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ON THE MICROSCOPE AS APPLIED TO NATURAL 
HISTORY.

By Thomas Sansom, A.L.S., F.B.S.E. 

(BEAD 18in FEBBUABT, 1858.)

In bringing this subject before the Historic Society, I do not propose to 
entertain the members with details of discoveries of my own, but rather to 
point out some of the more important applications of the Microscope to 
the investigation of minute structures in the animal and vegetable king 
doms. The microscope has now become to the naturalist a necessary 
instrument. To the amateur it will ever be a favourite recreation, and no 
school should be without one. A few hours' demonstration of subjects 
under the microscope will generally convey more information to a student 
in natural history than can be gained by weeks of reading. Many of the 
members present are no doubt aware that the compound microscope, as at 
present used, is a comparatively modern instrument, and it is impossible to 
tell to what extent researches into the higher branches of natural 
history would have been carried by Leeuwenhoek, Harvey and others, had 
they possessed such instruments as those now manufactured. It is not, 
however, the possession of a fine instrument that will make a naturalist; 
but when a perfect instrument is placed in the hands of a man possessed 
of good observing faculties we may hope for great results. Practical 
naturalists have frequently had to overcome difficulties which to an ordi 
nary observer would have been insurmountable. Such was the case with 
Leeuwenhoek; he not only manufactured the microscopes he used, but 
cast and ground his lenses. Our distinguished countryman, the late 
George Newport, I am informed, made all his early investigations into the 
anatomy of insects with the eye-piece of a telescope, which he bought at 
Chertsey for half-a-crown. In the present day naturalists have very few 
difficulties to contend with, for a better instrument may now be purchased 
for from three to five guineas than could be procured for thirty pounds 
twenty years ago; and I think it may safely be affirmed that no optical in 
struments are more perfect than our best modem microscopes. The degree 
of perfection which has been attained during the past quarter of a century
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by our London opticians, is marvellous. And to the communication of the 
discoveries of Mr. Joseph Jackson Lister, in 1829, we are mainly indebted 
for these advances.

Towards the latter end of the seventeenth century, the microscope, 
although very rude in form, excited intense curiosity amongst scientific men. 
Several books were published detailing the results of their investigations. 
The Micrographia of Robert Hooke, published in 1667, was in its day a 
wonderful production. The early volumes of the Philosophical Transac 
tions of the Royal Society abound with papers on microscopical subjects, 
chiefly contributed by Grew, Malpighi and Leeuwenhoek.

In 1703 the Hydra was first discovered by Leeuwenhoek, and in 1741 
M. Trembley of Geneva, iu a paper published by the Royal Society, 
described the peculiarities of this remarkable animal. Some of the experi 
ments detailed in this communication are so graphically recorded, and 
have been subsequently so well and so repeatedly verified, that I cannot 
refrain from quoting them as given by Baker.* M. Tremblcy, after ex 
plaining the drawing of a Hydra with eleven horns or arms, states, " the 
' horns serve for legs and arms, and at the end whence they come out, is a 
' mouth or passage into the stomach, which, extending the whole length, 
' forms a body like a pipe or gut, open at both ends. There are two species. 

Some stretch their bodies to an inch and a half in length, but that is rare ; 
' few even of the larger kind being above nine or ten Hues long ; and such 
' can contract themselves to not above a single line, stopping if they please 
' at any degree between the utmost contraction and the utmost extension. 
' Their horns differ in length according to the species ; one sort can extend 
them seven inches. Their number of horns is also different, but a full- 

' grown Hydra has seldom less than six. Their common posture is to 
' fasten their tails to something, and then extend the body and arms into 
' the water; and they make use of their progressive motion to place them- 
' selves conveniently for this purpose. Their arms are so many snares 
' stretched out to catch small creatures in the water; and when any insect 
' happens to touch an arm, it is caught and conveyed to the mouth by the 
contracting of the arm, or if the creature struggles the other arms assist. 

' They are voracious animals. A Hydra can swallow a worm whole twice 
' or thrice its own length. If the worm comes endways it is swallowed in 
that manner, otherwise it goes down double, and makes several foldings in 

  the stomach, which distends wonderfully for its reception. The worm soon 
' dies there, and after it has been squeezed or sucked is voided by the mouth. 
' The Hydra brings forth its young from the exterior parts of the body, and

The Microscope made easy, &c., page 98. By Henry Baker, F.K.S.
London, 1744.

3rd Edition.
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" that not always a single one at once; it is common to see five or six, nay, 
" sometimes nine or ten at the same time; and when one drops off another 
" comes in its place."

The most singular part of M. Trembley's account is what he states con 
cerning his operations on these creatures. " If one of them be cut in two, 
" transversely, the forepart which contains the head, mouth and arms, 
" lengthens itself, creeps and eats on the same day. The tail part forms a 
" head and mouth at the wounded end, and shoots forth arms, more or less 
" speedily as the heat is favorable. In summer they will be shot out in 
" twenty-four hours, and the new head is perfected in a few days."

Cut a Hydra where, or into what parts you please, transversely, each 
part becomes a complete Hydra. But being too small an animal to admit 
of being divided into many parts at once, M. Trembley first cut one into 
four quarters, and let them grow; then divided each quarter, and proceeded 
subdividing till he obtained fifty-one out of one. He tried numerous ex 
periments of this sort, but the most extraordinary was the following. 
Cutting a Hydra through the head and body, but not quite through the 
tail, in a short time there were two perfect heads and bodies with but one 
tail; these were in like manner divided, until a Hydra with seven heads 
and bodies conjoined to one tail was produced. These seven heads were 
cut off at once ; seven others grew in their stead, and each of the seven 
heads so cut off, putting forth a new body, became a perfect Hydra. It 
was stated that the body of the Hydra is a sort of a hollow gut or tube ; 
this may be turned inside out as you would turn a stocking, notwithstand 
ing which the animal eats grows, and multiplies, as if nothing had been 
done to it.

From the middle of the last century down to within about thirty years 
ago, very little had been done towards improving the microscope, and 
little use appeal's to have been made of the instrument, especially in this 
country. You are all no doubt aware that the study of natural history was 
confined almost exclusively to the medical profession and professional 
naturalists; our books were all written in Latin, and consequently were 
sealed books to the majority of the population; but with the present 
century a new era dawned, and many valuable works have been 
written in our own language : accordingly, natural history in its several 
branches has gradually progressed, until it has become a favorite study, 
and forms one of the branches of liberal education. To this increased 
interest in natural history may be traced the improvements in the
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microscope, for as science advanced, and structural differences became 
more important in affording distinctive characters, the want of good 
instruments became more apparent. The foreign opticians were the first 
to endeavour to meet this demand, and to this fact, no doubt, is to be 
attributed the notion that the foreign microscopical glasses are superior to 
the English. To say so at the present day may be called a vulgar error, 
for no one having the slightest knowledge of the subject will admit that 
such is the case. The best foreign object glasses of the present time are 
scarcely equal to second-rate glasses of British manufacture.

In proof of this I may state, that shortly before the opening of the 
Great Exhibition in 1851, M. Nobert, of Griefwald, in Prussia, manu 
factured certain test objects for microscopic glasses, which as specimens of 
delicate manipulation are surprising productions. These tests consist 
of small plates of glass, ruled with parallel lines in bands of different 
distances, each band consisting of a series of from about a dozen to thirty 
lines.

The specimen which I exhibit this evening is the first that was sent to 
this country by M. Nobert. He sent it as a challenge, stating that none 
of the German microscopists could count the finest lines, and he, like 
most of his countrymen, thought he was safe in defying the English 
microscopists. This slide was sent to Mr., now Dr., Bowerbank, of High 
bury, who not only counted the lines in each series, but also measured their 
distances apart. The finest lines in the slide he found were 46,000 to an 
inch. M. Nobert was now put on his mettle, and he ruled a still finer 
slide, taking care to compute the distance apart of each series of lines. 
In the second slide, the finest lines were 63,000 to the inch. Since that 
time many much finer slides have been ruled, and in every instance they 
have been read and measured with London glasses. On one slide, in the 
possession of Mr, Warren De La Rue, there are 322 lines arranged in 
thirteen bands, each band being composed of a series of from seventeen to 
thirty-nine lines, and the distances apart of each series of lines varies from
ilin to HTTT, of au inch'*

Perhaps the most important discoveries lately made in natural history 
are those of Suminski, with regard to the fecundation of ferns, and

* John Quekett. A Practical Treatise on the Microscope. Second Ed., p. 476.
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of Thuret and De<!aisne of the fructification of the algse. These dis 
coveries have been further carried out by Hofmeister and others.*

Until the publication of Suminski's observations, the Cryptogamia were 
considered unisexual, but I think there can now be no doubt that they have 
both male and female organs, though of a different character to those of
the flowering plants. " The reproduction of ferns by their spores " (says 
Professor Henfrey) " exhibits some very remarkable phenomena. When the 
" spores are sown, they germinate after a time by a protrusion of the inner 
" coat of a delicate membranous pouch, which elongates and becomes divided 
" by septa into an articulated cellular filament; some of the cells emit slender 
" tubular filaments (which are not cut off by septa), apparently radical hairs, 
" and while these remain uncoloured, the larger cells from which they arise 
" acquire chlorophyll-granules. The young prothallium, as it is called, 
" increases in size by cell division, and at length acquires a somewhat heart- 
" shaped form, and soon some of the cells produce, upon the inner surface, 
" the structures called antheridia, which consist of stalked cellular bodies, 
" of simple but peculiar structure, in the interior of which are developed 
" minute cellules containing ciliated spiral filaments (spermatozoids), which, 
" on the bursting of the antheridial sac, escape not only from this, but from 
" their own parent cells, and swim about actively in the water by the aid of 
" their vibratile cilia.

" These antherids are often formed in large numbers, and the prothallium 
" goes on producing them as long as it exists ; but at a period somewhat 
" later than the earlier antherids, there appear near the middle, at the front 
" of the under surface of the prothallium, other cellular bodies of more 
" complex structure, which are the archegonia or ovule-like bodies. The 
" archegone consists of a cellular papilla composed of a few colourless cells, 
" with a canal running down its centre (an intercellular passage) leading to 
" a cell (embryo cell) at the bottom, contained in a cavity (embryo sac) 
" in the substance of the prothallium. It is supposed that the ciliated 
" spiral filaments make their way down this canal, like tlw pollen tubes 
" through the micropyles of Phanerogamous ovules (Hofmeister states that 
" he has actually seen this), and then the embryo-cell becomes developed 
" into an embryo, which soon exhibits rudimentary leaves and rootlets, 
" bursts out from the cavity of the prothallium (which decays away) and 
" grows up into the ordinary leaf-bearing stem of the Ferns. The 
" prothallia bear a variable number of archegones, but not nearly so many 
" as of antherids, and they exhibit, in most fully developed specimens, 
" a number of effete organs of both kinds, which are readily distinguished 
" by the deep brown color assumed by the membranes lining their cavities, "f

Much light has within the last few years been thrown upon the structure 
of plants by Schleiden, Mohl, Henfrey and others. To Mohl we are greatly

» Vide " Carpenter on the Microscope," pp. 367 and 401, for further information on 
this subject.

t Professor Henfrey in ilicrograpbic Dictionary, page 261. Lend. 1856.
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indebted for his valuable treatise on the anatomy and physiology of the 
vegetable cell.* His definition of the elementary organs of a plant is as 
follows : " The primary form of the elementary organ of plants is that 
" of a completely closed, globular, or elongated vesicle, composed of a solid 
" membrane, and contains a fluid (utricle). If this remains still closed after 
"its development is completed, it is called a cell, but if a row of utricles 
" arranged in a line become combined, during the course of their develop- 
" ment, into a tube with an uninterrupted cavity, through the absorption of 
" their cross walls, a compound elementary organ is produced the vessel."

Although Mohl reduces the structure of all plants to cells and vessels, 
it must not be supposed that these cells and vessels are alike; such is 
not the case, the forms and varieties, of cells being innumerable. An 
extraordinary property possessed by some plants (perhaps by all) is the 
power of circulation or rotation of the protoplasm in the cells. The 
Vallisneria spiralis, Tradescantia virginica, Anacharis alsinastntm, 
Characete, dc., afford striking examples of this property, and will amply 
repay the labor of investigation. This subject has been largely dis 
cussed iu the late volumes of the Microscopical Journal, but still the 
subject is by no means exhausted. An interesting discovery was lately 
made by the Hon. and Rev. Sidney Godolphin Osborne in examining the 
Closterium lunula, one of the Desmidese. At the end of each frond he 
observed a peculiar whirling or boiling motion, which upon closer examina 
tion is found to extend all round the edge of the frond. Mr. Osborne's 
papers appeared in volumes ii. and iii. of the Quarterly Journal of Micro 
scopical Science, and will amply repay perusal.

In examining into the structure and growth of the vegetable cell many 
of the fresh-water algsB, from their great transparency and mode of growth, 
are peculiarly well adapted to show the various transformations. It is only 
by watching the same plant for days that any facts can be arrived at; but 
it should always be borne in mind that any one fact added to our stock of 
knowledge is so much gained to science; and it is from the record of 
simple observations (though trifling in themselves) that our great naturalists 
have been able to found their splendid theories and systems.

Another fruitful source of enquiry has lately been discovered. I allude 
to the Diatomacese. Very few of this tribe of plants were known a few years 
ago, but now we have many hundreds of named and well-established species.

  Principles of the Anatomy and Physiology of the Vegetable Cell, by Hugo Vou 
Mohl. Translated by Arthur Heufrey, F.B.S., ifcc. London, 1852.
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They are found in great abundance in every part of the kingdom. 
The Diatomaceffi are distinguished from their near allies, the Dcsmidete, 
and other uncellular algse, by having an epidermal covering of silex. or 
flint. This renders their forms indestructible by the ordinary agents of 
decomposition. They are all microscopic, and form the most beautiful and 
delicate objects known. Some species inhabit the sea and some are found 
in fresh -water, while others prefer a mixture of both. They are frequently 
found in a fossil state in all parts of the world, and near Leghorn there is 
a layer of fossil Diatomacese of considerable thickness, and extending over 
a space of many square miles. If this deposit is examined it will be found 
to consist of pure Diatomaceffi.*

Great difference of opinion prevailed about the nature of these organisms, 
Ehrenberg contending they were animal, while others considered them 
vegetable. This difference of opinion is not to be wondered at, for some 
of the species have a motion peculiarly their own. Many move about the 
field of the microscope with great facility. But the motion in Bacillaria 
paradoxa is so extraordinary, that I cannot refrain from calling your special 
attention to it, and in doing so quote the words of Mr. Thwaites.f

" When the filaments have been detached from the plants to which they 
" adhere, a remarkable motion is seen to commence in them. The first 
" indication of this consists in a slight movement of a terminal frustule, 
" which begins to slide lengthwise over its contiguous frustule; the second 
" acts simultaneously in a similar manner with regard to the third, and so 
" on throughout the whole filament, the same action having been going on 
" at the same time at both ends of the filament, but in opposite directions. 
" The central frustule thus appears to remain stationary, or nearly so ; 
" while each of the others has removed with a rapidity increasing with its 
" distance from the centre, its own rate of movement having been increased 
" by the addition of that of the independent movement of each frustule 
" between it and the central one. This lateral elongation of the filament 
" continues until the point of contact between the contiguous frustules is 
" reduced to a very small portion of their length, when the filament is again 
" contracted by the frustules sliding back again as it were over each other; 
" and this changed direction of movement proceeding, the filament is again 
" drawn out until the frustules are again only slightly in contact. The 
" direction of the movement is then again reversed, and continues to 
" alternate in opposite directions, the time occupied in passing from the 
" elongation in one direction to the opposite being generally about forty-five

* The author of this paper will be happy to forward to any member of the Society 
interested in microscopical subjects, specimens of this deposit, in its natural state, 

t Proceedings of Linusean Society, vol. 1, p. 311.
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seconds. If a filament while in motion be forcibly divided, the uninjured 
' frustules of each portion continue to move as before, proving that the 
  filament is a compound structure, notwithstanding that its frustules move
in unison. When the filament is elongated to its utmost extent, it is 

' extremely rigid, and requires some comparatively considerable force to 
' beud it, the whole filament moving out of the way of any obstacle rather 
' than bending or separating at the joints. A higher temperature increases 
' the rapidity of the movement."

As the Diatomaceffi became better known, disputes arose amongst the 
naturalists as to the nature of the markings on their silicious shields. So 
late as 1841 the existence of transverse striiB on the shells of Pleurosigma 
Hippocampus was denied, and it was many months before the question was 
satisfactorily settled. As this tribe of plants became better known, it was 
found that the markings on the shells of the various species served as 
excellent tests for trying the resolving qualities of our object glasses. 
But it was also discovered that in distinguishing these markings much 
depended upon the angular aperture of the object glass, and I think to 
this single fact we are indebted in a great measure for the improvements 
made in objectives by our London opticians within the last ten years.

In order to elucidate the nature of the markings on these shells, great 
ingenuity has been shown in the construction of achromatic condensers. 
Many of the contrivances are most elaborate and very costly, but I think 

' they may be dispensed with by any one who will take some little trouble to 
study the application of oblique light. If a shell of Pleurosigmn angulatum 
be examined under a quarter inch object glass with direct light, no mark 
ings except the median line and nodule will be seen; if the same shell 
be examined with oblique light, it will be observed that the whole surface 
appears covered with fine lines; but if the illumination be applied on the 
opposite side of the microscope, the lines will appear to take an opposite 
direction, clearly indicating the existence of what appear to be two sets of 
lines. This is easily explained by a careful manipulation of the light, when 
the two sets of lines are resolved at the same time, and the shell appears 
chequered. If these apparent lines be carefully measured, they will average 
62,000 to the inch.

There were great doubts as to the nature of these markings: it had been 
stated by Mr. Wenham that they were dots, and he even went so far as to 
affirm that in form they were hexagonal. But as it required very delicate 
manipulation and very fine glasses to prove this statement, it was received
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with misgivings. However, Mr. Wenham set that question at rest by 
obtaining a photograph of the actual object, magnified with a power of 
about 1200 diameters; this he again enlarged to about 16,000 diameters, 
so that we now see each dot about one tenth of an inch in diameter; and 
I think that henceforth there can be no doubt as to the nature of these 
markings. One of these photographs, presented to me by Mr. Wenham, 
shows the hexagonal form distinctly. So great is the magnifying power, 
that only one third of the shell appears in the field of view: the entire 
shell, natural size, is under the hundredth of an inch in length; and if 
it had been possible to magnify the whole shell at one tune, the photograph 
would have exceeded twenty-seven inches in length.*

In examining these very delicate objects it is sometimes necessary, and 
always desirable, to measure their size in order to arrive at correct estimates 
of the more nearly allied species. This is now done with comparatively little 
difficulty by means of Jackson's eye-piece micrometer. Having first ascer 
tained the exact value of each line of the Micrometer with reference to the 
object glass in use, the process becomes very simple ; and with that instru 
ment an object can be measured, when a high power is used, to within the 
forty thousandth part of an inch ; with Kamsden's cobweb micrometer the 
measurement may be estimated even nearer. The old microscopists were 
sorely troubled in their measurements by having to compare grains of sand, 
spores of Lycoperdon, small pieces of silver wire and various other sub 
stances, whose dimensions they had previously estimated, with the object 
under consideration, in order to arrive at an approximate measurement, 
which, as may be supposed, was often far from correct.

I have before stated, that in reviewing the Diatomacero, oblique light is 
required to bring out these peculiar markings ; this is easily obtained 
by the aid of the bull's eye. If the microscope is placed at an angle of 
about 45°, more or less, according to the angular aperture of the object 
glass, and the lamp on a level with the under part of the stage, the 
light may be condensed by the aid ofthe bull's eye to any degree; or 
almost the same purpose is answered by placing the mirror on one side. 
When a very strong light is required an object glass makes an excellent 
achromatic condenser

  For a systematic arrangement of thesfi organisms vide " Synopsis of the British 
" Diatomacese," by the Key. William Smith, with Plates by Tuffin West, 2 vols., 1883 and 
1836.
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Polarized light will be found a valuable auxiliary in the examina 
tion of many objects, and its use should never be neglected. Under 
ordinary light many of the harder tissues of plants, as for instance the 
vegetable ivory, nut-shells and others too numerous to mention, present 
a confused appearance, but immediately the polariscope is applied, the 
walls of the cells or other peculiar structures become visible and most 
distinct. I would, therefore, strongly recommend the use of polarised 
light in all cases of difficult definition, in order to see if any decomposition 
of the light takes place. To the crystallographer it is invaluable. Many 
crystals, quite indefinable when viewed with ordinary light, are intensely 
beautiful under the polariscope.

To the scientific naturalist the camera lucida will be found most useful. 
By this instrument we are enabled to obtain accurate delineations of 
the most difficult forms. To its use may be traced the great superiority 
of the drawings published in the present day over those of the last century, 
or even later. This apparent improvement is manifest not only in the 
execution of the plates, but in what is more important, namely : the 
.correct proportion that one part of the structure bears to another.

I




