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ADDRESS

BY

Prorrssor SIR WILLIAM TURNER, M.B., D.C.L,
LLD., D3¢ FRS.,

; PRESIDENT.

TwENTY-SEVEN years ago the British Association met in Bradford, not at
that time raised to the dignity of a City. The meeting was very success-
ful, and was attended by about 2,000 persons—a forecast, let us hope,
of -what we may expect at the present assembly. A distinguished
chemist, Professor A. W. Williamson, presided. On this occasion the
Assoeiation has selected for the presidential chair one whose attention has
been given to the study of an important department of biological science,
His elaim to occupy, however unworthily, the distinguished position in
which he has been placed, rests, doubtless, on the fact that, in the midst
of the engrossing duties devolving on a teacher in a great University
and School of Medicine, he has endeavoured to contribute to the sum
of knowledge of the science which he professes. It is a matter of satis-
faction to feel that the success of a meeting of this kind does not rest upon
the shoulders of the occupant of the presidential chair, but is due to the
eminence and active co-operation of the men of science who either pre-
side over or engage in the work of the nine or ten sections into which the
Association is divided, and to the energy and ability for organisation
displayed by the local Secretaries and Committees. The programme pre-
pared by the general and local officers of the Association shows that no
efforts have been sparved to provide an ample bill of fare, both in its
scientific and social aspects. Members and Associates will, I feel sure,
take away from the Bradford Meeting as pleasant memories as did our
colleagues of the corresponding Association Francaise, when, in friendly
ks co]]a.hm ation at Dover last year, they testified to the common citizenship
 of the Universal Republic of Science. As befits a leading centre of
g industry in the great connty of York, the applications of science to the
‘industrial arts and to agriculture will form subjects of discussion in the
papers to be read at the meeting.
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Since the Association was at Dover a year ago, two of its former
Presidents have joined the majority. ™ 1e Duke of Argyll presided at the
meeting in Glasgow so far back as 1855. Throughout his long and energetic
life, he proved himself to be an eloquent and earnest speaker, one who gave
to the consideration of public affairs a mind of singular independence, and
o thinker and writer in a wide range of human knowledge. Sir J. Wm.
Dawson was President at the meeting in Birmingham in 1836. Born
in Nova Scotia in 1820, he devoted himself to the study of the Geology
of Canada, and became the leading authority on the subject. He took
also an active and influential part in promoting the spread of scientific
education in the Dominion, and for a number of years he was Principal
and Vice-Chancellor of the M*Gill University, Montreal.

Seientific Method.

Edward Gibbon has told us that diligence and accuracy are the only
merits which an historical writer can aseribe to himself. Without doubt
they are fundamental qualities necessary for historical research, but in
order to bear fruit they require to be exercised by one whose mental
qualities are such as to enable him to analyse the data brought together
by his diligence, to diseriminate between the false and the true, to
possess an insight into the complex motives that determine human action,
to be able to recognise those facts and incidents which had exercised either
a primary or only a secondary influence on the affairs of nations, or on
the thoughts and doings of the person whose character he is depicting.

In scientific research, also, diligence and accuracy are fundamental
qualities. By their application new facts are discovered and tabulated,
their order of succession is ascertained, and a wider and more intimate
knowledge of the processes of nature is acquired. But to decide on their
true significance a well-balanced mind and the exercise of prolonged
thought and reflection are needed. William Harvey, the father of exact
research in physiology, in his memorable work ¢ De Motu Cordis et San-
guinis,” published. more than two centuries ago, tells us of the great and
daily diligence which he exercised in the course of his investigations, and
the numerous observations and experiments which he collated. At the
same time he refers repeatedly to his cogitations and reflections on the
meaning of what he had observed, without which the complicated move-
ments of the heart could not hage been analysed, their significance deter-
mined, and the circulation of the blood in a continuous stream definitely
established.  Early in the present century, Carl Ernst von Baer, the
father of embryological research, showed the importance which he attached
to the combination of observation with meditation by placing side by side
on the title page of his famous treatise ¢ Ueber Entwickelungsgeschichte
der Thiere " (1828) the words Beobachiung wnd Reflexion.

Though I have drawn from biological science my illustrations of the
need of this combination, it must not be inferred that it applies exclu-
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sively to one branch of scientific inquiry ; the conjunction influences and
determines progress in all the sciences, and when associated with a
sufficient touch of imagination, when the power of seeing is conjoined with
the faculty of foreseeing, of projecting the mind into the future, we may
expect something more than the discovery of isolated facts; their co-
ordination and the enunciation of new principles and laws will necessarily
follow.

Scientific method consists, therefore, in close observation, frequently
repeated so as to eliminate the possibility of erroneous seeing ; in experi-
ments checked and controlled in every direction in which fallacies might
arise ; in continuous reflection on the appearances and phenomena
observed, and in logically reasoning out their meaning and the conclusions
to be drawn from them. Were the method followed out in its integrity
by all who are engaged in scientific investigations, the time and labour
expended in correcting errors committed by ourselves or by other
observers and experimentalists would be saved, and the volumes devoted
annually to scientific literature would be materially diminished in size.
Were it applied, as far as the conditions of life admit, to the conduct and
management of human affairs, we should not require to be told, when
eritical periods in our welfare as a nation arise, that we shall muddle
through somehow. Recent experience has taught us that wise discretion
and careful prevision are as necessary in the direction of public affairs as
in the pursuit of science, and in both instances, when properly exercised,
they enable us to reach with comparative certainty the goal which we
strive to attain.

Tmprovements in Means of Observation,

Whilst certain principles of research are common to all the sciences,
each great division requires for its investigation specialised arrangements
to insure its progress. Nothing contributes so much to the advancement
of knowledge as improvements in the means of observation, either by the
discovery of new adjuncts to research, or by a fresh adaptation of old
methods. In the industrial arts, the introduction of a new kind of raw
material, the recognition that a mixture or blending is often more
gerviceable than when the substances employed are uncombined, the
discovery of new processes of treating the articles used in manufactures,
the invention of improved machinery, all lead to the expansion of trade,
to the occupation of the people, and to the development of great
industrial centres. In science, also, the invention and employment of
new and more precise instruments and appliances enable us to appreciate
more clearly the signification of facts and phenomena which were pre-
viously obscure, and to penetrate more deeply into the mysteries of nature,
They mark fresh departures in the history of science, and provide a firm
base of support from which a continuous advance may be made and fresh
conceptions of nature can be evolved.

A4—2
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Tt is not my intention, even had I possessed the requisite knowledge,
to undertake so arduous a task as to review the progress which has recently
been made in the great hody of sciences which lie within the domain of
the British Association. As my occupation in life has required me to
give attention to the science which deals with the structure and organisa-
tion of the bodies of man and animals—a science which either includes
within its scope or has intimate and widespread relations to comparative
anatomy, embryology, morphology, zoology, physiology, and anthropology
—1 shall limit myself to the attempt to bring before you some of the more
important observations and conclusions which have a bearing on the
present position of the subject. As thisis the closing year of the century
it will not, I think, be out of place to refer to the changes which a
hundred years have brought about in our fundamental conceptions of the
structure of animals. In secience, as in business, it is well from time to
time to take stock of what we have been doing, so that we may realise
where we stand and ascertain the balance to our credit in the scientific
ledger.

So far back as the time of the ancient Greeks it was known that the
human body and those of the more highly organised animals were not homo-
geneous, but were built up of parts, the partes dissimilares (ra dvépowa pipy)
of Aristotle, which differed from each other in form, colour, texture,
consistency, and properties. These parts were familiarly known as the
bones, muscles, sinews, blood-vessels, glands, brain, nerves, and so on.
As the centuries rolled on, and as observers and observations multiplied,
a more and more precise knowledge of these parts throughout the Animal
Kingdom was obtained, and various attempts were made to classify
animals in accordance with their forms and structure. During the
concluding years of the last century and the earlier part of the present,
the Hunters, William and John, in our country, the Meckels in Germany,
Cuvier and St. Hilaire in France, gave an enormous impetus to anatomical
studies, and contributed largely to our knowledge of the construction of the
bodies of animals. But whilst by these and other observers the most
salient and, if T may use the expression, the grosser characters of animal
organisation had been recognised, little was known of the more intimate
structure or texture of the parts. So far as could be determined by the
unassisted vision, and so much as could be recognised by the use of a
simple lens, had indeed been ascertained, and it was known that muscles,
nerves, and tendons were composed of threads or fibres, that the blood-
and lymph-vessels were tubes, that the parts which we call fascie and
aponeuroses were thin membranes, and so on.

Early in the present century Xavier Bichat, one of the most brilliant
men of science during the Napoleonic era in France, published his

Anatomie Générale,’ in which he formulated important general principles.
Every animal is an assemblage of different organs, each of which dis-
charges a function, and acting together, each in its own way, assists in the
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preservation of the whole. The organs are, as it were, special machines
situated in the general building which constitutes the factory or body
of the individual. But, further, each organ or special machine is itself
formed of tissues which possess different properties. Some, as the blood-
vessels, nerves, fibrous tissues, &ec., are generally distributed throughout
the animal body, whilst others, as bones, muscles, cartilage, &e., are found
only in certain definite localities. Whilst Bichat had acquired a definite
philosophical conception of the general principles of construetion and of
the distribution of the tissues, neither he nor his pupil Béclard was in a
position to determine the essential nature of the siructural elements,
The means and appliances at their disposal and at that of other ob-
servers in their generation were not sufliciently potent to cowmplete the
analysis.

Attempts were made in the third decennium of this century to improve
the methods of examining minute objects by the manufacture of com-
pound lenses, and, by doing away with chromatic and spherical aberra-
tion, to obtain, in addition to magnification of the object, a relatively large
flat field of vision with clearness and sharpness of definition. When in
January 1830 Joseph Jackson Lister read to the Royal Society his
memoir ‘On some properties in achromatic object-glasses applicable to
the improvement of microscopes,” he announced the principles on which
combinations of lenses could be arranged, which would possess these
qualities, By the skill of our opticians, microscopes have now for more
than half a century been constructed which, in the hands of competent
observers, have influenced and extended biological science with results
comparable to those obtained by the astronomer through improvements
in the telescope.

In the study of the minute structure of plants and animals the observer
has frequently to deal with tissues and organs, most of which possess such
softness and delicacy of substance and outline that, even when miero-
scopes of the best construction are employed, the determination of the
intimate nature of the tissue, and the precise, relation which one element
of an organ bears to the other constituent elements, is in many instances
a matter of difficulty. Hence additional methods have had to be devised
in order to facilitate study and to give precision and accuracy to our
observations, 1t is difficult for one of the younger generation of biologists,
with all the appliances of a well-equipped laboratory at his command,
with experienced teachers to direct him in his work, and with excellent
text-books, in which the modern methods are described, to realise the
conditions under which his predecessors worked half a century ago.
Laboratories for minute biological research had not been constructed,
the practical teaching of histology and embryology had not been organised,
experience in methods of work had not accumulated ; each man was left
to his individual efforts, and had to puzzle his way through the complica
tions of structure to the best of his power. Staining and hardening
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reagents were unknown. The double-bladed knife invented by Valentin,
held in the hand, was the only improvement on the scalpel or razor for
cutting thin, more or less translucent slices suitable for miecroscopic
examination ; mechanical section-cutters and freezing arrangements had
not been devised. The tools at the disposal of the microscopist were
little more than knife, forceps, scissors, needles ; with acetic acid, glyce-
rine, and Canada balsam as reagents, But in the employment of the
newer methods of research care has to be taken, more especially when
hardening and staining reagents are used, to discriminate between
appearances which are to be interpreted as indicating natural characters,
and those which are only artificial productions.

Notwithstanding the difficulties attendant on the study of the more
delicate tissues, the compound achromatic microscope provided anatomists
with an instrument of great penetrative power. Between the years 1830
and 1850 a number of acute observers applied themselves with much energy
and enthusiasm to the examination of the minute structure of the tissues
and organs in plants and animals,

Cell Theory.

It had, indeed, long been recognised that the tissues of plants were
to a large extent composed of minute vesicular bodies, technically called
cells (Hooke, Malpighi, Grew). In 1831 the discovery was made by the
great botanist, Robert Brown, that in many families of plants a circular
spot, which he named areola or nucleus, was present in each cell ; and in
15338 M. J. Schleiden published the fact that a similar spot or nucleus was
a universal elementary organ in vegetables. In the tissues of animals also
structures had begun to be recognised comparable with the cells and nuclei
of tho vegetable tissues, and in 1839 Theodore Schwann announced the
important generalisation that there is one universal principle of develop-
ment for the elementary part of organisms, however different they may be in
appearance, and that this prineciple is the formation of cells. The enun-
clation of the fundamental principle that the elementary tissues consisted
of cells constituted a step in the progress of biological science, which
will for ever stamp the century now drawing to a close with a character
and renown equalling those which it has derived from the most brilliant
discoveries in the physical seiences. It provided biologists with the
visible anatomical units through which the external forees operating on,
and the energy generated in, living watter come into play. It dispelled
for ever the old mystical idea of the influence exercised by vapours or
spirits in living organisms, It supplied the physiologist aund pathologist
with the specific structures through the agency of which the functions of
organisms are discharged in health and disease. It exerted an enormous
influence on the progress of practical medicine. A review of the progress
of knowledge of the cell may appropriately enter into an address on this
occasion.



ADDRESS, 7

Structure of Cells.

A cell is a living particle, so minute that it needs a microscope for its
examination ; it grows in size, maintains itself in a state of activity,
responds to the action of stimuli, reproduces its kind, and in the course
of time it degenerates and dies.

Let us glance at the structure of a cell to determine its constituent
parts and the r»éle which each plays in the function to be discharged.
The original eonception of a cell, based upon the study of the vegetable
tissues, was a minute vesicle enclosed by a definite wall, which exer-
cised chemical or wetabolic changes on the surrounding material and
secreted into the vesicle its characteristic contents. A similar conception
was at first also entertained regarding the cells of animal tissues ; but as
observations multiplied, it was seen that numerous elementary particles,
which were obviously in their nature cells, did not possess an enclosing
envelope. A wall ceased to have a primary value as a constituent part of
a cell, the necessary vesicular character of which therefore could no longer
be entertained.

The other constituent parts of a cell are the cell plasm, which forms
the body of the cell, and the nucleus embedded in its substance, Not-
withstanding the very minute size of the nucleus, which even in the
largest cells is not more than .! th inch in diameter, and usually is
considerably smaller, its almost constant form, its well-defined sharp
outline, and its power of resisting the action of strong reagents when
applied to the cell, have from the period of its discovery by Robert Brown
caused histologists to bestow on it much attention. Its structure and
chemical composition ; its mode of origin ; the part which it plays in the
formation of new cells, and its function in nutrition and secretion have
been investigated.

When examined under favourable conditions in its passive or resting
state, the nucleus is seen to be bounded by a membrane which separates
it from the cell plasm and gives it the characteristic sharp contour.
It contains an apparently structureless nuclear substance, nucleoplasm or
enchylema, in which are embedded one or more extremely minute particles
called nucleoli, along with a network of exceedingly fine threads or fibres,
which in the active living cell play an essential part in the production
of new nuelei within the cell. In its chemical composition the nuclear
substance consists of albuminous plastin and globulin ; and of a special
material named nuclein, rich in phosphorus and with an acid reaction.
The delieate network within the nucleus consists apparently of the nuclein,
a substance which stains with carmine and other dyes, a property which
enables the changes, which take place in the network in the production of
young cells, o be more readily seen and followed out by the observer,

- The mode of origin of the nucleus and the part which it plays in
the production of new cells have been the subject of much discussion,
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Schleiden, whose observations, published in 1838, were made on the cells
of plants, believed that within the cell a nucleolus first appeared, and that
around it molecules aggregated to form the nucleus. Schwann again,
whose observations were mostly made on the cells of animals, considered
that an amorphous material existed in organised bodies, which he called
eytoblastema. It formed the contents of cells, or it might be situated free
or external to them. He figuratively compared it to a mother liquor in
which erystals are formed. Either in the eytoblastema within the cells
or in that situated external to them, the aggregation of molecules around
a nucleolus to form a nucleus might oceur, and, when once the nucleus
had been formed, in its turn it would serve as a centre of aggregation of
additional molecules from which a new cell would be produced. He
regarded therefore the formation of nuclei and cells as possible in two
ways : one within pre-existing cells (endogenous cell-formation), the other
in a free blastema lying external to cells (free cell-formation). In
animals, he says, the endogenous method is rare, and the customary origin
is in an external blastema. Both Schleiden and Schwann considered
that after the cell was formed the nucleus had no permanent influence
on the life of the cell, and usually disapprared.

Under the teaching principally of Henle, the famous Professor of
Anatomy in Giéttingen, the conception of the free formation of nuelei and
cells in a more or less fluid blastema, by an aggregation of elementary
granules and molecules, obtained so much credence, especially amongst
those who were engaged in the study of pathological processes, that the
origin of cells within pre-existing cells was to a large extent lost sight of.
That a parent cell was requisite for the production of new cells seemed to
many investigators to be no longer needed. Without doubt this con-
ception of free cell-formation contributed in no small degree to the
belief, entertained by various observers, that the simplest plants and
animals might arise, without pre-existing parents, in organic fluids desti-
tute of life, by a process of spontaneous generation ; a belief which pre-
vailed in many minds almost to the present day. 1f, as has been stated,
the doctrine of abiogenesis cannot be experimentally refuted, on the other
hand it has not been experimentally proved. The burden of proof lies
with those who hold the doctrine, and the evidence that we possess is all
the other way.

Multiplication of Cells.

Although von Mohl, the botanist, seems to have been the first to
recognise (1835) in plants a multiplication of cells by division, it was not
until attention was given to the study of the egg in various animals, and
to the changes which take place in it, attendant on fertilisation, that in
the course of time a much more correct conception of the origin of the
nucleus and of the part which it plays in the formation of new cells was
obtained. Before Schwann had published his classical memoir in 1839,
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von Baer and other observers had recognised within the animal ovum the
germinal vesicle, which obviously bore to the ovam the relation of a
nucleus to a cell. As the methods of observation improved, it was recog-
nised that, within the developing egg, two vesicles appeared where one
only had previously existed, to be followed by four vesicles, then
eight, and so on in multiple progression until the ovum contained a
multitude of vesicles, each of which possessed a nucleus. The vesicles
were obviously cells which had arisen within the original germ-cell or
ovum. These changes were systematically described by Martin Barry so
long ago as 1839 and 1840 in two memoirs communicated to the Royal
Society of London, and the appearance produced, on aceount of the irregu-
larities of the surface occasioned by the production of new vesicles, was
named by him the mulberry-like structure. He further pointed out that
the vesicles arranged themselves as a layer within the envelope of the egg
or zona pellucida, and that the whole embryo was composed of cells filled
with the foundations of other cells. He recognised that the new cells
were derived from the germinal vesicle or nucleus of the ovum, the con-
tents of which entered into the formation of the first two cells, each of
which had its nueleus, which in its turn resolved itself into other cells,
and by a repetition of the process into a greater number. The endogenous
origin of new cells within a pre-existing cell and the process which we
now term the segmentation of the yolk were successfully demonstrated.
In a third memoir, published in 1841, Barry definitely stated that young
cells originated through division of the nucleus of the parent cell, instead
of arising, as a product of erystallisation, in the fluid cytoblastema of the
parent cell or in a blastema situated external to the cell.

In a memoir published in 184 2, John Goodsir advocated the view that
the nueleus is the reproductive organ of the cell, and that from it, as from
a germinal spot, new cells were formed. In a paper, published three years
later, on nutritive centres, he deseribed cells, the nuclei of which were
the permanent source of successive broods of young cells, which from
time to time occupied the cavity of the parent cell. He extended also his
observations on the endogenous formation of cells to the cartilage cells in
the process of inflammation and to other tissues undergoing pathological
changes. Corroborative observations on endogenous formation were also
given by his brother Harry Goodsir in 1845. These observations on the
part which the nucleus plays by cleavage in the formation of young cells
by endogenous development from a parent centre —that an organic con-
tinuity existed between a mother cell and its descendants throngh the
nucleus—constituted a great step in advance of the views entertained by
Schleiden and Schwann, and showed that Barry and the Goodsirs had a
deeper insight into the nature and functions of cells than was possessed
by most of their contemporaries, and are of the highest importance when
viewed in the light of recent observations.

In 1841 Robert Remak published an account of the presence of two

A—3
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nuclei in the blood corpuscles of the chick and the pig, which he regarded
as evidence of the production of new corpuscles by division of the
nucleus within a parent cell ; but it was not until some years afterwards
(1850 to 1855) that he recorded additional observations and recognised
that division of the nucleus was the starting-point for the multiplication
of cells in the ovam and in the tissues generally. Remak’s view was that
the process of cell division began with the cleavage of the nucleolus,
followed by that of the nucleus, and that again by cleavage of the body
of the cell and of its membrane. Kdlliker had previously, in 1843, de-
scribed the multiplication of nuclei in the ova of parasitic worms, and
drew the inference that in the formation of young cells within the egg
the nucleus underwent cleavage, and that each of its divisions entered
into the formation of a new cell. By these observations, and by others
subsequently made, it became obvious that the multiplication of animal
cells, either by division of the nucleus within the cell, or by the budding
off of a part of the protoplasm of the cell, was to be regarded as a widely
spread and probably a universal process, and that each new cell arose
from a parent cell.

Pathological observers were, however, for the most part inclined to
consider free cell-formation in a blastema or exudation by an aggregation
of molecules, in accordance with the views of Henle, as a common pheno-
menon, This proposition was attacked with great energy by Virchow in
a series of memoirs published in his ¢ Archiv,’ commencing in Vol. 1, 1847,
and finally received its death-blow in his published lectures on Cellular
Pathology, 1858. He maintained that in pathological structures. there
was no instance of cell development de novo ; where a cell existed, there
one must have been before. Cell-formation was a continuous develop-
ment by descent, which he formulated in the expression ommnis cellula
e celluld.

Karyokinesis.

Whilst the descent of cells from pre-existing cells by division of the
nucleus during the development of the egg, in the embryos of plants
and animals, and in adult vegetable and animal tissues, both in bealthy
and diseased conditions, had now become generally recognised, the
mechanism of the process by which the cleavage of the nueleus took place
was for a long time unknown. The discovery had to be deferred until
the optician had been able to construct lenses of a higher penetrative
power, and the microscopist had learned the use of colouring agents
capable of dyeing the finest elements of the tissues. There was reason to
believe that in some cases a direct cleavage of the nucleus, to be followed
by a corresponding division of the cell into two parts, did occur. In the
period between 1870 and 1880 observations were made by Schueider,
Strasburger, Biitschli, Fol, van Beneden, and Flemming, which showed that
the division of the nucleus and the cell was due to a series of very remark-
able changes, now known as indirect nuclear and cell division, or karyo-
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kinesis. The changes within the nucleus are of so complex a character that
it is impossible to follow them in detail without the use of appropriate
illustrations. I shall have to content myself, therefore, with an elemen-
tary sketch of the process.

I have previously stated that the nucleus in its passive or resting stage
contains a very delicate network of threads or fibres. The first stage in
the process of nuclear division consists in the threads arranging them-
selves in loops and forming a compact coil within the nucleus. The coil
then becomes looser, the loops of threads shorten and thicken, and some-
what later each looped thread splits longitudinally into two portions. As
the threads stain when colouring agents are applied to them, they are
called chromatin fibres, and the loose coil is the chromosome (Waldeyer).

As the process continues, the investing membrane of the nucleus dis-
appears, and the loops of threads arrange themselves within the nucleus
so that the closed ends of the loops are directed to a common centre, from
which the loops radiate outwards and produce a starlike figure (aster).
At the same time clusters of extremely delicate lines appear both in the
nucleoplasm and in the body of the cell, named the achromatic figure,
which has a spindle-like form with two opposite poles, and stains much
more feebly than the chromatic fibres. The loops of the chromatic star
then arrange themselves in the equatorial plane of the spindle, and
bending round turn their closed ends towards the periphery of the nucleus
and the cell.

The next stage marks an important step in the process of division of
the nuclens. The two longitudinal portions, into which each looped thread
had previously split, now separate from each other, and whilst one part
migrates to one pole of the spindle, the other moves to the opposite pole,
and the free ends of each loop are directed towards its equator (meta-
kinesis). By this division of the chromatin fibres, and their separation
from each other to opposite poles of the spindle, two star-like chromatin
figures are produced (dyaster).

Each group of fibres thickens, shortens, becomes surrounded by a
membrane, and forms a new or daughter nucleus (dispirem). Two nuclei
therefore have arisen within the cell by the division of that which had
previously existed, and the expression formulated by Flemming—omnis
nucleus ¢ nucleo—is justiied. Whilst this stage is in course of being
completed, the body of the cell becomes constricted in the equatorial plane
of the spindle, and, as the constriction deepens, it separates into two parts,
each containing a daughter nucleus, so that two nucleated cells have
arisen out of a pre-existing cell.

A repetition of the process in each of these cells leads to the formation
of other cells, and, although modifications in details are found in different
species of plants and animals, the multiplication of cells in the egg and in
the tissues generally on similar lines is now a thoroughly established fact
in biological science.
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In the study of karyokinesis, importance has been attached to the
number of chromosomes in the nucleus of the cell. Flemming had seen
in the Salamander twenty-four chromosome fibres, which seems to be a
constant number in the cells of epithelium and connective tissues. In
other cells again, especially in the ova of certain animals, the number is
smaller, and fourteen, twelve, four, and even two only have been described.
The theory formulated by Boveri that the number of chromosomes is con-
stant for each species, and that in the karyokinetic figures corresponding
numbers are found in homologous cells, scems to be not improbable.

In the preceding description I have incidentally referred to the appear-
ance in the proliferating cell of an achromatic spindle-like figure. Although
this was recognised by Fol in 1873, it is only during the last ten or twelve
years that attention has been paid to its more minute arrangements and
possible signification in cell-division.

The pole at each end of the spindle lies in the cell plasm which sur-
rounds the nucleus. In the centre of each pole is a somewhat opaque
spot (central body) surrounded by a clear space, which, along with the
spot, constitutes the centrosome or the sphere of attraction. From each
centrosome extremely delicate lines may be seen to radiate in two direc-
tions. One set extends towards the pole at the opposite end of the spindle,
and, meeting or coming into close proximity with radiations from it, con-
stitutes the body of the spindle, which, like a perforated mantle, forms
an imperfect envelope around the nucleus during the process of division.
The other set of radiations is called the polar, and extends in the region
of the pole towards the periphery of the cell.

The question has been much discussed whether any constituent part
of the achromatic figure, or the entire figure, exists in the cell as a
permanent structure in its resting phase ; or if it is only present during
the process of karyokinesis. During the development of the egg the
formation of young cells, by division of the segmentation nucleus, is so
rapid and continuous that the achromatic figure, with the centrosome in
the pole of the spindle, is a readily recognisable object in each cell. The
polar and spindle-like radiations are in evidence during karyokinesis,
and have apparently a temporary endwance and function. On the
other hand, van Beneden and Boveri were of opinion that the central
body of the centrosome did not disappear when the division of the nucleus
came to an end, but that it remained as a constituent part of a cell lying
in the cell plasm near to the nucleus. Flemming has seen the central
body with its sphere in leucocytes, as well as in epithelial cells and
those of other tissues. Subsequently Heidenhain and other histologists
have recorded similar observations. It would seem, therefore, as if there
were reason to regard the centrosome, like the nucleus, as a permanent
constituent of a cell. This view, however, is not universally entertained.
If not always capable of demonstration in the resting stage of a cell, it is
doubtless to be regarded as potentially present, and ready-to assume,
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along with the radiations, a characteristic appearance when the process of
nuclear division is about to begin.

One can scarcely regard the presence of so remarkable an appearance
as the achromatic figure without associating with it an important function
in the economy of the cell. As from the centrosome at the pole of
the spindle both sets of radiations diverge, it is not unlikely that it acts
as a centre or sphere of energy and attraction. By some observers the
radiations are regarded as substantive fibrillar structures, elastic or even
contractile in their properties. Others, again, look upon them as morpho-
logical expressions of chemical and dynamiecal energy in the protoplasm of
the cell body. On either theory we may assume that they indicate an
influence, emanating, it may be, from the centrosome, and capable of
being exercised both on the cell plasm and on the nucleus contained
in it. On the contractile theory, the radiations which form the body
of the spindle, either by actual traction of the supposed fibrille or by
their pressure on the nuecleus which they surround, might impel during
karyokinesis the dividing chromosome elements towards the poles of the
spindle, to form there the daughter nuclei. On the dynamical theory,
the chemical and physical energy in the centrosome might influence the
cell plasm and the nucleus, and attract the chromosome elements of the
nucleus to the poles of the spindle. The radiated appearance would
therefore be consequent and attendant on the physico-chemical activity
of the centrosome. One or other of these theories may also be applied to
the interpretation of the significance of the polar radiations.

Cell Plasm.

In the cells of plants, in addition to the cell wall, the cell body and
“the cell juice require to be examined. The material of the cell body, or
the cell contents, was named by von Mohl (1846) protoplasm, and consisted
of a colourless tenacious substance which partly lined the cell wall
(primordial utricle), and partly traversed the interior of the eell as deli-
cate threads enclosing spaces (vacuoles) in which the cell juice was con-
tained. In the protoplasm the nucleus was embedded. Nigeli, about the
same time, had also recognised the difference between the protoplasm and
the other contents of vegetable cells, and had noticed its nitrogenous com-
position. '

Though the analogy with a closed bladder or vesicle could no longer be
sustained in the animal tissues, the name ‘cell ’ continued to be retained
for descriptive purposes, and the body of the cell was spoken of as a
more or less soft substance enclosing a nucleus (Leydig). In 1861 Max
Schultze adopted for the substance forming the body of the animal cell
the term ‘ protoplasm.” He defined a cell to be a particle of protoplasm
in the substance of which a nucleus was situated. He regarded the
protoplasm, as indeed had previously been pointed out by the botanist

A —4
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Unger, as essentially the same as the contractile sarcode which con-
stitutes the body and pseudopodia of the Amwba and other Rhizopoda.
As the term ‘protoplasm,” as well as that of bioplasm’ employed by
Lionel Beale in a somewhat similar though not precisely identical sense,
involves certain theoretical views of the origin and function of the body
of the cell, it would be better to apply to it the more purely deseriptive
term ‘cytoplasm ’ or ‘ cell plasm.’

Schultze defined protoplasm as a homogeneous, glassy, tenacious
material. of a jelly-like or somewhat firmer consistency, in which numerous
minute granules were embedded. He regarded it as the part of the cell
especially endowed with vital energy, whilst the exact function of the
nucleus could not be defined. Based upon this conception of the jelly-
like character of protoplasm, the idea for a time prevailed that a structure-
less, dimly granular, jelly or slime destitute of organisation, possessed
great physiological activity, and was the medium through which the
phenomena of life were displayed.

More aceurate conceptions of the nature of the cell plasm soon began
to be entertained. Briicke recognised that the body of the cell was not
simple, but had a complex organisation. Flemming observed that the
cell plasm contained extremely delicate threads, which frequently formed
a network, the interspaces of which were occupied by a more homo
geneous substance. Where the threads crossed each other, granular
particles (mikrosomen) were situated. Biitschli considered that he eounld
recognise in the cell plasm a honeycomb-like appearance, as if it con-
sisted of excessively minute chambers in which a homogeneous more or
less fluid material was contained. The polar and spindle-like radiations
visible during the process of karyokinesis, which have already been
referred to, and the presence of the centrosome, possibly even during the
resting stage of the cell, furnished additional illustrations of differentiation
within the cell plasm. In many cells there appears also to be a difference
in the character of the cell plasm which immediately surrounds the nucleus
and that which lies at and near the periphery of the cell. The peri-
pheral part (ektoplasma) is more compact and gives a definite outline to
the cell, although not necessarily differentiating into a cell membrane.
The inner part (endoplasma) is softer, and is distinguished by a more
distinet granular appearance, and by containing the products specially
formed in each particular kind of cell during the nutritive process.

By the researches of numerous investigators on the internal organisa-
tion of cells in plants and animals, a large body of evidence has now been
accumulated, which shows that both the nucleus and the cell plasm con-
sist of something more than a homogeneous, more or less viscid, slimy
material. Recognisable objects in the form of granules, threads, or fibres
can be distinguished in each, The cell plasm and the nucleus respectively
are therefore not of the same constitution throughout, but possess poly-
morphic characters, the study of which in health and the changes
produced by disease will for many years to come form important matters
for investigation. :
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Function of Cells.

It has already been stated that, when new cells arise within pre-
existing cells, division of the nucleus is associated with cleavage of the
cell plasm, so that it participates in the process of new cell-formation.
Undoubtedly, however, its rdle is not limited to this function. Tt also
plays an important part in seeretion, nutrition, and the pecial functions
discharged by the cells in the tissues and organs of which they form
morphological elements.

Between 1838 and 1842 observations were made which showed that
cells were constituent parts of secreting glands and mucous membranes
(Schwann, Henle). In 1842 John Goodsir communicated to the Royal
Society of Edinburgh a memoir on secreting structures, in which he
established the principle that cells are the ultimate secreting agents ; he
recognised in the cells of the liver, kidney, a®d other organs the character-
istic secretion of each gland. The secretion was, he said, situated between
the nucleus and the cell wall. At first he thought that, as the nucleus
was the reproductive organ of the cell, the secretion was formed in the
interior of the cell by the agency of the cell wall ; but three years later
he regarded it as a product of the nucleus. The study of the process of
spermatogenesis by his brother, Harry Goodsir, in which the head of the
spermatozoon was found to correspond with the nucleus of the cell in
which the spermatozoon aroese, gave support to the view that the nucleus
played an important part in the genesis of the characteristic product
. of the gland cell.

The physiological activity of the cell plasm and its complex chemical
constitution soon after began to be recognised. Some years before Max
Schultze had published his memoirs on the characters of protoplasm,
Briicke-had shown that the well-known changes in tint in the skin of the
Chameleon were due to pigment granules situated in cells in the skin
which were sometimes diffused throughout the cells, at others concen-
trated in the centre. Similar observations on the skin of the frog
were made in 1854 by von Wittich and Harless. The movements were
regarded as due to contraction of the cell wall on its contents. In a
most interesting paper on the pigmentary system in the frog, pub-
lished in 1858, Lord Lister demonstrated that the pigment granules
moved in the cell plasma, by forces resident within the cell itself,
acting under the influence of an external stimulant, and not by a
contractility of the wall. Under some conditions the pigment was
attracted to the centre of the cell, when the skin became pale ; under
other conditions the pigment was diffused throughout the body and the
branches of the cell, and gave to the skin a dark colour. It was also
experimentally shown that a potent influence over these movements
was exercised by the nervous system.

The study of the cells of glands engaged in secretion, even when the
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secretion is colourless, and the comparison of their appearance when
secretion is going on with that seen when the cells are at rest, have
shown that the cell plasm is much more granular and opaque, and con-
tains larger particles during activity than when the cell is passive ; the
body of the cell swells out from an increase in the contents of its plasm, and
chemical changes accompany the act of secretion. Ample evidence, there-
fore, is at hand to support the position taken by John Goodsir, nearly
sixty years ago, that secretions are formed within cells, and lie in that
part of the cell which we now say consists of the cell plasm ; that each
secreting cell is endowed with its own peculiar property, according to the
organ in which it is situated, so that bile is formed by the cells in the
liver, milk by those in the mamma, and so on.

Intimately associated with the process of secretion is that of nutri-
tion. As the cell plasm lies at the periphery of a cell, and as it is, alike
both in secretion and nutrition, brought into closest relation with the
surrounding medium, from which the pabulum is derived, it is necessarily
associated with nutritive activity. Its position enables it to absorb
nutritive material directly from without, and in the process of growth it
increases in amount by interstitial changes and additions throughout its
substance, and not by mere accretions on its surface,

Hitherto I have spoken of a cell as a unit, independent of its
neighbours as regards its nutrition and the other funetions which it has
to discharge. The question has, however, been discussed, whether in a
tissue composed of cells closely packed together cell plasm may not give
origin to processes or threads which are in contact or continuous with
corresponding processes of adjoining cells, and that cells may therefore, to
some extent, lose their individuality in the colony of which they are
members.  Appearances were recognised between 1863 and 1870 by
Schrén and others in the deeper cells of the epidermis and of some
mucous membranes which gave sanction to this view, and it seems possible
through contact or continuity of threads connecting a cell with its neigh-
bours, that cells may exercise a direct influence on each other.

Niigeli, the botanist, as the foundation of a mechanico-physiological
theory of descent, considered that in plants a network of cell plasm,
named by him idio-plasm, extended throughout the whole of the plant,
forming its specific molecular constitution, and that growth and activity
were regulated by its conditions of tension and movements (1884),

The study of the structure of plants with special reference to the
presence of an intercellular network has for some years been pursued by
Walter Gardiner (1882-97), who has demonstrated threads of cell plasm
protruding through the walls of vegetable cells and continuous with
similar threads from adjoining cells. Structurally, therefore, a plant may
be conceived to be built up of a nucleated cytoplasmic network, each
nucleus with the branching cell plasm surrounding it being a centre of
activity. On this view a cell would retain to some extent its individuality,
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though,as Gardiner contends, the connecting threads would be the medium
for the conduction of impulses and of food from a cell to those which lie
around it. TFor the plant cell therefore, as has long been accepted in the
animal cell, the wall is reduced to a secondary position, and the active con-
stituent is the nucleated cell plasm. Itis not unlikely that the absence of a
controlling nervous system in plants requires the plasm of adjoining cells
to be brought into more immediate contact and continuity than is the
case with the generality of animal cells, so as to provide a mechanism for
harmonising the nutritive and other functional processes in the different
areas in the body of the plant. In this particular, it is of interest to note
that the epithelial tissues in animals, where somewhat similar connecting
arrangements occur, are only indirectly associated with the nervous and
vascular systems, so that, as in plants, the cells may require, for nutritive
and other purposes, to act and react directly on each other.

Nerve Cells.

Of recent years great attention has been paid to the intimate struc-
ture of nerve cells, and to the appearance which they present when in
the exercise of their functional activity. A nerve cell is not a secreting
cell ; that is, it does not derive from the blosd or surrounding fluid a
pabulum which it elaborates into a visible, palpable secretion charac-
teristic of the organ of which the cell is a constituent element, to be in
due course discharged into a duet which conveys the secretion out of
the gland. Nerve cells, threngh the metaholic ‘changes which take place
in them in connection with their nutrition, are associated with the pro-
duction of the form of energv specially exhibited by animals which
possess a nervous system, termed nerve energy. It has long been known
that every nerve cell has a body in which a relatively large nucleus is
situated. A most important discovery was the recognition that the body
of every nerve cell had one or more processes growing out from it. More
recently it has been proved, chiefly through the researches of Schulize,
His, Golgi, and Ramon y Cajal, that at least one of the processes, the
axon of the nerve cell, is continued into the axial eylinder of a nerve
fibre, and that in the multipolar nerve cell the other processes, or
dendrites, branch and ramify for some distance away from the body. A
nerve fibre is therefors an essential part of the cell with which it is
continuous, and the cell, its processes, the nerve fibre and the collaterals
which arise from the nerve fibre collectively form a neuron or structural
nerve unit (Waldeyer). The nuecleated body of the nerve cell is the
physiological centre of the unit.

The cell plasm occupies both the body of the nerve cell and its pro-
cesses, The intimate structure of the plasm has, by improved methods
of observation introduced during the last eight years by Nissl, and con-
ducted on similar lines by other investigators, become more definitely
understood. It has been ascertained that it possesses two distinet
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characters which imply different structures. One of these stains deeply
on the addition of certain dyes, and is named chromophile or chromatie
substance ; the other, which does not possess a similar property, is the
achromatic network. The chromophile is found in the cell body and
the dendritic processes, but not in the axon. It occurs in the form
of granular particles, which may be scattered throughout the plasm, or
aggregated into little heaps which are elongated or fusiform in shape
and appear as distinct coloured particles or masses. The achromatic
network is found in the cell body and the dendrites, and is continued
also into the axon, where it forms the axial cylinder of the nerve fibre.
It consists apparently of delicate threads or fibrille, in the meshes of
which a homogeneous material, such as is found in cell plasm generally,
is contained. In the nerve cells, as in other cells, the plasm is without
doubt concerned in the process of cell nutrition. The achromatic fibrille
exercise an important influence on the axon or nerve fibre with which they
are continuous, and probably they conduct the nerve impulses which
manifest themselves in the form of nerve energy. The dendritic processes
of a multipolar nerve cell ramify in close relation with similar processes
branching from other cells in the same group. The collaterals and the
free end of the axon fibre process branch and ramify in association with
the body of a nerve cell or of its dendrites. We cannot say that these
parts are directly continuous with each other to form an intercellular
network, but they are apparently in apposition, and through contact exer-
cise influence one on the other in the transmission of nerve impulses.

There is evidence to show that in the nerve cell the nucleus, as well
as the cell plasm, is an effective agent in nutrition. When the cell is
functionally active, both the cell body and the nucleus increase in size
(Vas, G. Mann, Lugaro) ; on the other hand, when nerve cells are fatigued
through excessive use, the nucleus decreases in size and shrivels ; the cell
plasm also shrinks, and its coloured or chromophile constituent becomes
diminished in quantity, as if it had been consumed during the prolonged
use of the cell (Hodge, Mann, Lugaro). Tt is interesting also to note that
in hibernating animals in the winter season, when their functional activity
is reduced to a minimum, the chromophile in the plasm of the nerve cells
is much smaller in amount than when the animal is leading an active life
in the spring and summer (G. Levi).

When a nerve cell has attained its normal size it does not seem to be
sapable of reproducing new cells in its substance by a process of karyo-
kinesis, such as takes place when young cells arise in the egg and in the
uissues generally. It would appear that nerve cells are so highly special-
ised in their association with the evolution of nerve energy, that they
have ceased to have the power of reproducing their kind, and the
metabolic changes both in cell plasm and nucleus are needed to enable
them to discharge their very peculiar function. Hence it follows that
when a portion of the brain or other nerve-centre is destroyed, the
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injury is not repaired by the production of fresh specimens of their
characteristic cells, as would be the case in injuries to bones and tendons.

In our endeavours to differentiate the function of the nucleus from
that of the cell plasm, we should not regard the former as concerned
only in the production of young cells, and the latter as the exclusive
agent in growth, nutrition, and, where gland cells are concerned, in the
formation of their characteristic products. As regards cell reproduction
also, though the process of division begins in the nucleus in its chromo-
some constituents, the achromatic figure in the cell plasm undoubtedly
plays a part, and the cell plasm itself ultimately undergoes cleavage.

A few years ago the tendency amongst biologists was to ignore or
attach but little importance to the physiological use of the nuecleus in the
nucleated cell, and to regard the protoplasm as the essential and aective
constituent of living matter ; so much so, indeed, was this the case that
independent organisms regarded as distinet species were described as con-
sisting of protoplasm destitute of a nucleus ; also that scraps of proto-
plasm separated from larger nucleated masses could, when isolated, exhibit
vital phenomena. There is reason to believe that a fragment of protoplasm,
when isolated from the nucleus of a cell, though retaining its contractility
and capable of nourishing itself for a short time, cannot increase in amount,
act as a secreting structure, or reproduce its kind: it soon loses its
activity, withers, and dies. In order that these qualities of living matter
should be retained, a nucleus is by most observers regarded as necessary
(Nussbaum, Gruber, Haberlandt, Korsche't), and for the complete mani-
festation of vital activity both nucleus and cell plasm are required.

Bacteria.

The observations of Cohn, made about thirty years ago, and those of
De Bary shortly afterwards, brought into notice a group of organisms to
which the name ‘ bacterium ’ or * microbe’ is given. They were seen to vary
in shape : some were rounded specks called cocei, others were straight rods
called bacilli, others were curved or spiral rods, vibrios or spirillee. All were
characterised by their extreme minuteness, and required for their exami-
nation the highest powers of the best microscopes. Many bacteria
measure in their least diameter not more than ] ,,th of an inch,
Jyth the diameter of a human white blood corpuscle. Through the re-
searches of Pasteur, Lord Lister, Koch, and other observers, bacteria have
been shown to play an important part in nature. They exercise a very re-
markable power over organic substances, especially those which are com-
plex in chemical constitution, and can resolve them into simpler combina-
tions. Owing to this property, some bacteria are of great economic value,
and without their agency many of our industries could not be pursued ;
others again, and these are the most talked of, exercise a malign influ-
ence in the production of the most deadly diseases which afflict man and
the domestic animals,
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Great attention has been given to the structure of bacteria and to
their mode of propagation. When examined in the living state and
magnified about 2,000 times, a bacterium appears as a homogeneous par-
ticle, with a sharp definite outline, though a membranous envelope or
wall, distinet from the body of the bacterium, cannot at first be recog.
nised ; but when treated with reagents a membranous envelope appears,
the presence of which, without doubt, gives precision of form to the
bacterium. The substance within the membrane contains granules which
can be dyed with colouring agents. Owing to their extreme minuteness
it is difficult to pronounce an opinion on the nature of the chromatine
granules and the substance in which they lie. Some observers regard
them as nuclear material, invested by only a thin layer of protoplasm, on
which view a bacterium would be a nucleated cell. Others consider the
bacterium as formed of protoplasm containing granules eapable of being
coloured, which are a part of the protoplasm itself, and not a nuclear sub-
stance. On the latter view, bacteria would consist of cell plasm enclosed
in a membrane and destitute of a nucleus. Whatever be the nature of
the granule-containing material, each bacterium is regarded as a cell, the
minutest and simplest living particle capable of an independent existence
that has yet been discovered.

Bacteria cells, like cells generally, can reproduce their kind. They
multiply by simple fission, probably with an ingrowth of the cell wall, but
without the karyokinetic phenomena observed in nucleated cells. Each
cell gives rise to two daughter cells, which may for a time remain attached
to each other and form a cluster or a chain, or they may separate and
become independent izolated cells. The multiplication, under favourable
conditions of light, air, temperature, moisture, and food, goes on with
extraordinary rapidity, so that in a few hours many thousand new indi-
viduals may arise from a parent bacterium.

Connected with the life-history of a bacterium cell is the formation in
its substance, in many species and under certain conditions, of a highly
refractile shiny particle called a spore. At first sight a spore seems as if
it were the nuclens of the bacterium cell, but it is not always present
when multiplication by cleavage is taking place, and when present it does
not appear to take part in the fission. On the other hand, a spore, from
the character of its envelope, possesses great power of resistance, so that
dried bacteria, when placed in conditions favourable to germination, can
through their spores germinate and resume an active existence. Spore
formation seems, therefore, to be a provision for continuing the life of the
bacterinm under conditions which, if spores had not formed, would
have been the cause of its death.

The time has gone by to search for the origin of living organisms by a
spontaneous aggregation of molecules in vegetable or other infusions, or
from a layer of formless primordial slime diffused over the bed of the ocean.
Living matter during our epoch has been, and continues to be, derived
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from pre-existing living matter, even when it pessesses the simplicity of
structure of a bacterium, and the morphological unit is the cell.

Development of the Egy.

As the future of the entire organism lies in the fertilised egg cell, we
may now briefly review the arrangements, consequent on the process of
segmentation, which lead to the formation, let us say in the egg of a
bird, of the embryo or young chick.

In the latter part of the last century, C. F. Wolll' observed that the
beginning of the embryo was associated with the formation of layers, and
in 1817 Pander demonstrated that in the hen’s egg at first one layer,
called mucous, appeared, then a second or serous layer, to be followed by a
third, intermediate or vascular layer. In 1828 von Baer amplified our
knowledge in his famous treatise, which from its grasp of the subject
created a new epoch in the science of embryology. It was not, however,
until the discovery by Schwann of cells as constant factors in the strue-
ture of animals and in their relation to development that the true nature
of these layers was determined. We now know that each layer consists
of cells, and that all the tissues and organs of the body are derived from
them. Numerous observers have devoted themselves for many years to
the study of each layer, with the view of determining the part which it
takes in the formation of the constituent parts of the body, more especially
in the higher animals, and the important conclusion has been arvived at
that each kind of tissue invariably arises from one of these layers and
from no other.

The layer of cells which contributes, both as regards the number and
variety of the tissues derived from it, most largely to the formation of the
body is the middle layer or mesoblast. From it the skeleton, the museles,
and other locomotor organs, the true skin, the vascular system, including
the blood, and other structures which I need not detail, take their rise.
From the inner layer of cells or hypoblast, the principal derivatives are
the epithelial lining of the alimentary canal and of the glands which open
into it, and the epithelial lining of the air-passages. The outer or epiblast
layer of cells gives origin to the epidermis or searf skin and to the nervous
system. It is interesting to note that from the same layer of the embryo
arise parts so different in importance as the cuticle—a mere protecting
structure, which is constantly being shed when the skin is subjected to the
friction of a towel or the clothes—and the nervous system, including the
brain, the most highly differentiated system in the animal body. How
completely the cells from which they are derived had diverged from each
other in the course of their differentiation in structure and properties is
shown by the fact that the cells of the epidermis are continually engaged
in reproducing new cells to replace those which are shed, whilst the cells

of the nervous system have apparently lost the power of reproducing
their kind.
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In the early stage of the development of the egg, the cells in a given
layer resemble each other in form, and, as far as can be judged from their
appearance, are alike in structure and properties. As the development
proceeds, the cells begin to show differences in character, and in the course
of time the tissnes which arise in each layer differentiate from each other
and ean be readily recognised by the observer. To use the language of
von Baer, a generalised structure has become specialised, and each of the
special tissues produced exhibits its own structure and properties. These
changes are coincident with a rapid multiplication of the cells by cleavage,
and thus increase in size of the embryo accompanies specialisation of
structure. As the process continues, the embryo gradually assumes the
shape characteristic of the species to which its parents belonged, until at
length it is fit to be born and to assume a separate existence.

The conversion of cells, at first uniform in character, into tissues of a
diverse kind is due to forces inherent in the cells in each layer. The cell
plasm plays an active though not an exclusive part in the specialisation ;
for as the nucleus influences nutrition and seeretion, it acts as a factor in
the differentiation of the tissues. When tissues so diverse in character as
muscular fibre, cartilage, fibrous tissues, and bone arise from the cells of the
middle or mesoblast layer, it is obvious that, in addition to the morphological
differentiation affecting form and structure, a chemical ditferentiation affect-
ing composition also occurs, as the result of which a physiological differen-
tiation takes place. The tissues and organs become fitted to transform the
energy derived from the food into muscular energy, nerve energy, and
other forms of vital activity. Corresponding differentiations also modify
the cells of the outer and inner layers. Hence the study of the develop-
ment of the generalised cell layers in the young embryo enables us to
realise how all the complex constituent parts of the body in the higher
animals and in man are evolved by the process of differentiation from a
simple nucleated cell—the fertilised ovam. A knowledge of the cell and
of its life-history is therefore the foundation-stone on which biological
science in all its departments is based.

If we are to understand by an organ in the biological sense a complex
body capable of carrying on a natural process, a nucleated cell is an organ
in its simplest form. In a unicellular animal or plant such an organ
exists in its most primitive stage. The higher plants and animals again
are built up of multitudes of these organs, each of which, whilst having
its independent life, is associated with the others, so that the whole may
act in unison for a common purpose. As in one of your great factories
each spindle is engaged in twisting and winding its own thread, it is at
the same time intimately associated with the hundreds of other spindles
in its immediate proximity, in the manufacture of the yarn from which
the web of cloth is ultimately to be woven.

It has taken more than fifty years of hard and continuous work to
bring our knowledge of the structure and development of the tissues and
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organs of plants and animals up to the level of the present day. Amidst
the host of names of investigators, both at home and abroad, who have con-
tributed to its progress, it may seem invidious to particularise individuals.
There are, however, a few that 1 cannot forbear to mention, whose claim
to be named on such an occasion as this will be generally conceded.

Botanists will, T think, acknowledgze Wilhelm Hofmeister as a master
in morphology and embryology, Julius von Sachs as the most important
investigator in vegetable physiology during the last quarter of a century,
and Strasburger as a leader in the study of the phenomena of nuclear
division.

The researches of the veteran Professor of Anatomy in Wiirzburg,
Albert von Kalliker, have covered the entire field of animal histology.
His first paper, published fifty-nine years ago, was followed by a suc-
cession of memoirs and books on human and comparative histology and
embryology, and culminated in his great treatise on the structure of the
brain, published in 1896. Notwithstanding the weight of more than
eighty years, he continues to prosecute histological research, and has
published the results of his latest, though let us hope not his last, work
during the present year.

Amongst our own countrymen, and belonging to the generation which
has almost passed away, was William Bowman. His investigations
between 1340 and 1850 on the mucous membranes, muscular fibre,
and the structure of the kidney, together with his researches on the
organs of sense, were characterised by a power of observation and of
interpreting difficult and complicated appearances which has made his
memoirs on these subjects landmarks in the history of histological
inquiry.

Of the younger generation of biologists Francis Maitland Balfour,
whose early death is deeply deplored as a loss to British science, was
one of the most distinguished. His powers of observation and philosophic
perception gave him a high place as an original inquirer, and the charm of
his personality—for charm is not the exclusive possession of the fairver
sex —endeared him to his friends,

General Morphology,

Along with the study of the origin and structure of the tissues of
organised bodies, much attention has been given during the century to
the parts or organs in plants and animals, with the view of determining
where and how they take their rise, the ovder of their formation, the
changes which they pass through in the early stages of development, and
their relative positions in the organism to which they belong. Investi-
gations on these lines are spoken of as morphological, and are to be dis-
tinguished from the study of their physiological or funetional relations,
though both are necessary for the full comprehension of the living
organisin.
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The first to recognise that morphological relations might exist between
the organs of a plant, dissimilar as regards their function, was the poet
Goethe, whose observations, guided by his imaginative faculty, led him to
declare that the calyx, corolla, and other parts of a flower, the seales of a
bulb, &c., were metamorphosed leaves, a principle generally accepted by
botanists, and indeed extended to other parts of a plant, which are referred
to certain common morphological forms although they exercise different
functions. Goethe also applied the same principle in the study of the
skeletons of vertebrate animals, and he formed the opinion that the spinal
column and the skull were essentially alike in construction, and consisted
of vertebrs, an idea which was also independently conceived and advocated
by Oken.

The anatomist who in our country most strenuously applied himself to
the morphological study of the skeleton was Richard Owen, whose know-
ledge of animal structure, based upon his own dissections, was unrivalled
in range and variety. He elaborated the conception of an ideal, archetype
vertebrate form which had no existence in nature, and to which, subject
to modifications in various directions, he considered all vertebrate skeletons
might be referred. Owen’s observations were conducted to a large extent
on the skeletons of adult animals, of the knowledge of which he was a
master. Asin the course of development modifications in shape and in
the relative position of parts not unfrequently occur and their original
character and place of origin become obscured, it is difficult, from the study
only of adults, to arrive at a correct interpretation of their morphological
significance. When the changes which take place in the skull during its
development, as worked out by Reichert and Rathke, became known and
their value had become appreciated, many of the conclusions arrived at by
Owen were challenged and ceased to be accepted. It is, however, due to
that eminent anatomist to state from my personal knowledge of the
condition of anatomical science in this country fifty years ago, that an
enormous impulse was given to the study of comparative morphology
by his writings, and by the criticisms to which they were subjected.

There can be no doubt that generalised arrangements do exist in the
early embryo which, up to a certain stage, are common to animals that
in their adult condition present diverse characters, and out of which the
forms special to different groups are evolved. As an illustration of this
principle, T may refer to the stages of development of the great arteries
in the bodies of vertebrate animals. Originally, as the observations of
Rathke have taught us, the main arteries are represented by pairs of
symmetrically arranged vascular arches, some of which enlarge and con-
stitute the permanent arteries in the adult, whilst others disappear. The
increase in size of some of these arches, and the atrophy of others, are so
constant for different groups that they constitute anatomical features
as distinctive as the modifications in the skeleton itself. Thus in mam-
mals the fourth vascular arch on the left side persists, and forms the arch
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of the aorta ; in birds the corresponding part of the aorta is an enlarge-
ment of the fourth right arch, and in reptiles both arches persist to form
the great artery. That this original symmetry exists also in man we
know from the fact that now and again his bedy, instead of correspond-
ing with the mammalian type, has an aortic arch like that which is
natural to the bird, and in rarer cases even to the reptile. A type form
common to the vertebrata does therefore in such cases exist, capable of
evolution in more than one direction.

The reputation of Thomas Henry Huxley as a philosophic compara-
tive anatomist rests largely on his early perception of, and insistence on,
the necessity of testing morphological conclusions by a reference to the
development of parts and organs, and by applying this principle in his own
investigations. The principle is now so generally accepted by both botanists
and anatomists that morphological definitions are regarded as depending
essentially on the successive phases of the development of the parts
under consideration.

The morphological characters exhibited by a plant or animal tend
to be hereditarily transmitted from parents to offspring, and the
species is perpetuated. In each species the evolution of an individual,
through the developmental changes in the egg, follows the same lines in
all the individuals of the same species, which possess therefore in common
the features called specific characters. The transmission of these charac-
ters is dune, according to the theory of Weismann, to certain properties
possessed by the chromosome constituents of the segmentation nucleus in
the fertilised ovum, named by him the germ plasm, which is continued
from one generation to another, and impresses its specific character on the
egg and on the plant or animal developed from it.

As has already been stated, the special tissues which build up the bodies
of the more complex organisms are evolved out of cells which are at first
simple in form and appearance. During the evolution of the individual,
cells become modified or differentiated in structure and function, and
g0 long as the differentiation follows certain preseribed lines the morpho-
logical characters of the species are preserved. 'We can readily conceive
that, as the process of specialisation is going on, modifications or variations
in groups of cells and the tissues derived from them, notwithstanding the
influence of heredity, may in an individual diverge so far from that which
is characteristic of the species as to assume the arrangements found in
another species, or even in another order. Anatomists had indeed long
recognised that variations from the customary arrangement of parts
occasionally appeared, and they deseribed such deviations from the current
descriptions as irregularities.

Darwinzan Theory.

The signification of the variations which arise in plants and animals
had not been apprehended until a flood of light was thrown on the entire
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subject by the genius of Charles Darwin, who formulated the wide-
reaching theory that variations could be transmitted by heredity to
younger generations. In this manner he conceived new characters would
arise, accumulate, and be perpetuated, which would in the course of time
assume specific importance. New species might thus be evolved out of
organisms originally distinet from them, and their specific characters would -
in turn be transmitted to their descendants. By a continuance of this pro-
cess new species would multiply in many directions, until at length from one
or more originally simple forms the earth would become peopled by the
infinite varieties of plant and animal organisms which have in past ages
inhabited, or doat present inhabit, our globe. The Darwinian theory may
therefore be defined as Heredity modified and influenced by Variability.
It assumes that there is an heredity quality in the ege which, if we take
the common fowl for an example, shall continue to produce similar fowls,
Under conditions, of which we are ignorant, which occasion molecular
changes in the cells and tissues of the developing egg, variations might
arise. in the first instance probably slight, but becoming intensified in
successive generations, until at length the descendants would have lost
the characters of the fowl and have become another species. No
precise estimate has been arrived at, and indeed one does not see how it is
possible to obtain it, of the length of years which might be required to
convert a variation, capable of being transmitted, into a new and definite
specific character,

The circumstances which, according to the Darwinian theory, deter-
mined the perpetuation by hereditary transmission of a variety and its
assumption of a specific character depended, it was argued, on whether it
possessed such properties as enabled the plant or animal in which it
appeared to adapt itself more readily to its environment, i.e. to the
surrounding conditions. If it were to be of use the organism in so far
became hetter adapted to hold its own in the struggle for existence with
its fellows and with the forces of nature operating on it. Through
the accumulation of useful characters the specific variety was perpetuated
by natural selection so long as the conditions were favourable for its
existence, and it survived as being the best fitted te live. Tn the study
of the transmission of variations which may arise in the course of develop-
ment it should not be too exclusively thought that only those variations
are likely to be preserved which ean be of service during the life of the
individual, or in the perpetuation of the species, and possibly available for
the evolution of new species. It should also be kept in mind that
morphological characters can be transmitted by hereditary descent,
which, though doubtless of service in some bygone ancestor, are in
the new conditions of life of the species of no physiological value.
Our knowledge of the structural and functional modifications to be
found in the human body, in connection with abnormalities and with
tendencies or predisposition to diseases of various kinds, teaches us that
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characters which are of no use, and indeed detrimental to the individual,
- may be hereditarily transmitted from parents to offspring through a suc-
~ cession of generations.

-y Since the conception of the possibility of the evolution of new species
 from pre-existing forms took possession of the minds of naturalists,
attempts have been made to trace out the lines on which it has proceeded,
The first to give a systematic account of what he conceived to be the order
of succession in the evolution of animals was Ernst Haeckel, of Jena, in
a well-known treatise. Memoirs on special departments of the subject,
too numerous to particularise, have subsequently appeared. The problem
has been attacked along two different lines : the one by embryologists,
of whom may be named Kowalewsky, Gegenbaur, Dohrn, Ray Lankester,
Balfour, and Gaskell, who with many others have conducted careful and
methodical inquiries into the stages of development of numerous forms
belonging to the two great divisions of the animal kingdom. Inverte-
brates, as well as vertebrates, have been carefully compared with each
other in the bearing of their development and structure on their affinities
and descent, and the possible sequence in the evolution of the Vertebrata
from the Invertebrata has been discussed. The other method pursued by
palontologists, of whom Huxley, Marsh, Cope, Oshorne, and Traquair
are prominent authorities, has been the study of the extinct forms pre-
served in the rocks and the comparison of their structure with each other
and with that of existing organisms. In the attempts to trace the line of
descent the imagination has not unfrequently been called into play in con-
- structing various conflicting hypotheses. Though from the nature of things
the order of descent is, and without doubt will continue to be, ever a matter
of speculation and not of demonstration, the study of the subject has been

a valuable intellectual exercise and a powerful stimulant to research.

We know not as regards time when the fiat went forth, * Let there be

Life, and there was Life.” All we can say is that it must have been in
the far-distant past, at a period so remote from the present that the mind
fails to grasp the duration of the interval. Prior to its genesis our earth
consisted of barren rock and desolate ocean. When matter became
endowed with Life, with the capacity of self-maintenance and of
resisting external disintegrating forces, the face of nature began to
undergo a momentous change. Living organisms multiplied, the land

. became covered with vegetation, and multitudinous varieties of plants,
' from the humble fungus and moss to the stately palm and oak, beautified
its surface and fitted it to sustain higher kinds of living beings. Animal
forms appeared, in the first instance simple in structure, to be followed by
others more complex, until the mammalian type was produced. The
_ oesan also became peopled with plant and animal organisms, from the
Hmicmscﬂpiﬂ diatom to the huge leviathan. Plants and animals acted and
reacted on each other, on the atmosphere which surrounded them and on
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the earth on which they dwelt, the surface of which became modified in

character and aspect. At last Man came into existence. His nerve-energy,
in addition to regulating the processes in his economy which he possesses
in common with animals, was endowed with higher powers. When trans-
lated into psychical activity it has enabled him throughout the ages to
progress from the condition of a rude savage to an advanced stage of
civilisation ; to produce works in literature, art, and the moral sciences
which have exerted, and must continue to exert, a lasting influence on
the development of his higher Being ; to make discoveries in physieal
science ; to acquire a knowledge of the structure of the earth, of the
ocean in its changing aspects, of the atmosphere and the stellar uni-
verse, of the chemical composition and physical properties of matter in
its various forms, and to amnalyse, comprehend, and subdue the foreces
of nature,

By the application of these discoveries to his own purposes Man has, to
a large extent, overcome time and space ; he has studded the ocean with
steamships, girdled the earth with the electric wire, tunnelled the lofty
Alps, spanned the Forth with a bridge of steel, invented machines and
founded industries of all kinds for the promotion of his material welfare,
elaborated systems of government fitted for the management of great
communities, formulated economiec principles, obtained an insight into
the laws of health, the causes of infective diseases, and the means of
controlling and preventing them.

When we reflect that many of the most important discoveries in ab-
stract science and in its applications have been made during the present
century, and indeed since the British Association held its first meeting in
the ancient capital of your county sixty-nine years ago, we may look
forward with confidence to the future. Every advance in science provides
a fresh platform from which a new start can be made, The human intel-
lect is still in process of evolution. The power of application and of
concentration of thought for the elucidation of scientitic problems is by
no means exhausted. In seience is no hereditary aristocracy. The army
of workers is recruited from all classes. The natural ambition of even
the private in the ranks to maintain and increase the reputation of the
branch of knowledge which he cultivates affords an ample gnarantee
that the march of secierce is ever onwards, and justifies us in proclaiming
for the next century, as in the one fast ebbing to a close, that Great is
Science, and it will prevail.
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