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most fishes ; and they not only act in elevation and depression, but in lateral rota
tion, as any one can verify for himself by watching fishes in an aquarium. In
order to accommodate these united lateral appendages most conveniently to the
sinuous curves into which the body of a fish is thrown in swimming, and to di
minish the surface of resistance to the water, the parapodia have divided them
selves into two groups, leaving the centre of the body, where the cephalic and
caudal curves meet during progression, free from lateral appendages..
Time would fail to permit me to catalogue the many other recent additions to our
knowledge of Ontogeny derived from Embryology, so I must draw to a conclusion
by referring very briefly to the department of morphological science with which my
own daily work brings me most closely into contact, viz. that of Human Anatomy.
Considering the limited field, and the care with which the human body has been
scrutinized for so many years, it is easily understood that the amount of annual
progress is inconsiderable, except in matters of minute detail; still every year
gives to us a solid addition to our knowledge; and of the fruits of the past year's
work. I would refer, in passing, to the papers of Bemays on the development of
the Auriculo-ventricular Valves, of Klein on the Histology of the Omentum, and
of Herbert Watnev on the Distribution of the Connective Reticulum throughout
the whole alimentary canal.
In matters of detail it is still surprising how much yet remains to be done even
in this much wrought department. In a subject so personally interesting as that
of Human Anatomy, it is surely of practical utility, if not of scientific interest, that
we should have correct and broadly based statements regarding averages of con
ditions in the case of the variable structures of the human body (and what part is
not variable?). In the dissecting-rooms of Great Britain and Ireland there are at
least six hundred human bodies examined annually, and yet there are few variable
structures concerning which we have observations made on any thing like such a
numerical basis.
I t has been the fashion on the part of certain anatomists to disparage the work
of those who observe and collate such cases of variety; but surely such a method
of regarding any group of constantly recurring morphological facts is unphilosophical, even though the bearing of the facts be not at first sight obvious; and until
we know the laws of whose operations these so-called anomalies are special cases,
on general principles it becomes the business of the anatomist to collect, collate,
and record these cases. Thanks to the researches of the laborious and indefati
gable Prof. Wenzel Gruber, of St. Petersburg, that prince of descriptive anatomists,
and to those of others too numerous to mention, the anatomical text-books of to-day
are much more definite than they were thirty years ago. Y et much still requires
to be done; and in even our most recent hand-books we often seek in vain for
information on points of descriptive anatomy. Surely it is to be hoped, and not
too much to expect, that in a few years some of the many small lacuna; in our
knowledge will be filled up, and the study of human anatomy will become, not a
mere matter of words ana names, as it lias in too many respects been hereto
fore, but a really scientific study, a practical application of sound morphological
principle.

A nthropology,
Address to the Department o f Anthropology.

B y F rancis Gaxton, F .Ii.S .

P ermit me to say a few words of personal explanation to account for the form
of the Address I am about to offer. I t has been the custom of my predecessors to
give an account of recent proceedings in Anthropology, and to touch on many
branches of that wide subject. But I am at this moment unprepared to follow their
example with the completeness I should desire and you have a right to expect,
owing to the suddenness w ith which I have been called upon to occupy this chair.
1 had, indeed, the honour of being nominated to the post last spring; but eircum-
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stances arising which made it highly probable that I should be prevented from
attending this meeting, I was compelled to ask to be superseded. New arrange
ments were then made by the Council, and I thought no more about the matter.
However, at the last moment, the accomplished ethnologist who otherwise would
have presided over you was himself debarred by illness from attending, and the
original plan had to be reverted to.
Under these circumstances I thought it best to depart somewhat from the usual
form of Addresses, and to confine myself to certain topics with which I happen to
have been recently engaged, even at the risk of incurring the charge of submitting
to you a memoir rather than an address.
I propose to speak of the study of those groups of men who are sufficiently
similar in their mental characters or in their physiognomy, or in both, to admit of
classification ; and I especially desire to show that many methods exist of pursuing
the inquiry in a strictly scientific manner, although it has hitherto been too often
conducted with extreme laxity.
The types of character of which I speak are such as those described by Theo
phrastus, La Bruyere, and others, or such as may be read of in ordinary literature
and are universally recognized as being exceedingly true to nature. There are no
worthier professors of this branch of Anthropology than the writers of the higher
works of fiction, who are ever on the watch to discriminate varieties of character,
and who have the art of describing them. It would, I think, be a valuable service
to Anthropology if some person well versed in literature were to compile a volume
of extracts from novels and plays that should illustrate the prevalent types of human
character and temperament. W hat, however, I especially wish to point out is, that
it has of late years become possible to pursue an inquiry into certain fundamental
qualities of the mind by the aid of exact measurements. Most of you are aware of
the recent progress of what has been termed Psycho-physics, or the science of sub
jecting mental processes to physical measurements and to physical laws. I do not
now propose to speak of the laws that have been deduced, such as that which is
known by the name of Fechner, and its numerous offshoots, including the law of
fatigue ; but I will briefly allude to a few instances of measurement of mental pro
cesses, merely to recall them to your memory. They will show, what I desire to lay
stress upon, that the very foundations of the differences between the mental qualities
of man and man admit of being gauged by a scale of inches and a clock.
Take, for example, the rate at which a sensation or a volition travels along the
nerves, which has been the subject of numerous beautiful experiments. We now
know that it is far from instantaneous, having, indeed, no higher velocity than that
of a railway express train. This slowness of pace, speaking relatively to the require
ments that the nerves have to fulfil, is quite sufficient to account for the fact that
very small animals are quicker than very large ones in evading rapid blows, and
for the other fact that the eye and the ear are situated in almost all animals in the
head, in order that as little time as possible should be lost on the road in trans
mitting their impressions to the brain. Now the velocity of the complete process
of to and fro nerve-transmission in persons of different temperaments has not been
yet ascertained with the desired precision. Such difference, as there mav be, is
obviously a fundamental characteristic, and one that well deserves careful examina
tion. I may take this opportunity of suggesting a simple inquiry that would throw
much light on the degree in which its velocity varies m different persons, and how
far it is correlated with temperament and external physical characteristics. Before
I describe the inquiry'I suggest, and towards which I have already collected a few
data, it is necessary that I should explain the meaning of a term in common use
among astronomers, namely “ personal equation.” It is a well-known fact that
different observers make different estimates of the exact moment of the occurrence
of any event. There is a common astronomical observation, in which the moment
has to be recorded at which a star that is travelling across the field of view of a
fixed telescope crosses the fine vertical wire by wrhich that field of view is inter
sected. In making this observation it is found that some observers are over-san
guine and anticipate the event, while others are sluggish and allow the event to
pass by before they succeed in noting it. This is by no means the effect of _inexperience or maladroitness, but it is a persistent characteristic of each individual,
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however practised in the art of making observations, or however attentive he may
be. The difference between the time of a man's noting the event and that of its
actual occurrence is called his personal equation. It remains curiously constant in
every case for successive years, it is carefully ascertained for every assistant in everv
observatory, it is published along with his observations, and is applied to them just
as a correction would he applied to measurements made by a foot-rule that was
known to be too long or too short by some definite amount. Therefore the magni
tude of a man’s personal equation indicates a very fundamental peculiarity of his
constitution ; and the inquiry I would suggest is to make a comparison of the age,
height, weight, colour of hair and eyes, and temperament (so far as it may ad mi to f
definition) in each observer in the various observatories at home and abroad, with
the amount of his personal equation. W e should thus learn how far the more
obvious physical characteristics may he correlated with certain mental ones, and
we should perhaps obtain a more precise scale of temperaments than we have at
present.
Another subject of exact measurement is the time occupied in forming an ele
mentary judgment. If a simple signal be suddenly shown, and if the observer
presses a stop as quickly as he can wrhen he sees it, some little time will certainly
be lost, owing to delay in nerve-transmission and to the sluggishness of the me
chanical apparatus. In making experiments on the rate of judgment, the amount
of this interval is first ascertained. Then the observer prepares himself for the
exhibition of a signal that may be either black or white, but he is left ignorant
which of the two it will be. He is to press a stop with his right hand in the first
event, and another stop with his left hand in the second one. The trial is then
made, and a much longer interval is found to have elapsed between the exhibition
of the alternative signal and the record of it than had elapsed when a simple signal
was used. There has been hesitation and delay : in short, the simplest act of judg
ment is found to consume a definite time. It is obvious that here, again, we have
means of ascertaining differences in the rapidity of forming elementary judgments
and of classifying individuals accordingly.
It would be easy to pursue the subject of the measurement of mental qualiths
to considerable length, by describing other kinds of experiment, for they are numer
ous and varied. Among these is the plan of Professor Jevons, of suddenly exhi
biting an unknown number of beans in a box, and requiring an estimate of their
number to be immediately called out. A comparison of the estimate with the fact,
in a large number of trials, brought out a very interesting scale of the accuracy of
such estimates, which would of course vary in different individuals, and might be
used as a means of classification. I can imagine few greater services to Anthro
pology than the collection of the various experiments that have been imagined to
reduce the faculties of the mind to exact measurement. They have engaged the
attention of the highest philosophers, but have never, so far as I am aware, been
brought compendiously together, and have certainly not been introduced, as they
deserve, to general notice.
Wherever we are able to perceive differences by intercomparison, we may rersonably hope that we may at some future time succeed in submitting those differ
ences to measurement. The history of science is the history of such triumphs. I
will ask your attention to a very notable instance of this, namely, that of the esta
blishment of the scale of the thermometer. You are aware that the possibility of
making a standard thermometric scale wholly depends upon that of determining
two fixed points of temperature, the interval between them being graduated into a
scale of equal parts. These points are, I need hardly say, the temperatures of freezing
and of boiling water respectively. On this basis we are able to record temperature
with minute accuracy, and the power of doing so has been one of the most important
aids to Physics and Chemistry as well as to other branches of investigation. We
have been so accustomed from our childhood to hear of degrees of temperature,
and our scientific knowledge is so largely based upon exact thermometric measure
ment, that we cannot easily realize the state of science when the thermometer,
as we now use it, was unknown. Yet such was the condition of affairs so recently
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as two hundred years ago, or thereabouts. The invention of the thermometer, in
its present complete form, was largely due to Boyle; and I find in his Memoirs
(London, 1772, vol. vi. p. 403) a letter that cannot fail to interest us, since it well
expresses the need of exact measurement that was then felt in a particular case,
where it was soon eminently well supplied, and therefore encourages hope that our
present needs as Anthropologists may hereafter, in some way or other, be equally
well satisfied. The letter is from Dr. John Beale, a great friend and correspondent
of Boyle, and is dated February, 1663. He says in i t :—
“ I see by several of my own thermometers, that the glass-men are by you so well
instructed to make the stems in equal proportions, that if we could name some
degrees, . . . we might by the proportions of the glass make our discourses intel
ligible in mentioning what degrees of cold our greatest frosts do produce. . . . If
we can discourse of heat and cold in their several degrees, so as we may signify the
same intelligibly, . . . it is more than our forefathers have taught us to do
hitherto.”
The principal experiments by which the mental faculties may be measured
require, unfortunately for us, rather costly and delicate apparatus ; and until phy
siological laboratories are more numerous than at present, we can hardly expect
that they will be pursued by many persons.
Let us now suppose that, by one or more of the methods I have described or alluded
to, we have succeeded in obtaining a group of persons resembling one another in
some mental quality, and that we desire to determine the external physical charac
teristics and features most commonly associated with it. I have nothing new to
say as regards the usual anthropometric measurements ; but I wish to speak of the
great convenience of photographs in conveying those subtle but clearly visible pecu
liarities of outline which almost elude measurement. I t is strange that no use is
made of photography to obtain careful studies of the head and features. No single
view can possibly exhibit the whole of a solid, but we require for that purpose views
to be taken from three points at right angles to one another. Just as the architect
requires to know the elevation, side view, and plan of a house, so the Anthropologist
ought to have the full face, profile, and view of the head from above of the indi
vidual whose features he is studying.
It might be a great convenience, when numerous portraits have to be rapidly
and inexpensively taken for the purpose of anthropological studies, to arrange a
solid framework supporting three mirrors, that shall afford the views of which I
have been speaking, by reflexion, at the same moment that the direct picture of
the sitter is taken. He would present a three-quarter face to the camera for the
direct picture, one adjacent mirror would reflect his profile towards it, another on the
opposite side would reflect his full face, and a third sloping over him would reflect
the head as seen from above. All the reflected images would lie at the same
optical distance from the camera, and would therefore be on the same scale, but
they would be on a somewhat smaller scale than the picture taken directly. The
result would be an ordinary photographic picture of the sitter, surrounded by three
different views of his head. Scales of inches attached to the framework would
appear in the picture and give the means of exact measurement.
Having obtained drawings or photographs of several persons alike in most
respects, but differing in minor details, -what sure method is there of extracting the
typical characteristics from them ? I may mention a plan which had occurred both
to Mr. Herbert Spencer and myself, the principle of which is to superimpose opti
cally the various drawings and to accept the aggregate result. Mr. Spencer sug
gested to me in conversation that the drawings reduced to the same scale might be
traced on separate pieces of transparent paper and secured one upon another, and
then held between the eye and the light. I have attempted this with some success.
My own idea was to throw faint images of the several portraits, in succession, upon
the same sensitized photographic plate. I may add that it is perfectly easy to
superimpose optically two portraits by means of a stereoscope, and that a person
who is used to handle instruments will find a common double eyeglass fitted with
1877.
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stereoscopic lenses to be almost as effectual and far handier than the boxes sold in
shops.
In illustration of what I have said about photographic portraits, I will allude to
some recent experiences of my own in a subject that I have still under considera
tion. In previous publications I have treated of men who have been the glory of
mankind; I would now call your attention to those who are its disgrace. th e
particular group of men I have in view are the criminals of England, who have
been condemned to long terms of penal servitude for various heinous offences.
It is needless to enlarge on the obvious fact that many persons have become con
victs who, if they had been afforded the average chances of doing well, would have
lived up to a fair standard of virtue. Neither need I enlarge on the other equally
obvious fact, that a very large number of men escape criminal punishment who in
reality deserve it quite as much as an average convict. Making every allowance
for these two elements of uncertainty, no reasonable man can entertain a doubt
that the convict class includes a large proportion of consummate scoundrels, and
that we are entitled to expect to find in any large body of convicts a prevalence of
the truly criminal characteristics, whatever these may be.
Criminality, though not very various in its development, is extremely complex
in its origin; nevertheless certain general conclusions are arrived at by the best
writers on the subject, among whom I would certainly rank Prosper Despine. The
ideal criminal has three peculiarities of character: his conscience is almost deficient,
his instincts are vicious, and his power of self-control is very weak. As a conse
quence of all this he usually detests continuous labour. This statement applies to
the criminal classes generally—the special conditions that determine the descrip
tion of crime being the character of the instincts, and the fact of the absence of
self-control being due to ungovernable temper, or to passion, or to mere imbecility.
The deficiency of conscience in criminals, as shown by the absence of genuine
remorse for their guilt, appears to astonish all who first become familiar with the
details of prison life. Scenes of heartrending despair are hardly ever witnessed
among prisoners; their sleep is broken by no uneasy dreams—on" the contrary, it
is easy and sound; they have also excellent appetites.
But hypocrisy is a
very common vice; and all my information agrees in one particular, as to the
utter untruthfulness of criminals, however plausible their statements may appear
to he.
The subject of vicious instincts is a very large one: we must guard ourselves against
looking upon them as perversions, inasmuch as they may be strictly in accordance
with the healthy nature of the man, and, being transmissible by inheritance, may
become the normal characteristics of a healthy race, just as the sheep-dog, the
retriever, the pointer, and the bull-dog have their several instincts. There can be
no greater popular error than the supposition that natural instinct is a perfectly
trustworthy guide, for there are striking contradictions to such an opinion in indi
viduals of every description of animal. All that we are entitled to say is, that
the prevalent instincts of each race are trustworthy, not those of every individual.
A man who is counted as an atrocious criminal by society, and is punished as such
by the law, may nevertheless have acted in strict accordance with hiajnstincts.
The ideal criminal is deficient in qualities that oppose his vicious instincts: he has
neither the natural regard for others which lies at the base of conscience, nor lias
he sufficient self-control to enable him to consider his own selfish interests in the
long run. He cannot be preserved from criminal misadventure, either by altruistic
or by intelligently egoistic sentiments.
It becomes an interesting question to know how far these peculiarities may be
correlated with physical characteristics and features. Through the cordial and
ready assistance of Sir Edmund Du Cane, the Surveyor-General of Prisons, who
has himself contributed a valuable memoir to the Social Science Congress on the
subject, I was enabled to examine the many thousand photographs of criminals that
are preserved for purposes of identification at the Home Office, to visit prisons and
confer with the authorities, and lastly to procure for my own private statistical
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inquiries a large number of copies of photographs of heinous criminals. I may as
well say that I begged that the photographs should be furnished me without any
names attached to them, but simply classified in three groups, according to the
nature of the crime. The first group included murder, manslaughter, and burglary ;
the second group included felony and forgery; and the third group referred'to
sexual crimes. The photographs were of criminals who had been sentenced to long
terms of penal servitude.
By familiarizing myself with the collection, and continually sorting the photo
graphs in tentative ways, certain natural classes began to appear, some of which
are exceedingly well marked. It was also very evident that the three groups of
criminals contributed in very different proportions to the different physiognomic
classes.
This is not the place to go further into details : indeed my inquiry is far from
complete. I merely quote my experiences in order to show the way in which ques
tions of character, physiognomy, and temperament admit of being scientifically
approached, and to give an instance of the helpfulness of photography. If I had
had. the profiles and the shape of the head as seen from above, my results would
have been much more instructive. Thus, to take a single instance, I have seen
many pencil studies in outline of selected criminal faces drawn by Dr. Clarke, the
accomplished and zealous medical officer of Pentonville Prison ; and in these sketches
a certain very characteristic profile seemed to me conspicuously prevalent. I should
have been very glad of photographs to corroborate this. So, again, if I had had
photographic views of the head taken from above, I could have tested, among
other matters, the truth of Professor Benedict’s assertion about the abnormally
small size of the back of the head in criminals.
I have thus far spoken of the characters and physiognomy of well-marked
varieties of m en: the Anthropologist has next to consider the life-history of those
varieties, and especially their tendency to perpetuate themselves, whether to dis
place other varieties and to spread, or else to die out. In illustration of this, I will
proceed with what appears to be the history of the criminal class. Its perpetua
tion by heredity is a question that deserves more careful investigation than it has
received; but it is on many accounts more difficult to grapple with than it may at
first sight appear to he. The vagrant habits of the criminal classes, their illegiti
mate unions and extreme untruthfulness ■are among the difficulties. It is, however,
easy to show that the criminal nature tends to be inherited; while, on the other
hand, it is impossible that women who spend a large portion of the best years of
their life in prison can contribute many children to the population. The true state
of the case appears to be that the criminal population receives steady accessions
from classes who, without having strongly marked criminal natures, do nevertheless
belong to a type of humanity that is exceedingly ill-suited to play a respectable
part in our modern civilization, though they are well suited to flourish under half
savage conditions, being naturally both healthy and prolific. These persons are apt
to go to the bad : their daughters consort with criminals and become the parents
of criminals. An extraordinary example of this is given by the history of the
infamous Jukes family in America, whose pedigree has been made out, with extra
ordinary care, during no less than seven generations, and is the subject of an elabo
rate memoir printed in the thirty-first annual report of the Prison Association of
New York, 1870. I t includes no less than 540 individuals of Jukes blood ; among
whom the number of persons who degraded into criminality, pauperism, or disease
is frightful to contemplate.
It is difficult to summarize the results in a few plain figures, but I will state those
respecting the fifth generation, through the eldest of the five prolific daughters of
the man who is the common ancestor of the race. The total number of these was
123, of whom 38 came through an illegitimate granddaughter, and 85 through
legitimate grandchildren. Out of the 38, 16 have been in jail, 6 of them for
heinous offences, one of these haring been committed no less than nine tim es;
11 others were paupers, or led openly disreputable lives ; 4 were notoriously intem
perate ; the history of 3 bad not been traced, and only 4 were known to have
done well. The great majority of the women consorted with criminals. As
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to the 85 legitimate descendants, they were less flagrantly bad, for only'5 of them
had been in jail, and only 13 others had been paupers. Now the ancestor of all
this mischief, who was born about the year 1730, is described as having been a
hunter and a fisher, a jolly companionable man, averse to steady labour, working
hard and idling by turns, and who had numerous illegitimate children, whose issue
has not been traced. He was, in fact, a somewhat good specimen of a half-savage,
without any seriously criminal instincts. The girls were apparently attractive,
marrying early and sometimes not badly j but the gipsy-like character of the race
was unsuited to success in a civilized country. So the descendants went to the bad,
and the hereditary moral weaknesses they may have had rose to the surface and
worked their mischief without a check. Cohabiting with criminals, and being ex
tremely prolific, the result was the production of a stock exceeding 500 in number,
of a prevalent criminal type. Through disease and intemperance the breed is now
rapidly diminishing; the infant mortality has of late been horrible among them ;
hut fortunately the women of the present generation hear usually hut few children
and many of them are altogether cnildless.
This is not the place to go further into details. I have alluded to the Jukes
family in order to show what extremely important topics lie open to inquiry in a
single branch of anthropological research, and to stimulate others to follow it out.
There can he no more interesting subject to us than the quality of the stock of
our countrymen and of the human race generally, and there can be no more worthy
inquiry than that which leads to an explanation of the conditions under which it
deteriorates or improves.

Z oology and B otany.
[For Dr. J. Gwyn Jeffreys’s Address, see page 79.]
On the Colour o f Animals.

B y Wir. A ckrotd.

The tendency to change which we see in all departments of nature is perhaps
nowhere more strikingly shown than in the phenomena of colour in the animal
kingdom. The apparent seasonal change of garb by the arctic fauna, the assump
tion of brigher colours by males than by females in the gradual change from cubhood to the adult state, and the fading of the tints upon the nearing of old age,
are sufficient evidences of this. The author proceeds to deal with these phenomena
from a physical standpoint.
Respecting colour in the inorganic world, two propositions are enunciated, in
which the coloured substance is referred to as the absorbing body.
Prop. I. Alteration o f atomic position in the absorbing body is accompanied by change
o f colour.
Prop. H . is the converse of I.
Change of colour in the absorbing bodg is an evidence o f its loss or gain of
potential energy.
The latter proposition the writer attempts to apply to the study of the colour of
animals, and works with the following scale, which he terms the biological metachromatic scale:—
/ \ Black
Brown
Red
Increase of Animal
Orange
Potential Energy.
Yellow
Green
Blue
W hite or Colourless \ /

Decrease of Animal
Potential Energy.

