloptenus spretus with hind tibise blue instead of red, DopgE, Can. Ent., 1878,
X. p. 195 ; Melanoplus packardii, having hind tibi® red instead of bluish, BRUNER,
Can. Ent., 1885, xvi1. p. 18. For reference to these observations I am indebted to
Coc:mvxénu., Ent., I?gg, xxn, p. 127,

HITE, Ent., 1889, xxn. p. 51. Compare the fact that in another species of
Catocala (C. frazini), the Clifden Nonpareil, the hind wings are normally l?luish.
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A curious specimen, apparently a male, having the colour of /ielice
was kindly shewn me by Mr F. H. Warerrouse. The light marks
which in the female are present on the dark borders of the fore-wing
are only represented by one minute light mark on each fore-wing.

In most if not all of the edusa group of Colias, there is a pale
aberration of the female, corresponding to the Aelice variety of edusa.
Evwes, T'r. Ent. Soc., 1880, p. 134. In the same paper is a full account
of the geographical distribution of the several species and colour-varieties
of Colias.

Colias hyale (Pale Clouded Yellow) is normally sulphur-coloured.
Nearly white varieties and a variety with the field rich sulphur colour,
and the apical marginal patches red, are recorded in several works.

2. Gonepteryr rhamni (The Brimstone) is sulpbur-yellow in the
male, and greenish-white in the female. There is a spot in each wing,
and the scales covering this on the upper side are bright orange.

Gonepteryx cleopatra, a S. European species, is like the above
in the hind-wings, while the field of the fore-wings is flushed with
orange of exactly the tint of that on the spots of G. rhamni.

There are several records in entomological literature alleging the
capture of “G. cleopatra” in Britain, e.g. Proc. Ent. Soc., 1887, p. xliii.

In addition to these there are records of specimens of G. rhamni
more or less flushed with orange; e.g., a specimen at Aldershot with
orange spots on fore-wings as in cleopatra, Proc. Ent. Soc., 1885,
p- xxiv. Mr Jenner Weir said he had seen a specimen in Ingall’s
collection, intermediate between rkamni and cleopatra. ibid.

A male of G. rhamni taken at Beckenham had the costal margin
of each fore-wing broadly but unequally suffused with bright rose-
colour or scarlet, and the right posterior wing was marked in like
manner. The insect was thus marked when captured. BICKNELL,
Proc. Ent. Soc., 1871, p. xviii.

3. Anthocharis (Buchloe) cardamines (The Orange Tip), in the male
has the fore-wings tipped with orange on both sides, while in the
female these orange tips are absent. The field in both is white. In
entomological literature are many records of variations in the extent
and depth of the orange markings on upper or under side, or both
(cp. Zoologist, xiii. 4562; Proc. Ent. Soc., 1870, p. ii; MosLEY,
Lllustrations of British Lepidoptera ; HAWORTH ; BOISDUVAL and many
others), but with these we are not immediately concerned.

A specimen is figured in which the orange spots were completely
represented by yellow. MosLEY, Jllustrated Brit. Lep. . )

The white of the field is replaced by primrose or lemon yellow in
several Continental forms. These have- been de::scribed as species
under the names eupheno, belia, euphenoides, grunert, &e. -

A local variety of A. eupheno is described from Mogador, where it
was found common at a little distance from the town. The female
was much larger than the type, resembling the pmle in markl.ngs and
in shape of the fore-wings. The orange blotch, instead of being con-
fined to tip of the fore-wing as normally, extends to the discoidal spot
and is usually bounded by a black band, sometimes suffusing the whole
tip of the wing. The colour of the field varies from pure white to pale
lemon : the hind-wings are always yellower than in the type, In some
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specimens being nearly as yellow as those of the male. Mr M. C.
Oberthiir supplied a specimen from Central Algeria which was inter-
mediate between the type and this variety. Leecm, J. H,, P. Z. §,

1886, p. 122.

4. Amongst Lepidoptera the change from red to yellow is very
common. A case of Vanessa atalanta, having the red partially replaced
by yellow, is figured in Entom., 1878, x1. p. 170, Plate. Varieties of
Arctia caja, Callimorpha dominula, C. hebe, C. hera, C. jacoboee,
Zygeena filipendule, Z. minos, &c., with yellow instead of red, are to
be seen in many collections. See especially OCHSENHEIMER, Schm.
v. Europa, 1808, 1 p. x, also p. 25, and many other authors. A
chalk-pit at Madingley, Cambridge, has long been known to collectors
as a locality for the yellow Z. filipendule (Six-spot-Burnet); see Ent.
Mo. Mag. xxv. p. 289. In some of these the yellow is tinged with
red, but it is commonly a very distinct variety. A variety of the Red
Underwing (Catocala nupta) with brownish-yellow in the place of the
red, is figured by ENGRAMELLE, Papill. d’ Eur., Pl. ccocxxir. The evidence
relating to this subject is very extensive, and concerns many genera and
species besides those named above.

9. Pericrocotus flammeus (an Indian Fly-catcher) is grey and
yellow in the female, and black and orange-red in the male. The young
male is grey and yellow like the female. An adult male is described in
which the grey had been fully replaced by black, but the yellow
remained, not having been replaced by red. R. G. WArpLAW RAmsay,
P.Z. 8., 1879, p. 765. See also LEGGE, Birds of Ceylon, 1. p. 363, for
description of male in transitional plumage.

Curlously enough the change from red to yellow and from light
yellow to dark is no less common among plants, though it can
scarcely be supposed that the substances concerned are similar.

L. Narcissus corbularia and other species are known in sulphur-
yellow and in full yellow’.

2. The Iceland Poppy (P nudicaule) is very common in gardens

under three forms, white, yellow and orange. Intermediate and flaked
varieties occur, but are less common than the three chief forms.
Respecting this species Miss Jekyll of Munstead, who first brought
out the varieties, kindly gives me the following information. She
writes :—“I began with one plant of the yellow colour that I take to
be the type-colour. It was then new as a garden plant, so I saved the
seed. _The first sowing gave me various shades of orange, as well as the
type, in different shades. In the 3rd and 4th years I got buffs, whites,
and very pale lemon colourings. As there was only one plant to begin
with there was no question of cross-fertilization. A white appeared in
the 3rd year of sowing and I kept on selecting for 2 or 3 years...... and
gave it to a friend in Ireland, who returned it to me 2 years later still
more improved. This strong white seems now to be fixed and quite
unwilling to revert to the yellow colourings, and is a rather stouter and

1
Mr P. Barr, who has collected these forms in Portugal, tells me that he believes

the pale (“citrina’ ieti ;
;calcageons( sgh;ma ) varieties of N. ajaz and N. corbularia to be confined to
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handsomer plant altogether.” In seedlings from the orange or yellow
form grown in separate beds the proportion of seedlings true to their
parent colour would not be nearer than about 60 or 70 per cent., but
in the case of the white form Miss Jekyll considers that 95 per cent.
may be expected to come true.

The yellow Horned Poppy (Glaucium Iluteum) is normally of a
lemon yellow very like that of P. nudicaule. Of this species also there
is an orange cultivated variety. The varieties of the tomato offer a
similar series of colour-variations.

3. Fruits of many kinds are known in red and yellow forms.
For instance the yellow berried Yew is well known. It is described
under the name Taxus baccata fructu-lutco, Loup. “It appears to
have been discovered about 1817 by Mr Whitlaw of Dublin, growing
in the demesne of the Bishop of Kildare, near (Glasnevin; but it
appears to have been neglected till 1833 when Miss Blackwood dis-
covered a tree of it in Clontarf churchyard near Dublin. Mr Mackay
on looking for this tree in 1837 found no tree in the churchyard, but
several in the grounds of Clontarf Castle, and one, a large one, with its
branches overhanging the churchyard, from which he sent us specimens.
The tree does not differ, either in its shape or foliage, from the common
yew, but when covered with its berries it forms a very beautiful
object, especially when contrasted with yew trees covered with berries
of the usual coral colour.” LoupoN, Arb. et Frut. Brit., 1v. 1838,
p. 2068.

4. The Raspberry (Rubus ideus) is another fruit which is known
wild in both the red and yellow forms, though the latter is less common.
According to BABINGTON, it has pale prickles, and leaflets rather obovate.
Brit. Rubi, p. 43. (See Rivers, Gard. Chron., 1867, p. 516.)

Any person who has opportunities of handling animals and
plants in numbers can add many similar cases. These few are
taken more or less at random, as illustrations of the frequency
with which red, orange, and yellow may vary to each other. It 1is
of course not necessary to say that in numerous instances both
among animals and plants, the same parts which in one species
are yellow, in an allied species or in a geographically distinct race
are represented by orange or by red. To an appreciation of the
rapidity with which such changes may have come about, facts like
the foregoing contribute.

The frequency of such variations suggest that many of these
yellow and red pigments are either closely allied bodies or different
forms of the same body. Until the chemistry of these substances
has been properly investigated nothing can be definitely stated
as to this, but the fact that vegetable yellows are very sensitive to
reagents is familiar. The lemon variety of the Iceland Poppy
treated with ammonia turns to a colour almost identical with
that of the orange variety, while the white variety so treated goes
primrose yellow. The lemon variety when boiled, or treated with
alcohol yields an orange solution, which is of the same tint. This
returns to lemon-colour if treated with ammonia or acids. The
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wings of G. rhamni when boiled yield a soluble yellow, which
according to HoPKINs (Proc. Chem. Soc., reported Nature, Dec. 31,
1891) is a derivative of mycomelic acid, allied to uric acld. Th1§
substance turns orange with reagents. The wings of G. rhamni
turn orange-red when exposed to wet potassium cyanide (Proc.
Ent. Soc., 1871, p. xviii) as may be easily seen. .

When these facts, meagre though they are, are considered
together with the evidence of variability, the suggestion is very
strong that the discontinuity between these several charac-
teristic colours is of a chemical nature, and that the transitions
from one shade of yellow to another, or from yellow to orange or
red is a phenomenon comparable with the changes of litmus and
some other vegetable blues from blue to red or of turmeric from
yellow to brown. If such a view of these phenomena were to be
accepted, it would, I think, be simpler to regard the constancy of
the tints of the several species and the rarity of the intermediate
varieties as a direct manifestation of the chemical stability or
instability of the colouring matters, rather than as the con-
sequences of environmental Selection for some special fitness as
to whose nature we can make no guess. For we do know the
phenomenon of chemical discontinuity, whatever may be its ulti-
mate causes, but of these hypothetical fitnesses we know nothing,
not even whether they exist or no.

II. Colour-patterns. Thus far I have spoken only of dis-
continuous variations in colours themselves, but there are no less
remarkable instances of discontinuous variations in the distri-
bution of colours in particoloured forms. By a combination of
these modes, variations of great magnitude may occur.

One of the most obvious cases of this phenomenon is that of
the Cat. In European towns cats are of many colours, but they
nevertheless fall very readily into certain classes. The chief of
these are black, tabby, silver-grey and silver-brindled, sandy, tor-
toiseshell, black and white, and white. Of course no two cats
have identical colouring, but the individual variations group very
easily round these centres, and intermediate forms which cannot at
once be referred to any of these groups are immediately recognized
as something out of the common and strange. Yet it is almost
certain that cats of all shades breed freely together, and there is
no reason to suppose that the discontinuity between the colour-
groups is in any way determined by Natural Selection.

Another example may be seen in the Dog-whelk (Purpura
lapillus). This animal occurs on nearly the whole British coast,
Wher(.aver there are rocks or even clay hard enbugh to form
definite crevices. Like most littoral animals, the Dog-whelks of
each loc?,hty differ more or less from those of other localities, and
these differences may be differences of size, texture of shell,

degree of calcification, amount of frilling,” &c. The peculiarities
A J
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may be so striking that each individual can at once be recognized
as belonging to a given locality, or they may be trifling, and
appreciable only when a large number of individuals are gathered.
But apart from these differences of form and texture there are a
great number of colour-varieties of which the following are the
three chief whole-coloured forms, viz. white, dark purple-brown,
and yellow. In addition to these there are banded forms, and the
bands may be coloured with any two of the three colours men-
tioned above. Among the banded forms there are two distinct
sorts of banding, in the one there are very many fine bands and in
the other there are a few broad bands. In most localities these
colour-varieties may all be found; though in some places, especi-
ally where the water is foul, as at Plymouth, the shells are greatly
corroded and the colours, if originally present, are obscured.
Speaking however of localities in which colour-varieties are to be
seen at all, several may generally be found together. If any one
will take the trouble to gather a few hundreds of these shells and
will set himself to sort them into groups according to their
colours, he will find that the majority fall naturally into groups of
this kind ; and that those which cannot be at once assigned to
groups but fall intermediately between the groups are com-
paratively few. I have seen this at many places on the English
coast ; in Yorkshire, Norfolk, Suffolk, Kent, Sussex, Dorsetshire,
Devonshire, Cornwall, &c. In several localities 1 have found
pairs belonging to different colour-varieties breeding together,
and there is therefore no reasonable doubt that these colour-
variations do not freely blend, but are discontinuous. )

The statements here made with regard to P. lapillus hold 1n
almost the same way for Littorina rudss, but in this case the
number of colour-types is larger. In L. rudis I have occasionally
seen specimens of which the upper part belonged to one colour-
type, and the lower to another, the transition occurring sharply at
one of the varices. In these cases the shell appears to have been
injured and is possibly renewed. )

One of the commonest British Lady-birds (Coccinella decem-
punctata) is an extremely variable form. A great number of its
varieties may be found together, ranging from form§ with sm:all
black spots on a red field to forms in which the field is black with
a few red spots. But in spite of the great diversity there are
certain types which are again and again approached, while the
Intermediates are comparatively scarce.

T ing mologists, may be mentioned here. The
Paintl(];l %Eg;v l(rll’jlfzsfe’i:v lelnll('rll:;v:;l ft)%g?lt(i)n 1;heg ?ypicall }frorm over the cn‘tu'e extent
of every continent, with the exception of the Arctic reglons and possibly S. America.
A special form of it (var. kershawi) is found in Australia and New Zea}am}, blt}(t)uttlllg
lheargs undasous o Aes posss the sormal e, The Mt 2 o
the sno:-(i::rz,l iin{’iges&lpsa; 211:3 ?rtll N. America, though it may be regarded as one

; sotrict. it i dant at
of the commonest butterflies in the elevated gentral district, 1t 13 most abun
a level of 70008000 feet. It has been taken on Arapahoe Peak, between 11,000

B. F
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and 12,000 feet (from ScupDER, Butterflies of N. America, s. pp. 477—480). Of this
insect, which is a very constant one, a certain striking aberration has been found,
always as a great rarity, in many lands. In this aberration the markings are
almost entirely rearranged. It is said to have been first described by RaMBUr under
the name var. Elymi, but this description I have never found. (The reference
quoted is Annales des Sci. d’observation, Paris, 1829, Vol. 11. Pl.v.) Asoften happens
with Variation, without coloured figures description is almost useless, but the
figures referred to are very accessible. In a British specimen of this aberration
the white bars are absent from the anterior coste and a series of white fusiform
blotches are present along the marginal border; two abnormal white spots are
also present near the anal angle, thus continuing the series down the wing (fig.
5, a.). The hind-wings are equally aberrant. The two large dark spots which are
usually on the disk between the median nervure and the inner margin are altogether
wanting. Between each of the nervures of the hind-wing is a white spot, whereas
in the normal form there is no white spot at all on the hind-wings. These white
spots on the hind-wings form a row parallel to the border of the wing and, as it

Fi6. 5. A. Clark’s specimen of P. cardui, var. elymi from Ent. 1880.
B. Newman’s specimen, Brit. But., p. 64,
' P. cardui, normal, also from NEwMsN.  Byit. But., p. 64.
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were, continue the series of white spots borne by the anterior wings. [Underside
not described.] This specimen was reared from a larva found near the river Lea,
Clapton Park. Crark, J. A., Entomologist, 1880, xirr. p- 73, fig. A coloured
figure of the same specimen, MosLey, 8. L., P, 8, fig. 3.

A form very closely similar to the above is figured in black and white by
Newman from a specimen in Ingall’s collection (fig- 5, B). [This is apparently the
specimen given in Zoologist, p. 3304.] Newxan, British Butterflies, p. 64, fig. A
British specimen which nearly approaches this aberration in the absence of the
white bars on the coste and in the absence of the black transverse bar is recorded.
In it each of the sub-marginal rows of black spots on the posterior wings is drawn,
containing a white spot. In this specimen the brown-red of the type was re-
presented by rose-colour. NewwmaN, Entomologist, 1873, p. 345, fig.

Another specimen closely resembling this aberrant form is described from New
Sonth Wales. Owurirr, A. 8., Proc. Linn. Soc., N. S, W., 8. 2, mrt. p. 1250,

Another specimen closely resembling the above was taken at Graham’s Town,
8. Africa, and is mentioned by JexNErR Weir, Entomologist, 1889, xxn. p. 73.

Another specimen is figured in which the hind-wings are marked as in the
above, but the anterior wings, though strongly resembling this aberration in the
general disposition of the colours, yet differ in details, the chief points of difference
being that the white costal bar is only partially obliterated and the white spots on
the anal angles of the fore-wings are not developed.

[This specimen was in Kaden’s collection and was presumably European.]
Herricu-ScrAFFER, Bd. 1. p. 41, Pl 35, figs. 157 and 158.

A description is given of an aberrant form taken at King William’s Town,
8. Africa, which ¢ closely resembled that figured by Herrich-Schiiffer.” TriuMEN,
R., South-African Butterflies, 1. p. 201.

A specimen (British) resembling the above, but lacking the white spots on the
anal angles of the fore-wings and having the marginal row ou the hind-wing light-
coloured, but not quite white, is figured by MosLey, Pt. 1. PL. 3, fig. 3.

Two specimens were taken in New Jersey, U.S.A., which are stated to have
conformed to this aberratiou. Srtrecker, Cat. N. dmer. Macrolepidop., p. 137.

Another British specimen generally resembling Herrich.Schéffer’s figure is
represented by MosLey, Pl. 8, fig. 4.

Iu all the above specimens the resemblance, as far at least as the upper surface
is concerned, is considerable. With the exception of Herrich-Schiffer’s example,
the undersides are not figured, but from the descriptions it may be gathered that
they also resembled each other though probably not so closely as the upper surfaces.
The resemblance between the underside of the Australian specimen and that figured
by Herrich-Schiiffer must have been very close.

‘‘Intermediate between these extreme sports and the normal form are thres
examples taken at Cape Town in 1866, 1873 and 1874—the first by myself —in
which the fore-wing markings are scarcely affected, but the hind-wing spots are
minutely ocellate and externally prolonged, so as to be confluent with the sncceed-
ing row of lunules.” Trimen, ¢bid. pp. 201, 202, o ]

Another aberration, a Belgian specimen, resembles ‘¢ Elymi” in kind but differs
from it in degree. In it also the white bars are absent from th'e cost®, and the
brown and black markings of the anterior wings are rearranged in almost exactly
the same manner. The posterior wings are modified to a much less extent and the
normal row of black spots between the nervures remains, \_vhlle ouly.the first a.qd
second of the series of white spots is present, the former being very slight. In this
individual the markings of the underside also resemble the aberration generally,
but it retains the four ocelli of the type. D& Doxceer, H. DoNckiER, dnn. Soc.
d’Ent. Belge, 1878, xx1. p. 10, Plate. . . .

A specimen, also Belgian, is described in which the two anterior wings resemble
Herrioh-Schiffer’s figure in lacking the white bars on the costz and in the arrange-
ment of the black and ground colour. In neither of them are the white spots of the
anal angles (found in the British and Austml_ia.n specimens) present. . The white
markings at the apex of the anterior wings differ on the two sides, being in both
of them unlike the type and an approach to the aberrations in question, but the
degree to which they are developed differs ma,rl:xedl'y, being greatest on the right gide.
The left posterior wing resembles the aberration in having the six abnormal white
spots, but less emphasized than in the figures quoted above; in general colour this wing
is darker than the type. The right posterior wing, however, has none of the wh'1t.e
spots of the aberration, and differs from the type only in being more suffused with

12
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black. To recapitulate, the two anterior and the left posterior win_g re.semble generally,
though not entirely, the aberration, while the right posterior wing is nearly normal.

A specimen is described from Ekaterinoslav, S. Russia, which resembles this
aberration in wanting the black transverse band and in the disposition of the apical
white spots. A trace of the white costal bar remains on the costal border. On the
underside of this specimen the ocelli were placed in a pale rose-coloured band.
(Name proposed, aberration, inornata). Bramson, K. L., 4nn. Soc. Ent. France,

S. 6, w1, 1886, p. 284.

Besides the rare aberration “var. Elymi,” there is a variety sometimes found in
Europe, which in Australia is so constant and definite that it has been regarded as
a species. The following may be quoted respecting its occurrence in Australia,
where it is common :

“ There is in abundance about Melbourne and in many other parts of Australia
a Cynthia with the general appearance and habit of C. cardui, so closely represented
that every entomologist I know refers it to that species. The Australian species
differs from the European one constantly, howewer, in having the centres of the
three lower round spots on the posterior wings bright blue, and having two other
blue spots on the posterior angles of the same wings, the corresponding parts of
the European form being black.” For this form the name C. kershawi is proposed.
M:Coy, F., Ann. and DMag. of Nat. Hist., Ser. 4, 1. 1868, p. 76. See also OLLIFF,
A. 8., Proc. Liun. Soc., N. 8. ., Ser. 2, 1. p. 1251. The notices of its occurrence
in Europe are as follows. In 1884 Mr Jenner Weir exhibited a specimen of P.
cardui, taken in the New Forest. Three of the five black spots in the disk of the
upper side of the hind-wings had blue pupils ; he pointed out that the specinen
thus approached the Australian form, P. kershawi. Proc. Ent. Soc., 1884,
p. xxvil.

OLLiFr, loc. cit., states that he has taken a specimen having these blue
markings at Katwijk, in Holland.

In the case given, the evidence certainly suggests that these
various forms of aberration are grouped round a normal form of
aberration, just as the individuals of the type are grouped round
its normal.

One example of a similar discontinuity in a melanic varia-
tion may profitably be given. I have taken this opportunity
of referring to such a case, as the general evidence of melanic
variations goes on the whole to shew that they are not comnmonly
discontinuous, and further evidence on this point would be most
valuable. To appreciate the evidence BUTLER’S coloured plate
should be referred to.

Terius. A well-marked group of butterflies of this genus allied to
T. hecabe, is found in Japan. It contains forms of great diversity in
amount of black border which occurs on the outer margins of the fore-
and hind-wings. The remainder of the wings is lemon-yellow. The
black border may be contined to the tip of the fore-wings, or may there
occupy a considerable area and be extended along the wliole outer
margin of both wings. The form with the least black is called 7. man-
darina, that with the most, is called 7. mariesit, and the intermediate
form is called 7'. anemone. Upwards of 150 specimens, all from Nikko,
were examined; these ranged between the two extremes. and were
found to form a continuous series. Butler states that “ the absence of
six of the{n, referable only to two gradations, would at once leave the
three species as sharply defined as any in the genus.”

[In the case of these butterflies, there are thus three groupsof varieties,
two extreme groups and one mean group ; intermediates between these
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are comparatively rare. Butler suggests that these intermediate forms
should be regarded as hybrids, even in the absence of experimental
evidence. This view is of course dependent on the truth of the belief
that such a discontinuous occurrence of variations is anomalous. ]

Twenty specimens of the species 7. betheseba and thirty-nine of
T. jaegeri (both from Japan), were also examined. The former pre-
sented no variations whatever, and the latter only vary in the yellower
or redder tint on the under surface of the secondaries. BUTLER, A. G.,
Trans. Ent. Soc., 1880, p. 197, Pl. v1.

Compare the following :

T'erias constantia. Twenty-five pupe, all found together on the same
twigs at Teapa, Tabasco, Mexico, by Mr H. H. Smith. The butterflies
from these are in Messrs Godman and Salvin’s collection, who kindly
allowed me to examine them. The amount of black horder on both wings
varies much, nearly though not quite so much as in the cases figured
by BuTLER. In the lightest the apex of the fore-wing alone is black,
and there is no black on the hind-wing in 9 specimens ; of the remaining
16 some have a well-defined black border to the hind-wing, while in
the rest (about 6) this border is slight. This case is a particularly
interesting one, as the specimens were associated and presumably
belonged to one brood.

For another beautiful case of discontinuous Variation in
pattern I am indebted to Dr D. Sharp. The Cambridge Univer-
sity Museum lately received a series of 38 specimens of Kallima
tnachys, the well-known butterfly whose folded wings resemble a
dead leaf with its mid-rib and veinings. The underside of this
butterfly is sometimes marked with large blotches and flecks of
irregular shape, which, as has often been noted, resemble the
patches of discoloration caused by fungi in decaying leaves.
Dr Sharp pointed out to me that the specimens examined fell
naturally into four groups according to the coloration of the
underside. In the first group the field is nearly plain, though
the tint varies in individuals. The “mid-rib” is strongly marked
in this and all the groups, but the “veinings = are absent or very
slightly marked in the first group: 18 specimens. In the second
group the ground is alniost plain, but it bears numerous strongly
marked black-speckled spots, of forms which though irregular in
outline are closely alike, and occupy the same positions in all the
six specimens, being scarcely if at all represented in any of the
others. In the third group the dark bars representing “veins”
are strong, but the field is nearly uniform: 10 specimens. In the
fourth group, of four specimens, the ground-colour is de.u'kened in
such a way as to leave large and definite blotches of light colour
in particular places. Of these specimens three have the veinings
very strongly marked, while the fourth is without them.

Into these four groups the specimens could be unhesitatingly
scparated, though In each group many individual differences
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oceurred. No marked variation in the upper-sides was to be seen.
These specimens were all from the Kha,s1a- hills, Assam, but there
was of course no evidence that all were flying together.

One of the most interesting examples of discontinuous Variation in
colour-patterns is the case of ocellar markings or eye-spots. Upon
this subject nothing need here be said as the evidence will be given in
detail in the course of this volume (see Chap. x111.).

SECTION X.

DISCONTINUITY IN SUBSTANTIVE VARIATION.—MISCELLANEOUS
ExAMPLES.

Of the discontinuous occurrence of Substantive Variation, the
manifestations are many and diverse. We have seen that in such
features as size, colour, and colour-patterns, Variations may be
discontinuous, and a form may thus result, differing markedly
from the type which begot it. Variation in the proportions or
the constitution of essential parts may no less suddenly occur.
The range of these phenomena is a large one, but for the purposes
of this Introduction a few examples must suffice in general
illustration of their scope.

A discontinuous variation which is familiar to all is that of
“reversed ” varieties, especially of Molluses and Flat-fishes. Such
varieties are formed as optical images of the body of the type. In
both of the groups named, some species are normally right-handed,
others being normally left-handed, while as individual variations
reversed examples are found. In Molluscs this is not peculiar to
Gasteropods with spiral shells, but may occur also both in Lima-
cide (slugs)! and in Lamellibranchs® Such variation is commonly
discontinuous, and the two conditions are alternative. The fact
that the reversed condition may become a character of an estab-
lished race is familiar in the case of Fusus antiquus. This shell
is 1qund in :a.ubundance as a fossil of the Norwich Crag, such
specimens being noimally left-handed, though the same species at
the present day is a right-handed one. Of the left-handed foim a
colony was discovered by MACANDREW on the rocks in Vigo Bay?®.
It was there associated with certain other shells proper to the
Norwich Crag. This discovery seemed to Edward Forbes to be so
remarkable that he looked on it as corroborative evidence of a
special connexion between the fauna of Vigo Bay and the Crag
fossils®  Jeffreys had the same variety from Sicily*

} For example
and many others.

% Binistral Tellina, Fiscuer, P., Jour. d ;
san;‘eés recorded in seveial other gei;era. e, TR RO Y, The
even specimens, Ann. N, H., 1849, p.
$ Brit. Conch., 1. p. 326. BB 0T,

, & Binistral 4»ion, Bavoow, Jour. de Conch., xxxi1. 1884, p. 320,
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That they may the better serve to bring out the significance
of Discontinuity in Variation to the general theory of Descent, it
may be well to choose some examples with reference to characters
which when seen in domestic animals are looked on as especially
the result of Selection.

In exoskeletal structures several of this kind are known.
From time to time there have been records of captures of the
“hairy variety ” of the Moorhen (Gallinula chloropus), in which the
feathers were destitute of barbules and consequently had a hairy
texture, greatly changing the general appearance of the bird.

Of the “hairy” variety twelve specimens were recorded, five from
Norfolk, and the rest from Cambridgeshire, Hampshire, Sussex (2),
Suffolk, Nottinghamshire and Athlone in Ireland. The tips of the
barbs and shafts of the fedthers have been broken off and the barbules
are entirely wanting, giving a hairy appearance. This appearance was
found in the whole of the plumage. Owing to the absence of barbules,
the general coloration is tawny. A few feathers of this kind have
been found in Hawks and Gulls, and in the case of a Parra (a bird
which bears considerable resemblance to a Moorhen), lent to Mr Gurney
by Professor Newton, a great portion of the body feathers were in this
condition, The feathers of the Apteryx and Cassowary are also partially
destitute of barbules. Mr Gurney was informed of a single case of a
Grey Brahma hen which shewed the same peculiarity which appears
otherwise to be without parallel. The case of the Silky Fowl is
similar in the absence of most of the barbules, but in it the point of
the shaft is produced to a delicate point, and the barbs are fine and
sometimes bifid or trifid at the apex. From J. H. GursEy, Trans.
Norwich Nat. Soc., u1 p. 581, Plate. [Bibliography .given.] [If
another *hairy ” Moorhen is found, note of the colour of the skin and
bones should be made, for, as is well known, in the Silky Fowl they are
purplish blue.]

The following may be compared : “Cochins are now and then met
with in which the webs of the feathers having no adhesion, the whole
plumage assumes a silky or flossy character like that of the Silky Fowl.
It usually occurs quite accidentally, and in every case we have met
with, the variety has been Buff. By careful breeding the character
can be transmitted, but we have only known one case in which there
had been this hereditary character, the others having been of accidental
occurrence. Such birds are sometimes called ‘Emu’ fowls.” Lewis
WrigHT, Illust. Book of Poultry, 1886, p. 230.

Of many domestic animals, for example, the goat, cat and
rabbit, varieties with long, silky hair are familiar pnder the name
of “Angoras.” Very similar breeds of guinea-pigs are kept, to
which the name “Peruvian” is given. In this connexion the
capture of a mouse (Mus musculus) with long, black, silk-like hair
is interesting', as shewing that such a total variation may occur
as a definite phenomenon without Selection.

! Cocks, W. P., Trans. Cornwall Polytech. Soc., 1852. Like other animals,
mice have of course often been found black. For instance, a number of black mice
were found in Hampstead-down Wood. Hewerr, W., Zool. Jour. 1v. p. 348.
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As to the partial nakedness of the skin of many animals
(Man, &c.), several suggestions hg,ve been_made. It has been
variously supposed that the covering of hair has been gradually
lost by Man, in correlation with the use of clothes; with the heat
of the sun; for ornamental purposes under sexual selection’; or
perhaps as a protection from parasites” Varlous suggestions
have also been made to explain the persistence of hair at the
junction of the limbs and on the head and face. To a con-
sideration of the origin of nakedness, the evidence of Variation in
some measure contributes, and though the bearing is not very
direct, it may illustrate the futility of inquiries of this kind made
without regard to the facts of Variation.

Mouse (Mus musculus): male and pregnant female found in a
straw-rick at Taplow ; both were entirely naked, being without hairs
at all, excepting only a few dark-coloured whiskers. The skin was
thrown up into numerous prominent folds, transversely traversing the
body in an undulating manner. This condition of the skin obtained
for them the name of “Rhinoceros mice.” The ears were dark or
blackish, the tail ash-coloured, and the eyes black, indicating that they
were not albinos. The exfoliations from the skin were examined
microscopically but no trace of hair-follicles was found, nor any
suggestion of disease. The animals were active and healthy.

The young ones, when born, were similar to the parents, The
teeth were normal.

In the Museum of the College of Surgeons is a precisely similar
specimen which was found in a house in London. GaskoiN, Proc.
Zool. Soc., 1856, p. 38, Plate.

Three specimens of the common Mouse (Mus musculus) were caught
in the town of Elgin. The whole bodies of these three creatures “were
complctely naked—as destitute of hair and as fair and smooth as a
child’s cheek. There was nothing peculiar about the snout, whiskers,
ears, lower half of the legs and tail, all of which had hair of the usual
length and colour. They had eyes as bright and dark as in the common
variety...... At least two others were killed in the same house where
these were found.” GorpoN, G., Zoologist, 1850, vir1. p. 2763.

SHREW. (Sorex sp.) * whole of upper surface of head and body
destitute of hair, and skin corrugated like that of Naked Mice figured
inP Z. 8., 1856 ;” sent to Brit. Mus. by Mr P. Garner. Gray,J. E.,
Ann. and Mag. of N. H., 1869, S. 4, v. p. 360.

In connexion with these cases, the following fact is interesting:

Heterocephalus is a genus of burrowing rodent from §. Africa. It contains two
species, of which one is about the size of a mouse and the other is rather larger.
They are characterized by possessing an apparently hairless skin which is on the
head and body of a wrinkled and warty nature. On closer inspection the skin is

seen to be furnished with fine scattered hairs, but there is no general appearance of

a hairy covering. There is no external ear in these animals. OwuprieLp THoMAS
P. Z.S., 1885, p. 845, Plate LIV ’

Naked horses have often been exhibited. Such a horse caught in a

: C. DarwiN, Descent of Man, 1. p. 142.
Bevt, Naturalist in Nicaragua ; see also Hubpsox, Naturalist in La Plata, 1892.
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semi-feral herd in Queensland was described by TEGETMEIER, Field,
xrvur 1876, p. 281. The skin was black and like india-rubber. Careful
examination shewed no trace of hair, or any opening of a hair-follicle.
In Turkestan, in the year 1886, I heard of one thus travelling, but failed
to see it. ‘ Hairless’ dogs in S. America remain distinct (BELT, I ¢.).

Of discontinuous Substantive Variation in bodily proportions a
single example must suffice. Among domestic animals of many
kinds, races are known in which the bones of the face do not grow
to their full size, while the bones of the jaw are, or may be, of
normal proportions. Familiar examples of this are the bull-dog,
the pug, the Japanese pug, the Niata cattle of La Plata!, some
short-faced breeds of pigs, and others. In the case of these
domestic animals the part which Selection has taken in their pro-
duction is unknown, and the magnitude of the original variations
cannot be ascertained. It is nevertheless of interest to notice
that parallel variations have occurred in distinct forms, and I
think that this is to some extent evidence that the variations
were from the first definite and striking. As regards the dogs
even, there is a presumption that the short face of at least the
Japanese pug arose independently from that of the common, or
Dutch pug (as it used to be called), but as to this the evidence is
insufficient. Among the dogs’ skulls found in ancient Inca inter-
ments, a skull was found having the form of the bull-dog.
NEHRING, Kosmos, 1884, Xv. As these remains belong to a
period before the European invasion, it is most probable that
this bull-dog breed arose independently of ours. -

Apart however from domestic animals there is evidence as to
the origin of short-faced breeds. This evidence, which is not so
well-known as it deserves to be, is provided by the occurrence of a
similar variation in fishes. Darwin in speaking of the evidence as
to Niata cattle makes allusion to the case of fishes in a note’,
quoting WYMAN as to the cod, which occurs in a form known to
fishermen as the “bull-dog” cod. The interest of this obser-
vation is increased by the fact that it does not stand alone, but
similar variations have been seen in the carp, chub, minnow, pike,
mullet, salmon and trout. In the last-named therq is even
evidence of the establishment of a local race having this singular
character.

Care (Cyprinus carpio). *Bull-dog”-headed Carp have often been
described. The face ends more or less abruptly in front of the eyes,
while the lower jaw has almost its normal length. The front part of
the head is bulging and prominent, giving the fish an appearance which
several authors compare to that of a monumental dolphin. A good
figure of such a specimen is given by G. St HiLAIRE, Hist. des Anom.,
ed. 1837, 1. p. 96, where a full account of the older literature of the

1 C. Darwin, dnimals and Plants under Domestication, 2nd edition, 1. p. 92.
2 Ibid., p. 93, note.
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subject may be found. Inasmuch as carp are largely bred in ponds on
the continent, there is in this case some suggestion that unnatural
conditions may be concerned, but this suggestion does not apply to other
cases of the same Variation. OtT0, Lehrd. path. Anat., 1. § 129, states
that in the ponds of Silesia such fish are not rare. See also Voiar,
Mayg. f. d. Naturk., 111 p. 515.

Cyprinus hungaricus: specimen from the Danube similarly formed.
The forehead was protuberant and bulged in front of the eyes so that
its anterior border was almost vertical. The attachments of the
mandible are carried forward in such a manner that the mandible
itself was directed upwards almost at right angles to the body. [Good
figure.] STEINDACHNER, Verh. zool.-bot. Ges. Wien, 1863, xuL p. 485,
Plate.

[Several other types of Variation in the heads of Cyprinoids occur,
but cannot be described here. ]

CruB (Leuciscus dobula = cephalus) : specimen having anterior part
of head rounded “like a monumental dolphin.” The body was normal,
measuring 33 cm. in length. Lanpois, Zool. Garten, 1883, xxiv.
p- 298.

MinxNow (Phoxinus levis) specimen having a smout like a pug
(« ;nétseau du mopse”) [no description). LuUNEL, Potss. du lac Léman,
p. 96.

MuLLer (Mugil capito): specimen having both jaws directed
upwards, and the upper and anterior parts of the skull greatly
elevated and protuberant: the appearance of the head was like that
of a pug dog. Full measurements given. CANESTRINI, R., Attr della
soc. V]en.——T'rent. di. sci. nat. in Padova, 1884, 1x. p. 117 [Bibliography
given]

PikE (Ksox luctus) described as like a pug, ¢bid., p. 124 ; see also
VroLik’s Atlas, 1849, Tab Lx1. fiy. 6.

SaLmoN (Salmo salar): specimen having front part of face little
developed, the supra-maxillaries being asymmetrical. Lower jaw
projects far in front of upper jaw. Animal of fair size, and not
meagre. VAN LipTH pe JEUDE, Notes from Leyden Mus., viL. p, 259,
Plate. [Curious malformation of S. trutta ibid.), see also Jahrb. Ver.
vaterl, Nat. Wente, X1 p. 345.

TroutT (S. fario): several specimens having bull-dog heads were
taken in Lochdow, near Pitmain, Inverness-shire. Heads short and
round ; upper iaw truncated like a bull-dog. This variety does not

Fi1e. 6. Bull-dog-headed Trour after CARLET.
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occur in neighbouring lochs. None weighed more than { 1b. YARRELL,
Brit. Fishes, 1. p. 286, figure given.

Another specimen (Fig. 6), agreeing closely with Yarrell’s figure,
was taken in a lake at an altitude of over 6000 ft. in the valley of
Sept-Laux (Isere). Saving the head it was in all respects normal.
This specimen is described and figured by CArLET, M. G., Journ.
de UAnat. et Phys., 1879, xv. p. 154. [It is declared that the
fishermen who took it, having previously met with similar speci-
mens, supposed that they had found a new species, but it is not
expressly stated that these other specimens were from the same
locality. ]

Before ending this preliminary glance at Discontinuity in
Substantive Variation, allusion must be made to a case which 1s
at once more famous and more instructive than any other. I refer
to the celebrated phenomenon of the production of nectarines by
peaches, or conversely. Upon the subject of almond, peach and
nectarine, Darwin produced a body of facts which, whether as an
example of a method or for the value of the facts themselves,
form perhaps the most perfect and the most striking of all that he

ave.
v The evidence which is there collected is known to all, and
though similar observations have been made since by many, there
is I believe nothing of importance to add to Darwin’s statement.
The bearing of these phenomena on the nature of Discontinuity in
Variation 1 so close that Darwin’s summary may with profit be
given at length. )

“To sum up the foregoing facts; we have excellent evidence of
peach-stones producing nectarine-trees, and of‘ nectarine-stones
producing peach-trees—of the same tree bearing peaches and
nectarines—of peach-trees suddenly producing by bud-varation
nectarines (such nectarines reproducing nectarines by seed), as
well as fruit in part nectarine and in part peach,—and, lastly, of
one nectarine-tree first bearing half-and-half fruit and subsequently
true peaches™ After disposing of alternative hypotheses he
concludes that “we may confidently accept the common view
that the nectarine is a variety of the peach, which may be pro-
duced either by bud-variation or from seed.” o

In this case the evidence is complete. The variation from peach
to nectarine or from nectarine to peach may be total. If less tha?
total, the fruit may be divided into either halves or quarters’,
so that for each segment the Variation is total still, Of inter-
mediate forms other than these divided ones, we have in this case

1 Animals and Plants under Domestication, ed. 2, 1. p. 362.

2 Ibid., p. 362, quoting from Loudon’s Gard. Mag. 1828, p. 53. The case of a
Royal George peach which produced a fruit, * three parts of it bemg” peach and one
part nectarine, quite distinct in appearance as well as in flavoar.” The lines of
division were longitudinal.
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no evidence: it is therefore a fair presumption that they are
either rare or non-existent; and that the peach-state and the
nectarine-state are thus positions of “ Organic Stability,” between
which the intermediate states, if they are chemical and physical
possibilities, are positions of instability.

These examples of Discontinuity in Substantive Variation
must suffice to illustrate the nature of the phenomena. It will be
seen that the matters touched on cover a wide range, and the
evidence relating to them must be considered separately and at
length. Such a consideration I hope in a future volume to
attempt.

SECTION XI.
DISCONTINUITY IN MERISTIC VARIATION: EXAMPLES.

Inasmuch as the facts of Meristic Variation form the substance
of this volume, it is unnecessary in this place to do more than refer
to the manner in which they exhibit the phenorpenon of Dis-
continuity. One or two instances must suffice to give some sug-
gestion of this subject, detailed consideration being reserved.

Parts repeated meristically form commonly a series, which is
either radial or linear, or disposed in some other figure derived
froin or compounded of these. For the purpose of this preliminary
treatment an instance of Discontinuous Variation in each of these
classes may be taken.

1. Radial Series.

Variations in the number of petals of actinomorphic flowers
exhibit the Discontinuity of Meristic Variation in perhaps its
simplest form.

Phenomena of precisely similar nature will hereafter be de-
scribed in animals, but such variations in flowers are so common
and so accessible that reference to them may with profit be made.
In Fig. 7 such an example is shewn.

It represents a Tulip having the parts of the flower formed in
multiples of four, instead of in multiples of three as normally.
Variation of this kind may be seen in any field or hedgerow?.

Meristic Variation is here presented in its greatest simplicity.

Such a case may well serve to illustrate some of the phenomena of
Discontinuity.

! For full literature and lists of cases see especially Masters, Vegetable
Teratology, ». v. Polyphylly. 1t is perhaps unnecessary to refer to the fact that
the numerical changes here spoken of are quite distinct from those which result

from an assumption by the members of one series or whorl of the form and
characters proper to other whorls,
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_ A form with four segments occurs as the offspring of a form
with three segments. Such a Variation, then, is discontinuous

F16. 7. Diagram of the flower of a Tulip having all the parts in -4.

because a new character, that of division into four, has appeared in
the offspring though it was not present in the parent. This new
character is a definite one, not less definite indeed than that of
division into three. It has come into the strain at one step of
Descent. Instancesin which there is actual evidence of such descent
are rare, but there can be no question that these changes do
commonly occur in a single generation, and, indeed, in many
plants, as for example Lysimachia (especially L. nemorum), flowers
having all the parts in -4 or in -6 may be frequently seen on
plants which bear likewise normal flowers with the parts in - 3.

Now such a variation as this of the Tulip illustrates a pheno-
menon which in the Study of Variation will often be met.

We have said that the variation is discontinuous, meaning
thereby that the change is a large and decided one, but it is more
than this; it is not only large, it is complete. S

The resulting form possesses the character of division into four
no less completely and perfectly than its parent possessed the
character of division into three. The change from three to four is
thus perfected : from the form with perfect division into three is
sprung a form with perfect division into four. This is a case of a
total or perfect Variation. ) L

This conception of the totality or perfection of Variation is one
which in the course of the study will assume great 1mportance,
and it may be best considered in the simple case of numerical and
Meristic Variation before approaching the more complex question
of the nature of totality or perfection in Substantive Variation.

The fact that a variation is perfect at once leads to the ques-
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tion as to what it might be if imperfect. Between the form in -3
and the form in -4 are intermediates possible? and if possible, do
they exist? Now by choosing suitable species of regular flowers,
individual flowers may no doubt be found in which there are three
large segments and one small one ; or two normal segments and a
third divided into two, making four in all. Such flowers are firstly
rare, while cases of perfect transformation are common. But be-
sides their rarity there is, further, a grave doubt whether. they are
in any true sense intermediate between the perfect form in -3 and
the perfect form in -+. After this again it must be asked whether
or no they do as a matter of fact occur as intercalated steps in the
descent of the form in -4 from the form in -3? To the last ques-
tion a general negative may at once be given; for though there is
abundant evidence that Meristic Variations of many kinds and in
several degrees of completeness may be seen in the offspring of the
same parent, yet any one member of such a family group may
shew a particular Variation in its perfection, and the occurrence of
any intermediate in the line of Descent is by no means necessary
for the production of the perfect Variation.

To answer the former question, whether or no forms imperfectly
divided into four parts are in reality intermediate between those
in -3 and those in -4, a knowledge of the mechanics of the
process of Division 1s required. Such knowledge 1s as yet entirely
wanting, and discussion of this matter must therefore be prema-
ture. With much hesitation I have decided to make certain
reflexions on the subject, which will be found in an Appendix to
this work. These may perhaps have a value as suggestions to
;)lthers, though from their theoretical nature they can find no place

ere.

There is however another class of cases which are intermediate
in a different way. In the Tulip described above the quality of
division into 4 was present in all the floral organs. This is not
always the case, for a Meristic Variation may be present in one
series of organs, though it is absent in some or all of the others,
and this 1s a phenomenon frequently recurring. Nevertheless,
though only partially distributed, a Variation may still be dis-
played in its totality in the parts wherein it is present. The
parts of a single whorl, the calyx for example, may undergo a
complete Variation, while the corolla and other parts are un-
changed. In the same way single members of a radial series, as a
petal for example, may undergo a complete Variation while the
other members of the series are unchanged. The same will be
shewn hereafter to be true of animals also.

For instance, the normal number of the parts in the disc of
durelia is four, but the whole body may be divided instead into
six or some other number of parts. Examples are also found in
which the parts of one-half or of one quadrant are arranged in the
new number, while the remainder is normal; and, as in flowers,
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this new number may prevail in some or in all of those systems of
organs which are disposed around the common centre.

2. Linear Sertes.

Before speaking further of the totality or perfection of Varia-
tion it will be well to give an illustration of Discontinuous Meristic
Variation as it occurs in the case of a linear series of parts. As
such an illustration the case of the variation in the number of
joints in the tarsus of the Cockroach (Blatta) may be taken. This
variation has been the subject of very full investigation by Mr
H. H. Brindley. The tarsus of the Cockroach is normally divided
into five joints, but in about 25 per cent. of B. americana (and in
a smaller proportion of several other species) the tarsus of one or
more legs 1s divided into only four joints, though the total length
may be the sume as that of the corresponding leg of the other side,
Fig. 8. Between the five-jointed form of tarsus and the four-jointed
form no single case in any way intermediate was seen. The whole
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Fic. 8. Tarsi of the third pair.of legs in a specimen of Blatta americana,
I. the left tarsus, having the normal, or 5-jointed form; II. the right tarsus,
having the 4-jointed form.

evidence will be given in full in the proper place and raises many
questions of great interest; but that which is important to our
present consideration is the fact that the Variation 1s here un-
doubtedly discontinuous, arising suddenly as a total or perfect
Variation, from the five-jointed form to the four-jointed. Here
the variation, though total as regards the limb 1n which it is
present, is not total as regards all the legs taken together. For
commonly only a single leg had a four-jointed tarsus, and only one
specimen was met with in which all six legs thus varied, and one
specimen only shewed the variation in five legs.

In speaking of such a Variation as a perfect Variation several
things are meant. .

First, it is meant that the tarsus of the new pattern 1s as
distinctly divided into four joints as the normal is into five. In
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addition to this the statement that the varying limb is perfect
conveys a number of ideas that cannot be readily formulated ; for
example, that the joints are to all appearance properly proportioned
and serviceable, shewing no sign of unfitness: they have in fact
much the same appearance as they have in those of the Orthoptera
in which the tarsus is normally four-jointed. But besides these
attributes, which though useful enough for ordinary description
are still in their nature formless and of no precise application,
there is another which in the case of these varying legs we' are
entitled to make. We have said that these four-jointed tarsi are
to all appearance normal, save for the number of the joints. Now
the measurements which, at my suggestion, Mr Brindley has been
kind enough to make, entitle us to go beyond this, and to assert
that the four-jointed tarsus has another character by reason of
which it is actually in a sense a “normal” form. A brief considera-
tion of this will clearly illustrate the meaning of the term “per-
fection” applied to Variation.

We saw above that in a monomorphic form, the frequency with
which, in respect of any given character, it departs from its mean
condition follows a curve of Frequency of Error. This is, indeed,
what 1s meant by the statement that the mean condition is a
normal.

Taking the five-jointed tarsus, measurements shewed that the
ratio of the length of any given joint to the length of the whole
tarsus varied in this way about a mean value. Measurement of
the joints of the four-jointed form shewed that the ratios which
they bear to the total length of their respective tarsi vary in a
similar way about their mean values, and that there is thus a
“normal” four-jointed conditicn just as there is a “normal” five-
Jointed condition. In the same way, then, that the ratio of the
length of each of the five joints to that of the whole tarsus is not
always identical but exhibits small variations, so the ratios of the
several joints of the four-jointed tarsus to the length of the whole
tarsus also vary, but in each case the ratio has a mean value
E’hich is approached with a frequency conforming to a curve of

ITOr.

The measurements established also another fact which is of
consequence to an appreciation of the nature of totality in
Variation. It not only appeared that the departures from the
mean value of these ratios in the four-jointed variety were dis-
tributed about the mean in the same way as those of the five-
Jointed form, but it was also shewn that the absolute varia-
tions from the mean values of these ratios were not on the
whole greater in the four-jointed tarsi than in the five-jointed
tarsl. .In other wor.ds, the four-jointed tarsus occurring thus
spora(.hca}ly, as a varlety, is not less definitely constituted than
the five jointed type, and the proportions of its several joints
arc not less constant. 1t is scarcely necessary to point out that
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these facts give no support to the view that the exactness or
perfection with which the proportions of the normal form are
approached is a consequence of Selection. It appears rather, that
there are fwo possible conditions, the one with five joints and the
other with four, either being a position of Organic Stability. Into
either of these the tarsus may fall; and though it is still conceivable
that the final choice between these two may have been made by
Selection, yet it cannot be supposed that the accuracy and com-
pleteness with which either condition is assumed is the work of
Selection, for the “sport” is as definite as the normal.

This interesting case of Meristic Variation in the tarsus of the
Cockroach illustrates in a striking way the principle which is
perhaps the chief of those to which the Study of Vanation at the
outset introduces us. We are presented with the phenomenon of
an organ existing in two very different states, between which no
intermediate has been seen. Each of these states is definite and
in a sense perfect and complete; for the oscillations of the four-
jointed form around its mean condition are not more erratic than
those of the normal form. Now when it is remembered that just
such a four-jointed condition of the tarsus is known as a normal
character of many insects and especially of some Orthoptera, it is,
I think, difficult to avoid the conclusion that if the four-jointed
groups are descended from the five-jointed, the Variation by which
this condition arose in them was of the same nature as that seen
as an individual Variation in Blatta ; that as the modern pheno-
menon of the individual Variation which we see, so that past
phenomenon of the birth of a four-jointed race, was definite and
complete, and that the change whose history is gone, like the
change to be seen to-day, was no gradual process, but a Discon-
tinuous and total Variation®.

1 Since this Section was written it has seemed possible that the account given
above may be found to need an important modification. It is well known that
Blatta, in common with many other Orthoptera, has the power of reproduclng‘ the
antenne and legs after amputation or injury, and we have made some observations
shewing that the tarsi of these regenerated legs sometimeg,'lf not alway§, contain
Jour joints. The question therefore arises whether the 4-jointed tarsus is a truly
congenital variation, and not rather a variation introduced in the process of
regeueration, somewhat after the manner of a bud-variation. Tg determine this
point a considerable number of immature specimens were examined, and it was
found that the percentage of individuals with 4-jointed tarsi is considerably less
in the young than in the adult. These facts lend support to the view that the
4-jointed condition is not congenital. A quantity of individuals were also hatched
from the egg-cocoons, and among them there has thus far been found no case of
4-jointed tarsus. On the other hand the total number thus hatched is not yet
sufficient to create any strong probability that none are ever hatched in the
4-jointed state. We have also seen the 4-jointed tarsus in three very young in-
dividuals, which, to judge from their total length, must have been newly hatched.
The statistics shew besides that the abnormality is distinctly commoner in females
than in males, and that it is commoner in the legs of the 2ud pair than in the 1st,
and much more common in the 3rd pair of legs than in the 2nd. These facts some-
what favour the view that the variation may be congenital. It seems also ex-
ceedingly improbable that in the specimen with all the tarsi 4-jointed, the six legs
could each have baen lost and renewed. There seems on the whole to be a pre-

B. B



66 SEX AND VARIETY. [INTROD.

SECTION XIIL

PARALLEL BETWEEN DISCONTINUITY OF SEX AND DISCONTINUITY
IN VARIATION.

The application of the term Discontinuity to Variation must
not be misunderstood. It is not intended to affirm that in dis-
continuous Variation there can be between the variety and the
type no intermediate form, or that none has been known to oceur,
and it is not even necessary for the establishment of Discontinuity
that the intermediate forms should be rare relatively to the
perfect form of the variety, though in cases of discontinuous
Variation this is generally the case; but it is rather meant that
the perfect form of the variety may appear at one integral step
in Descent, either without the occurrence of intermediate grada-
tions, or at least without the intercalation of such graduated forms
in the pedigree.

In the case of the tarsus of Blatta we have seen an example
of a total and complete Variation affecting single members of a
series of repeated parts, not collectively, but one or more at a
time'. Such an instance of a Meristic Variation occurring in
a state which is total as regards members of a series but not
total as regards the whole series finds wmany parallels among
Substantive Variations, as, for example, that of the Crab (Cancer
pagurus) bearing the right third maxillipede fashioned as a chela,
while the left third maxillipede was normal. Variations of this
nature in plants are of course well known to all.

At a previous place (Section VIL) allusion was made to the
familiar but very curious analogy between members of a series of
Meristic parts and separate organisms. The facts of Variation bring
out this analogy in many singular ways, and in speaking of the
totality of Vamation it is necessary to bear these facts 1n mind.
Not only are there abundant instances of independent division
or multiplication of single members of Meristic series, but as
has been said, single members of such series may thus inde-
pendently and singly undergo qualitative or Substantive Variation,
being treated in the physical system of the body as though they
were separate units. In Variation, therefore, though it will be

eumption that the variation may at least sometimes be congenital. Supposipg
however that this shall be found hereafter not to be the case, I do not think that
the deductions drawn from the facts will be less valid. The conclusions as to
the definiteness of the two types, and the relationships of the several parts of each
to the several parts of the other, would still hold good. There are besides in other
forms, instances of similar numerical Variation, as for example, in the number of
joints in the antennw of Prionida, where the hypothesis of change on renewal is
impossible, from which a similar argument might be drawn; but on the whole I
have preferred to leave the acconnt as it stands, taking the case of Blatta as an
example, because it is easily accessible and because, from the fewness of the joints
concerned, the issues are singularly clear.
1 See Note at the end of Section x1.
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found that members of Meristic series may vary simultaneously
and collectively—and this is one of the most important generaliza-
tions which result from the Study of Variation—yet it is also
true that in Variation single members of such series may vary
independently and behave as though they possessed an “in-
dividuality” of their own. If ever 1t shall be possible to form
a conception of the physical processes at work in the division
and reproduction of organisms, account must be taken of both of
these phenomena.

I know no way in which the nature of Discontinuity in Varia-
tion and the position of intermediate forms may be so well illus-
trated as by the closely parallel phenomenon of Sex. In the case
of Sex in the higher animals we are familiar with the existence
of a race whose members are at least dimorphic, being formed
either upon one plan or upon the other, the two plans being in
ordinary experience alternative and mutually exclusive. Between
these two types, male and female, there are nevertheless found
intermediate forms, ‘“hermaphrodites,” occurring in the higher
animals at least, as great rarities. Now though these inter-
mediate forms perhaps exist in gradations sufficiently fine to
supply all the steps between male and female, it cannot be
supposed that the one sex has been derived from the other, and
still less that the various stages of hermaphroditism have been
passed through in such Descent. Besides this, even though there
1s an accurate correspondence or homology between the several
organs which are modified upon the one plan in the male and
upon another in the female, and though this homology is such
as to suggest, were we comparing two species, that the one had
been formed from the other, part by part, yet by the nature of
the case such a view is here inadmissible: for firstly it is im-
possible to suppose that either sex has at any time had the organs
of the other in their completeness, and secondly it is clear that
any hypothetical common form, by modification of which both
may have arisen, must have been indefinitely remote and could
certainly not have possessed secondary sexual organs bearing any
resemblance to those now seen in the higher forms. All this
has often been put, but the application of it to Variation is of
considerable value. For in the case of Sex there is an instance
of the existence of two normals and of many forms intermediate
between them, occurring in a way which precludes the supposition
that the intermediates represent stages that have ever occurred
in the history of the two forms. o

In yet another way Sex supplies a parallel to Variation. As
we know, the sexes are discontinuous and occur common}y in thf}ll‘
total or perfect forms. Now just as members of a Meristic series
may present total variations independently of each other, so may
single members of such a series present opposite secondary sexual
characters, which may nevertheless be in each case complete.

5—2
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The best known instance of this is that of gynandromorphic
insects, in which the characters of the whole or part of one side
of the body, wings and antenna®, are male, while those of the
other side are female. Remarkable instances of a similar pheno-
menon have been recorded among bees and will be described later.
As is well known, the organs and especially the legs of the sex-
less females or workers are formed differently from those of the
drones, but there are cases of individuals having some of the
parts and appendages formed on the one plan and some on the
other. Thus in these individuals, which are in a sense inter-
mediate between workers and drones, the characters of the two
sexes may still be not completely blended, the male type pre-
vailing in some parts, and the female in others. In the Dis-
continuity of Substantive Variation will be found examples of
imperfect blending of variety and type closely comparable with
this case of the imperfect blending of Sex.

SECTION XIII.

SUGGESTIONS AS TO THE NATURE OF DISCONTINUITY IN VARIATION.

The observations at the end of Section X1, regarding the Dis-
continuity of Meristic Variation lead naturally to certain reflexions
as to the nature of Discontinuous Variation in general. In the
case of the Cockroach tarsus, there given, it appeared that just as
the structure of the typical form varies about its mean condition,
so the structure of the variety varies about another mean condition.
This fact, which in the given instance of Meristic Variation is so
clear, at once suggests an inquiry whether this is not the usual
course of Discontinuous Variation, and, indeed, whether Discon-
tinuity in Variation does not mean just this, that in varying the
organisin passes from a form which is the normal for the type to
another form which is a normal for the variety. Such transitions
plainly occur in many cases of Meristic Variation, and in a consider-
able number of Substantive Variations there will be found to be
indications that the phenomenon is similar. Tt is true that at the
present stage of the inquiry the evidence has the value rather of
suggestion than of proof, but the suggestion is still very decided

and it is scarcely possible to exaggerate the importance of even
this slender clue.

. In stating the problem of Species at the beginning of this
Inquiry 1t was said that the forms of living things, as we know
them, constitute a discontinuous series, and it is with the origin
of the Discontinuity of the series that the solution of the main
problem is largely concerned. Now the evidence of Discontinuous
Variation suggests that organisms may vary abruptly from the
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definite form of the type to a form of variety which has also in
some measure the character of definiteness. Is it not then possible
that the Discontinuity of Species may be a consequence and ex-
pression of the Discontinuity of Variation? To declare at the
present time that this is so would be wholly premature, but the
suggestion that it is so is strong, and as a possible light on the
whole subject should certainly be considered.

In view of such a possible solution of one of the chief parts
of the problem of Species it will be well to point out a line of
inquiry which must in that event be pursued. If it can be shewn
that the Discontinuity of Species depends on the Discontinuity of
Variation, we shall then have to consider the causes of the Dis-
continuity of Variation.

Upon the received hypothesis it is supposed that Variation is
continuous and that the Discontinuity of Species results from the
operation of Selection. For reasons given above (pp. 15 and 16) there
is an almost fatal objection in the way of this belief, and it cannot
be supposed both that all Variation is continuous and also that the
Discontinuity of Species is the result of Selection. With evidence
of the Discontinuity of Variation this difficulty would be removed.

It will be noted also that it is manifestly impossible to suppose
that the perfection of a variety, discontinuously and suddenly
occurring, is the result of Selection. No doubt it is conceivable
that a race of Tulips having their floral parts in multiples of four
might be raised by Selection from a specimen having this character,
but it is not possible that the perfection of the nascent variety
can have been gradually built up by Selection, for it is, in its very
beginning, perfect and symmetrical. And if it may be seen thus
clearly that the perfection and Symmetry of a variety is not the
work of Selection, this fact raises a serious doubt that perhaps
the similar perfection and Symmetry of the type did not owe its
origin to Selection either. This consideration of course touches
only the part that Selection may have played in the first building
up of the type and does not affect the view that the perpetuation
of the type once constituted, may have been achieved by Selection.

But if the perfection and definiteness of the type is not due
to Selection but to the physical limitations under which Variation
proceeds, we shall hope hereafter to gain some insight into the
nature of these limitations, though in the present state of zoological
study the prospect of such progress is small. In the observations
which follow I am conscious that the bounds of profitable specu-
lation are perhaps exceeded, and I am aware that to many this
may seem matter for blame; but there is, in my judgment, a
plausibility in the views put forward, sufficient at least to entitle
them to examination. They are put forward in no sense as a
formulated theory, but simply as a suggestion for work. It 1s,
besides, only in foreseeing some of the extraordinary possibilities
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that lie ahead in the Study of Variation, that the great value of
this method can be understood.

It has been seen that variations may be either Meristic or
Substantive, and that in each group discontinuous and definite
variations may occur by steps which may bg integral or total.
We are now seeking the factors which determine this totality and
define the forms assumed in Variation. In this attempt we may,
by arbitrarily confining our first notice to very simple cases, recog-
nize at least two distinct factors which may possibly be concerned
in this determination. Of these the first relates to Meristic
Variation and the second to Substantive Variation.

1. Possible nature of the Discontinuity of Meristic Variation.

Looking at simple cases of Meristic Variation, such as that of
the Tulip or of Aurelia, or of the Cockroach tarsus, there is, I think,
a fair suggestion that the definiteness of these variations is deter-
mined mechanically, and that the patterns into which the tissues
of animals are divided represent positions in which the forces that
effect the division are in equilibrium. On this view, the lines or
planes of division would be regarded as lines or planes at right
angles to the directions of the dividing forces; and in the lines of
Meristic Division we are perhaps actually presented with a map
of the lines of those forces of attraction and repulsion which
determine the number and positions of the repeated parts, and
from which Symmetry results. If the Symmetry of a living body
were thus recognized as of the same nature as that of any sym-
metrical system of mechanical forces, the definiteness of the sym-
metry in Meristic Variation would call for no special remark, and
the perfection of the symmetry of a Tulip with its parts divided
into four, though occurring suddenly as a “sport,” would be recog-
nized as in nowise more singular than the symmetry of the type.
Both alike would then be seen to owe their perfection to me-
chanical conditions and not to Selection or to any other gradual
process. If reason for adopting such a view of the physics of
Division should appear, the frequency with which in any given
form a particular pattern of Division or of Symmetry recurs,
would be found to be determined by and to be a measure of the
stability of the forces of Division when disposed in that particular
pattern. It will of course be understood that in these remarks
no suggestion is offered as to the causes which determine whether
a tissue shall divide into four or into three, but merely as to the
conditions of perfection of the division in either case. It will also
be clear that though the symmetry of a flower or of any other
tissuc depends also on symmetrical growth, it is primarily dependent
on the symmetry of its primary divisions, upon which symmetrical
growth and secondary symmetrical divisions follow.
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It would be interesting and I believe profitable to examine
somewhat further the curiously close analogy between the sym-
metry of bodily Division and that of certain mechanical systems
by which close imitations both of linear and of radial segmentation
can be produced; and though to some this might seem overdaring,
the possibility that the mechanics of bodily Division are in their
visible form of an unsuspected simplicity is so far-reaching that it
would be well to use any means which may lead others to ex-
plore it.

And even if at last this suggestion shall be found to have in it
no other element of truth, it would still be of use as a forcible
presentation of the fact, which when realized can hardly be
doubted, that among the factors which combine to form a living
body, the forces of Division may be distinguished as in their mani-
festations separable from the rest and forming a definite group.
For, already (Section Vv.) it has been pointed out that the patterns
of Division or Merism may be changed, while the Substance of the
tissues presents to our senses no difference. The recognition of
this essential distinctness of the Meristic forces will, I believe, be
found to supply the base from which the mechanics of growth will
hereafter be attacked.

The problems of Morphology will thus determine themselves
into problems in the physiology of Division, which must be
recognized together with Nutrition, Respiration and Metabolism,
as a fundamental property of living protoplasm.

To sum up: there is a possibility that Meristic Division may
be a strictly mechanical phenomenon, and that the perfection
and Symmetry of the process, whether in type or in variety, may
be an expression of the fact that the forms of the type or of the
variety represent positions in which the forces of Division are
in a condition of Mechanical Stability.

2. Possible nature of the Discontinuity of Substantive Variation.

Passing from the phenomena of Division and arrangement to
those of constitution or substance we are, as has been said, again
presented with the phenomenon of discontinuous or total Varia-
tion, and we must seek for causes which may perhaps govern
and limit this totality, and in obedience to which the Vanation
18 thus definite. Now as in the case of Meristic Vari‘fmon, by
arbitrarily limiting the examination to those cases which seem
the simplest it appears that there is at least an analogy be-
tween them and certain mechanical phenomena, so by similarly
restricting ourselves to very simple cases there will be seen to
be a similar analogy between the discontinuity of some Sub-
stantive Variations and that of chemical discontinuity. It is
on the whole not unreasonable to expect that the definiteness
of at least some Substantive Variations depends ultimately on
the discontinuity of chemical affinities. To take but one instance,
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that of colour, we are familiar with the fact that the colours qf
many organic substances undergo definite changes when CheH}lll-
cally acted on by reagents, and 1t 1s not suggested that t e
definiteness and discontinuity of the various colours assumed 1s
dependent on anything but the definiteness of the chemical
changes undergone. The changes of litmus and many vegetable
blues to red on treatment with acids, of many vegetable yellows
to brown on treatment with alkalies, the colours qf - the series
of bodies produced by the progressive oxidation of biliverdin are
familiar examples of such definite colour-variations.

With facts of this kind in view, the conclus1on‘1s almost
forced on us that the definiteness of colour-variation is a conse-
quence of the definiteness of the chemical changes undergone.
No one doubts that the orange colouring matter of the variety
of the Iceland Poppy (P nudicaule) is a chemical derivative
from the yellow colouring matter of the type. It is not ques-
tioned that in such cases a definite alteration in the chemical
conditions in which the pigment is produced determines whether
the flower shall be orange or yellow ; and I think it is reasonable
to expect that the frequency with which the flowers are either
yellow or orange as compared with the rarity of the intermediate
shades is an expression of the fact that the yellow and orange forms
of the colouring matter have a greater chemical stability than the
intermediate forms of the pigment, or than a mixture of the two
pigments. If then it should happen, as we may fairly suppose it
might, that the orange form were to be selected and established
as a race, it would owe the definiteness of its orange colour and
the precision of its tint, not to the precision with which Selection
had chosen this particular tint, but to the chemical discontinuity of
which the originally discontinuous Variation was the expression,

To pass from the case of a sport to that of Species, it 1s well
known that of the many S. African butterflies of the genus
Euchlve (= Anthocharis, Orange-tips), some have the apices or
tips of the fore-wings orange-red (for example, E. danae), while
in others they are purple (for example, Z. tone). Upon the
view that the transition from orange to purple, or wvice versa,
had been continuously effected by the successive Selection of
minute variations, we are met by all the difficulties we know so
well.  Why is purple a good colour for this creature? If purple
1s a good colour and red is a good colour, how did it happen that
at some time or other all the intermediate shades were also good
enough to have been selected? and so on. These and all the
cognate difficulties are opened up at once, and though they have
been met in the fashion we l-mow, they have scarcely been over-
come. But at the outset this view assumes that every inter-
mediate may exist and has existed, an assumption which is
gratuitous and hardly in accordance with the known fact that
chemical processes are frequently discontinuous. When besides
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this it is known that Variation may be discontinuous, I submit
that it is easier to suppose that the change from red to purple
was from the first complete, and that the choice offered to Selec-
tion was between red and purple ; and that the tints of the purple
and of the red were determmed by the chemical properties of
the body to which the colour is due. This case is a particularly
interesting one in the light of the fact that, as Mr F. G. Hopkins
has lately shewn me, this purple colour, dissolved in hot water,
leaves on evaporation a substance which gives the murexide
reaction and cannot as yet be distinguished from the substance
similarly derived from the orange or yellow colouring matters
of Pieride in general. As was stated above, Mr Hopkins has
shewn that these yellows are acids, allied to mycomelic acid, a
derivative of uric acid, and therefore of the nature of excret-
ory products. Whether the purple body is related to the yellow
or to the orange as a salt is to an acid, or otherwise, cannot yet
be affirmed; but if the difference between them is a cheinical
difference, which can hardly be doubted, there is at least a pre-
sumption that the discontinuity of these colours in the several
species, is an expression of the discontinuity of the chemical
properties of this body. The possibility that from such bodies
a series of substances might perhaps by suitable means be pre-
pared in such a way as to represent many or even all intermnediate
shades, does not greatly affect the suggestion made; for even in
such series it is almost certain that points of comparative stability
would occur, and Discontinuity would be thus mtroduced.

The case of Colour has been taken in illustration because it
is the simplest and most intelligible example of the possibility
that the Discontinuity of some Substantive Variations is deter-
mined by the Discontinuity of the chemical processes by which
the structures are produced. It is true that perhaps no species
has been rightly differentiated by colour alone, but colour is
still one of the many characters which go to the distinguishing
of a species, and it i§ precisely one of the characters whose
significance and delimitation by Natural Selection is most
obscure. Moreover by the fact that in the case of these yellow
and red Pieride the colours are of an excretory nature, we are
reminded that Variation in colour may be an index of serious
changes in the chemical economy of the body, and that when an
animal is said to be selected because it is red or because it is
purple, the real source of its superiority may be not its red colour
or its purple colour, but other bodily conditions of which these
colours are merely symptoms. By those who have attempted to
reconcile the phenomena of Colour with the hypothesis of Natural
Selection this fact is too often overlooked.

But though it may reasonably be supposed that much of the
Discontinuity of Variation and some of the Discontinuity of
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Species arise through discontinuous transition from one state of
mechanical or chemical stability to another state of stability, there
nevertheless remain large classes of discont@nuou§ variations, and
of Specific Differences still more, whose Discontinuity ‘bears no
close analogy with these. To these phenomena inorganic Nature
offers no parallel. We may see that they are discontinuous and
that their course is in some way controlled, but as to the nature
of this control we can make no guess. .

Though the resemblance may be misleading, it is neverthe-
less true that in lving Nature there are other phenomena, those
of disease, which present a Discontinuity closely comparable with
that of many variations. In problems of disease we meet agaln
the same problem which we meet in Variation, namely, changes
which may be complete or specific, though occurring so suddenly
as to exclude the hypothesis that Selection has been the limiting
cause. All this is familiar to everyone who has considered the
problem of Species.

For though, like discontinuous variations, the manifestations
of specific disease are not always identical, but differ in intensity
and degree, varying about a normal form, still these manifestations
may be specific 1n the sense in which the term is used with reference
to the characters of Species. If we exclude those diseases whose
specific characters are now known to be the result of the invasion
of specific organisms, there still remain very many which are known
and recognized by definite and specific symptoms produced in the
body. though there is as yet no evidence that they are.due to
specific organisms. [Of course if it were shewn that these diseases
also result from the action of specific organisms, they then only
present to us again the original problem of Species; for if the
definiteness, or Species, of a disease is due to the definiteness, or
Species, of the micro-organism which causes it, the cause of that
definiteness of the micro-organism remains to be sought, and we
are simply left with a particular case of the general problem of
Species.] But in the meantime we can see that the manifestations
are specific; and while we do not know that they result from causes
themselves specific, the nature of the control in obedience to which
they are specific is unknown.

The parallel between disease and Variation may be mis-
leading, but this much at least may fairly be learned from it:
that the system of an organized being is such that the result
of its disturbance may be specific. And in the end it may well
be that the problem of Species will be solved by the study of
pathology ; for the likeness between Variation and disease goes
far to support the view which Virchow has forcibly expressed,
that “every deviation from the type of the parent animal must
have its foundation on a pathological accident!.”

! R. Vmcrow, Journal of Pathology, 1. 1892, p. 12.
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SECTION XIV

SOME CURRENT CONCEPTIONS OF BIOLOGY IN VIEW OF THE FACTS
OF VARIATION.

Enough has now been said to explain the aim of the Study
of Variation, and to shew the propriety of the choice of the facts
of Meristic Variation as a point of departure for that study.
Before leaving this preliminary consideration, reference to some
cognate subjects must be made.

It has been shewn that in view of the facts of Variation,
some conceptions of modern Morphology must be modified, while
others must be abandoned. With the recognition of the sig-
nificance of the phenomena of Variation, other conceptions of
biology will undergo like modifications. As to some of these a
few words are now required, if only to explain methods adopted in
this work.

1. Heredity.

It has been the custom of those who have treated the subject
of Evolution to speak of “Heredity” and “ Variation” as two
antagonistic principles; sometimes even they are spoken of as
opposing “forces.”

With the Study of Variation, such a description of the pro-
cesses of Descent will be given up, even as a manner of speaking.
In what has gone before I have as far as possible avoided any
use of the terms Heredity and Inheritance. These terms which
have taken so firm a hold on science and on the popular fancy,
have had a mischievous influence on the development of bio-
logical thought. They are of course metaphors from the descent
of property, and were applied to organic Descent in a time when
the nature of the process of reproduction was wholly mis-
understood. This metaphor from the descent of property 1s
inadequate chiefly for two reasons. o

First, by emphasizing the fact that the orgamzation of the
offspring depends on material transmitted to it by its parents,
the metaphor of Heredity, through an almost inevitable confusion
of thought, suggests the idea that the actual body and consti-
tution of the parent are thus in some way handed on. No one
perhaps would now state the facts in this way, but something
very like this material view of Descent was indeed actually de-
veloped into Darwin’s Theory of Pangenesis. From this sugges-
tion that the body of the parent is in some sort remodelled into
that of the offspring, a whole series of errors are derived. Chief
among these is the assumption that Variation must necessarily
be a continuous process; for with the body of the parent to start
from, it is hard to conceive the occurrence of discontinuous
change. Of the deadlock which has resulted from the attempt
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to interpret Homology on this view of Heredity, I have already
spoken in Section VI . ' .

Secondly, the metaphor of Heredity misrepresents the essential
phenomenon of reproduction. In the light of modern investiga-
tions, and especially those of Weismar}n on the continuity of .the
germ-cells, it is likely that the relation of parent to offspring,
if it has any analogy with the succession of property, 1s rather
that of trustee than of testator. . )

Hereafter, perhaps, it may be found possible to replace this
false metaphor by some more correct expression, but for our
present purpose this is not yet necessary. In the first exami-
nation of the facts of Variation, I believe it 1s best to
attempt no particular consideration of the working of Heredity.
The phenomena of Variation and the crigin of a variety must
necessarily be studied first, while the question of the perpetua-
tion of the variety properly forms a distinct subject. Whenever
in the cases given, observations respecting inheritance are fort.h-
coming they will be of course mentioned. But speaking of dis-
continuous Variation in general, the recuirence of a variation
in offspring, either in the original form or in some modification
of it, has been seen in so many cases, that we shall not go far
wrong in at least assuming the possibility that it say reappear
in the offspring. At the present moment, indeed, to this state-
ment there is little to add. So long as systematic experiments
in breeding are wanting, and so long as the attention of naturalists
is limited to the study of normal forms, in this part of biology
which is perhaps of greater theoretical and even practical im-
portance than any other, there can be no progress.

2. Reversion.

Around the term Reversion a singular set of false ideas have
gathered themselves. On the hypothesis that all perfection and
completeness of form or of coirelation of parts is the work of
Selection it is difficult to explain the discontinuous occurrence
of new forms possessing such perfection and completeness. To
account for these, the hypothesis of Reversion to an ancestral
form is proposed, and with some has found favour. That this
suggestion is inadmissible is shewn at once by the frequent occur-
rence by discontinuous Variation, of forms which though equally
perfect, cannot all be ancestral. In the case of Veronica and
Linaria, for example, a host of symmetrical forins of the floral
organs may be seen occurring suddenly as sports, and of these
though any one may conceivably have been ancestral, the same
cannot be supposed of all, for their forms are mutually exclusive.
On Veronica buzbawmii, for instance, are many symmetrical
Howers, having two posterior petals, like those of other Scrophu-
larinez : these may reasonably be supposed to be ancestral, but
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if this supposition is made, it cannot be made again for the
equally perfect forms with three petals, and the rest.

The hypothesis of Reversion to account for the Symmetry
and perfection of modern or discontinuous Variation is made
through a total misconception of the nature of Symmetry.

There is a famous passage in the Descent of Man, in which
Darwin argues that the phenomenon of double uterus, from its
perfection, must necessarily be a Reversion.

......... *In other and rarer cases, two distinet uterine cavities are formed, each
having its proper orifice and passage. No such stage is passed through during the
ordinary development of the embryo, and it is difficult to believe, though perhaps
not impossible, that the two simple, minute, primitive tubes could know how (if
such an expression may be used) to grow into two distinet uteri, each with a well-
constructed orifice and passage, and each furnished with numerous muscles, nerves,
glands and vessels, if they had not formerly passed through a similar course of
development, as in the case of existing marsupials. No one will pretend that so
perfect a structure as the abnormal double uterus in woman could be the result
of mere chance. But the principle of reversion, by which long-lost dormant
structures are called back into existence, might serve as the guide for the full
development of the organ, even after the lapse of an enormous interval of time2.”
Descent of Man, vol. 1. pp. 123 and 124,

This kind of reasoning has been used by others again and
again. It is of course quite inadmissible; for by identical reason-
ing from the perfect symmetry of double monsters, of the single
eye of the Cyclopian monster, and so on, it might be shewn that
Man is descended from a primitive double vertebrate, from a
one-eyed Cyclops and the like. For other reasons it is likely
enough that double uterus was a primitive form; but the per-
fection and symmetry of the modern variation to this form is
neither proof nor indication of such an origin. Such a belief
arises from want of knowledge of the facts of Meristic Variation,
and is founded on a wrong conception of the nature of symmetry
and of the mechanics of Division. The study of Variation shews
that it is a common occurrence for a part which stands in the
middle line of a bilaterally symmetrical animal, to divide into
two parts, each being an optical image of the other: and that
conversely, parts which normally are double, standing as optical
images of each other on either side of such a middle line may

1 For a full account of such facts, see a paper by Miss A, Bareson and myself
On Variations in Floral Symmetry. Journ. Linn. Soc., xxvir. p. 386. )

% This extraordinary passage is scarcely worthy of Darwin's penetration. If
read in the original connexion it will seem strange that it should have been allowed
to stand. For in a note to these reflexions on Reversion (Descent, 1. p. 125) Darwin
refers to and withdraws his previously expressed view that supernumerary digits
and mamme were to be regarded as reversions. This view had been based on the
perfection and symmetry with which these variations reproduce the structure of
putative ancestors. It was withdrawn because Gegenbaur had shewn that poly-
dactyle limbs often bear no resemblance to those of possible ancestors, and because
extra mamme may not only occur symmetrically and in places where they are
normal in other forms, but also in several quite anomalous situations. In the light
of this knowledge it is strange that Darwin should have pontmued to regard the
perfeotion and symmetry of a variation as evidence that it is a Reversion.
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be compounded together in the middle line forming a single,
symmetrical organ. . )

It would probably help the science of Biology if the word
‘Reversion’ and the ideas which it deuotes, were wholly dropped,
at all events until Variation has been studied much more fully
than it has yet been.

In the light of what we now know of the process of repro-
duction the phrase is almost mneaningless. We suppose that a
certain stock gives off a number of individuals which vary about
a normal; and that after having given them off, it begins to
give off individuals varying about another normal. We want
to say that among these it now and then gives off ome which
approaches the first normal, that shooting at the new mark it
now and then hits the old one. But all that we know is that
now and then it shoots wide and hits another mark, and we
assume from this that it would not have hit it if it had not
aimed at it in a bygone age. To apply this to any other matter
would be absurd. We might as well say that a bubble would
not be round if the air in it had not learned the trick of round-
ness by having been in a bubble before: that if in a bag after
pulling out a lot of white balls I find a totally red one, this
proves that the bag must have once been full of red balls, or that
the white ones must all have been red in the past.

Besides the logical absurdity on which this use of the theory
of Reversion rests, the application of it to the facts of Variation
breaks down again and again. I have already mentioned some
cases of this, but there are many others of a different class. For
instance, it will be shewn that the percentage of extra molars
in the Anthropoid Apes is almost the highest reached among
mammals. On the usual interpretation, such teeth are due to
Reversion to an ancestral condition with 4 molars, and on less
evidence it has been argued that a form frequently shewing such
“Reversion ” is older than those which do not. From this reason-
ing it should follow that the Anthropoids are the most primitive
form, at least of monkeys. It is surely time that these brilliant
and facile deductions were no more made in the name of science.

3. Causes of Variation.

Inquiry into the causes of Variation is as yet, in my judgment,
premature.

4. The Variability of “ useless* Structures.

The often-repeated statement that “useless” parts are
especially variable, finds little support in the facts of Variation,
except In as far as it is a misrepresentation of another principle.
The examples taken to support this statement are commonly
organs standing at the end of a Meristic Series of parts, in which
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there 18 a progression or increase of size and degree of development,
starting from a small terminal member. In such cases, as that of
the last rib in Man, and several other animals, the wisdom-teeth of
Man, etc., 1t 1s quite true that in the terminal member Variation is
more noticeable than it i1s in the other members. This is, I
believe, a consequence of the mechanics of Division, and has no
connexion with the fact that the functions of such terminal parts
are often trifling. Upon this subject something will be said later
on, but perhaps a rough illustration may make the meaning more
clear at this stage. If a spindle-shaped loaf of bread, such as a
“twist,” be divided with three cuts taken at equal distances, in
such a way that the two end pieces are much shorter than the
middle ones, to a child who gets one of the two large middle
pieces the contour-curves of the loaf will not matter so much ; but
to a child who gets-one of the small end bits, a very slight altera-
tion in the curves of the loaf will make the difference between a
fair-sized bit and almost nothing, a difference which the child will
perceive much more readily than the complementary difference in
the large pieces will be seen by the others. An error in some
measure comparable with this is probably at the bottom of the
statement that useless parts are variable, but of course there are
many examples, as the pinna of the human ear, which are of a
different nature. It is unnecessary to say that for any such case
in which a part, apparently useless, is variable, another can be
produced in which some capital organ is also variable; and
conversely, that for any case of a capital organ which is little
subject to Variation can be produced a case of an organ, which
though trifling and seemingly “useless,” is equally constant.
With a knowledge of the facts of Variation, all these trite generali-
ties will be forgotten.

5.  Adaptation.

In examining cases of Variation, I have not thought 1t neces-
sary to speculate on the usefulness or harmfulness of the variations
described. For reasons given in Section II, such speculation,
whether applied to normal structures, or to Variation, is barren and
profitless. If any one is curious on these questions of Adaptation,
he may easily thus exercise his imagination. In any case of
Variation there are a hundred ways in which it may be beneficial,
or detrimental. For instance, if the “hairy” variety of the moor-
hen became established on an island, as many strange varieties
have been, I do not doubt that ingenious persons would invite us
to see how the hairiness fitted the bird in some special way for life
in that island in particular. Their contention would be hard to
deny, for on this class of speculation the only limitations are those
of the ingenuity of the author. While the only test of utility is
the success of the organism, even this does not indicate the utility
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of one part of the economy, but rather the nett fitness of the
whole.

6. Natural Selection.

In the view of the phenomena of Variation here outlined,
there 1s nothing which is 1n any way opposed to the theory of the
origin of Species “ by means of Natural Selection, or the preserva-
tion of favoured races in the struggle for life.” But by a full and
unwavering belief in the doctrine as originally expressed, we shall
in no way be committed to representations of that doctrine made
by those who have come after. A very brief study of the facts will
suffice to gainsay such statements as, for example, that of Claus,
that “it 1s only natural selection which accumulates those altera-
tions, so that they become appreciable to us and constitute a varia-
tion which is evident to our senses’.” For the crude belief that
living beings are plastic conglomerates of miscellaneous attributes,
and that order of form or Symmetry have been impressed upon
this medley by Selection alone ; and that by Variation any of these
attributes may be subtracted or any other attribute added in
indefinite proportion, is a fancy which the Study of Variation does
not support.

Here this Introduction must end. As a sketch of a part of the
phenomena of Variation, it has no value except in so far as it inay
lead some to study those phenomena. That the study of Variation
is the proper field for the development of biology there can be no
doubt. It is scarcely too much to say that the study of Variation
bears to the science of Evolution a relation somewhat comparable
with that which the study of affinities and reactions bears to the
science of chemistry: for we might almost as well seek for the
origin of chemical bodies by the comparative study of crystallo-
graphy, as for the origin of living bodies by a comparative study of
normal forms.

1 Text-book of Zoology, Sedgwick and Heathcote's English translation, vol. 1.
p- 148. In the original the passage runs: “erst die natiirliche Zuchtwall hduft
und verstirkt jeme Abweichungen in dem Masse duss sie Sir uns wahrnehmbar
werden und eine in die Augen fallende Variation bewirken.” C. Craus, Lehrb. d.
Zool., Ed. 2, 1883, p. 127, and Grundziige der Zoologie, 1880, Bd. 1. p. 90. The
italics are in the original,
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CHAPTER L

ARRANGEMENT OF EVIDENCE.

THE cases of Meristic Variation, here given, illustrate only a
small part of the subject. The principles upon which these have
been chosen may be briefly explained. It was originally intended
to give samples of the evidence relating to as many different
parts of the subject as possible, so that the ground to be eventually
covered might be mapped out, leaving the separate sections of
evidence to be amplified as observations accumulate. This plan
would be the most logical and perhaps in the end the most useful,
but for several reasons it has been abandoned. I have chosen a
different course, first, because during the progress of the work
opportunities occurred for developing special parts of the evidence;
secondly, since isolated observations have no interest for most
persons, it is more likely that the importance of the subject will
be appreciated in a fuller treatment of special sections, than in a
general view of the whole; and lastly, because as yet the attempt
to make an orderly or logical classification of the phenomena of
Merism, however attractive, must be so imperfect as to be almost
worthless. For these reasons I have decided to treat more fully a
few sections of the facts, hoping that in the course of time simjlar
treatment may be applied to other sections also. The sections
have been chosen either because there is a fairly large body of
evidence relating to them, or on account of the importance or
novelty of the principles illustrated. )

As far as possible I have described each case separately, in
terms applicable specially to it, deductions or criticism being kept
apart. The descriptions are written as if for an 1maginary cata-
logue of a Museum in which the objects might be displayed”. This
system, though it entails repetition, bhas, I ‘belleve, a(-ivantgges
which cannot be attained when the descriptions are given In a
comprehensive and continuous form. In speaking of subjects, such
as supernumerary mamm, or cervical fistule, where the evidence
has been exhaustively treated by others, and upon which I can
add nothing, it has not seemed necessary to follow this system, and
in such cases connected abstracts are given.

1 Cases of special importance are marked by an asterisk.
6—2
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As the evidence here presented consists, as yet, only gf speci-
men chapters in the Natural History of Meristic Variation, and
does not offer any comprehensive view of the whole subject, no
strict classification -of the facts is attempted. The evidence of
Meristic Variation relates essentially to the manmer in which
changes occur in the number of members in Meristic series. Such
numerical changes may come about in two ways, which are in some
respects distinct from each other. For instance, the number of legs
and body-segments in Peripatus edwardsii varies from 29 to 34:
here the variation in number must be a manifestation of an
original difference in the manner of division or segmentation in
the progress of development. The change is strictly Meristic or
divisional. On the other hand, change in number may arise by
the Substantive Variation of members of a Meristic series already
constituted. For example, the evidence will shew that the
number of oviducal openings in dstacus may be increased from one
pair to two or even three pairs. Here the numerical variation has
come about through the assumption by the penultimate and last
thoracic appendages, of a character typically proper to the append-
ages of the antepenultimate segment of the thorax alone. Now
there is here no change in the number of segments composing the
Meristic series, but by Substantive Variation the number of
openings has been increased.

The case of the modification of the antenna of an insect into a
foot, of the eye of a Crustacean into an antenna, of a petal into a
stamen, and the like, are examples of the same kind.

It is desirable and indeed necessary that such Variations,
which consist in the assumption by one member of a Meristic
series, of the form or characters proper to other members of the
series, should be recognized as constituting a distinct group of
phenomena. In the case of plants such Variation is very common
and 1s one of the most familiar forms of abnormality. MASTERS, in
his treatise on Vegetable Teratology? recognizes this phenomenon
and gives to it the name “Metamorphy,” adopting the word from
Goethe. As Masters says, so long as it is only proposed to use the
word in Teratology, no great confusion need arise from the fact
that the same term and its derivatives are used in a different
sense in several branches of Natural History. But if, as I hope,
the time has come when the facts of what has been called “ Tera-
tology” will be admitted to their proper place in the Study of
Variation, this confusion is inevitable. In this study, besides, this
particular kind of variation will be found to be especially impor-
tant and I believe that in the future its significance and the mode
of its occurrence will become an object of high interest. For this
reason it is desirable that the term which denotes it should not
lead to misunderstanding, and I think a new term is demanded.

! Sepewick, A., Quart. Jour. Micr. Sci., 1888, xxviL. p. 467,
2 MastERS, M. T., Vegetable Teratology, p. 239.
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For the word ‘ Metamorphy” I therefore propose to substitute the
term Homaosis, which 1s also more correct; for the essential
phenomenon is not that there has merely been a change, but that
something has been changed into the likeness of something else.
In the cases given above, the distinction between Homceotic
Variation and strictly Meristic Variation is sufficiently obvious,
but many numerical changes occur which cannot be referred with
certainty to the one class rather than to the other. Such cases
are for the most part seen in Vertebrates: for in them what may
be called the fundamental numbers of the segments are not consti-
tuted with the definiteness found in Arthropods or in the Annelids,
and several Meristic series of organs are disposed in numbers and
positions independent of, or at least having no obvious relation to
those of the other Meristic series. The number and positions of
mamme, or stripes, for instance, necd not bear any visible relation
to the segmentation of the vertebrae &c. The repetition of mem-
bers of such a series may thus not coincide with, or occur in mul-
tiples of the segmentation of other parts in the same region. When
such is the case, when the segmentation of one series of organs
bears no simple or constant geometrical relation to the segmenta-
tion of other systems, it is not always possible to declare whether
anumerical change in one of the systems of organs belongs properly
to the first or the second of the classes described above. It is
likely enough that in such a case as that of mamms, there may
sometimes be an actual Meristic division and subsequent separation
of the tissues already destined to form the mamme, occurring in
such a way that each comes to take up its final position, and
indeed the numerous cases in which such division has been
imperfectly effected go far to prove that this is the case. But, on
the other hand, it is not possible to know that the division did not
occur before any tissue was specially differentiated off to form
mamme, and that the separation may be as old even as the
division of the mamnme of the right side from those of the left, a
process which almost beyond question occurs in the segmentation
of the ovam. The distinction between these two alternatives 1s
thus one rather of degree than of kind, and it is only in such forms
as the Arthropods, the floral organs of some Phanerogams and the
like, where the members of the several Meristic series have definite
numbers, or coincide with each other, that this distinction is easily
recognized. For this reason I do not think it well to attempt
to carry out any classification of the evidence based on this dis-
tinction. :
In the foregoing remarks I am aware that a very large question,
which lies at the root of all accurate study of Meristic Varation,
has been passed over somewhat superficially, but I scarcely think
a fuller treatment possible in the present state of knowledge of
the physics of Division, and in the absence of thorough observation
of the” developmental history of those tissues which ultimately
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become differentiated to form members of such non-coincident or
independent Meristic series.

Some years ago’, in the course of an argument that Balanoglossus
should be considered as representing some of the ancestral characters
of Chordata, I had occasion to refer to some of these difficulties, and
especially to the different characters of the two kinds of segmentation ;
that of the Annelids, in which the repetitions of the organs belonging
to the several systems are coincident, and, on the other hand, that
of the Chordata, for example, in which this coincidence may be
irregular or partial. At that time I was of opinion that these two
sorts of segmentation may, in certain cases, have had a different
phylogenetic history, and have resulted from processes essentially
distinct. It appeared to me that we should recognize that, in the
Annelids on the one hand, segmentation of the various systems of
organs had been coincident from the beginning, while in the Chordata
the segmentation had been progressive and had arisen by segmentation
or repetition of the organs of the several systems independently. The
reasons for this view were derived chiefly from the fact that it is
possible to arrange the lower Chordata in order of progressive segmen-
tation of the several systems. In particular such treatment was shewn
to be applicable to the central nervous system, the vertebral column
and the mesoblastic sonites, and in these cases it was maintained that
the evidence of the lower forms of Chordata goes to shew that segmen-
tation had occurred in these systems one after-another, and that their
segmentation was not derived from a form having a complete repetition
of each part in each segment: that these forms, in fact, shewed us the
history of this progress from a less segmented form to one more fully
segmented.

The views then set forth have met with little acceptance. Those
who are occupied with the search for the pedigree of Vertebrates still
direct their inquiries on the hypothesis, expressed or implied, that in
the ancestral form there was a series of complete segments, each
containing a representative of each system of those organs which in
the present descendants appear in series. It is thus supposed that each
segment of the primitive form must have been a kind of least common
denominator of the segments of its posterity. The possibility that the
segmentation of Vertebrates may have arisen progressively is, indeed,
scarcely considered at all.

Though in the light of the study of Variation, it now seems to
me that the discussion of these questions must be indefinitely post-
poned, and that there are radical objections to any attempt to interpret
the facts of anatomy and development in our present ignorance of
.Vamation, I have seen no reason to depart from the view expressed
in the paper referred to: that interpreted by the current methods of
morphological criticism, the facts go to shew that the segmentation of
the Qhordata. differs essentially from that of the Annelids &c., and
that it has arisen by progressive segmentation of the several systems of
an originally unsegmented form. To those who hold as Dohrn, Gaskell,
Marshall and others have done, that the evolution of Vertebrates has

! Quart. Jour. Micr. Sci., 1886.
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been a progress from a more fully segmented form to forms less seg-
mented, I would again point out that this view is in direct opposition
to the indications afforded by the lower Chordata, which are less and
not more segmented than the higher forms.

The hypothesis of an ancestor made up of complete segments is
resorted to because it is felt to be difficult to conceive the progressive
building up of a segmented form, but on appeal to the facts of Variation
the evidence will clearly shew that Repetition of parts previously exist-
ing is a quite common phenomenon; that such repetition may occur in
almost any system of organs; and lastly that such new repetitions may
be coincident in the several systems. To argue moreover that these
repetitions, for instance that of oviducal apertures in Astacus, of
mamms or cervical ribs in mammals are “reversions,” leads to ab-
surdity, for on the same reasoning, the occurrence, in the Crab, of a
third maxillipede formed as a chela, would shew that these appendages
had been originally chelz, that the occurrence of petaloid sepals shews
that the sepals had originally been petals, and so forth.

These considerations will suffice to illustrate the great difference
of degree, if not of kind, which probably exists between these two
kinds of segmentation, that which arises by the repetition of bud-
like segments, each containing parts of many systems on the one
hand, and the progressive and separate segmentation of the several
systems on the other. For reasons already given, however, I shall
not attempt in this first collection of evidence to separate the facts
on these lines. Though some cases can at once be seen to be
strictly Meristic while others are plainly Homceotic, many cannot
be affirmed to belong to the one group rather than to the other.
There 1is, besides, a serious doubt whether perhaps after all,
Homoeotic Variation even in its most marked forms, may not
ultimately rest on and be an expression of a change in the pro-
cesses of Division, and be thus, at bottom, strictly Meristic also.
In our present ignorance of the physics of Division, this doubt
cannot be satisfied, and therefore 1t will be best to make no
definite separation between the two classes of variations, though
whenever the nature of a given variation is such that 1t may at
once be recognised as Homeeotic, it will be well to specify this.

In the absence of a more natural classification, the material
has been roughly arranged with reference to the geometrical
disposition and relations of the structures concerned. In the
Introduction, Section 1v. p. 21, reference was made to the fact
that the Symmetry of an organism may be such as to include all
the parts into one system of Symmetry, and for such a system the
term Major Symmetry was proposed. Systems of this kind are
seen in the Vertebrates and Echinoderms, for example. On the
other hand systems of Symmetry occur in limbs and other separate
parts of organisms, in such a way that each such system is either
altogether or partially geometrically complete and symmetrical in
itself. For example, the toe of a Horse, the arm of a Starfish, the
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eye-spots of some Satyrid butterflies, &c., are each in themselves
nearly symmetrical. To these separate systems of Symmetry the
term Minor Symmetry will be applied. Minor Symmetries may
or may not be compounded into a Major Symmetry. Between
these there is of course no hard and fast line.

In each class of Symmetry, Meristic Repetition may occur, and
the repeated parts then stand in either

I.  Linear or Successive Series.

II. Bilateral or Paired Series.

III. Radial Series.

Parts meristically repeated may thus stand in one or more
geometrical relations to each other, and the first part of the
ovidence of Meristic Variation will be arranged in groups according
as it is in one or other of these relations that the parts are affected.
In each group cases affecting Major Symmetry will be given first,
and those affecting Minor Symmetries will be taken after. -

As it is proposed to arrange the facts of Meristic Variation in
groups corresponding with these three forms of Meristic Repetition,
1t will be useful to consider briefly the nature of the relation in
which the members of such series stand to each other, and the
characters distinguishing the several kinds of series. Reduced to
the simplest terms, the distinction may be thus expressed.

In the Linear or Successive series the adjacent parts of any
two consecutive members of the series are not homologous, but the
severally homologous parts of euch member or segment form a
successive series, alternating with each other. For example, the
anterior and posterior surfaces of such a series of segments may
be represented by the series

4...... AP, AP, AP, soer P.

The relation of any pair of organs in Bilateral Symmetry differs
from this, for in that case each member of the pair presents to its
fellow of the opposite side parts homologous with those which its
fellow presents to tt, euch being, in structure and position, an
optical image of the other. The external and internal surfaces of
such a pair may therefore be represented thus:

E... L. . o E.

If the manner of origin of these two kinds of Repetition be
considered, it will be seen that though both result from a process
of Division, yet the manner of Division in the two cases is very
different. For in the case of division to form a paired structure,
the process occurs in such a way as to form a pair of images,
of which similar and homologous parts lie on each side of the
plane of division ; while, in the formation of a chain of successive
segments, each plane of division passes between parts which are
dissimilar, and whose homology is alternate. The distinction
between these two kinds of Division is of course an expression of
the fact that the attractions and repulsions from which Division
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results are differently disposed in the two cases. It is further to
be observed that the distinction, though striking, is nevertheless
one of degree, for the two kinds of Division pass gradually into
each other. By one or other of these two modes, or by a combin-
ation of both, all Meristic Series of Repetitions are formed.

In Radial series, the Major Symmetry is built up by radial
divisions of the first kind, producing segments whose adjacent
parts are homologous, and related to each other as images. Each
of these segments is therefore bilaterally symmetrical about a
radial plane. There is no succession between the segments, and
in a perfectly symmetrical series, Successive or Linear repetitions
can only occur in Minor Systems of Symmetry.

The considerations here set forth, though well known, have an
imporfance in the interpretation of the evidence, for the connexion
between the geometrical relations of organs and their Meristic
Variations is intimate.

An arrangement of the facts with reference to these geometrical
relations cannot, of course, be absolute, for it is clear that a Bilateral
Symmetry, containing Linear Repetitions may be derived from a
Radial Symmetry, and that these figures cannot be precisely
delimited from each other; nevertheless this plan of arrangement
has still several advantages. Chief among these is this: that it
brings out and emphasizes the fact that the possible, or at least
the probable Meristic Variations of such parts depend closely on
the geometrical relation in which they stand. This is, perhaps, in a
word, the first great deduction from the facts of Meristic Variation.
The capacity for, and manner of Meristic Variation appear to
depend not on the physiological nature of the part, on the system
to which it belongs, on the babits of the organism, on the needs
or exigencies of its life, but on this fact of the geometrical position
of the parts concerned. Linear series are liable to certain sorts of
Variation, Bilateral Series are liable to other sorts of Variation,
and Radial Series to others again. As I have ventured to hint
before, the importance of all this lies in the glimpse which is thus
afforded us of the essential nature of Meristic Division and
Repetition. Such interdependence between the geometrical re-
lations, or pattern, in which a part stands, and the kinds of
Variation of which it is capable, is, I think, a strong indication
that in Meristic Division we are dealing with a phenomenon
which in its essential nature is mechanical. Since this is a thing
of the highest importance, it will be useful to employ a system
which shall give it full expression. . .

Evidence as to Meristic Variation in cell-division and in the
segmentation of ova will be spoken of in connexion with the Varia-
tion of Radial and Bilateral series. )

The second section of evidence is less immediately relevant to
the problem of Species; nevertheless it bears so clpsely on j:he
nature of Merism and on the mechanics of Physiological Division,
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that in any study of this subject reference to it cannot be omitted.
The evidence in question relates first to abnormal repetition of
limbs or other peripheral structures, (which in the normal form are
grouped into and form part of a system of Symmetry,) such ab-
normal repetitions occurring in such a way as to lie outside thus
normal system of Symmetry and unbalanced by any parts within
tt. This phenomenon occurs in many forms, especially in bilateral
animals, and may be exceptionally well studied in the case of
supernumerary limbs in Insects and in supernumerary chele in
Crabs and Lobsters. It will be shewn that such extra parts
generally, if not always, make up a Secondary system of
Symmetry in themselves; and the way in which such a
Secondary system 1is related to the normal or Primary system
of Symmetry of the body from which they spring, constitutes
an instructive chapter in the study of Meristic Variation.

More extensive repetitions of this class, when affecting the
axial parts of the body, give rise to the well-known Double and
Triple Monsters, which, as has often been said, reproduce in the
higher animals phenomena which, under the name of fission,
are commonly seen in the lower forms. The general evidence as
to these abnormalities is so accessible and familiar that it need
not be detailed here, and it will therefore be enough to give an
outline of its chief features and to point out the bearing of this
class of evidence on the subject of Meristic Variation in general.
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CHAPTER II

MERISTIC VARIATION OF PARTS REPEATED IN LINEAR OR
SUCCESSIVE SERIES.

SEGMENTS OF ARTHROPODA.

INDIVIDUAL Variation in the fundamental number of members
constituting a Linear Series of segments can only be recognized in
those forms which at some definite stage in their existence cease
to add to the number of the series. Hence in a large proportion
of the more fully segmented invertebrates this phenomenon cannot
be studied, for in many of these, as for instance in Chilognatha,
and in most of the Chatopoda the formation of new segments is
not known to cease at any period of life, but seems to continue in-
definitely. On the other hand, while in Insecta, and in Crustacea
excepting the Phyllopods, the fundamental numbers are definite,
no case of individual Variation in them has been observed.

Between these two extremes, there are animals in certain
classes, for example, Peripatus, some of the Chilopoda among
Myriapods, Aphroditidee among Annelids, and some of the Bran-
chiopoda among Crustacea, in which the number of segments does
not increase indefinitely during life, but is nevertheless not so
immutable as in the Insects and the majority of Crustacea. In
the forms mentioned, certain numbers of segments, though not the
same for the whole family, are characteristic of certain genera, as
in the case of the Chilopoda (excepting Geophilidz), or of certain
species, as in some of the Peripati. But besides this, in some qf
the forms named, e.g., the Geophili and Peripatus edwardsti, indi-
vidual Variation has been recorded among members of the same
species. It is unfortunate that for many of the forms in which
Variation of this kind possibly takes place, no sufficient observa-
tion on the point has been made, but as examples of a phenomenon
which, on any hypothesis, must have played a chief part in the
evolution of these animals, the few available instances are of in-
terest.

Peripatus. The number of segments which have claw-bearing
ambulatory legs differs in different species of this genus. While,
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moreover, in some of the species the number appears to be very
constant for the species, in the case of others, great individual
variation is seen to occur. SEDGWICK’S observations in the case of
P edwardii shew conclusively that these variations cannot be
ascribed to difference in age. There is besides no ground for sup-
posing that increase in the number of legs occurs in any species
after birth, and it is in fact practically certain thafc this 1s not the
case. In Peripatus capensis, which was exhaustively studied by
Sedgwick, the appendages arise in the embryo successively fromn
before backwards, the most posterior being the last to appear, and
the full number is reached when the embryo arrives at Sedgwick’s
Stage G. The following is taken from the list constructed by
Sedgwick from all sources, including his own observations. ‘As
the bibliography given by him is complete and easily accessible
it is not repeated here, and the reader is referred to Sedgwick’s
monograph for reference to the original authorities.

SEDGWICK, A., Quart. Jour. Micr. Sci. XXVIIL, 1888, pp. 431—
493. Plates.

SOUTH AFRICAN SPECIES.

P. capensis: 17 pairs of claw-bearing ambulatory legs (Table
Mountain, S. Africa).

P. balfouri: 18 pairs of legs, of which the last pair is rudiment-
ary (Table Mountain, S. Africa).

Sedgwick has examined more than 1000 specimens from the
Cape, and has only seen one specimen with more than 18 pairs of
legs. This individual had 20 pairs, the last pair being rudiment-
ary. It closely resembled P. balfourt, but differed in the number
of legs and in certain other details (¢. v.); Sedgwick regarded this
form provisionally as a variety of P balfours.

P mosleyr: 21 and 22 pairs of legs: near Williamstown, S.
Africa. The specimens with 22 legs were two in number and were
both females. They differed in certain other particulars from the
form with 21 legs, but on the whole Sedgwick regards them asa
varicty of the same species.

P. brevis (DE BLAINVILLE): 14 pairs of legs. (This species not
seen by Sedgwick.)

Other species from S. Africa which have been less fully studied
are stated to have 19, 21 and 22 pairs of legs respectively.

In all South African forms, irrespective of the number of legs,
the generative opening is subterminal and is placed behind the
last pair of fully developed legs (between the 18th or rudimentary
pair in P, balfour?). SEDGWICK, pp. 440 and 451.

AUSTRALASIAN SPECIES.
P. nove-zealandice. 15 pairs of legs. New Zealand.
P. leuckartwi. 15 pair of legs. Queensland.

In both of these species the generative opening is between the
last pair of legs. (SEDGWICK, p. 486.)



CHAP. L] SEGMENTS OF ARTHROPODA. 93

NEOTROPICAL SPECIES.

In all the Neotropical Species which have been at all fully ex-
amined, the number of legs varies among individuals of the same
species.

P. edwardsii: number of pairs of legs variable, the smallest
number being 29 pairs, and the greatest number being 84. Males
with 29 and 30 pairs of legs. The females are larger, and have a

eater number of legs than the males.

The new-born young differ in the same way. From 4 females
each having 29 legs, seven embryos were taken which were practi-
cally fully developed. Of these, 4 had 29 legs, 2 had 34, 1 had 32.
An embryo with 29 and one with 30 were found in the same mother.
An embryo, quite immature, but possessing the full number of legs,
was found with a larger number of legs than one which occupied
the part of the uterus next to the external opening. (Caracas.)

Peripatus demeraranus: 7 adult specimens had 80 pairs of
legs; 6 had 31 pairs; 1 had 27 pdirs. Out of 13 embryos ex-
amined, 7 have 30 pairs and 6 had 31. (Demerara.)

Peripatus trimdadensis: 28 to 31 pairs of ambulatory legs.
(Trinidad.)

Peripatus torquatus: 41 to 42 pairs. (Trinidad.)

Specimens of other less fully known species are recorded as
having respectively, 19, 28, 30, 32, 36 pairs of legs, &ec.

In the Neotropical Species, irrespective of the number of legs,
the generative opening is placed between the legs of the penult:-
mate patr. (SEDGWICK, p. 487.)

Peripatus (juliformis?) from St Vincent: six specimens ex-
amined. Of these, 1 specimen had 34 pairs of legs, 2 had 32 pairs,
1 had 30 pairs, and 1 had 29 pairs. Pocock, R. L., Nature, 1892,
XLVL p. 100.

In connexion with the case of Peripatus, the following evidence
may be given, though very imperfect and incomplete.

2. Myria,poda,. CHILOGNATHA. Variation in the number of segments
composing the body in this division of Myriapods cannot be observed
with certainty ; for it is not possible to eliminate changes in number due
to age, nevertheless the manner in which this increase occurs has a
bearing on the subject.

In Julus terrestris the number of segments is increased at each
moult by growth of new segments between the lately formed antepen-
ultimate segment and the permanent penultimate segment. At each
of the earlier moults siz new segments are here added: in Blaniulus
the number thus added is four, and in Polydesmus ? two fresh segments
are formed at each of the earlier moults. In each of these forms the
number added is the same at each of the earlier moults. NEWPORT,
G., Phil. Trans., 1841, pp. 129 and 130. ) '

Crroropa. The number of leg-bearing segments differs in the
several genera of Chilopoda, but except in the Geophilide the number
proper to each genus is a constant character. For instance in Lithobius
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this number is 15; in Scolopendra it is 21; in Scolopendrops, 23; in
Cryptops 21, &c. .

In Geophilide, however, the total number of moveable segments is
much larger, ranging from about 35 to more than 200. Though not
characteristic of genera, the number seems within limits to mark each
particular species. It was found that male Geophili have fewer segments
than the female. The males of Arthronomalus longicornis have 51 or
52 leg-bearing segments, while females usually have 53 or 54. Full-
grown females of Geophilus terrestris have 83 or 84 pairs of legs and
segments, and the males of the same species have 81 or 82. In a
large Neapolitan species, Geophilus levigatus BRUHL.? the variation
is rather greater. In eight males the number varied between 96
and 99; in eleven females, between 103 and 107. Of two female
Geophilus sulcatus one individual had 136 and the other 140. NEWPORT,
G., Trans. Linn. Soc., x1x. 1845, p. 427, &ec.

[In some of the Chilopoda® an increase in the number of segments
takes place after the larva hatches, but the variations mentioned above
are recorded as occurring in fully formed specimens independently of
changes due to age.]

In the foregoing cases, a fact which is often met in the Study
of Variation is well seen. It often happens that in particular
genera or in particular species, a considerable range of Meristic
Variation is found, while 1n closely allied forms there is little or
none. Examples of this are seen in the variability of the Geophi-
lide as compared with the other Chilopoda, and in the neo-tropical
species of Peripatus which vary in the number of legs, while P.
balfourt, for instance, is very constant. It will be noticed that in
both these cases, the absolute numbers of parts repeated are con-
siderably higher in the variable than in the constant forms. But
though such cases have given rise to general statements that series
of organs containing a small number of members are, as such, less
variable than series containing more members, these statements
require considerable modification; for it is not difficult to give
instances both in plants and in animals, where series made up of
a small number of members, shew great meristic variability.

The bearings of these cases on the nature of Meristic Repetition
and the conception of Homology will be considered hereafter.
Here, however, it may be well to call attention to the fact that we
have now before us cases in which various but characteristic num-
bers of legs or segments differentiate allied species or genera; that
in assuming the truth of the Doctrine of Descent, we have ex-
pressed our belief that in each case the species with diverse num-
bers are descended from some common ancestor. In the evolution
of these forms, therefore, the number has varied : this on the one
hand. On the other hand, in Geophilus and in Peripatus, we see

I'Amrdipgdit(;l Nﬁ:lv};gm (fTram. Linn. Soc. x1x. 1845, p. 268), all Myriapoda
acquire a periodical addition of segments and legs, but according to lat
this i8 not true of all the Chilopoda. £ 1DE o Clioy/Sheeryers
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contemporary instances of the way in which such a change at its
origin may be brought about. Though there are several things to
be gained by study of these instances, one feature of them calls for
attention now, namely, the definiteness of the variations recorded.
The change from a form with one number to a form with another
number here shews itself not as an infinitesimal addition or sub-
traction, but as a definite, discontinuous and wntegral change, pro-
ducing it may be, as in Peripatus edwardsii, a variation amounting
to several pairs of legs, properly formed, at one step of Descent.
This will not be seen always to be the case, but it is none the less
to be noted that it is so here.

Among Insects I know no case of such individual variation in
the fundamental number of segments composing the body. Among
Crustacea two somewhat remarkable examples must be mentioned,
though it will be seen that both of them belong to categories very
different from that with which we are now concerned. But in-
asmuch as they relate to the general subject of Meristic Variation
they should not be omitted.

Carcinus maxnas. The abdomen of these crabs consists normally of seven
segments, including the last or telson. In the female the divisions between all
these seven are very distinct. The abdomen of the normal male is much narrower
than that of the female, and in it the divisions between the 3rd, 4th and 5th
segments are obliterated. Males, however, which are inhabited by the Rhizo-
cephalous parasite Sacculina do not acquire these sexual characters, and in them
there are distinct divisions between the 3rd, 4th and 5th segments. (Fig. 9 c.)

A B C

F16.9. A. Abdomen of Carcinus menas, female, normal.
B. Abdomen of male, normal.
C. Abdomen of male infested by Sacculina. After Guarp and
BONNIER.

In male Carcinus menas inhabited by the Entoniscian parasite, Portunion, a similar
deformity may occur, but is often very much less in extent, sometimes being only
apparent in a slight alteration in the contour of the sixth abd.omlm‘al somite. In
specimens of Portunus, Platyonychus, Pilumnus and Xantho inhabited by Ento-
niscians, no change was observed. GIARD and BoNNIER comment on the remarkable
fact that the change in the sexual characters effected by S_accul-ma is greater than
that resulting from the presence of Entoniscians; for since the latter are more
internal parasites, preventing the growth of and actually replacing generative organs
entirely or in part, it might have been expected that the consequences \of, their

resence would be more profound. Giamp, A., and BoNNIER, J., Contrib. 4 1’étude
Ses Bopyriens, Travaux de Uinst. zool. de Lille et du laboratoire zool. de Wimereuz,
1887, tom. V. p. 184,
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Branchipus and Artemia. As it has been alleged that variation may be pro-
duced in the segmentation of the abdomen of these animals by changes in the
waters in which they live, it is necessary here to give the facts on which this state-
ment rests. The further question of the relation of Artemia salina to A. mil-
hausenii is so closely connected with this subject, that thqugh not strictly cognate,
some account of the evidence on this point also must be given. e

Some years ago ScHMANEEWITSCH! published certain papers on variations of
Artemia salina induced by changes in the salinity of the water in which the animals
lived. The statements there made excited a great deal of interest and have often
been repeated both by scientific and popular writers, The facts have thus at times
been somewhat misrepresented, and so much exaggeration has crept in, that before
giving any further evidence it will be well to give Schmankew1tsc}1’s own account.
It is frequently asserted that Schmankewitsch observed the conversion of Branchipus
into Artemia and of Artemia salina into A. milkausenii following upon the pro-
gressive concentration of the waters of a salt lake. Strictly speaking however this is
not what was stated by Schmankewitsch. His story is briefly this: That the salt
lagoon, Kuyalnik, was divided by a dam into an upper and a lower part; the waters
in the latter being saturated with salt, while the waters of the upper part were less
salt. By a spring flood in the year 1871 the waters of the upper part of the lake
swept over the dam and reduced the density of the lower waters to 8° Beaumé
(=about sp. g. 1-051), and in this water great numbers of 4. salina then appeared,
presumably having been washed in from the upper part of the lake, or from the
neighbouring salt pools. After this the dam was made good, and the waters of the
lower lake by evaporation became more and more concentrated, being in the summer
of 1872 14° B (about sp. g. 1:103); in 1873, 18°B (about sp. g. 1135); in August 1874,
23-5°B (about sp. g. 1'177) and later in that year the salt began to crystallize out.
In 1871 the Artemie had caudal fins of good size, bearing 8 to 12, rarely 15, bristles,
but with the progressive concentration of the water the generations of Artemia
progressively degenerated, until at the end of the summer of 1874 a large part of
them had no caudal fins, thus presenting the character of A. milhausenii Fischer
and Milne Edw. The successive stages of the diminution of the tail-fins and of the
numbers of the bristles are shewn in the figures, with which all are now familiar.

A similar series was produced experimentally by gradual concentration of water,
leading to the extreme form resembling A. milhausenii. It was found also that if
the animals without caudal fins were kept in water which was gradually diluted,
after some weeks a pair of conical prominences, each bearing a single bristle, ap-
peared at the end of the abdomen.

It is further stated that the branchial plates® of the animals living in the more
highly concentrated water were materially larger than those of animals living in
water of a less concentration.

Schmankewitsch next goes on to say that by artificially breeding Artemia salina
in more and more diluted salt water he obtained a form having the characters of
ScHAFFER'S genus Branchipus, and that he considers this form as a new species of
Branclupus. He explains this statement thus: In the normal Artemia, the last
segment of the post-abdomen is about twice as long as each of the other segments,
while the corresponding part in Branchipus is divided into two segments. He states
that in his opinion the condition of the last segment of the post-abdomen consti-
tutes the essential difference between Artemia and Branchipus, and that such
division of the last segment occurred in the third generation of the form produced
by him from Artemia by progressive dilution of the water. A second distinction
between the genera is found in the fact that Artemia is reproduced partheno-
genetically, while Branchipus is not known to be so reproduced. As to the
condition of his new form in this respect, Schmankewitsch had no evidence.

In a subsequent paper, Z. f. w. Z., 1877, further particulars are given, re-
specting especially the natural varieties of 4. salina. Of these he distinguishes two,
var. a and var. b. The first of these is distinguished by its greater size (8 lines
instead of 6 lines, the average for the type) and by the greater length of the post-
abdomen. In the type the bristles on each caudal fin are generally 8—12, and in

VZ. f. w. Z., xxv., 1875, 2, p. 103 and xxix., 1877, p. 429; also in several
Russian publications, to which references will be found L c.
% Upon this point a good deal of interesting evidence is given in Schmanke-
witsch’s papers, but as it does not bear immediately on the question of the specific
differences, it has not been introduced here.
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var. a, 8—15, rarely more. Amongst specimens of var. a, as also among those of
the type, specimens may be found having three, two, or even only one bristle on the
caudal fin. The second antenn# of the male are less wide in var. ¢ than in the
type, and the knobs on the inner border are rather larger than in the type.

The variety b was found in pools of a concentration of 4° Beaumé. It differs
from the type in having the post-abdomen shorter in proportion, though the whole
length is about the same. The number of bristles on the caudal fins is greater in
the variety. The second antenn® of the male are narrower in the variety than in
the type, and bear a tooth and a thickening of the skin internal to the rough knob-
like projections. But the most important difference charaeterizing var, b is the
appearance of transverse segmentation in the last (8th) post-abdominal segment.
This, according to Schmankewitsch, does not amount to an actual segmentation,
but is really a transverse annulation, which may be more or less conspicuous, and
suggests an appearance of segmentation. Schmankewitsch looks on this second
variety as a traneitional form between Artemia and Branchipus.

Before going further it may be remarked that Schmankewitsch gives no figures
of these varieties, except in so far as they are represented in the well-known series
of sketches of the caudal forks with varying numbers of bristles. No analysis of the
waters is given.

It will be seen that two principal and distinct statements are made :

(1) That 4. milhausenii may be reared from d. salina by gradually raising the
concentration of the water.

(2) That by diluting the water a division is produced in the last (8th) segment
of A. salina: that this is a character, or, as Schmankewitsch says, the chief
character, of the genus Branchipus.

First as to the relation of 4. salina to A. milhausenii. The species milhausenii
was made by G. FiscEER DE WALDHEIM! on spirit specimens sent to him, and the
absence of caudal fins and bristles was taken as the diagnostic character. Fischer’s
figures are very poor, and indeed are scarcely recognizable: they are also incorrect
in several points, giving for instance 12 pairs of swimming feet instead of 11. The
description is also very imperfect. In the course of this he speaks of the male,
saying that its second antenn® are larger than those of the female, in which he
declares the second antenns may be sometimes absent. From Fischer’s account it
is quite olear that his material was badly preserved, and indeed, as Schmankewitsch
says, specimens of these animals preserved with spirit only are of little use.

In 1837 Ratakr? gave a better figure of 4. milhausenii ¢ from the original
locality of Fischer’s specimens. The tail, ending in two plain lobes, is shown. The
male is not mentioned. The following analysis of the water is given:

Potassium Sulphate  0-7453
Sodium Sulphate 2-4439
Magnesium Chloride 7-5500
Calcium Chloride 0-2760
Sodium Chloride 16-1200
27-1352
in 100 of the water.

Other authors mention A. milhausenii, but there is, so far as I am aware, no
special account of the male, or any material addition to the above.

I will now give an abstract of such further evidence on this subject as I have
been able to collect. ) . _—

In the course of a journey in Western Central Asia and Western Siberia
I collected samples of Branchiopods from a great variety of l_oca.hths. Of these
two consist of Branchipus ferox (Milne Edwards), one of Branchipus spinosus (Milne
Edwards), three of a species of Branchipus not clearly corresponding with any species
of which a description is known to me, and the remainder of drtemia. All the species
of Branchipus collected are quite clearly defined both in the male and the female,
and have certainly nothing to do with the drtemia. Of the latter some prehmmary
acoount may now be given, as the facts bear on Scl;mankemtsch s problem.
Omitting those which were badly preserved and those which do not contain adults,
there remain twenty-eight samples, satisfactorily preserved with corrosive sublimate,
from as many localities. Of these, eight contain males, all of them having the

1 Bull. Imp. Soc. Nat. Moscou, 1834, viI. p. 452.
2 Vém. Ac. Sci. Pét., 1837, 1w, p. 395.
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distinctive characters of 1. salina. It is difficult to speak with confidence as to the
species of an Artemia from the female alone, but by careful comparison I can find
no point of structure which differentiates any of the remainder from the females
found with males, and I therefore regard them as all of the same species, 4. salina.
The waters were of many kinds, some being large salt lakes, while others were small
salt ponds or even pools. The specific gravities of these waters varied from 1-030 to
1-215, and judging from the results of the analysis of six samples, the composition of
the waters is also very different. The specific gravities were measured in the field
with a hydrometer reading to ‘005, and on comparing these readings with the de-
terminations of the Sp. G. of the samples brought home it appears that they were
approximately correct, and I think therefore that these rough readings are fairly
trustworthy. As to the composition of the waters not analyzed, nothing can be said
with much confidence. As the analyses shew, some of these lakes contain chiefly
chlorides, others chiefly sulphates, and so on. In a few (e.g. XXix) there is a great
quantity of sodium carbonate, so much that the water was strongly alkaline and
felt soapy to the hands. This can generally be recognized on the spot in various
ways.

The first point raised by Schmankewitsch’s work is that of the caudal fins.
Among my samples I have every stage between the large fins with some twenty
bristles, down to the condition with no distinct fin or bristles. The following table
gives the results as regards the number of bristles on the caudal fins, and this

Bristles
o | { on single
0. in + | caudal fin.
Catalogue B (8. |Eggbearing BEmENS
¢¢9 only
= l
XXIX. 1-030 10to24 { Analyzed. Strongly alkaline, resent,
LI 1-050 1113 7 &y 7 g prese
XXXIV. 1056 | 9—17 | & present.
XXV, 1-065 ‘ 2— 7 d 3 present.
XLII. ?1-070
XXXVIIL 14075 | 8—13
XXXIX. 1-075 5— 17
XLI. 1-085 13—15 |
Iv. 1-095 20—28 34 present. This and III. both pools in
one dry stream-bed.
XIV. 1-100 8—14 | Analyzed.
XLV, 1-100 8—12
XXVIL | 1100 | 410
XXXI, | 1-105 5— 9 | gg present.
XXXv. 1-105 4— 8
XLIII. ‘ 1-115 1— 6 | Analyzed.
XIX. 1-115 5— 9
XL. |about1-180 | 12—16 | Pool in a stream-
e T g eam-bed. JgJ present
XXXVI, ?1-150 410
XLIV, 1:150 7— 8 | Analyzed.
XVI. 1-150 0— 1
1. | 1-160 16—-19 & g present. -This and IV. both pools in
on -
i el 5-g e dry stream-bed.
XXII. 1165 | 1— 5
XVIL | 1170 | 6— 8
| XXIL | 1175 | 1— 5
i )\&;é [ i-;gg | 4— 9 | Analyzed.
L y ' 2—5 An, .
I XXXII 1215 | 2— 4 Al
. XXXIII. 1-215 2— 7
|
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number is a fair guide to the size of the fins, large fins for the most i
many bristles and small fins having few. In thegthird column the ralx)ltgat c}:ffL ?1?1%
number in several individuals is shewn, and for this purpose only adult females
bearing eggs in the ovisac are reckoned, as with sex and age there are changes in
respect of the number of bristles.

ANALYSIS OF WATER FROM SIX LOCALITIES CONTAINING
ARTEMI4 SALINA.

—
Catalogue Number | XXIX. | XIV. | XLIII. | XXVIL | XLIV. XXIV.
Chlorine Cl, ......... 26950 | 24:8646 | 54-7793| 70'8130, 57-6653| 610830
Sulphuric

anhydride 80, ... | 5°9105| 13-3585| 30-3797| 53-8150| 71-8775| 74-4463
Carbonic
anhydride CO,... | 7-0125| -3185 *3926 -2398 -3231 -2451 |

|

Lime CaO............ 0311 +2256 -0678 +2266 -1466 5175
Magnesia MgO ..... -0384| 3-3561 6-0367 47514 4-5115 9-8394
Soda and Potash ‘ ‘ ‘

Na,0, K,0......... 16-7471 | 27-4589 63-6088| 96:7906 | 1000803/  97-2084
Total .......ovvvvnnenen 32:4346| 69:5822 155:2649 | 226-6364 | 234-6043| 2433397
Oxygen equivalent

to the Chlorine... -6082| 56112 12-3620| 15-9804| 13-0133 13-7846
Total solids in 1000 ‘ |

grams............... 31-8264 | 63-9710| 142:9029| 210-6560, 221-5910, 229-5551

8p. G. compared | 1 ,
with Water at 20°| 1-03074| 105196, 1-11787 | 1-17999; 1-19586| 120441
|

These analyses were undertaken for me by Mr H. Rosixsox, of‘ the Cambridge
University Chemical Laboratory, and my best thanks are due to him for the care
with which he has conducted them.

The table shews the great variability in the development of the tails and bristles.
In specimens from the same locality there is generally great ditference, and even the
numbers on the two fins of the same individual are rarely the same. It will be seen
that on the whole the forms with few bristles came from waters of hlgh specific
gravity, thus generally agreeing with Schmankewitsch’s statement. This relation
to the salinity is not however very close, but Schmankewitsch never asserted
that it was. He frequently refers to the existence of individuals with tails in several
.conditions of degeneration in the same water, and ‘especmlly (Z. fow. Z., 1877,
. 482) he expressly states that in the original locality of A. milhausenii he found
this form and with it several others intermediate between it and 4. salina.

It will also be seen in the Table, that the three samples, IV, XL and IIT sta:nd
out as having far more bristles than other samples from waters of equal specific
gravity, Each of these localities was exceptional, and all belong to one class.
IIT and IV were pools in the dry bed of a stream in the Kara Kum, near the Irghiz
river. They were close together, and must be joined in each spring. AL, was &
pool in & somewhat similar dried stream-bed, coming down to the lake IMu Bai in
the district of Pavlodar. The conditions in these pools must be very different from
those of the large, shallow, permanent salt lakes from which the other sa.mpllqlas
mostly came, and it is only fair to Schmankewitsch’s case to remember that the
water in such pools must be almost fresh during the early part of each summer.

On the whole, then, it seems satisfactorily shewn that the ta,llleLss hf.orm is .ctqn!;
nected by intermediate stages with the fully-tailed 4. salina, and that t tls tl:anilh liZh
is at all events partly connected with the degrees of salinity of the .Wﬁ, S:ﬁ in ‘from
it lives, Almost each locality has its own pattern of drtemia, whic ers 3
those of other localities in shades of colour, in average size, or 11 robus(;;lﬁess, an
in the average number of spines on the swimming feet, but none of these differences

seem to be especially connected with the degree of salinity. D

(—=
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Passing now to the question of the distinctness of 4. milhayse;nii, it seems clear
that, as Rathke said, it should never have been considered a distinct species. _The
character of the finless tail, which is now seen to be one ot.' degree, does not dlﬁer-
entiate it satisfactorily, and, as Schmankewitsch found, it is to be seen swimming
with fin-bearing individuals., It has never been shewn that there is a m.ale A. mil-
hausenii, with distinctive sexual characters, and among the Branchxopot‘la_ the
various sexual characters of the second antenns in the male are most‘strlkm;gly
distinctive of the several forms. While being in no sense desirous of disparaging
the value of Schmankewitsch's very interesting observation, I think it is misleading
to describe the change effected as a transformation of one species into another.
Schmankewitsch himself expressly said that he did not so consider it, and it is
unfortunate that such a description has been applied to this case.

The question of the division of the 8th post-abdominal segment of drtemia,
stated to occur on dilution of the water, directly concerns the subject of Meristic
Variation. As to the facts, there is no doubt that the tail of Branchipus appears to
be made up of seven segments besides the two which bear the external generative
organs, in all, nine, while in the commonest forms of A. salina there are only
eight such segments; and that the difference lies in the fact that in the long
terminal segment of 4. salina there is generally no appearance of division. But as
Craus! has shewn, the last apparent division in Branchipus is of a different
character from that of the other abdominal segments. This is indeed easily seen
in B. feror, B. stagnalis, B. spinosus, &c., in which the appearance of the last
division is very different from that of the other divisions. It appears, in fact, to be
rather an annulation than a segmentation. In longitudinal sections the distinction
is quite clear. Such a division, according to Schmankewitsch, appears in the third
generation of 4. salina bred in diluted salt water.

Among my own specimens an appearance of division in the last segment occurs
in a considerable number, and these are not by any means from the most dilute
waters alone, some of them being from waters of great concentration. For instance,
the specimens in XXIX, LI, XXXVII, XXXIX and XIV, all have no trace of such
division. On the other hand, it was found in several specimens from XXVI (Sp. G.
1-179) and XLIII (Sp. G. 1:115), while others from these localities did not shew it.
These facts relate to adult females bearing eggs. I do not think, therefore, that the
relation of this appearance of division to the salinity of the water is a constant one.

Lastly, as regards the relation of Artemia to Branchipus, Schmankewitsch has
maintained that the division of the last abdominal segment is the only structural
character really differentiating Branchipus. Claus (L c.) pointed out that there are
many other points of difference, aud that the supposed division is not a structural
character of great moment. But above all these, it should be remembered that by
the sexual characters of the males, Branchipus is absolutely separated from A rtemia.
No Brauchipus has any structure at all resembling the great leaf-like second antennsm
of the male A. sulina or A. gracilis® Verrill. Schmankewitsch remarks (Z. f. w. Z.,
1877, p. 492) that there are species of Lranchipus (e.g. B. feroz) without the
appendages characterizing the second antenna of B. stagnalis &, &e., and that the
males of Artemia bear on the second antenn a knob, which is possibly the repre-
sentative of the appendages of Branchipus, but nevertheless there is no resemblance
whatever between the males of B. ferox or of any other Branchipus and those of
Arteniia, and there is no reason to suppose that these sexual characters are modified
by the degree of concentration of the water. The statement that the descendants
of an drtemia can be made to assume the characters of Branchipus Schiffer, depends
entirely on the acceptance of Schmankewitsch’s criterion of that genus, which is set
up in practical disregard of the far more distinctive sexual characters. It is, besides,
as has already been stated, only an irregular and possibly misleading relation which
subsists between this appearance of segmentation and the salinity of the water3,

1 dnz. Ak. Wiss. Wien, 1886, p. 43 ; see also idem, Abhandl. Gittingen, 1873,
Taf. n1. Fig, 10, Taf. v. Fig. 16,

* For two samples of this American form I am indebted to Dr A. M. Norman
who received them from Professor Packard. '
# 1 cannot leave this subject without expressing astonishment at the com-
paratively slight and evasive differences in the structure of Artemie and other
Crustacea inhabiting waters of different salinity and composition. It is not a little
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surprising that the animals living in No. XIV, for example, are scarcely dis-
tinguishable from those in No. XXIX, though the water in the latter was so strongly
alkaline as to feel soapy. The conditions of animal life in these two waters must
surely be very different, and yet no visible effect is produced. It isof course certain
that there are great differences in the physiology of these forms, for, as I have often
seen, animals (Copepoda, Cladocera, &c.) transferred from one water to another of
materially different composition, die in a few minutes, though the second water may
be inhabited by the same species; but in visible structure, the differences are for the
mpst part trifling and equivocal.

3



CHAPTER IIL

LINEAR SERIES—conttnued.

VERTEBRZE AND RiBs.

THE Meristic Variations of the vertebral column constitute a
subject of some complexity. In considering them it must be
remembered that numerical change may be brought about in the
series of vertebre by two different processes: first, by Variation in
the total number of segments composing the whole column, in which
case the variation is truly Meristic; and secondly by Variation in
the number or ordinal position of the vertebrse comprised in one
or more regions of the column, not necessarily involving change in
the total number of segments forming the whole series, and in this
case the variation is Homceotic. Though Homeeotic Variation-is
often associated with change in the total number of segments,
from the nature of the case it is rarely possible in any given
instance to distinguish clearly whether such change has occurred
or not. This arises largely from the fact that while to find the
total number of vertebra it is necessary to know the exact number
of caudal vertebrs, in many specimens these are incomplete, and
even if present their number cannot often be given with con-
fidence. For these reasons the chief interest of this section of the
facts arises in connexion with Homceotic Variation, and the modes
in which it occurs; but it must be constantly borne in mind that
in almost any given case there may be Meristic Variation also, though
the evidence of this may be obscured.

TRUE MERISTIC VARIATION IN VERTEBRZ AND RiBs.

I. Vertebree.

True Meristic Variation, that is to say, change in the total
number of segments composing the whole column, may neverthe-
less be plainly recognized in certain animals. Among some of the
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lower vertebrates, Fishes and Snakes, for example, the range of
such Variation may be very great. Among Mammals the following
may be given as an example of considerable Variation in the
number of praesacral vertebre in a wild animal, and such evidence
may be multiplied indefinitely.

Erinaceus europaus (the Hedgehog).

4 )
¢c|p |L|s; ¢ ;Tota.l

No. 1 7 14 6 4 11 " 42

2 7 15 6 3 | 10+

3 7 16 6 3 | 94 ‘

4 7 15 6 4 | 12 44

5 7 15 6 4 11 |43

6 7 14 6 3 1 9+

7 7 15 6 3  1lorl2

8 7 15 6 3 | 13 44

9 7 15 6 3 | 120r13

Nos. 1—5 in Mus. Coll. Surg., see Catalogue, 1884, pp. 645 and 646; No. 6 in
Cambridge Univ. Mus.; Nos. 7—9 in British Museum.

Man. The simplest form of true Meristic Variation in the
total number of vertebree may occur in Man by the formation of
an extra coccygeal vertebra, making five coccygeals in addition to
five sacrals, 1.e. ten pelvic vertebrz in all. Instances of th}s are
rare (STRUTHERS), though in many tailed forms such Variation
is common. Two cases, in both of which the sixth piece (1st
cglcygeal) was partially ankylosed to the sacrum, are fully de-
sctibed by STRUTHERS, J., Journ. Anat. Phys.. 1875, pp. 93—96.

In the presence of cases like that last given, there is a strong
suggestion that the number of vertebre has been increased by
simple addition of a new segment behind, after the fashion of a
growing worm: the variation of vertebre thus seems a simple
thing. But there is evidence of other kinds which plainly shews
this view of the matter to be quite inadequate. Some of these
facts may now be offered, and in them we meet a class of fact
which will again and again recur in other parts of the study of
Repeated Parts.

IMPERFECT DI1vISION OF VERTEBRA.

Python tigris!. This is a case of great importance as illus-
trating several phenomena of Meristic Division. In a skeleton of
Python in the Mus. Coll. Surg., No. 602, the following peculiarities
of structure are to be seen. Up to the 147th inclusive the ver-
tebre are normal, each having a pair of transverse processes and a

1 This and the following cases of Pelamis and Cimoliasaurus are discussed by
Baugr, G., Jour. of Morph., 1v. 1891, p. 333.
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pair of ribs. The appearance of the next vertebra is shewn in the
figure (Fig. 10, 1). Anteriorly, and as far as the level of the
posterior surface of the transverse processes, it is normal, save that
1ts neural spine is rather small from before backwards. The trans-
verse processes bear a pair of normal ribs. But behind this pair
of transverse processes the parts, so to speak, begin again, rising
again into a neural spine, and growing outwards into a second pair
of transverse processes, with a second pair of normal ribs. Poste-
riorly again the parts are normal. This specimen is described
in the Catalogue of 1853, as “148th and 149th vertebre anky-
losed,” but upon a little reflexion it will be seen that this account
misses the essential point. For the bone is not two vertebra
simply joined together as bones may be after inflammation or the
like, but it is two vertebree whose adjacent parts are not formed,

F16. 10. Two examples of imperfect division of vertebra in one specimen of
Python tigris. 1. The vertebra 147—150 geen from the right side, slrl)ewin;nthe
imperfect dwmon. between the 148th and 149th. The condition on the left side is
the same. II. View of dorsal surface of vertebrs 165—167, shewing duplicity of
166th vertebra on the right side. On this side it bears two ribs, The left side is
normal. (From » skeleton, in Coll. Sarg. Mus., No. 602.)
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and between which the process of Division has been imperfect.
With more reason it may be spoken of as one vertebra partly divided
into two, but this description also scarcely recognizes the real
nature of the phenomenon.

Further on, in the same specimen, at the 166th vertebra, there
is an even more interesting variation. This vertebra is represented
in ¥ig. 10, II. As there seen, it is normal on the left side, bearing
one transverse process and one rib, while on the right side there
are two complete transverse processes and two ribs. The 185th
vertebra is also in exactly the same condition, being double on the
right side and single on the left.

Python seba : a precisely similar case (Brussels Museum, No.
87, 1. G.), in which the 195th vertebra is single on the right side
and double with two ribs on the left, is described by ALBRECHT, P.,
Bull. Mus. Nat. Hist. Belg., 1883, 11. p. 21, Plate 1L

Python sp.: a precisely similar case of duplicity in the 168th
vertebra, on the left side, in a mounted skeleton in the Camb.
Univ. Mus.

It is to be especially noticed that in each of these four cases of
lateral duplicity, the degree to which the process of reduplication
has gone on is the same. )

Pelamis bicolor [ = Hydrophis]. The 212th vertebra simple
on the left side, and double on the right. It bears one rib on the
left side and two ribs on the right side. Yale Univ. Mus., No. 763.
Baug, G., Jour. of Morph., 1v. 1891, p. 333.

Cimoliasaurus plicatus (a Plesiosaur). “Centrum of a small
and malformed cervical vertebra from the Oxford Clay near Oxford.
This specimen is immature, and on one side is divided into two
portions, each with its distinct costal facet.” LYDEKKER, R., Cat.
Fossil Rept. and Amph. in Brit. Mus., Pt. 11. 1889, p. 238, No.
48,001.

A case somewhat similar to the above is recorded in the Rabbit by BLaxp Surrox,
Trans. Path. Soc., xL1., 1890, p. 341. See also certain cases of a somewhat com-
parable variation in Man, considered in connexion with the variations of Bilateral

Series.

II. Ribs.

Man. Partial division of ribs is more common than that of
vertebre. Five cases are given by STRUTHERS. 1. Fourth rib
becoming broad, and bifurcated in front. Male, aged 93. From
about middle of shaft these ribs gradually increase in length from
7 lines to 14 inch on the left side, 1} on right. They fuhgn forl.(,
the left 1} inch, the right } inch from where they join their
cartilages. Cartilage of right forks close to rib, enclosing a space
which admits little finger ; cartilage of left lost, but the diverging
bony divisions, each of good breadth for a rib (6 to 7 lines) enclose
an Intercostal space 1 inch long, attaining a breadth of § inch,
which was probably continued forwards by the division of the
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cartilage or by two cartilages. The cartilage of the left 7th rib is
also double for 1} inch, all the others are normal. 2. Left fourth
rib becoming very broad and bifurcating in front; two large spaces,
one in the bone, one at the bifurcation. 3. Left fourth rib becomning
broad towards sternal end, where it joins bifurcated cartilage. In
these three cases the division affected the 4th rib. Three others
are given in which the rib affected was probably the 4th or 5th.
STRUTHERS, J., Jour. Anat. Phys., Ser. 2, VIIL 18753 p- 51. Such
cases are often recorded and preparations illustrating them may
be seen in most museums.

Besides these cases of obviously Meristic Variation, there are
many which are combined with Homeeosis so as to produce far
greater anatomical divergence. Though in some of these examples
there may be change in the total number of vertebre shewing
that true Meristic change has occurred, they cannot well be treated
apart from the more distinctly Homeeotic cases.

HoM®EoTic VARIATION IN VERTEBRE AND RIBS.

Homeeosis in vertebree may be best studied in NIammals,
and the following account in the first instance relates chiefly to
them. Before considering the details of such variations in vertebrz,
it may be useful to describe briefly the ordinary system of nomen-
clature which is here followed. In treating this subject it is im-
possible to employ a terminology which does not seem to imply
acceptance of the view that there is a true homology between the
individual vertebree of two spines containing different total num-
bers, for all the nomenclature of Comparative Anatomy is devised
on this hypothesis. This difficulty is especially felt in regard to
vertebrze, and at this point it should be expressly stated that in
using the ordinary terms no such assent is intended. This matter
has already been referred to in Section VI. of the Introduction,
and will be discussed in relation to the facts to be given.

The vertebral column! ig divided into five regions:—cervical, dorsal, lumbar,
sacral and caudal. None of these regions can be absolutely defined, but the following
features are generally used to differentiate them.

Cervical vertebra are those of the anterior portion of the column, which either
have no moveable ribs, or else have ribs which do not reach the sternum. Dorsal
vertebree are those which lie posterior to the cervicals and have moveable ribs.
Lumbar vertebre are those which succeed to the dorsals and have no moveable ribs.
Sacral vertebra cannot be defined in terms applicable even to the whole class of
mammals, but, for the purpose of this consideration, it will be enough to use the
term in the sense ordinarily given to it in human anatomy, to mean those vertebrs

which are ankylosed together to form a sacrum. Caudal vertebrs are vertebrm
posterior to the sacrum.

The characters thus defined are distributed among the several
vertebree according to their ordinal positions. Among mammals
the number of vertebree which develop the characters of each re-

! Abridged from Frower, W. H., Mammals, Living and Extinct, 1891, p. 41.
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gion, though differing widely in different classificatory divisions,
are as a rule maintained with some constancy within the limits of
those divisions, which may be species, genera or larger groups, so
that vertebral formulz are often of diagnostic importance. Changes
in the numbers of vertebrz composing the several regions must
therefore have been an important factor in the evolution of the dif-
ferent forms.

Homceotic Variation in the spinal column consists in the as-
sumption by one or more vertebree of a structure which in the
type 1s proper to vertebrz in a different ordinal position in the
series. Examples of this are seen in the case of the development
of ribs on a vertebra which by its ordinal position should be lum-
bar; or in the occurrence of a vertebra, normally lumbar, in the
likeness of a sacral vertebra, having its transverse processes modi-
fied to support the pelvic girdle, &c. Variations of this kind have
one character in common, which though at first sight obvious, will
help us in interpreting certain other cases of Homdeeosis. In all
cases of development of a vertebra normally belonging to one region,
in the likeness of a vertebra of another region, this change always
takes place in vertebrz adjacent to the region whose form is as-
sumed. For example, if one vertebra, normally cervical, bears ribs,
it is always the last cervical ; if two cervicals bearribs, they are the
last two, and so on. No gaps are left.

Homeotic Variation in the spinal column may occur by the
assumption of

(1) dorsal characters by a vertebra in the ordinal position of a

cervical,
(2) lumbar characters by a vertebra in the ordinal position of a

dorsal, . _ N
(3) sacral characters by a vertebra in the ordinal position of

a lumbar,

(4) coccygeal characters by a vertebra in the ordinal position of
a sacral,
or by the reverse of any of these. Since almost any of these
changes may occur either alone or in conjunction with any of the
others, it is not possible to group cases of such Homceosis under
these heads, but the consideration of the more complex cases will
be made easier if simple examples of each class are first described

as seen in Man.

I Simple cases—Man.
(1) Homaosis between cervical and dorsal vertebre.

(a) From cervical towards dorsal type.

The chief character distinguishing dorsal vertebrz is the pos-
session of moveable ribs. This character may to a greater or less
extent be assumed by cervicals.
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Cases of the development of ribs on the 6th cervical seem
to be extremely rare. One is given by STRUTHERS 1n a young
spine, ®t. 4. The ribs were present as rudiments only, being
the same on both sides in the 6th vertebra, and on the left side
in the 7th. Each of these rib-elements was % inch long. In the
6th the ribs rested on the body of the vertebra, but in the 7th the
rib did not reach so far. Full details, g. v., STRUTHERS, J. Anat.
Phys., 1875, p. 32. )

Cervical ribs on the 7th vertebra are comparatively common,
being sometimes moveable and sometimes fixed. The hterature of
this subject up to 1868 is fully analyzed by WENZEL GRUBER,
Mém. Ac. Sci. Pét.,, Ser. vii. T. x111, 1869, No. 2, who refers to 76
cases of such ribs, oceurring in 45 bodies, being all that were known
to him in literature or seen by himself. In addition to these 12
cases are described (10 in detail) by STRUTHERS (I. ¢.). Some of
the results of an analysis of these cases are important to the study
of Variation.

Of 57 cases, the ribs were present on both sides in 42 cases
and on one side only in 15.

According to the degree of completeness with which the cervi-
cal ribs are developed, GRUBER divided them into four classes’.

1. Lowest development. Cervical rib not reaching beyond the
transverse process; corresponding to the vertebral end of a true
1ib with capitulum and tuberculum, and articulating by both of
them. Rare form.

2. Higher development. Cervical rib reaching beyond the
transverse process for a greater or less extent, either ending freely
or joining with the first true rib. Commonest form.

3. Still higher development. Cervical rib reaching still further,
and joining the cartilage of the first true 1ib either by its cartila-
ginous end or by a ligament continued from this. Rarest form.

4. Complete development. Cervical rib resembling a true rib,
having a cartilage (generally for a greater or less part of its length
united with the cartilage of the first true rib) connecting it with
the sternum. Less rare form.

Gruber states, as the result of an analysis of 47 cases, that the
third of these states is very rare, that the second condition is the
common one, and that the fourth or complete condition is commoner
than the first or least state of development, which is also rare.
Of Struthers’ cases the majority seem to belong to Gruber's second
class, while that on the left side 1n Struthers’ Case 4 must have
approached Class 1, and that on the lett side in Case 10 belonged
to Class 3.

Two features in this evidence are of especial consequence: first

1 Gruber considered that cervical ribs in Man are probably of two kinds, the
one arising by development of an ‘*‘ epiphysis ” on the superior transverse process,
and the other by development of the ‘‘rib-rudiment” contained in the inferior
transverse process. It is of cases of the latter kind that he is here speaking,
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that the variation is more common on both sides than on one side :
secondly, that it is not in its lowest development that it is most fre-
quent, but rather in a condition of moderate completeness, having
the proper parts of a true rib.

(b) From dorsal towards cervical type.

14.  Reduction of ribs in the first dorsal is described by Struthers
in a specimen in the Path. Mus. of Vienna. “The whole of the
cervical vertebrz being present' there is no doubt as to the case
being one of imperfect first rib. On left side rib goes about 2
round, and articulates with a process of the second rib. On right
side it joins second rib at from 4 to 1 inch beyond tubercle, but
again projects as a curved process where the subclavian artery has
passed over it. The manubrium sterni first receives a broad car-
tilage, as if from one rib only, and secondly a cartilage at the junc-
tion of the manubrium and body which is the cartilage of the third
thoracic rib.” STRUTHERS, J. Anat. Phys., 1875, p. 47, Note. (See
also Nos. 24 and 25.)

(2) Homaosis between dorsal and lumbar vertebre.

15, (a) From dorsal towards lumbar type. The characters chiefly
distinguishing dorsal vertebrz from lumbars are the presence of
ribs attached to the former, and of long, flat transverse processes in
the latter. Secondly, the articular processes of lumbar vertebra
generally differ from those of most of the dorsal series, each pair of
articular surfaces facing inwards and outwards respectively instead
of upwards and downwards as they do in the dorsal region. The
transition from the one type of process to the other, in passing down
the column, is generally an abrupt and not a gradual one. In Man
it occurs between the 12th dorsal and 1st lumbar, but in most
Mammals it takes place more or less in front of the last dorsal,
leaving several dorsal vertebrs with articular processes of the
lumbar type. (STRUTHERS, l. ¢, p. 59.)

QCases of rudimentary 12th rib in Man are not rare. When the
last dorsal in this respect approaches to the lumbar type, the
change of the articular process from dorsal to lumbar may take
place higher than normally, as in STRUTHERS’ Cases 1 and 2 (L. c.
p. 54 and p. 37). In both of these the change was symmetrical,
and in the first case it was abrupt and completed between the 11th
and 12th dorsals, but in the second it was less complete. Though
the place at which the change of articular processes takes place
here varies in correlation with the diminution of the last ribs, both
being higher than usual, such correlation is not always found,
change in respect of either of those characters sometimes occurring
alone.

1 Struthers points out that unless the cervical vertebre above the rudimentary
ribs are counted there can be no certainty that in any given case these ribs are not
extra cervical ribs.
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(b) From lumbar towards dorsal type.

The formation of moveable ribs upon vertebree normally be-
longing to the lumbar groups is in Man rarer than reduction of t-he
12th ribs. In these cases the ribs may or may not coexist with
transverse processes of considerable size. In a case of 13th rib in
Man, given by Struthers (I. ¢., p. 60), the change of articular pro-
cesses occurred a space lower than usual, being thus correlated with
the appearance of ribs at a lower point.

(3) AND (4). Homaosis between lumbar, sacral and coccygeal
vertebree.

The differences between the vertebra of these regions are far
more matters of degree than those between the members of other
vertebral regions. By detachment of the 1st sacral (25th vertebra)
the lumbars may become 6, and in this case the 2ud sacral wholly
or partially takes the characters proper to the 1st sacral, but this
change is not necessarily accompanied by union between the last
sacral and the 1st coccygeal (see, for example, STRUTHERS, lc.,
p- 68). On the other hand, the last lumbar may unite with the
1st sacral, and such union may be either symmetrical or unilateral
only. The amount to which the ilium articulates with these ver-
tebree and the degree to which their processes are developed to
support it also present many shades of variation. Similarly the
last sacral may be free, or the lst coccygeal may be united to the
sacruin.

Since all these changes are manifestly questions of degree it
would be interesting to know whether any particular positions in
the series of changes are found more frequently than others, but 1
know no body of statistics from which this might be determined.
In the absence of such determination there is no reason to suppose
the existence of Discontinuity in these variations.

HoM@EoTIC VARIATION, VERTEBRE AND RIBS.

II. More Complex Cases.—Man.

From examples of the occurrence of Homceosis between mem-
bers of the several regions we have now to pass to the more
interesting question of the degree to which Homaeosis in one part
of the column may be correlated with similar Homeeotic variation
in the other parts. For, though each of the particular changes in
the various regions may occur without correlated change in other
regions, such correlation nevertheless often occurs, and in any con-
sideration of magnitude of Variation it is a factor of importance.
In several of the examples to bc given it will be seen that the re-
distribution of regions is also associated with Mecristic change in
the total number of segments in the column. It is obvious that in
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the present place only the most summary notice of the various cases
can be given.

Amongst them can be recognized two groups, the first in
which the Homceosis is from before backwards, the second in
which it is from behind forwards.

A few words in explanation of the use of these terms are perhaps
needed.

In describing cases of such transformation in the series, it is
usual to speak of structures, the pelvis for example, as “ travelling
forwards” or “travelling backwards.” These modes of expression
are to be avoided as introducing a false and confusing metaphor
into the subject, for there is of course no movement of parts in
either direction, and the natural process takes place by a develop-
ment of certain segments in the likeness of structures which in
the type occupy a different ordinal position in the series. In
using the expression, Homceosis, we may in part avoid this con-
fusion, and we may speak of the variation as occurring from before
backwards or from behind forwards, according as the segment to
whose form an approach is made stands in the normal series
behind or in front of the segment whose variation is being con-
sidered. The formation of a cervical rib on the 7th vertebra is
thus a backward Homceosis, for the 7th vertebra thus makes an
approach to the characters of the 8th. On the other hand de-
velopment of ribs on the 20th vertebra (1st lumbar), is a forward
Homceeosis, for the 20th vertebra then forms itself after the pattern
of the normal 19th*

A. Backward Homeosts.

If each segment in the series of vertebre were to be developed
in the likeness of that which in the normal stands in the position
next posterior to its own, we should expect the whole series to be
one less than the normal. The following case makes an approach
to this condition.

Skeleton of old woman. C17,D11, L5, S5, C4 (5th and 6th
cervicals partially ankylosed). The 7th cervical bore a pair of cervical
ribs [of Gruber’s class 2, see p. 108], that on the left being ankylosed
to the 7th cervical. There were only 11 pairs of thoracic ribs.
The 1st lumbar was a true lumbar. GRUBER, WENZEL, Mém. Ac.
Sci. Pét., 1869, Sér. viL, X111, No. 2, p. 23. Here the 7th vertebra
resembles a dorsal in having ribs, the 19th, which in the type is
the last dorsal, resembles a lumbar in all respects, the 24th is the
1st sacral, and there is no 33rd vertebra.

1 The same terminology may conveniently be adopted in the case of the parts of
flowdrs. Development of petals in the form of sepals being an outiward Homeeosis,
while the formation of sepaloid petals would be thus called an inward Homeosis,

and so forth.



*19,

20.

21.

112 MERISTIC VARIATION. [PART 1.

Male, in Cambridge Univ. Mus,, No. 78. Preparation shews
C17, D11, and the 19th vertebra formed as the 1st lumbar: re-
mainder not preserved, but Professor A. Macalister kindly informs
me that there were 5 lumbars and 5 sacrals, giving C7, D 11, L 5,
S 5. The 7th vertebra has cervical ribs, the left being large and
articulating with a tuberosity on 1st thoracic rib, the right being
considerably smaller, but now broken at the end. Only 11 pairs
of thoracic ribs. Change of articular process from dorsal to lumbar
begins partially on the left side between 17th and 18th vertebra
(instead of between 19th and 20th) and is complete on both sides
between 18th and 19th. The 19th bears no rib. [Backward
Homceosis, greater on left side than on right, as seen in the
greater size of the left rib on the 7th vertebra, and in the change
of processes beginning at a higher level on this side. As the
coccyx is not preserved it cannot be seen whether there is one
segment less in the whole column, which would be the case were
the backward Homoeosis complete.]

Female, et. 40. C7, D12, L5, 86, C3. The Tth vertebra bore
cerv. ribs, free on left, ankylosed to vertebra on right. Change of
artic. processes partially on left side between 18th and 19th (instead of
between 19th and 20th). Twelfth thoracic ribs short, being 11 in. long
on left, 1in, on right. STrRUTRERS, J., J. Anat. Phys., 1875, pp. 53
and 35. [There is therefore backward Homeeosis, greater on the left
side than on the right.]

Vertebree C7, D1lor12, L50r4, $6, Clost. Eleven pairs of ribs.
The 19th vertebra having a transverse process on the left side re-
sembling that of the vertebra next below it, as regards place of origin
and its upward slope, but is longer than it by lin. and is nearly a
third broader and also thicker. On right side corresponding part is in
two pieces. Change of articular processes complete between 18th and
19th (instead of between 19th and 20th). The 24th vertebra is united
to sacrum, but is of unusual shape, differing greatly from a normal
Ist sacral (25th vertebra). The 29th vertebra is nevertheless not
detached from sacrum. STRUTHERS, /. c., pp. 70 and 57.

Adolescent subject. 7th cervical, 12 dorsals and ribs, and 3 lumbars
preserved. 11lth ribs reduced, 4 in. long, 4}in. with cartilage’ 12th
ribs rudimentary, left 1in., right £ in. long, breadth of each about +1in.
Artic. processes change chiefly between 18th and 19th vertebrs.
STRUTHERS, [. c., p. 55.

Male, @t. 7. C7, D12, L5, 85, C4. Twelfth ribs very unequal ;
right scarcely 2in., left 3 in. The 5th lumbar ankylosed to sacrum
by its right transverse process. STRUTHERS, lec., p. 57. [Backward
Homeosis on right side in respect of reduction of 12th rib and union
of 24th vertebra to sacrum on that side.]

B. Forward Homaosis.

As was remarked in the case of backward Homaosis, if each
vertebra were to be developed in the likeness of the one which in
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the normal stands next behind it in ordinal sequence, we should
expect such backward Homceosis to be accompanied by reduction
in the total number of vertebrz; so, conversely we should expect
forward Homeeosis to be accompanied by an increase in total
number. This will be found to be sometimes the case (e.g.

No. 26).

Male. C7,D13,L5, S5 [C not recorded]. 13 ribs on each
side. The right side differed considerably from the left.

Right side. 1st ribresembled the usual supernumerary cervical,
being moveable and extending £ in. from its tubercle. Greater
part of 1Xth nerve crossed the neck of the rib; just before doing so
1t was joined by large branchk of xth. The 2nd rib, borne by ninth
vertebra, in all respects resembled a normal 1st rib. The 3rd rib
articulated with sternum like a normal 2nd rib. In all, 8 ribs
articulated with sternum on right side, as usual. The 13th rib
(on 20th vertebra) was 44 in. long.

Left side. The 1st rib articulated with body and transverse
process of 8th vertebra, connecting with sternum in normal position,
but differing much from a normal 1st rib, being nearly straight
with very slight horizontal curve. 2nd rib normal in form and
direction; articulates with sternum % in. higher than right 3rd rib,
owing to thce lower margin of manubrium being directed slightly
obliquely upwards and to the left. In all, 8 ribs articulated with
sternum, all below the first being at a level slightly higher than
that of the right ribs. The 13th rib (on 20th vertebra) was 43 in.
long. LANE, W. ARBUTHNOT, J. Anat. Phys., 1885, p. 267 [full
description and discussion].

In this remarkable case, by the reduction of the 1st rib on the
right side, the 8th vertebra shews a forward Homceosis so far as
that side is concerned. The 20th vertebra, bearing a pair of 13th
ribs, also shews a forward Homoeeosis, but this seems to have beeu
a little greater on the left than on the right (cp. No. 20), the right
rib being a } in. less in length. The fact that a large branch of
the Xth nerve on the right side joined the brachial plexus instead
of the usually minute fibre is specially noteworthy, as shewing a
forward Homeeosis in the brachial plexus on the right side in
correlation to the similar Homeeosis appearing in the reduction of
the 1st rib on the same side. (Compare Nos. 14 and 25.) .

Skeleton C7, D12, L6 [S and C not recorded]. First pair
of ribs rudimentary, about 1} in. long, exactly alike, as small
horns attached to 8th vertebra. Scalene muscles were inserted
into 2nd rib. The 25th vertebra was free, but the first lumbar
(20th vertebra) had no trace of a rib. BELLAMY, E, J. Anat. Phys.,
1885, p. 185. . .

[In this case there is forward Homceosis in the reduction of
the first ribs and in the formation of the 25th vertebra as a
lumbar, but there were no ribs on the 1st lumbar, which would

B. B
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have been expected had there been an even Homeeosis throughout
the dorso-lumbars.]

Male, et. 50. C7, D12, L6, S5, C “8 or 4, probably +.”
Thirteen pairs of ribs, 13th ribs on 20th vertebra, nearly sym-
metrical, right 2 in. long; left 1%, and in breadth a little less than
the right. The 6th lumbar, 25th vertebra, had the characters of
a normal last lumbar (sc. 24th vertebra), including normal trans-
verse processes. Coccyx in 3 moveable pieces, the 3rd apparently
composed of two. There is therefore probably one more than
the normal number in the whole series. STRUTHERS, J. Anat.
Phys., 1875, p. 62.

Male, @t. 56. C7, D12 L6,S5 C3. Dorsal vertebra and
ribs normal. 20th vertebra normal, except that it has no trace
of transverse processes; ribs have perhaps been present on it.
25th vertebra quite free from sacrum, but articulating with ilium
by small facet on each side. The 1st coccygeal joined to sacrum.
STRUTHERS, I. ¢, p. 66 and p. 91. [Homoeeosis in absence of trans.
processes in 20th vertebra, in separation of 25th from sacrum, and
1n union of 30th with sacrum.]

Skeleton C7, D12, L6, S5, C lost. The 25th vertebra is separate
from the iliumn and the sacrum, but the 30th is united to the latter.
STRUTHERS, l.c., p. 69.

Male, @t. 29. C7, D12, L6 (Ist bearing ribs—6th partially joined
to sacrum), S8/ (exclusive of 5th lumbar), C4. 20th vertebra bearing
ribs ; 25th partially free from sacrum but partly supporting the ilium,
and one extra vertebra in the series. STRUTHERs, /. ¢., p. 64 and p. 92.

Skeleton D12, L6, S4, C4. The 25th vertebra by right trans-
verse process articulates with sacrum and on the same side with the
ilium ; the 30th, however, though moveable on the sacrum, has charac
ters transitional between those of a 5th sacral and a 1st coccygeal.
STRUTHERS, [.c., p. 68 and p. 91,

Male. C7, D13, L5, S and C ankylosed together of uncertain
number. Articular processes change between 20th and 21st, i.e. a space
lower than usual, but the processes between 19th and 20th are smaller
than those higher up and are not quite symmetrical. The 20th vertebra
bore rib on left side and rib has apparently been present on right, but
probably not so much developed. StrutHERS, I c., p. 64, note. [For-
ward H]omoeosis in development of ribs on 20th and in detacliment
of 25th.

But though the variations of the vertebre may thus in great
measure be reduced to system, there remain other cases, rare in
Man but not very uncommon in lower forms, which cannot be
brought into any system yct devised. Such cases shew that the
limits imposed by a system of individual homologies, between which
we concelve the occurrence of Variation, are not natural lunits,
and that they may be set aside in nature. In the following case it
way be especially noted that Variation in the segmentation of the
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spinal nerves does not necessarily coincide with that of the ver-
tebre. This fact will be more fully illustrated in the section of
evidence respecting the spinal nerves.

Female, et. 40. As it stands, the grouping 1s C 6, D12, L 6,
S 5, C 3; in all 32, viz. one less than nsual. The vertebral artery
did not enter till 5th cervical (instead of 6th) on left side. The
7th vertebra bore a pair of ribs; left small, ceasing at middle of
shaft ; right has been sawn off, but has all the appearance of a rib
that would have reached the sternum. The 19th vertebra bore
no ribs, and has transverse processes like those of a normal 1st
lumbar. 23rd has transverse processes triangular and sloping
upwards, like those of normal last lumbar but one (sc. 23rd),
though in a less degree: pedicle thicker than usual for this
vertebra.

The articular processes change in the normal space, between
19th and 20th vertebrz. Sacrum 5; Coccyx represented by 3
pieces ankylosed together.

Two entire lumbar nerves went down from the lumbar region
to the sacral plexus. [Bones described in detail, q.v.] STRUTHERS,
J. Anat. Phys. 1875, p. 72 and p 29.

Here then the 7th vertebra shews backward Homceosis, im-
perfect on left side, but more complete on right. 19th having no
ribs, shews the same, and this also appears in the absence of a
4th coccygeal. The fact that two entire lumbar nerves join the
sacral plexus is also a variation of the same kind. But if the
backward Homceosis were complete, the 24th vertebra should be
the 1st sacral, and the 29th should be joined to the coccygeal.
The change of articular processes moreover is in the normal place.

An example like this brings out the difficulty that besets the
attempt to find an individual homology for each segment. If the
characters proper to each segment in the type may be thus re-
distributed piecemeal amongst a ditferent total number of seg-
ments, the question, which in this body corresponds to any given
vertebra, say the 25th, in a normal body, cannot be answered.
The matter 1s thus clearly summed up by STRUTHERS (l. c. p. 75):

“The variation in this case presents some complexity. To which
region is the suppression of the vertebra to be referred? The lumbo-
sacral nerves would seem to indicate that the lowest lumbar vertebra
is the usual lst sacral set free, thus accounting for the seemingly
deficient pelvic vertebra, and leaving 23 instead of 24 vertebrz above.
The appearance of suppression of a vertebra in the neck, is met by
the consideration that the 7th vertebra carries ribs, imperfectly de-
veloped on one side, like cervical ribs.

“Then, although only 11 ribs remain, the next vertebra below,
though rib-less, has the normal articular processes of a 12th dorsal
(19th vertebra). If it is to be regarded as such, and not as the
Ist lumbar, then the suppressed vertebra would be really a lumbar,
although there are six free vertebrse between the thorax and the

8—2
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pelvis. Whichever view be taken, this case is an interesting one,
as exhibiting variation in every region of the spine, and as shewing
the importance of examining the entire spine before deciding as to
a Variation of any one part of it.”

To the question, which vertebra is missing, there is no answer ;
or rather the answer is that there is no segment in this body
strictly corresponding to the normal 7th, 20th, 25th, &c.; that the
characters of these several segments are distributed afresh and
upon no strict, consistent plan among the segments of this body,
and that, therefore, there is no one segment inissing from the
body. Surely further efforts to answer questions like these can
lead to no useful result.

Attempts to interpret Variation by the light of simple arith-
metic serve ounly to obscure the real nature of Repetition and
segmental differentiation; for by constantly admitting to the
mind the fancy that this simple, subjective representation of these
processes is the right guide, and that the tangible complexity in
which they present themselves is a wrong one, we only become
used to an idea which is not true to the facts and the real difficulty
is shirked.

ANTHROPOID APES.

Though adding little that is new in kind to the foregoing speci-
men-cases occurring in Man, the following instances of Variation
in the vertebra of the Anthropoid Apes are of some interest if only
as illustrations of the fact that the frequency of such Variation
has no necessary relation to the conditions of civilization or domesti-
cation. (On the subject of Variation in the vertebrz of Anthropoids,
see especially RoSENBERG's list, Morph. Jahrb. 1. p. 160.)

Troglodytes niger (the Chimpanzee).

[In considering cases of variation in the Chimpanzee it should
be borne in mind that there are several races and perhaps species
included under this name, which have not been clearly distinguished.
It is possible, therefore, that some of the variations recorded may
be characteristic of these races and not actually individual varia-
tions. ]

C7,D13, L4, S 5.

This is the formula in the great majority of Skeletons (w. auctt.).

An adult female having C 7, D 12, L 4, 8 5, C 5, viz. one
vertebra and one pair of ribs less than usual. This is a specimen
of pu CHALLU’s 7. calvus. It was received united by the natural
%gaments and no vertebra therefore is lost. Cat. Coll. Surg., 1884, 11.

o. 4.

Specimen having rudimentary ribs unequally developed on the
21st vertebra. The 25th vertebra was transitional or lumbo-sacral in
character. The 26th—30th formed the sacrum and there were 6
caudals, while other specimens had from 2 to 4. For the lumbo-
sacral plexus of this specimen, see No. 71. RoSENBERe, Morph.
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Jahrb., 1. p. 160. Tables, Note 19. This case therefore shews forward
Homeeosis in the presence of ribs on the 21st, also in the transitional
character of the 25th, together with increase in total number. This
increase 18 however not always found when the 25th is lumbo-sacral,
for, on the contrary one such case quoted by Rosenberg had only
4 caudals (¢.v.).

In this form the number of vertebrz articulating with the ilium
varies, and the number uniting with the sacrum is also liable to
alterations probably connected with age. ROSENBERG, L. ¢.; Cat. Coll.
Surg., 1884, 11, p. 3.

Gorilla savagii. C 7, D 13, occur in all skeletons of which I
have found descriptions, making therefore one pair of ribs more
than in Man'.

The number of vertebre articulating with the ilium and the
number joining with the sacrum vary, perhaps with age. Cf.
ROSENBERG, Lc.; Cat. Coll. Surg.; STRUTHERS, J. Anat. Phys., 1875,
p. 79 note, &c.

Adult female. C7,D 12, L4,S5, C3. Thisis a remarkable
case. There is one rib-bearing vertebra less than usual, while the
number of lumbo-sacrals is nine, as in the normal cases collected
by Rosenberg. In a normal skeleton in the Camb. Mus. the
articular processes change from. the dorsal to the lumbar type
between the 20th and 21st, but in this abnormal specimen the
change is completed on the right side between the 19th and 20th
as in Man, and on the left side, though the change has there also
taken place, there is a curious irregularity in the fact that the
posterior zygapophysis of the 19th is divided to form two processes
which fit into two similar processes of the left anterior zygapo-
physis of the 20th vertebra. The rest is normal. Canbridge Univ.
Mus., 1161, F. [There is here, therefore, a backward Homceosis of
all vertebrse from the 19th onwards; perhaps also an absolute
diminution in the total number of segments. The simultaneous
variation of both the number of ribs and the position of the

1 Since this account was written, STRUTHERs has published a valuable paper
(Journ. Anat. Phys., 1892, xxvi. p. 131), giving particulars of twenty Gorilla
skeletons. Of these the following are especially remarkable. .

Female, C8, D13, L2, The seventh cervical is formed like a su:tl_x, and the eighth
is formed as a seventh, bearing no rib. The vertebre 9 to 21 bear ribs, those pf the
21st being well formed and coming close to iliac crest. The change of articular
processes from dorsal to lumbar type occurred between 21st g.n'd 22nd, na.mely, one
vertebra lower than usual. There is thus a forward Homcosis in absence of ribs on
8th, in presence of ribs on 21st, and in the variation of position of the articular
change. . .

Out of 20 skeletons 3 have 14 pairs of ribs (on 8th to 21st) instead of 13 pairs.
In one of these the articular change also occurred one vertebra lower than usual.
On p. 136 a case is described in which there was a remarkable asymmetry in the
structure of the articular processes, which as Dr S_tr‘uthers has pointed out to me, is
in some respects like that here described as No. 35 in the text. ) 5 ;

Struthers points out that it would be better in all cases to speak of the change o
prooesscs as from lumbar to dorsal instead of from dorsal to lumbar. I regret that

this suggestion comes too late for me to adopt.
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change of articular processes to the human numbers is especially
worthy of notice.]

* Simia satyrus (Orang-utan). Out of eight skeletons in the
Mus. Coll. Surg, C 7, D 12, L 4 occurs in seven. In young
specimens the distinction between the last lumbar and the first
sacral is clearly shewn by presence of pleurapophysial ossifications in
the transverse processes of the latter. Thus though Si¢mia resembles
Man in the number of ribs, it differs in the total number of prae-
sacral vertebre. Cat. Mus. Coll. Surg., 1884, 11. p. 10.

The arrangement C 7, D 12, L 4, S 5 occurs in a great number
of specimens (for cases quoted, see RoseNBERe, Morph. Jahrd., 1.
p. 160, Tabellen ; Cat. Mus. Coll. Surg. &c.)

36. Adult male, Sumatra. C 7, D 11, L 5, S 5, C 2. Mus. Coll.
Surg., No. 37.

37. Feetal skeleton. C 7, D11, L 5, S5, C 2. TRINCHESE, S,
Ann. Mus. civ. Storia nat. Genova, 1870, p. 4.

38. Adult. C 7, D11, L 4, S+C, ankylosed together, containing
8 ? pieces. Camb. Univ. Mus., 1160, a.

39. Adult. C 7, D12, L 4, S 4, C 3. The last lumbar shared
in supporting iliac bones. DE BLAINVILLE, Ostéogr., Primates, Fsc. 1.

. 29.

40. P A young specimen, well preserved: there were certainly L 4, 8 3,
C 4, but in the adult mentioned above, one of the coccygeal was
joined to the sacrum. DE BLAINVILLE, tbid.

41. Young specimen in spirit, C 7, D12, L 4, S5, C 2. ROSENBERG,
E., Morph. Jahrd. 1. p. 160.

42. Specimen in spirit, not full grown, C7, D 12, L 4, 85, C 1.
There was no doubt that only one coccygeal was present. ROSENBERG,
wbid.

43. [Hylobates. Considerable differences in the number of vertebrz
and ribs found in this genus are recorded in the Catalogue of the
Museum of the College of Surgeons, &c.; since however the specific
divisions of the genus are very doubtful (see Catalogue, 11. p. 15),
it is not possible to consider these as necessarily individual variations.
See also RosENBERG, l.c., Tubles.]

BRADYPODIDA.

To the study of Variation of the vertebral regions the pheno-
mena seen in the Sloths are of exceptional importance, and in
attempts to trace the homologies of the segments special attention
has always been paid to them. The following table contains brief
particulars of 11 specimens of Bradypus and 11 of Cholepus seen
by myself in English museums, and of a few others of which
descriptions have been published. To these is added a summary
of 40 specimens of Bradypus and 9 of Cholepus in German
museums’ examined by WELCKER. His account is unfortunately
not given in detail, but I have tabulated his results so far as is

! viz. Gottingen, Tibingen, Marburg, Leipzig, Frankfurt, Berlin, Giessen, Jena
and Halle.
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possible. Welcker’s list does not, I believe, include any of the
specimens separately given in No. 44.

The determination of the species is quite uncertain. Welcker
in his analysis does not divide the species of Bradypus. In the
other cases I have simply taken the name given on the labels. As
regards Cholepus the confusion of species is much to be regretted,
for according to the received account® the more northern species,
C. hoffmannt, has only 6 cervicals, while C. didactylus has 7. In
the table it will be seen that four specimens in different places
have C 6, though generally marked C. didactylus. Possibly
some or all of these are C. hoffmanni, and I have therefore entered
them as Cholepus sp. In the case of Bradypus it has not been
alleged that the number of cervicals characterizes particular
species, so the fact that the species are confused is of less con-
sequence.

*44. Bradypus.

¢c|D|L|S|C
B. tridactylus | 9 | 15| 4 | 6 | 5+| C® minute c. r. rt.
C?® large c. r. both sides (one lost).
D5 moveable r. rt., fixed on 1.
Camb. Mus.
5 9 |15 4 6 | 84| C?norib. Coll. Surg. 3427.
D 9 |15] 4 | 6 | 9? | Brit. Mus. 919 a.
o0 9 | 15| 4 | 5 | 12 | Brit. Mus. 52. 9. 20. 5.
3 9 | 15| 45| 5 |10 | C?c.r. 4 in. long. Univ. Coll. Lond.
. 9 (14| 4|5 |11|cCocr %i't.génilﬁ. Coll. Surg. 3428.
8p. ? 9 | 14| 4 | 5| 9 | Oxford Mus.
5 9 |16 | 3 6 | 11 | Coll. Surg. 3422.
’ 8 | 15| 3 | 7 | 9? | Tth sacral only ankylosed in part.
Brit. Mus. 46. 10. 16. 14.
’ 9 |15] 4| 5 | 11 | C? small rib-like horn on 1. Mus.
Med.-Chir. Acad. Pétersb. GRUBER?.
sp.? 9 GRUBER’S private collection®.
00 9 | STRUTHERSS | C® may have borne rib on rt.
l.freec.r. 1stthoracic complete.
S A 3 rt. ¢. r. ankylosed. 1stthor. 4in.
‘ long, like a ¢. r.; ankylosed.
B. cuculliger | 9 | 15| 4 | 6 | 9 | C?haspairshortc.r. Brit. Mus. 921b.
B. torquatus 9 |14 | 4 GRUBERZ.
ditto 5 | 6 | 10 | Brit. Mus. 47. 4. 6. 5. |
Bradypussp. | 8 | 15 ) 3 specimens from Brazil said to have |
sp. | 8 | 15 8 cervicals. No detailed account
sp. | 8 f given. DE BLaiNviLLE®.
|

1 Frower, W. H., Mammals, Living and Extinct, 1891, p. 133.

* GRUBER, Mém. Imp. Ac. Sci. Pét. Ser. vir., xut. 1869, no. 2, p. 31.

3 STRUTHERS, Jour. Anat. Phys., 1875, p. 48 note. )

4 pr BLAINVILLE, Ostéogr., Fsc. v., pp. 27, 28 and 64. In the place cited,
de Blainville gives C 9, D 16, L 3, S 6, C 9—11 as the normal, but he does not say
in how many specimens this formula was seen, I have therefore been unable to
tabulate this observation. It will be seen that D 16 is quite exceptional, but as it
occurred in the Coll. Surg. specimen no. 3422 it was described by OWEN as the
normal, and this statement has been copied by many authors, perhaps by de Blainville.

8 Fourth lumbar ankylosed to sacrum by tr. proc.
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SUMMARY OF 40 CASES: WELCEERL

l
| Bradypus| C D L
‘ 10 14 4 C¥noec.r. 2 cases?. |
! 14 4
10 or or » | C10 with e. r. of fair size. | On C? c. r. very
15 3 3 cases. + small or ahsent.
15 4 29th is 1st sacral.
l 9 { or or } 9 cases.
! 16 3 ’ - 4
| 9 15 3 15 cases.| C?® usually wi R
‘ 9 14 4 6 cases.| c.r. 21ycases. 2541 e dstianeral:
9 14 C? has either large c. r. or completer. ) 27th
or or 3 5 cases. (This normal in B. tor- ; is lst
’ 8 15 quatus: once in B. cuculliger.) sacral.

(c. 1., cervical rib.

*45. Cholepus.

CS, (7, &e., sixth, seventh cervical vertebra, &c.)

C|D|L)|S|Cd
C. didactylus | 7 | 23 | 3 8 4 Coll. Surg. 3435,
' 7 124| 3 7 Ozford.,
s 7 (23|45 Coll. Surg. 3427 (Catalogue).
" 7 123 3 7 6 Coll. Surg. 3424.
sp. 6 |24 3 6 5 | Cambridge.
sp. 6 [ 23| 3 | 9 [3or4| Brit. Mus. 65. 3. 4. 5.
8sp. 6 122 4 | 8 5 Univ, Coll. Lond.
sp. 6 21| 3 | 8 5? | Brit. Mus. 1510 b,
C. hoffmanui 6 {221 5 | 8 5? | Brit. Mus. 1510 ¢.
” 6 (21| 4 | 7 5 | Coll. Surg. 3489,
C. hoffmanni? | 63|23 | 2 | 7 4? | Brit. Mus. 80. 5. 6. 84.

SUMMARY OF 9 CASES: WEeLCKER®.

|
| ¢ ID+L
| C. didactylus ‘ 7 27 | 1st sacral is the 35th. 2 cases.
i = 7 26 1st sacral is the 34th. 2 cases.
C. hoffmanni 1 6 27 | 1st sacral is the 34th. 1 case.
; . 6 26 | 1et sacral is the 33rd. 1 case.
‘ 6° ‘ 25 | lst sacral is the 32nd. 3 cases.

1 WELCKER, Zool. Anz. 1878, 1. p. 294.

* This includes the celebrated specimen (in natural ligaments) descrihed hy
Rapp, dAnat. Unters. d. Edent., Tiibingen, ed. 1843, p. 18,

% This specimen is labelled C. didactylus, but coming from Ecuador and having
this formula is probably C. hofmanni. (Compare Troas, O., P. Z. 8., 1880, p. 492.
In it ¢ hears cervical rib articulating with shaft of the first thoracic rib.

4 Zool. Anz. 1878, 1. p. 295,

5 In a specimen in Leipzig Muscum, no. 459, the 6th cervical bears large rihs, of
which the right nearly reaches the sternum, so that Welcker says that there are

only 5 true cervical vertebre.

on C6 measuring 19

mm.

In another of these specimens there is a cervical rib
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On this evidence several comments suggest themselves. First
it should be noted that the Bradypodide strikingly exemplify the
principle which Darwin has expressed, that forms which have an
exceptional structure often shew an exceptional frequency of
Variation. Among Mammals the Sloths are peculiar in having a
number of cervicals other than 7, and from the tables given it will
be seen that both the range and the frequency of numerical
Variation is in them very great, not only as regards the cervicals,
but as regards the vertebra generally.

As concerning the correlation between Variation in the several
regions, WELCKER points out that his results go to shew that there
is such a relation, and that when the sacrum 1s far back, the ribs
also begin further back, or at least are less developed on the
cervicals. As he puts it. with a long trunk there is a long neck.
This 1s a very remarkable conclusion, and it must be admitted
that it is, to some extent, borne out by the additional cases given
above. The connexion, however, is very irregular. For instance,
the Cambridge specimen of Bradypus, though the 29th is the 1st
sacral, has had cervical ribs of good size on the 9th vertebra, and
even has a small one on the 8th. But taking the whole list
together, Welcker’s generalization agrees with the great majority
of cases. Expressed in the terms defined above, we may therefore
say that backward Homeeosis of the lumbar segments is generally,
though not quite always, correlated with backward Homceosis of
the cervicals, and vice versa.

It will be seen further that this Variation concerns every region
of the spine, and that even in the total number of pre-sacral
vertebre there is a wide range of variation, viz. from 27 to 29 in
Bradypus (52 specimens) and from 30 to 34 in Cholepus (20
specimens). Perhaps no domestic mammal shews a frequency
of variation in the fundamental number of segments com-
parable with this. In this connexion it may be observed that the
absolute number of dorso-lumbars in Cholepus (25—27) 1s ex-
ceptionally large amongst mammals; but this is not the case in
Bradypus.

If the case of Bradypus stood alone, some would of course
recognize the occurrence of cervical ribs on the 9th and 8th ver-
tebre as an example of atavism, or return to the normal mam-
malian form with 7 cervicals. The occurrence of normal ribs on
the 7th in Cholepus and the occasional presence of cervical ribs on
the 6th vertebra in this form, even reaching nearly to the sternum
as in Welcker's Leipzig case, obviate the discussion of this hypo-
thesis.

We have, then, in the Bradypodide an example of mammals in
which the vertebrae undergo great Variation as regards both their
total number and their regional distribution. ~As the tables shew
this is no trifling thing, concerning merely the number of the
caudal vertebrz, the detachment of epiphyses which may then be
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called ribs, or some other equivocal character, but on the contrary
it effects besides changes in the number of pre-sacral segments,
that is to say, of large portions of the body, each with their proper
supply of nerves, vessels and the like, producing material change
in the mechanics and economy of the whole body: this moreover
in wild animals, struggling for their own lives, depending for their
existence on the perfection and fitness of their bodily organiz-
ation.

CARNIVORA.

The following cases, though few, have an interest as exemplifying
vertebral Variation in another Order.

Felis domestica. In all the skeletons of FELIpE that I have
examined the formula is C7, D13, .7, 8 3. A specimen of the
domestic Cat having C 7, D 14, L 7 is described by Struthers. The
change of articular processes from dorsal to lumbar was completed
between the 18th and 19th vertebre but the posterior zygapophyses of
the 17th, though of the dorsal type, have to some extent the characters
of a transition-joint. As is stated below, the change in the domestic
Cat normally occurs between the 17th and 18th. In this case therefore
with increase in numbers of ribs the position of the articular change
has varied. This case is described by STRUTHERS, J. Anat. Phys., 1875,
p- 64, Note, but the description there given differs in some respects
from that stated above, which is taken from a letter kindly written
by Professor Struthers in answer to my inquiries.

There is here forward Homeeosis in the development of ribs on the
21st vertebra, in the alteration in position of the articular change,
and in the fact that the 28th is not united to the sacrum.

As seen in some other cases, therefore, with forward Homeeosis the
number of pre-sacral vertebra is increased ; but as usual owing to the
equivocal nature of caudal vertebre it is not possible to state that
the total number of vertebrz is greater.

Canis vulpes. Normally, C 7, D 13, L 7; articular change from
dorsal to lumbar between 17th and 18th.

Specimen having C 7, D 14, L 6, in which further the articular
change occurs partly between the 17th and 18th, and partly between
the 18th and 19th. In Mwus. Coll. Sury. Edin. Information as to
this specimen was kindly sent me by Professor STRUTHERS.

Jackal. Specimen having C 7, D 13, L 8 instead of 7.  Articular
change as usual between 17th and 18th. STRUTHERS in litt.

Canis familiaris. Case of cervical rib on left side borne by 7th
cervical. This rilh was 11 in. long and articulated with a tubercular
elevation on the lst thoracic rib of the same side. The remaining
ribs and vertebra were normal. [fully described] Gruser, W., Arch.
JS. dnat. Phys., u. wiss. Med., 1867, p. 42, Plate.

[In connexion with the foregoing observations it may be mentioned
that the articular change does not take place in the same place in all
Felidee. 1In 4 specimens of F. leo, 2 of F. tiyrisand 2 of F. pardus, in
Edinburgh, and in one Lion and one Tiger in Cambridge the lumbar
type begins between the 18th and 19th as in Struther’s abnormal Cat
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above described ; but in 4 F. domestica, and 2 F. catus in Edinburgh,
1 F. domestica, 1 F. catus, 1 F. concolor and 1 Cyncelurus jubatus
in Cambridge the change is between the 17th and 18th. For informa-
tion as to the Edinburgh specimens, I am indebted to Professor
STRUTHERS. |

Galictis vittata. Specimen from Parani had 16 pairs of ribs,
11 true and 5 false ; 5 lumbar, 2 sacral and 21 caudal vertebrz.

A specimen from Brazil had only 15 pairs of ribs and the same
number of lumbar and sacral vertebrze., BURMEISTER, Keise durch d. La
Plata-Staaten, Halle, 1861, 11. p. 409.

[This is therefore another case of forward Homeosis, (as manifested
in the presence of an additional pair of ribs) associated with an increase
in the number of prasacral vertebre.]

Halicheerus grypus. Phocide generally have C 7, D 15, L 5.
Specimen of H. grypus having C 7, D 15, L 6 at Berlin. The an-
terior of the six lumbars bears a rudimentary rib about 5 em. in length
on the left side. The 28th vertebra is here detached from the sacrum
giving S 3, but generally it is united to it, giving S 4. NEHRING, A.,
Sitzb. naturf. Fr. Berln, 1883, pp. 121 and 122. There is here
therefore a forward Homceosis in the development of a rib on the
23rd, and also in the detachment of the 28th from the sacrum.

REPTILIA.

Mr Boulenger kindly informs me that though the number of
ventral shields (which is the same as that of the vertebre) is as a
rule very variable in the several species of Snakes as a whole, there
is nevertheless great difference in the degree of variability. A case
of maximum variation is that of Polyodontophis subpunctatus, in
which the number of ventral shields has been observed fo vary from
151 to 240 (BoULENGER, Fauna of Brit. India; Reptilia &c. 1890,

. 303).
i On)the other hand the range of variation in Tropidonotus natrix
is unusually small. Among 141 specimens’examined the number of
ventral shields varied from 162 to 190 (STrAUCH, Mém. dc. Sci. Pét.,
1873, xx1., No. 4, pp. 142 and 144).

Gavialis gangeticus. In this animal there are normally present
24 presacral vertebree and 2 sacrals, the first caudal being tohe 27th.
This vertebra has a peculiar form, being biconvex. Specimen de-
scribed having 25 presacrals, 2 sacrals, the 2S5th being the first
caudal, Baur, G., J. of Morph., 1v.,, 1891, p. 33+ In this case
Baur argues that since the first caudal is clearly recognizable by
its peculiar shape, this vertebra must be *homologous™ in the
two specimens and he considers that a vertebra must have been
“intercalated ” at some point anterior to the first caudal by a process
similar to that seen in Python (see No. 7). In his judgment this
has occurred between the 9th and 10th vertebrz, but no reason for
this view is given. On the system here adopted, this would be spoken
of as a case of forward Homeeosis.

Heloderma. The first caudal in the normal form may be dis-
tinguished by having a perforation in the small rib comnected with
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it.  In this it is peculiar. Four specimens shewed the following

arrangements :—
H. Lorridum No. 1. First caudal is the 36th vertebra (Troschel).
ditto No. 2. 37th...... ... (Baur).
H. suspectum No. 1. ... 38th............ (Shufeldt).
ditto NG, 28 . Nlecrnn . ot S, 39th............ (Baur).

BAUR, G., J. of Morph. 1v. 1891, p. 335.

BATRACHIA?

*56. Rana temporaria. In the normal frog there are nin_e
separate vertebr@ in addition to the urostyle. A specimen 1is
described by BourRNE having 10 free vertebrae (Fig. 11, IIL). The
axis and third vertebra bore tubercles upon the transverse pro-
cesses, perhaps representing a partial bifurcation of the kind
described in No. 58. The ninth vertebra was abnormal in having
zygapophyses, and in that its centrum presented two concavities

Froure 11. Vertebral columns of Frog (Rana temporaria), after BournE.
1. Specimen having transverse processes borne by the atlas, together with
other abnormalities described in text No. 58.
II. Normal Vertebral Column.
III. Specimen having ten free vertebrse, described in text, No. 56.

! I regret that the paper bearing on this subject lately published by ApovrraI,
Morph. Jahrb., 1892, zix. p. 313, appeared too late to permit me to incorporate
the valuable facts it coutains.
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for articulation with a tenth vertebra. The right zygapophysis
was well formed and articulated with the tenth, but the left was
rudimentary. The tenth vertebra itself had an imperfect centrum
and the neural arch though complete was markedly asymmetrical.
Posteriorly its centrum presented two convexities for articulation
with the urostyle. [For details see original figures.] BOURNE,
A. G., Quart. J. Micr. Sct., XX1v. 1884, p. 87.

This is a case of some importance as exhibiting Meristic
Variation in a simple form. Of course, as Bourne says, we may
say that in this specimen the end of the urostyle has been
segmented off and that it is composed of “potential’ vertebrz,
and as he also remarks, it is interesting in this connexion to
notice that some Anura, e.g. Discoglossus, present one or two pairs
of transverse processes placed one behind the other at the proximal
end of the urostyle. But this description is still some way from
expressing all that has happened in this case; for beyond the
separation of a tenth segment from the general mass of the
urostyle there is Substantive Variation in the ninth vertebra in
correlation with this Meristic Variation. For the ninth has devel-
oped a zygapophysis and has two concurities behind, like the
vertebree which in the normal frog are anterior to the ninth.
There is therefore a forward Homceosis, associated with an increase
in number of segments, just as there is in such a case as that of
Man (No. 26) or 1n that of Galictis vittata (No. 50).

It is also interesting in this case to see that the actually last free
vertebra hcre, though 1t is the 10th, has two conver articular sur-
faces behind like the 9th, which is the last in the normal frog, thus
shewing a similar forward Homaeosis. Now applying the ordinary
conception of Homology to this case, we may, as Bourne says,
prove that the 9th in 1t is homologous with the 9th in a normal
frog for its transverse processes are enlarged in the characteristic
manner to carry the pelvic girdle. But similarly we may prove
also that the tenth in this case is homologous with the ninth of the
normal, for its centrum has the peculiar convexities characterizing
the last free vertebra. Baur’s proof that the first caudal was
homologous in the two specimens of Gavialis (see No. 54) rested
on the same class of evidence, and for the moment is satisfying,
but as here seen this method though so long established leads
to a dead-lock. Upon this case it may be well to lay some stress,
for the issues raised are here so easily secn. Besides this the
imperfect condition of the extra vertebra enables us to see the
phenomenon of increase in a transitional state, a condition rarely
found. In the instances recorded in Gawialis (No. 5+), owing to
the perfection and completeness of the variation, the characters of
the Ist caudal are definitely present in the 28th though normally
proper to the 27th, and therefore it may be argued that the 25th
here ¢s the 27th of the type.  The frog here described shews that
in this conclusion other possibilitics are not met. On the analogy
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of several cases already given, it is mot impossible that if the
variation seen in this frog had gone further, the 10th vertebra
might alone support the ilium (cp. Nos. 57 and 60) and thus
present the characters of the normal 9th in their ¢ompleteness. If
this change had taken place, we should have & case like that of
Gavialis, and there would be nothing to shew that the new 10th
vertebra was not the 9th of the normal. The truth then seems to
be that owing to the correlation between Meristic Variation pro-
ducing change in number, and simultaneous Substantive Variation
producing a change of form or rather a redistribution of characters,
the attempt to trace individual homologies must necessarily fail ;
for while such determination must be based either on ordinal
position or on structural differentiation, neither of these criterions
are really sound. As I have tried to shew, the belief that they are
so depends rather on preconception than on the facts of Variation.

A male specimen of R. temporaria 4 with ten free vertebrz is

" described by Howgs. In this case the 9th had a posterior

zygapophysis on the left side only. Upon the left side the
transverse process of the 9th was not larger than that of the 8th
and did not support the ilium, which on the left side was entirely
borne by the large transverse process of the 10th. On the right
side the transverse processes of both 9th and 10th were developed
to support the ilium, neither being in itself so large as that of the
10th on the left side. The 9th was concave in front instead of
convex as usual, and thus the 8th which is normally biconcave is
convex behind. The posterior faces of both 9th and 10th bore two
convexities such as are normal to the 9th. The urostyle was
normal, having well-developed apertures for exit of the last pair
of spinal nerves. Howes, G. B, Anat. Anz, 1. 1886, p. 277,
Sigures.

In this case the departure from the normal, exemplified by
No. 56, has gone still further, and the new 10th vertebra bears the
ilium wholly on the left side and in part on the right. The con-
dition is thus again intermediate between the normal and a com-
plete transformation of the 9th into a trunk vertebra and the
introduction of a 10th to bear the ilium (as in No. 60). As
regards the homologies of the vertebrz, the same issues are
again raised which were indicated in regard to No. 56.

Rana temporaria: Case in which transverse processes were present
in the atlas vertebra and the transverse processes of several of the
vertebree were abnormal (Fig. 11, 1). The atlas possessed well-
developed transverse processes.

In the axis the transverse processes are directed forwards instead
of backwards, and that of the l¢ft side presents an indication of bifur-
cation at its extremity.

The third vertebra possessed two pairs of transverse processes
which are joined together for two-thirds of their length. The fourth
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vertebra presents a transverse process on the right side which is bifur-

cated at its extremity. °

The remaining vertebrz, though slightly asymmetrical, present no
special peculiarity, except that the neural arch of the ninth vertebra is
feebly developed. BoURNE. A. G., Quart. Journ. Micr. Sci., 1884, xxiv.,
p. 86, Plate.

There is here backward Homeceosis of the atlas, the only case
of the kind I have met with!. The reduplication of the transverse
processes of the third vertebra should be studied in connexion with
the cases of double vertebrz in Python (No. 7) and the cases of
bifid rib (in Man, No. 12), for they present a variation perhaps inter-
mediate between these two phenomena.

Bombinator igneus. In this form there is a considerable range
of variation in the development of the transverse processes for the
attachment of the pelvic girdle.

GorTE figures a specimen in which the flat expanded transverse
processes have a similar extent on the two sides, but while that on
the right side is made up of the processes of the 9th and 10th vertebrz
(in about the proportions of two to one), that on the left side is
entirely formed by the transverse process of the 10th vertebra. GoTTE,
Entw. d. Unke, Atlas, Pl. x1x., fig. 346.

Sardinian specimen figured in which the processes for the attach-
ment of the pelvic girdle seem to be composed entirely by those
of the 10th vertebra while those of the 9th are not developed. GENE, J.,
Mem. Reale Ac. di Torino, S. 2, 1., PL v, fig. 4.

Specimen figured in which both transverse processes of 9th and
of the 10th are alinost equally developed to carry the pelvic girdle.
CAMERANO, L., Atti R. Ac. Sci. Torino, 1880, xv., fig. 3.

Specimen in which the left transverse process of the 9th bears
the pelvic girdle on the left side, and the right transverse process
of the 10th bears it on the right side, while the corresponding processes
of the opposite sides were not developed. Similar case recorded in
Alytes obstetricans by LATASTE, Rev. int. des Sci., 1., p. 49, 1879
[not seen, W.B.]; ibid. fig. +.

Specimen in which the transverse processes of the 9th alone
were developed to carry pelvic girdle, but the proximal end of the
urostyle was laterally expanded more than usual, bid. p. 7, fig. 3.

[Case of hypertrophy of coccyx, ibid. fig. 6; ad hoc v. BEDRIAGA,
Zool. Anz., 1879, 11, p. 664 ; CAMERANo, Atti R. Ac. Sci. Torino, xv.,

p. 8]

Recapitulation of important features of Variation as seen in the
vertebral column.
I. As regards fact.
1. The magnitude of the variations.
2. The rarity of imperfect vertebrz.
3. The phenomenon of imperfect Division of vertebra and
ribs.

Apovput, . c., p. 352, PL xir. fig. 3 gives an account of a specimen of Bufo
variabilis in which the atlas bore a transverse process on the left side only. In
this specinen the first two vertebrse were united and their total length was reduced.
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The frequency of substantial if imperfect bilateral sym-
metry in the variations, but the occasional occurrence
of asymmetry also.

The special variability of some types, e.g. Stmwa satyrus;
the Bradypodide ; Bombinator igneus.

The evidence that this variability may occur without
the influence of civilization or demestication.

II.  As regards principle.

1L

The occasional, though not universal, association of for-
ward Homceosis with increase in number and of back-
ward Homoeosis with reduction in number.

The frequent correlation between Variation in several
regions, such correlated Variation being sometimes
unilateral.

The impossibility of applying a scheme of Homology
between 'individual segiments.



CHAPTER 1IV.

LiNBAR SERIES—continued.

SPINAL NERVES.

THE spinal nerves compose a Mcristic Series in many respects
similar to that of the vertebre. As between the vertebra, so
between’the spinal netves, there 1s differentiation according te the
ordinal succession of the members, certain distributions and func-
tions being proper tp nerves in certain ordinal positions.  The study
of the way inwhith Variation eccurs in this series is one of great
interest, but unfertunately it is extremely complicated. For while
as regards vertebra the distribution of structural differentdation
can be recognized on .inspectign, in the spinal nerves to obtain a
true knowledge of the arramgement in any one case physiological
investigeion or at least elaborate and special methods of disscetion
are nceded. Though it is therefore 1mpossible to introduce any
account which should at all adequately represent the great diver-
sity of possible arrangements, 1t 1s nevertheless necessary to refer
briefly to the chief results attained by these mcthads and to the

rinciples which-havé been detected in the Variation of the nerves.

t must of course be foreign to our purposes to examine the many
diversities of pattern produced by the divisions and anastomoses of
. nerve-cords in the formation of plexuses, &c., and we must confine
our considgration to cases of Variation in the distribution of dif-
ferentiation among the spinal nerves, that is to say, mn the segmen-
tation of the nervous ‘system in so far as 1t may be judged from
the arrangement of spinal nerves.

Some conception of the magnitude and range of Variation found
in single spectes of Birds may be gained by reference to the beau-
tiful researghes of FURBRINGER' A table is given by Fiirbringer,
shewing the number and serial position of the spinal nerves which
take part in the formation of the brachial plexus in (7 species of

L]

4 Fiirbringer's memoirg are of such magnitude and completeness that I have felt
it to bé somewhat of an i*peninence to attempt to make selection from them; and
it must be remembered that from the isolatel and typical cases here given, only
a distorted view of the evidence can be gained. As regards this subject, therefore,
reference to the original work is especially needed.

B. 9
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Birds investigated by himself. He also gives particulars of the
individual variations which were found in certain cases. From
this table the following statement is compiled, shewing the most
important diversities met with and the instances of individual Va-
riation. In the majority of cases the most posterior spinal nerve
of the cervical region was the most posterior nerve of the brachial
plexus, but in a certain number of cases it does not join the plexus
at all; in some other cases the anterior spinal nerve of the dorsal
region also takes part in forming the plexus. As the table shews,
each of these plans has been likewise met with as an individual
variation.

Fiirbringer’s table shews 3 as the minimum number of spinal
nerves found taking part in the formation of the plexus of any bird
(Bucorvus abyssinicus): the same number has been found as a
minimum by other observers in other birds (v. FURBRINGER, p. 242,
note). The maximum number was 6, found in Charadrius and
some specimens of Columba. The plexus is generally formed by 4
or 5 spinal nerves.

In cases where several individuals were examined, individual
variation was generally found, as in Anser, Podargus, Picus, Geci-
nus and Garrulus; in these cases the number of spinal nerves
which took part in forming the brachial plexus varied between 4
and 5, while in Columba, the number even varied between 4 and 6.

Variations also occurred in this respect between the two sides
of the body. For example, in a specimen of Anser cinereus the
plexus was formed on the right side by the nerves XVI, XVII,
XVIII and XIX, while on the left side it received a strand from
the XXth nerve in addition to these.

As has been stated, the last cervical nerve is generally the last
nerve supplying the brachial plexus but deviations from this plan
occur in both directions. These deviations may occur as individual
variations and they may cven be unilateral, owing to the transition
between the cervical and dorsal vertcbrae being effected at different
points on the two sides of the body.

Particulars are given respecting the average proportions of the
several roots in the differcnt arrangements, but the arrangement
or size of the roots relatively to each other was not found to bear
any constant relation either to the systematic position of the bird,
or to its slze, or to its capacity for flight. It was however generally
found that there was a certain relation between the relative size of
the roots and the length of the neck in birds with a plexus com-
posed of four roots. In this case the greatest thickness was gener-
ally either in or anterior to the middle roots of the plexus in short-
necked birds, but posterior to the middle of the plexus in long-
necked birds, but even this rule was not at all closely observed and
many exceptions occurred. FURBRINGER, I, ¢, p. 243.

In Vanation in the ordinal positions of the spinal nerves com-
posing the plexus, the pattern of the plexus as newly constituted
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commonly bore a resemblance to the original pattern of the plexus,
a phenomenon which FURBRINGER has called “imitatory Homo-
dynamy ” or © Parhomology ” of the plexus! (L c. p. 243).

Correlation between the constitution of the brachial plexus and
the position and number of moveable cervical ribs.

65.  Anser cinereus, var. domestica. Upon this point Fiirbrin-
ger has made a series of important observations, especially in the
Goose, which enabled him to state that there is, within limits a
certain correlation between the composition of the brachial plexus
and the development of the ribs of this region. Speaking gener-
ally, those individuals in which the plexus was formed in a more
anterior position usually shewed a fairly developed cervical rib on
the 18th vertebra (4 nser), and even as in Fig. 12, I, a very short
but moveable rib on the 17th vertebra; and in.such cases the 19th
vertebra generally bore the first true sternal rib. On the other
hand, examples with a more posterior development of the brachial
plexus shewed not only an entire absence of moveable ribs on the
17th, but even a considerable reduction in the size of the ribs of
the 18th and 19th vertebrze, so that these became © trausitional ”
in character, leaving the 20th vertebra as the first vertebra bearing

XV XVI X\ XVIrXIX St' XX XV X\ XV p XIX(¢r XN

| N /ﬂ‘ \ \
Vi
W/

Fro. 12. Diagrains of brachial plexus and cervical ribs in two Geese (dnser
cinereus, var. domestica) after Fiirbringer (being hi< specimens D, l¢rt, and G, right).
Case in which the 17th aud 18th vertebrm bear cervical ribs and the [19th
bears the first sternal rib, II. Case in which the 17th and 18th vertebrs bear
cervical ribs, and the 20th bears the first sternal rib.
ar axillaris, bri brachialis longus inferior, brs braclialis longus superior,
cbri coraco-brachialis iuternus, ci cutaneus brachii inferior, cs cutaueus brachii
superior, ic iutercostals, ld latissimus dorsi, p pectoralis, rh rhomboideuns, sbsc sub-
scapulares, srpr nerves to levator scapule and serratus profuudus, srsp nerves to
serratus superficialis, stc sterno-coracoideus.

1 The principle denoted by these expressions is nearly the same as that here
expressed in the terin Homaosis, which is perhaps more convenient as being a more
inclusive expression,



134

true sternal ribs (Fig. 12, IL).
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The measurements are given by

FURBRINGER for 7 specimens, of which those relating to two ex-
treme cases (here figured) are appended.

Ribs of Ribs of Ribs of Ribs of
17th vert., 18th vert., 19th vert., 20:}1 v:rt.
length in mm. | length in mm. | length in mm.
L rt. 2:5 20 23+5 (sternal) (sternal}
23 cm. long ( 1. 2'75 21 2375 (stsema,tl) (sternal
51+ 135 ligt.
IL rt. — 7 and cartilage 59 (sternal)
51 cm. long 1 _ 12:5 51+15°5 ligt. | o (sternal)

and cartilage

FURBRINGER, M., Morph. Jahrb., 1879, v. pp. 386 and 387.

66.

By comparison of specimens of the Pigeon, Columba livia, var.

domestica, a similar correlation was found to occur, as shewn in
Fig. 13, 1. and II. (Furbringer’s specimens A and E).

X x

XI Cr X1 Cr XXV Cr XV St’

xn

xm ('rX!V('r XvCr

Fie. 13. Diagrams of brachial plexus and cervical ribs in two Pigeons (C. livia,
var. domestica) after Fiirbringer,

I. Case in which the 12th, 13th and 14th vertebrm bore cervical ribs.

in which the 13th, 14th and 15th bore cervical ribs.

II. Case

Letters as in Fig, 12.

The measurements of the ribs of these individuals were as fol-

lows :
| | |
Ribsof | Ribs of Ribs of |
' 12th vert., | 13th vert., 14th vert., Ribs of Ribs of
' | length in ‘ length in length in | 15th vert. | 16th vert.
[ ’ | mm. ‘
f\
I L { rt. — ‘ 18 25 ‘ 1st sternal | 2nd sternal
(L 3 | 20 26 | 1st sternal | 2nd sternal
1L ’ rt. — 3 18 (damaged) ! 1st sternal
L — [ — 18 23 1st sternal
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The same correlation was established in the case of the Jay
Garrulus glandarius, but an actual variation in the number of
moveable cervical ribs is not recorded in this species (see Fig. 14,
I. and II, Fiirbringer’s specimens A and D). FURBRINGER, M,
Morph. Jahrb., 1879, v. p. 375.

Xn  xm crxvcr xv Sttt X

Fro. 14. Diagrams of the cervical ribs and brachial plexus in two Jays
(Garrulus glandarius) atter Fiirbringer.

I. Case in which the brachial plexus began from the xith nerve, the cervical
ribs of 13th and 14th vertebrse being longer than in II, a case in which the xmth is
the first nerve contributing to the brachial plexus. Letters as in Fig. 12.

The measurements of the two specimens here figured were as
follows :

. . Ribs of 15th vert.
Tilb of 1ath vert., | Ribs of LIh vert | (ith stera. onl part)
2 length in mm.
I rt. 5 18-5 245
* 1. 7 205 26
II rt. 35 17-25 22
L 35 , 16'5 23

FURBRINGER, M., Morph. Jahrd., 1879, v. p. 363.

But though this correlation between the nerves and the ribs is
on the whole decided and unequivocal, it should be explicitly
stated that it only occurs within certain limits and 1s not universal,
and this statement of correlation is far from covering the whole
ground. FURBRINGER, /. c. p. 387.

BracniaL PLEXUS.

Man and other Mammals. By minute dissection of the
brachial plexus in fifty-five subjects (32 feetal and 23 adult)
HERRINGHAM obtained important evidence as to the parts sup-
plicd by the fibres of the several spinal roots forming the plexus,
and as to the considerable variation which occurs in respect of this
supply. Of the facts thus arrived at, two examples may be quoted
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in illustration, concerning the composition of the median and ulnar
nerves respectively. )

The median is formed by two heads from the plexus; into the
outer head the VIth and VIIth spinals enter, while the inner 1s
formed by branches of the VIIIth and IXth, sometimes with the
addition of some bundles of the VIIth. The presence of fibres
from the VIIth depends on whether the anterior branch of the
VIIth bifurcates, or goes wholly to the anterior (outer) cord of the
plexus. In order to see whether both VIIIth and IXth contribute
to the median, twenty-eight dissections were made, fourteen 1n
infants, fourteen in adults. In one feetus and in one adult no
branch frem the IXth was found, these being the only exceptions
to the rule that both VIIIth and IXth send fibres to the median
nerve. The median is then made of the VIth, VIIth, VIIIth and
IXth, but these roots do not send to it a constant proportion. The
bundle from the VIth varies little, that from the VIIth varies
considerably, that from the VIIIth is sometimes equal to, some-
times smaller, and sometimes larger than the bundle from the IXth.

The origin of the ulnar nerve was traced in thirty-two cases,
fourteen being adults. It was found to arise in four different ways.
Most commonly it arose from the VIIIth and IXth: this occurred
in twenty-three cases. With the VIIIth and IXth is sometimes
combined a strand from the VIIth, as shewn in five cases (four
feetal, one adult). In three feetal cases it arose from the VIIIth
only, and in one feetal and one adult case from the VIIth and
VIIIth. The VIIth is only added to the ulnar in some of those
cases in which it gives a branch to the posterior (inner) cord of the
plexus. In several cases the branch from the VIIIth was much
larger than that from the IXth, but the reverse was never met
with.

Evidence similar to the above is given respecting other nerves
from the brachial plexus.

From the results of the investigation generally, it appeared that
the range of Variation though considerable was not extravagant,
and that when parts, usually supplied by some given nerve root,
are supplied by some other root, this other root is then either the
one anterior or the one posterior to the root from which the supply
normally comes. Some muscles seemed to bear definite relations
to each other and their nerve supply seemed also “ to vary solidly,”
their nerve supplies remaining the same relatively to each other,
though derived from a different root. “The best example of this
1s in the three muscles which are attached along the inner side of
the bicipital groove, the subscapularis, teres major, and latissimus
dorsi. The first is usually supplied by the Vth and VIth, the
second by the VIth, and the last by the VIIth, and however much
they may vary above and below their typical place, they do not
change their relations to each other. A similar relation exists
between the two supinators and the two radial extensors. These
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last are sometimes supplied by the VIth, sometimes by the VIIth,
but they are never in any case placed above the supinators. These
are always supplied by the VIth alone. The flexor group in the
forearm show a similar fixed relation.” Herringham concludes
that “the nerve roots are not always composed of the same fibres,
but that what is in one case the lower bundle of the Vth may be
in another the upper bundle of the VIth, and what is now the
upper bundle of the VIIIth will at another time be the lower of
the VIIth root.” Hence the following principle is enuntiated:
“ Any given fibre may alter its position relative to the vertebral
column, but will maintain its position relative to other fibres.”

HerriNGHAM, W. P, Proc. Roy. Soc., XL1., 1886 pp. 423, 427,
430, 435.

By physiological methods, SHERRINGTON working chiefly on
Macacus, but on other animals also, found that this principle sub-
stantially holds good for the outflow of fibres throughout consider-
able regions of the cord, but that it is not always applicable to
great lengths of the cord, for the brachial plexus may be consti-
tuted in a region which is near the head end in comparison with
the place of origin in other individuals, while in the sanic individual
the sciatic plexus may be constituted in a region which is for it
comparatively far back. No exception to the principle was found
in the sense that a given efferent fibre which n one individual 1s
anterior to some other particular fibre is cver in any individual of
the same species posterior to it. SHERRINGTON, C. N, Proc. Roy.
Soc., L1. 1892, p. 76. This principle ot Herringham’s ix analogous
to that which m the much simpler case of Variation in vertebui
was pointed out on p. 107. It was stated that in such Homeotic
variation no gaps are left. If a vertebra assumes a cervical cha-
racter, it 1s the 1st dorsal, and so on.

sg9.  The following noteworthy case is described by HERRINGHAM n
an infant. It should be borne in mind that to a normal brachial
plexus the 1Vth nerve gives a siall communication, the Vth, VIth,
VIIth, V1I1th and IXth give large cords. while the Xth (or IInd
dorsal) gives a minute fibre only. In this abnormal specimen, on
the left side the part from the Xth was as large as that from the
IXth, and this was as large as the VIIIth, whereas the natural
proportion of VIIIth to IXth is about 2 to 1. The musculo-cuta-
neous received from the VI1Ith, instead of from the Vth and VIth
only as more commonly found; the median received no VIth (v
supra); the teres major was supplied by the VIIth alone, instead
of by the VIth; the circumflex received trom the VIIth, instead
of Vth and VIth alone as scen in 43 cases without any other ex-
ception ; the musculo-spiral was formed by the VIIth, VIIIth and
IXth, instead of by the VIth, VIlIth and VIIIth (and sometimes
even Vth); the deep branch in the hand received from both VIIIth
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and IXth (instead of VIIIth alone, as seen in five cases out of six).
But though in all these respects the nerve-supply of the plexus was
in ordinal position posterior to the normal, nevertheless the IVth
sent a communication to the Vth (as it does normally) and the
suprascapular and subscapular were given off normally. Here, then,
the supply to the plexus began at the normal place, though 1t ex-
tended further back than it normally does. On the right side the
branch from the Xth was slightly bigger than usual, but otherwise
the only abnormality noted was that the IXth sent a branch to the
musculo-spiral. HERrrINGHAM, W. P., Proc. Roy. Soc., 1886, XLI.
p. 435. In view of FURBRINGER’S evidence (see Nos. 65 and 67),
it might be expected that the first rib would be reduced in corre-
lation with the irregular forward Homceosis of the nerves. In
reply however to a question on the subject, Dr Herringham has
kindly informed me that no abnormality in the ribs was seen, but
that this point was not specially considered.

Compare also LANE’S case, No. 24, in which similarly a large
branch from the Xth joined the plexus on the right side and the
first rib was rudimentary, both structures thus shewing a correla-
ted forward Homeeosis.

LuMB0O-SACRAL PLEXUS.

By physiological methods SHERRINGTON found that the supply
to the lumbo-sacral plexus varied considerably with regard to its
origin from the spinal nerves. This was seen in Macacus, in the
Cat and in the Frog. In none of these animals was any one ar-
rangement found sufficiently often to justify its selection as a “nor-
mal” type. In each case it was found convenient to divide the
different forms of arrangement into two classes, the one in which
the supply to the plexus was in ordinal position more anterior
(“ pre-axial,” Sherrington), the other being more posterior (“ post-
axial,” Sherrington). Particulars respecting the distribution of the
several nerves and the movements resulting from their stimulation
in the two classes, are given in detail (q. v.). In Macacus, 31 in-
dividuals belonged to the more anterior class, and 21 to the more
posterior. In the Cat the number of individuals in the two classes
was 22 and 39 respectively. It is stated generally that

“The distribution of the peripheral nerve-trunks is not obviously
different, whether, by its root-formation the plexus belong to the
pre-axial class, or to the post-axial. The peripheral nerve-trunks are,
as regards their muscles, relatively stable in comparison with the spinal
roots. When the innervation of the limb-muscles is of the pre-axial
class, so also is that of the anus, vagina and bladder ; and conversely.”
SuerriNGToON, C. 8., Proc. Roy. Soc., 1892, L1. pp. 70—786.

Primates. Since in examining the facts of Variation we are
seeking for evidence as to the modes in which specific differences
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originate, allusion may therefore be made to some facts of normal
structure in differing forms in illustration of the nature of such
differences, and for comparison with the differences which are seen
to occur by Variation. The arrangement of the lumbo-sacral plexus
in the Primates well exemplifies some of these points. In Man,
Chimpanzee and Gorilla the 1st sacral vertebra is the 25th: in
the Orang it is the 26th; in the Baboons, e.g. Macacus inuus
(= Inuus pithecus Is. Geoff,, the Barbary Ape) it is the 27th.
Now, as Rosenberg says, seeing that in Man the sacral plexus
receives one whole pre-sacral root, the XXVth, and part of the
XXIVth, it might be supposed that this plexus in the Orang
would receive two whole prz-sacral roots and part of a third, or
that in Macacus it would receive three pra-sacral roots and part
of a fourth. But, as a atter of fact, in each of these forms,
Chimpanzee, Orang and Muacacus, according to Rosenberg, only
one whole pra-sacral root and part of the next above it enter
the sacral plexus, just as in Man, though the ordinal positions
of the nerve-roots are different.

The Chimpanzee, however, which Rosenberg examined, was
the specimen described (No. 34), having the 25th as a trans-
itional lumbo-sacral vertebra, and rudimentary ribs on the 21st.
In this speciinen the pra-sacral nerves received by the sacral
plexus were the XXVIth and part of the XXVth, thus bearing
the same ordinal relations to the sacrumn that the nerves of the
lumbo-sacral cord do in the other forms and in Man, though each
is ordinally one lower in the whole series than it is in Man. The
same was true of the spinal roots composing the obturator and
crural. RosenBera, E., Morph. Jahrb, 1. 1876, pp. 148, 149 and
Tables, note 19,

This case is interesting as an example of forward Homaosis
in the vertebra associated with forward Homeeosis in the sacral
Elexus. When compared with the following casc of a Chimpanzee'

aving normal lumbo-sacral vertebra, several discrepancies will
be scen beyond those which can be accounted for by the
single change of one in the ordinal position of the 1outs. No
doubt for the larger nerves Rosenberg’s account 1s correct, but
as he states that the specimen was so badly preserved that
the nerves could not be satisfactorily traced, it is possible that
some of the branches may have been missed. However this may
be, the specimen dissected by Champneys had important features
of difference, notably that the sacral plexus received from the
XXIInd spinal, while thc highest recorded as entering it in
Roscuberg’s case was the XXVth, a greater difference than can
be accounted for on the simple hypothesis of a change of one
place throughout.  Though, speaking generally, Rosenberg is
right in saying that the evidence of the normal condition in
Mgucucus and Orang as compared with each other and with Man

! Cuaupxeys, F., Journ. dnat. Phys., Ser. 2, v. 15872, p. 176.
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suggests that the variation of the vertebral regions goes hand
in hand with that of the plexus, and though a comparison be-
tween Rosenberg’s abnormal Chimpanzee with that dissected by
Champneys largely bears out this suggestion, yet it is also clear
that this correlation is not a precise one, as indeed has already
appeared in several instances.

In giving the compositions of the several nerves of the lumbo-
sacral plexus in Man and Chimpanzee, I have given the num-
bers of the nerves in the whole series for simplicity of comparison.
It will be remembered that a Chimpanzee has one pair of ribs
more than Man, the XXIst nerve is the 1st lumbar in Man, but
is the 13th dorsal in Chimpanzee, the XXVIth nerve being the
1st sacral in both forms. The table given shews, as Champneys
says, that the general arrangement of the nerves of the lower
limb and lumbar and sacral plexuses was in Chimpanzee very
similar to that in Man, but that the nerves are very differently
composed.

Il- h . MAN. CHIMPANZEE.
10-hypogastric -

ot ggui%] x } b 0.4 A — XXI.
Genito-crural XXI—XXII. ............ XXI.
External cutaneous XXII. XXIII. ............ XXI., XXII.
Obturator XXIII. XXIV. ............ XXI—XXIIT.
Anterior crural XXIL—-XXIV. .........es XXI—XXIV.
Superior gluteal XXIV—XXVI ............ XXIV.—XXVI.
Sacral plexus XXIV.—XXIX. civeininnnn XXII—XXVIL
Small sciatic XXIV.—XXIX.....o0ienens XXIV—XXVIL

(From CHAMPNEYS, Lc. p. 210.)

The origin of the nerves is therefore in several cases lower
in Man than in the Chimpanzee, although in the absence of ribs
on the 20th vertebra Man shews a character which, as compared
with the presence of ribs in this position in the Chimpanzee repre-
sents a backward Homceosis.

Man. With the foregoing, compare the case mentioned above
(No. 32) in which two entire lumbar nerves joined the sacral
plexus in a human subject having no ribs on the 19th vertebra,
&c. STRUTHERS, J. dnat. Phys., 1875, p. 72 and p. 29.

For information as to the variations of the lumbo-sacral plexus in
the Primnates see also RoSENBERG, Morph. Jakrb., 1. 1876, p. 147 et seqq. ;
and as to cases in Primates and in other vertebrates compare von
JHERING, Das peripherische Nervensystem der Wirbelthiere, &c., Leipzig,
1878. Of these, two cases of partial backward Homeosis in the
lumbo-sacral plexus of the Dog are perhaps noteworthy, as being
represented and described in greater detail than many of von Jhering’s
cases. In one of these the rib of the 13th dorsal (20th vertebra) was
not developed, this vertebra being formed as a lumbar and thus itself
shewing a backward Homceosis in correlation to that of the nerves
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(voN JHERING, I c. p. 182, pl. 1v. fig. 2). Descriptions and diagrams
of similar cases are given throughout the work, but as some of them
represent specimens described by others (e.g. STRUTHERS and ROSEN-
BERC) originally without diagrams, it is difficult to know how far the
accounts given are schematic. For this reason reference to the original
work must be made.

Bradypodideae. Brachial plexus. As examples of normal differ-
ences the Sloths are especially interesting, but unfortunately an
extended investigation of the nerves in several individuals has not
been made. The results found by SoLGER relate to one specimen of
B. tridactylus and one of C. didactylus. The latter was a perfect
specimen, but the former had been partially dissected and the details
of the nerves were largely imperfect. The Cholepus was a specimen
with seven cervicals, and the Bradypus had nine, the last bearing rudi-

I o
Fio. 15. Diagrams shewing the composi’tion of the brachial plexus in
I. a Cholepus, I1, a Bradypus. v'—rll, the vertebree, IV, VII, X, XII, fourth,

seventh, tenth and twelfth cervical nerves. ., dorsal cord. B, ventral cord.
a, phrenic. b, dorsalis scapula. ¢, suprascapular. d, subscapular.

mentary ribs. As the figure shews (Fig. 15), there was a close but not
a perfect resemblance between the composition of the plexus in the
two cases, that of Bradypus being in nearly each case two roots lower
than that in Cholapus. In the latter the IVth nerve gave a branch
to the Vth, but whether in Bradypus the VIth gave a branch to the
VIIth was not determined with certainty owing to the condition
of the specimen. [For details see original paper] SoLcer, B., Morph.
Jahrb,, 1875, 1. p. 199, PL v1.

One more case may be given i illustration of the kind of
difference which normal forms may present.

Pipa (the Surinam Toad). In the majority of the Batrachia, the
most anterior pair of spinal nerves leaves the vertebral column between
the first and second vertebrs, no sub-occipital being present. The
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second pair leaves between the second and third ventebrz, and t_he
third pair leaves between the third and fourth vertebrse. The brachial
plexus is formed by the whole of the second pair together with parts of
the first and third pairs. (The details of the arrangement are compli-
cated and vary greatly in different forms.) In Pipa a different arrange-
ment exists. The most anterior pair of nerves leaves the spinal
column by perforating the first vertebra, and the pair which leaves
between the first and second vertebree is therefore ordinally the second
pair of spinal nerves in this form; the pair which leaves between the
second and third vertebrz is the third, and so on. The brachial plexus
is made up of the whole of the second nerve, nearly the whole of the
third nerve and of a branch of the first. ’

If then it were to be supposed that the pair of nerves which leaves
the column between the first and second vertebre in Pipa is homo-
logous with the pair of nerves which leaves in the same place in Rana,
&c., it is clear that between the skull and the 2nd vertebra of Fipa,
there is an extra pair of nerves not found in Rona. The number of
free vertebrze in Pipa is however less than in Rana. For in the former
there are only seven of these, making with the united sacral vertebra
and urostyle eight pieces in all; but in Rana there are eight pre-
sacrals, one sacral, and counting the urostyle, ten pieces in all. In
Rana only one spinal nerve, the 10th, leaves the urostyle, while in
Pipa two pairs, the 9th and 10th, pass out through the terminal piece
of the vertebral column, suggesting that the diminution in the
number of vertebrz is due to the absence of separation between the
9th vertebra and the urostyle. The whole number of spinal nerves
is therefore the same in both Rana and Pipa, but in the latter the
Ist pair perforate the 1st vertebra in addition to the 2nd pair
which pass out between the lst and 2nd vertebrz. FURBRINGER',
M., Jen. Zt., 1874, viiL. p. 181 and Note, Pl. vi. fig. 37; also Jen.
Zt., 1873, vir. Pl xiv. figs. 5 and 6.

It was suggested by STaNN1US (Lekrb. d. vergl. Anat., p. 130, Note)
that perhaps the lst vertebra of Pipa represents two coalesced verte-
bre, but in an anatomical examination of two specimens of Pipa,
Firbringer (/.c. 1874, p. 180), found no confirmation of this suggestion,
and developniental evidence also went to shew that no such fusion
occurs in the ontogeny at least’ KOLLIKER, A., Verh. phys.-med.
Ges. Wiirzburg, 1860, x. p. 236.

As Firbringer says there is no satisfactory way of bringing this case
of Pipa into accord with the condition seen in Rana. In the Urodela
there is of course a suboccipital nerve hetween the skull and the 1st
vertebra which is not present in Rana, and some resemblance to Pipa
is thus suggested; but in the Urodela the 1st spinal does not actually

! Compare voN JueriNG, H., Morph. Jahrb., 1880, vi. p- 297. The statement
made by von Jhering that the nerves of Pipa and Rana correspond nerve for nerve,
though in different positions relative to the vertebrs, if established would be
important; but from the want of detailed description it is not clear whether this
conclusion was arrived at by actual dissection. )

# This is questioned by Apovpu1, Morph. Jahrb., x1x. 1892, p. 815, note. The
same paper contains much important matter bearing on the variation of the nerves
of Amphibia. I regret that this paper did not appear in time to enable me to
incorporate the facts it contains.
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anastor&)se with the plexus, though it gives off the superior thoracic
which in both Runa and Pipa comes off at a point peripheral to the
formation of the plexus (Furbringer).

If the two spinal nerves which come out of the urostyle in Pipa
may be taken to shew that this bone contains n + 2 vertebre while the
single pair in Kana shews the urostyle to consist of =+ 1, there is in
Pipa (as compared with Rana), a diminution of one in the total
number of vertebrez, together with a backward Home<osis, which is
seen in the fact that the 8th vertebra bears the pelvic girdle. Turning
now to the nervous system, the fact that the last spinal nerves to join
the brachial plexus in Pipa are the IIIrd, while in Rana they are the
IVth, is again an evidence of backward Homeosis. But if this process
were completely carried out, the pair of nerves which in Pipa pass out
through the lst vertebra should pass out between this vertebra and the
skull, i.e. in the position of the suboccipital of the Urodela. Beyond
this analysis cannot be carried, and this case is a good illustration of
the fact that the hypothesis of an individual homology between the
segments does not satisfy all the conditions of the problem.

Relation between the ordinal position of spiial nerves and
their distribution to the limbs.

This subject is introduced partly because it further illustrates the
pature of the relations which the spinal nerves maintain towards each
other, and thus bears indirectly on the phenomena of their Variation ;
but chiefly because it presents a view of some of the complexities which
arise in the apportionment of organs centrally disposed in Meristic
Series, to the parts of peripleral appendages having no clear or co-
incident relation to the primary or fundamental segmentation of the
body. The facts have thus a value as furnishing a kind of commentary
on the nature of Meristic Repetitions in vertebrates. In any attempt
to interpret or comprehend Meristic Repetition as a whole, they must
be taken into account.

The principles of the distribution of the spinal nerves to the muscles
of the fore-limb have been thus enuntiated by HERRINGHAM.

1. “Of two muscles, or of two parts of a muscle, that which is
nearer the head-end of the body tends to be supplied by the higher,
that which is nearer the tail-end by the lower nerve.

2. “Of two muscles, that which is nearer the long axis of the
body tends to be supplied by the higher, that which is nearer the peri-
phery by the lower nerve.

3. “Of two muscles, that which is nearer the surface tends to
be supplied by the higher, that which is further from it by the lower
nerve.” HEeRRrINcuaM, W. P., Proc. Roy. Soc., xLl. 1886, p. 437.

Details are given shewing the manner in which the innervation of
the muscles in Man bears out these principles.

Forctve and LaxSEGRAcE', who worked with dogs and monkeys
by physiological methods, arrived at conclusions identical with those
which Herringhan came to by human dissection.

! Distrib. des racines motrices, &c., Montpellier, 1333, p. 45 [quoted from
Herringham: not seen, W. B.]; also Comptes Rendus, 1854, cxvi. p. 687.
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As regards the sensory nerves in the fore-limb, the following ‘ncii)les
were similarly established by dissection in Man. )

1. “Of two spots on the skin, that which is nearer the pre-axial
border tends to be supplied by the higher nerve. v

2. “Of two spots in the pre-axial area the lower tends to be;
supplied by the lower nerve, and of two spots in the post-axial area the
lower tends to be supplied by the higher nerve.”

“Thus, if the limb be seen from the front, the two highest nerves
on the outer and inner sides respectively are the IVth and Xth.
Lower than these the Vth and VIth take the outer, the IXth and
Xth the inner side. Below the elbow the VIth alone takes the outer,
and the IXth alone the inner. In the hand, while the VIth and IXth
continue their positions, the VIIth and VIIIth for the first time join
in the supply.” Particulars from which this general statement is made
are given. HERRINGHAM, /.c. p. 439.

According to subsequent investigations of SHERRINGTON’s on the
Lind-limb, the innervation of the muscles of the posterior aspect of the
thigh and leg do not follow the third of Herringham’s principles, for in
their case the deep layer of muscles is innervated by roots anterior to
those which innervate the superficial muscles. The same experiments also,
though clearly shewing that the nerve-supply of the skin of the hallux
is anterior to that of the 5th digit, gave only equivocal evidence that
the same was true of the musculatures of these two digits; and in the
thigh the gracilis is not supplied before the vastus externus, whose
relation is rather that of ventral to dorsal than of anterior to posterior.
SuERRINGTON, C. S., Proc. Roy. Soc., 1892, L1 p. 77.

RECAPITULATION.

Some features in the Meristic Variation of the spinal nerves,
as illustrated by the foregoing evidence, may be briefly sum-
marized.

In the first place, as might be anticipated from the compound
nature of a spinal nerve, when Homaeeotic Variation takes place, it
does not commonly occur by the transformation of entire nerves,
but rather by change in the distribution and functions of parts, of
nerves. In this respect, therefore, there is a difference between
Homeosis 1n spinal nerves and that in vertebre, for in the latter,
Homceosis 1s often complete.

A rough illustration may make this more clear.

Just as in making up the chapters of a book into volumes,
whole chapters may be put into one volume or into the next, and
the following chapters renumbered, so it may be with the Varia-
tion of vertebra, for these may belong wholly to one region of the
spine or to another. But the nerves are like chapters made up of
sections ; particular sections or groups of sections may come in an
earlier chapter or in a subsequent one, and the places of those that
have been moved on may be filled up consecutively, but it seldoin
happens that whole chapters are renumbered. Nevertheless it is
clear from such a case as that of Bradypus and Cholapus, on the
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hypbth?sis that both forms are descended from a common ancestor,
that such changes and renumbering of whole nerves must have
happened, though there is evidence to shew that this may happen
piecepeal, as in cases given.

.- Of course 1n gpeaking of such changes among the vertebre it
will not be forgottem that partial changes occur too, but there
is etill greater %isc‘ontinuity in their case than in that of the
nerves.

But that there is Discontinuity in the case of nerves also is
clear ; for a given fibre, supplying a given muscle, must leave the
spinal cord either by one foramen and one spinal nerve, or by
another. Conversely the nth motor nerve must supply either one
muscle or another, and the transition between the two, however
finely it may be subdivided, must ultimately be discontinuous in
the case of individual fibres. It would be interesting to know to
what extent fibres vary in bundles, but this can hardly be deter-
mined.

There is, however, some evidence that the group of fibres
supplying a limb does to some extent vary up and down the series
as a group, though much rearrangement may occur also within the
limits of the group itself.

Lastly, there is important evidence that Variation in other
parts may be correlated with change in the ordinal positions at
which nerves with given distributions emerge from the spinal
cord. With Variation in the ordinal positions at which the nerves
come out, change in other parts, notably in the ribs, may happen
too; so that we may say that in a sense there may be, at least
within the limits ot single species (see cases Nos. 24, 65 and
71), a correlation between the apportionment of their functions
among the nerves and the contour of the body, both changing
together, the ribs rising and falling with the rise and fall of the
brachial plexus. The nerves do not merely come out through the
foramina like stitches through the welt of a shoe, the shape of the
shoe remaining the same wherever the threads pass out. The
arrangement is, rather, like that of the strings of such an instru-
ment as a harp or piano, in which there is a correlation between
the curves of the frame and the positions of the several notes: so
long as the frame is the same, the strings cannot be moved up or
down, the instrument still retaining the same compass and the same
number of notes.

B. 10



CHAPTER V.
LINEAR SERIES—continued.

HoM®EoTIC VARIATION IN ARTHROPODA.

THE occurrence of Homceosis among the appendages of Ar-
thropoda is illustrated by a small but compact body of evidence.
To this evidence special value may be attached, not because it
is likely that in the evolution of the Arthropods variations have
really taken place, in magnitude comparable with those now to
be described, but rather because these cases give a forcible illus-
tration of possibilities that underlie the common and familiar
phenomena of Meristic Repetition. Of these possibilities they
are indeed “Instances Prerogative,” salient and memorable ex-
amples, enuntiating conditions of the problem of Variation in
a form that cannot be forgotten. Facts of this kind, so common
in flowering plants, but in their higher manifestations so rare
in animals, hold a place in the study of Variation comparable
perhaps with that which the phenomena of the prism held in the
study of the nature of Light® They furnish a test, an elenchus,
which any hypothesis professing to deal with the nature of organic
Repetition and Meristic Division must needs endure.

INSECTA.

Cimbex axillaris (a Saw-fly), having the peripheral parts
of the left antenna developed as a foot. The right antenna is
normal, ending in a club-shaped terminal joint. In the left an-
tenna the terminal joint is entirely replaced by a well-formed
foot, having a pair of normal claws and the plantula between
them (Fig. 16). This foot is rather smaller than a normal foot,
but is perfectly formed. The rest of the antenna, so far as the
point at which the club should begin is normal in form, but is
a little smaller and thinner than the same parts in the right
antenna. KRAATZ, G., Deut. ent. Ztschr., 1876, xx., p. 877, PL.

! Bee the well-known passage in Nov, Org., 1. xxii.
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This specimeh was most kindly lent to me for examination by
Dr Kraatz, but to this description I am unable to add anything?®.

Fra. 16. Cimbez azillaris: right antenna normal; left antenna bearing a foot.
11. the left antenna seen from in front. III. the same from above. After KraaTz.

It should be noted that the plantar surface of the foot was turned
rather forwards as shewn in the figure, and not downwards like
the normal feet.

*76. Bombus variabilis ' (a Humble-bee). A specimen taken
beside the hedge of a park in Munich, having the left antenna
partially developed as a foot. The first two joints were normal.
They were followed by two joints which were rather compressed
and increased in thickness and breadth. Of these the first was
oblong and somewhat narrowed towards its apex by two shallow
constrictions, giving it an appearance as of three joints united
into one; below it presented a projecting and tooth-like point.
This joint was only slightly shiny. The next joint to it was al-
most triangular, and was reddish-brown, shiny, and having hairs
on its lower surface. Posteriorly it was prolonged inwards, cover-
ing the previous joint so that both seemed to form one joint:
the posterior edge was somewhat thickly covered with hairs. The
upper part of tﬁe first of these two joints and the prolongation
of the second were together covered by a hairy, scale-like third
Joint, which seemed to be only attached at its base. From the
apex of the second joint arose a shortened claw-joint, like the claw-

{)oint of a normal foot. This joint was reddish-brown and shiny,

earing a pair of regularly formed claws, like the claws of the

foot. RIECHBAUMER, Entom. Nachr., 1889, xv. No. 18, p. 281.

} Some to whom I have spoken of this specimen, being unfamiliar with entomo-
logical literature, and thus unaware of the high repntation of Dr Kraatz among ento-
mologists, have expressed doubt as to its genuineness. 1 may add therefore that
the specimen, when in Cambridge, was illuminated as an opaque object and submit-
ted to most careful microscopical examination both by Dr D. Sharp, F.R.S., and
myself, and not the slightest reason was found for supposing that it was other than
perfoctly natural and genuine. The specimen was also carefully relaxed and washed
with warm water, but no part of it was detached by this treatment.

10—2
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The two following cases must be given here, inasmuch as
they relate to Homceosis of the appendages in Insects; but in
the case of the first the evidence is unsatisfactory, and in the
case of the second there is considerable doubt whether the varia-
tion is really of the nature of Homceosis.

Prionus coriarius J : having elytra represented by legs.

The following is a translation of an announcement in the
Stettiner Ent. Ztg., 1840, vol. 1. p. 48, which is copied from the
original communication to the Preussische Provinzial-Bldtter, Bd.
xX. [The latter journal not seen, W.B.]:—* One of my pupils
brought me to-day a male Prionus coriarius, Fbr., the thorax of
which is remarkably constructed. =~ The horny covering of the
mesothorax is absent. and in place of the elytra is a pair of
fully developed legs which are directed upwards and backwards.
These legs are inserted at the points of articulation of the elytra.
The metathorax supports the wings as usual and the abdomen
is not hardened more than it usually is. In trying to fly, the
creature moved these upwardly directed legs simultaneously
with its wings. The scutellum is absent and the prothorax has
only two spines; other parts normally developed.” Dr SAAGE,
Braunsberg, 1839 :—Hagen, in quoting this case, mentions that
the specimen was afterwards seen by von Siebold, but gives no
reference to any writing of von Siebold on the subject.

[If this specimen still exists, it is to be hoped that a de-
scription of it may be published. In the absence of further in-
formation there seems to be no good reason for aecepting the case
as genuine. ] S

_ Zygena filipendule . Specimen possessing a supernumerary
wing arising in such a position as to suggest that it replaced a leg.
This specimen was originally described by Ricmarpson, N. M.,

Fi6. 17. Zygena filipendule, 3, having a supernumerary wing on the left side.
The upper figure shews the neuration of the supernumerary wing. From drawings
by Mr N. M. RicHARDSON.

Proc. Dorset F?'eld Club, 1891, and was exhibited at a meeting of
the Entomological Society of London, 1891, Proc. p. x. The extra
wing was in general form and appearance like a somewhat folded
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hind wing but its colour was rather yellower, though it was more
red than yellow. I have to thank Mr Richardson for allowing me
to examine this specimen in company with Dr Sharp. In compliance
with Mr Richardson’s wish we did not strip the wing or remove the
thick hairs which surrounded its base, and it is therefore not
possible to speak with certainty as to its precise point of origin.
The following deseription of it was drawn up for me by Dr Sharp:
“The supernumerary wing projects on the under side of the body,
and at its base there intervenes a space between it and the dorsal
region of the body about equal to the length of the metathoracic
side-piece. The exact attachment of the base of the supernumerary
wing cannot be seen owing to the hairiness of the body, but so far
as can be seen it is to be inferred that the wing is attached along
the length of the posterior coxa, the outer edge of the point of
attachment may be inferred to extend as far as the suture between
the coxa and thoracic side-piece; if this view be correct the
abnormality may be described as the absence of the hind femur
and parts attached to it, and the addition of a reduced wing to the
hind-margin of the coxa. It is, however, just possible that if the
parts cou%(li be clearly distinguished it might be found that the
real point of attachment of the abnormal wing is the suture
between the metathoracic side-piece and the hind coxa.”

It should be distinctly stated that there is no empty socket or
other suggestion that the rest of the leg bad been lost, and it was in
fact practically certain that it had never been present. There is
thus a strong prima facie case for the view that the leg has been
developed as a wing, however strong may be the theoretical
objections to this conclusion. On the other hand, as will be shewn
in a later chapter, supernumerary wings are known in specimens
having a full complement of legs, and 1t is conceivable that one of
these supernumerary wings may have arisen in such a way as to
})revent the proper development of the leg from the imaginal disc.

f the specimen were carefully stripped of hairs some light might
perhaps be thrown on this question. The figure (Fig. 17) is from
a drawing kindly lent me by Mr Richardson.

CRUSTACEA.

Cancer pagurus. Specimen having the right third maxilli-
pede developed as a chela. This animal was brought by a fisher-
man to the Laboratory of the Marine Biological Association at
Plymouth., It is a male, measuring five inches from one side of
the carapace to the other. All the parts appear to be normal with
the exception of the third maxillipede of the right side. This
structure, however, has the form shewn in Fig. 18, A, differing
entirely from the ordinary condition of the appendage. Fig. 18, B,
is taken from the third maxillipede of the left side and shews the
ordinary structure of the same parts. On comparing the two
figures 1t will be seen that the protopodite does not differ in the
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limbs of the two sides; that the exopodite of the right side is

Fre. 18. Cancer pagurus d ; the right and left third maxillipedes, that of the
right side having the endopodite in the likeness of the endopodite of a chela.
bp. basipodite, cp. carpopodite, dp. dactylopodite, ep. epipodite, g. groove between
parts representing ischiopodite and meropodite, g’. groove representing the suture
at which a normal chela is thrown off if injured. From P. Z. S., 1890.

essentially like that of the left, but that it lacks the inner process
and the flagellum which are borne by the normal part. There was
some indication that this branch of the limb had been injured, and
perhaps the flagellum may have been torn away, but the appear-
ances were not such as to warrant a conclusion on this point. The
branchial epipodites (not shewn in the figures) were normal in
both cases. The endopodite of the right side was entirely peculiar,
and was, in fact, literally transmuted into the likeness of one of
the great chel®. It consists of a single joint (m¢), articulating
with the basipodite centrally and bearing the carpopodite. This
single joint represents, as it were, the ischiopodite aud meropodite
of an ordinary chela, but these two parts are ankylosed together
and the articulation between them is only represented by a groove
(9)- Another groove (g¢') represents the groove upon the ischiopo-
dite of the chela, at which the limb is commonly thrown off by
the animal if it is injured. The carpopodite, propodite and dactylo-
podite are freely moveable on each other and hardly differ, save
1n absolute size, from those of the normal chelee. The shape, pro-
portions and texture are all those of the chela. BaTEsoN, W.,
Proc. Zool. Soc., 1890, p. 580, fig. 1.

A similar case' of Cancer pagurus Q. 4 inches across carapace,
mature, right pedipalp [i.e. 3rd maxillipede] normal, left pedipalp
modified into a chela having all the joints clearly defined, CORNISH,
T., Zoologist, S. 3, vIiL. p. 349.

Palinurus penicillatus. The left eye bearing an antenna-
like flagellum, growing up from the surface of the eye as shewn
in the figure (Fig. 19). The eye-stalk and cornea, as represented,
appear to have been of the normal shape but reduced in size.

! Similar cases since published by Ricrarp, Ann. Sci. Nat., Zool., 1893.
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MiLNE-EDWARDS, A., Comptes Rendus, LI1X. 1864, p- 710 ; described
and figured by Howes, W. B., Proc. Zool. Soc., 1887, p- 469.

F16.19. Palinurus penicillatus, the left eye bearing an antenna-like flagellum.
After Howes.

Hippolyte fabricii differs from other species of the genus in
being usually without epipodites at the bases of all the cephalo-
thoracic legs except the first pair, while in the other species these
appendages are usually present upon the bases of the first and
second, or upon the first, second and third pairs, and on this
character it was placed by KROYER in a separate section of the
genus.

Of 52 individuals (18 males varying in length from 27 mm. to
39 mm. and 34 females varying from 165 mm. to 50 mnm.), from
various localities on the New England coast, 47 had the normal
number of epipodites, while 5 had epipodites on one or both of the
second pairs of legs. Of the latter 3 were from the Bay ot Fundy;
one 4, 35 mm. long, has well-developed epipodites on each side of
the 2nd pair of legs; another 4, 36 mm. long, has a short epipodite
on the left side and none on the right: the other, ¢, 47 mm. long,
has a well-developed epipodite on the left side and none on the
right. The two others were from Casco Bay: a ¢, 36 mm. long,
with a short epipodite on the left side, and a &', 28 mm. long, with
a rudimentary one on the right side. As the measurements shew,
the presence of these epipodites is not characteristic of the young.
SMITH, S. J., Trans. Connecticut Acad., v. 1879, p. 6+.
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Variation in the number of generative openings vn Crayfishes.

Astacus fluviatilis. A female having the normal pair of
oviducal openings on the bases of the anmtepenultimate pair of
walking legs, and in addition to them another pair of similar
openings placed upon the corresponding joints of the penultimate
pair of walking legs. On dissection it was found that the ovary
was normal, and that from each side of it a normal oviduct was
given off; but each of these oviducts divided a little lower down
to form two smaller oviducts, one of which went to each of the
four oviducal openings. DESMAREST!, E., Ann. Soc. Ent. France,
1848, Ser. 2, VI p. 479, PL.

Astacus fluviatilis ¢, having a supernumerary pair of ovi-
ducal openings placed on the last pair of thoracic legs. The normal
oviducal openings were in the usual position and of the usual
shape and size, but in addition to them there was an extra pair
placed on the last thoracic legs. It should be remarked that
though these are the appendages upon which the openings of the
male organs are placed, the oviducal openings were not in this
case situated at the posterior surface of the joint as the male
openings are, but were placed relatively to the leg in the same
situation as the female openings on the antepenultimate legs. The
penultimate legs and the abdominal appendages were normal. On
dissection it was found that each oviduct after passing for the
greater part of its course as a single tube, divided into two parts,
one of which went to each oviducal opening. The ovary itself
was normal. BENHAM, W. B, Ann. Mag. N. H., 1891, Ser. 6, VII.
p- 256, Pl 111. [I am greatly obliged to Mr Benham for an oppor-
tunity of examining this specimen. Attention is called to the
fact that in this specimen Homceosis occurs in an unusual way,
leaving a gap in the series; for the openings are on the ante-
penultvmate and last thoracic legs respectively.]

Desmarest’s observation stood apparently alone until lately, when
the specimen just described and several others presenting the same
or similar variations were observed by BENHAM. Mr Benham was
kind enough to send me the following specimens for examination :
one female having a single extra oviducal opening on the left side
upon the penultimate thoracic leg (Fig. 20 C), and two females
having a similar extra opening in the same place on the right
(Fig. 20, B); in both of these the normal oviducal openings were
unchanged. Together with these Mr Benham also sent a female
having only one oviducal opening on the right side and another
having only the left oviducal o