
Indian Botanic Garden Library

BOTANICAL SURVEY OF INDIA

CLASS NO ......  505

BOOK NO. . .
..,.NN-R:V6'..". 

•••'•

A C C . N O B1789.

V

CALCVTT





ANNALS

OF THB

ROYAL BOTANIC GARDEN, CALCUTTA.

Vol. VI.



ANNALS

ROYAL BOTANIC GARDEN, CALCUTTA.

Yol. TI.

PART I.

1. THE CAUSES OF FLUCTUATIONS IN TURGES-
CENCE IN THE MOTOR ORGANS OF LEAVES.

2. A NEW AND PARASITIC SPECIES OF CHOANE-
PHORA.

By

D. D. CUNNINGHAM, M.B., F.R.S., C.I.E.,

Brigade-Surgeon-Lieutenant-Colonel, Bengal Army.

WITH NINE PLATES.

CALCUTTA:

Printed at the Bengal Secretariat Press.

LONDON:

Sold by B. Quaritch, 15, Piccadilly; Keegan Paul, Trench, Trubner & Co., Ld.;

A. Constable & Co., 14, Parliament Street; Luzac & Co., 46, Great Russell Street;

E. A. Arnold, 37, Bedford Street, Strand.

1895.



THE

CAUSES OF FLUCTUATIONS IN TURGESCENCE

IN THE

MOTOE OEGANS OF LEAVES.

By

D. D. CUNNINGHAM, M.B., F.R.S., O.I.E.,

Brigade-Surgeon-Lieutenant-€olonel, Bengal Army.

WITH SEVEN PLATES.

CALCUTTA:

Printed at the Bengal Secretariat Press.

LONDON:

Sold by B. Quaritch, 15, Piccadilly ; Keegan. Paul', Trench, Trubner & Co., Ld.;

A. Constable <te Co., 14, Parliament Street; Luzac & Co., 46, Great Russell Street:

E. A. Arnold, 37, Bedford Street, Strand.

1895.



THE

CAUSES OF FLUCTUATIONS IN TURGESCENCE

IN THE

MOTOR ORGANS OF LEAVES.

INTRODUCTION.

THE following pages contain an attempt to demonstrate that the great majority,
if not all, of the transient spontaneous movements of higher vegetable organisms,
whether of a nyctitropic character or arising in connection with other conditions
than the incidence or removal of sunlight, are not dependent on the presence of any
specially irritable and contractile protoplasts within the motor organs, but on purely
physical processes connected either with fluctuations in the osmotic capacities of the
tissue-elements, or with alterations in the relations existing between local or general
supply and loss of water. This may at first sight appear to be a retrograde view,
but, at the same time, I feel assured that it is more in accord both with actual
fact and with evolutionary doctrine than that which is commonly accepted in Europe,
at the present time, and it is one which I have arrived at only after more than ten
years of almost continuous study of the subject.

Conspicuous examples of transient spontaneous movements are relatively rare in
plants in Europe, and have therefore, to a great extent, been studied there in
connection with tropical plants growing under very abnormal conditions. This has
not unnaturally given rise, on the one hand, to an over-estimate of their exceptional
character, and, on the other, to imperfect and erroneous conceptions in regard to the
conditions under which they normally manifest themselves. But within the tropics
such movements, and specially those of a nyctitropic character, are so widely diffused
that they may readily be made the subject of continuous observation under normal
conditions, and with this the tendency to ascribe them to exceptional causes is
proportionately diminished.

.*
Observers in Europe unquestionably have many great advantages: the climate is

favourable to strenuous work; they possess very great advantages in regard to the
ready acquisition of special apparatus, and they can constantly avail themselves of
skilled criticism of any conclusions at which they may arrive. But, at the same
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time, they labour under certain disadvantages in the study of the physiology of
tropical organisms. They cannot place the latter under strictly normal conditions,
and are therefore constantly liable to assume that phenomena which present
themselves under unnatural conditions may be taken to represent those occurring
under natural ones. The phenomena of movement occurring in plants with their
roots cramped within pots and exposed to quite abnormal atmospheric conditions can,
in no sense, be taken as affording accurate indices to those occurring normally.
Had Sachs had any practical. experience of tropical conditions, he could hardly have
seriously entertained the idea that the power of movement possessed by the leaves of
Mimosa pudica has been evolved in connection with the protection which it provides
against injuries from hailstorms!



THE

CAUSES OF FLUCTUATIONS IN TURGESCENCE
IN THE

MOTOR ORGANS OF LEAVES.

CHAPTER I.

Wnt essential nature of tmqtstzntt in begetaMe ixssms, the
gi&inc} rise to jkehtatiems in it, aab the toious effects

tohich the latter maj) procure.

As all the massive movements occurring in the higher plants, and which are
ordinarily ascribed to their irritable properties, are directly dependent on variations in
turgidity, it seems to be desirable at the outset briefly to consider certain points regarding
the nature and causes of the latter condition,

Turgidity is a condition in vegetable tissues in which they contain a greater amount
of liquid than that sufficing for their simple saturation. In other words, turgid tissues
contain more liquid than they are capable of accommodating as the result of their
passive physical capacity. The excess of liquid content is the result of the presence of
osmotic materials within the tissue elements, and its retention must necessarily give
rise to certain effects in these, to an increase in size, to elevation of conditions of
pressure, or to both of these combined in various proportions. In the case of free proto-
plasts simple increase in size will occur, and in most tissues increased intracellular
pressure will arise in those cases where the cell walls are rigid either intrinsically or
from their relations to neighbouring parts, and varying combinations of increased size
and increased intracellular pressure where the cell-walls are extensible and elastic.

In the great majority of cases turgidity in vegetable tissues is essentially dependent
on their continued vitality; but at the same time the occurrence of cases in which we
find it existing in the highest degree after the death or even entire removal of the
protoplasm show that it cannot be directly caused by the latter. There is no direct
relation between turgidity and the presence of living protoplasm in the turgid elements;
but jet living protoplasm is necessary in order to the development of turgidity, as it
is due to the presence of products of protoplastic activities that the latter arises. The
condition which holds a direct causal relation to turgidity is the presence of osmotic
materials within the protoplasm or cell-sap, and these materials are the products of the
functional activities of the protoplasm. Whether the actual presence of living proto-
plasm is necessary .or unnecessary to the maintenance of turgidity in a tissue is determined
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* THE CAUSES OF FLUCTUATIONS IN TUEGESCENCE

by the nature and amount of the products to which its osmotic properties are due.
Where the former are unstable, the cessation or alteration of protoplasmic activity will
at once give rise to corresponding changes in the degree of turgidity; where they are
stable and present in considerable quantity, turgidity may remain for long, inappreciably
affected by death or even complete absence of protoplasm. So long as the osmotic
materials which are the direct cause of turgescence are present, the latter will persist
under conditions of sufficient water-supply, &c, whether protoplasm be present or absent,
and no action of living protoplasts, unless affecting the stock of osmotic materials, can
produce any effect on the turgescence of cells.

It may perhaps have been observed that the statement in regard to the effects of
turgescence on tissues is a qualified one. The qualification is necessary, because it does
not invariably happen that turgescence of the protoplasts of a tissue implies^ turgescence
of the latter as a whole. So long as any protoplast retains its vitality, so long as it
continues to exercise its functional activities, it appears normally to be more or less
turgid, and the coincidence of protoplastic and cellular turgescence, which \re find
constantly prevailing in most tissues, is due to the relation which the protoplasts
bear to the cell-cavities within which they are situated, and to the fact that even
minimal normal turgescence in the former implies a certain amount of active internal
pressure in the latter. In any case turgescence is dua to the presence of certain
products of protoplasmic activity, but so long as they are confined to the interior of
the protoplasm, either diffusedly or within accumulations of cell sap, and the proto-
plasts are situated within cavities with rigid walls, it is clear that various decrees of
protoplastic turgescence may be present without any coincident turgescence of the cells
as a whole, and that depression of protoplastic turgescence below a certain decree
must give rise to phenomena of natural plasmolysis. The fall in turgescence in the
protoplasts implies a corresponding diminution in their bulk, and as the cell-walls are rigid
this must tend to a separation of the protoplasm from them. In such cases we have
plasmolytic phenomena arising from intrinsic causes, whilst in experimental plasmolysis
they are due to extrinsic ones; in artificial plasmolysis the exosmotic property of the
medium is raised; in natural plasmolysis the endosmotic properties of the protoplasts
are lowered.

In the great majority of cases, however, no such phenomena present themselves
under normal circumstances, and even minimal protoplastic turgescence implies a certain
decree of turgescence of the tissue as a whole. The interior of the cell-walls is thus
constantly subjected to a certain amount of pressure, which may or may not be accom-
panied by correspondingly active distention of the cell-cavities. The actual degree
of tension present at different times, however, varies greatly, the variations being deter-
mined by two perfectly distinct sets of factors—factors telling on the absorptive and
retentive properties of the cell contents, and factors affecting the supply of water
available for absorption and retention, or causing variations in the conditions of exter-
nal pressure to which the cells are exposed. The former are directly related to the
functional activities of the protoplasts; the latter to the general loss and supply of fluid
dependent on atmospheric and telluric conditions, to conditions affecting the water-
conducting elements of the tissues, or to conditions determining local alterations in
pressure in the absorptive tissues themselves.

According to the relations which these two .sets of factors bear to one another at
different times, variations in the degree of turgescence of the tissues must necessarily be
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established. Where conditions favouring the formation of endosmotic products by the
protoplasts are present coincidently with conditions implying abundant general supply and
small general loss, and in the absence of any special causes for active local nitration,
turgescence will naturally attain its maximum; where active formation of endosmotic
materials cpincides with conditions causing deficient supply or excessive loss of fluid, the
result in any individual case will be determined by the degree to which each of the
opposed sets of factors happens to prevail; and, where a small formation of endosmotic
materials and conditions favouring loss or obstructing supply of fluid occur coincidently,
minimal degrees of turgescence will naturally present themselves.

The variations in turgescence due to the interaction of these various factors must
necessarily .give rise to various ultimate results according to the nature of the tissue
in which they occur. In the cases of tissues in which the conditions for the occurrence
of natural plasraolysis occur, varying degrees of contact or separation between the
protoplasts and the cell-walls will be present, which may be accompanied by conspicuous
alterations in colour, especially where the protoplasts include coloured contents. In other
cases varying degrees of intracellular pressure will constantly prevail which may or
may not be "accompanied by corresponding variations in bulk of the tissue. Where the
cell-walls are rigid, either intrinsically or from their relations to neighbouring parts,
variations* in intracellular pressure alone will be present; where they are extensile and free
to extend, variations in size will accompany this.. It is only in the latter case that varia-
tions in degree of turgidity can give rise to conspicuous massive movements, and it does
not, of course, follow that such should invariably present themselves even under such
conditions. Variations in the size of the constituent elements of a tissue may result in
mere general increase or decrease of its bulk, and it is only where variations in turgidity
affect opposed masses of tissue in unlike degree that massive movements will accompany

them.
Mere variations in protoplastic turgidity may give rise to very conspicuous changes

in the colour of masses of tissue; variations in the turgidity of the tissue elements as
a whole, in cases where the cell-walls are rigid, may cause appreciable variation in consist-
ence, but cannot serve to induce appreciable variations in bulk or massive movements;
variations in turgidity of entire tissues with extensile and elastic cell-walls will cause
variations in bulk which may or may not be accompanied by conspicuous movements
according to their distribution.

Fluctuations in turgidity are then, under certain circumstances, efficient in giving
rise to massive movements in vegetable organisms, and may themselves be caused either
by variations in the nature and amount of the products of protoplastic activity, or in
conditions of supply and loss of fluid; and the question next arises, are they the only
efficient agents in producing this result, or may the active exercise of contractile function
not be one also, as, according to ordinarily accepted opinion, it may actually be?

So far as protoplasts are concerned, it is readily conceivable that active contraction
may determine alterations in turgesconce, and therefore in bulk, by causing the
discharge of fluids included within their substance; but the question which we have to
deal with is, how far is mere protoplastic contraction likely to be efficient in giving rise
to alterations in the turgescence of cells ? In considering this we have in the first place
to bear in mind that, in so far as the active protoplasm is concerned, we have unequivocal
evidence that contraction does not imply any appreciable alteration in bulk, but mere
change in form, and that therefore contraction of a protoplast situated within a cell cavity

ANN. ROY. BOT. GABD. CALCUTTA VOL. VI.



4 THE CAUSES OP FLUCTUATIONS IN TUEGESCENCE

does not in itself determine any appreciable diminution in the mass of contents
of the latter, but at the utmost a mere rearrangement of them. Active contraction w'ijl
give rise to increased pressure in fluids contained within the substance of the contracting
protoplast, but as these are relatively incompressible, the utmost that this is calculated
to give rise to is a mere redistribution, a certain amount of fluid escaping from the
interior of the protoplasm and accumulating between it and the cell-wall in plasmolytic
fashion. In so far as alterations in the mass of cell-contents are concerned, a protoplast
contracting within a cell is practically the parallel of a mass of muscle contracting within
a closed vessel of water. The distribution of the muscular mass and of the surrounding
water is altered, owing to the change of form occurring in the former on contraction, bu*t
the total bulk of content of the vessel remains practically unaltered.

Mere protoplastic contraction being thus insufficient in itself to give rise to diminished
turgescence in cells, we have next to consider how far we have any reason to believe
that any redistribution of the cell-contents accompanying it may be capable of doin"-
so. Were turgescence in cells necessarily dependent on the presence of fluids included
within the substance of the protoplasm, there would be good grounds for supposing that
any discharge of these from the latter might lead to diminished turgescence ;* but as
we know that turgescence is directly related to the products of protoplasmic' activity
and not'to protoplasm itself, and that it may be present in high degree apart from the
presence of any living protoplasm whatever, we have no grounds for regarding any mere
redistribution of the cell-contents, apart from alterations in their osmotic properties as
efficient causes for alterations in cell-turgescence. '

If contraction of the protoplasts implied increased pressure on the exterior of the
cell-walls, or were necessarily accompanied by change in osmotic properties of the cell-
contents, it might well be accompanied by diminished turgescence; but as it certainly
cannot lead to the former, and as there is no evidence that it is necessarily associated
with the latter, we are justified in regarding it as incapable of affecting cell-tur<*escence
either directly or indirectly. The essential factors which determine the normal fluctuations
in turgescence in vegetable cells are alterations in the osmotic properties of their contents
and alterations in the conditions regulating general supply and loss of fluid • 1
nitration; and it does not appear that protoplastic contraction per se is capable^of
producing such changes. *

Because conspicuous massive movements occur much more frprmtmtUr • *i
. "JVM.0 iiei|ut)ni;iy m. tlio or°"an»

isms of the higher animals than m those of the higher plants, it has been assumed "that
the mechanism whereby they are produced in the former must necessarily be that which
causes them in the latter; but this is of course no matter of logical necessity. Move
ments in an organism may be arrived at by two perfectly distinct paths—either by means'
of alterations in form or alterations in bulk of its constituent elements • in the
the higher animals the former, and in the case of the higher plants the latter is th
which has been followed. '

The lines which evolution has pursued in the animal and vegetal series are di
in the former contractile and, in association with this, irritable function; and in t h ^ f T ' '
assimilatory function has been progressively highly specialised. The higher plants6 *' ^
to their great superficial extension and highly evolved assimilatory capacity are^nablecUo
obtain sufficient nutritive materials from those supplies which are generally dUhmTLLoh
out their environment; consequently any special means for bringing them in condensed
and massive form into immediate relation to the organism are unnecessary. In the case
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of the higher animals, dependent as they are on supplies of concentrated nutritive
materials, such means are essential. The end to be attained in both cases is a due supply
o? nutritive material to make good the constant waste to which living protoplasm is
subject in the exercise of its functional properties; in the one case this has been attained
by great specialisation of assimilatory function and great extension of surface, in
the otfier by great specialisation of contractile and irritable function. Even the most
indifferent protoplasm possesses a certain amount of contractile function; but in tracing
the course of evolution along the animal and vegetal series of organisms we find that,
whilst in the" former this has become more and more highly specialised, in the latter it
has remained in relative abeyance, while assimilatory power has become predominant; so
that it would be ju^t as surprising and anomalous to find any of the higher plants
exhibiting phenomena implying the presence of highly specialised contractile apparatus
as. to find any of the higher animals capable of supplying their nutritional requirements
from purely inorganic sources.

Botfr Pn & priori grounds and in the light of abundant positive evidence there is
thus goojd reason to believe that massive movements in the higher plants are not related
.to the exercise of contractile function, but to assimilatory function as affecting, the
osmotic properties of the tissues, or to purely physical causes influencing general or
local supply and loss of fluid.

CHAPTER IL

jftitg as fetinpishtd from simple
It is not difficult to adduce evidence showing that turgescence is distinct from mere

saturation of tissues; but perhaps the most striking proof is that which is afforded by
the phenomena presenting themselves in connection with the exposure of many succulent
tissues to the action of anaesthetics. The demonstration is peculiarly striking in such
cases, because the materials on which the turgescence of the tissue depends are unstable
in constitution and are not accumulated in any considerable amount; so that any depres-
sion of the functional activities to which they owe their origin is at once followed by
a discharge of fluid from the cells; and because, as Dubois has pointed Out,* the area of
the intercellular spaces is too small to accommodate the masses of it which escape, so
that free exudation takes place upon the surface through the stomatic orifices. The follow-
ing experiments illustrate the nature of the phenomena presenting themselves in the case
of various common succulents:—

A.—Kalanchoe laciniata.

Experiment I.—A leaf weighing 6'54 grammes was set in a chloroform-chamber at
10-9 A.M. A certain degree of darkening in its colour and visible exudation of minute
drops of fluid upon the surface were recognisable at 10-17 A.M. The exudation advanced
rapidly, and at 12-30 P.M. the leaf had become somewhat flaccid and had acquired a

* "Mecanisme de l'action de Anesth&iques." Dr. E. Dubois, Bevue Generate des Sciences. September 1891, p. 661.
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brownish olive tint. At this time it weighed 5'73 grammes, which, as the fluid of the
exudation is practically of the same specific gravity as water, indicated a loss of 0#81c.c.
of fluid. It was returned to the chamber, and on the following morning it was quite
flaccid and weighed only 5*42 grammes, corresponding to a total loss of V12c'.c. of
fluid during the course of the experiment.

Experiment II.—A leaf weighing 872 grammes was set in a chloroform-chamber,
Abundant exudation appeared on the surface within five minutes, and, after six minutes'
exposure, large pools of fluid had already formed at some points. It was now gently
wiped, and when weighed was found to be only 7*62 grammes. Having been thoroughly
washed, it was next set in a common moist chamber, with the cut extremity of the petiole
immersed in water. Active exudation continued to occur, and four and a halt hours afte:*
the beginning of the experiment it was quite flaccid, of a dull, yellowish, olive colour
and weighed only 667 grammes, equivalent to a total loss of 2-05c.c?. of fluid, and to
a loss of 0-95 after removal from the chloroform-chamber and subjection to the influence of
a saturated atmosphere and free supply of water. It was returned to the moist chamber,
and en the following morning was found to have sustained an additional loss of 0 34
of fluid.

Experiment III—A leaf weighing 7*46 grammes was placed in a chloroform-chamber
for two minutes and then transferred to a simple moist one, with the cut end of the
petiole immersed in water. In three minutes from the beginning of the experiment
visible exudation was present, and three hours later the surface was everywhere
conspicuously moist, and at one point there was a small pool of fluid. On the following
morning it had quite recovered and weighed 7*52 grammes. In this case we have an
example of the results following mere temporary depression of protoplasmic activity, as
in the two previous ones we had examples of those attending its complete abolition.

Experiment IV.—Two leaves, neither of them being very turgid, were set in a
chloroform-chamber. At the end of three hours' exposure they were both quite flaccid
and discoloured. The loss in weight in one (a) amounted to 0-81 grammes and in the
other (b) to 1*02 grammes. They were now set in a common moist chamber, (a) hem<r
totally immersed in water, and (b) being set with the cut end of the petiole immersed.
On the following morning (a) showed a farther loss of 0:i3 grammes and (b) of 0 36
grammes, but as (f) was originally heavier than (a) by 1-33 grammes, the relative loss
in the latter, although totally submerged in water, was greater than that in (ft), which
was only subjected to the influence of a saturated atmosphere.

Experiment V.- A leaf, weighing 5-12 grammes, set in a chloroform-chamber, began to
show visible exudation in the course of six minutes, and at the close of ten minutes had
discharged large pools of fluid. It was now removed and carefully dried, and on bein«-
weighed showed a loss of 0 28 grammes. It was next at once submerged in water and
on the following morning was quite flaccid, of a yellowish colour, and showed an addi-
tional loss in weight of 0'74 grammes. This conclusively shows that complete submersion
produces no appreciable effect on the loss of fluid attending the action of anaesthetics on
living tissues; for the total loss of weight here amounted to nearly 20 per cent, of the
original weight of the leaf, which is much higher than that which often occurs where
the tissues are not submerged.
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Experiment VI.—Two leaves, weighing together 36 grammes, were set in a collecting
glass funnel over a receiver in a chloroform-chamber. On the following day they weighed
32'0l # grammes, and a considerable quantity of a yellowish, strongly acid fluid, with a
specific gravity of 1030, had accumulated in the receiver. They remained for twenty-
four hours longer in the chamber, and at the end of the experiment had sustained a
total loss in weight of 4*86 grammes, or 13#5 per cent.

Experiment VII.—A large leaf, weighing 88 grammes, was suspended free over a
collecting funnel, with a view, as far as possible, to avoid maceration of the tissues by the
exudation, and set in a chloroform-chamber. It showed the usual phenomena of free
exudation and change, of colour, and ultimately lost 14*09 per cent, of its original weight.
The strongly acid, yellowish fluid which collected in the receiver had a specific gravity
of ,1000.

The amount of free exudation taking place in leaves of this plant, and probably of
other species also, varies greatly with their age. Young leaves yield much less and
consequeijtly sustain much less loss in weight than old ones, this being no doubt partly
due to the intercellular spaces in the former being relatively considerably larger and
affording more accommodation for the fluid on its escape from the interior of the cells.

Experiment VIII.—A leaf set in an alcohol chamber began to sweat within
twenty-three minutes, and in the course of three hours had exuded large pools of fluid.
On the following day it was of a yellowish olive colour, dryish and brittle in texture,
and showed a loss of 25*06 per cent, in total weight.

B.—Bryophyllum calycinum.

Experiment I.—A leaf, weighing 6'44 grammes, was placed in a chloroform-chamber.
Within the course of twenty minutes the under surface had assumed a darker green tint
than it had originally, due to displacement of air from the intercellular spaces and its
substitution by liquid escaping from the interior of the cells, and at the same time free
exudation appeared on the surface in the form of minute drops situated at definite points
along the margins. A little later exudation also manifested itself over the upper surface
generally; here, however, at no particular points, but merely showing a tendency to
distribution over the course of the veins. Two hours after the beginning of the experi-
ment, the leaf was throughout of a pale yellow colour and had lost 0*13 grammes in
weight. The relatively small loss of weight and the rapidity of complete discolouration
characterising this experiment as compared with those in which Kalanchoe leaves were
subjected to similar treatment are doubtless to be accounted for as the result of the
presence of a relatively extensive intercellular system, which on the one hand afforded
comparatively large accommodation for the liquid escaping from the interior of the cells,
and on the other brought the latter more readily into relation to the anaesthetic.

0.—Euphorbia antiquorum.

Experiment I.—A shoot, weighing 11*26 grammes, was set in a chloroform-chamber.
Within an hour and a half the entire uncut surfaces came to present a peculiar greyish
tint, due to the exudation of minute drops of latex into all the depressions in
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which the sparsely distributed stomata are present. Only a little watery fluid had
escaped at this time, and that solely from the cut extremity of the shoot. On the
following morning the uncut surfaces were universally coated by a dry, readily detached,
chalky white layer of concrete latex. Veiy little watery cell-sag could have escaped,
as, even after the dry latex had all been carefully rubbed off, the shoot showed
a loss of only 0*41 grammes in weight. The cut surface of the pith was, however,
slightly depressed, and any section or slight pressure of the epidermis of the intact
surfaces was followed by abundant exudation of clear fluid. Microscopical sections of the
tissues showed the ramified milk tubes in a more or less shrunken condition, with
their walls often thrown into longitudinal wrinkles, giving them a finely striate appear-
ance, and their abundantly nucleated protoplasmic lining contracted. The wrinkling
of the tubes and the recession of the protoplasm from the walls are phenomena
which are no doubt to be ascribed to the action of the reagents employed in staining
and mounting the preparations; but the entire results of the experiment clearly show
that the high state of turgescence normally present in the laticiferous systenj in such
cases is no mere passive engorgement due to extraneous pressure exerted by surrounding
turgid tissue elements, as Sachs seems to imply.* For, were it due to any such agency,
exposure to anaesthetic influences ought certainly not to have given rise to any exuda-
tion of latex, seeing that its tendency is to give rise to diminished turgescence generally,
and therefore to diminished pressure on the milk tubes. The fact that the tubes are
provided with a continuous protoplasmic lining (plate III. fig. 1) is in itself sufficient to
indicate that the conditions of turgescence within them must be influenced by intrinsic
agencies, and the fact that exudation of latex precedes that of exudation of cell-sap would
appear to imply that such agencies are really the main determinant of the extremely
high turgescence which normally prevails. What would appear to be the only satisfactory
explanation of the phenomena is that both the laticiferous tubes and the other living
tissue elements are in a state of active turgescence, but that the turgidity in the former
is higher than that in the latter, so that, on the general depression of functional activity
incident on the action of an anaesthetic, latex escapes more quickly than common cell-sap,
and, occupying the intercellular spaces and concreting when it escapes from the stomatic
orifices, prevents the free exudation of the latter. The results of the experiment further
show that, in any continuous system of tubes of this nature, turgescence must be inter-
rupted at any points where the functional -activity of the protoplasm has been depressed
or abolished, s^ch points constituting sites of localised leakage from the system.

In the case of tissues like those employed in the above experiments, the demonstra-
tion of the difference between mere saturation and turgescence is rendered particularly
plain, owing to the abundant free exudation of fluid which accompanies anaesthesia; but
almost equally striking demonstrations are forthcoming in cases where we employ tissues
in which the cell-sap contains coloured matters in solution, as the escape of these from the
interior of the cell-cavities gives rise to striking changes in appearance, especially in the
case of parti-coloured leaves, such as those of many Begonias, &c.

The following experiments illustrate the nature of the phenomena in such cases*

Experiment /.—A. leaf of Begonia rex, weighing 1-44 grammes, was set in a chloro-
form-chamber. The upper surface of the leaf was dull green at the margins and centre

* Vorlesung, XI. s. 206.
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and silvery grey over the intervening areas; the lower one dull red at the margins
afid pale green with red veins centrally. Within half an hour very conspicuous changes
mu colour had occurred, *the green originally present in some parts having almost entirely
disappeared and been replaced by diffuse dull red and grey; and the tissues had at the
same time partially collapsed, owing to commencing flaccidity. Three hours after the
beginning of the experiment the leaf was quite flaccid, the tissues throughout being
translucent and evidently soaked with fluid. A mere trace of free exudation had,
however, occurred, so that the loss in weight amounted to only 0*04 grammes. The
disappearance of the green colour originally present in some parts of the surface was
no doubt partly due to yellowing of the chlorophyll under the influence of the changes
in the tissue incident on the action of the chloroform vapour; but to a much greater
extent to the escape and general diffusion of the red colouring matter normally limited
to the interior of the cells in certain areas of the inferior surface.

Experiment II.—A leaf of Begonia hernandaefolia was set in a chloroform-chamber.
The leaves in this species are uniformly dull green above and dull red beneath. The
leaf very rapidly became flaccid, and at the same time the upper surface became diffusedly
reddened, due to escape of the coloured fluid from the cells of the lower surface and its
general diffusion through the intercellular spaces.

Experiment III.—A leaf of Begonia rex, coloured like that employed in the first
experiment, was set in a chloroform-chamber. Within one quarter of an hour the margins
of the upper surface had begun to redden, and shortly afterwards the entire surface
gradually became diffusedly red, the leaf at the same time becoming flaccid and collapsed.
As in the previous experiments, the entire tissue became translucent and soaked and the
surfaces moist, but there was no massive discharge of liquid.

Experiment IV.—A leaf of Begonia rex, coloured like the former ones, was set in an
alcohol chamber. Within twenty minutes traces of reddening appeared in patches on the
margins of the upper surface, and at the close of an hour the whole of the upper surface
was irregularly blotched with patches of reddish and pale emerald green. On the
following day the leaf was moist, translucent, red at the margins and centre, and reddish
green in the intermediate, originally grey, area of the upper surface. The colouring was
alike throughout the entire thickness of the lamina. Flaccidity did not^et in so rapidly
or become so highly developed as in the cases in which chloroform was employed, the
differences in this respect and in coloration being no doubt due to the fact that whilst
chloroform has no affinity for water and no appreciable solvent power for chlorophyll,
alcohol is highly endowed with such properties, so that under its influence we have
both diffusion of the chlorophyll green and less accumulation of water in the tissues
generally. The red colour of the cell-sap in these cases is apparently unaffected by the
changes accompanying anaesthesia, a phenomenon contrasting strongly with what we
find occurring in the case of the colour of red petaline tissues under similar circum-
stances, and no doubt connected with the high permanent acidity of the fluid*

Whilst the changes occurring in the living elements of the tissues under the influence
of anaesthetics lead to a diminution in their retentive power for fluids, and a consequent
loss of turgidity, the water-conducting power of the dead elements of the wood remains
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entirely unaffected. That this is the case is shown by the results of the following
experiments:—

Experiment I. A leaf of Cassia sumatrana was taken and its three distal pairs of
pinnge, together with the corresponding portion of the rachis, were securely luted into a
test tube through a perforated and paraffined cork. The leaf was now set with the freshly
divided lower extremity in a vessel of water, and the entire apparatus was introduced
into a laro-e chloroform-chamber. Three hours later the parts of the leaf which were
exposed to the chloroform were quite flaccid, whilst the protected ones remained quite
green and turgid. The leaf was now removed from the chloroform-chamber, and, the test
tube having been taken off, it was set in a simple moist chamber. On the following day
the portion which had been protected remained as before, with the rachis and
pinnas quite green and the latter in a state of full expansion, whilst the whole of
the rest of the leaf was of a brownish olive colour and with the pinnae absolutely
flaccid.

Experiment II.—A mature leaf of Cassia sumatrana, with the four distal pairs of
pinnae and the corresponding portion of the rachis protected as in the previous
experiment, was set in a chloroform-chamber. At the close of three hours the exposed
portions were of a dull olive green colour and the pinnae were very limp, v/hilst the
protected portions remained in their original state. The leaf was now removed from
the chamber, the test tube being taken off, and was set in the open laboratory. On
the following day the portions wrhich had been exposed to the chloroform were of
a dull brownish olive, whilst all those which had been protected were quite fresh,
green, and turgid. In a check leaf, which had been set in the open laboratory with-
out water at the same time as the previous one, the pinnae were all dry and extremely
and rigidly depressed, so that it could not have been any conditions of atmospheric
humidity which caused the persistent greenness and turgidity of the protected portions
of the other.

Experiment III.—A leaf of Cassia sumatrana was taken, and the lower extremity
of the petiole was freshly divided subaqueously. Both the basal and the distal portions
were now protected and the central portion was exposed to the action of chloroform for
some time. It was then removed and set in a moist chamber with the base of the
petiole luted inte a bottle of water. On the following day the portion of the rachis
which had been exposed to the chloroform was of a brownish colour and studded with
numerous drops of brown exudation, and the corresponding pinnae were brown, moist,
and flaccid; while the protected portions both basal and distal were quite green and
turgid and showed no traces of exudation.

Experiment IV.—A young green shoot of Cassia sumatrana bearing several leaves
was set in a bottle of water. The submerged end of the axis was now freshlv cut
so as to present a fresh absorptive surface, and the mouth of the bottle was carefully
luted. The apparatus was next set for a short time in a chloroform-chamber and was
then removed and transferred to a common hermetically closed one. Visible exudation of
fluid presently occurred on the axis, rachises and petioles, and the pinnae first partially
assumed the normal nocturnal position and then became quite flaccid and olive-brown.
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On the following day the drops of fluid on the axis, rachises and petioles had assumed
a 'dark-brown colour, which fact, as well as their entire absence from the surfaces of
tfie pinnae, showed that they were due to exudation and not to surface-condensation.

Experiment V.—A shoot of Cassia sumatrana set as in the previous experiment. In
a little ovSr an hour visible exudation had set in in the axis, rachises and petioles. At
this time there was no evidence of change of colour in the pinnae, but they had in great
part assumed their nocturnal positions of depression, convergence, and rotation according
to their respective ages, and that the phenomenon was not a simple one of general
flaccidity was shown by the fact that in those leaves which, in introducing the shoot
into the chamber, had been reversed, the pinnae, in place of being depressed below the
*plane of the petiole, were elevated above it. Ultimately general flaccidity and discolour-
ation occurred, accompanied by conspicuous exudation of drops of fluid on the axis and
rachises. The discolouration and exudation were sharply limited to those portions of
the specimen which had been directly exposed to the chloroform, the base of the axis
and the lower part of the lowest petiole which had been protected by the luting remaining
quite gVeen, turgid, and devoid of any drops of fluid.

The phenomenon of free exudation on the surface of the axis in such experiments
* presents itself only so long as the latter is young and has not yet become clothed by
any corky strata; in other words, so long as there are stomatic orifices present permitting
of the escape of fluid from the dense tissue beneath. So long as it does occur, it is,
of course, simply a parallel to the general exudation occurring from the leaves of plants
like Kalanchoe under similar conditions. The fact of general loss of hirgescence through-
out the leaves is, in the absence of soluble colouring materials and with the presence of
an extensive intercellular area, indicated only by the flaccidity and saturation of the
tissues; and the special value of this set of experiments lies in the demonstration afforded
by some of them that the capacities of the water-conducting system remain entirely
unaffected under conditions abolishing the turgescence of tissues in which the active
retention of fluid is dependent on the continuous exercise of protoplasmic function, and
that the action of anaesthetics like chloroform is a purely localised one, confined solely to
the protoplasts which are directly exposed to it, and not leading to any propagation of
the depression or abolition of functional activity from the protoplasts so situated to
those which are protected from the direct action of the anaesthetic.

The phenomena attending the action of anaesthetics on vegetable tissues are not
peculiar; but, save in certain exceptional cases to be presently alluded to, occur
whenever protoplasmic function is depressed or abolished in tissues whose turgescence is
dependent on the presence of living protoplasm. This comes out very clearly from the
results of the following experiments:—

Experiment L—A leaf of Kalanchoe,, weighing 12'9 grammes, was immersed for
about one minute in water at a temperature of 69°C, and then gently wiped dry acd
placed in a hermetically closed chamber. It soon began to exude drops of liquid, which
within three hours had accumulated in large pools, the colour of the leaf having at the
same time begun to show a yellowish tint. It now weighed 11'2 grammes, corresponding
to a loss of l-7c.c. of fluid* Discharge continued to occur, and on the following morning
the weight was only 10-4 grammes, indicating a loss of 2'oc.c. of fluid and 19-5 per
cent of total weight.

. ROY. BOT. GARD. CALCUTTA VOL. YL



12 T H E C A U S E S 0 F FLUCTUATIONS IN TURGESCENCE

Experiment II.—A leaf of Kalanchoe, weighing 116 m m m p , m •
inute in water at a temperature of WC d h TC 7^ *"

, g g 16 m m

a minute in water at a temperature of WC, and then T C h 7
a hermetically closed chamber. Visible exudation be^an to J j ! g ? u % ^
five minutes, and within four hours it had assumed a yellowiT r i "*
only 10-1 grammes. On the following morning it had lost 0-4 ^ W e i g h e d

total loss of l'9c.c. of fluid, or 16 per cent, of total weight g F a m m e S m ° r e ' g i v i n g *
Just as in the case of leaves treated by exposure to chlo' f

of fluid taking place from the tissues varies according to the ti ' f ^^ °f l°SS

in relation to the age of the leaf and the area presented by theTnt ^ T ? p r e s u m a %
to the precise nature oi the osmotk products pmmt m <fie ceff-wp itTff T^' °*

For example, whilst in the two previous experiments, which were conducted^ 1™*°™'
when the leaves are in a dormant condition 33 regard, growth, the AW fn wetYt-

amounted respectively to 19-3 and 16-3 per cent, of the total, whilst in one carried o
in the end of May the total loss amounted to only 401 per cent. "

Experiment III.—A leaf of Cassia sumatrana with eleven pairs of pinnae was t k
and the centrally situated pair and the corresponding portion of the rachis were'cT ^
into boiling water. The boiled pinnse became flaccid at once and drooped t ' u
downwards from the petiole, with their upper surface looking directly onfw* 7 TJ
base of the petiole was now freshly divided under water, and the l e a 1 1 . '
one, set to-stand in a bottle of water in the open laboratory. The boiled \IT*
once assumed a yellowish olive tint and presently became distinctly V P I I ^ T , &t

being quite distinct from that following prolonged exposure to chlojfo A
amount of tendency towards the assumption of the normal nocturnal v ' CGrtam

itself in the pair of pinnse immediately beyond the boiled portion ofTh°n m a m f e S t e d

this had completely disappeared within the course of three hours On ih * VGtlole> b u t

the boiled portions of the leaf were yellowish-brown and dry wh'l f *Z ° W m g d a ?
distal portions were green and turgid. The pinn* of the distal por ti

 p r O x i m a l a n d
more or less in the nocturnal position, this being, no doubt due to T 7°™' h ° W e v e r '
the conduction of water through the wood remained unimpaired th 6 ,* that> w h i I s t
tissues of the boiled portions of the leaf presented a site of 'ab SuPerficial
evaporative loss, as indicated by their dry condition. Qonnally excessive

Experiment IV.—A leaf of Cassia sumatrana, like the preceding-
the fourth and fifth pairs of pinme with the corresponding portion IT'th" ^ ^
dipped into boiling water. Immediate and total depression of th ^ rachis were

was soon followed by a partial assumption of the nocturnal po^tio^T^tl!00011^6*1' ^
The base of the petiole was now freshly divided under water and lut H '"! S1Xth p a i r >

in a hermetically sealed chamber. The sixth pair of p i n n j e r 'rll & W a t e r - b o t t Ie
expanded condition, and yellowing of the fifth and sixth pairs and of T m e d *** f u " y

portion of the rachis soon manifested themselves, the surface of th h- C° r r e sPo n d i ng
time becoming studded by an exudation of drops of fluid On th ™ ** *he S a m e

boiled pinnae were quite flaccid, moist and yellowish-brown ^ n / ;^D o w i nS d a y the
portion of the rachis was covered by large drops of brownish fl 71 I COrresPonding
of the leaf was turgid, bright green and fully expanded. It w ° aU t h e r e s t

chamber and set in the open laboratory, and, in a short ti ^ n ° W r e m o v e d f r o m t h e
disappeared from the boiled portion of the rachis and simul^' d r ° P S °f e x u d a t i o n
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pinnse began to show rotation and depression, whilst the proximal ones retained the fully
developed diurnal position unaltered. The fact that boiling the tissues in such cases
leaves their conducting power for water unimpaired, whilst reducing their retentive power,
could hardly be more clearly demonstrated than it is in the results of this experiment
by the phenomena of exudation in the boiled areas and full expansion of the distal intact
ones whilst the leaf remained in a moist atmosphere, and of disappearance of exudation
and partial assumption of the nocturnal position by the same pinnae when the leaf was
exposed to free evaporative loss. On the following day the level of the water in the
bottle had sunk so much that only the tip of the petiole remained immersed. The boiled
portions of the leaf were dry and brown, the others were green and turgid, but somewhat
inclined towards the nocturnal position. The leaf was now returned to a hermetically
ctosed chamber, and on the following day exudation had reappeared on the boiled portion
of the rachis and the intact pinnae were once more in a condition of full expansion.

Experiment V.—Two leaves of Cassia sumatrana were taken, the one, a, having seven
pairs of pinnae, the other, which was somewhat larger, only six and a half pairs. The
third pair of pinnae and the corresponding portion of the rachis of a were immersed in
boiling water, the treatment causing almost immediate browning and flaccidity of the
immersed tissues, and temporary drooping, with more or less assumption of the nocturnal
position in the pinnae beyond the point of immersion. The bases of the petioles of both
leaves were now freshly divided under water and then securely luted into water-bottles,
the levels of the water in the latter being at the same time accurately marked. The
leaves stood side by side in the open laboratory until the following day, when both
were found to be alike turgid, save the boiled portions of a, which, as usual with
exposed portions of tissue after similar treatment, were brown, dry, and drooping. The
amount of water which had been absorbed during the interval in both cases was 3c.c.

Experiment VI.—A large leaf of Cassia alata was taken, and all but the five distal
pairs of pinnae were cut off. The lower part of the petiole was then plunged into boiling
water for half a minute, and, its extremity having been cut off subaqueously, was luted
into a water-bottle. The apparatus was then set in a sealed chamber containing a vessel
of strong sulphuric acid. The level of the water in the bottle began at once to descend
visibly. On the following day that part of the boiled portion of the petiole which was
above the water, was of a brown colour and coated with drops of brown fluid. The
pinnae at the same time were fully expanded, turgid, bright green and, as usual when
saturated with fluid, studded marginally with drops of clear liquid. The water in the
bottle had meantime sunk very considerably. On the two following days the pinnae
retained their greenness and turgidity, and at the close of the experiment the quantity
of water which had been absorbed amounted to lbc.c.

Experiment VII.—A large leaf of Cassia alata was taken, the basal pair of pinnae
removed, and the lower four and a half inches of the rachis immersed in boiling
water for two minutes. The end of the petiole was then freshly cut off under water,
and the Jeaf set in an open water-bottle and fixed, so that the lower part only of the
boiled portion of the petiole was immersed. Visible depression of the level of the
water set in at once, and in the course of two hours a loss of 12c.c. had occurred.
On the following morning an additional loss of 38c.c. was registered, giving a total
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of 50c.c. In this case about 50c.c. had traversed the boiled portion of the petiole"
within twenty-four hours, for the loss by mere evaporation in a check bottle of water
was almost inappreciable during the same period. The nine pairs of pinnaj which
had been left on the leaf remained quite green and turgid.

Experiment VIII.—Two leaves of Cassia alata were taken, and all the' pinnae save
the two terminal pairs were cut off. One specimen was then entirely immersed in
boiling water for a minute, and the lower part of the petiole of the other was similarly
treated. The extremities of the petioles were then freshly divided under water and
set side by side in marked water-bottles. On the following day the water in the bottle
containing the wholly boiled specimen showed a loss of lOc.c., and that in the other
one of Uc.c. The pinnae in the wholly boiled leaf were quite flaccid, drooping, and
brownish, whilst those in the other were fully expanded, green, and turgid. Twentv-
four hours later an additional loss of 7c.c. was registered in the former and one
of 8c.e. in the latter specimen. The amount of water absorbed by the wholly dead
leaf during the entire course of the experiment was only bc.c. less than that in the
case in which the lower part of the petiole alone had been boiled; but in estimating
the amount of absorption due to the vital activities of the tissues in the latter it muS
be borne in mind that the amount of loss due to simple evaporation in it was certainly
much less than in the other specimen, in which the retentive power for fluid connected
with functional activity had been totally abolished.

Experiment IX.—Two leaves of Cassia alata, each bearing eight pairs of pinna;
after the removal of the basal pair, were set side by side in marked water-bottles, the
lower part of the petiole having in one case been boiled for two minutes and in the
other left intact. Twenty-four hours later the pinnae of both leaves alike were fully
expanded, green and turgid, and the loss of water registered by each bottle was 23c c
The boiled portion of the petiole of the one leaf was quite brown and the cortical
parenchyma flaccid. One phenomenon which presented itself in this case was that
the absorption of water was primarily more rapid in the specimen in which th<? lower
part of the petiole had been boiled than in that in which it had been left intact this
no doubt being due to the aspiratory action of the gaseous contents of the water-
conducting system on contracting under the influence the fall of temperature subsequent
to removal from the boiling water.

It appears clear from the previous experiments that the action of heat and
chloroform on living vegetable tissues is strictly localised to the parts directly exposed
to their influence, and that, even where the exposure results in death, there is no
propagation of any effects to protected parts, however close to and continuous with
the injured ones they may be. In other words, there is no evidence that the death
of the protoplasts in one part produces any appreciable direct results on the 11
being of neighbouring but protected parts. The quantity and quality of the
supply conducted by the vascular tissues remains inappreciably affected by chloroform'"
and although heat may temporarily affect the former, due to the expansion of the
gaseous contents of the conducting system which it induces, the obstruction thus arising
is transitory, and this being so, in neither case does the mere loss of tur-escence
and deuth of neighbouring parts ordinarily give rise to any appreciable effects! Very
different results ensue, as is shown by the next experiment, where the rea«-ent which
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is primarily locally .applied is readily soluble in water, and therefore liable to be
conducted by the stream oi fluid traversing the vascular tissues.

Experiment X.—Two leaves of Cassia mmatrana were taken and set with the
bases of their petioles immersed in water and subaqueously divided in order to permit
of free absorption. One of them (a) was now along with its water-vessel introduced
into a beaker containing a little ammonia, the mouth of the beaker being closed by a
cork securely luted down and around the rachis, so that whilst the lower portion
of the latter and the basal pinnae were enclosed in the beaker and exposed to the
ammonia vapour, the upper portion and the distal pinnae projected free into the air
apd had nc< immediate relation to the reagent. The other leaf (b) was similarly
treated, only in this case the beaker contained chloroform in place of ammonia. The
pinnae of (a) which were within the beaker rapidly acquired a dark colour, whilst
drops of black fluid began to exude from the surface of the rachis, and shortly
afterwards similar changes began to manifest themselves in the part of the leaf outside
the beaker, the pinnae drooping and darkening in colour especially along the neighbour-
hood of their midribs, and exudation beginning to appear. on the rachis. Twenty-four
hours later the leaf was wilted throughout, the pinnae greatly blackened and the
rachis thickly studded with drops of black fluid. The portions of (b) which were
included in the beaker were also very rapidly affected, the pinnae becoming flaccid
and of a brownish olive colour and the rachis exuding drops of pale yellowish fluid,
but there was no extension of these changes to the portion of the leaf beyond the
cork, the pinnae retaining their original colour and turgidity and the rachis showing
no signs of exudation. On the following day the free portions of the leaf remained
entirely unaffected, and the pinnae were fully expanded, turgid and of their original
bright green colour, while the petiole, even down to the surface of the cork, showed
no signs of any change.

Here, in both leaves alike, the tissues which were directly exposed to the influence
of the reagent were rapidly killed and rendered flaccid by loss of turgidity, but
whilst in one case these changes extended rapidly and completely throughout the
entire leaf, in the other there was no propagation of them to the protected parts.
Both reagents rapidly induce death in tissues directly exposed to their influence; but
whilst chloroform is only very slightly soluble in water, ammonia is excessively so,
and therefore is readily conveyed to distal areas. Such experiments afford no evidence
of the transfer of any influences by means of the protoplasmic continuity of the
tissues, the complete death of great masses of tissue failing to give rise to any
appreciable effects in immediately contiguous parts so long as the water-supply of
the latter remains unaffected, but they unequivocally show how rapidly changes may
be propagated to distal areas by means of alterations in their water-supply. This
is a question which will be recurred to subsequently, and it is merely alluded to
here because the phenomena of the experiment appear so clearly to suggest that it
is to the water-conducting system and not to any system of continuous protoplasts
that we must look for an explanation of the propagation of effects from one area
to another in the organism of any of the higher plants.

The above experiments have demonstrated very clearly that exposure of vegetable
tissues to excessive heat gives rise to effects similar to those which follow their exposure
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to the action of anaesthetics, and the next one shows that excessively low temperatures
produce the same effect.

Experiment XL—A large leaf of Kalanchoe, weighing 28-75 grammes, was put into a
metal box and buried in a mixture of pounded ice and salt. On being removed after
an interval of an hour and a quarter it was found to be rigidly frozen, but without
visible exudation or change of colour. It was now set in a hermetically closed chamber,
and very soon began to sweat visibly. On the following day it had acquired a yellowish
tint and was quite flaccid and moist. The weight was now only 24-16 grammes, corre-
sponding to a loss of 4:*59c.c. of fluid, and on the following day was only 22*55
grammes, giving a total loss of 21-5 per cent, on the original weight, The only
difference presented by the phenomena in this case as compared with those occurring in
cases of anaesthesia was the primary absence of exudation; but this is readily accounted
for if it be taken into account that any liquid entering the intercellular spaces in the
initial stages of the experiment must have been frozen as it approached the surface of
the leaf, and so have plugged the stomatic orifices.

It is not, however, merely anaesthetics and excessive elevation or depression of
temperature which produce such results, for essentially similar ones occur in cases where
the tissues are exposed to strong acid or alkaline vapours, to immersion in solutions of
corrosive sublimate, or to the influence of electrical currents or discharges.

I have not personally tried any experiments on the action of electrical currents on
vegetable tissues, but the accounts which are furnished by Becquerel* regarding1 the
results of his investigations of the subject leave no doubt that they also give rise to a
loss of turgescence. He found that, in the case of milky Euphorbias, treatment of the
shoots with electrical discharges was followed by a suppression of the discharge of latex
on subsequent incision, a phenomenon which can only have been due to loss* of turges-
cence in the milk tubes. When leaves of Begonia discolor, which are red on one fa
and green on the other, were subjected to electrical currents, the red face became
sensibly green and the green one red, due to escape of the red fluid from the interior
of the cells normally containing it and its diffusion throughout the intercellular spaces
of the tissue. He was at first inclined to explain the escape of liquid from the cells
as due to rupture of the walls of the latter under the influence of the electricity; but
finding that there was no microscopical evidence of rupture, he ultimately came to
the conclusion, that the phenomenon was due to alterations in the nature of the
cell-sap.

The following experiments illustrate the effects produced by exposure of the tissues
to poisonous vapours and solutions:—

Experiment XII.—A leaf of Kalanchoe, weighing 10-03 grammes, was set in a carbonic
acid chamber. The first result which manifested itself was a certain amount of *
sification of the green colour of the tissue, but the surface gradually became moist and
within a quarter of an hour actual exudation of drops of liquid had occurred. On the
following day the leaf was of a dull, ochreous brown colour and weighed only 8-9
grammes. It was returned to the chamber, and twenty-four hours later was almost

* « Des Forces Physico-Chimiques." Paris, 1876.
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completely flaccid and weighed 8*06 grammes, equivalent to a loss of 19*6 per cent, on
the original weight and to an exudation of V97c.c. of liquid.

Experiment XIII.—A leaf of Kalanchoe, weighing 27*93 grammes, was set in a
carbonic acid chamber. Visible exudation began within the course of an hour and
advanced rapidly, accompanied by collapse of the leaf. The reddish colouring along
the margins of the lobes was, primarily at all events, intensified, and the rest of the
surface gradually became yellowish. On the following day the leaf was moist, flaccid,
and weighed only 24*61 grammes, indicating a loss of 11*8 per cent.

Experiment XIV.—A leaf of Kalanchoe, weighing 13*64 grammes, was suspended
over water in & carbonic acid chamber. It remained in the chamber for forty-eight
hours, and at the close of that period was flaccid, of a yellowish olive colour, and
weighed only 11*54 grammes, indicating a loss of 15*3 per cent, of total weight.

Experiment XV.—A leaf of Kalanchoe, weighing 33*22 grammes, was set in a
hydrochloric acid chamber. Visible exudation and brightening of the red colour at the
margins of the lobes soon appeared. On the following day it was flaccid and of a dull
yellowish olive colour, and weighed only 28#51 grammes.

Experiment XVI.—A leaf of Kalanchoe, weighing 18*12 grammes, was set in a
hydrochloric acid chamber. Visible exudation was present within a quarter of an hour.
Twenty-four hours later it was very moist, quite flaccid, of a yellowish olive colour, and
weighed only 15*02 grammes.

Experiment XVII.—A leaf of Kalanchoe, weighing 14*62 grammes, was placed in
a nitric acid chamber. On the following day it was of a yellowish olive colour with
the edges of the lobes strong pink. It was not so moist or flaccid as a leaf treated
at the same time in a hydrochloric acid chamber, but showed a loss of 15*5 per cent,
in weight.

Experiment XVIII.—A leaf of, Kalanchoe, weighing 13*08 grammes, was set in a
nitric acid chamber. Visible exudation occurred within two hours, and on the following
day it was perfectly flaccid, of a dull olive with pinkish along the margins of the
lobes, and weighed only 10*23 grammes, having lost 21*7 per cent, in total weight.

Experiment XIX.—A leaf of Kalanchoe, weighing 14*13 grammes, was set in an
osmic acid chamber. Blackening of the surface rapidly set in, and on the following day
it was coal-black and covered by large isolated drops of inky fluid. It was not,
however, flaccid, and only showed a loss of 7*2 per cent, in weight, whilst a leaf
which had been exposed simultaneously in a nitric acid chamber showed one of 21*7
per cent. Twenty-four hours later it was still nearly rigid, but had discharged a
considerable additional amount of black liquid and only weighed 12*51 grammes.

Experiment XX.—A leaf of Kalan'hoe, weighing 15*17 grammes, was set in an
osmic acid chamber. It began rapidly to blacken at the edges, and at the close of
two hours the discolouration had spread inwards considerably, and one or two small
drops of black exudation had appeared on the surface of all the lobes save one. There
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was no general moistening of the surface or any indication of commencing flaccidity.
Three hours after the beginning of the experiment it was very greatly blackened/but
was still quite rigid and had lost only 0*07 grammes in weight. On the following
morning it was perfectly black, but had discharged very little yore fluid, the texture
remaining quite firm and the weight being 14*64 grammes. Twenty-four hours later,
i.e., forty-eight hours from the beginning of the experiment, a certain amount of further
exudation had occurred and the weight was 14*13 grammes, the total loss from the
beginning of the experiment having only amounted to 6*8 per cent. The slowness and
limitation of exudation attending exposure to this reagent as compared with the
discharge taking place under the influence of the others is very remarkable. The
phenomenon must be due either to some alteration produced in.the cell-sap, whereby
stable in place of unstable osmotic materials come to be present in it, or more probably
to alterations in the protoplasm rendering it less filtrative than it is under ordiqjary
circumstances.

Experiment XXI.—A leaf of Kalanchoe^ weighing 26*87 grammes, was set in an
ammonia chamber. Conspicuous sweating took place in the lobes nearest to the vessel
containing the ammonia within the course of five minutes, and the tissues gradually
assumed an intense deep green colour. On the following day it was of a very deep olive
green. The surface of the leaf was moist, but its texture was not flaccid. Twenty-four
hours later the colour remained as before, and the weight was 23#42 grammes, equivalent
to a total loss of 12'8 per cent.

Experiment XXII.—A leaf of Kalanchoe, weighing 8'7 grammes, was set in a moist
ammonia chamber. Within ten minutes it became of a vivid deep green, and had begun
to sweat conspicuously. On the following day it was dark green and very moist, but still
rigid and smelling strongly of ammonia. The ammonia was removed so as to convert the
chamber into a simple moist one and the leaf replaced in it. The weight of the leaf at
this time was 8*52 grammes. It was kept under observation for three more days, during
which it continued to give off ammonia as indicated by the smell of the water in the
chamber, which was renewed daily. The losses in weight for the successive periods of
twenty-four hours were 0*88, 0"29, and 0-11 grammes, giving a total loss for the entire
experiment of 1*56 grammes, or 17'9 per cent, of weight.

Experiment XXIII.—A leaf of Kalanchoe, weighing 29*22 grammes, was immersed
for forty minutes in a 2'5 per cent, alcoholic solution of corrosive sublimate. When
removed and gently dried, it weighed 29*3 grammes. It was now placed in a moist
chamber, and shortly began to sweat actively. On the following day it was partially flaccid,
much fluid had been already discharged, and active exudation was still going on. At
this time it weighed 26-44 grammes. It continued to discharge fluid, although kept
continuously in a sealed moist chamber, for the next eight days, and at the close of
that period it was excessively flaccid, of a pale yellowish olive colour, and only
weighed 21:03 grammes, corresponding to a total loss of 8*19 grammes, or 28#2 per cent,
of weight.

Experiment XXIV.—A leaf of Kalanchoe, weighing 12'0 grammes, was immersed
in a saturated aqueous solution of corrosive sublimate, the extremity of the petiole being
freshly divided after immersion in order to facilitate absorption. Twenty-two hours
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later it was removed from the solution and gently wiped dry.* It now weighed only
9#53 grammes, indicating a loss of 20'5 per cent, of total weight, and was flaccid and
of a pale ochreous colour. It was next placed in a simple moist chamber, and by the
following day had discharged a considerable amount of fluid and weighed only 8*26
grammes. It would be hard to find a more striking demonstration of the fact that
turgidly is distinct from simple saturation than is afforded by the results of this
experiment in which, whilst the leaf was actually submerged in the solution, such a
considerable loss of fluid occurred.

The most important points which are illustrated by the experimental data in the
present chapter are the following: —

!$#..>—That turgescence implies saturation of tissue elements including osmotic
materials, and must therefore be distinguished from simple saturation.

2nd,—That where turgescence is dependent on continued vitality, the relations of
certain tissue elements to fluids are profoundly altered by conditions
which produce no appreciable effect on those of others.

3yjB—That where turgescence is dependent on continued vitality, its diminution
or total abolition may be determined by such varied conditions as
exposure to alkaline or acid vapours, to anaesthetics, poisonous sub-
stances in solution, extremes of temperature, and electrical currents.

4th.—That the only other common effect which these different factors produce in
the tissues is the ultimate death of their living elements, or, in other
words, that depression or abolition of functional activity leads to diminu-
tion or disappearance of turgidity. Bat this, taken along with the fact
that we have abundant evidence that certain forms of stimulation give
rise to increase in cell-turgescence, and no unequivocal evidence that
any forms of stimulation give rise to its decrease, almost forces us to
believe that it is depression and not stimulation of functional activity
that is related to any movements which are determined by functional
causes and dependent on diminished cell-turgescence; and this finally
leads us to the conclusion already arrived at on independent grounds in
the previous chapter, that it is fluctuation in the activity of assimilatory
and respiratory function, and not fluctuations in the activity of con-
tractile function, that are essentially related to movements connected
with alterations in the turgescence of cellular vegetable tissues.

CHAPTER III.

Wxt relation of turgesance to protoplasmic acttbttg.
The facts which have been detailed in the preceding chapter might, if taken alone,

be regarded as evidence that turgescence is a peculiarity of living tissues, and therefore
directly and necessarily related to the presence of living protoplasm; and this opinion has

*. In all cases in which portions of the petioles were detached in the course of any experiments, they were, of
course, carefully preserved and included in any subsequent weighments.

ANN. ROY BOT. GARD. CALCUTTA VOL. VI.
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to a great degree coloured the various explanations which have been advanced to account
for the occurrence of the sudden fluctuations in turgescence on which the movements of
masses of vegetable tissues depend. Sachs, for example, affirms that turgescence is essenti-
ally due to the great resistance which protoplasm normally presents to the filtrative escape
of any liquids which it may have endosmotically acquired, and that any sudden escape
of water from a turgescent cell necessarily implies a change in the nature of the proto-
plasm whereby it readily permits of filtration.* He practically ascribes everything directly
to the protoplasm and nothing to the influence of the products of its activity contained
within the cell-sap, and by doing so is constrained to endow the protoplasm with certain
special properties in order to account for the phenomena which actually occur. In
adopting this view he entirely loses sight of the possibility that turgescence may be due to
the osmotic properties of the cell-sap overcoming the filtrative facilities provided by the
protoplasm, and that loss of turgescence may arise as the result of diminution in the
former, and not of any increase in the latter, of these two factors; and when we Come to
look for any positive evidence tending to a decision of the question, we find that, whilst
we can readily trace the occurrence of chemical changes in the cell-sap which may well
cause changes in its osmotic properties coinciding with loss in turgescence, we are.
unable to find any proof of alteration in the filtrative power of the protoplasm save the
very phenomenon which it is regarded as giving rise to. If we ascribe turgescence
directly to the properties of the protoplasm, we are left to assume that any fluctuations
in the former must be accompanied by changes in the latter; but if we ascribe it to the
properties of the cell-sap, we can at all events show that loss in turgescence is accom-
panied by changes in the chemical constitution of the factor. According to the one view,
anaesthetics and all the other factors which we have just seen acting as determinants of
loss of turgescence must do so simply because they have the common property of increas-
ing the filtrative power of the protoplasm; according to the other, the result is due to
alterations in the properties of the cell-sap attending depression and abolition of respiratory
and assimilative function in the protoplasm, and of the occurrence of which we have
in many cases the clearest chemical evidence.

The conspicuous changes in the colour of common green leaves attending losses in
turgescence caused by exposure to injurious media very clearly indicate the occuiTence of
coincident chemical changes in the contents of the cells; but much more striking evidence
is forthcoming where variously coloured floral tissues form the subjects of experiment.

In the case ,of common leaves the changes in colour accompanying" depression and
abolition of functional activity (unless induced by media, such as ammonia, which secure
the addition of extraneous alkaline constituents to the tissues) are such as to indicate a
rise in fixed acidity, the yellowing which takes place being precisely of the character
presenting itself in neutral solutions of chlorophyll on the addition of acids. This change
in certain cases may be partially ascribed to the addition of extraneous acid during the
course of the experiment; but the fact that it manifests itself in cases where chloroform or
extremes of temperature are the agents employed shows that no extraneous agency is
required to produce it. Fortunately it is not necessary to be satisfied with this chromatic
evidence alone, as it is possible to adduce positive proof that depression of functional
activity is, in some cases at all events, directly related to an increase in the fixed acidity

* Vorlesungen, XVI. p. 330, XXXVII. p. 798.



IN THE MOTOR ORGANS OP LEAVES. 21

of the cell-sap. This is demonstrated by the following experiments which were originally
suo-o-ested by a paper, published in the year 1815 in the eleventh volume of the trans-
actions of the Linnean Society, and to which my attention was first directed by my
friend Dr. David Prain. It is entitled "On the Deoxidation of the Leaves of Cotyledon
calyeina" (= Bryophyllum calycinum), and in it the author, Dr. Heyne, points out that a
conspicuous decrease in the acidity of the tissues (which he ascribes to processes of
deoxidation) takes place during the course of each diurnal period, alternating with a
corresponding increase in each nocturnal one.*

On testing the leaves of Ealanchoe laciniata it was at once ascertained that they
exhibited similar phenomena. Observations were first instituted during the course of the
hot season when transpiratory loss is very active diurnally, and when the amount of
fluid escaping on section of the leaves is much smaller in the evening than in the morn-
ing; but, in spite of this, it was at once evident that the acidity, and specially the fixed
acidity of the evening (and presumably concentrated) sap, was much lower than that of
the flui(J escaping in the morning (plate III. fig. 2). Systematic investigation of the
subject afforded the following results:—

Experiment I—Two leaves of Ealanchoe were taken, one, #, weighing 16'93 grammes,
and the other, b1 30*75 grammes. In both of them the reaction of the cell-sap was
highly acid at 10-30 A.M. when the experiment was begun. They were both exposed to
direct but broken sunshine beneath a tree, a being enclosed in a chloroform-chamber,
and b set with the base of the petiole in water. At 2 P.M. a weighed 12*2 grammes, was
of a pale ochreous olive colour and very flaccid; whilst b was bright green and turgid,
and weighed 31*38 grammes. The sap of a was intensely and permanently acid, that
of b was even at first only faintly acid and only contained a mere trace of permanent
acidity.

Experiment II.—A leaf of Ralanchoe, weighing 30*3 grammes, was exposed to direct
sunshine apart from water for three hours and a quarter. When first set at 10-30 A.M.,
its juice was intensely acid. After exposure it weighed 28*48 grammes, and the
permanent acidity of the sap was very feeble. It was now set with the freshly divided
base of the petiole in water, and on the following morning the weight was 28*72
grammes, and the permanent acidity of the sap intense.

Experiment III.—A leaf of Kalanchoe, weighing 30*58 grammes, and with highly acid
sap, was set with the base of the petiole in water in absolute darkness at 10-30 A.M. At
1-45 P.M. the weight had increased to 3T08 grammes, and the acidity of the sap remained
apparently unaltered.

Experiment IV.—Two leaves of Kalanchoe, one, a, weighing 29*6 grammes, the other,
b} 23*4 grammes, were set with the bases of the petioles immersed in water. The sap in
both of them was highly acid in reaction ; a was exposed to direct sunshine and b to
absolute darkness for more than three hours. At the close of this period a was slightly
limp, weighed only 27*7 grammes, and on section yielded comparatively little fluid, with
a mere trace of fixed acidity, whilst b was fully turgid, weighed 23*71 grammes, and
yielded an abundance of intensely and permanently acid fluid.

* Transactions of the Linoean Society, TOI. XI. p. 213.
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Experiment V.—Two leaves of Kalanchoe with intensely acid sap were taken at
10-15 A.M. One, a, weighed 28*7 grammes; the other, i, 28*58 grammes. Both were
then set with the bases of their petioles immersed in water, and a was exposed to diiect
sunshine and b to absolute darkness for three hours and a half. At the close of this
period, a weighed only 27#3 grammes, and the acidity, and especially the permanent
acidity, of its juice was very greatly diminished in intensity; while b weighed (27'87
grammes and yielded fluid of excessively acid reaction. On the following morning the
acidity of the sap in both cases was alike and intense. The leaf b was now enclosed
in a moist chamber and exposed for three hours in absolute darkness to a temperature
of 88#7 in order to determine whether the effects following exposure to sunshine
were in any appreciable degree determined by heat as distinct from light; but the
acidity of the sap remained undiminished at the end of the experiment.

In this case the stimulant ultimately leading to a diminution in the acidity .of
the cell-sap is evidently light, but in other cases heat conies prominently into play in
producing similar results. For example, whenever the temperature remains beneath a
certain limit the flowers of Ipomoea hederacea, however brilliant the sunlight be, never
attain the intense, dusky blue normal to them when in the expanded condition, but'
retain more or less of the red tint proper to the buds—a phenomenon which, as we
shall presently see, is due to a relative excess of acid constituents in the cell-sap. Here
temperature is the determinant of decrease in acidity, just as in other cases we find that
it is the essential determinant of the increase in turgidity of certain masses of tissue
on which the expansion of flowers such as those of Portulaca grandiflora is dependent.
The flowers of Portulaca do not unfold in the brightest sunshine until they have
attained a temperature of 70° to 80°F.; and, if only this be provided, expansion takes
place in total darkness just in proportion to the rise in temperature. Both heat
and light are clearly capable of determining chemical alterations in the nature of the
cell-sap and increase in the turgescence of masses of tissue. According to Sachs'
theory of the causation of turgescence, in order to account for the phenomena we must
assume that in some cases the factors act on the physical properties of the protoplasm,
and in others on the chemical nature of the cell-sap; or, in other words, that in some
cases they affect the structure and in others the function of the protoplasm. But surely
it is more reasonable to assume that both chromatic and motor effects are due to
stimulation of the latter only. Such stimulation may well give rise to the formation
of products differing from one another in different instances, in some characterised
by their reaction and in others by their osmotic properties, and accordingly ultimately
determining changes of colour in the one case and movements related to altered turges-
nATiPfi in thfi nth or case.

In some cases stimulation of functional activity, whether photic or thermic leads
to decrease and in others to increase in the acidity of the cell-sap and to ' corre-
sponding changes in the tint of colouring matters which are dissolved in it, the inten-
sity of blue and green colours being related to relative alkalinity and that of red
ones to relative acidity. That this is the case is shown by the results of the
following experiments:--

Experiment /.—The petals of a flower of Erythrina stricta, which are of a brilliant
scarlet colour, exposed in a chloroform-chamber almost immediately became of a
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permanent pale, dull, brownish pink tint. The flower was now transferred to a
carbonic acid chamber in which the petals gradually reddened, and in the course of
twenty-four hours they bad regained a vivid scarlet colour.

Experiment II.—Petals of the same Erythrina, when immersed in absolute alcohol,
were at once bleached to a very pale pink, the alcohol at the same time acquiring
a very pale, reddish topaz tint, which rapidly reddened in a carbonic acid chamber
and became vivid scarlet on the addition of a few drops of glacial acetic acid.
Alternate additions of solutions of caustic potash and glacial acetic acid to alcoholic
extract which has become scarlet owing to prolonged exposure in a carbonic acid
chamber, secure alternating discharge ajid reformation of the colour.

Experiment III—A flower of a scarlet variety of Hibiscus rosa-sinensis was set in a
chloroform-chamber. The colour very rapidly began to become dulled, and within an
hour was of a dull maroon red, the corolla at the same time showing the initial stage
of collapse. The chloroform was now removed from the chamber and a vessel of
glacial acetic acid substituted for it. Collapse of the corolla continued to advance
steadily to completion, but at the same time its colour gradually revived and ultimately
became once more vivid scarlet.

Experiment IV.—A similar flower of Hibiscus, momentarily immersed in boiling
water, collapsed at once, the colour at the same time becoming purplish. The water
also acquired a purplish hue, due to extraction of pigment and partial bleaching of
the corolla. The purplish infusion was rendered bright red by the addition of
acids.

Experiment V.—A similar flower placed in a chloroform-chamber gradually under-
went the same changes as that in Experiment III.

When the colour had become of a deep maroon red, the chloroform was removed
and a vessel of fuming nitric acid substituted for it. Restoration of the colour began
visibly almost at once, and a vivid scarlet was gradually re-established.

Experiment VI.—A similar flower was enclosed in a metal box and buried in a
mixture of ice and salt. After an hour and a half of exposure it was found to be
stiffly frozen and of a dull red colour. It was now placed in a simple hermetically
closed chamber, and the colour soon passed on to the same deep maroon tint
which is developed under exposure to chloroform, flaccidity and collapse also advancing
rapidly. On the following day it was quite flaccid and deep maroon. A vessel of
glacial acetic acid was now introduced into the chamber, and twenty-four hours later
the corolla was once more vivid scarlet.

Experiment VII.—Petals of scarlet Hibiscus immersed in absolute alcohol became at
once deep purple and yield^i a neutral extract of a reddish topaz colour. Treated
with acids, this extract became vivid red; and with alkalis dull green, passing on to
orange yellow.

Experiment VIII.—A scarlet Hibiscus flower was set in a moist ammonia-chamber.
Purplish black spotting of the corolla began to appear within a minute and extended
rapidly. As the blackening extended inwards from the periphery to the centre of the
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corolla, the margins gradually assumed an orange tint, and on tb,
flower, although hardly showing any signs of collapse, was of a unifn™ K • u
orange throughout. uniform brownish

Experiment IX.—A flower of scarlet Hibiscus in a chloroform-

collapsed, and at the same time assumed a deep maroon red colour. Immersion ofp, sumed a deep maroonTdXr
discoloured petals respectively in dilute acetic acid and in 10 per ceni J n T T *
potash caused them, in the former instence, again to become scarlet and " £
to turn first dull blue, then dull green, and finally ochreous.

Experiment X — T w o flowers of Jfomoa &<&•«.«, were placed in a chl
chamber. The deep blue portions of the corollas almost immediately be f f a n to ^
a violet, and the pale rose of the red parts an ochreous tint. The violet of t h T
areas gradually reddened and, at the same time, the texture visibly became l T
The corollas ultimately collapsed, the originally red area being noloo
the originally blue ones dull red.

Experiment XI.-A flower of Ipomcea hederacea was set in a moist c
a t 10-31 A.M. The blue area o f the corolla gradually became f i r s t ^ T ^
dull red, and at the same time slowly collapsed.

Experiment XJI.-A flower of Ipomcea hederacea was set in a moist ammonia
chamber. After three minutes' exposure it had become of a vivid peacock green which
gradually faded to a pale ochre. ' VWJU/"

The changes in colour in the flowers of Ipomcea hederacea under the influence of
chloroform are just the reverse of those which normally take place during the expansion
but are the same as those attending the withering of the corollas. Whilst in bud the
areas which, during full expansion, are reddish have an ocbreous, and those which
are deep blue a red colour; and in the fading and faded corollas of the afternoon
and night a reversion to the bud colouring takes place. When the dull red fad d
corollas are treated with acids they become vivid rose colour; and when tre*teA * -?u
alkalis, vivid blue and green, passing on into pale yellow. When the flow
in bud and in the faded condition, the cell-sap thus evidently contains a re la t iT™ ^
of acid constituents; whilst, when the flower expands under favourable conditions f T T *
and specially of temperature, these acids are partially neutralised by the manufact *
alkaline products. Stimulation of the functional activities of the tissues in this ^
rise to effects similar to those accompanying it in tissues containing ch^ronl-Ml ^^
precisely the reverse of those occurring in the case of tissues in which th 11
normally red during their fullest development. The brilliant scarlet of the f ]] P is

corollas of scarlet varieties of Hibiscus rosa-sinensis is replaced in th b Jt ^ eXpan(*e(*
fading condition by a dull red colour, which, especially in the latter c " * ™ ^
of the same character as that developed in the expanded corollas und th 1 S .V 6 1^ m u c ^
chloroform. In the case of chlorophyll-containing tissues, and in those6 i \ . 1 U f l u e n c e of

sap is of a blue colour when they are most highly developed, stimul t" ^ t l i e ce l1"
activity appears to lead to relative alkalinity; and depression'or ab l V ° n

t i i t li idit hil i h 0 ' T f
y pp y; depressionor ab lV p

activity to relative acidity; whilst, in the case of tissues containing-0' T fi p r o t o P l a s m i c

the reverse is the case. The essential constituents of both v*J J ,, C e l l ' s a P ' precisely
a red and blue colouring matters
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appear to be the same, the tint being determined by the relative acidity or alkalinity
of the medium. Hence blue flowers usually present a more or less purplish or reddish
tinge in natural fading and when under the influence of chloroform; whilst red ones,
on the contrary, lose their brilliancy and may even become almost colourless (like those
of Erythrina stricta) under similar circumstances. The colour in Erythrina stricta is evidently
related to intense acidity of the medium; for even perfectly neutral media reduce it very
much, just as strong alkalis act on other red tissues; while the alcoholic extract demands
an excessive addition of acid ere it reacquires a scarlet tint. Some blue flowers, such as
those of the blue variety of Clitoria Ternatea, present an exception to the rule enunciated
above, as they retain an intense blue colour during normal fading and exposure to
chloroform, and they yield brilliant pure blue infusions and extracts on boiling and
immersion in alcohol. This is not dependent on any peculiarity in the essential consti-
tuents of the colour, for the addition of acids to the blue extracts or infusions at once
causes them to assume a beautiful red colour; but must apparently be due to the cell-sap
normally containing a relative excess of fixed alkaline constituents—an assumption
which is favoured by the very feeble acidity which the freshly expressed sap presents.
The extremely fugitive nature of the alkaline constituents in some other cases is most
strikingly exemplified in cases where flowers of Ipomoea hederacea are killed by means of
exposure to low temperatures, as the following experiment shows:—

Experiment XIII.—A fully expanded and normally coloured flower was enclosed
in a metal box, and the latter wt*s then buried in a mixture of pounded ice and salt,
where it remained for an hour and a half. At the close of this period the flower
remained fully expanded and retained its original colouring, but was frozen and rigid*
On removal from the box immediate collapse occurred, and the colours of the normally
blue and red areas at once changed, the former becoming violet and the latter
ochreous. The white coloured portion at the base of the tube retained its colour
somewhat longer, and then, like the red ones, became ochreous, the blue portions having
meantime passed on from purple to dull red.

Immersion of flowers of the same species in boiling water is followed immediately
by total collapse and similar changes in colour, but the results in this case are not so
striking, as they are not so conclusively ascribable to mere cessation of protoplasmic
activity as where they follow exposure to cold. The absence of collapse and the reten-
tion of the no'rmal colour in the latter case, so long as the tissues remain frozen, must
apparently be due to the cell-sap being congealed so rapidly that no appreciable escape
of liquid or discharge or decomposition of the fugitive alkaline or acid constituents
present in it have time to occur. The process of rapid congelation not only arrests the
manufacture of the products of protoplasmic activity on which the turgescence and
colour of the tissues depend, but it for the time being retains those which are present
in the sap at the moment at which congelation occurs. On the tissue thawing, an
immediate loss of turgescence occurs, and this is accompanied by the escape or decom-
position of the products of certain constituents of the cell-sap to which its normal
colour is due. It would be hard to find a more striking instance of the coincidence of
loss of turgescence with alterations in the chemical constitution of cell-sap.

It is only where the colours of the tissues depend on the presence of dissolved
icrments, the tints of which are determined by the presence of fugitive acid or alkaline
bstances, that they serve as satisfactory indices to the occurrence of chemical changes

ANN. BOY. BOT. GARD. CALCUTTA VOL. VI.
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in the sap. In the case of blue Clitoria the tint is certainly related to relative alkalinity
of the sap, but this alkalinity is in great part due to the presence of non-fugitive,
fixed materials. In many yellow flowers, on the other hand, the persistence of the cpfour
after death of the tissues depends on much of the colouring matte/ being insoluble in
the sap. In the African marigold, for example, the greater bulk of the pigment of the
corolla is not in solution, but is deposited in the form of resinous granules which are
quite insoluble in water, and therefore any changes in the reaction of the cell-sap do not
appreciably affect their colour. The fact, therefore, that in certain cases we do not find
loss in turgescence in the tissues to be accompanied by any conspicuous change in their
colour, cannot be taken as any evidence that chemical changes in the nature of the cell-
sap have not occurred; whilst the constancy with which we encounter evidences of the
presence of such changes, in cases where indices to their occurrence are present, strongly
supports the belief in the normal coincidence of alterations in turgescence, which depend
on fluctuations in functional activity of the protoplasts, and chemical changes in the
cell-sap.

The chromatic change accompanying depression or abolition of function in vegetable
tissues is not, of course, an absolute proof of coincident alterations in their osmotic-
properties, but merely of alterations in the composition of their cell-sap. It is,
however, highly probable that the processes leading to the latter may jaffect the
former also, and there are certain phenomena which to a certain extent appear to
indicate that they actually do so; for in cases in which depression and abolition
of functional activity is accompanied by very marked chromatic changes, we find
the coincident loss in turgidity excessive, whilst in cases where chromatic changes
are inconspicuous, the loss in turgidity is not nearly so great. For example, when
the flowers of blue Clitoria are killed by continued exposure to the vapour of chloro-
form, hardly any change manifests itself in their colour, whilst in the case of flowers
of scarlet Hibiscus under similar circumstances the change is very great. A corre-
sponding difference occurs in relation to the coincident loss in turgidity, for, although
there is a considerable loss in Clitoria, it is limited in degree as compared with that
occurring in Hibiscus, in which the great change in colour is accompanied by absolute
flaccidity of texture. The absence of conspicuous change in colour, and the limitation
in loss of turgescence, in Clitoria are at all events both ascribable to the presence of
certain stable constituents in the cell-sap which serve to maintain conditions in it
subsequent to the death of the tissues which can only be maintained in Hibiscus as
the result of the continued exercise of functional activity.

The experimental data which have been given above afford sufficient evidence that
alterations in turgescence following exposure to influences of the most diverse nature, and
which can hardly be supposed to produce any common effect on the nature of the proto-
plasts of the tissues beyond depressing and ultimately abolishing their functional activi-
ties, are accompanied by conspicuous alterations in the chemical constitution of the
cell-sap. This in itself is sufficient to suggest that it is to the properties of the latter
and not to those of the protoplasts, that turgescence is immediately related; but we are
not obliged to remain content with any ambiguous evidence, as it is not hard to find
examples in which turgescence persists even in a very high degree quite apart from
the presence of any living protoplasts in the tissue. The tissue of the mesocarp of
a ripe orange is one of the most striking of these. Here we certainly have a highly
turgid mass of tissue in which turgescence is maintained in spite of the absence of
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any living protoplasm. During the process of maturation, the protoplasts of the cells
have been gradually expended with a proportionate accumulation of the products of
tneir functional activity in the cell-sap; and in the fully ripened tissue, if any living
protoplasm persists, its amount must evidently be extremely small. Whatever its amount
Tbe however, it certainly is not the cause of the turgidity of the tissue, as we
find nthe latter persisting under circumstances which involve the death of any living
protoplasts which have been exposed to them. When, for example, we expose portions
of the mesocarp of an orange to the influence of the conditions which we have just seen
to cause loss of turgescence where the latter is dependent on the presence of living
protoplasts, we do not find any evidence in these portions of the occurrence of
parallel change. This is shown by the results of the following experiments:—

Experiment XIV.—A segment of the mesocarp of a ripe orange, weighing 10*58
gl-ammes, was exposed in a chloroform-chamber for twenty-four hours. At the close of
this period it weighed 10*6 grammes and retained its turgidity unaltered.

Experiment XV.—A segment, weighing 9#52 grammes, was exposed in a chloro-
form-chamber for twenty-four hours. At the close of the experiment it weighed 9*53
grammes*

Experiment XVI.—A segment, weighing 135 grammes, was immersed for forty
minutes in a 2#5 per cent, alcoholic solution of corrosive sublimate. On removal its
weight had increased to 13*73 grammes. It was now placed in a simple moist chamber,
and on the following day was found apparently just as it had been at the beginning
of the experiment, quite turgid, the surface dry, and the weight 13-5 grammes.

Experiment XVII.—A segment, weighing 20*44 grammes, was immersed in a 2*5
per cent, solution of corrosive sublimate for twenty-four hours. At the close of that
period it was excessively turgid, and when dried weighed 20*64 grammes. It was
now placed in a simple moist chamber. Twenty-four hours later it was quite turgid,
the surface dry, and the weight 19*87 grammes. It was kept under observation for
three days longer, and at the end of the experiment weighed 19-5 grammes.

Experiment XVIII.—A segment of the mesocarp of a ripe orange (a), weighing
13*08 grammes, and a leaf of Kalanchoe (b\ weighing 17*24 grammes, were immersed
for one minute in boiling water. On removal (a) weighed 13*5 grammes and (b) only
15*65. Forty-eight hours later, (a) weighed 12*54 grammes; whilst (b) was flaccid,
yellowish olive, and weighed only 14*6 grammes; the total loss in the former amounting
to 4*1 per cent, and in the latter to 15*3 per cent.

One of the most striking examples of the maintenance of an extremely high
degree of turgidity in cells, independent of the presence of any continuous stratum of
living protoplasm, is that which is afforded by the fertile filaments of Pilobolus crystal-
linus. The excessive turgescence in these, which ultimately leads to their rupture and
the violent discharge of the sporangia, arises only after they have been almost entirely
emptied of protoplasm by the onward progress of the latter and its accumulation within
the sporangium, and certainly when no continuous stratum invests the interior of the cell
wall. It is certainly, therefore, independent of any anti-filtrative property of protoplasm,
and indeed is apparently independent of the action of any local protoplasm altogether, as
we find it to be present in cases in which even the lower part of the stem immediately
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above the great basal cell is apparently quite empty of all s a v e fluid. At t h e

l * ^ * ^

2 ^.Jt /he tZnJeTf tS t sT 77^ Hr 'Zt 7and bastfs

crop of fertUe filaments in full turgescence is s i J e d T
solution ot osmic acid, and set under a dissecting microscope
interest series of phenomena manifest themselve°s withinTe' J Z ^ T ^ t
two. Under normal circumstances, of course, the turgescence in the fertile filament! ^s
so excessive as to give rise to such a considerable excretion of fluid that t^
studded throughout by beads of i, Under the influence of the osmic acid t h e s e b e a d s ^
be seen rapidly to enlarge and as they do so the filament gradually becomes flaccid and
collapses. The very fact that this rapid and complete collapse should attend'the a c t a
of osmic acid is m itself very strong evidence that the turgescence is independent of he
presence of any continuous stratum of protoplasm, seeing that the fixative property of
this re-agent for tissue elements seems to be due to its action in rendering the protopl
relatively impermeable; and, when taken along with the historical evidence it ~
conclusively to indicate that we are here dealing with turgescence due to e
agencies due to the presence of t i l h i h h

g with turgescence due to ext lc
agencies due to the presence of materials which have not originated locally, but which
having been developed m connection with the functional activity of thP ™l r ~r
specially of the basal cells, have passed on into the interiorof ^ & & " T
Further, it is evident that these materials must be of unstable nature so tY < '
can only maintain itself against the factors making for filtration so 1™ t U r g e S C e n c e

supply of them is being manufactured elsewhere and subsequently 7 7 " f ^ T
cavities of the filaments. subsequently transferred to the

Perhaps the most convincing proof of the indirect relation which W,
to protoplasmic functional properties, and of its direct dependence o n I ™ T r ***"
in the cell-sap, is that which is afforded by the results of XZZZTjT^T
course of killing the protoplasts of the tissues, we secure the JS n H V , ' ^ ^
constituents to the sap. When we do so, we find in deaW It t^™ °f °S m o t i c

a s those o f Ka^oe, i n which a n abolit'ioa o f J ^ S f ^ ^ Z ^ ^of pJ^Sf ^^Z^T^
pained by a very large discharge of fluid and loss in weight and tlZ« I *'
is not accompanied by any considerable diminution in weig°ht or tn^esoeZT' ft ^^
dead tissues may persist for prolonged periods in a highly turgid condition' *rn * 11
ing experimental details illustrate very clearly the different effects produ^d „ ! v: z z j * i dtid ih ^ i : r sis determined with
to the cell-sap :—

Experiment XIX.—Two leaves of Kalanchoe—one, a, weio-hino- 2S-99 fll ,
27-54 grammes-were taken and set with the bases o f the petioles imm j . > h >
The lower extremities of the petioles were then cut off subaqueouslv so t M W a t 6 r '
free absorption, and leaf a set in a chloroform-chamber, and b in a " y*™** °f

Copious sweating set in in a within half an hour, and advanced so rapVll a ™ m ° n i a c a l o n e '
had begun to collapse within an hour from the beginning of the ex ? ^ l o b e S

at the same time beginning to acquire a yellowish tinge.° In the n m e n t ' t h e t i s s u e

amount of exudation appeared very rapidly, and the tissue acquired ^ ^ *'•* H m i t e d

tint, but no considerable loss of fluid occurred, and the leaf i * 7 Se d e e p g r e e n

showed no signs of collapse. The ammonia appeared to act P e r f e c % firm and
more rapidly in causing
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exudation than the chloroform, but the action appeared very soon to be arrested before
sufficient loss had occurred to induce appreciable loss in turgidity; whilst, in the case of
the chloroform, when exudation had once been established it advanced rapidly and
steadily. On the following day the leaf a was of a pale yellowish olive colour and
perfectly flaccid and collapsed, whilst b was deep dark-green and quite firm and turgid.
The less of weight which had occurred in a was 7'75 grammes, or 27*4 per cent., and
active exudation was still taking place. In the case of b the loss only amounted to 1*64,
or 5'9 per cent., and there was no sign of any continued exudation. Subsequently to this
b only was kept under observation, being weighed at intervals and having a fresh petiolar
surface exposed each time that it was returned to the chamber. Twenty-four hours
subsequently to the previously recorded observation, in place of showing any loss of weight,
it showed a gain of 0'42 ; and a week after the initiation of the experiment the tissue
remained highly turgid, and the total loss of weight for the entire period only amounted
to 1*64 grammes, or 5*9 per cent. The weights at different periods are shown in the
following table:—

Date.

February, 13th
14th ...
15th ...
i6th .:.

„ 17th ...
„ 18th ...

20th

Weight in
grammes.

27-54
25-90
26-32
26-31
26-31
26-32
25-90

Total loss.

...
1-64
1-22
123
1-23
1-22
1-64

Percentage
loss.

• ••
5-9
4 4
4-4
4 4
4-4
5-9

Up to the 16th the leaf remained continuously in the ammonia-chamber, but it was
then removed and kept in a simple moist chamber during the rest of the experiment.
When removed it had a very strong ammoniacal odour, and for several days it continued to
give off enough ammonia to endow the water in the water vessel of the moist chamber
with a strong smell of it. Whilst in this chamber it discharged a considerable amount
of fluid from the terminal lobe, which happened to be sloped rather abruptly downwards,
the exudation beginning to appear soon after transfer from the ammonia chamber, and
continuing steadily until the end of the experiment, in spite of the inappreciable loss in
weight which accompanied it. The fact that an actual increase in weight manifested
itself daring the course of the second twenty-four hours of the experiment Is remarkable,
and is probably to be ascribed to a continued absorption of ammonia and increase in
osmotic property of the cell-sap during that period partially making good the initial
loss of natural osmotic property which had attended the death of the tissue. The arti-
ficial addition of ammonia to the cell-sap does not suffice to maintain the osmotic
capacities of the latter at quite the normal level, but it prevents the great loss in osmotic
property attending the cessation of functional activity from producing the effects which
it naturally would give rise to. The loss in functional osmotic property appears to
proceed more rapidly than the acquisition of artificial osmotic property; and hence an
initial fall in turgescence below the level at which the artificial property, when fully
developed, is able to maintain it.

Experiment XX.—A leaf of Kalanchoe laciniata^ weighing 27*13 grammes, was set in
a moist ammonia-chamber with the base of the petiole, which had been subaqueously
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divided, immersed in water. Twenty-four hours later it weighed 25-94 grammes, corre-
sponding to a loss of l'19c.c. of fluid, or 4-3 per cent, of total weight. The weights
tor the first six days of the experiment during which it was kept in the original chamber
having the petiole freshly subaqueously divided every day aftepr weighment, were J
iollows:— 7

Date. Weight in Percentage loss in
grammes. total weight.

March, 2nd ... ... ... 2 7 . 1 3 ^

» 3 r d - - ... 25-94 4-3
» 4 t h ••• ... ... 25-96 4.3
» 5 t h ••• — ... 26-16 3.5
» 6 t h ••• ••• ' « 26-21 3.3
» 8 t h ••• - ... 2G-21 3.3

After the first 24 hours, in spite of the fact that it daily discharged a large quantity
of fluid, an actual increase in place of any further decrease in weight occurred up to a
certain point, the tissue at the same time remaining excessively moist and t a m d On th
8th of March it was transferred to a simple moist chamber, and the petiole was n!
longer immersed in water. It remained in this for the next six days, during which the
weights were as follows :— to T¥U^U w i e

Date. Weight in Percentage loss in
grammes. total weight.

March, 9fch ... ... ... 25-87 4 .6

5-3
60

l o t h ... . . . ... 25-67
l l t h - ... ... 25-49
1 2 t h - — 25-26 7-2
1 3 t b ... ... ... 25-09
1 4 t h ••• ... ... 24-90

7-5
8-2

It was now once more set with the freshly divided extremity of the no t^u •
with the result that i t again began to discharge water actively and JT * '
gained considerably in weight, as shown b e l o w : - S a m e t l m e

D a t e - W e ' S h t in Percentage loss in
grammes. total weight

Maroh, 15th ... ... ... 2 5 . 7 2 g i

» 1 6 t h "• ••• ... 25-62 5 . 5

" 17th '" '" ... 25-64 5.4
» 18fch •" ••• ... 25-63 5.5

This experiment is specially instructive on several grounds It ff
perfect demonstration of the fact that, even in those cases in which t? . a m o s t

of turgidity is normally dependent on continued vitality of th ^ m a intenance
tissues, the relation between the two conditions is not a dir ^ P r ° t O p l a s t s of t h e

any structural peculiarities of the living protoplasm, but * d^ ^ ^ e f c e r m i n e ( i
g p p s m , but <r y

through the intervention of the presence of certain osmotic "* lrGC-t ^^ m a i n t a m e ( i

The protoplasts of the tissues of this leaf had certainly b e e n ' T ^ T "* t h e Cell"Sap*
March, and yet turgidity persisted in high degree sixteen ] °n t h e 2 n d ° f

being any obstruction to the free passage of fluid throned + 1 / ^ I a t e r ' w i t h o u t t h ere
«on the tissues, a3 was clearly
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shown by the continuous discharge which accompanied free supply of water, A
striking illustration is also afforded of the dependence of turgidity not only on
intrinsic, but also on extrinsic conditions; not only on osmotic capacity of the cell*
sap, but on conditions of general loss and supply of water. It cannot be supposed
that any appreciable increase in osmotic property of the tissues occurred between the
14th g>nd loth March, and yet a very considerable rise in turgescence took place
then, coincident with renewed free supply of water.

The contrast between the results in cases of this kind and those presenting
themselves where death of the tissue is determined by means which do not intro-
duce permanent artificial osmotic properties into it, comes out very clearly on com-
paring the above figures with those furnished by an experiment on the results follow-
ing immersion in an alcoholic solution of corrosive sublimate:—

Date.

December 21st
„ 22nd
„ 23rd
„ 24th

25th
„ 27th

30th

Weight.

29-22
26-44
24-68
22-92
21-82
21-03
20-50

Loss.

• » t

2-78
4-54
6-30
7-40
8-19
8-72

Percentage loss

« • «
9-5

15-5
21-5
24-2
28-0
298

Even here, however, the initial loss of fluid and turgescence is not so great as
in cases where the functional activity of the tissue is abolished by means of extremes
of temperature, vapour of chloroform, or other conditions in which no appreciable
addition of extraneous materials to the cell-sap is involved. The peculiarity of the
phenomenon of artificial maintenance of turgescence by means of ammonia lies in its
persistent character. In cases of poisoning by alcoholic vapour under conditions of free
water-supply, the loss of fluid and of turgescence during the first twenty-four hours
is relatively limited, and may even fall as low as it is where ammonia is the toxic
agent, but there is no permanent arrest established, and the loss, although retarded in
the outset, goes on steadily progressing. Exposure to an atmosphere of ammonia is
followed almost immediately, by a certain amount of discharge of fluid and con-
spicuous change '* of colour in the tissues, the abolition of functional activity being
apparently much more rapid than where chloroform is employed ; but, because the
ammonia is readily absorbed by the cell-sap and imparts certain properties to it, the
loss of turgescence connected with the cessation of the normal manufacture of
osmotic materials is very soon arrested, whilst chloroform (acting purely in arresting
functional activity) does nothing to prevent the elastic recoil of the cell-walls from exert-
ing its full effect.

The effects of ammonia in artificially maintaining turgescence are specially
conspicuous and measurable in dealing with succulent tissues such as those of Kalanchoe,
but they also come out very clearly in many other cases, such as those of the two
following experiments:—

Experiment XXL—Two fully expanded flowers of scarlet Hibiscus were taken and
the extremities of their stalks were freshly divided under the water of the vessels in



<>2 THE CAUSES OF FLUCTUATIONS IN TUEGESCENCE

which they were set. One of them, a, was now placed in an ammonia-chamber, and
the other, b, in a chloroform one. The petals of a immediately began to show purplish
black spotting, which rapidly extended over their entire surface. The colour -next
gradually assumed a greenish tint and ultimately became of a fine warm 'ochre.
Whilst these changes were occurring there were no signs of loss of turgescence, and
it was not until some hours after their full completion that a little exudation f and a
trace of collapse manifested themselves. In the case of b the action of the abnormal
medium did not manifest itself for some time; but, when once initiated, alteration in
colour and loss of turgescence ran hand in hand, and after the close of a few h
the colour was of a dull maroon red and the tissues of the flower were completely
flaccid and collapsed. Twenty-four hours after the initiation of the experiment a was
slightly collapsed, but after this it remained apparently unaltered for some days.

Experiment XXII.—Two flowers of scarlet Hibiscus were taken, and. one' a
suspended free, apex downwards, in an ammonia-chamber, whilst the other b 'was
similarly hung in a chloroform-chamber. In the case of a, discolouration, in the' form of
black spotting of the petals, made its appearance at once, and within an hour the red
had entirely gone, save in a few isolated patches, and the rest of the tissue was deep
purplish-black, passing into deep greenish and ochre at the margins. There was how-
ever, no indication of any tendency to collapse. In b discolouration was developed
much more slowly; but at the close of an hour the original vivid scarlet had
been replaced by a deep maroon, and the petals, which had originally been highly
reflexed, were drooping downwards and rapidly collapsing. The first traces of collapse
in a did not appear until three hours after the beginning of the experiment and
then the petals remained highly reflexed. On the following day the petals 'of
drooped, but still widely divergent and firm in texture (plate III. fig. 3). w n i i s t +1
in b hung vertically downwards and were perfectly flaccid (plate III? fig.'4) Twe
four hours later the petals of a were slightly less divergent than they° had' been bt
were still so divergent as to allow the stigmas to be visible beyond them in r fii*
Both flowers were now removed from the chambers and hung in the open lab t ^
where they remained for days apparently unaltered, b being fully collapsed ^ d ^ '
retaining a considerable amount of turgidity. a a

Experiment XXIIL—Two flowers of scarlet Hibiscus were, as in the
case, placed respectively in ammonia and chloroform-chambers. They0 were no^h10118

ever, suspended, but were set with the freshly, subaqueously divided extremities°If
their stalks immersed in water. As in the previous experiment, the floweGS °
the ammonia chamber began to show black spotting immediately, and rapidly ^ "1
on through stages of deep purplish black and deep greenish to a uniform warm ^h
without showing any signs of collapse; whilst that in the chloroform-chambe I
some time to show any signs of change in colour, but when it once had b^
discolour, began also to collapse rapidly. On the following morning a sli ht ^^ t0

collapse only was evident in a, whilst b was completely collapsed flacci/ ^ m ° U n t of

The ammonia-chamber was allowed to stand unopened for a' we k' soaked.
that period a remained almost in the same condition as it was ;« *J during
, , as in after twenty-four
hours' exposure. -y XUU1

F r o m the results obtained in the first of these experiments it '
retention of turgescence in such cases is not wholly dup tn ^ ^ 6 n t ***** t l i e

j u u e to the presence of free
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ammonia in the tissues, but that combinations must be formed within the cell-sap
which render it more or less permanently hygroscopic. The flower a did not undergo
complete collapse on removal from the ammonia chamber, but remained partially
turgid even after prolonged exposure in the open air. There can, therefore, be no
doubt that turgescence is mainly, if not solely, due to the osmotic properties of the
cell-sap, and that losses in turgescence are due to diminished osmotic capacity in the
latter, and not to any increased filtrative properties in the protoplasm. It is not,
however, quite clear that structural alterations in the protoplasm may not act in the
contrary direction, in the way of retarding losses in turgescence by presenting an
abnormal resistance to the elastic recoil of the cell-walls. When we consider the phe-
nomena presenting themselves in connection with death of tissues under the influence
of the vapour of osmic acid, there are many points suggesting that the abnormal
slowness with which loss of turgescence advances is due to such a causation. This
is shown by the data furnished by the next two experiments.

Experiment XXIV.—A leaf of Kalanchoe, weighing 8#38 grammes, was enclosed
in a moist chamber containing a vessel of 2 per cent, solution of osmic acid. Visible blacken-
ing of the surface became apparent within the course of half an hour, but the first
drop of exudation did not appear until two hours after exposure, and an hour later
only a certain number of scattered drops of black fluid had been excreted. On the
following day the leaf was coal-black and bore numerous large inky drops of fluid, but
the texture remained quite firm and the weight was still 7*9 grammes. It was now
placed in a simple moist chamber, where it remained for the next twelve days. The
successive losses in weight which occurred during the entire course of the experiment
are recorded below:—

Date.

January 26th
27th

„ 28th
„ 29th
„ 30th
„ 31st

February 2nd
3rd

„ 4th
„ 5th

6th
„ 8th

9th

Weight.

8-38
7-90
7-78
7-64
7-57
7-49
7-30
7-20
7-05
6-91
6-84
6-60
652

Successive
losses.

• • •
0-48
0-12
0-14
0-07
0-06
0-19
o-io
0-15
0-14
0-07
0-24
0-08

Total pen
age los

5-7
7 1
8-6
9-6

10-6
12-8
14-0
156
17-5
183
21-2
22-1

Here we have evidence of retarded loss in turgescence ; but the losses continued to
progress steadily, and there was no evidence of the absolute arrest of loss manifesting itself
in the case where death was caused by exposure to ammonia—vide experiment XIX.
The phenomenon appears rather to be the parallel of that presenting itself in cases
where the tissues are frozen, only that in this *case the obstruction to the escape of
volatile constituents and water from the tissues is a permanent one and does not, like
that established by cold, disappear on removal of the tissues from the conditions under
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which it originated. In cases of exposure to an atmosphere of ammonia there is no
evidence of any initial obstruction to the escape of fluid; on the contrary, exudation mani-
fests itself with special rapidity, and it is only after some time that loss of turgespecne
ceases to occur and a condition of equilibrium is established between the osmotic capaci-
ties of the tissues and the elastic recoil of the cell-walls; but, when equilibrium has been
arrived at, it is stable. In the case of exposure to an atmosphere of osmic fumes, ©n the
other hand, we have from the outset very distinct evidence of the action of a factor
obstructive to the normal loss in turgescence attending death. Exudation appears excep-
tionally late and advances very slowly; but, once established, it advances evenly and con-
tinuously, and there is no tendency to any establishment of a stable equilibrium until the
elastic recoil of the cell-walls has been fully satisfied. We have here evidence ŝhowing that
alterations in the protoplasm may retard the progress of the effects following loss in
osmotic property in the cell-sap, but none to show that any mere alterations in ihe
protoplasm will suffice to give rise to loss in turgescence so long as the osmotic properties
of the cell-sap remain unaltered.

Experiment XXV.—A leaf of Kalanckoe, weighing 27#7 grammes, was set in an osmic
acid-chamber on the loth of March, the base of the petiole being immersed in water
and having been freshly divided subaqueously. On the following day it was entirely
blackened and had exuded numerous large drops of inky fluid along the margin of the
lobes, but the weight, in place of being decreased, was slightly increased, probably due
to the addition of constituents from the osmic acid more than counterbalancing the
loss in weight occasioned by the exudation. It was now set in a simple moist chamber,
the petiole not being in water. It remained thus for the succeeding five days. The
weights from the beginning of the experiment up to the close of this period are
shown below :—

Bate. Weight.

March 15th
>, 16th
„ 17th
„ 18th
„ 19th

„ 20th .-
u „ 2l8t

The percentage loss on total weight was now 11-9, or somewhat greater than that
which the ammoniated leaf of experiment XX had sustained at the close of the period
during which it had been kept apart from water in a simple moist chamber. The petiole
was now once more set in water and subaqueously divided. The leaf was kept thus
for three more days, being daily weighed and anew set in water with a freshly
subaqueously exposed petiolar surface. Weighments for the period were as follows- —

Date. Weight.

March 22nd ... ... ... 23-62 = _ 078
„ 23rd ... ... ... 23-32 = _ 0-30
„ 24th ... ... ... 2309 =- _ o-23

27-7
27-72 =
2713 =
26-74 =
26-30 =
25-05 =
24-40 =

+ 002
— 0-59
— 0-39
— 0-44
— 1-25
— 0-65
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The results of this experiment very clearly show that the action of osmic acid in
preventing a loss of turgescence on the death of the tissues is quite distinct from that
of ammonia. The loss of turgescence is greatly retarded, and may even initially be
obscured altogether, owing to the addition of new weighty constituents of the tissues,
but there is no absolute arrest of it after a certain point as there is in the case of
ammaniated tissues when freely supplied with water. In the case of the ammoniated
tissues the evidence points unequivocally to an artificial maintenance of osmotic property,
in that of those acted on by the osmic acid to the establishment of an obstruction
to filtration impeding the action of the elastic recoil of the cell-walls in effecting the
discharge of fluid from the interior of the cell cavities. The total loss of weight in
the case of the ammoniated leaf during a period of twenty-three days amounted only
to 1-47 grammes, or 5*4 per cent., and of this 1*19 or 4*3 per cent, occurred within
the first twenty-four hours; the loss in the leaf exposed to osmic vapour during a
period of nine days amounted to 4*61 grammes or 16'6 per cent., and was steadily
progressive and unaffected by the freest supply of water to the tissues, whereas in the
ammoniated leaf immediate recovery of weight followed renewed supply of water.

If the filtrative resistance of the protoplasts of a tissue be artificially elevated, as
it appears to be under the influence of osmic acid, the loss in turgescence normally
accompanying loss in osmotic capacity in the cell-sap will be retarded because the
elastic recoil of the cell-walls now encounters an abnormal opposition; and if a mass of
turgid tissue be exposed to sufficient external pressure, a diminution in its turgescence
will necessarily take place apart from any loss of osmotic capacity, because filtration
will now no longer be dependent merely on the elastic recoil of the cell-walls, but on
this, aided by external pressure. But whilst this is the case—whilst the actual degree
of turgescence present in any given tissue is liable to be affected by its filtrative as
well as its osmotic condition—there is no evidence to show that, under normal circum-
stances, any mere alterations in the inherent filtrative properties of the protoplasm of a
tissue, apart from alterations in the osmotic properties of its cell-sap, are efficient to give
rise to appreciable changes in its turgidity; and the belief that they do act in such
a fashion is simply based on the arbitrary assumption that the exercise of contractile
function—that mere change of form in the living elements of a tissue—is capable of
giving rise to alterations in its turgescence, which, of course, necessitates the second
assumption that the change in form is accompanied by a change in filtrative resistance.
The protoplasm "in ammoniated leaves of Kalanchoe has probably lost considerably in
filtrative resistance, and yet the tissues retain a high degree of turgescence; whilst, in
cases where the leaves are exposed to the influence of the vapour of chloroform, there
is no reason to suppose that there is any depression of filtrative resistance, and yet
total loss of turgescence occurs.

The belief that the essential determinant of turgescence lies in certain physical pecu-
liarities of protoplasm, and not in the properties of its products, and that any losses in
turgescence which are related to functional causes are due to increased filtrative power
in the protoplasts of a tissue, has no doubt arisen because of the striking fluctuations
in turgescence accompanying depression or cessation of protoplasmic activity in cases
where the osmotic products of the latter, on the presence of which turgescence depends,
are very unstable, and must therefore be constantly renewed in order to the maintenance
of turgidity. In the vast majority of cases, the protoplasmic products on which the colour
and turgescence of the tissues depend are very unstable, and hence any considerable
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fluctuations in the rate of their manufacture are at once followed by conspicuous alter-
ations in tint and texture. In a certain number of cases, however, they are stable, and
here an entire cessation of protoplasmic activity may occur without giving rise to 'any
appreciable results. In the first instance, death gives rise to immediate alterations in colour
and turgescence; in the latter, it produces no appreciable effect. Turgescence is normally
solely dependent on certain properties of the cell-sap; and, so long as these are'retained, it
is a matter of indifference whether living protoplasm be present or not, or what changes
in form it may undergo. In so far as intrinsic conditions are concerned, it is loss of
osmotic properties in the cell-sap, and not any direct alteration in the structure of the
protoplasm, that gives rise to loss of turgescence: but, in dealing with any experiments
on tissues in which the maintenance of turgescence is normally related to continued
vitality, we have carefully to bear in mind that certain extrinsic conditions may com'e
in to modify the nature of the results accompanying a cessation of functional activity..

In cases where the cessation of functional manufacture of osmotic products is' accom-
panied by the introduction of extrinsic products (as in experiments where the leaves of
Kalanchoe or the flowers of Hibiscus are exposed to an atmosphere of ammonia),- the loss
of turgescence attending the death of the tissues is reduced to a minimum ; whilst in-
cases where no such modifying influence is present, the amount of loss will be determined
solely by the extent to which any stable osmotic materials of intrinsic origin a,e present
In all such experiments we have to consider the influence of the conditions to which the
tissues are exposed in producing the following effects :—

1st— Cessation of functional activity.
^ - A d d i t i o n of extraneous osmotic constituents to the cell-sap
3^-Disturbances in the relations of supply and evaporative loss of fluid.
4^-Alterations^ m the filtrative power of the protoplasm, and possibly of the

In cases where leaves such as those of Kalanchoe, or flowers such as those of
Mucus ™ . m « « r are exposed to an atmosphere of ammonia in a moist chamber and
with the bases of their stakssubaqueously divided and immersed in water, we find tur "s
cence remaining almost unaffected by the death of the tissues, because of the addition of
extraneous osmotic materials to the cell-sap co-existing with free supply and abolished
evaporative loss of fluid. Where similar tissues are exposed to an atmosphere of chloro
orm under otherwise like conditions an abolition of turgescence follows the cessation of

functional activity, because the freest supply and abolished evaporative loss of water w,l
not make up for the loss of osmotic properties in the cell-sap in resisting the PT f
recoil of the cell-walls Where, as in experiment XXI of chapter II, the same tissue are
exposed to an atmosphere of ammonia, without special provisions for securing 1 A
abolishing evaporative loss of water, a very considerable loss of turgescence tak " 1
spite of the addition of extraneous osmotic materials to the cell-sap • and fi I! ° ™
they are exposed to the action of osmic vapour, the loss in turgescence assor t T ^ T
abolition of functional activity is retarded, apparently owing to the introd.,^; ft ,
to filtration. Such obstacles do not, however, arrest the loss of t u r J ? obstacles
retard it, whereas the introduction of extrinsic osmotic materials brin ' ^^
whenever their capacities come to equilibrate those of the elastic " ^ I ** tO * s t a n d s t l 1 1

The effect of 1« of osmotic property in the ce.I-.ap may h Z t i i y ^ ^ f l
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filtration • but we have no positive evidence to show that any loss of turgescence ever
/ e s ow'in"- to the development of special filtrative facilities in the protoplasm apart

from alterations in osmotic property of the cell-sap. The elastic recoil of the cell-walls
• the essential factor in maintaining the pressure which makes for filtration and is
constantly struggling with the osmotic capacities of the cell-sap. When a condition of
eauilttrium has been established between these opposed agencies, it will remain stable so
long as they remain unaltered, but will be disturbed by anything affecting their mutual
relations Any rise in osmotic capacity of the sap will thus at once tend to increase
turgescence, and any rise in external pressure will tend to diminish it; and it is
only where fluctuations of equal value occur in both simultaneously that turgescence
will remain unaltered.

CHAPTER IV.

Wat extrinsic agmte affecting
In the previous chapter we have seen reason to believe that turgescence is essentially-

dependent on certain osmotic properties in the cell-sap which cause the cell cavities to
include more fluid than their passive structural peculiarities will account for. We have
now to consider the influence of certain extrinsic factors in affecting the actual degree of
turgescence present at any particular time. The functional activities of the protoplasts
of the tissues provide that the cell-sap shall have certain osmotic capacities, but the
degree of turgescence at any time must be affected by the extent to which the latter are
able to satisfy themselves. Protoplasmic activity secures the presence of osmotic products,
but external conditions must determine the extent to which these will be able to give
rise to turgescence. The nature and quantity of osmotic materials in a mass of tissue
may remain unaltered; and yet, in spite of this, its degree of turgescence may vary
greatly, owing to variations in the amount of water available for them to act upon.
The total mass of water contained within any terrestrial plant is subject to constant
variations which are due to fluctuations in root-supply and evaporative loss; and where
the former of these is defective or the latter excessive, the highest degree of proto-
plasmic stimulation and activity will be unable to maintain the turgescence of the
tissues to its normal extent. Solar stimulation certainly tends to establish the maximum
of turgescence in chlorophyll-containing tissues where sufficient water is available to
allow them to satisfy their osmotic properties; but the strongest solar stimulation will
not suffice to prevent loss of turgescence under conditions of defective supply or
excessive loss of water. Every one, and specially every one who has lived in the
tropics, must be familiar with the phenomena of temporary wilting in certain common
leaves, and the assumption of the nocturnal position by nyctitropic ones, which so
constantly manifests itself in the early part of the afternoon during hot dry weather.
The two phenomena have been by some observers regarded as the results of two
distinct causes, wilting of common leaves being allowed to be the result of deficient
water-supply,* whilst the movement in nyctitropic leaves is' ascribed to the direct
action of excessive solar stimulation,! but the following experimental data clearly

* Sachs, Yorlesung, XIV. s. 274.
t Sachs, VorlesuDg, XXXVI. s. 767.
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demonstrate that, in both alike, the essential determinant lies in the relation between
supply and loss of water:—

Experiment I.—At 2-30 P.M. of a bright afternoon in November, the leaflets of four
plants of Cassia alata, growing in rather small pots, were all in almost complete nocturnal
position, whilst those of a plant of the same species, situated side by side with* them
and under precisely the same conditions in regard to insolation, but growing in the ground,
were in a state of full expansion. One of the pots was flooded with water, and an hour
later the leaves of the plant in it were almost fully expanded, whilst those of the other
pot-plants remained as before in the nocturnal position. At the same time the leaves of
an Eranthemum growing beside the Cassias *were very considerably wilted. Here there
were indices to the occurrence of general loss of turgescence in the Eranttiemum leaves,
and of local loss of turgescence in certain masses of tissue in the leaves 'of the Cassias
in pots, determined, in the latter at all events, simply by defective root-supply in 'relation
to transpiratory loss.

Experiment //.—At 1-30 P.M. on another day the leaves of two pot-plants of Cassia.
alata had their pinnae in almost fully developed nocturnal position. One pot was flooded
with water, and at 2-50 P.M. the pinnae of the plant in it were almost fully expanded,'
whilst those of the other remained as before.

Experiment III.—Two pot-plants of Cassia alata were set side by side on a flat
masonry roof, so as to be fully exposed to the sun all day. At 1-20 P.M. of December
10th, one of them had its leaflets in the nocturnal position and the other its leaflets
nearly in the same state. The pot containing the former was flooded with water, and
three hours later the plant in it was fully expanded, whilst the other remained as before.
The following day was a cool, dry one, with only feeble sunshine, owing to the general
clouding of the sky; but in spite of this both plants were in partial nocturnal position at
1-30 P.M., the development of the nocturnal position being much more advanced in the
plant in the pot which had not been flooded on the previous day than in the plant in
the other. The former plant was now flooded. Twenty-four hours later its leaflets showed
only a very slight tendency towards the assumption of the nocturnal position, whilst
those of the other plant had to a great extent assumed it. The pot containing the
latter plant was flooded, and at 4-30 the leaflets were found fully expanded, whilst those
of the other plant remained as before in the initial stages of the nocturnal position.

It would be easy to multiply the record of experiments of this nature indefinitely,
but, as the results were of a uniform nature, it would be superfluous to do so. Other
nyctitropic leaves just as clearly show the influence which is exerted on turgescence by
variations in the relations between root-supply and transpiratory loss. In warm, relatively
dry weather, and under like exposure to sunshine, the leaves of pot-plants of Pithecolobium
saman will be found to be in the fully developed nocturnal position, whilst those of plants
rooted in the ground are in the fullest expansion. So again with the leaves of Cassia
sumatrana. Two plants growing side by side and equally exposed to the sunshine, but
one rooted in the ground and the other in the crevices in a wall, day after day in the
afternoon during warm dry weather will respectively have their leaflets in full expansion
and in the nocturnal position. In the above instances the most influential factor in
giving rise to diminished turgescence under otherwise favourable circumstances was
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insufficient root-supply of water; but, of course, excessive transpiratory loss will produce
similar effects, as the following experiment shows:—

Experiment IV.—Two leaves of Kalanchoe laciniata, each weighing exactly 10*38
grammes, were taken. One of them (a) was placed in a simple sealed chamber, and
the other (b) in one including capsules containing sulphuric acid and chloride of
calcium. The chambers were placed side by side in front of a window, so as to secure
their equal exposure to light. Twenty-four hours later, (a) remained quite plump and
rigid and weighed 10*26 grammes; whilst (b) was flaccid throughout, slightly browned at
some points on the margin, and weighed only 8*35 grammes. Both leaves were now
removed and planted with the bases of their petioles in moist earth, and here (b) shortly
regained its turgidity save in the browned areas. Here the influence of root-supply was
eliminated, as neither leaf had any source of supply whatever, and the excess of loss in
weight shown by (b) as compared with (a) is thus to be credited solely to the action of
excessive transpiratory loss. The loss in weight in (a) amounted to 0*12 and may be
taken to indicate the quantity of water required to saturate the air of the chamber
together with any expended in the course of assimilatory processes. This leaves a loss
of 1*91 in (3), ascribable to excess of transpiratory loss determined by the aridity of the
air of the chamber.

It is the want of equilibrium between supply and loss that is the essential factor in
determining the result; not any absolute amount of either. The root-supply during the
course of the night must, as the soil cools, tend to diminish; and yet it secures the renewed
turgidity of tissues which have wilted during the day, because it no longer has to
contend with transpiratory loss. Once the dew-point has been arrived at, transpiratory
loss comes to an end; and hence the continued supply, although not so great as during
the day, is able to restore turgescence in spite of the diminished manufacture of osmotic
products incident on absence of solar stimulation of the protoplasm. That it is the
cessation of transpiration, and not any other nocturnal condition, which is the efficient
cause, is indicated by the fact that, on cloudy and dewless nights, recovery does not
occur, but that, apart from increased water-supply, the wilting is carried on continually
into the next day. The same thing is, as we shall see when we come to consider
nyctitropic phenomena, very clearly indicated also by the fact that the nocturnal con-
dition in tissues exhibiting these attains its maximum in the early part of the night,
and then goes on gradually reverting, up to a certain point, towards the diurnal one.

In endeavouring to account for any particular fluctuations in turgescence and for the
effects following these, we have to consider not merely the conditions of protoplasmic
activity regulating the manufacture of osmotic products, but also extrinsic conditions
affecting general supply and loss of fluid. The fullest stimulation of the protoplasm may be
present (as in hot dry afternoons) coincidently with very imperfect turgescence, owing
to deficient supply and excessive transpiratory loss of fluid; on the other hand, a high
degree of turgescence may accompany defective stimulation, as it does during the latter
part of dewy nights, because of the coincident continued supply and abolished loss of
water. The maximum of turgescence in tissues in which turgidity is dependent on con-
tinued vitality is only reached where they are exposed to coincident maximum stimulation
of their protoplasts, to abundant supply and to abolished loss of water; but all minor
degrees may be present where these various factors are otherwise combined. In any
ordinary plant under normal circumstances ceaseless insensible fluctuations in.'turgescence
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must be taking place in connection with the varying degree in which the different factors
are associated with one another. Every rise in protoplasmic stimulation, so far as it
affects the manufacture of osmotic products; every rise in root-supply; and every fall*in
transpiratory loss, must make for increased turgescence: whilst every fall in protoplasmic
stimulation or root-supply, and every rise in transpiratory loss, must tell in the opposite
direction. In the vast majority of cases, however, no readily appreciable results'ensue-
and it is only where the fluctuations are considerable, and where the tissues present
certain peculiarities of structure and arrangement, that we have conspicuous indices to
their occurrence under normal circumstances.

CHAPTER V.

'She dfate ywUctb bg fluctuations in tageacence.
Fluctuations in the turgescence of masses of vegetable tissue may manifest them

selves in the form of more or less conspicuous changes in bulk, consistence, colour or
position. Changes of the first kind present themselves very conspicuously in cases of
artificial plasmolysis in linear series of cells. In these a general diminution in bulk
is all that at first presents itself to observation; and it is not until this has d
a certain point, until the elastic recoil of the cell walls has been satisfied8- & V a n C e ^ , t 0

words until turgescence of the cells has ceased to exist, that detachment 'of thl
protoplasts occurs. Changes in consistence associated with fluctuation • *
cannot be better illustrated than by the temporary drooping and wiltW Z ? IU*?8cenoe

many leaves during the course of hot, dr/ day" J ^ X ^ T i r T ^
nocturnal conditions put a stop to transpiratory loss. Conspicuous changes 7 7l
are comparatively rare and exceptional phenomena, but some verv striHn ?
of their occurrence may be found. Among these is that which presents T T ?
connection with Selaginella serpens. presents itself m

Here the fronds, which under normal conditions are of a brilliant ffre d •
the day, become towards, and for some time after, sunset of a chalky whitish co^T T\?
tint persists for some time and then gradually fades off, so that by midniXt A
been apparently completely replaced by the diurnal one. The cause of these h
in colour can be readily determined by means of immersing portions of the fronds !f
in the various states of coloration, in 2 per cent, solutions of osmic acid for a ^
two, and then making microscopical preparations from them. This treatment V^!"1*? ?r

Klein was the firsf to point out, not only fixes the protoplasts of the tissue in& th *
which they had when the specimen was taken, but also acts on the chromat h
such a fashion as to cause them to retain their normal chlorophyll content TS in

even when the specimen is subsequently exposed to the action of alcohol T C O l°U r '
in balsam, the result being that permanent preparations corresponding + A m ° U n t e d

changes in colour of the fronds can be obtained. S the v a r i 0"S
Before going on to describe the phenomena presented bv

preparations, it may be well to furnish certain details re-ardinI TJ / S8riGS °f

fronds. The greater part of their substance is composed" of tl , ! ™ °f t h e

r ui iW0 strata of epidermis,
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differing, however, from common epidermal tissues, inasmuch as all the constituent cells,
with the exception of those of the marginal row bounding the frond and connected
with both strata, are abundantly provided with chlorophyll, the cells of the superior
stratum especially containing a variable number of relatively large chromatophores
(plate I. fig. 6). The superior epidermis over the greater part of the frond consists
of shofft polygonal cells, with wavy margins, and with numerous narrow pits or actual
slits on the external or upper face of their walls (plate I. fig. 3). Towards the
margins of the frond, the cells become somewhat more elongated, and the outer ones
are in direct contact with the common marginal row, to which the external part of
the inferior epidermis is also attached. The marginal cells are, as before said, devoid
of chlorophyll a,nd are of a narrow, elongated figure, some being prolonged anteriorly
into projecting points which give the frond a serrated contour (plate I. fig. 1).
Their walls are greatly thickened and highly cuticularised, especially externally, and
the projecting points are almost completely filled up so as to form solid spines.

The. inferior epidermis, except immediately over the midrib, is composed of
elongated cells with strong walls and containing only a comparatively small quantity
of chlorophyll (plate I. figs. 1, 2). A few stomata are present along the middle line
of the superior epidermis, and a good many occur generally diffused over the inferior
one. The inferior epidermis and the highly thickened rim form a sort of rigid
frame 'on which the superior epidermis is highly stretched in such a fashion that,
even were its cell walls extensile and elastic, any considerable alteration in the
capacity of the cell cavities is rendered impossible under ordinary circumstances.
Between the two epidermal strata there is a thin layer of very open tissue, which
is somewhat thickened along the middle line around the single vascular bundle, but
which thins out and disappears around the edges and distal extremities of the leaflets.
Each leaflet thus consists of a comparatively rigid inferior stratum, a very resistent
margin, a superior stratum rich in chlorophyll and consisting of cells the walls of
which are pitted towards the free surface, and a limited amount of loose intermediate
tissue including a vascular bundle.

The processes which determine the conspicuous changes in the colour of the fronds
take place in connection with the cells of the superior epidermis. When we examine a
series of preparations of this derived from fronds in maximal conditions of greenness
and whiteness, it becomes at once evident that the protoplasmic constituents of the cells
are in very different states in the two cases. In the bright green diurnal condition
(plate I. figs. 4, 6), the protoplasts entirely fill the cell-cavities and the separate
chromatophores which they contain are more or less distinctly recognisable; whilst, in
the maximal white state (plate I. figs. 5, 7, 8), the protoplasm is shrunken and con-
tracted away from the cell walls, and the chromatophores are so closely packed together
as to form a spherical mass in which the individual elements are irrecognisable, and
which in many cases is the only visible representative of the protoplasmic content of
the cell. In other cases a narrow, irregular fringe of colourless, granular protoplasm,
containing a nucleus, may be detected around more or less of the periphery of the
chromatophoric sphere. Between the outer margin of the protoplasm and the cell-wall a
wide space intervenes, which in the natural state of the tissue appears to be occupied
by air, and it is to the presence of this intracellular air that the peculiar silvery or almost
chalky whiteness of the fronds is due. If, finally, we examine fronds in the green state
which they assume during the latter part of the night (plate I. fig. 9), we find ihe

ANN. ROY, BOT. GARD. CALCUTTA VOL. VI.
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protoplasts in an intermediate condition, not nearly so highly contracted as they were
when the plant was in the white condition, but at the same time not so turgid as in
the diurnal green state, so that they do not fully occupy the cell-cavities and still leave
narrow peripheral spaces between their outer surfaces and the interior surfaces of the
cell-walls.

We have here not merely an illustration of the chromatic effects which may be produced
by fluctuations in turgescence, but of the effects of the latter in determining alterations
in bulk of protoplasts, and also of the fact that very considerable fluctuations in the
turgescence of the protoplasts of a tissue may occur without corresponding fluctuations
in turgescence of the tissue as a whole. Whenever natural plasmolysis has occurred in the
cells, and the peripheral portions of the cell-cavities have been pccup^ed by air, the
internal pressure on the cell-walls must remain practically unaltered, however much the
protoplasts go on contracting and losing turgescence. The details which have been
already given regarding the structure of the fronds afford a ready explanation of the
exceptional phenomena occurring in the latter. The protoplasts of the superior epidermis
with their abundant chlorophyll content are specially liable to fluctuations in turgescence
connected with the variations in their functional activity—with the variations in osmotic
properties in the cell-sap related to the absence or presence of solar stimulation. Under
the influence of sunlight, assimilatory activity is stimulated; and, if this be associated
with properly regulated supply and loss of water, turgescence rises to a maximum. This
does not lead to any appreciable increase in volume of the cells as a whole- for changes
in their bulk are rendered impossible owing to the fashion in which the tissue is stretched
over the resistent inferior epidermis and framed by the rigid margin of the frond but
it causes the protoplasts to fill the whole of the cell-cavities. On the diminution and
final entire cessation of solar stimulation assimilatory activity gradually falls to a minimum
and at the same tune transpiratoiy loss for a time goes on unchecked. There is a loss of
osmotic property in the cell-sap, whilst conditions of general loss and supply of water
remain practically unaltered, and with this a great fall of turgescence in the protoplasts
ensues. Owing to the unalterable dimensions of the cell-cavities this leads to a process of
natural plasmolysis, and the vacuities thus established are filled by air, the entrance of which
into, as well as the escape of water from, the cavities being specially facilitated by the
peculiar pitted character of the walls presenting to the free-surface. Presently however
with the fall of atmospheric temperature, transpiratory loss diminishes, and, when the dew'
point has beent arrived at, ceases altogether, whilst root-supply continues, and now the
whitening of the tissue also begins to diminish steadily until the fronds appear almost
as they do during the day. So long as active transpiratory loss goes on, turgescence
of the protoplasts goes on falling below the level it would naturally sink to, simpl
as the result of the loss of osmotic property connected with removal of solar 'stimuLv
tion, and consequently the maximum of loss and of whitening of the tissue occ
On the cessation of evaporation the continued root-supply allows the cell-sap to f 7*
its osmotic capacities unfettered, and hence an increase in turgescence tak
This is sufficient almost entirely to do away with the whitening of the tissue b u W
not completely restore the protoplasts to their diurnal state of turgescence' wh" h
only regained when solar stimulation of assimilatory activity once nior ' • ^
osmotic capacity of the cell-sap to a maximum. Precisely similar alterations in the tur
cence of the protoplasts, and therefore in their relations to the cell-walls of the cavitiefTn
which they are contained, may be artificially induced by exposing the fronds to the
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influence of chloroform vapour (plate I. fig. 10). The loss in turgescence here, however,
is not accompanied by any such conspicuous change in colour as attends the normal
nocturnal loss, as the fluid which escapes from the interior of the protoplasts into the
periphery of the cell-cavities is not removed and replaced by air to any appreciable
extent. In both cases, however, the essential phenomena are alike and consist in a loss
of osmotic property in the cell-sap, dependent on depression of the functional activity
of the protoplasts and determining a loss in turgescence. The transitory whitening of
the fronds occurring under normal conditions is quite distinct from the discolouration
which occurs permanently in old fronds during continued periods of low temperature or
excessive dryness. The change in colour under the latter conditions is not of the same
character, being, rather a yellowing than a whitening, and is not connected with loss in
turgescence, but with decolonization in the chromatophores, a decolonization which is
apparently associated with increased formation of permanent osmotic products in the
cell-sap, which serve to limit the range of fluctuations in turgescence. The normal
diurnal alterations in colour, on the other hand, are essentially nyctitropic phenomena,
and are .determined by the same primary factors as the movements which we have
iiext to consider.

In the case of Selaginella serpens the changes of colour are dependent on movements,
but these are limited to the protoplasts, and are therefore unaccompanied by any
appreciable alterations in size of the cells or displacement of masses of tissue. In the
case of common nyctitropic movements alterations in turgescence take place in entire
tissue elements or tissues, not merely in protoplasts, and serve to give rise to movements
as distinguished from mere alterations in bulk or consistence, because they occur in
unlike amount in elements or masses of elements differing from one- another both struc-
turally and functionally, and so arranged that any alterations in the bulk of one must tend
to produce corresponding alterations in the degree of resistance which it presents to the
action of the other. They are related to one another just as the scales in a delicate
balance are; and just as any alteration in the weights in the former determines displace-
ments in the beam to which they are attached, so do any alterations in turgescence
affecting one of the opposed masses of tissue to a greater extent than the other determine
displacements in the structures to which they are related. In the case of common pulvinate
nyctitropic leaves which exhibit movements of elevation and depression, the masses of
tissue on the upper and under sides of the passive, flexible, unlignified vascular bundle
are constantly tending respectively to depress and to elevate it. So long as conditions of
turgescence remain unaltered, or only fluctuate in like direction and degree in both
simultaneously, no movement will occur ; but whenever we have either a rise or fall
in turgescence affecting either of them in greater degree than the other, displacements
proportionate to the difference in the resultant relative strength of the masses of tissue
must take place. The vascular bundle is in a position of unstable equilibrium, the
superior pulvinar pad constantly tending to depress it and the inferior one striving to
elevate it. The position of the bundle at any given time, in so far as local conditions
are concerned, is dependent on the relative strengths of the opposed pads, and any altera-
tions in their relative strengths must lead to corresponding displacement.

The most universally diffused of all nyctitropic movements is that occurring in
the case of the stomata of the epidermal tissues, and as the essential features characteristic
of such movements as a class are in this instance presented to us in their
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simplest form, it is advisable to study it somewhat closely ere proceeding to the
consideration of cases in which the movements are no longer determined by the mutual
relations of individual cells, but by those of complicated masses of tissue. As every
one is aware, the opening and closure of the stomatic orifices are due to the fact
that, under certain conditions of illumination, root-supply, and' transpiratory loss of
water, the guard-cells become so turgid that they are able to determine a certain
amount of displacement of the surrounding epidermal elements; and that, in the absence
of these conditions, they lose turgidity to a greater or less degree, and, being no longer
able to withstand the recoil of the neighbouring tissue, they allow it to approximate
their inner surfaces and more or less completely to close the interspace between them
This, it is evident, implies that under favourable conditions the guard-cells become'
more turgescent and, for the time being, stronger than the other epidermal elements-
for did they not do so displacement of the latter would be impossible. 'We have then
in the first place to ascertain what are the distinctive features in the guard-cells as
compared with the other epidermal elements, which are associated with this capacity for
temporary increase in strength. And when we have done so we find them to be the
following :—l«i, they are younger than their neighbours; 2nd, they are richer iv

protoplasm; 3rd, they are conspicuous as containing a relative abundance of chloro
phyll and starch; 4th, they are, as Kienitz-Gerloff has shown,* distinguished by the
fact that there is no continuity between their protoplasm and that of neighbourincr
cells. The three first of these characters are characteristic of the active elements in
nyctitropic tissues generally; but the fourth is naturally absent in cases where move
ments are determined, not by alterations in the turgescence of isolated cells but of
masses of tissue. In the case of the guard-cells it is necessary that conditions nrovid
ing for the excessive turgidity of individual cells should be provided, and according
we find the cell-cavities closed and the protoplasts isolated; but in the case of m
of active tissue there would, of course, be no advantage attained by the isolation^
the individual units entering into their constitution.

That the guard-cells belong to a younger generation than the surrounding <.„„
inon epidermal cells is a well-recognised fact. In the first edition of the E «T t
version of Sach's " Text-book of Botany" we find it stated that «as the stomat d
not arise until rather late, that is, during or after the expansion of the intoned °
and leaves, their arrangement is partly dependent on the originally elongated^ ^
of the epidermis cells," and that "the origin of the stomata is always the r e s u l t ^
the formation of a mother-cell, first of all by division of a young epidermis cell
which is sometimes preceded by several preparatory divisions in it or in ad" " " '
epidermis cells; and this mother-cell becomes more and more rounded off J°inin©
guard-cells are formed from it by division." f ' xe

It is unnecessary to quote any special authority for the faot of th
abundance of protoplasm, and particularly of chlorophyll and starch, in the & ^

d ith th i d l l t i i ' "̂*"*
p p , py p y l l and starch, in the ^

as compared with other epidermal elements, as it is one which is p'virlo + + ^"1*"*
casual observation 6 n t t o t h e m o s tcasual observation.

• D i e Protoplasmarerbindungen zwischen benachbarten Gewebeseleraenten <W i>a
Bot. Zeit. 1891. flanze- P- KIEKIXZ-GEBLOF*.

t A Text-book of Botany; Sachs. Bennett and Djer, 1st ed., pp. 75, 37.
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In the guard-cells we have to deal not merely with younger elements, and
therefore with elements which are for a time structurally weaker than the surround-
ing epidermal cells, but with elements which in certain areas remain permanently
weak, owing to the characters of their walls, which, as is well known, remain perma-
nently thin, extensile, and elastic on their lateral faces. They are not, however, merely
structurally weaker than their neighbours, but they are also physiologically stronger
on account of their relative excess of protoplasm, and specially of chlorophyll which,
under the influence of sunlight, determines an excess of assimilatory activity and with
this an excess of turgescence, due to the rise in osmotic capacity which the products
of assimilatory activity determine in the cell-sap, and which attains a specially high
degree of development in consequence of the complete closure and isolation of the cell
cavities. An equal rise in turgescence does not occur in the common epidermal cells,
owing to their poorer protoplasmic content and deficiency in chromatophores; and hence,
under the influence of sunlight, the guard-cells become for the time being relatively
stronger than their neighbours, and are able to determine a certain amount of dis-
placement of them. When assimilatory activity is no longer stimulated, the manu-
facture of osmotic products falls, and with this the turgescence of the guard-cells ceases
to be excessive and the elastic recoil of their own walls and of the surrounding dis-
placed cells causes the tissue to resume the position proper to its passive condition as
determined by the structural strength and. arrangement of its constituent elements. The
common epidermal cells are structurally stronger but functionally weaker than the
guard-cells, and hence are relatively weaker during periods when the tissue is exposed
to sunlight than they are when it is in darkness. The guard-cells, on the other
hand, are structurally weaker but functionally stronger than their neighbours, and
consequently attain their maximum relative strength during periods of insolation.
The position of the cells during darkness represents the outcome of the structural
features of the tissue along with the degree of turgescence persisting apart from
photic stimulation of its protoplasts. The incidence of sunlight determines a greater
rise in turgescence in the guard-cells than in the surrounding elements, and conse-
qu#itly makes them relatively stronger than the latter are, and in doing so enables
them to cause a certain amount of displacement of these. The removal of solar
stimulation, on the other hand, gives rise to a general loss in turgescence; but, the loss
in the guard-cells being greater than that in the common epidermal cells, the latter
now become the stronger and return to the position which they occupy apart from
the action of the stimulus. The opening and closure of the stomatic orifices are,
therefore, the results of the structural and physiological differences existing between
the guard-cells and the other epidermal elements; the relative structural weakness of
the former determining closure in the absence of light, and the relative functional
weakness of the common cells securing that opening shall occur on the incidence
of solar stimulation.

It is clear that these movements, which are really nyctitropic when due to the
presence or absence of light, may arise independently of any variation in conditions of
illumination, so long as the variations in turgescence, which are their immediate causes,
are present. As we have already seen, the actual degree of turgescence in any tissue or
tissue element at any given time depends not merely on the osmotic capacities of the
cell-sap, but on the amount of water available to satisfy these. Accordingly we find
that, even under conditions of maximum solar stimulation, the stomatic orifices are more
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or less closed when such stimulation is attended by defective root-supply or excessive
evaporative loss of fluid. While the stimulation and functional activ^y of the Z!
toplasts remain at a maximum, full turgescence is impossible in -the absence of sufficient
water-supply; and, when the supply falls beneath a certain .limit, the decree of
turgescence in the guard-cells is so lowered that they no longer possess the excess of
functionally acquired strength sufficient to overcome the structural resistance ef the
surrounding tissue; and, when once this condition has been reached, closure of the
orifices, or in other words an assumption of the nocturnal position, must take place
The guard-cells are from their position and structure specially exposed to evaporative'
loss and are therefore specially liable to lose turgescence, in spite of their W W l
peculiarities, whenever the relations between root-supply and .transmratory lo» of
water are such as to imply a relative excess in the latter. They ar'e tnus liab7e to
ose turgescence on diminished access of water to the roots, or on excessive evaporative

loss determinad by depression of atmospheric humidity; and, as a matter of IZ
know that the condition of the stomatic orifices does vary in' r e l a ^ to flu L t T o l "
water-supply quite apart from any fluctuations in degree of solar stimulation, ,and That
rt is precisely on their occurrence that one of the main functions of the stomati
depends. The movements determined by variations in the turgescence of t h e T a r d
cells are sometimes connected with physiological and sometimes with purely physical"
causes, sometimes with variations in the functional activity of the guard-ceUs and at
others with variations in the relations of general supply and loss of fluid dependen
on telluric and atmospheric conditions. In the one case we have the cell san hf
less retentive of fluid, due to diminished manufacture of osmotic J ^ S . b T T
protoplasts; in the other, we have a deficiency in the amount of TT JV
available for intention, and in both cases tbe'same u l t iZT tu t 1 ' \ £ £ £
namely diminished turgescence. The closure of the stomata durino- the conrl # w
dry days is thus the parallel of the wilting of common leaves°and the .
of the nocturnal position in nyctitropic ones under similar conditions T , ^
phenomena are due to a loss in turgescence, which is determined n o t L
diminution in protoplasmic stimulation, but by deficient water-supply' to satkf *7
osmotic capacities of the products arising in the cell-sap under the i n f l u e n c 7 i
stimulation. u^uoe 01 solar

CHAPTER VI.

Wit ngcittropic motements oi

In the previous chapter we have found grounds for believing- that th
to which the opening and closure of the stomata are due d e n L .
certain structural and functional differences between the guard coll f1™1

epidermal elements, and secondarily on the relations between aencJl 1 ? T
of water determined by atmospheric and telluric conditions- ,, 8 U P P 7

deal with the movements of entire leaves, whether these hi T • ™ C O m e tO

or such as occur under conditions in which they are o r W i l v ** n ^ t r 0 P 1 ? n a t u ?
j ^ oiJinarily regarded as the result
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of active contraction of the protoplasts of the motor organs, we find abundant evidence
that they are due to an essentially similar causation. The movements in these cases
beinfr determined not by individual cells, but by masses of tissue, are often of very
considerable magnitude and are thus more readily appreciable than the stomatic move-
ments are; but, like the latter, they are determined either by fluctuations in the retentive
power* of the cell-sap or by variations in the supply of fluid available for reteation.
Accordingly we find them manifesting themselves either as the result of alterations in
stimulation of assimilatory activity of the protoplasts of the motor organs, of variations
in the relation of root-supply to transpiratory loss, or of variations in conditions affecting
filtration.

The periodic assumption of the nocturnal and diurnal positions by nyctitropic
leaves is a phenomenon of precisely the same nature as the coincident opening and
closure of the stomata and the changes in colour of the fronds of Selaginella serpens, in
being essentially due to alterations in the osmotic properties of the cell-sap, but the
action of.these is affected by their coincidence with certain general relations of supply
and los^ of fluid. Consequently, just as in Selaginella we find the maximum of
whiteness in the fronds occurring in the first part of the 'night, so in the case of nycti-
tropic leaves we find the nocturnal position attaining its maximum at the same time.
The attainment of the maximum of the nocturnal condition at or shortly after sun-
set, and the occurrence of a reversion towards the diurnal one during the latter
part of the night, are characteristic features in nyctitropic phenomena generally.
The maximum is attained at the time it is, because then the cessation of solar
stimulation of assimilatory activity and the consequent loss in osmotic property of
the cell-sap coincide with unaltered, or inappreciably altered, relations between general
loss and supply of water. Depression of turgescence reaches its normal maximum,
whilst absence of solar stimulation and continued transpiration are acting coincidently
to give rise to loss of fluid from the tissues; and, when one of the factors ceases
to act, a rise in turgescence naturally follows, and in certain cases may even go
so far as almost to re-establish the diurnal condition under normal circumstances.
During the day we have to deal with two opposing factors, increased protoplasmic
stimulation on the one hand, and increased transpiratory loss on the other. At
sunset we have two factors, decreased protoplasmic stimulation and continued
evaporation, acting consentaneously to diminish turgescence. After the dew-point has
been reached, there is a continued absence of solar stimulation; but this is no longer
associated with transpiratory loss, and, the root-supply continuing as before, the cell-sap
is left at liberty to satisfy any osmotic capacities which it continues to have apart
from the addition of special assimilatory products to it by the protoplasm under the
influence of solar stimulation. The absence of solar stimulation does not cause a com-
plete cessation of protoplasmic activity or a total loss of osmotic property in the cell-sap,
as death of the tissue does in those cases in which the osmotic property is dependent
on unstable compounds; it only gives rise to depression in them. Absence of solar-
stimulation does not give rise to an abolition of functional activity ; it merely implies
withdrawal of one special stimulus to its exercise. Even in the total absence of solar
stimulation, therefore, a great degree of turgescence persists under normal relations of
general supply and loss of fluid; and, where supply continues and loss is arrested, the
turgescence may nearly attain the degree which it normally has when the tissues
are exposed to coincident solar stimulation and normal transpiratory loss, and may exceed
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that co-existing with the fullest solar stimulation and excessive transpiratory loss A
nyctitropic leaf at any time of night is normally in a very different condition from'one
^vhich has been immersed in boiling water or exposed to 'the continued action of
the vapour of chloroform. Maximum turgescence is only attained where full solar
stimulation co-exists with free supply and abolished loss of water; but all degrees of
turgescence short of this are constantly present in all ordinary tissues in' relation to
the varying conditions of protoplasmic activity and general loss and supply of water
present in them under different circumstances. A greater degree of turgescence will
naturally tend to be present where depression of functional activity coincides with
an absence of transpiratory loss than where the latter is still actively going on, and
hence we find the maximum departure from the diurnal state .taking place at' and
shortly after sunset. With the arrest of transpiratory loss the osmotic capacities of
the cell-sap are able fully to satisfy themselves. These, although not so great as
they are under the influence of solar stimulation, are yet sufficient to cause the tur-
gescence of the tissue to attain a higher degree than it attains under the fullest solar
stimulation where the latter co-exists with excessive transpiratory loss and insufficient
root-supply. In the study "of movements dependent on alterations in turgescence'
whatever their nature be, it must always be borne in mind that we are dealing with
phenomena arising not as the result of the action of a single ultimate factor but of
the action ot various factors which may be associated with one another in very different
combinations. Fluctuations in turgescence are capable of arising not only as the result
of fluctuations in osmotic property of the cell-sap, but also in consequence of fluctuations
in the relations between general supply and loss of water, or in the conditions of
pressure, and therefore of filtrative loss to which the tissues are exposed.

All nyctitropic movements are in their origin essentially similar to the move-
ments determining the opening and closure of the stomatic orifices. They are due to
the presence of masses of tissue differing from one another in structural and functional
property and so related to one another that they tend to give rise to displacements in
opposite directions. Their structural and functional differences give rise to the o
rence of unlike fluctuations in their turgescence under the influence of like condit'
and therefore under the influence of varying conditions we find their relative strengths
varying, and movement taking place in one or other direction accordingly. In°the
case of the stomatic movements, the motor apparatus—the guard-cells and the
epidermal cells—are in immediate relation to one another; but, in cases where move!
ments of entire leaves or of large parts of leaves occur, the motor agents are generalf*
so disposed as to tell on opposite aspects of masses of passive tissue whose displacement
they make for. In the case of freely motile pulviui, for example, we find the mot11

apparatus consisting of thick masses of cortical parenchyma, around a cord of
tissue consisting of modified wood and pith, or of the former alone. The preci Iv*
position of the pads of cortical parenchyma in relation to the passive tissue o h' li
they act varies in different cases; but we can always recognise them as consif f
two opposed sets, differing from one another in structural and functional properties
and making for displacement of the passive tissue in opposite directions. In certain
cases the relation of the opposing tissues, however, more closely resembles thaWhich
we find present in the case of the guard-cells and ordinary epidermal cells. The
movements in the opposite halves of the laminae of the pinnaa of many nyctitropic
leaves at a certain stage of their evolution are effected under the influence of structural
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arrangements of this type. At a very early stage of development the two halves of
the lamina have their upper surfaces closely applied to one another, whilst in the mature
laminae they are permanently expanded in the same plane; but an intermediate stage
exists during which ^periodic diurnal and nocturnal movements of alternate expansion
and approximation of the opposite halves take place. Here there is no appearance of
opposing masses of active tissue telling on an intermediate passive one, but the oppos-
ing tissues which deteimine movement are in direct relation to one another. It is the
growth of parenchyma over the line of the midrib which ultimately gives rise to perma-
nent expansion of the lamina by forcing out the divergent woody bundles of the
veins from their original direction, and which in the intermediate stage gives rise to
periodic nyctitrgpic yiovements of the two halves in relation to variations in the degree
of turgescence in the growing tissue under the influence of sunlight and darkness.
All that is necessary in order to the occurrence of nyctitropic movements is the
presence of opposing tissue elements or masses of tissue, differing from one another in
structure, and function, and undergoing unlike fluctuations in turgescence under the
influence, of particular conditions.

The differences distinguishing the masses of tissue which make respectively for the
diurnal and nocturnal position of entire leaves or large parts of leaves are of the same
nature as those which we have already seen to distinguish the guard-cells and the
common epidermal elements. The tissues making for the diurnal position are rela-
tively late in development and rich in protoplasm, and specially in chlorophyll, as com-
pared with those which make for the nocturnal position. But relative youth and
abundance of protoplasm & priori imply relative structural weakness and functional
strength; and the presence of chlorophyll implies a special assimilatory exercise of the
latter under the stimulant influence of sunlight. Under the latter a greater rise in
turgescence will thus take place in the masses of tissue which make for the diurnal
position than in those making for the nocturnal one. During exposure to sunlight
there is a general rise in turgescence, but this is not uniformly distributed, but takes
place to a greater extent in one of the opposing masses of tissue than in the other;
and the former thus becoming temporarily the stronger is able to determine displace-
ment of the parts to which it is opposed. Passive structural strength must, of course,
remain unaffected by exposure to light or darkness, but the strength arising from
functional sources is not constantly alike, but fluctuates with the degree of turgescence
present at any given time. Any tissue in which an excess of turgescence arises in
connection with exposure to certain conditions must become relatively stronger than a
tissue in which there is* not an equal rise, the difference in strength being directly
related to the difference in degree of turgescence. Under the influence of solar stimu-
lation we have greater assimilatory activity in the tissues making for the diurnal than
for the nocturnal position. But turgescence being directly related to assimilatory
activity, this implies a corresponding excess in strength and a proportionate rise in
capacity for resisting the pressure of opposing tissues, and consequently displacement of
the latter occurs.

Apart from solar stimulation and general transpiratory loss, the position of the
various parts of nyctitropic leaves will be determined by the relative structural
strength and permanent functional activity of the opposed tissues in the motor
apparatus. On the incidence of sunshine, structural strength remains unchanged, but
an excess of functional strength—an excess of turgescence—arising in one of the opposed
tissues, displacement must occur in direct proportion to the excess. The amount of

ANN. ROY. BOT. GARD. CALCUTTA VOL. VI.



50 THE CAUSES OF FLUCTUATIONS IN TUEGESCENCE

displacement which actually occurs will, however, be affected by the conditions of
general loss and supply of fluid ; for the very tissues which provide for special rise
of turgescence from functional causes are also those which present the greater struc-
tural facilities for transpiratory loss. In young tissues we hav$ a relative excess of
protoplasm providing for the presence of osmotic products in the cell-sap; but at the
same time the facilities for loss of fluid in consequence of pressure or evaporation are
greater than they are in older tissues in which the formed materials—the cell-walls—
are more matured. Hence the fullest solar stimulation will be incapable of giving
rise to the full assumption of the diurnal position, unless it be associated with certain
conditions of general supply and loss of water. During the day, the precise position
assumed by nyctitropic leaves will be determin3d partly by degree t of s<?lar ^ stimulation,
and partly by conditions of root-supply and evaporative loss. At sunset we have
the removal of solar stimulation, but, under ordinary circumstances, no immediate
cessation of transpiratory loss; and hence the position assumed by the leaves is not
the neutral one determined by persistent protoplasmic activity apart from transpiratory
loss; but passes beyond this, so as to reach a nocturnal maximum determined by the
fact that the tissues in which the fall of functional activity is greatest are also those
allowing most readily of transpiratory loss. Subsequently, as transpiratory loss dimi-
nishes and gradually disappears, the tissues will naturally acquire the degree of turges-
cence corresponding to the osmotic capacities of the cell-sap apart from the addition
of assimilatory products under the influence of solar stimulation, and the tissues which
make for the diurnal position will become relatively stronger than they were when
subject to transpiratory loss. There will necessarily be a general rise in turgescence,
but the rise will be greater in those masses of tissue which are most affected by
transpiratory loss, and hence a reversion towards the diurnal position takes place. The
fully developed diurnal position is not, however, attained until solar stimulation comes
in to induce an excess of osmotic property in the cell-sap of the masses of tissue of
greatest functional strength.

The actual amount of displacement occurring in individual cases is further affected
by the arrangement of the opposing masses of tissue in the motor organs. In some
cases, we find the masses making for the diurnal position so situated that they are
aided by the action of the leverage of other parts of the leaf; in others, we find that,
in addition to overcoming the action of their opponents, they have to oppose that of
the leverage; and it is clear that, other things being alike, a greater displacement will
be effected by the same rise in turgescence in the first instance than in the second.
In endeavouring to account for the movements occurring in any individual case, there-
fore, the precise arrangement of the opposed masses of tissue in the motor organs
must be considered not merely locally, but in relation to other parts of the leaf.

CHAPTER VIL
structural j^oiltaritkB oi the motor (Dvgans xrf j

Jeato.
In considering the question of the movements of stomata, it was pointed out that the

elements which make for the diurnal position—the gua.rd-cells—differ from the surround-
ing epidermal elements in certain features; we haye now to endeavour to determine how
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far differences of a like nature can be recognized in the case of nyctitropic tissues
generally. In the case of the guard-cells, it was easy to show that we were dealing with
elements characterized by their relative youth, functional strength, and structural weakness
in certain directions; 4t now remains to ascertain how far similar distinctive features are
present in the masses of tissue which make for the diurnal position in other examples of
nyctifiropism.

That the masses of tissue which make for the diurnal position of nyctitropic leaves
are younger than those making for the nocturnal one, is very clearly indicated in most
cases by the fact that in the assumption of the nocturnal position there is a manifest
tendency to reversion to one which was a permanent position at a veiy early stage of
development, of the leaf, or the diurnal one during an earlier portion of the period during
which movements occur. In the leaves of most species of Banhinia immediately before
movements begin to occur, the laminae are depressed at angles of various degrees from
the line of the petiole and have their two halves folded up, so that their upper surfaces
are in close contact with one another. When nyctitropic phenomena begin to appear, the
laminae rise and unfold during the day and sink and fold up at sundown (Plate II,
Fig. 6). In Cassia alata the pinnae just before they become motile, are folded like
Bauhinia leaves and have their midribs closely applied to the sides of the rachis and
directed upwards and forwards at an acute angle to it. When movements sot in they
consist of diurnal separation of the upper surfaces of the two halves of the laminae and
divergence and depression of the midribs, and of nocturnal folding of the laminae and
convergence and elevation of the midribs. In Cassia sumatrana the pinnae, immediately
before they begin to show periodic movements, are disposed as in the previous species,
save that their midribs, in place of being elevated, are deeply depressed beneath the plane
of the rachis; and here we have diurnal unfolding of the laminae accompanied by
elevation and divergence of the midribs, and nocturnal folding coinciding with conver-
gence and depression. In the leaves of Pithecolobium saman, which are ultimately
characterized by the great development and persistence of their nyctitropic movements,
the permanent position of the various parts at a very early stage of development is as
follows. The lower part of the primary rachis is directed at a very acute angle to the
axis and the distal part is at first somewhat curved inwards (vide Plate I, Fig. 13), and
subsequently, as the weight of the secondary rachises and pinnules increases, abruptly
curved outwards. The secondary rachises are closely appressed to the primary one and
are directed obliquely upwards, and the pinnules are fully expanded and are related to
the secondary rachises as the latter are to the primary one. Somewhat later, as the wood
strengthens, the primary rachis straightens out, still retaining an acute angle to the axis.
The secondary rachises at the same time sink and are ultimately depressed beneath the
plane of the primary one, whilst the pinnules retain their original arrangement. When
nyctitropic movements set in, they are not complicated by any folding and unfolding of
the pinnules, as these are from the outset fully expanded, and the diurnal position is
characterized simply by divergence of the primary rachis from the axis, divergence and
elevation of the secondary rachises, and depression of the pinnules, so that their surfaces
come to look upwards and downwards in place of inwards and outwards. The entire
series of pinnules on any secondary rachis here, as in the case of many other bipinnate
ieaves, both in their original arrangement and in their movements, clearly corresponds to
the lamina of one pinna in a pinnate leaf such as that of a Cassia, whilst in other cases
we find them each originally folded and exhibiting movements corresponding to those of
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individual pinna?. At sunset we find the primary rachis becoming extremely converged
to the axis, sometimes indeed so much so that the upper portion actually crosses the line
of the latter, the secondary rachises converging and sinking and the pinnules once ,inore
rising so as to bring their upper surfaces into close contact, and their midribs to
assume a line directed upwards and somewhat forwards from the plane of the secondarv
rachis to which they are attached. Here every part of the leaf from the prtmary
rachises to the pinnules moves, and in doing so, diurnally departs from, and nocturnally
reverts to, what was the permanent position at an earlier stage of evolution.

In the case of Mimosa pudica, as in that of Pithecolobmm saman, extensive periodic
movements take place in all parts of the leaves. Immediately before they begin to occur
the permanent position is as follows:—The primary petiole is widely divergent from the
axis, the secondary petioles are closely converged to one another, and either follow the
line of the primary one, or ascend slightly from it, whilst the pinnules are, as they have
been from the outset, fully expanded, and have their midribs closely conveyed to the line
of the secondary rachises and directed upwards and forwards, so that the upper surfaces
of the laminae of the opposite members of the series are in immediate contact. When
movements are established, they consist of diurnal convergence of the primary petiole
towards the line of the axis, diurnal divergence of the secondary rachises from one
another, and diurnal divergence, depression, and a certain amount of rotation of the
pinnules, so that their midribs come to be more or less in the same plane with, and at
right angles to, the secondary rachises, and their superior and inferior surfaces to look
directly upwards and downwards, alternating with nocturnal divergence of the primary
petiole from the axis, nocturnal convergence of the secondary rachises to one another, and
nocturnal reversion of the pinnules to their embryonic position. The movements in
Mimosa pudica and Pithecolobmm 'saman are thus essentially similar in their nature, in that
in every part of the leaves they involve a diurnal departure from, and a nocturnal
reversion to, a previously permanent position. They differ, however, in detail, because in
the one case the latter implies divergence and in the other convergence of the primary
petiole in relation to the axis. This in no way affects the question of the nocturnal
position being one of reversion, but the difference is at the same time important, because
it implies a great difference in the stability of the diumal position in the two cases. The
diumal position is in any case an unstable one, depending as it does on a temporary
victory of functional over passive structural resistance; and it is eviclent that in an
instance like Mimosa pudica, in which the diurnal position of the primary pulvinus implies
that the mass of tissue'making for it must overcome not merely the resistance offered by
the opposing part of the pulvinus, but also that of the leverage of the distal parts of the
leaf, the instability must be greater than where leverage and special rise in turgidity, due
to functional causes, co-operate in determining the position. In Pithecolobium the mass of
pulvinar tissue in which functional activity preponderates lies above the flexible fibro-
vascular axis of the main pulvinus, whilst in Mimosa pudica it lies below it. The diurnal
excess in turgescence in the one case makes for divergence and in the other for
convergence of the petiole. But the weight of the distal parts of the leaves is constantly
making for divergence, and especially so during the day, owing to the increase in
turgescence and weight which takes place under the influence of solar stimulation of
functional activity. In Pithecolobmm, therefore, the diumal relative increase in strength
of the functionally stronger pulvinar tissue, and the increased leverage of the distal parts
of the leaf coincide in making for divergence of the petiole, whilst in Mimosa pudica
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the pulvinar tissue makes for convergence and the distal parts of the leaf for divergence.
Under these circumstances, it need not surprise us to find conspicuous changes in the
position of the leaves of Mimosa taking place under the influence of factors affecting
pulvinar turgescence which are* incapable of producing any appreciable results in the case
of the leaves of Pithecolubium.

Ih some cases, as in the pinnules of Pithecololiuru saman and Leiiccena glauca, the
movements during a great part of the life of the leaf effect a complete nocturnal restora-
tion of what was a permanent position at an early stage of evolution, and when they
cease to do so, determine a simple incomplete restoration; but in other cases, as time goes
on, the development and increased strength of certain masses of tissue introduce complica-
tions, and w.e no longer find simple complete or incomplete restoration taking place. In
the pinnules of Pithecololium and Leuccena glauca we are dealing with laminae which
from the outset are fully unfolded, and the movements which they exhibit are simply due
to the subsequent development of a mass of parenchyma over the insertion and base of
the midrib, which, when its turgescence rises under the influence of solar stimulation,
is able to determine the divergence and depression of the lamina. But in cases, such as
the pinnae of Cassia alata where the lamina is primarily folded and shortly afteiwards
becomes permanently expanded, the characters of the movements become modified when
the latter condition has been established, factors which previously determined expansion or
folding of the lamina now coming to determine movements of rotation in it. This
modification of movement may be more satisfactorily dealt with in considering the
particular phenomena presenting themselves in individual leaves, and is merely alluded
to here in order to indicate that we may not in all cases be able at once to recognize that
the nocturnal position corresponds to a reversion to an originally permanent position. In
all cases it corresponds to a tendency to such reversion, but the degree and simplicity
with which the process is carried out is often greatly affected by structural modifications
which ha ye been established subsequently to the period at which the primary permanent
position was first departed from.

The fact that the masses of tissue making for the diurnal position of the various
parts of nyctitropic leaves, agree with the corresponding elements determining the diurnal
condition of the stomata in being relatively young, is thus indicated by the characters of
the movements which they give rise to; but we are fortunately not obliged to remain
satisfied with evidence of this nature, as in many instances we find most conspicuous
structural indices of the same fact. Figures a to g, Plate I, Fig. 14, show the appear-
ances presented by the primary pulvini of seven successive leaves on a shoot of Pithecolo-
bium saman, *and in passing from 1, which is the youngest, to 7, which is the most
mature member of the series, the excessive development of the mass of tissue on the
upper aspect of the pulvinus during the later stages of evolution comes out most
distinctly. The evidence afforded by sections through the thickness of pulvini of different
ages is equally convincing, for these show that at first the development of the superior
pulvinar pad lags behind, and at a later stage overtakes that of the inferior one.
(Plate I, Fig. 15; Plate IV, Figs. 1, 2.) So, in the case of the tertiary pulvini, the
superior pad is at first very inconspicuous, but ultimately appears as a prominent
mass of vivid green tissue. In cases where, as in the primary pulvini of Cassia alata,
the fibro-vascular tissue does not assume the form of a simple unlignified central cord,
but remains arranged in a ring and undergoes normal processes of lignification,
conspicuous periodic movements do not manifest themselves, and the continued growth
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of the upper or axillary pad during the later stages of the evolution of the leaf merely
serves to aid the increasing leverage of distal parts in determining a gradual and pro-
gressive increase in divergence from the line of the axis. In such cases the arrangement
and character of the vascular bundles of the pulvinus are such that mere fluctuations in
turgidity are unable to give rise to corresponding displacements of the petiole, and it is
only as the result of continued growth that the degree of divergence is determined?

There is thus both dynamical and structural evidence that the masses of tissue in
the motor organs which make for the diurnal position are younger, or contain a larger
number of young elements, than those which make for the nocturnal one; and this in
itself almost necessarily implies that, as a whole, they are structurally weaker and
functionally stronger than the latter are. Taking any ordinary ui\it of .vegetable tissue,
there can be no doubt that, as a rule, the proportion of active protoplasm in it tends
to diminish, and that of formed material to increase, with increased age. The formed
material may take the shape of secretions of various kinds, or may. enter into the con-
stitution of the cell-wall. In any case there is a tendency to diminution in the relative
amount of protoplasm, and, in cases where continued additions are made to the •cell-wall,
these imply increased structural strength, and hence, speaking generally, the larger the
number of young elements in any tissue, the greater will its functional power be ; and
the larger the number of old elements, the greater its structural powqr. It follows from
this that in pulvini in which we have to deal "faith opposing masses of tissue differing
from one another in regard to the period during which active growth continues, we are
necessarily dealing with an opposition of functional and structural strength, the less
mature tissue being functionally, and the more mature structurally the stronger. But
the effect produced by exposure to stimulation must be proportionate to the amount of
material to be stimulated; and hence, under exposure to any conditions implying protoplas-
mic stimulation, the functionally stronger tissue will undergo a greater increase in
activity than the structurally stronger one, and where the increased activity leads to
increased turgescence, as that induced by solar stimulation unequivocally does, it will
undergo a conosponding increase in relative strength. Under solar stimulation a general
increase in turgesence takes place, but this is not equally distributed ; and, the increase
being greater in the structurally weaker tissue, this fact gives it a temporary advantage
and enables it to overcome the resistance in the structurally stronger one, which deter-
mines the position apart from solar stimulation. The cord-like arrangement of the fibro-
vascular tissue, and the absence of lignification in typical pulvini, provide facilities for
the action of tfie opposed masses of parenchyma on one another, and periodic movements
consequently arise in connection with fluctuations in turgescence coinciding with the
incidence or removal of solar stimulation.*

The masses of tissue which make for the diurnal position are not merely richer
in protoplasm, and, therefore, endowed with greater general functional activity than

* Sachs (Vorlesung xxxvi, s. 775) accepts Millardet's and Pfeffer's statements that the pulvini do not lose but gain in
turgescence under the influence of darkness, because their rigidity is increased then. But mere increased rigidity, even if it be
actually present, is no conclusive evidence of increased turgescence, as it may merely indicate that the tissues have passed into
a condition of more stable passive equilibrium than they possess under the influence of light, and the fact that an assumption
of the nocturnal position follows defective supply or excessive loss of water seems conclusively to show that it is
connected with decreased turgescence in the motor organs. In the case of the stomata in which the condition of
the motor apparatus can be made the subject of direct observation, and in which the movements occur under
precisely the same conditions as they do in nyctitropic leaves, we do not find darkness giving rise to increased but
to decreased turgescence in the active elements.
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their opponents, but are also as a rule specially richer in chlorophyll, and therefore
specially subject to the influence of solar stimulation as a source of increased turgescence
dependent on the manufacture of assimilatory products. This in many cases, as in those
of the pinnal pulvini pi Cassia alata, and in the secondary and tertiary pulvini of Pithe-
colobium saman, is evident to the most cursory inspection owing to superficial differences
in coiour, and in all it can be readily ascertained by means of microscopic sections,
especially if these have been momentarily immersed in a 2 per cent, solution of osmic
acid so as to fix the colouring matter in the chromatophores. (Plate I, Figure 19;
Plate II, Figs. 3, 5—8 ; Plate IV, Figs. 3, 5—9).

The diurnally dominant tissues in the pulvini of nyctitropic leaves are then
distinguished from ihe nocturnally dominant ones by precisely the same features
which distinguish the guard-cells of the stomatic orifices from the common epidermal
elements.

They are distinguished by their youth, or by the large proportion of relatively
young elements which they contain, by their relative structural weakness, and by their
relative functional strength, especially in relation to solar stimulation; and the move-
ments which they give rise to are of essentially similar origin to those caused by
the guard-cells. Just as the guard-cells are able to effect a displacement of the
surrounding' tissue when exposed to sunlight because of their temporaly excess in
turgescence, so are the masses of tissue in the pulvini which make for the diurnal
position able to effect displacement of their opponents under similar circumstances.
The condition of the stomatic orifices is regulated not merely by fluctuations in the
degree of solar stimulation to which the tissues are exposed, but also by the coincident
conditions of root-supply and transpiiatory loss of water; and the same holds good in
regard to the position of nyctitropic leaves. Where transpiratory loss is in excess,
and yet falls short of the degree necessaiy to cause general wilting of the tissues,
we find both stomatic orifices and nyctitropic leaves assuming the nocturnal position;
and in both cases a resumption of the diurnal one follows a restoration of the
normal relation between general loss and supply of fluid, whether this be attained
by means of diminished transpiration or increased root-supply. The excess of
functional activity in the guard-cells, and the masses of pulvinar tissue making for the
liumal portion, provides that they shall undergo a greater increase in turgescence
under solar stimulation than their opponents do, and this implies a temporary increase
in the resistance which they present to them; but at the ^ame time the excess of
structural strength in the common epidermal elements and the pulvinar tissues making
for the noctural position gives them a relative protection from the action of conditions
mplying an excess of transpiratory loss over root-supply of water. The result of
ihis naturally is that, where this excess rises high enough, a resumption of the
nocturnal position occurs in spite of the continued stimulation of the more active tissues,
)ecause these are no longer able fully to satisfy their osmotic capacities. Where
conditions of general supply and loss of fluid hold a normal relation to one another, the
liurnal position is secured by the greater osmotic capacity of the more active tissues;
)ut as these are also structurally weaker ones, they are the first to suffer from loss
of turgescence connected with insufficient supply,

Stomatic movements are specially distinguished by their persistence and constancy
of character. Once established, they continue to occur with constancy and regularity
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so long as the tissues retain their vitality, but this is by no means the rule with
other nyctitropic movement. In certain cases we do find the latter retaining a
uniform character throughout, but in most cases they undergo considerable modi-
fication in regard to their precise nature, and especially in regard to their extent
as time goes on, and in many cases we find them almost or entirely absent
during considerable periods in the latter part of the life of the leaves in :which
they once were conspicuously present. As we have already seen, they only begin to
manifest themselves after the evolution of the leaves has reached a certain point, and
subsequently we find them, as a rule, rapidly increasing in amount, attaining a maximum,
and then declining from this to a greater or less extent. The various parts of the leaf
are primarily in a condition of stable equilibrium; this is succeeded by one of unstable
equilibrium which gradually attains a maximum and then declines from ihis towards,
or absolutely to, renewed stability. The position of the various parts of any leaf
is necessarily determined by the structural peculiarities and degree of turgescence which
they possess. Structural peculiarities are necessarily liable to modification with increasing
age, but at any particular time they may be regarded as fixed factors. This is not,
however, the case in regard to conditions of turgescence which are liable to undergo
constant fluctuations in connection with variations in protoplasmic stimulation and acti-
vity, and fluctuations in the relations between root-supply and transpiratory loss. Where
all the tissues are subject to like fluctuations in turgescence, mere alterations in their
consistence culminating in one direction in free excretion of water, and in the other
in general wilting will occur, but no definite movements will present themselves. It
is only when special masses of tissue, differing from one another in their capacity for,
and liability to, fluctuation in turgescence are present that orderly, definite movements
will occur, and then only in association with certain structural peculiarities. Nyctitropic
movements, therefore, only present themselves after leaves have attained a certain
stage of development, and in Connection with the evolution of specially situated masses
of tissue, so disposed as to provide an active opposition between structural and functional
factors, and it is only so long and so far as the differences in structural and functional
properties of these masses persist that movements will occur. The relative youth of the
masses of tissue making for the diurnal position at first provides that the difference
shall be very considerable, and movements are accordingly very conspicuous for a time,

'but as in most cases, at all events, this difference naturally tends to diminish with
the increase in structural strength and expenditure of active protoplasm of the younger
tissues, a condition of stable equilibrium is once more approached or actually attained
with a corresponding diminution or abolition of movement.

Great differences occur in regard to the rate at which the movements, whether
of a normal periodic character or arising as the result of extrinsic agencies affect-
ing filtration or water-supply, are carried out in different leaves, the rate bearing no
definite relation to the magnitude of movement, but being related to structural features
affecting the redistribution of fluid throughout the tissues The movements are
primarily due to fluctuations in the osmotic properties of the cell-sap, to fluctuations
in external pressure, or to fluctuations in water-supply, giving rise to corresponding-
alterations in the degree of turgescence of the various parts of the motor organs; but
the rate at which these. alterations can be effected must necessarily be influenced by
the structural features of the walls of the cells entering into the constitution of the
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tissues as favouring or obstructing the access or escape of fluid. Taking any highly
turgid cell, in which a ^reat fall in the osmotic capacity of the cell-sap sets in, a
proportionate loss in turgescence must ultimately ensue owing to the filtrative discharge
caused by the elastic ^recoil of the cell-walls; but the rate at which the discharge is
conducted must be regulated by the facilities which the latter provides for filtration,
and by the degree to which ready accommodation for the escaping fluid is present.
This being so, the rate at which movements occur ought to bear a recognisable relation
to the degree of pitting of the cell-walls and to the openness of the pulvinar parenchyma;
and direct evidence that this is actually the case is not wanting. The movements which
are executed by the pinnae of Cassia alata are certainly, in so far as magnitude is
concerned, fairly, comparable with those occurring in any part of the leaves of Mimosa
pudica; but the rate at which they are conducted in the two cases is very different,
the movements in the former being very slowly carried out as compared with those
in the latter. Coinciding with this difference in rate of movement, we find very
conspicuous differences in the structural details of the pulvini; the pulvinar tissue in
Casbia alata being throughout dense and composed of cells which are provided with
only a limited number of small pits, whilst in Mimosa pudica the deeper strata of the
tissue are not only very open in texture, but are composed of elements characterised
by an abundance of huge pits. (Plate VI, Figs. 3, 47 VZ.)

The facilities for filtration must evidently bear a direct relation to the extent to which
the cell-walls are pitted; and where extensive pitting is combined with very considerable
thickness and strength of the cell-walls elsewhere, as it is in the primary pulvini of
Mimosa pudica, filtratiee facilities naturally attain a maximum (Plate VI, Figs. 3, 4,
12; Plate VII, Fig. 5). In the case of the movements occurring in the leaves of
Leuccena glauca and Cassia sumatrana, we also find very clear evidences of a corre-
spondence between rate of movement and textural facilities for filtration. The move-
ments in Leuccena glauca are relatively rapid, those in Cassia sumatrana comparatively
slow, and coinciding with this we find the pulvinar parenchyma much more conspi-
cuously pitted in the former than in the latter case (Plate VII, Figs. 2, 4),

It is clear that turgescence must be maintained with greater difficulty where
filtrative facilities are great than where they are small, and consequently that the
stability of any position maintained as the result of the active turgescence of a mass
of tissue must vary inversely with the filtrative facilities which the latter provides. This
being so, we have reasons to conclude that, where filtrative facilities are great, we ought
to find conspicuous movements occurring under the influence of conditions, which are
incapable of inducing such results where filtrative facilities are relatively small. It
need not, therefore, surprise us to find conspicuous movements occurring in the leaves
of Leuccena glauca, and even more in those of Mimosa pudica under conditions in which
no appreciable movements occur in those of Cassia alata and other similar leaves. A
single rough breath of wind will, under favourable circumstances, cause a certain amount
of alteration in the relative position of the various parts in the leaves of Leuccena
glauca and very extensive alterations in those of Mimosa pudica; but the agitation
necessary to secure perceptible displacement in the leaves of Cassia alata or Cassia
sumatrana must be frequently repeated. The disturbance to which the leaves are
primarily subject by the wind may be the same, and may in all cases give rise to like
increase in the external pressure to which the turgid pulvinar tissues are exposed ; but
the amount of fluid actually discharged from the cell cavities under its influence must
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vary with the structural facilities provided for filtration. The pulvinar tissues in Leuccena
glauca, and especially in Mimosa pudica, provide great facilities for filtration; their pulvinar
turgescence is consequently very unstable, and movements are very readily induced* in
them; whilst in Cassia alata the tissues provide minor facilities,cand must be subjected
to frequently recurring increments of external pressure before a sufficient filtrative
d i l t h d t l t t i i t

qy g p before a sufficient filtrative
displacement has occurred to cause alterations in turgescence of sufficient magnitude to
lead to appreciable alterations in the relative positions of the various parts of the
leaves.*

Parallel phenomena present themselves in cases where the tissues, in place of bein
exposed to conditions tending to give rise to increased filtration, have their normal wateT
supply interfered with. If a shoot of Leucama glauca or Mimosa 'pudiba be gently
detached from the axis with a careful avoidance of all agitation likely t d
increased pulvinar pressure and consequent augmented fillrative loss, the precaution11 does
not under normal circumstances prevent the leaves from manifesting movements
rapidly in the former and almost immediately in the latter case; whereas in Cassia T^
movements make their appearance only very gradually, and after the lapse of a considL"
able interval. In all cases the deprivation of water-supply under such circumstances is
alike, but the rate of movement subsequent to its incidence varies according to th f *
with which filtrative processes are normally carried on by the pulvinar tissues^ ^fhe
filtration which is constantly going on in the pulvinar tissues of Leuccena glauca and
Mimosa pudica under normal circumstances is more rapid than in ihnea. ^* n

i i i i ix. ^ ! • - « . , "lose or Cassia alata ;
and consequently when the water-supply is cut off the ture-pspm^a ~t ±i.
, » t ,, . , , ,, ., , • xl_ , tule«bcence or the tissues in

the former cases falls more rapidly than it does in the latter one.

The degree of turgescence in any mass of tissue at a given time must neceasariiv
depend on its osmotic capacity and on the supply and filtrative loss of fluid * |»-
it is subjected. The condition is one of unstable equilibrium, and the d f ^
bility must necessarily be related to the degree to which inherent filtm+;™°* -iv "^ a"

i. xxri j.u A • T.- i i "urative tacilities are
present. Where these are present m high degree, any diminution in osmotic
any increase in conditions of external pressure, or any arrest in the 1 P o w e r '

available for absorption, will give rise to proportionately rapid loss in^tur ° ^
Where, on the other hand, they are low, the loss must necessanlv v>* urgescence.

i rr. • T i- i i owooamy oe correspondingly
delayed. Turgescence implies a balance between certain conditions of osmotic ' A
filtrative loss of fluid, and any decrease in the former or increase in +1, I •P™ ^

., , . • , j. . . , , ""̂ icctt>« m tne latter must

necessarily tend to give rise to diminished turgescence. Decreased absorption ma
either as the result of decreased osmotic property or of decrease in the amount of fl"^
available for absorption, and increased filtration must tend to arise under the i fl
any augmentation of external pressure. The structural facilities for filtration1 ̂ ^ °^
remain constant, and consequently the alterations in turgescence which actualist , ° W e V e r '
under the influence of any alterations in the conditions to which a mas ^ f • ^^
exposed must necessarily differ in different instances, their magnitude and8 th k ^ ^ "
which they are capable of inducing appreciable movements varying witl, ^ * mtQ at

peculiarities of the affected tissue. J ° ft t h e structural

• According to Sachs (Voriesungen XV, s. 302) more agitation rot improbably raises t
bnt snch increased loss cannot be the essential determinant of the alterations in tnreesce P ' r a t o r y l o s s f r o m t h e l e a r e » ;
above, as we find the assumption of the nocturnal position occurring equally readil ^ ^ t j l e l" o f o r orRans alluded to
rainfall, or as the result of agitation by the latter aloue. 7 "e t h e w i n d is accompanied by heavy
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CHAPTER VIII.

nprtitropk movements of particular leabes in relation ta the
structure and arrangement of the tissues in their Jitotor organs.

Wxt movements of the Jeabes of Cassia alata anb
Cassia Sumatrana.

In the course of the preceding chapter, an attempt has been made to show that the
occurrence of nyctitropic movements generally is dependent on the presence of opposing
masses of tissue situated in the motor organs and differing from one another in
functional* and structural strength. If this be actually the case, it ought to be possible
to show that some definite relation exists between the special movements exhibited by
the leaves of particular plants and certain peculiarities of structural detail and arrange-
ment in the tissues of their motor organs. In attempting to do this, the best course
appears to be to take a certain number of individual leaves and consider the peculiarities
of their movements and the structure of their motor organs in detail.

The leaves of Cassia alata afford specially favourable opportunities for study, because
of their large size and the highly developed and complicated movements which they
exhibit. Fully developed leaves in this species have from nine to twelve pairs of
practically sessile pinnae, the lowest pair being of relatively small size and inserted close to
the base of the leaf and at a considerable distance from the next pair. During the period
in the life of a leaf in which movements are at a maximum, that is, in fully developed
but still comparatively young leaves, the diurnal and nocturnal positions of the pinnae
are as follows:—Diurnally their superior and inferior surfaces look directly upwards and
downwards and lie approximately in the same plane with the upper face of the rachis,
their midribs at the same time diverging almost at right angles to it. (Plate II, Fig. 1.)
In the early part of the night, on the other hand, the upper and under surfaces of the
laminae look directly inwards and outwards in a plane at right angles to the upper face
of the rachis, and the midribs are closely convergent and directed dov/nwards at an
acute angle to it. (Plate II, Fig. 2.) It is clear that the movements which lead to the
alteration of these positions must consist of alternating convergence and divergence of the
midribs of the pinnae, combined with excessive rotation in opposite directions and a
certain amount of elevation and depression.

If we watch the actual progress of the transition from the diurnal to the nocturnal
position, we find that the first indication of displacement lies in a certain degree
of elevation of the lamina, so that its upper surface slopes upwards from the plane of the
rachis. At the same time the divergence of the midribs gradually decreases. The general
elevation of the lamina is succeeded by steadily increasing elevation of its posterior or
outer half over the level of the anterior or axillary one, which necessarily implies
corresponding rotation of the midrib. Rotation and convergence now advance simultane-
ously until the upper surface of the lamina has moved through a quadrant and the
midrib has converged so greatly that the upper surface of the opposing members in each
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pair of pinnae are in close contact with one another and with the lateral surfaces of
the rachis. Up to this time the midrib remains somewhat elevated at an acute angle to
the plane of the rachis, but subsequently depression gradually sets in, so that- the
posterior and anterior edges of the lamina come in the first pl^ce to lie respectively
horizontally superior and inferior, and ultimately to be directed downwards and forwards
at angles of vaiying degree of obliquity from the line of the rachis. (Plate II, Fig. 2.)

The motor organs which determine this complicated series of movements are highly
developed and present certain peculiarities which greatly facilitate a comprehension of
their action. Both superficially and in section it is at once evident that they are
composed of two distinct mas.es of tissue, one of which is of a warm ochreous and the
other of a vivid green colour, and that these hold certain definite positions in relation to
the deeply keeled vascular bundle of the pulvinus, and to the under and. upper surfaces
of the base of the outer half of the lamina. 'J he ochreous tissue lies beneath and to
the outer side of the vascular bundle and spreads out thence over the under surface of
the base of the outer half of the lamina so as to involve and conceal the origins of
the lowest four or five ribs. The green tissue, on the other hand, lies internally and
superior to the vascular bundle and forms an expansion over the base of the upper
surface of the outer half of the lamina. The disposition of the two masses of tissue
is clearly shown in Figure 19 of Plate I and Figure 3 of Plate II, and.the laminar
expansion of the ochreous tissue in Figures 4 and 5 of Plate II. We have thus to deal
with two distinct masses of pulvinar tissue: one intero-superior, the other extero-inferior
in relation to the pulvinar vascular bundle and the base of the outer half of the lamina
and differing greatly in the amount of their chlorophyll content. Now, it is clear that
any alterations in the relative strengths of masses of tissue so disposed around a central,
flexible axis must tend to give rise to movements of divergence or convergence, combined
with varying degrees of depression or elevation and of rotation in one or other direction
according as the.alteration implies increased strength in one or the other mass (Plate VH
Fig 6). Were they merely related to the axial bundle they would give rise onlv
to divergence or convergence depression or elevation, and we should have movement
similar to those which we find manifesting themselves in the secondary petioles of Z
bipinnate leaves; but the movements are in this case farther compHcated by rotaTn
because they represent the outcome of forces which in the case of bipinnate leaves ar^
distributed between the secondary petioles and the pinnules. The rotation of the axTal
bundle » determined by the relations which the opposed masses of pulvinar tissue hold
to the inferior and supenor surfaces of the rigidly expanded lamina The ochr
infero-external mass is expanded over the base of the inferior surface of the outer haH
of the lamina, whilst the green intero-superior one holds a corresponding relation JT
upper surface of the same area, and consequently any increase in strength in T *
mass must tend to elevate, and any increase in strength in the latter mas« "'
depress, the outer half of the lamina, and therefore to cause correspond
outward rotation or torsion of the flexible vascular bundle. Were the 1 "^
expanded, we should have had movements of elevation and conver^enc^ # T i T •
folding up of the outer half of the lamina alternating with movements of H **
depression of the midrib and expansion of the lamina • and a diverges™
movements do actually occur at a particular period in'the life of T h ^ ^ ^
however, the lamina becomes rigidly and permanently expand^ 1 T™!"
previously gave rise to movements of folding and u n f o l d i n g • T*

o umuKung do not cease to exist, but
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their action is now expended in producing general rotation of the lamina and
corresponding torsion of the flexible vascular axis of the pulvinus. Had the pulvinar
pafls been disposed inferiorly and superiorly, we should have had simple elevation and
depression, had they been external and internal simple convergence and divergence; but
because they actually are extero-inferior and intero-superior and related respectively to
the upder and upper surfaces of one-half of the lamina only, we have rotation taking
place and modifying the character of the movements and the position which they
ultimately give lise to.

From the nature of the diurnal and nocturnal positions of the pinnae, it is clear
that during the day the intero-superior and during the night the extero-inferior pulvinus
must possess^a relative excess of strength; and the conspicuous differences in colour which
they exhibit ^renders it easy to comprehend why this should be the case. Even
the most cursory examination in this case shows that the intero-superior pad is much
richer in chlorophyll than its opponent. This implies a proportionate excess in func-
tional activity, and therefore of turgescence, under the influence of solar stimulation.
But increased turgescence implies increased strength and resistance in the tissue in
Which it occurs, and consequently the intero-superior pad must necessarily acquire a
relative increase in power during the day which enables it temporarily to overcome
the action of its opponent.

Movements of rotation which are so frequently present in high degree in the case
of the pinnae and pinnules of nyctitropic leaves are absent or inconspicuous in the case
of their primary and secondary petioles, because in them the motor apparatus has no
horizontal surfaces like those of the laminae to act upon. Where such surfaces are
present, and the opposed masses of tissue are specially related to them, the action of the
factors which in the case of the petioles give rise to simple convergence and diver-
gence, elevation and depression is partially expended in determining various degrees
of rotation. In the present instance rotation advances so far that the outer half of
the lamina, and the outer side of the keel of the midrib come to lie directly
upwards, which of course implies that the basal laminar expansion of the extero-
inferior pulvinar pad lies to the upper side of the base of the midrib. It is now
incapable of giving rise to any further rotation, and its remaining power is expend-
ed in producing lateral pressure on the outer, and, for the time being, upper side of
the keel of the .midrib and proportionate depressive flexion in it.

The alternation of the diurnal and nocturnal positions is not caused by alter-
nating diurnal decrease and nocturnal increase in the absolute strength of the extero-
inferior mass of pulvinar tissue, but by alternating diurnal increase and nocturnal
decrease in that of the intero-superior one. There is nothing to show that any rise
in turgescence of the mass of tissue making for the nocturnal position attends removal
of solar stimulation. On the contrary, we find the same position appearing under the
influence of exposure to excessive transpiratory loss, and in leaves which are detached
from the axis, and therefore subjected to entire arrest of water-supply. The position
is thus clearly one attending general loss and not any localised rise in turgescence.
On the removal of solar stimulation, a general loss of turgescence, and consequently
of strength, takes place throughout the whole pulvinus, but the loss is greatest in those
portions which make for the diurnal position, because they are physiologically stronger
and structurally weaker than their opponents. The result of this is that, although the
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latter become absolutely weaker in the absence of insolation, they at the same time
become relatively stronger than they were before, and the previously existing equilibrium
being proportionately disturbed, movements necessarily occur' until a new position of
equilibrium has been established.

As we have just seen, the nyctitropic movements of the pinna? of Cassia alata are
very extensive and highly complicated at a certain period in the life of the feaves.
They are, however, entirely absent in very young leaves, and gradually diminish and
disappear in mature ones long before these begin to show any other signs of loss of
vigour. On their onset they make their appearance first in the basal pinnae and gra-
dually extend thence outwards along the course of the petiole. In leaves at the period
when movements are just beginning to appear, all the pinnae save the* basal ones have
the two halves of their laminse permanently folded up, with their upper surfaces in close
contact with one another, and the midribs directed upwards and forwards from the plane
of the petiole. The distal pairs of pinnae are in close contact with one another and with
the sides of the petiole, whilst the proximal ones are more or less divergent, the diver-
gence increasing in passing downwards towards the base of the rachis. In the 'youngest
pinnae there is as yet no sign of any accumulation of pulvinar tissue. The midrib lies
in a groove on the upper surface of the lamina, and the basal ribs of the outer side of
the latter emerge clean and clear from it. In the basal pairs of pinna* the Jaminae are
partially unfolded during the day, the surfaces of the outer half being still almost verti-
cal, but those of the xnner one lying nearly horizontal. Their midribs are still directed
forwards and upwards from the plane of the petiole, but much less so than those of the
distal pinnae There is already a conspicuous mass of ochreous pulvinar tissue on the
outer side of the keel of the midrib, and extending thence over the bases of the lower
ribs on the under surface of the outer half of the lamina. As yet there is very little
accumulation of green pulvinar tissue on the inner side of the keel, but a mass of it has
begun to appear over the base of the upper surface of the laminae and to extend outwards
along the groove of the midrib. The diurnal position at this period is due to the follow-
ing agencies : - T h e diverger.ee is caused by the presence of a certain amount of ffreen
axillary pulvinar tissue, the partial unfolding to the commencing accumulation of pulvinar
tissue over the base of the upper surface of the lamina and along the groove of the mid
rib, and the persistent elevation of the outer half of the lamina to the excessive develop'
ment of pulvinar tissue over the bases of the lower ribs on its under surface. As time
advances, diurnal divergence goes on steadily increasing with the increased develop
ment of axillary pulvinar tissue; expansion of the lamina becomes complete as the

.mass of tissue on the upper surface of the base of the outer half of the lamina
increases in proportion to the earlier developed mass on the under surface and
permanent as the tissue over the upper surface of the midrib increases in amo, «•
and structural strength. For a long time, however, such structural and func tiona

differences are present between the earlier and later developed masses of n ^ i l
tissue, making respectively for the nocturnal and diurnal positions as to ffive riJ to
nocturnal and^ diurnal fluctuations in their relative strengths of sufficient magnitude to
induce extensive movements. After a time the functional strength of the axillarv
superior pulvinar tissue gradually decreases, whilst its structural strength simultaneously
mcreases, so that the differences originally existing between it and its opponent process
ively dimmish and ultimately disappear, and after this, although general tui-escence
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continues to undergo diurnal and nocturnal fluctuations so long as the leaf retains its
vitality unimpaired, these are no longer accompanied by displacements of the pinnae,
becatise they now affect the entire pulvinus alike in place of occurring in excess in
particular portions of it.

The movements of the pinnae in Cassia alata, although so extensive and complicated
when *at their maximum, are always carried out comparatively slowly. Owing to this we
find that the leaves have hardly begun to show appreciable displacement of their pinnae
at a time in the evening when those of Mimosa pudica, Leuccena glauca and Pithecolobium
saman have already completely assumed the nocturnal position. Correspondingly they
hardly show any appreciable movement under disturbances by wind or rain which suffice
to cause complete movements in the leaves of these plants; and, on being detached
from the axis, jn place of immediately showing the effects of arrested water-supply as
the leaves of Mimosa pudica and Leuccena glauca do, they only slowly and gradually
assume the nocturnal position. This retardation of movement is the consequence of the
structural* features of the pulvinar tissues. The masses of pulvinar parenchyma are
dense, the intercellular spaces are very small, and the cell-walls are provided only with
tew and small pits, and consequently any filtrative escape of fluid from the turgid cells,
whether it be of a normal character or the result of loss of osmotic capacity in the
cell sap, or of rise in external pressure, can take place only gradually and slowly. In
order, therefore, to give rise to any appreciable movements, the causes of increased
filtration or of obstructed water-supply must continue to act for a much longer time
than it is necessary that they should act in ca.ses where filtrative facilities are present
in high degree.

The pinnae of Cassia sumatrana also exhibit nyctitropic movements which, although
neither so complicated nor so persistent as those of Cassia alata, are very conspicuous
during a certain period in the life of the leaves. Fully developed leaves have from
nine to twelve pairs of pinnae, which differ from those of Cassia alata in certain
important respects. In place of being practically sessile, they are provided with distinct
secondary petioles measuring 0* 12" X 0*04", and they never possess conspicuous laminar
expansions of pulvinar tissue (Plate III, Fig. 4). Nyctitropic movements are very
extensive in young leaves after they have attained a certain degree of development;
but they very soon diminish in amount, altering in character as they do so, and are
practically absent during the greater part of the life of the leaves. Owing to the very
transitory character of the movements, the nocturnal positions of the successive pairs of.
pinnae in one and the same active leaf are by no means so uniform as they are
in the case of Cassia alata, the distal, latest-developed pinnae often exhibiting the
maximum of movement at a time when the movement in the basal ones has already
undergone great diminution. As usual, nyctitropic movements are entirely absent up to
a certain period; after this they begin to manifest themselves with rapidly increasing
intensity, very soon attain a maximum, and then rapidly decrease and disappear.

In pinnae in the earlier stages of development the halves of the laminae are
permanently folded up and in close contact with one another, and the midribs are
slightly divergent and somewhat elevated from the plane of the common petiole, their
keels at the same time facing directly outwards, so that the edges of the folded laminae
of opposite pinnae are in close relation to one another (Plate III , Figure 1). At this period
there is no evidence of any accumulation of pulvinar tissue in the secondary petioles.
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Somewhat later, and just before nyctitropic movements begin to appear, the folded pinnae
still remain only very slightly divergent, but in place of being elevated they are now
permanently depressed, the midribs sloping downwards and forwards, from the line of
the primary petiole and having their keels directed downwards ( in place of outwards
(Plate III, Fig. 1). The secondary petioles now show distinct evidence of an accumulation
of pulvinar parenchyma over the anterior surface basally and along the entire length of
the outer surface. Movements soon begin to appear and to lead to gradually increasing
diurnal elevation, divergence and expansion of the pinnae, alternating with nocturnal de-
pression, convergence, and folding up of the laminae. Somewhat later the laminae become
permanently expanded, and at the same time alternating movements of divergence and
elevation and of convergence and depression go on increasing in amount. At this period
the pinnae during the day are widely divergent, and have their upper surfaces approx-
imately in the same plane as the upper surface of the rachis (Plate III, Tig. 4), and at
night are very closely convergent and depressed so greatly that their upper surfaces are
vertical to the line of the rachis and look directly forwards towards its apex. The noctur-
nal position at this stage may be regarded simply as the result of extreme convergence
and depression without any appreciable rotation. Rotation of the lamina, however, soon
sets in and, for a time, goes on gradually increasing until, for a period, the upper surfaces
of the pinnae come to look directly inwards facing one another. This is the period at
which the movements attain their maximum development, and it is succeeded by one in
which they undergo gradual diminution. The diminution in rotation causes the upper
surfaces of the laminae nocturnally once more to be directed more and more forwards,
reverting as they do so to a position more or less like that proper to an earlier stage
of development. The reversion, however, is not complete, as it is interfered with by
the coincident diminution in convergence and depression. Finally, a period arrives at
which the progressive diminution leads to a complete abolition of all appreciable move-
ment, and the pinnae remain permanently fixed in what was previously the diurnal
position, with the upper surfaces of their laminae looking directly upwards in the plane
of the rachis or slightly ascending from it, and their midribs at right angles to it, or
even somewhat inclined backwards towards the base of the leaf.

On examining the secondary petiole of a pinna at the period at which movements
are at their maximum, two distinct masses of pulvinar tissue may be recognised in it.
They differ from one another in tint, the one having an ochreous tinge, whilst the other
is pure greeny and they are arranged in a peculiar spiral fashion (Plate III, Fig. 2, 3).
The ochreous tissue at the base of the pulvinus lies antero-external, and farther out
it becomes purely external; whilst the green tissue basally is purely axillary, but towards
the laminar extremity invades the anterior surface of the pulvinus so as to become
continuous with the mass of green parenchyma which forms a ridge over the course of the
midrib. The pulvinus extends for some distance into the base of the lamina on the
under-surface, and the green tissue on the inner side of the midrib is more conspicuous
in amount than the ochreous tissue on the other side.

It is this spiral disposition of the opposed masses of pulvinar parenchyma that
determines the peculiar character of the movements of the pinnae. When the develop-
ment of the pulvinus first begins, the fact that the tissue, which is subsequently distin-
guished by its ochreous tint, makes its appearance first accounts for the permanent depression
and convergence of the pinna which prevails immediately antecedent to the period at which
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movements first begin to appear. The depression is determined by the accumulation
of parenchyma over the anterior aspect of the base of the secondary petiole, and conver-
gence by the extension of it along the course of the outer side. When pulvinar paren-
chyma begins to accumulate beneath the base and along the axillary surface of the second-
ary petiole, and to extend thence over the anterior surface of the base of the
lamina and outwards along the groove which originally corresponds with the course
of the midrib, it tends more and more to cause elevation and divergence of the second-
ary petiole and expansion of the lamina; and when the tissue has attained sufficient
structural power to resist the older masses cf tissue making for depression and conver-
gence of the secondary petiole and folding upwards of the halves of the lamina, a condi-
tion of permanent equilibrium is once more established. Until this has occurred, how-
ever, movements necessarily continue to take place, because the fluctuations in turgescence
which accompany the presence or absence of solar stimulation in the younger and more
recently developed masses of tissue are greater than those taking place in the older ones.
So loag ^s this is the case, the younger tissue is relatively stronger during the day than it
is at niglit, and consequently it is able to effect displacements diurnally which it is incapable
of maintaining nocturnally. The magnitude of the movements goes on steadily increas-
ing so long as the differences between the functional and structural strengths of opposed
masses continue to increase; but, when the development of the older mass has once
been completed, the movements diminish with the continued development of the
younger mass, and they ultimately disappear when the tissue in it has overtaken that of
its opponent in respect to structural strength and functional weakness. At the outset the
tissue which makes for the diurnal position is present in very small amount as com-
pared with that which makes for the nocturnal one, and consequently the amount of
displacement which it is able to effect is very liiidted. Subsequently it increases rapidly
in bulk, but at the same time the permanent structural power of its opponent has also
undergone increase. The mass of functionally stronger tissue increases, but the
strength of the structurally stronger one does so also up to a certain point* The
increased bulk of the functionally stronger tissue enables it to give rise to increased
displacement under the influence of solar stimulation; but so long as the differences in
permanent structural strength of the two masses go on increasing, the amount of resist-
ance which the structurally stronger one is capable of overcoming in the absence of
solar stimulation will undergo increase also. In consequence of this, we find that
nocturnal displacement does not attain its maximum in pinnae which have just begun
to move, but goes on steadily increasing for a considerable time. The precise amount
of movement exhibited by any particular pinna at a given period in the course of
its development depends not merely on the relative bulks of the opposing masses of
pulvinar tissue, but on the differences which they present in regard to functional and
structural strength. The amount of diurnal displacement is at first small owing to
the small bulk of the tissue giving rise to it, and the nocturnal displacement doeg
not attain its maximum at first, because the mass of tissue which determines it goes ok
for some time increasing in structural strength in relation to its opponent. Just befote
the primary initiation of movement in a pinna the supero-external mass of pulvinar
parenchyma is already conspicuous, whilst its opponent is practically absent: in a mature
or motionless pinna the condition is more or less reversed, the mass of the axillary tissue
being somewhat in excess of that of the external one. Owing to the fact that all the
pinnae in a leaf are not matured simultaneously, but progressively from the base to the
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apex of the rachis, the diurnal and nocturnal positions of all the individual pinnae
in one and the same leaf are not uniform during the greater part of the period
during which appreciable movements are present. This is clearly illustrated byJ the
following notes regarding the nocturnal positions of the pinnae in a single leaf. All of the
pinnae were closely convergent to the line of the petiole and depressed beneath it. In the
two terminal pairs depression was not so great as in the succeeding ones, and the ^halves
of the lamina were somewhat folded upwards. In the next four pairs depression and
convergence were extreme, and the laminae were fully expanded, and had their upper
surfaces facing directly forwards to the tip of the leaf. In the next pair the upper
surfaces of the laminae were slightly inclined inwards, and in the succeeding three
pairs they faced almost directly inwards. In the two basal, pairs depression and
rotation were already somewhat diminished, and the upper surfaces of the laminae were
consequently directed forwards, upwards, and inwards. In this leaf the distal pairs of
pinnae had not yet attained to the maximum of movement, whilst the basal ones had
already begun to decline from it.

The phenomena of movement in the leaves of Cassia Sumafrana indicate just as
clearly as those of Cassia alata that they correspond with the interposition of a period
of instability between two periods of stable equilibrium in the tissues of the motor
organs, and that, so long as movements continue to occur, the assumption of the nocturnal
position is always owing to the action of a tendency to the resumption of what was
either the primary permanent position or the diurnal position at an earlier stage in
the evolution of the pinnae. In the initial periods of movement, the nocturnal
convergence, depression and elevation of the halves of the lamina give rise to complete
reversion to the antecedent permanent position. Somewhat later rotation comes in to
interfere with the completeness of the reversion and to replace folding of the lamina.
So long as folding is possible, the action of the portion of the mass of pulvinar
parenchyma making for the noctural position, which is prolonged into the under
surface of the lamina, assists in elevating the outer half of the lamina from
the plane of the midrib; but when permanent expansion has been established, folding
is no longer possible, and the same action tends to cause torsion of the midrib.
Kotation is, however, a comparatively transitory phenomenon here as compared with
the rotation of the pinnae of Cassia alata, because there is no excessive accumulation
of pulvinar parenchyma on the under surface of the outer half <?f the lamina, so
that the growth of the opposing tissue on the other side of the pulvinus com-
paratively rapidly provides sufficient resistance to prevent the occurrence of torsion
of the midrib and vascular axis of the pulvinus. Rotation is thus present only during
the period at which the mass of pulvinar tissue making for the noctural position
possesses its maximal relative strength.

In Cassia Sumatrana, as in Cassia alata, the movements of the leaves, although of
very considerable magnitude when at their maximum, are invariably slow and gradual.
In both cases the tissues of the motor organs do not provide any special filtrative
facilities, either in the form of abundant pitting of the cell-walls or of an extensive
system of intercellular spaces (Plate VII, Fig. 2), and hence any factors which tend
to give rise to sudden increments in external pressure or to sudden increase in
general loss or decrease in general supply of fluid, are incapable of producing
any immediately appeciable effects on turgescence.
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CHAPTER IX.
Wat movements oi the leato of pthecalolrittm <Saman anb

The movements of the leaves of Pithecolobium sarnan are distinguished from those
occurring in the leaves of either of the species of Cassia which have been treated of in
the previous pages by much greater persistence and by the relative rapidity with which
they are executed. The • movements of the primary petioles, although originally very
conspicuous, do undergo rapid diminution at a comparatively early period in the life
of the leaves, and are practically absent latterly; but those of the secondary petioles
and pinnules are very much more persistent, and it is only in very old leaves that
they become inconspicuous. When the movements are at a maximum, the diurnal and
nocturnal' positions are of the following nature:—diurnally, the primary petiole and
rachis are very widely divergent from the axis, lying almost at right angles to it; the
secondary petioles and rachises are also very widely divergent from, and lie almost in the
same horizontal plane as the primary ones, and the pinnules are in the same plane and
have their midribs diverging from the line of the secondary rachises at angles of
rather more than 45 degrees. Nocturnally, the primary petiole is so highly convergent
that it not unfrequently actually crosses the line of the axis; the secondary petioles
are converged and so deeply depressed that they come to point more or less backward
towards the base of the leaf (Plate VII, Fig. 7); the pinnules are folded almost directly
upwards, so that the upper surfaces of those of the opposite sides of the secondary
rachises are in close contact, their midribs being directed upwards and forwards at
vertical angles with the line of the secondary rachises of almost the same degree of
inclination as that of the diurnal horizontal one; in other words, they have under-
gone almost pure elevation apart from any appreciable rotation.

When dealing with the subject of nyctitropic movements generally, it has already
been pointed out that the nocturnal position in this case is specially clearly one of
reversion to what was the permanent one at a period immediately preceding the
time at which periodic movements first begin to make their appearance, and that the
diurnal divergence of the primary petiole is essentially connected wfth the gradual
development of a great mass of axillary pulvinar parenchyma. The action of the
diurnal rise in turgescence in the primary pulvinus must, however, in this case be
greatly aided in effecting divergence by the coincident increase in turgescence and alter-
ation in the position of the distal portions of the leaf, which imply corresponding increase
in distal leverage. The leverage here aids in establishing the diurnal position, and renders
it more stable than it would otherwise be, or than it is in leaves like those of Mimosa
pudica, in which distal leverage opposes, in place of aiding, the tissue in the primary
pulvinus which makes for the diurnal position; and to it, no doubt, to a great extent
is due the phenomenon of rapid diminution and early disappearance of movement in
the primary petiole. Large leaves are provided with from six to eight secondary
rachises which bear from three to eight or nine pairs of pinnules, the number of
the latter being smallest in the basal rachises and 'increasing progressively towards
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the distal portions of the leaf. In the case of five large leaves in which the actual
number of secondary rachises and pinnules was counted, that of the former varied from
twelve to sixteen, and that of the latter from seventy-eight 'to one hundred and four,
which very conclusively indicates that the amount of leverage telling on the primary
pulvinus in favour of divergence must be very considerable; and so considerable is it
that, in co-operation with the great progressive development of the mass of biliary
parenchyma (Plate I, Fig. 14), it not unfrequently leads to the leaf ultimately becoming
permanently directed more or less backwards towards the base of the axis. In the
case of the primary petiole and rachis there is a nocturnal reversion to a previously
permanent position, only slightly modified by a certain amount of increase in con-
vergence ; but in that of the secondary ones considerable modification is present owing to the
fact that for some time the amount of nocturnal depression goes on steadily and
progressively increasing. The nocturnal position of the pinnules, on the other hand, is
one of pure reversion, and the alternate movements of diurnal depression and
nocturnal elevation which they undergo are the exact parallels to the alternate unfolding
and folding of the laminae of young pinnae of the species of Cassia. There is no
appreciable rotation similar to that occurring in the case of these pinnae, because'
the opposing masses of pulvinar tissue making respectively for the diurnal and
nocturnal positions lie directly superior and inferior, and are related to the upper and
under surfaces of both halves of the lamina alike. The inferiorly situatecd mass of
parenchyma is aided in giving rise to nocturnal elevation of the pinnule by the
action of the vascular axis of the pulvinus, which constantly tends to resume its original
direction to the secondary petiole. It is thus only after it has attained considerable,
magnitude that the superior mass of pulvinar parenchyma is able to overcome the
resistance of the inferior one and of the vascular bundle; and, even when it has
attained its maximum development, it is, as a rule, incapable of securing complete de-
pression of the pinnule to the plane of the secondary petiole. The great relative
increase in bulk of the superior mass of pulvinar parenchyma as compared with the
inferior one, which takes place during maturation of the leaf, is illustrated in Figs.
16 and 17 of Plate I.

The opposed masses of parenchyma in the secondary pulvini are essentially dis-
posed altogether superiorly and inferiorly; but yet the movements which actually occur
are not movements of simple depression and elevation, but of depression and con-
vergence, and of elevation and divergence. This is owing to the c peculiar relation
which the pulvini bear to the bevelled petiolar surfaces with which they are
connected (Plate IV, Fig. 5). The superior mass of pulvinar parenchyma, as the figure
shows, is so situated as to lie so much above the level of the bevelled surface of the
primary rachis that any alterations in its relative strength and pressure can only
act appreciably in giving rise to movements of elevation and depression; but in the
inferior pad, which is internally in close contact with the bevelled surface, any
increase in its turgescence must tend not merely to give rise to elevation, but also to
divergence of the secondary petiole. In the normal passive position, as determined
by purely structural features, the axial vascular bundle of the secondary pulvinus lies
almost parallel with the line of the primary petiole; and any rise in turgescence in
the axillary portion of the inferior mass of pulvinar parenchyma must tend to cause diver-
gence, owing to the relation which the tissues of the rachis and pulvinus bear to one
another. The movements are not in this case complicated by the presence of any
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rotation like that which occurs in those of the secondary pulvini of the Cassia,
because they are not related to the presence of any structural arrangements corre-
sponding to the laminar expansions of pulvinar tissue, which are present in the latter.

It is the very peculiar form of the vascular axis in the secondary pulvini that is
the principal determinant of the extreme convergence and depression of the secondary
petioles during the night (Plate IV, Figs. 4-5). The vascular tissue, in place of forming a
more or less rounded cord, as it does in the case of the secondary pulvini of Mimosa piidica,
or a tube filled with medulla as it does in those of Leuccena glauca, takes the form of a
broad, flattened, slightly-curved band. This naturally implies corresponding modification in
the resistance which it will present to horizontal and vertical displacement from its normal
passive position. It is morphologically adapted to afford very considerable resistance to
the divergence which is determined by the axillary portion of the inferior mass of pulvinar
parenchyma; and consequently, when the latter loses turgescence with the removal
of solar stimulation, it acts powerfully in producing convergence. But its resistance to
depression is very feeble, and the distal leverage to which it is exposed is very great—
the pulvinus only weighs from 4 to 7 per cent, of the entire secondary petiole and pinnules
—and consequently when it loses the support afforded to it by the diurnal excess of

turgescence in the inferior mass of pulvinar parenchyma, it yields to the leverage aided
by the action of the relatively feeble superior pulvinar parenchyma. The central
portion of the inferior pulvinar pad is not only thicker, but also much richer in
chlorophyll, than that of the superior one is; and consequently, when in a condition of
diurnal turgescence, it is able not only to overcome it, but to overcome the action
of distal leverage on the vertically flexible vascular axis of the pulvinus. The lateral
portions are not conspicuously thicker than those of the superior pad; but the inner
of them, when in a condition of diurnal turgescence is, from its axillary position,
enabled to effect divergent displacement of the vascular bundle in spite of the rela-
tively great resistance which it opposes to horizontal flexion. (Plate IV, Fig. 5.)

In the secondary and specially in the tertiary pulvini, during the period in the
life of the leaf in which extensive movements are regularly carried out, the masses of tissue
which make for the diurnal position are conspicuously distinguished by their colour
from those which make for the nocturnal one. In both cases they are of a deep
green, whilst their opponents have a much paler ochreous green tinge (Plate IV, Figs. 3,
5—9). Consequently, in the case of the secondary pulvini, it is the inferior mass of
parenchyma which is green and the superior which is ochreous; whilst in the tertiary
ones precisely the reverse holds good.

The opposed masses of parenchyma in the primary pulvini do not show such con-
spicuous and readily appreciable differences in colour as the corresponding tissues in the
secondary and tertiary pulvini do, but the steady and progressive increase in relative bulk
which takes place in the superior one coincidently with diminution in and final
abolition of the assumption of the nocturnal position by the primary petiole is very
striking. {Vide Plate I, Figs, 14, 15; Plate IV, Figs. 1, 2.) In leaves in which petiolar
movements are at a maximum, the superior mass is distinguished merely by the
fact that it is vivid green almost throughout its entire thickness. Whilst, in the
inferior mass, the tissue nearest the wood is almost colourless, and the superficial
band of green has a somewhat olive tinge. Microscopic examination, however, shows
that the tissue of the superior mass is composed of cells which are of considerably
smaller size and much more richly provided with green chromatophores than those
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of the inferior one are. There is thus ample provision for a relative excess o£
diurnal turgescence in it, and this, in co-operation with the diurnal rise in leverage
in the distal parts of the leaf accompanying solar stimulation, is quite sufficient to account
for the occurrence of diurnal divergence. The inferior mass sho^rs no distinct evidence
of any considerable excess in relative structural strength; but it is aided in its tendency
to give rise to convergence by the strength of the axial mass of wood and medullary
tissue, and consequently nocturnal convergence is for a time extreme. The wood ap-
parently plays a much more important part here in determining the assumption
of the nocturnal position than it does in the case of the secondary and tertiary
pulvini. The struggle in the primary pulvini is, to a great extent, not so much between
the opposed masses of pulvinar parenchyma, as between the superior mass which tends to
cause divergence and the wood which makes for convergence in the effort' to regain its
original direction in relation to the axis. For a time the nocturnal loss in turgescence
in the superior mass of pulvinar parenchyma, and the coincident diminution in leverage
of the distal portions of the leaf, allow the strong woody tissue to resume its original direction
to the axis, and even to pass beyond it owing to the adjuvant action of the inferior
parenchyma; but the movement rapidly diminishes and ultimately disappears with thĉ
continued increase in bulk and structural strength of the superior parenchyma, leaving
the primary petiole in a permanent position of extreme divergence or even more or
less inclined backwards from the line of the axis. So long as the movements continue
to occur, they lead very conspicuously to that assumption of the maximal nocturnal
position during the earlier part of the night, followed by gradual departure from it
in spite of continued absence of solar stimulation, which, as has already been pointed
out, is so characteristic of nyctitropic movements generally.

The pulvinar tissues in Pithecolobium are relatively dense (the system of intercellular
spaces being comparatively limited), but pitting of the cell-walls is very much more conspi-
cuous and abundant than it is in the pulvini of either of the species of Cassia (Plate VII.
Figs. 3, 8), and with this we find a capacity for much more rapid movements in the
leaves. At a period in the evening at which leaves of the species of Cassia are only
beginning to show indications of departure from the diurnal position, those of Pithe-
colobium saman are already in the fully developed nocturnal one. This may be partially
due to the greater facilities for active transpiration which they present in connection with
their great excess in stomata; but the fact that similar phenomena present themselves in
connection with continued agitation by showers of violent rain indicates that it is mainly
determined by textural facilities for redistribution of liquid. An amount of agitation by
wind or tropical showers which hardly produces any appreciable effects on Cassia alata
suffices to produce maximal movement in the secondary petioles and pinnules of Pithe-
colobium. The total amount of displacement involved in the transition from the diurnal
to the nocturnal position in both cases alike is very great; but the rate at which it can
be effected is very different owing to the presence of structural peculiarities, which in

In so far as strictly nyctitropic movements—movements dependent on fluctuations
in turgescence, determined by variations in degree of solar stimulation,—are concerned,
another factor, however, comes into play besides the mere structural facilities for the
escape of fluid from the cell cavities of the motor organs, and for transpiratory loss
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from the tissues generally. There can be no question that the pulvinar tissues in
Mimosa pudica provide much greater facilities for filtrative redistribution of fluid than
those' of Pithecolobiurn saman do, and that the laminae contain an excess of stomata; and
with this we find a corresponding increase in capacity for rapid movement in connection
with the incidence of mechanical agencies favouring increased local filtration owing
to increased pressure. But yet the assumption of the nocturnal position occurs later
under normal conditions in Mimosa than in Pithecolobium. The only explanation for
this apparent anomaly must lie either in differences in the stability of the osmotic pro-
ducts which are formed under the influence of solar stimulation of the tissues, or in
differences in the degree of protoplasmic stimulation and activity attending particular
degrees of illumination in the two cases ; and as we find that the leaves of Mimosa not
only assume the nocturnal position later, but resume the diurnal one earlier, than
those of Pithecolobium do, and that when once they have begun to show movements
in either direction the latter are executed with relatively great rapidity, there can be
little doubt that the second explanation is the correct one. The activity of the pro-
toplasts ixi Mimosa must apparently be fully called into play and maintained by
degrees of illumination which are incapable of producing an equally stimulant action
on those of Pithecolobium.

In Leuccena glauca the movements in the secondary rachises and pinnules present
a general resemblance to those occurring in the corresponding parts of the leaves of
Pithecolobium saman; but from the outset the primary petioles, although provided with a
most conspicuous pulvinus, fail to exhibit any appreciable periodic movements, and
in place of these show steadily progressive divergence and rotation. The absence of
periodic movements is no doubt partially, at all events, connected with the fact that
the primary petiole is considerably weaker in relation to the other parts of the leaf
than it is in the case of Pithecolobium. In the latter the primary petiole contributes
about 20 per cent, to the total weight of the leaf, whilst in Leuccena it contributes
only half as much; and, as tfcis difference coincides with corresponding differences in
the strength of the vascular axis of the primary pulvinus, it is evident that in Leuccena
the action of the latter as a factor making for convergence in consequence of its
tendency to resume its original convergent position in relation to the axis will be
proportionately feeble. The leaves are ordinarily provided with from four to seven
secondary rachises, each of which bears from nine to fifteen pairs of narrow pinnules
which are set on at comparatively wide intervals; so that, when the le^f is in a con-
dition of full expansion, each of them is completely isolated from its neighbours, and
there is an absence of any overlapping of successive pairs like that which is ordinarily
present in the leaves of Mimosa pudica under similar circumstances.

Owing to the very lax habit of the plant, the growing portions of the shoots
are almost invariably more or less horizontally disposed, and it is in connection with
this that a necessity for excessive rotation of the primary petioles has arisen.
Rotation does present itself in the case of certain leaves of Pithecolobium saman, but
the phenomenon is not of constant occurrence as it is in Leuccena glauca, and its
predominance in the latter is owing to the horizontal disposition of the axis on
which the growing leaves are situated. The mature leaflets are practically arranged in
two rows, one lying on either side of the axis, and with their surfaces facing directly
upwards in the same direction as the upper surface of the axis. This position, however,
necessarily implies the antecedent occurrence of a varying, and in most cases excessive
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amount of rotation, seeing that at an early stage of development the upper surface
of the primary rachis faces directly inwards to the axis, just as it does in the case
of Pithecohbium saman. Where the growing shoots are either erect or more or less ascending
as they are in Pithecohbium saman, simple divergence, or divergence accompanied by a limited
amount of rotation of the primary petiole, will suffice to cause the upper surfaces of
the primary rachises to face directly upwards; but where the axis is more «r less
horizontal, it is clear that simple divergence could only produce such an effect in
the case of petioles which originally faced directly downwards, and then only when
carried out in very excessive degree, and that in all other cases rotation (and
frequently excessive rotation) must necessarily come into play. The ult' t
position of the leaves is not, however, entirely due to rotation. of the petioles,
but also to the occurrence of a certain amount of spiral movement in the
growing axis, which in the course of development undergoes a sort' of uncoilino-
so that exch successive leaf at a certain period comes to be more or less lateralf
situated. A mass of pulvinar parenchyma is gradually developed over the outer face of
the tase of the petiole. The accumulation of tissue is not, however, uniformly distri-
buted, but predominates on that side which is for the time being the inferior one-
and, with this, rotation of the petiole gradually sets in and advauces through a
quadrant, so that the originally inferior aspect comes to be axillary, and its structurally
axillary one comes to look directly upwards. But, owing to this rotation, the predomi-
nant mass of pulvinar parenchyma which was originally inferior necessarily assumes an
axillary position, and consequently makes for divergence in place of lateral elevation
of the petiole. In the mature leaves a great mass of axillary pulvinar parenchyma
is very conspicuous; this, however, does not belong to the structurally axillary face of
the petiole, but to that lateral aspect of it which originally was directed downwards.
The extreme inequality in the development of pulvinar tissue in respect to the two
sides of the vascular axis of the pulvinus, together with the weakness of the latter
is illustrated in Plate III, Figs. 5, 6.

Whilst periodic movements are relatively inconspicuous in the primary petioles thev
are highly developed and very persistent in the case of the secondary rachises and
pinnules. As in other instances, they are primarily absent; but from the time at
which they appear, they normally continue to be carried out with unimpaired vigour
during the entire peiiod in which the leaves retain a healthy character. In °this
respect the leaves resemble those of Mimosa pudica much more closely than do any of
the leaves which have hitherto been considered. Before the period at which periodic
movements set in, the secondary petioles are primarily directed upwards and forwards
from the line of the primary one, and are so closely convergent as to have their inner
surfaces in contact with one another (Plate III, Fig. 7). Somewhat later they become
somewhat divergent whilst still retaining their ascending direction (Plate III, Fio-. 7) j j o t n

divergence and elevation next undergo progressive diminution; and, immediately prior to the
onset of periodic movements, the secondary petioles are once more closely convergent
to the line of the primary one, and lie in the same plane with it or slope slightly
downwards from it. When periodic movemetits do make their. appearance they°give
rise to alternating nocturnal convergence and depression and diurnal divergence and
elevation to the plane of the petiole. The pinnules, like those of JHthecolobium
saman and Mimosa pudica, are from the outset fully expanded and, until the onset
of periodic movements, are directed forwards in a line parallel with that of the
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secondary petiole, with the upper surfaces of those of the opposite rows in close
contact with one another, and their surfaces facing directly outwards, the outer or
posterior half of the laminae lying vertically over the axillary half, and the midrib
pointing directly forwards. When movements set in they lead to progressively
increasing diurnal divergence, rotation and depression of the laminae which ultimately
-come* to .lie in the same plane with the upper surface of the secondary petiole, and
more or less at right angles to it, with their upper surfaces facing directly upwards,
alternating with a nocturnal resumption of the originally permanent position, or
rather of that position slightly modified by the fact thnt the midribs now, as a rule, no
longer point directly forwards, but slightly downwards from the line of the secondary
petiole. The movements of the pinnules thus differ from those in the pinnules of
Pithecololium saman, and are of the same nature as those in the pinnae of Cassia alata
in consisting "not merely of alternating elevation and depression, but of alternating
elevation and depression combined with a considerable amount of rotation.

The,structural features which determine the character of the movements of the second-
ary petioles are of the following nature. When an accumulation of pulvinar parenchyma
begins to be developed, it appears first over the upper half of the base of the secondaiy
petiole; and, together with the increasing leverage of the distal parts, tends to give rise
tfo gradual depression. At a somewhat later period accumulation begins over the lower
half, and tHis of course makes directly for elevation. In mature but still freely motile
pulvini, there is little difference in the thickness of the call-walls in the various portions
of the parenchyma; but the mass which lies to the axillary side of the axis is distin-
guished from the outer one by greater thickness (Plate III, Fig. 9), and by containing a
greater number of green chromatophores. It is this, together with the fact that the
axillary masses on undergoing any increase in turgescence press upon the resistent mchis
in the case of all the pinnae but the terminal ones, and against one another in the
latter, that determines the great diurnal divergence of the secondary petioles. The
external mass of pulvinar parenchyma is less bulky and poorer in chlorophyll, and
consequently undergoes less increase in turgescence diumally than its opponent; and,
moreover, it is related basally to a mass of spongy tissue very poor in chlorophyll-
content (Plate III, Fig. 9), so that any rise in turgescence which it does undergo is in
great measure expended in compressing this feeble tissue. With the absence of any
conspicuous structural differences between the superior and inferior parenchyma, and the
presence of a relatively strong vascular axis (Plate HI, Figs. 8, 9), which presents very
considerable resistance to both vertical and horizontal flexion, we find the amount of ver-
tical movements becoming very inconsiderable. In Pithecolobium the secondary rachises in
leaves at the stage in which movements are at a maximum are noctumally directed back-
wards at acute angles to the line of the primary one; but in Leiiccena they never
attain to a right angle to it, but are invariably directed forwards at very acute angles
towards its apex. ' The really important struggle is that which is carried on between
the strong vascular axis of the pulvinus and the mass of parenchyma lying to its
axillary side, and which is diurnally able to divert it from its normal passive direction.
The axillary parenchyma, from its position, its greater bulk, and its greater richness in
chlorophyll, is able not only to do away with any effects of diurnal rise in turgescence
in the external pad, but also to cause extreme divergence of the resistent vascular axis-
In the case of highly developed pulvini the vascular axis is reduced to the form of a
solid cord containing no medullary tissue. Where this has a cylindrical form, as in the
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secondary pulvini of Mimosa pudica, the masses of pulvinar parenchyma surrounding it
either equal or exceed it in thickness; "whereas in the secondary pulvini of Pithecolobium
sarnan it takes the form of a flattened band, the supeiior and inferior masses exceed
it in vertical diameter, and the lateral ones falling short of it in horizontal diameter- but
in the secondary pulvini of Leuccena glauca the thickness of the axial mass of vascular
and medullary tissue considerably exceeds that of the surrounding masses of pujvinar
parenchyma in every direction. (Plate III, Figs. 8, 9.)

In the case of the tertiary pulvini the opposing masses of pulvinar parenchyma are
disposed above and beneath the vascular axis, but the movements which they determine
are not simple movements of depression and elevation, like those present in the pin-
nules of Pithecolobium saman. This is owing to the following facts. In the first place,
the pulvini are obliquely set on upon a bevelled surface, so that the opposed masses are
directed respectively upwards and forwards and downwards and backwards, just as
they are in the tertiary pulvini of Mimosa pudica (Plate V, Fig. 5); and in the
second place, they hold a relation to the lamina of the pinnule very similar to
that which is presant in the case of the pinnae of Cassia alata. The oblique disposi-
tion of the opposing pulvinar masses necessarily implies that the upper one must make
not merely for depression, but also for backward displacement of the lamina, and the
under one not merely for elevation, but for elevation and advance. So far, of course
we are dealing with movements of depression and elevation on an oblique surface, but
the character of the movement is further modified by the unlike relation which the mass-
es of pulvinar parenchyma bear to the two halves of the lamina. There are conspicuous
expansions of pulvinar tissue involving the base of the posterior or outer half of the
lamina both on its superior and inferior aspects (Plate III, Fig. 10), and these of
course, must tend respectively to determine rotation outwards and inwards of the
upper surface of the midrib according to the variations in their relative streno-th
and resistance. The inferior pulvinar pad consequently not only makes for general
advance and elevation of the lamina, but for excessive elevation of its outer half
and when once the displacement has advanced so far that the posterior side of the
keel of the midrib comes to lie supeiior to the anterior side, to a deflection of the pin-
nule. The ultimate outcome of the conditions is that when the leaf is in the fully devel
oped nocturnal position, the pinnules not only have their upper surfaces facing directly in-
wards, but slope downwards and forwards from the plane of the petiole. An increase in the
relative strength of the upper mass of pulvinar parenchyma conversely not only gives
rise to depressive divergence and retrocession, but also to special depression of the outer
half of the lamina, and consequently to rotation of the vascular axis, so that the upper
surface of the midrib, in place of facing inwards, faces directly upwards, and the upper
surface of the lamina lies in the same plane with and more or less at right angles to
the secondary rachis. There is not any very conspicuous difference in the strength and
thickness of the cell-walls of the opposing masses of tissue, but the superior one^is
biderably richer in chlorophyll corpuscles than the inferior one is.

The pulvinar tissues in Leucana glauca are even more extensively and conspicu 1
pitted than those of Pithecolobium saman are: but they resemble the latter a d d'ff
from those of the primary pulvini of Mimosa pudica, in being throughout devoid
of any highly developed system of intercellular spaces (Plate VII, Figs 3 4 5)
This is specially conspicuous in regard to the primary pulvini of' the deeper strata
which in Mimosa pudica are not merely very extensively pitted, but are of extremely
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open texture, whilst in Pithecolobium and Leuccena they contained merely minute
angular intercellular spaces like those of the superficial ones. Corresponding with
these differences in the degree to which facilities for redistribution of fluid are present,
we find differences in regard to the rate at which* movements are executed. The
leaves of Leuccena move more rapidly than those of Pithecolobium^ but not nearly so
rapidly as those of Mimosa. When the temperature is high and atmospheric humidity low,
a certain amount of depression of the secondary rachises and convergent elevation of
the pinnules makes its appearance almost immediately after a leaf or shoot has been
detached from the axis, and much sooner than any corresponding displacements are visible
in leaves of Pithecolobium exposed to similar conditions. This is in one respect remarkable,
as the numbers of stomata in L'uccena are very much smaller than in Pithecolobium*
In spite of this, however, transpiratory loss takes place with very great rapidity, pro-
bably in connection with the general delicacy of the tissues, as is indicated unequi-
vocably by the very early onset of phenomena of general wilting. As the atmospheric
humidity ,rises, the rate of movement falls, and when a condition approaching satura-
tion is present, movements are very greatly retarded so long as mechanical disturb-
ances of the leaves calculated to give rise to increased filtrative discharge of fluid
from the pulvinar tissues are absent. In Leuccena movements tending towards
the establishment of the nocturnal position may, even more distinctly than in the
case of any of the leaves which have been previously described, be recognised as
arising under the influence of many different conditions which only agree with one
another in the fact that they all tend to induce diminished turgescence in the
pulvinar tissues. In cases of separation of leaves or shoots from the axis, diminished
turgescence arises in consequence of arrested supply and continued transpiratory loss
of fluid; where movements occur in connection with continued exposure to hot day
air without separation from the axis, excess in transpiratory loss acts alone; where they
follow much mechanical agitation, increased local filtration in the pulvinar tissues comes
into play; and, finally, where they attend removal of solar stimulation, a fall in
osmotic capacity of the cell-sap is the determinant. In all cases alike, the loss of
strength, or, in other words, the diminution in turgescence falls most heavily upon
the younger and functionally most active masses of tissue, and consequently, in all
alike, the movement which attends it is in the direction of the position which is
made for by the older masses of pulvinar tissues, because they are the structurally
stronger and functionally weaker ones. In certain cases the struggle ^ is mainly be-
tween opposing masses of pulvinar parenchyma, whilst the vascular tissues are practically
passive; in others the vascular tissues co-operate with the older masses of pulvinar
parenchyma; and in still others they become the main determinants of the assumption
of the nocturnal position. In any case, however, the struggle is between functionally
powerful and structurally powerful tissues, the former constantly making for the
diurnal and the latter for the nocturnal position. The tissues which are distinguished
by structural strength neither undergo so much diurnal increase in turgescence, nor
provide such facilities for filtrative loss of fluid, as those which are charactezised by
excess in functional strength; and consequently they are not subject to so much loss
of turgescence on removal of solar stimulation or on the incidence of conditions
calculated to give rise to increased filtration as the latter are; so that any deprivation
of light or increase in pressure on the pulvinar tissues must tend to give rise to an
assumption of the nocturnal position. When we compare the rates at which movements
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are executed by the leaves of various species of plants, we find that a distinct and
direct relation is traceable between rapidity of movement and toxtural facilities for
filtration. In the case of Cassia a7ata and C. siimatrana, the movements, when at their
maximum, are very extensive, but are invariably slowly and gradually carried outj and
the pulvinar parenchyma is very dense and scantily pitted; in Pithecolobium sainan, and
even more in Lenccena fflauca, the rate of movement is considerably increased, and the
pulvinar parenchyma, although unprovided with a fully-developed system of intercellular
spaces, is composed of cells the walls of which are very abundantly pitted; and in
the primary pulvini of Mimosa pudica movements attain a maximum rapidity, and the
tissues are not only most elaborately and extensively pitted, but are provided with a
very highly-developed system of intercellular spaces, affording abundant accommodation
to any fluid which may escape from the cell cavities in consequence of any increased
filtration.

CHAPTER X.

movements of i\iz of ^imosa puiiica.
The general appearance of the leaves of Mimosa pudica is, of course, familar

to every one, but it is necessary to allude to certain of their characters ia somewhat
detailed fashion, seeing that these have an important bearing on the rapidity with which
they are capable of executing movements under certain conditions.

The following data were obtained from a single, large, active leaf:—
1. Weight of the entire leaf
2. Weight of the petiole including the primary pulvinus
3. Weight of the secondary pulvini, secondary petioles and pinnules
4. Length of primary pulvinus
5. Thickness of primary pulvinus
6. Length of primary petiole from the distal extremity of the pri-

mary pulvinus to the points of origin of the proximal paiis of
secondary ones

7. Length of the remaining portion of the primary petiole between
the sites of origin of the proximal and distal pairs of second-
ary pulvini ••• •••

8. Length of the secondary petioles, including the secondary pulvini—
' (a) Proximal pair
(b) Distal pair

9. Length of secondary pulvini
10. Thickness of secondary pulvini
11. Number of pinnules on secondary petioles—

(a) Proximal pair

0-56 grammes.
006 „
0*50 „
0 23" „
0*065* „

1*92"

0-125"

2*20"
2-92"
012*
0-09*

(6) Distal pair

12. Area of laminar surface (determined by gumming down the
detached pinnules oii a sheet of paper, so as to form a con-
tinuous stratum)

13. Number of stomata—
(a) Superior epidermis
(b) Inferior epidermis

14. Number of stomata on entire laminar surface

> 19
| 19
(25
124

7 square inches.

• 160,000 per square inch.
. 400,000
. 3,920,000
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In the case of another leaf, of which careful weightments were made, the results
were as follow:—

1. Weight of entire leaf ... ... ... ... 0*47 grammes.
2. Weight of primary petiole, including primary pulvinus ... 0*07 „
3. Weight of primary pulvinus ... ... ... ... 001 „
4. Weight of secondary pulvini, secondary petioles and pinnules ... 0*40 „
5. Weight of primary petiole without the primary pulvinus ... 0*06 „

The most important points to be noted are, first, the great leverage to which the pri-
mary pulvinus is exposed (vide Appendix A), and, second, the excessive transpiratory
facilities which are provided by the laminar surfaces. Taking the data derived fiom the
second leaf in which the weight of the primary pulvinus was determined, it appears
that the pulvinus had to support a weight forty-six times as great as its own, and of
which 85 per cent, was situated at the distal extremity of an elongated rigid lever,
represented by the primary petiole. The power in this lever system is applied at the
immediate neighbourhood of the fulcrum, and "the weight is situated at the end of a
long lever—conditions implying extreme instability of equilibrium in event of any
fluctuations in the power. The excess of transpiratory facilities furnished by the
laminar surfaces is mainly due to the fact that both the inferior and superior epidermis
are provided with stomata (Plate V, Figs. 9, 10). The numbers of stomata on the
inferior epidermis are not in excess, but rather fall short, of those present on the
inferior surface of the pinnules of Piihecolobium saman; but in the latter, as well
as in the other nyctitropic leaves which have been specially considered here, the
superior epidermis is entirely wanting in them. Additional facilities for the occurrence
of active transpiratory loss are, moreover, provided by the extremely open character of the
parenchyma intervening between the pallisade cells and the inferior epidermis (Plate V,
Fig. 11). There are thus structural grounds for assuming that very active trans-
piratory loss of fluid must occur under favourable circumstances, and that such loss
actually takes place is demonstrated by the following experimental data:—

Experiment /.—A pot-plant of Mimosa pudica bearing seven leaves was taken. The
hole in the bottom of the pot wa« firmly corked, and the entire outer surface and lip
were thickly coated with melted wax. A glass plate, large enough to cover the mouth,
was then divided'into two halves, and a small piece was filed out in the centre line of
division, so that when the halves were adjusted to one another they form eel a plate with
a small central perforation. These were next luted down with melted wax over the
mouth of the pot, so that the lower part of the axis of the plant passed through the
central opening and, finally, the line of division and the opening were also carefully
luted. The pot was next placed in an hermetically-closed chamber containing a vessel
the weight of which had been determined, and which contained 50 grammes of pure
sulphuric acid, and the whole apparatus was set in the open air in diffused sunlight.
The leaves remained in a state of extreme expansion and elevation. At the close of four
hours the sulphuric acid was removed and weighed, and the weight amounted to 5T6
grammes, indicating an absorption of 1*6 grammes of water of transpiration. The acid
was now returned to the chamber, and the latter anew hermetically sealed, and on the
following day it weighed 54-1 grammes, corresponding to an absorption of 4*Ice. of
water during the period of twenty-four hours. The cover of the pot was now removed
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and the earth gently washed away under a stream of running water, so as to free the
roots without injury. The entire plant was next weighed, and the weight was ascertained
to be only 2*03 grammes. A certain amount of the increment in weight which was
sustained by the acid during the course of the experiment must, of course, be credited
to the atmospheric humidity of the air of the chamber; but as the latter was a very
small one, the mass of water furnished by transpiratory loss during twenty-four *hours
must have weighed nearly twice ns much as the entire plant furnishing it.

Experiment II.—A plant with five leaves and weighing 2'32 grammes was treated
in exactly the same fashion as that in the previous experiment. At the close of four
hours' exposure the sulphuric acid indicated a gain of l'oc.c. of water, equivalent to a
mass of more than half the weight of the entire plant. (Vide Appendix B.) '

The extreme activity of transpiratory loss is further very clearly indicated by the
phenomena which attend exposure to direct sunlight. When the soil and air are dry
continued exposure to the rays of the sun is followed by a complete assumption of the
nocturnal position by the various parts of the leaves, and, even when soil and air are
both comparatively humid, a very brief exposure to direct insolation is sufficient to give
rise to various degrees of elevation of the pinnules. The phenomenon is particularly
striking when it occurs in a large bed of the plant, a portion of which is artificially
shaded, owing to the contrast presented by the fully expanded leaves * within the
limits of the shaded area and those in the insolated one. Taking the experimenta
and natural data together, they appear very clearly to indicate that the diurnal
position of the leaves is one of very unstable equilibrium dependent on a definite relation
between supply and loss of wnter, and liable to be disturbed by any conditions implying
either diminution in supply or increase in loss. The phenomenon of partial assumption
of the nocturnal position by the pinnules under the influence of direct insolation, even
where the humidity of the soil is very high, may be taken as indicating the existence
of a definite limit to the activity of root absorption ; but from experimental data, which
will be furnished presently, it appears not unlikely that another factor comes into play
to produce the result. The elevation of temperature which attends direct insolation not
only gives rise to increased transpiratory loss, but must also cause an expansion of the
gaseous contents of the water-conducting system which may well act as an obstruction
to the passage of liquid along it; so that the departure from the diumal position may be
owing, not merely to increased transpiratory loss, but to diminished supply of water.
That this is actually the case is certainly suggested by the fact that direct insolation,
even within a closed moist chamber, is attended by a certain amount of elevation of the
pinnules. Here, of course, the atmosphere is excessively humid, and transpiratory loss is
correspondingly reduced; but assimilatory decomposition of water continues, and if this
coincides with obstruction to the passage of liquid along the water-vascular system, a
certain amount of decrease in turgescence must necessarily ensue. The decrease, how-
ever, is inconsiderable, and under normal circumstances, neither alone nor in co-operation
with decrease due to coincidently increased transpiratory loss, does it suffice to determine
the full assumption of the nocturnal position. It is only under the coincident influences
of dry soil, dry air, and insolation that the full nocturnal position is spontaneously
attained during the day: in other words, it is only attained under circumstances which
imply defective root-supply, gaseous obstruction of the water-vascular system, and
excessive transpiratory loss.
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The position of the various parts of very young leaves, in which periodic movements
have not yet begun to manifest themselves, is as follows:—The primary petiole is
extremely divergent from the line of the axis; so that, where the latter is vertical,
it is either slightly ascending, horizontal, or slightly depressed (Plate I, Figs. 11,
12, 18 ; Plate V, Fig. 14). The pinnae are closely convergent and bent backwards
at an? acute angle over the upper surface of the primary petiole, the rachises of the
basal pair usually having their upper surfaces directed more or less inwards, so
that the edges of the closely-folded pinnules are directed obliquely outwards and
inwards in place of directly upwards and downwards, and the distal pinna? are
overlapped and partially concealed. The pinnules, which from the outset are fully
expanded, are closejy convergent, and have their midribs directed upwards and
forwards at an acute angle to the line of the secondary rachises. As time goes on, the
primary petiole lengthens, but retains its previous position to the axis, and the pinnse
gradually become first erected and then bent backwards, so as to lie in the same plane as
the primary petiole or slightly ascending from it, and at the same time become slightly
divergent,(Plate I, Figs. 11, 12, 18). When periodic movements first appear they are for
a time confined solely to the primary petiole, which during the day undergoes elevation or
convergence towards the axis, and noctumally returns to its original position of extreme
divergence or slight deflection. The amount of diurnal displacement is at first very small,
but undergoes rapid increase; and, with this, movements determining diurnal divergence
and nocturnal convergence of the pinnae begin to manifest themselves. Finally, movements
appear in the pinnules also, leading to steadily increasing diurnal divergence and
depression and to a certain amount of rotation downwards of the posterior or outer half of
the lamina alternating with nocturnal convergence, elevation, and reverse rotation. When
movements are at a maximum, the diurnal and nocturnal positions of the various parts
of the leaves are normally as follow:—Diurnally the primary petiole usually lies at an
acute angle to the axis, but the degree of convergence varies greatly in different instances
and under differing conditions, owing to the influence of variations in the amount of
the leverage exerted by the distal parts of the leaf. The pinnae lie almost in the same
plane as the primary petiole or slightly ascending from it, and are widely divergent; the
divergence of the basal ones being frequently so great as to exceed a right angle, so that
they are directed slightly backwards (Plate V, Fig. 12). The pinnules lie with their upper
surfaces facing directly upwards and their midribs widely divergent (Plate V, Figs. 2, 4).
The divergence varies in different parts of the pinna, the lower pinnules being frequently
directed somewhat backwards, the central ones at right angles to the secondary rachis, and
the distal ones inclining forwards. As the pinnules are set on very closely, the intervals
between them falling very considerably short of the breadth of individual laminae, it is
very seldom that the entire surface of any pinnule is entirely exposed, and, as a rule, a
certain amount of the anterior half of each successive lamina is concealed by the posterior
half of the succeeding one (Plate V, Fig. 3). In the maximal normal nocturnal
position determined solely by absence of photic stimulation, the primary petioles
lie nearly at right angles to the axis; that is, in cases where the latter is vertical,
some are horizontal, others slightly ascending and still others slightly descending. The
secondary rachises are closely convergent and slightly elevated, and the lower pair are
rotated, so that their upper surfaces are directed more or less inwards. The pinnules are
closely convergent, so that the two rows are in contact with one another, the upper sur-
faces of the laminae facing directly inwards and the lower ones directly outwards (Plate V,
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Fig. 1). The midrib is directed upwards and forwards at an acute angle to the
line of the secondary rachis, so that the true posterior or outer surface of the keel
faces upwards and backwards, and the anterior, or axillary surface, downwards and' for-
wards. The movement accompanying the transition from the diurnal to the nocturnal
position is thus evidently not of the simple nature of that in the . pinnules of Pithecolo-
bium, but one in which convergent elevation is combined with rotation as it is HI the
pinnse of Cassia alata or the pinnules of Leuccena glauca. The ultimate depression of the
midrib which is so conspicuous in them is, however, absent, apparently in relation
to the absence of such a considerable accumulation of pulvinar parenchyma over the base
of the under surface of the outer half of the lamina, and therefore to the upper Bide of
the keel of the midrib in its rotated position, as is present there.

The phenomena of periodic movements in Mimosa pudica once more afford a
striking example of the fact that the assumption of the diurnal position implies a
departure from a previously permanent one, and assumption of the nocturnal one a return
to it. This holds good for every part of the leaves, for, although according to ordinarily
accepted belief, the normal nocturnal position of the primary petioles is one of deep
depression, this is most certainly not the case in healthy plants exposed to natural condi-
tions and which have not been exposed to any disturbance.

Under such circumstancas the nocturnal position of the primary petioles is one of pure
reversion to the originally permanent one of slight elevation (Plate V, Fig. U), hori-
zontality, or slight depression; but it differs from it in being a very unstable one which
is very readily replaced by one of extreme depression. Very slight mechanical disturbance
is enough to secure displacement from it, and it is, therefore, only on still evenings that
the leaves retain their normal position as determined solely by absence of solar stimulation.
Deep depression of the primary petioles is not a normal nyctitropic phenomenon in healthy
plants exposed to natural conditions, and when it is present it is owing to precisely the
same causes which give rise to its appearance during the day. The causes act with
great readiness because the normal nocturnal position is one of extreme instability,
connected with depression of osmotic property in the pulvinar parenchyma which
makes for elevation ('ide Appendix C), but they do not differ in nature from those
acting diurnally in any respect. Under these circumstances it is a matter of surprise to
find such a skilled observer as Sachs asserting that there is a difference in the condition
of the pulvinar tissues according as the position of deep depression is a nocturnal or a
diurnal one. According to him diurnal depression following the incidence of mechanical
impulses or other so-called stimulant agencies is associated with diminished turgescence of
the pulvinar tissues, so that the leaf swings freely in pendulum fashion; whilst in
nocturnal depression no such diminution occurs, and the position is a rigid one.* As
the position in any case has precisely the same causation, it would be strange indeed
were any such difference present, but as a matter of fact it is not. This is only an
example of various authoritative state nents regarding the phenomena presented by the
leaves of Mimosa pudica, which are most cartainly absolutely incorrect as regards plants
grown under nonnal circumstances (Vide Appendix D). The phenomena may present
themselves in the case of pot-plants with limited root supply and exposed to the abnormal
atmospheric conditions ordinarily present in conservatories, but they certainly are not
present under natural conditions, and therefore cannot be regarded as normal to the

plant.
~~~ * Sachs, Vorlesuns, XXXVII, s. 78y.
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The periodic movements of the leaves of Mimosa pudica are not only typically nycti-
tropic in respect of the nocturnal position being one of reversion to a previously permanent
one, but also in respect of the phenomenon of the attainment of the maximal nocturnal
position during the first part of the night and gradual departure from it subsequently
quite apart from any photic influence. The amount of reversion towards the diurnal
position exhibited by the pinnae and pinnules is comparatively slight, but elevation of
the primary petiole during the later hours of the night advances so far that in plants
exposed to normal conditions the maximal elevation for the twenty-four hours is attained
immediately before sunrise. This at first sight appears to be an anomalous phenomenon,
but in xeality it may be readily accounted for. The maximal elevation which occurs before
sunrise is not to be regarded as indicating that the inferior parenchymal tissue of the pri-
mary pulvinus then attains it maximal turgescence, and, consequently, its maximal strength.
It merely indicates the presence of relative maximal strength in relation to distal
leverage. The inferior mass of pulvinar parenchyma has constantly not merely to con-
tend with,the depressant action of the superior one, but also against the leverage of the
distal portions of the leaf. Both of these are subject to variations, and the action of the
leverage is so important as an agent in determining the exact position at any given lime
that any considerable reduction of distal weight may not merely equilibrate a temporary
increase in relative strength of the superior mass of pulvinar parenchyma, but may well
go farther and secure that the entire resistance which the inferior mass has to overcome
shall actually attain a minimum under the circumstances.

The importance of distal leverage as a factor in affecting the position of the
primary petiole quite apart from any alterations in the relative strength of the opposing
masses of pulvinar parenchyma, is indicated very clearly by the phenomena which follow
amputation of the pinnae of fully expanded leaves (vide Appendix A). The first effect of
this normally is to give rise to rapid and excessive depression of the petiole; but
elevation soon sets in and advances so far that the petiole not merely rapidly regains its
original position, but becomes much more elevated or convergent to the line of the axis,
than it was whilst the leaf was intact- The effects of alterations in distal leverage on
the position of the primary petiole are also very conspicuous in cases in which the pinnae;

in place of being removed, are merely exposed to conditions determining considerable
diminution in their weight. When a plant, the leaves of which are fully expanded, is
suddenly transferred to an atmosphere very much drier and considerably warmer than
that to which it had previously been exposed, elevation of the pinnules "begins almost
immediately and advances rapidly until they have completely assumed the nocturnal
position. This phenomenon is clearly owing to loss in active turgescence connected with
sudden and excessive transpiratory loss accompanied by obstructive expansion of the
gaseous contents of the water-vascular system. But the primary petioles show no tendency
to assume the position proper to the early part of the night. They show no tendency
towards depression, but, on the contrary, gradually become very highly elevated. It
cannot be imagined that this is the result of any increase in the absolute strength of the
mass of inferior pulvinar parenchyma which makes for elevation. The tissues in the
pulvini, whether petiolar or pinnular, must alike be subject to diminution in turgescence
and consequent loss of absolute strength under the circumstances to which the
plant is exposed; but the loss in strength in those pulvinar tissues in the primary
pulvinus which make for elevation is more than counterbalanced by the excessive
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transpiratory loss in weight and leverage of the pinnae, and this is of course equivalent
to increased relative strength in the portions of the primary pulvinus which make for
elevation.

The excessive elevation of the primary petioles during the later hours of the night
is owing to a similar disturbance in the relations existing between pulvinar strength and
distal leverage. The diminution in distal leverage in this case is not, however, ' owing
to excessive transpiratory loss in the distal parts of the leaves, but to continued absence
of assimilation and coincident continued respiratory loss. The position of the primary
petioles at sunset is no doubt partially determined by the fact that the inferior mass of
parenchyma contains an excess of tissue liable to rapid filtrative loss of fluid on the
cessation of the active assimilatory formation of unstable osmotic products consequent on
removal of solar stimulation, whilst transpiratory loss continues to proceed, and a certain
amount of departure from the maximal nocturnal position might naturally be expected to
occur under the influence of cessation of transpiratory loss and continued root-supply. The
departure would not, however, proceed so far as it does and lead to maximal elevation just
before sunrise, were it not for the steady decrease in weight of the distal portions of the
leaf dependent on continued respiratory loss; for the hours of darkness correspond to a
period of fasting during which continuous expenditure takes place without corresponding-
addition of new materials derived from extraneous sources, and consequently loss in weight
must occur. On renewed solar stimulation the pulvinar tissue increases in turgescence and
absolute strength, and the inferior mass of parenchyma undergoes relative increase in
strength in respect to the superior one, but not in proportion to the increased weight of
the distal parts of the leaf which takes place in consequence not merely of their increased
turgescence, but to the gradual accumulation of fixed products of assimilation which takes
place within them under the influence of sunlight. Maximal elevation can thus no
longer be maintained, but progressive descent sets in and attains a maximum when the
removal of solar stimulation occasions general loss in turgescence at a period when the
accumulation of the fixed products of active assimilation has attained its maximum. The
accumulation of assimilatory products in the pulvinar tissues does not render them more
powerful to resist leverage save in so far as it affects the osmotic properties of the
cell-sap; but the accumulation within the distal parts of the leaf renders them heavier,
and therefore more resistant to the elevating action of the inferior mass of pulvinar
parenchyma.

No such anomalously excessive departure from the primary nocturnal position occurs
in the secondary rachises and pinnules. The reversion towards the nocturnal position
exhibited by them during the later parts of the night is limited in extent and is of
precisely the same nature and origin as that occurring in nyctitropic structures generally.
It is owing simply to the fact that, on the removal of solar stimulation, greater filtrative
loss of fluid takes place from those tissues which make for the diurnal position than
from their structurally stronger opponents during the period in which active transpiration
continues, and that during the succeeding period of continued absence of transpiration
and uninterrupted root-supply all the tissues alike have the opportunity of fully satisfying
the osmotic capacity which they possess apart from solar stimulation, which implies a
certain amount of increase in relative strength in the tissues which make for the diurnal
position and which had previously suffered most from filtrative loss. But, in the case
of the primary pulyini, this occurs during a period in which the tissue which sains in
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relative strength is opposed by progressively diminishing distal leverage which is equiv-
alent to its undergoing progressive and additional increments in relative strength.

The structural features in the motor organs of Mimosa pudica which determine the
occurrence of the various periodic movements are parallel to those which we have already
found to be characteristic of those of other nyctitropic leaves. As in the case of the
latter, the opposing masses of pulvinar parenchyma appear at a relatively late period
in the development of the leaf and are not developed simultaneously, the development of
the masses which make for the diurnal position lagging behind that of their opponents.
In the case of the primary pulvinus the antecedent development of the mass of tissue
which makes for the nocturnal position is clearly indicated by the fact that, for a
considerable *time ere* periodic movements set in, a process of continuously increasing
divergence of -the primary petiole from the line of the axis manifests itself, which
ultimately leads to its assuming a permanent position corresponding to the primary
nocturnal position of a later stage of development. At first sight it might appear as
though thb permanence of the position were anomalous, and as though movements of
nocturnal * convergence similar to those occurring in young leaves of Pifhecolobium ought
to attend the nocturnal loss in turgescence of the growing mass of parenchyma overlying
the vascular axis of the pulvinus. There is, however, no appreciable evidence of their
occurrence, and as a matter of fact there is no reason why they should occur.

The conditions are not parallel in the two cases. In Pithccohbiunt sarnan the mass
of pulvinar tissue which leads to divergence has not only to overcome the resistance
of a relatively strong vascular axis, but also that of an antecedently developed mass of
pulvinar parenchyma making for elevation; whereas in Mimosa pudica, during the period
at which progressive divergence of the primary petiole advances continuously, the
accumulation of pulvinar tissue making for convergence has not yet begun to make
its appearance; and the axial cord of vascular tissue is very weak, and from its
flattened form, specially flexible in a vertical direction, so that, so long as it is
unaided, it is incapable of producing any appreciable effect in resisting the pressure
of the axillary parenchyma aided by the rapidly increasing leverage of the distal
portions of the leaf bearing on the continuously elongating petiolar lever.

In the mature primary pulvini the axis consists of a solid cord of soft flexible
wood, surrounded ^ by a sheath of bast and containing no medullary tissue. It is
compressed vertically, so as to present an oval figure with the long diameter horizontal,
and is surrounded by a thick mass of parenchyma (Plate VI, Figs. 2, bb). As the outline
of the pulvinus as a whole is more circular, it necessarily follows that the masses of
parenchyma lying to either side of the fibro-vascular axis are thinner than those
which lie above and below it. The latter, moreover, are not of equal thickness, for
the superior one is only slightly thicker than the fibro-vascular bundle, while the
inferior one is considerably so (Plate VI, Figs. 1, 2, bb). The vertical measurements of
the masses above and below the fibro-vascular bundle of the latter, and of the pulvinus
as a whole, in the specimen illustrated in the figure were as follow :—

Vertical thickness of entire pulvinus ... ... 1*74
» 5> upper parenchyma ... * ... 0*57
" » fibro-vascular bundle ••• ... 0*51
» » lower parenchyma ... ... 0*66
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The measurements in a section derived from another pulvinus were the following :—

Vertical diameter of t h e ent i re pulvinus ... t ### ^.59 m m

„ „ „ upper parenchyma ... ... 0*54
„ „ „ fibro-vascular axis ... ... 0*45
„ „ „ lower parenchyma ... ... 0-60

Thickness of eel 1-walls in superior parenchyma = t## 0g0036 to 0 0 0 5 4
„ „ „ inferior parenchyma == ... . . .0*0018

Transverse diameter of the entire pulvinus ... 1.77
„ „ ,i lateral parenchyma ... a#t O.57
,» >, ,, fibro-vascular axis ... %%m o*63
» >, » lateral parenchyma ... i## 0-57

These figures very clearly show the vertical compression of the Dulvinm **
a whole, and also the excess in vertical compression of the fibro-vascular bundle the
horizontal diameter exceeding the vertical one by only 10*8 per cent, in the former a J
by 22*6 per cent, in the latter case.

This, however, is not the only difference between the opposed masses of
parenchyma which make respectively for elevation and depression. Both are alike in
being composed of two distinct strata of tissue. The outer of these is relatively dense in
texture, the individual cells being separated from one another only by minute angular
intercellular spaces like those present in the pulvinar parenchyma of Pithecohbium saman
and Zeucama glauca, while the inner one is of very open character, being permeated
throughout by a very extensive and highly developed system of huge intercellular spaces
(Plate VI, Figs. 3, 4, 12). The characters of the cell-walls also differ in the two strata
In the outer one they are provided with numerous small pits like those in the walls
of the pulvinar cells of the other nyctitropic leaves which have been previously
described; but in the inner one, in addition to such pits, they are provided with others
of a much more elaborate character and of much greater size. The latter pits hav
more or less circular or oval outline and a thickened rim, and are closed by a d V
membrane which in its turn shows secondary pits or actual orifices of small si d
varied outline (Plate VI, Figs. 3, 4, 12). The majority of these large pits appear To *be
situated so as to abut on portions of neighbouring cells, but some of them appear to be
in direct relation to the great intercellular spaces of the tissue. The walls of the
cells entering into the constitution of the outer stratum of tissue of the parenchyma lyin^
above the fiteo-vascular bundle are about twice as thick as those of the corresponding
stratum lying beneath it. The walls of the cells in the deeper strata both
above and below the fibro-vascular axis do not differ from one another to
appreciable extent, and are alike of very considerable thickness save within the
of the pits. The cells throughout the entire thickness of the parenchyma both al
below the bundle contain chlorophyll, but the numbers of chromatophores in thpy of chromatophores i
the deeper stratum of tissue are much greater than those in the superficial one ad
i l i di of chlorophll i th i f r i ^
the d e p g ose in the superficial one ad }-
implies a corresponding excess of chlorophyll in the inferior as compared w.'+k +v ^ US

. i , - i - L - i i • i ""ij^aieu witn tne superior

mass, seeing that the excess m thickness which the former presents is entirel - owino- to
an excess in the thickness in the deeper stratum of its tissue, the thickness of th ̂ ^ r f f
cial stratum being alike both above and below the fibro-vascular axis Ti r ^ T^

,, , , , „ ,- • j , 1S- l n e line of demar-
cation between the two strata of tissue is rendered very conspicuous, even under very low
magnifying powers, in sections which have been momentarily immersed in a 2 per cent.
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aqueous solution of osmic acid and mounted in saturated solution of acetate of potash.
The superficial stratum then acquires a strong brown-madder tint, whilst the deeper one
remains almost unaltered in colour; and sections which have been treated in this fashion
consequently afford a very clear demonstration of the distribution of the two strata
throughout the pulvinus, and of the fact that the excess in thickness of the inferior mass
of parenchyma is owing to the deeper stratum of tissue on its attaining a greater thick-
ness than it does in the superior one (Plate VI, Figs. 1, 2). The distinction between the
two strata of the parenchyma comes out less clearly, but is still quite recognisable, in
preparations which have been subsequently stained with picrocarmine. (Plate VI, Fig 6.)

The structural features presented by the primary pulvinus of Mimosa pudica are
thus of a nature readily to account for the occurrence of periodic movements in the pri-
mary petiole. The persistently soft, flexible consistence of the fibro-vascular bundle, its
vertical compression, and its relatively small bulk in relation to the masses of pulvinar
parenchyma, unite to render it peculiarly liable to vertical flexion in connection with
alterations*in the relative strength of the over- and under-lying masses of tissue, and the
structural peculiarities which the latter present secure that such fluctuations shall occur. The
characters of the cell-walls in the superficial strata in the superior and inferior parenchyma
iipply an excess of structural strength in the former, and the greater thickness of the deeper
stratum in tlje inferior parenchyma secures an excess of functional strength and additional
structural weakness in it. Owing to its textural peculiarities, the inferior mass of paren-
chyma must necessarily be liable not only to much greater but to much more rapid
fluctuations in turgescence than the superior one, the greater mass of tissue rich in cho-
lorophyll accounting for its liability to excess in fluctuations of turgescence, and the excess
of tissue providing special facilities for filtration allowing for such fluctuations taking
place in large amount with great rapidity. The greater thickness in the cell-walls of the
outer stratum of the parenchyma lying above the fibro-vascular axis confers greater struc-
tural strength on it than that which is provided by the textural features of the corre-
sponding stratum on the underside of the pulvinus, and the excess in thickness of the
deeper stratum in the mass lying beneath the axis secures greater functional strength and
also greater facilities for rapid filtrative loss of turgescence there, owing to the excess which
it implies of open and elaborately pitted tissue abundantly provided with chlorophyll.
There is nothing to lead to the belief that the individual elements in the deeper stratum
of parenchyma are, likely to undergo greater turgescence under solar stimulation in that
portion of it underlying the fibro-vascular axis than in that which lies abcsve the latter;
but the number of elements present in the former site considerably exceeds that in the
latter, so that under solar stimulation a greater general rise in turgescence must occur in
the inferior than in the superior parenchyma as a whole. Conversely the loss in turges-
cence attending removal of solar stimulation must give rise to greater total loss of turges-
cence in the lower than in the upper or axillary mass of parenchyma, and therefore,
apart from any interfering factors, solar stimulation would necessarily give rise to
convergence or elevation of the petiole, and absence of such stimulation to divergence or
depression. But, as has been already pointed out, a very powerful interfering factor is
provided by the variations in weight of the distal parts of the leaf. The leverage exerted
by the distal parts of the leaf co-operates constantly with the axillary mass of parenchyma
in making for depression; it is not, however, a constant quantity, but one which is subject
to undergo very considerable variations. It is a factor the power of which normally rises
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under the same circumstances as the strength of the mass of pulvinar parenchyma making for
elevation increases, and hence, under normal circumstances, maximal elevation of the prim-
ary petiole does not coincide with maximal strength of the parenchyma making for ele-
vation. The strength of the latter, in so far as it has to contend with the opposing mass
of pulvinar parenchyma, rises under the influence of solar stimulation; but this increase is
apparently more than discounted by the coincident rise in distal leverage so that
although its strength attains an absolute maximum under such circumstances, the tissue is
relatively weaker in respect to the total resistance which it has to overcome than it is
under the influence of continued absence of photic stimulation.

The structural peculiarities of the leaves of Mimosa pudica do not, however merely
provide facilities for the occurrence of extensive movements of ,the primary petiole in
connection with variations in the degree of solar stimulation of assimilatory function in the
tissues, but also for the ready occurrence of such movements under the influence of various
other conditions. The primary petiole is constantly in a position of extremely unstable
equilibrium wliich is determined by the action of the superior pulvinar parenchyma and the
leverage of the distal parts of the leaf on one hand, and of that of the inferior pulvinar
parenchyaia on the other. Any alterations in distal leverage or in the relative strengths
of the opposing masses of parenchyma must inevitably lead to movements of the petiole
in one direction or another. Any increase in distal leverage must tend to induce
depression or divergence of the petiole, not merely in connection with coincident com-
pression of the tissue of the inferior pulvinar parenchyma, but because of the increased
filtra^ve loss of turgescence which this implies; and any decreased leverage to corre-
sponding elevation up to the point at which the cells of the inferior parenchyma have
attained the greatest degree of turgescent increase in capacity of wliich they are capable
But variations in distal leverage do not take place solely in connection with variations
in the conditions of assimilatory activity of the tissues. Any addition of weight to the
distal portions of the leaf whether of intrinsic or extrinsic origin, or any additional
pressure on the upper surface of the petiole, imply corresponding increments of leverage
and hence we find that, especially when these are developed suddenly, they are liable^to
be followed by depression of the leaf. On the other hand, we have already seen how
rapid loss of weight in the distal parts of the leaves, as the result of excessive
evaporation there, may lead to extensive movements of elevation.

The tis ues of the primary pulvinus not only provide facilities for the occurrence
of extensive movements in the primary petioles, but they are further especially adapted to
permit of these movements being executed with great rapidity under certain circumstances.
The fibro-vascular bundle is permanently weak, soft and flexible, and the mass of pulvinar
parenchyma which underlies it presents excessive structural facilities for rapid filtrative
redistribution of large masses of fluid within its deeper stratum, with its thick-walled
and elaborately pitted cells and great system of intercellular spaces. We have already
seen that rate of movement is directly related to the degree in which the pulvinar tissuci
present structural peculiarities favouring rapid alterations in turgescence, and that the
tissues in the primary pulvini (and specially in those portions of parenchyma underlying
the fibro-vascular axis of the primary pulvini of Mimosa pudica) are endowed with such
peculiarities in exceptionally high degree. The superior mass of pulvinar parenchyma
aided by the leverage of the distal parts of the leaf, is constantly making strongly for
depression of the primary petiole. Elevation is only maintained by means of active
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turgescence of the inferior parenchyma sustained in spite of excessive local facilities for
rapid filtrative escape of fluid and the combined compressant action of the superior paren-
chyma and distal leverage, so that anything giving rise to sudden loss of osmotic pro-
perty in the cell-sap, to sudden diminution in the supply of fluid to satisfy the osmotic
capacity of the latter, or to sudden increase in the conditions of local pressure affecting
filtration must inevitably lead to sudden movements. Active turgescence of the excessive-
ly porous tissue of the deeper stratum of pulvinar parenchyma can only be maintained
as the result of the continuous addition of highly osmotic and unstable assimilatory pro-
ducts to the cell-sap with coincident abundant supply of fluid to make good the constant
filtrative loss which is going on in the tissue; and it is only under conditions of high
turgescence that the inferior mass of pulvinar parenchyma is able to overcome the con-
joint action of the superior mass and of distal leverage so long as the latter is main-
tained at a high level. The superior mass of parenchyma is not devoid of tissue pre-
senting special facilities for rapid redistribution of fluid, but it contains much less of such
tissue than, the superior one does, and hence any conditions determining general loss in
turgescence must produce greater and more rapid weakening of the inferior than of the
superior mass. Under ordinary circumstances the loss of strength in the superior mass
is thus concealed by the greater loss taking place in the inferior one, and it is only
where the action of any agent inducing a fall in turgescence is carefully limited to the
superior mass that we have any indices to its action upon it {vide Appendix B).

The structural peculiarities permitting of the occurrence of rapid loss in turgescence in
the inferior mass of pulvinar tissue also permit of rapid gain, processes of rapid endos-
mose being provided for by the excessively porous character of the cell-walls and the
abundant chlorophyll contents of the deeper stratum of tissue. The process of elevation is,
of course, never so rapid as that of depression, because it is resisted by distal leverage,
and is mainly carried out by osmosis in place of filtration; but in spite of this it is
very much more rapidly conducted than it is in cases where the pulvinar tissues do not
provide the same facilities for rapid absorption of fluid, and under favourable circum-
stances of illumination and water-supply, its progress is readily visible to the unaided
eye {vide Appendix B).

The structural peculiarities of the inferior masses of pulvinar parenchyma in the
primary pulvini of Mimosa pudica unequivocally provide facilities for the occurrence of sudden
less of turgescence in the tissue, but the movements in the primary petioles are not
invariably suddenly executed. The capacity for the occurrence of sudden "movements is
dependent on the presence of certain structural peculiarities facilitating rapid movements
of fluid in the tissues; but the actual occurrence of sudden movements, even in cases
where such peculiarities are present in very high degree, depends on the sudden in-
cidence of conditions making for the redistribution of fluid. Hence in Mimosa pudica
any gradual diminution in water-supply only causes gradual movements in the primary petiole
in spite of the excessive textural facilities for escape of fluid from the tissues of their
motor organs; and, further than this, the effects of gradual local alterations in tur-
gescence in the latter may be more than discounted by coincident alterations in distal
leverage, so that elevation in place of depression may occur. It is only under such cir-
cumstances, however, that movements of this reversed character are present in connection
with loss of strength in the inferior as compared with the superior pulvinar paren-
chyma. They never occur in connection with conditions implying local increase in
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filtrative escape of fluid from the inferior pulvinar tissues dependent on local increments
of external pressure there. Such increments do not, of course, affect the leverage of the
distal portions of the leaf, but merely give rise to modifications in the relative strengths
of the opposed masses of pulvinar parenchyma of such a nature as to confer increased
relative strength upon the superior one; and hence the movement of the petiole follows
a normal course and depression results.

The secondary pulvini differ structurally in many respects from the primary ones,
and much more closely resemble the pulvini of common nyctitropic leaves than the
latter do. The fibro-vascular axis, like that of the primary pulvinus, has the form of
a solid cord devoid of any medullary content, but it is only slightly flattened vertically,
and therefore presents no special facilities for flexion in one direction rather than another
(Plate VI, Fig. 5a). The following figures show the measurements of the various portions
of two sections derived from distinct pulvini; the line of section in the first case having
fallen parallel with the length of the fibro-vascular bundle (Plate VI, Figs. 7, 8), and
in the second at right angles to it (Plate VI, Fig. 5a)—

Section 1.—Total breadth of pulvinus ... ... 1*005 m.m.
Breadth of external mass of parenchyma ... ... 033 „

„ fibro-vascular bundle ... ... 0*33 „
„ axillary mass of parenchyma ... ... 0*345 „.-

Section 2.—Transverse diameter of entire pulvinus ... ... 1*08 „
„ „ of outer parenchyma ... 0*33 „
„ „ of fibro-vascular bundle ... 0*39 „
„ „ of axillary parenchyma ... 0*36 „

Thickness of cell-walls on the outer mass of parenchyma 0*0018 to 0*0036 „
„ of cell-walls in axillary mass of parenchyma 0*0018 to 0*0027 „

Vertical diameter of entire pulvinus ... ... I ' l l „
„ „ § superior parenchyma ... ... 039 „
„ „ fibro-vascular bundle ... ... 0*33 „
„ „ inferior parenchyma ... ... 039 „

These figures show that the fibro-vascular bundle is much more rounded than in the
primary pulvinus, and relatively strong in relation to the surrounding parenchyma in
every direction; and also that the pulvinus as a whole, in place of being flattened
vertically, is somewhat compressed laterally. The horizontal diameter of the fibro-vascular
bundle sometimes, as in the second section, slightly exceeds that of either of the lateral
masses of pafenchyma and, in other cases, falls slightly short of that of the inner one,
as in the first section. The walls of the cells in the outer mass of parenchyma are some-
what thicker than they are in the axillary one, but no such conspicuous difference in
this respect is present here as in the case of the cell-walls in the superior and inferior
parenchyma of the primary pulvinus. The tissue of the internal or axillary mass is
slightly richer in chlorophyll than that of the outer one. There is no evidence of the
presence of two structurally distinct layers in the thickness of the parenchyma. It
darkens uniformly down to the bundle-sheath under treatment with some acid and there
is an entire absence of any great system of intercellular spaces like that in the deeper
stratum in the parenchyma of the primary pulvinus. A certain number of cells provided
with large and elaborate pits is, however, present in the immediate neighbourhood of the
bundle-sheath ; but these cells do not form a continuous layer, and they are irregularly
distributed. The only features, then, which distinguish the axillary from the outer mass of



IN THE MOTOR ORGANS OF LEAVES. 89

parenchyma, are slight excess in bulk (Plate VI, Fig. 7), slight excess in the thickness of
the walls of the constituent cells, and slight excess in chlorophyll content. There are no
intrinsic structural features in the secondary pulvini implying such instability in equilibrum
of position as there are in the primary ones; and, in addition, so long as the primary
petiole is not deeply depressed, distal leverage does not come into play as an extrinsic
factor* of disturbance, and with this we find much less liability to the occurrence of
extensive and especially of rapid extensive movements in the secondary rachises than in
the primary petiole. Very considerable periodic movements of divergence and convergence
are regularly carried out as in other nyctitropic leaves in connection with the incidence
or removal of solar stimulation; but there is very much less tendency to the occurrence
of extensive and rapid, movements under the influence of other factors than there is in
the case of thp primary petioles and pinnules—conditions which determine the fullest
depression of the primary petioles and maximal movements of the pinnules often leaving the
secondary rachises almost entirely unaffected (Plate V, Figs. 12, 13); and, if the intrinsic
structural peculiarities of the tissues of the secondary pulvini alone be taken into account,
this is not so much a matter for surprise as that extensive movements should occur at all.
The opposing masses of pulvinar parenchyma acting on the relatively strong fibro-vascular
cord differ so slightly in character from one another that, if attention be limited to them,
it would be hard to explain the occurrence even of regular nyctitropic movements of an
extensive character. There are no intrinsic structural peculiarities present in the pulvini
to justify us in supposing that any very considerable fluctuations in the relative strengths
of the axillary and external masses of pulvinar parenchyma take place; and, in spite of
this, very extensive movements of convergence and divergence regularly succeed one
another every evening and morning. When, however, the relations of the opposing masses
of parenchyma to neighbouring parts are taken into account, this apparent anomaly dis-
appears (Plate VI, Figs. 9, 10, 11). The base of the outer mass of parenchyma is in
immediate contact with a mass of tissue projecting in bracket-fashion from the axis, and
composed of very delicate cells poor in protoplasm and specially poor in chromatophores.
The lower portions of the axillary masses, on the other hand, are either in close contact
with the side of the rachis, which presents little compressable tissue, or in the case of
terminal pulvini, with the corresponding mass of the neighbouring pulvinus. The bracket
or cushion on which the base of the outer mass rests is composed of tissue which is weak
alike structurally and functionally, and consequently presents little resistance to com-
pression, so that, when turgescence rises in the axillary parenchyma, (displacement is
effected not so much by compression of the tissue of the outer parenchyma as by com-
pression of the bracket upon which it rests. There is probably only an inconsiderable
excess in rise in turgescence in the axillary mass as compared with the outer one under
the influence of solar stimulation; but the rise that does occur acts at an advantage in
effecting displacement because it has a resistent basis to work upon. The turgescent
tissue of the axillary parenchyma is supported by the resistance of the lateral surface of
the rachis or by the equally turgescent tissue of the neighbouring pulvinus, whereas
the external parenchyma rests on an insecure foundation, and readily sustains displace-
ment. From its relations to neighbouring parts, the axillary tissue, when its turgescence
rises under solar stimulation, is able to overcome the resistance of the relatively strong,
passively convergent fibro-vascular bundle, which receives little support from the external
parenchyma owing to the insecure foundation on which the latter rests. The struggle
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in this case also is one which is principally maintained between the fibro-vascular tissue
and the axillary parenchyma, the external parenchyma from its unstable foundation being
incapable of making actively for convergence to any considerable extent. There is
therefore no difficulty in seeing why rise in turgescence in the pulvinar parenchyma,
although it be fairly uniformly distributed, should be followed by movements of diver-
gence of very considerable magnitude; and there are structural reasons to account for
the fact that, as a rule, movements of any kind should be conducted only gradually.
Both in their structural features, and in the characters of the movements which they give
rise to, the secondary pulvini of Mimosa pudica much more closoly resemble the pulvini
of common nyctitropic leaves than either the primary or tertiary pulvini do. The
amount of tissue favouring exceptionally rapid redistribution of fluid which they contain
is trifling in comparison to that present in the primary pulvini, and it is 'not normally
exposed to nearly so much resistance as it is in these. In the primary pulvini there is an
abundance of tissue liable to exceptionally rapid filtrative loss in turgescence, and strug-
gling with excessive resistance dependent on intrinsic pulvinar conditions and distal lever-
age. In the secondary pulvini both the amount of such tissue and the resistance to
which it is exposed are very much less, so that it would be strange indeed were the
capacity for rapid movement alike in . the two cases. So long as the primary petiole is
not deeply depressed, leverage does not come into play in making for convergence of the
secondary rachises, and with this we frequently find sudden movements of 'them almost
entirely absent, and, as a rule, at the utmost very limited; but when deep depression of
the primary petiole does occur, distal leverage begins to act, and a correspondingly
increased tendency to the occurrence of rapid and considerable convergence of the
secondary rachises manifests itself under circumstances leading to decreased turgescence
in the secondary pulvini.

The tertiary pulvinus differs as strikingly in structural features from the secondary
one as the latter do from the primary. The entire organ is greatly compressed
vertically so as to present an elongated elliptical figure, and its fibro-vascular bundle
has the form of a broad flattened strip traversing the centre of the parenchyma
(Plate VI, Fig. 13). The following are the measurements of the various parts of
the section from which the figure was obtained:—

Transverse diameter of entire pulvinus ... ...
Thickness of parenchyma to the left of the fibro-vascular bundle ..
Breadth of fibro-vascular bundle ,.| ^
Thickness of parenchyma to the right of the fibro-vascular bundle...
Vertical diameter of entire pulvinus ... t#t

„ „ of superior parenchyma ... %%%

„ „ of fibro-vascular bundle ... ,##

„ „ of inferior parenchyma ... ###

Thickness of cell-walls of inferior parenchyma ... ,, #
» „ „ of superior „ ... _ o.m9 J

It is evident that the extreme vertical compression of both the entire 1 '
and of the fibro-vascular bundle provide even greater facilities for vertical fllxion
than are present in the primary pulvinus. The organ has not, however, to struggle
with any excessive distal leverage as the primary pulvinus has, and practically we
may regard its position as determined simply by the conflicting forces of the inferior
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and superior masses of parenchyma and the normal passive direction of the fibro-
vascular bundle to the fibro-vascular tissue of the secondary rachis.

The fibro-vascular bundles issue obliquely from the bevelled surfaces on either
side of the upper half of the secondary rachis, and are originally directed forwards
and slightly upwards from their sites of origin, and horizontally parallel to the line of
the rachis (Plate V, Fig. 5). Owing to the obliquity of origin of each bundle its upper
surface looks upwards and forwards, and its lower one downwards and backwards so long
as the original position is maintained or resumed. The masses of parenchyma lying
above and below the fibro-vascular band differ strikingly from one another in structure,
and are sharply defined from one another even where they are not separated by the
bundle (Plate VI, Fig. 13). The superior mass is slightly thicker than its opponent.
Its component • cells have very thin walls and relatively abundant protoplasmic contents,
and the tissue is comparatively an open one containing numerous, large, intercellular
spaces in addition to minute angular ones. The cells of the inferior parenchyma
have wails five or six times as thick as those of the superior one (Plate VI,
Figs. 14—17), the tissue which they compose is a very dense one, and the amount
of protoplasm which they contain is relatively trifling in amount. The thickness
of the cell-walls in the superior parenchyma is aobut #0009 m.rn., that of the in-
ferior one about '0054 m.m. There is not any considerable difference in the amount
of chlorophyll content of the two masses, but the upper one when in a condition of
compression, as it ordinarily is in the case of detached pulvini, appears greener than
its opponent.

The appearances described above can be clearly made out in fresh sections in
water or acetate of potash, but are much less distinct in permanently mounted sections,
unless these have been fixed by treatment with osmic acid ere exposing them to the
action of other reagents. In order to obtain permanent preparations representing the
tissue as far as possible in a natural condition of full turgidity, the freshly
cut sections ought to be allowed to be in water exposed to light for some time, so
as to allow conditions of turgidity under solar stimulation to be re-established, and
then immersed for a few seconds in a 2 per cent, solution of osmic acid. This
treatment secures two things—first, fixation of the cell-walls to some extent, and, second,
fixation of the protoplasmic contents of the cell-cavities. Unless it be adopted, the
tissue of the superior pad will certainly be more or less shrivelled and collapsed, and
the cell-walls of the inferior one will lose the greater part of their thickness. The most
satisfactory permanent preparations are those which, after being stained with purocarmine.
are mounted in Farrant's solution; but even those mounted in balsam are much more
representative of the natural condition of the tissues than any mounted without fixing.
The greater part of the thickness of the cell-walls in the inferior parenchyma is
manifestly composed of materials resembling those in the thickened areas in the walls
of common collenchymatous tissues, and therefore normally subject to great reduction
in bulk on exposure to conditions leading to extraction of water. In unfixed sections
which are subsequently exposed to immersion in absolute alcohol, &c, prior to mounting
in balsam, a complete extraction of water, of course, occurs, and with this an excessive
reduction in the thickness of the cell-walls, and the same effect in somewhat minor
degree occurs in unfixed sections mounted in Farrant's solution; but treatment with
osmic acid allows of extraction of water without diminution in volume. If unfixed
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preparations alone are studied, there would appear to be little structural ground for
unstability of position in the tertiary pulvini: in fixed ones the structural differences
between the opposing masses of tissue are strikingly conspicuous.

The structural peculiarities of the tertiary pulvini thus present maximal facilities
for the occurrence of vertical displacement. There is an extremely flattened €fibro-
vascular bundle, and it is related above and below to large masses of tissue differing
from one another in the highest degree in regard to their functional and structural
strength. The tissue of the inferior parenchyma presents characters which imply the
presence of very considerable and continuous structural strength and of relatively little
liability to functional alterations in turgidity. So long as water is supplied to it,
the collenchymatous materials in the cell-walls will secure absorption, and consequent
maintenance of continuous structural resistance in high degree, whilst the scanty
protoplasmic content of the cell-cavities is little calculated to give rise to extensive
fluctuations in active functional turgescence. On the occurrence of any sudden
diminution or interruption of water-supply, no sudden diminution in the strength of
the tissue is likely to occur, because the fluid which is stored up within the substance of
the collenchymatous cell-walls cannot be rapidly removed, and, so long as it is present,
it opposes an obstruction to the filtrative escape of any fluid from the interior of the
cell-cavities, both as the result of the great thickness which it confers upon the cell-
walls and the rigidity of texture which its presence implies. In the inferior paren-
chyma of the tertiary pulvini, we have to deal with a tissue providing not merely
for active turgescence of the protoplasts of the cell-cavities, but for very considerable
turgescence of the cell-walls. The former is a condition which is at once liable to
be affected by fluctuations in assimilatory activity; but the latter bears no direct
relation to it, and will remain unaltered so long as sufficient water-supply is present.
It is not, therefore, affected by the absence or presence of assimilatory activity, and
remains as a constant feature of structural strength both diurnally and noctumally. On
the other hand, the tissue of the superior parenchyma, with its relatively open texture
its very delicate cell-walls, and its abundant protoplasm, provides the conditions for
great fluctuations in assimilatory turgescence, and also for the occurrence of processes
of rapid filtrative loss. It is constantly opposed by a mass of parenchyma of very
much greater structural strength, and by the inherent tendency of the fibro-vascular
bundle to resume its original position in relation to the rachis, and 'it is only under
circumstances which call its excess in functional strength into play and provide the
requisite supply of fluid to satisfy the osmotic capacities which are developed in the
cell-sap as the result of assimilatory activity, that it is capable of overcoming the
resistance to which it is exposed. Any depression in general assimilatory activity
must weaken it in the struggle which it has to maintain, because its strength is
mainly dependent on active protoplasmic turgescence, whereas that of its opponent *
predominantly owing to mere physical properties of the cell-walls. But it m t 1
necessarily be weakened under the incidence of any influences giving rise to d
in the general supply of liquid or favouring filtrative loss because of the structural
facilities which it provides for redistribution of liquid in its relatively onon + +
and the delicacy of the walls of its component cells. The structural peculiarities of
the tertiary pulvini as motor apparatus are thus such as to secure the occurrence of
regular periodic movements of a strictly nyctitropic character, and also to provide for
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the occurrence of both gradual and rapid movements under the influence of any factors
affecting supply and loss of water generally, or calculated to give rise to alterations in
local filtrative processes.

There can be no question that the motor organs of Mimosa pudica present struc-
tural peculiarities which are of a nature specially to favour the occurrence of movements
under' the influence of conditions of alterations in turgescence, whether dependent on
fluctuations in assimilatory activity, or on variations in conditions affecting general or
local supply and loss of fluid, and that the capacity for rapid movement which they
severally exhibit bears a direct relation to the textural facilities which they individually
offer for rapid filtrative redistribution. In the case of the primary pulvinus, very
exceptional provision for the occurrence of rapid redistribution of fluid is presented by
the deeper stratum of parenchyma, composed as it is of extremely open tissue, built up
of elaborately and extensively pitted cells, and in greater part struggling against great
resistance, both local and connected with distal leverage. In the tertiaiy pulvini, too,
similar facilities are present owing to the excessive delicacy and loose texture of the
superior parenchyma which has to contend with the overpowering structural strength of
the inferior one and the passive direction of the fibro-vascular bundle; and in both
primary and tertiary pulvini the capacity for rapid movement reaches a maximal
development. In the secondary pulvini, on the other hand, the nature and relatively uni-
form character of the tissue implies an absence of any structural peculiarities favouring
rapid redistribution of liquid in such excessively high degree, and with this we find
capacity for rapid movements very much less pronounced. A study of the motor organs
in Mimosa pudica alone thus leads to the same conclusion as that arrived at from the
comparative study of the motor organs of nyctitropic leaves generally, that rate of
movement is entirely regulated by structural facilities affecting filtrative escape from the
interior of the cell cavities of the tissues, whilst amount of movement is dependent on the
extent of possible fluctuations in turgescence in opposing masses of tissue. It alone is
enough to show how erroneous the idea is that, in the opposing masses of tissue in
pulvini, we have to deal with differences depending solely on invisible molecular structure,
and not on the presence of any visible differences in organisation.*

CHAPTER XI

the niotamente of the leato ot ffiimom
In the preceding chapter an attempt has been made to demonstrate that the move-

ments which are conducted by the leaves of Mimosa pudica are essentially the same in
nature and origin as those which are conducted by nyctitropic leaves generally, and
that any peculiarities which they present are to be ascribed to structural features in the
motor organs permitting of exceptionally rapid redistributions of fluid throughout the
tissues. This view is, however, entirely opposed to ordinarily accepted belief; for,
although the regular periodic movements are commonly allowed to owe their origin to
the same causes as those which determine the occurrence of similar movements in other
nyctitropic leaves, the sudden movements arising under other circumstances than those

# •• Es handelt sich also aueh hier wieder nicht urn sichtbare Organisations verhaltnisse, aus denen sich die Reizbnrkeit
erklart, sondern um die unsichtbare Molekulstrukiur." Sachs, Vorlesung XXXVI, s. 770.
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affecting the presence or absence of solar stimulation have constantly been regarded as
of an entirely peculiar and specific nature. The ordinary periodic movements are re-
cognised as being connected with alterations in turgescence dependent on the presence
or absence of solar stimulation; but it has apparently never been questioned that the
other class of movements are owing to a certain inherent and peculiar irritability and
contractility in the protoplasts of certain areas in the motor organs, which enable, them
to effect alterations in turgescence, when they are called into activity by various
stimulant agencies which are quite incapable of producing any similar effect on the
protoplasts of the motor organs of common nyctitropic leaves.

The motor organs of Mimosa pudica are, in fact, commonly regarded as being pro-
vided with a sort of undifferentiated muscular apparatus, and the faith in the existence
of this has been so implicit that within recent years an attempt was #even made to
ascribe the phenomenon of propagation of movement from one part of the plant to
another, to the presence of an undifferentiated nervous system provided by the continuity
of the protoplasts of the various tissue-elements.* This latter theory hardly merits
discussion, as it was very soon demonstrated that protoplasmic continuity is, a pheno-
menon of almost universal occurrence in vegetable tissues, and that the phenomena of
propagation of movement in Mimosa pudica are in many instances quite inexplicable as
the result of any changes occurring along the course of any continuous tracts of living
protoplasm. The theory affords, however, an evidence of the fixed belief in the presence
of certain specific functional peculiarities in the motor organs of the plant, and its
abandonment only led to a renewed search for other possible agencies which might
b3 regarded as capable of calling these into play.f

The belief in the presence of certain specific irritable and contractile apparatus
within the motor organs of Mimosa pudica appears to have arisen mainly in consequence
of the exceptional ease with which movements may, under certain circumstances, be
induced, the exceptional rapidity with which they may be carried out, and the extent
to which they may be propagated from one part of the plant to another; for, as has
already been pointed out, their mere magnitude is by no means exceptional, and they
agree with those which are conducted by ordinary nyctitropic leaves in leading, as a rule,
to the resumption of a position which, at an earlier period in the history of the
leaves, was the permanent one. In addition to this, it has to be borne in mind that
the investigations in regard to the nature and origin of the movements have in greater
part been carried out in plants exposed to unnatural conditions, and consequently liable to
exhibit phenomena of more or less abnormal character and limitation, and that they are
consequently very imperfectly representative of those proper to the plant when exposed to
its normal environment. The phenomena which axe ordinarily described as characterising
plants cultivated in pots in European conservatories and laboratories, as has been already
pointed out in connection with the question of the initial nocturnal position of the primary
petioles, certainly do not correspond in detail to those occurring in plants grown under
natural conditions. The artificially-grown plants are subject to the influence of
limited root-supply and to abnormal conditions of atmosphere, and it is, therefore
wonder that the phenomena which they exhibit fail to afford an exact index to t\i no
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• Lectures on the Physiology of Plants. By Sydney Howard Vines, M.A., D.Sc, F.E.8. Cambridge, at tbe Uni
yersity Press, 1886.

t Das Boizleitende Gewebesystem der Sinnpflanze. Von Dr. G. Haberlandt. Leipzig, 1890.
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occurring in plants growing under circumstances permitting of indefinite root-extension
and implying exposure to all possible variations in degree of atmospheric humidity.
Moreover, it is as a rule only in the tropics that phenomena of foliar movement occur
with sufficient frequency, and on a sufficiently large scale, to afford satisfactory
opportunities for the comparative study of the peculiarities of movement in many
different species; and it is only by means of such comparison that it is possible to
determine how far any phenomena occurring in individual cases are really of peculiar
and specific nature.

The movements which are executed by the leaves of Mimosa pudica are exceptional
and peculiar as compared with any occurring among nyctitropic leaves in temperate
regions; but in auy region in which Neptunia oleracea occurs, or in which
nyctitropic lea.ves generally abound,, it very soon becomes evident that the peculiarity is
one of degree and not of kind. The movements under certain circumstances are
performed with exceptional rapidity, and in connection with the incidence of many slight
disturbing* influences; but in the leaves of Neptunia they may also occur with considerable
readiness .and rapidity, and in many other common nyctitropic leaves we find examples
of movements arising under circumstances similar to those under which the movements
of Mimosa and Neptunia manifest themselves. The movements certainly are neither so
readily evoked nor so rapidly executed as those of Mimosa and Neptunia^ but the differences
in this respect which are present among individual species of common nyctitropic leaves
are almost as great as those existing between the movements of certain of them and those
of Neptunia^ and certainly quite as great as those existing between the movements of
Neptunia and those of Mimosa. Under favourable circumstances, a single light concussion
of a distal pinna may be sufficient to induce complete and very rapid action in a
leaf of Mimosa pudica; under similar circumstances, slow and limited action of a certain
number of pinnules, and possibly a certain amount of convergent movement in the pinna
subject to concussion, may occur in the leaves of Neptunia oleracea: in Pilhecolobium
saman a single concussion fails to produce any appreciable effect, but movements arise
under the influence of a certain number of repeated concussions, the pinnules
gradually rise, the secondary rachises gradually converge and become depressed, and
the primary petiole converges where the primary pulvinus retains its activity; finally, in
Cassia alata very repeated agitation is necessary in order to secure the occurrence of any
appreciable movement in the pinnae.

Fhenomena demonstrating that particular agencies which induce movements in the
leaves of Mimosa pudica produce a like effect at a different rate in the leaves of other
nyctitropic leaves are constantly occurring. Separation from the axis under certain circum-
stances induces rapid and maximal movement in the leaves of Mimosa pudica and slow
and gradual movements in the case of other nyctitropic leaves, the displacement, whether
rapid or retarded, tending invariably to the establishment of the nocturnal position. The
impact of a single heavy drop of rain is in many cases sufficient to induce maximal
movements in the leaves of Mimosa pudica; a brief exposure to a heavy shower sends the
leaves of Pithecolobium saman into the nocturnal position; and prolonged exposure to violent
rainfall causes appreciable movements in the pinnse of Cassia alata. A single light breath
of air may be sufficient to cause maximal movement in Mmosa pudica ; repeated agitation
by a breeze causes the leaves of Pithecolobium saman to move towards the nocturnal position;
and strong wind produces a like effect in the leaves of Cassia alata. Under exposure to
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the influence of hot dry air and a dry soil, the leaves oi Mimosa pudica, PUhecobbium saman
and Cassia alata alike assume the nocturnal position, and free supply of water causes
them alike to revert towards the diurnal one. All the leaves which have been specially
considered in the preceding chapters alike exhibit movements under the influence of
certain common conditions, such as exposure to or deprivation of light, excessive transpira-
tion, defective root-supply of water, and mechanical agitation; but they differ greatly
from one another in regard to the rate at which they indicate the effect which these
conditions produce. But mere differences in onset and rate of movements arising under
the influence of like common conditions cannot be taken as any satisfactory evidence that
they are owing to different causes, or that the functional properties of the tissues of the
motor organs differ from one another in kind. The phenomena afford no sufficient proof
of the existence of any essential difference in the functional properties of the tissues and
the structural features of the motor organs are such as satisfactorily to account for the
differences which are present in different instances. There is, therefore, every ground for
regarding the cause of movement as alike in all cases, and the differences as resulting
merely from the rate at which it is passible for it to produce an appreciable effect
Water will escape more rapidly from a vessel with a.large orifice than from one with a
small one, but this does not show that the cause of escape is different in the two cases.

The structural features of the motor organs of the leaves of Mimosa pudica afford no
satisfactory grounds for supposing that they are endowed with any peculiar functional
properties, and are such as to explain why redistributions of fluid may occur with excep-
tional rapidity within them; so that there is no reason for the conclusion that the
movements which they conduct differ in their nature and origin from those which are
conducted by the motor organs of other nyctitropic leaves. They certainly give no
sufficient grounds for assuming that the movements aro in them, any more than in other
nyctitropic leaves, determined by alterations in turgescence depending on active contrac-
tion of the protoplasts of the tissues, in place of alterations in the osmotic properties
of the cell-sap, alterations in the relations existing betwean general supply and loss of
water, or alterations in conditions affecting local filtration; but they do afford a
satisfactory explanation of the fact that the movements should be more rapidly conducted
than they are in ordinary nyctitropic leaves. As, however, the belief in the essential
dependence of the movements on the exercise of active contraction by certain of the
protoplasts in the motor organs is so firmly and widely established, it is desirable that
an attempt should be made to determine how far the phenomena of movement themselves
really afford any support to it, and how far they are in any way inexplicable as the
result of action of the factors which serve to determine the occurrence of movements in
other leaves.

In approaching this question it mast in the first place be borne in mind that u d
normal circumstances, the tissues of Mimosa pudica contain an exceptionally laro-e b Ik f
liquid under very high tension, and that this tension is maintained in spite of exceptional
facilities for general transpiratory loss and for local redistributions of masses of
within certain particular areas. It is evident, thus, that all the conditions of unsTaWe
equilibrium are present in very high degree, and that the general liquid tension must be
liable to undergo constant fluctuations in degree corresponding to any flu t t'
relations existing between root-supply and transpiratory loss of water. Haberlandt affirm!
that the liquid, which under most circumstances escapes in such We bulk from the
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tissues on section, is entirely derived from the system of seive-tubes which he regards as
constituting a specific, mechanical nervous system for the propagation of stimulant
impulses inducing active contraction of the protoplasts of the motor organs; but, even if it
be so', this does not aflfect the question of the instability of equilibrium between general
supply and loss of water. The maintenance of high liquid tension within the seive-
tubes* demands a constant supply of water to satisfy the excessive osmotic capacities
of the cell-sap which they contain. Their excessive turgescence only implies
an additional drain upon the general stock of water which is also subject to
excessive transpiratory loss. The presence of any extensive system of tissue elements
of exceptionally high osmotic capacities, such as the seive tubes in the bast of Mimosa
pudka, or the laticiferous tubes of Euphorbia antiquorum (Plate VII, Fig. 9), can only
serve to render harder the struggle which other less highly endowed elements have
to maintain with transpiratory loss in the effort to retain their turgescence. The
stream of water along the course of the water-conducting tissues of Mimosa pudtca
must in % any case be an extremely active one if turgescence is to be fully maintained
under conditions favouring active transpiratory loss, no matter whether the drain upon
it be carried on by all the active tissues in like amount or by a certain class of them
in excessive amount. In either case the facilities for transpiratory loss remain excessive,
and the demand for water to satisfy the osmotic capacities of the tissues is very high,
so that turgescence can only be fully maintained under external conditions favouring the
occurrence of transpiration by means of a very active current along the course of
the water-conducting system. Whenever atmospheric conditions are such as to favour
transpiration, turgescence can, therefore, be fully maintained at a high level only
by means of proportionately active root-supply of water; and any sudden increase
in transpiratory loss or diminution in root-supply must necessarily disturb the
pre-existing equilibrium and give rise to a loss in turgescence which will, of
course, manifest itself most rapidly and readily in those tissues which present the
greatest textural facilities for the escape of water. Loss in tuigescence originating
in any disturbance between the relations of general supply and loss of water will
not occur with equal rapidity everywhere; for the rate of loss must be affected on the
one hand by the osmotic capacities of the various tissue elements, and on the other
by the structural facilities which they provide for the escape of liquid; and where no
great difference in osmotic properties is present, those tissues which present the greater
structural facilities for the escape of liquid from the interior of their turgescent elements
will lose turgescence most rapidly, and with this will become relatively weaker than
they previously were. But in the motor organs of Mimosa pudica, and especially in
those of them which are most subject to rapid movements, we have to deal with
opposing masses of tissue which differ very greatly, from one another in the textural
facilities which they provide for rapid filtrative escape of liquid. Any sudden increase
in transpiratory loss or decrease in the activity of root-supply must necessarily give
rise to decreased liquid pressure throughout the water-conducting system generally,
and this in its turn to an increased tendency to filtration from the interior of turgid
elements. But the rate of filtration in particular elements must be affected by the
structural features which they present, and with this corresponding alterations in their
relative strength must be established. Where filtrative facilities are present in very
different degrees in opposing masses of tissue, as is the case in the primary and tertiary
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pulvini of Mimosa pudica, very considerable alterations in relative strength must thus
be rapidly established and, the equilibrium of position being correspondingly disturbed,
movements must occur with proportionate rapidity.

But if all the movements of the leaves of Mimosa pudica, apart from those which
attend the presence or absence of solar stimulation or other agencies affecting assimi-
latory activity, owe their origin to such purely physical causes, the readiness and the
decree in which they manifest themselves ought certainly to bear some evident relation
to the presence or absence of conditions favouring the occurrence of rapid alterations
in the relations existing between general loss and supply of fluid, or affecting the
activity of processes of local filtration; and there is abundant evidence that such a
relation really exists. Its existence is demonstrated by the fact that the occurrence, rate,
and extent of movement following the incidence of various disturbing agencies are alike
manifestly affected by conditions of telluric and atmospheric humidity- According to
Haberlandt's ttieory, the extent of propagation of movement ought to bear a direct
relation to conditions securing excessive root-supply and depressed transpiratory loss;* but
in fact the relation, in place of being a direct, is an inverse one. When the soil is
saturated and atmospheric humidity excessive, the capacity for movements and the rate
and extension with which they occur are alike at a minimum, and it is when the soil is
relatively dry and atmospheric humidity low that they attain their maximal development.
It would be strange indeed were this not so, seeing that conditions of atmospheric and
telluric saturation are calculated to increase the stability of turgescence, whilst aridity
of soil and air must inevitably tend to render it unstable. So long as air and soil are
alike saturated, there can be nothing to interfere with the tissues fully satisfying any
osmotic capacities which they may possess; and consequently, apart from variations in
the degree with which they exercise their assimilatory functions, there is nothing to
interfere with the continuous maintenance of turgescence at a given standard. All the
tissues may not possess osmotic capacity in like degree, but the conditions are such as to
allow them all fully to satisfy what capacity they have. There is an entire absence of
any struggle between osmotic capacity and any agencies tending to give rise to general
loss of water. The only loss of water which is going on is that connected with assimi-
latory decomposition, and this is amply covered by the excessive root-supply. But when
the soil and air are not saturated, the equilibrium of turgescence can only be maintained
so long as general supply and loss of water continue to bear a uniform relation to one
another. Any c rise in loss without corresponding increase in supply must make for de-
creased turgescence, and any fall in loss without corresponding depression of supply for
increased turgescence. A high degree of turgescence may in certain cases coincide with
a great capacity for movement, but only when it is maintained in spite of rapid
general loss of water; only when it exists as the result of an accurate balance between
supply and loss; and therefore we do not find the capacity for movement high in cases
where conditions are such as to give rise to diminished transpiration without affecting
assimilatory activity and therefore osmotic property.

It would be easy to multiply examples of experimental results showing the truth of
the statements contained in the previous paragraph; but in order to avoid breaking the
continuity of the text to an inconvenient extent, one or two selected examples alone are
introduced here, and the mass of experimental evidence is transferred to the tables which

•. cit#
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are contained in Appendix E. The effects of exposure to the influence of saturated soil
and atmosphere in diminishing capacity for movement are constantly presenting them-
selves in the most conspicuous fashion in various ways. Whilst working at the subject
I have had constant occasion to take specimens of Mimosa pudica from the garden
in which they are grown to my laboratory which is situated at a distance of about a
mile <£rom it. When the transfer is effected during periods when atmospheric humidity is
relatively low, even . slight displacement of pot plants is followed by extensive movement
of the leaves, and the agitation to which they are exposed during the drive over the
rough road which intervenes between the two localities certainly leads to maximal
movements in the pinnules and primary petioles, and to considerable convergence of
the secondary rachises. But with increased humidity the tendency to the occurrence
of movement decreases; and when humidity of soil and atmosphere are at a maximum,
the plants undergo all the agitation to which the transfer exposes them either with-
out exhibiting any movements at all, or movements of only the most limited and
partial kind. Parallel phenomena make their appearance under the influence of artificial
elevation^ or depression of atmospheric humidity. If two plants luted into carefully
stoppered and waxed pots be exposed side by side in two hermetically sealed chambers
one containing a vessel of water and the other a vessel of pure sulphuric acid, their
leaves are of course coincidently exposed respectively to a saturated and to a very dry
atmosphere. As the result, transpiratory loss is arrested in the one but rises to a high
level in the other, and corresponding differences in their so-called irritability also make
their appearance. The leaves in the saturated atmosphere become highly elevated and
extremely expanded, and after an hour or two of exposure they fail to respond even to
the violent agitation produced by shaking the chamber within which they are enclosed.
The leaves in the sulphuric acid-chamber, on the other hand, also show extreme
expansion and elevation, but are very susceptible to agitation, even slight shaking of
the chamber being followed by depression of the primary petioles and complete
assumption of the nocturnal position by the pinnules. So, again, when a leaf or a
portion of a shoot bearing several leaves is separated from a plant at a time
when air and soil are alike relatively dry, the separation is followed by im-
mediate, rapid and complete movements in the pinnules and primary petioles, and by
considerable convergence of the secondary rachises; whilst when atmospheric and telluiic
moisture is excessive, no movements whatever manifest themselves for some time, and
the movements which ultimately do occur are very slowly, imperfectly, and gradually con-
ducted. Under conditions of maximal moisture, the primary absence of any movement
whatever, and the delayed and imperfect character of those which ultimately occur,
become wonderfully conspicuous. Under such circumstances, shoots will frequently stand
exposure to all the disturbing influences of separation from the axis, and of considerable
and relatively prolonged agitation without showing any appreciable movements. I have
accordingly been able to separate shoots and transfer them from the site in which they
were grown to my laboratory without their showing any more evidences of movement
than rooted plants do under conditions of high soil and atmospheric moisture.

Under similar circumstances exposure to conditions which determine the artificial
escape of liquid from the tissues produce minimal effects as regards movement. When
the air and soil are both moderately dry, amputation of the tip of a distal pinnule is
normally followed by immediate and rapid action in the injured pinnule and simultane-
ous, or practically simultaneous, action in the apposite one, rapid spreading centripetal
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action along the pinnules of the same secondary rachis, convergence of the one or
it may be of all the other secondary petioles, rapidly spreading centrifugal action along
the course of one two or all the other secondary rachises, and maximal action in the
primary pulvinus leading to thfl fullest depression of the primary petiole. But when
soil and air are alike damper, the extension and rapidity of movements steadily diminish;
and when saturation is approached, a minimum of movement is attained except under the
action of other factors than mere escape of liquid from the tissues. During periods of
excessive moisture the injury to the pinnule produces no immediate movement even
locally gradual exudation appears conspicuously at the site of section, and this is
presently followed by slow gradual elevation of the injured pinnule. In some case3 no
other effect whatever follows ; in others, movements are confined to the opposite pinnule,
and in still others, very slow and imperfect elevation of a certain number of
other pinnules in the distal half or third of the same pinna occurs. Both rate,
amount and extension of movement most unequivocally bear an inverse relation to
conditions of soil and atmospheric moisture ; where soil—and atmospheric moisture are
present in maximal degree, the movements following section attain their minimum in
regard to rate, amount and extension ; where soil and atmospheric moisture reach the
lowest level at which they do not lead to permanent assumption of the nocturnal
position by the pinnules, the movements following section attain their maximal de-
velopment.

The same holds good in regard to movements originating in connection with
other influences. The movements which follow the application of heat to the tissues
are normally more extensive than those following section, but their extent and rapidity
are equally affected by the existing conditions of atmospheric and telluric moisture.
The application of an open flame to the tip of a distal pinnule of a distal pinna
is in hot dry weather followed by immediate action, spreading rapidly over the
entire leaf, and in many cases succeeded by action in many more leaves on the same
axis both in the centripetal and centrifugal direction. But, where conditions ap-
proaching saturation prevail, similar treatment is followed by action which is both of
a more gradual character, and which does not extend beyond the pinnules of the
directly injured pinna •(Appendix D).

The above facts clearly show that the capacity for movements, the rate at which
they are conducted, and the extent to which they are propagated, bear a direct rela-
tion to the extent to which rapid general loss of liquid can occur; and the question
arises is whether this is to be regarded as indicating increased irritability and
contractibility in the protoplasts of the motor organs under the influence of conditions
favouring general loss of liquid from the tissues, or as evidence that the movements
are dependent on losses in turgescence directly connected with the loss of liquid itself.
Now, there is no independent evidence that conditions of atmospheric humidity are capable
of acting directly upon the irritable and contractible functions of the protoplasts of the
motor organs—no evidence to show that the irritable and contractible functions are
stimulated by a dry atmosphere and depressed by a moist one. But there is abun-
dant independent evidence to show that conditions of atmospheric humidity directly affect
turgescence owing to the effects which they produce on transpiratory loss, and there
is satisfactory structural evidence that the opposed masses of tissue within the motor
organ* are liable to undergo losses in turgescence in unlike degree, and at unlike
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rates, under the influence of increased transpiratory loss. The only logical conclusion
therefore which can be arrived at from the data is, that the differences in the phenomena
of movement presenting themselves under the influence of different conditions of atmos-
pheric humidity are owing to corresponding differences in the degree to which
these conditions favour the occurrence of purely physical loss of water from the tissues.
The phenomena are readily explicable on the theory that the movements have a purely
physical origin ; they remain entirely mysterious on that which regards them as the
result of active protoplasmic contraction.

But another phenomenon frequently manifests itself in connection with the
presence of excessive atmospheric humidity which is even more inexplicable on the
theory of active protoplasmic contraction. In cases in which not only both air and
soil are saturated with moisture, but recent rainfall has occurred and loaded many of
the leaves with adherent drops of water, phenomena which according to the contrac-
tion theory must be regarded as indicative of special irritability of the primary
pulvini, frequently manifest themselves. In such cases, after amputation of the tip of one
of the di&tal pinnules, either no movement at all occurs in the pinnules, or slow imperfect
movements occur in the injured pinnule alone, or in it and in one or two neigh*
bouring ones, and yet rapid and profound depression of the primary petiole takes place
shortly after the in jury and often before any pinnular displacement has begun to appear
(vide Appendix A), On the theory that movements are due to active protoplasmic
contraction, this must be taken to indicate that excessive atmospheric humidity decreases
the irritability and contractility of the tertiary pulvini, and increases those of the
primary one ; that is, that the same cause gives rise to different effects in two parallel
sets of organs. But this is a conclusion for which no evidence exists save the very
phenomenon for which it has to serve as an explanation. But on the physical theory
there is nothing remarkable about the coincidence. We know, that under any cir-
cumstances, the mass of tissue in the primary pulvinus which makes for elevation of
the primary petiole has to struggle, not only with its local opponent, but also with
the depressant action of distal leverage; and it is clear that any accumulation of rain-
drops on the pinnse must increase the latter. But adherent rain-drops cannot serve
to increase the resistance which has to be overcome by the tissues in the tertiary
pulvini which make for depression of the pinnules, and as a rule they must tell
directly against their elevation. In the primary pulvini the masses of tissue which
make for depression, and which are structurally stronger than their opponents, are co-opera-
ted with by the adherent rain-drops in the attempt to depress the primary petiole;
in the tertiary pulvini the structurally feebler tissues, instead of encountering any
additional opposition under the circumstances, are aided in securing depression of the
pinnules. That is, under the circumstances, the tissues which make for the diurnal
position are relatively weakened in the primary pulvini and relatively strengthened in
the tertiary ones ; or, in other words, under the circumstances, the stability of the
equilibrium of position is decreased in the primary pulvini and increased in the
tertiary ones. But, if this be so, a fall in general fluid pressure incident on the
escape of liquid from the tissues of an injured pinnule, and which is incapable of
producing any but very limited effects in the site of increased stability, may readily
induce considerable effects in that of decreased stability. So far as transpiratory loss
is concerned, both primary and tertiary pulvini axe, under the circumstances, in a
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condition of relatively stable equilibrium ; but in the case of the primary pulvinus
this is discounted by the coincident increase in distal leverage, whereas in the
tertiary pulvini it is either not interfered with or positively strengthened. It can be
no wonder, then, that a disturbing factor should be capable of giving rise to effects
differing in degree within the two areas.

Phenomena of a like nature often manifest themselves in plants which are suddenly
transferred from a saturated atmosphere to one of the same temperature, but considerably
drier Under exposure to the influence of an artificially saturated atmosphere in a
moist chamber, if sufficient illumination be provided, the pinnules and secondary
rachises of the leaves- assume their maximal diurnal position of extreme expansion.
But the primary petioles, in place of tending to sink as th&y do under natural
diurnal conditions, become highly elevated. All parts of the leaf at the .same time pass
into a condition of abnormally stable equilibrium, so that, as a rule, no movements
follow comparatively violent agitation. But, if the cover of the chamber be suddenly
and gently withdrawn so that the tissues are exposed to a relatively dry atmosphere,
movements occur after a brief interval. These, however, are frequently confined to the
primary petioles, which undergo rapid and deep depression, and it is only occasionally
that any conspicuous rapid elevation of the pinnules manifests itself. On the theory
that movements are essentially due to active contraction of the protoplasts of the motor
organs, these phenomena must be taken to indicate that transfer from a saturated to a
relatively dry atmosphere causes protoplasmic stimulation more readily in the protoplasts
of the primary pulvini than in those of the tertiary ones. But on the physical theory
no such arbitrary assumption is called for. When the distal portions of the leaves are
saturated with moisture and have been continuously exposed to conditions favouring active
assimilation, their weight must attain its maximal development, and with this the strain
upon the primary pulvinus must be proportionately increased. Even in the absence of
saturation, prolonged exposure to conditions favouring assimilation causes sufficient
increase in leverage to aid materially in inducing a depression of the leaves from their
late nocturnal position of extreme elevation; but when transpiratory loss is absent, it is
unable to cause depression in spite of the aid which mere excess of distal fluid must
yield to it. The strain, however, upon the primary pulvinus in maintaining erection
must be very great, and when the plant is suddenly exposed to conditions implying
an abrupt onset of transpiratory loss disturbing the pre-existent condition of liquid equili-
brium, the effect naturally manifests itself most readily in it as the weakest part in the
motor' apparatus. Where the atmospheric conditions are such as to give rise to trans-
piratory loss in limited degree only, the disturbance tells only on the weakest part of the
apparatus, and depression of the primary petioles occurs; where the loss is greater,
movements occur in the pinnules, but the loss must be very excessive to induce any
appreciable movements of convergence in the pinnae, because in the secondary pulvini
conditions favouring a rapid loss in turgescence are present in much lower degree than
they are in the other motor organs.

The extent, rapidity and propagation of movements are then unequivocally related
directly to the presence of conditions in the environment regulating general supply and
loss of water. But if disturbances of the equilibrium between supply and Joss be the
essential factor which determines all movements not dependent on alterations in turges-
cence connected with fluctuations in solar stimulation and assimilatory activity, movements
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ought to occur in connection with exposure to any conditions implying considerable
disturbance of pre-existing relations between supply and loss, and these ought to be
rapidly carried out where the conditions are such as to imply rapid disturbance. It is
easy to acquire evidence that this theoretical requiiement is amply met by actual
facts. The phenomena which have just been described as arising in connection with
the transfer of plants from saturated to relatively dry air are, of course, an example of
movements originating under such conditions, and one has not to look far for others of
a similar nature. It has already been pointed out that when plants which have been
for some time in the shade, and whose pinnules have attained a maximal degree of
expansion are exposed to strong, direct sunshine, either as the Jesuit of the natural
diurnal alterations in distribution of the latter, or of transfer from one locality to
another, gradual movements of elevation and convergence set in in the pinnules, so that
the leaves presently become much less fully expanded than they previously were. If
atmospheric humidity be very low and the soil very dry, the movements are continued
until the pinnules have assumed their maximal nocturnal position. If, on the other hand,
atmospheric and telluric aridity bq not very great, the displacement is only a partial
one, but it is always sufficient to cause the appearance of insolated plants to differ
strikingly from shaded ones in their immediate vicinity. Where atmospheric and telluric
humidity are alike moderate, the activity of root supply is incapable of maintaining
active turgescence in- the tertiary pulvini at the same level as when transpiratory
loss was considerably less, but it is capable of maintaining enough turgescence to
prevent the pinnules from passing on into the fully developed nocturnal position.
But when atmospheric humidity falls very low, and when the supply of water in
the soil is very small, the disproportion between root-supply and transpiratory loss
becomes excessive, and the movements are carried out in maximal degree. The
phenomena are piecisely parallel to those occurring in the case of other nyctitropic
leaves under similar circumstances, but the movements are more readily induced and
more rapidly conducted than they are in these because of the exceptional facilities for
transpiratory loss and for rapid redistribution of liquid which the tissues of the
leaves present. Parallel phenomena of exceptionally rapid manifestation of the effects of
increased transpiratory loss manifest themselves in connection with ceitain non-nyctitropic
leaves. An exposure to strong, direct sunshine, as brief or almost as brief as that
sufficing to give rise to sensible elevation of the pinnules of Mimosa pudica will induce
perceptible general wilting in the leaves of certain aroids, such as "Pothos violacea" of
gardeners, unless both soil and air are loaded with moisture. In the case of "Pothos
violacea" we have evidence of general and evenly diffused loss in turgescence; in that
of Mimosa pudica of specially localised loss in turgescence as the result of exposure to
increased transpiratory loss; and in both cases cases alike the loss in turgescence is excep-
tionally rapid. No one would dream of ascribing the wilting of the leaves of "Pothos
violacea" to active contraction of the protoplasts of the tissues; but the firmly fixed
belief in the existence of special functional endowments in the protoplasts of the motor
organs of Mimosa pudica might lead to a belief that the parallel phenomena of the
movement of the pinnules was owing to some directly stimulant action of the sun's
rays, were it not that precisely similar ones manifest themselves where increased
transpiratory loss arises quite independently of any alterations in conditions of illumi-
nation, and that the results following exposure to direct sunshine vary in degiee with
the extent to which facilities for transpiratory loss are present.
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If two plants of Mimosa pudka be exposed side by side to strong direct sunshine,
the one being included in a moist chamber and the other in a sulphuric acid chamber
the pinnules of the former will remain nearly fully expanded, but those of the latter
will pass into the maximal nocturnal position. When exposed to diffuse light, on the
contrary the pinnules in both cases alike (granting of course that sufficient soil moisture
is suDDlied to the plant whose leaves are exposed to a dessicated atmosphere), attain a
mtJn al decree of expansion. The displacement which occurs in the leaves in the

f hamber under exposure to direct sunshine may be fairly credited to the onset
T tain amount of transpiratory loss, for, as the exposure implies continous elevation
* 1 CGr rature within the chamber, absolute atmospheric saturation cannot be present
• V ^t In so far as illumination and temperature go, the two plants are exposed to

W1 olv'like conditions, and yet the pinnules undergo only slight displacement in the
P

 fl e and complete displacement in the other, thus leaving the differences in
O nns iratory loss as the only factor accounting for the differences in the result of

exposure in the two cases.
I cases like the above, movements occur tinder the influence of the increased

+ amniratorv loss incident on exposure to the sun's rays, but equally considerable
Movements attend excessive transpiration caused by other means If a pot-plant of
Mimosa pudica in which the leaves are in the normal diurnal condition be transferred
from a relatively cool and moist atmosphere to one which is considerably warmer

nd very dry the pinnules gradually assume the fully developed nocturnal position,
although the conditions of illumination to which they are exposed remain precisely

they were before. Very little, if any, perceptible displacement occurs in the
secondary rachises, but the primary petiole becomes extremely elevated. Here certainly

stimulant action of the sun's rays can come into play as the determinant
of the movements, and as we find the latter manifesting themselves at temperatures
under ' which the diurnal position is fully maintained so long as the air is

id, the only thing which is left to account for them is the excessive transpiratory
l ' s s t o which the "tissues are exposed. It is, of course, possible to assume that
excessive transpiratory loss gives rise to active protoplasmic contraction ; but there is no
evidence whatever that it actually is so, and there is no question that it does give rise to
1 ss in turgescence from purely physical causes. The rate of movement of the pinnules

*th the temperature of the air and, where this very considerably exceeds that of
heie to which the plant was previously exposed, sudden rapid movements

6 - a /.ortam number of them, accompanied occasionally by sudden depression
mav occur in a tcimiu

•>, . «o+;nlp But a still more remarkable phenomenon normally follows
of the primary penuit?* .•.#** v * ^

val of the plant from the artificially warm and dry atmosphere to that
TL- -u •* v,o« KPPTI exposed (vide Appendix E). If a plant be retransferred to

to wnicn Hi nas ut^" * r * m

its original environment at a time when its pinnules have only partially assumed the
nocturnal position and every care being taken to avoid any mechanical agitation, no
farther movements of elevation take place in the pinnules, but, after a brief pause, all
or a majority of the primary petioles become suddenly and rapidly depressed. Now, this
is a sequence of events which is utterly unexplicable on the theory that the movements

ses in which exposure in a sulphuric acid chamber is mentioned, it is assumed that effectual means,

described on page 77, were taken to secure that the only additions to atmospheric humidity were derived

from transpiration.
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are essentially dependent on active stimulation and contraction of Ihe protoplasts of the
mptor organs, unless indee.d on the groundless assumption that exposure to hot and dry air
acts as a specific stimulant of the protoplasts of the motor organs of the tertiary pulvini,
and exposure to cool, moist air as a specific stimulant to those of the primary ones. But
if we accept the theory that tha movements are dependent on conditions affecting supply
and 'loss of fluid, the sequence admits of ready explanation. Sudden transfer to a
relatively warm and dry atmosphere must give rise to increased transpiratory loss and
must establish a drain upon all the turgescent elements of the tissues to which they
were not previouly exposed, so that, unless root-supply sustains an equivalent increase, a
general loss of turgescence must tend to be established. The actual loss in turgescence
which will .occur in • individual masses of tissue will be rapid and extensive in direct
relation to thp facilities which they provide for the escape of liquid from the interior
of the cell-elements of which they are composed. But the tissue-elements in thosa
masses of tissue which make for the diurnal position in the primary and tertiary
pulvini afford much greater facilities for the escape of liquid, than those which make
for the nocturnal position. Hence a relative weakening of the former must occur, and
with this, if no interfering factor come in to modify the result, movements towards the
nocturnal position must necessarily ensue. In the case of the tertiary pulvini, nothing
comes in to interfere with the execution of such movements, and they are accordingly
carried out at rates varying with the rapidity at which the weakening loss in turgescence
occurs within the pulvinar tissues making for the diurnal position. But, in the primary
pulvini, the local weakening is accompanied by coincident rapid decrease in distal
leverage which discounts and more than discounts it. The mass of tissue in the primary
pulvinus which makes for elevation of the petiole is weakened in so far as respects its
local pulvinar opponent, but is strengthened in respect to the total resistance which it
has to overcome, and hence elevation and not depression occurs. But when the plant
is once more suddenly transferred to its originally cool and moist environment, a sudden
check is put on the activity of transpiratory loss, and with this no farther elevation of
the pinnules occurs, and distal leverage, in place of undergoing any farther decrease,
begins to increase. Simultaneously another important factor affecting the general dis-
tribution of fluids throughout the tissues comes into play. The rapid cooling following
transfer to the cool air necessarily implies rapid contraction in all the gaseous contents
of the water-conducting tissues, and this must tend to give rise to a back draught on
the liquid contained within the actively turgescent ones and, therefore, to enhance
filtrative loss from them. Ordinarily the effect of this on the pinnules is done away
with by the coincident cessation of active transpiration, and, consequently as a rule, no
appreciable movement occurs in them, but in the case of the primary pulvinus nothing
comes in to interfere with its action. The cessation of transpiratory loss does not here
tell against the occurrence of movement, but directly in its favour in consequence of the
increase in distal leverage which it necessarily involves, and, consequently, depression of
the primary petioles naturally tends to occur. As will be presently demonstrated, a
sudden expansion of the gaseous contents of the water-conducting tissues may also
serve to occasion sudden movements, apparently as the result of the obstruction to
onward flow of water which it induces if pushed beyond certain limits; but any
obstruction which arises in cases like the above on the introduction of the plant into
the heated atmosphere is, unless it be present in very high degree, unable to determine
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the depression of the primary petiole in consequence of the coincident rapid diminution
in distal leverage which is present.

It has already been pointed out that very brief exposure to the direct rays of the
sun is sufficient to give rise to slow, progressive movements of elevation of the pinnules,
which, under certain conditions of soil and atmosphere, may ultimately lead to a full
assumption of the nocturnal position; but in certain cases the rate of movement may be
so much accelerated that the progress of elevation and convergence becomes visible to
the unaided eye, or even as rapid as it is in cases where the leaves are exposed to
the influence of any of the common so-called stimuli. When leaves are gently detached
from the axis, elevation of the pinnules and a certain amount of convergence of the
secondary rachises usually occurs. The extent and the rate of movement, however, vary
greatly under different circumstances, more or less complete suppression occurring in
connection with the presence of excessive humidity, whilst, when soil and air are
alike very dry, the movements of the pinnules are immediate and complete, and the
convergence of the secondary rachises considerable. Supposing that the process of
separation be effected in the early morning, ere the leaves have been exposed« to direct
sunshine, and at a time when atmospheric and telluric conditions of moisture are at a
mean, the pinnules as a rule all assume the maximal nocturnal position within a brief
period, but the secondary rachises exhibit little or no appreciable movement. If now
the leaf, having been gently laid down on a glass plate and covered with a bell glass to
protect it from mechanical disturbance, be exposed to diffused sunlight, the pinnules
will gradually resume the diurnal position more or less completely, and will retain it for
a very considerable period ere slow insensible elevation sets in. Should the apparatus,
however, be exposed to direct sunlight after expansion has occurred, and the bell glass
be gently removed, movements very soon make their appearance. Where atmospheric and
telluric moisture are both excessive, or the sunshine is veiled and comparatively feeble,
the movements are often merely of the slow, insensibly progressive character of those
occurring in leaves attached to the axis when exposed to direct sunshine; but when con-
ditions of humidity are not so high, or the sunshine is stronger, they occur in increasing
degrees of rapidity until, in many cases, rapid and complete elevation of the pinnules
and convergence of the secondary rachises take place in precisely the same fashion as
they do after sudden concussion, incision of the tissues, or application of strong heat.
Where movements of this sudden, rapid type have occurred, the assumption of the
nocturnal position is not however permanent; but, unless the air be very dry, is
succeeded by a partial recovery of the diurnal one preceding the occurrence of final
slow progressive movements of elevation. Where, on the other hand, the movements
have been throughout of a slow, insensible character, continued exposure gives rise to no
interruption in their progress.

Now, these phenomena can hardly be accounted for satisfactorily on the theory that
the movements, and, especially the rapidly executed movements, of the leaves are depen-
dent on the occurrence of stimulation and active contraction of the motor organs. The
movements in many cases present all the characters of those following the action of so-
called stimuli, being as abrupt, as complete and as spreading as any of these are, and,
according to the theory, they must, therefore, be regarded as owing to the occurrence
of stimulation attending exposure to direct sunshine. But if this be so, how does it
happen that, so long as leaves retain their normal relation to the axis, exposure to
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direct sunshine normally occasions only slow insensibly progressive movements. Why
should exposure to the sun's rays only give rise to movements which, judging from
the parallel phenomena occurring in non-motile leaves under similar circumstances, are
unequivocally dependent purely on increased transpiratory loss, so long as the leaves
retain their normal connection with the axis, and to movements dependent on active
protoplasmic contraction when they no longer do so? This, moreover, is not the only
problem which has to be accounted for; for, if exposure to the sun's rays primarily
occasions active contraction of the protoplasts of the motor organs, why should it cease
to do so ? why should continued exposure be accompanied by partial recovery of the
diurnal position ? These are questions which the theory apparently can answer only
by means of̂  a series ,of arbitrary assumptions.

But if this theory be incapable of accounting for the phenomena, can that which
ascribes the occurrence of rapid movements to purely physical causes do so any more
satisfactorily ? When a leaf is suddenly detached from the axis, an abrupt arrest
is of course in any case put to any further root-supply of water. But in Mimosa pudica,
owing to t̂he high liquid tension throughout the tissues, this is accompanied by active
exudative discharge of a relatively large mass' of liquid from the extremity of that
portion of the petiole which remains attached to the distal portion of the leaf. The
liquid which escapes may be mainly derived from particular tissues or it may not; but in
any case, the effect must be a general loss in liquid tension throughout the entire leaf,
and consequently a tendency to increased drain upon the active tissues. In cases where
the tissues ̂ re excessively saturated as the result of antecedent conditions of atmospheric
and telluric humidity, and where at the time of separation from the axis transpiratory loss
is very low, the intrinsic water-conducting tissues contain an amount of fluid more or
less completely sufficient to make good the actual discharge of liquid attending separation,
and, for the time being, the arrest in root-supply, and hence either no movements at
all occur, or any which do occur are slight and partial. With any diminution in the
amount of store-water, or any increase in the activity of transpiratory loss, the condi-
tions providing for the occurrence of movement will be present in progressively
increasing degree, and a point must eventually be reached at which separation from the
axis implies immediate active drain upon the turgid elements of the motor organs.
But this drain will naturally tell most heavily and rapidly on those masses of tissue
presenting the greatest filtrative facilities and, therefore, on those which make for the
diurnal position, and hence movements corresponding to a weakening of thsse will occur.
The masses of tissue in the tertiary pulvini which make for the diurnal position of
the pinnules afford great structural facilities for rapid filtration; both from their inherent
delicacy and from the great excess of structural strength in their opponents, and hence
the pinnules tend to pass on rapidly into the nocturnal position. In the secondary
pulvini the opposing masses of tissue do not present nearly such considerable differences,
and hence movements in the secondary rachises are often almost or entirely absent
when the pinnules exhibit conspicuous movement, and under normal circumstances they
never exhibit the same activity as those of the pinnules do. If transpiratory loss be very
active, any liquid which escapes from the turgid pulvinar tissues on the sudden disturb-
ance of equilibrium of general fluid pressure on separation from the axis and any store
of water within the water-conducting tissues will be rapidly removed and the nocturnal
position of the pinnules will remain permanent, and hence no phenomena of recovery
of the diurnal position manifest themselves in leaves which are detached from the axis
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in very dry hot weather, even if they be subsequently kept in the shade, or in those
detached in cooler and damper weather when exposed to strong direct sunshine af.ter
separation. But if transpiratory loss be slight, the tissues will retain a considerable
amount of water, especially where atmospheric and telluric humidity have antecedently
been high for some time, and this, of course, is available to satisfy the osmotic capa-
cities of the active tissue elements to a greater or less extent. Mere separation from
the axis has in no way affected the functional properties of the active tissue elements
remote from the site of section, it has only removed them from all connection with
root-supply of water; and, so long as the inherent water-conducting system retains a
sufficient quantity of water, this is of no importance. Whilst the water-conducting
system contains a sufficient store of inherent water, it plays the same ,part to the
active tissues that a moist soil does to a plant as a whole. The tissues m in the tertiary
pulvini which make for the diurnal position are functionally much stronger than their
opponents, and hence under continued stimulation by light will undergo a greater increase
in osmotic capacity than the latter, and as they also present greater structural facilities
for absorption, will appropriate a correspondingly large share of the store of water
remaining at disposal. With this they will increase in strength, and a reversion of the
pinnules towards the diurnal position must follow. But if, when this reversion has
been fairly established, the leaf be suddenly exposed to direct sunshine, a sudden rise
in transpiratory loss of water must at once ensue, and with this a renewed drain upon
the tissues, leading as before to special weakening of those portions of the pulvini
which make for the diurnal position. If the activity of transpiratory loss does not
exceed a certain limit, and if the amount of reserve fluid in the water-conducting
system be high, this will merely lead to slow, progressive alterations in position of the
pinnules, like that which occurs in leaves still attached to the axis when exposed
to strong sunshine. But if transpiratory loss be very rapid, and the reserve of water
within the water-conducting tissues have been more or less exhausted in supplying
the osmotic demands of the actively turgescent tissues, a sufficiently rapid draught may
be established to give rise to the occurrence of rapid resumption of the nocturnal
position. Subsequently, under continued solar stimulation, a renewed struggle for any
remaining reserve-water sets in, and a tendency to recovery manifests itself in greater
or less degree, never, however, leading to anything beyond very partial resumption of
the diurnal position because of the limited amount of water which is available. Finally,
as transpiration continues, the conditions for active turgescence are gradually diminished,
and ultimately abolished, and with this the various parts of the leaf permanently assume
the positions which are determined by their passive structural peculiarities.

During continuous periods of fine, settled weather the phenomena attending separation
of leaves from the axis show regular and conspicuous differences, according to the time
of day at which the experiment is conducted. The effects of primary separation from
the axis and of subsequent exposure to diffuse and direct sunshine are not alike in the
early morning and in the afternoon. When leaves are separated in the morning, ere the
dew has evaporated, and whilst the air is relatively humid, the extent and rate of
primary assumption of the nocturnal position by the pinnules is less than it is in
the afternoon, the amount of primary recovery is greater, the tendency to the occur-
rence of rapid movement on exposure to direct sunshine is less; secondary partial recovery
from the nocturnal position after rapid movements constantly occurs in greater or less
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degree, and the secondary rachises throughout exhibit little or no movement. In the
afternoon the pinnules assume the noctural position much more rapidly and completely,
primary recovery is much more limited, rapid resumption of the nocturnal position on
exposure to direct sunshine occurs more frequently and much more completely; secondary
recovery does not follow continued exposure, and the secondary rachises exhibit more
rapid * and much more considerable movements of convergence.

In order to explain these experimental results on the ordinarily accepted theory of the
causation of the movements in Mimosa pudicd, it must be assumed either that separation
from the axis and exposure to the sun's rays are stronger stimuli to protoplasmic
contraction in the afternoon than in the morning, or that the protoplasts are more
irritable in the after jioon than in the morning; that separation from the axis render
the contractile o protoplasts more irritable or more contractile than they are whilst
retaining their normal relation to it; that exposure to direct sunshine is, in the morn-
ing, only a temporary stimulant to contraction but in the afternoon a permanent one;
and, finally, that the protoplasts of the tertiary pulvini are much more irritable than
those of ;the secondary ones. But any such assumptions have absolutely no foundation
beyond the belief, that the movements must be dependent on active contraction of
the protoplasts of the motor organs, and some of them are directly controverted by
facts. Separation from the axis and exposure to the sun's rays produce less effect in
the afternoon than in the morning if the air and soil, in place of having become dryer
in the interval, have become more humid; and leaves or shoots separated from the axi
when the soil and air are alike excessively humid are much less uirritable" than
leaves or shoots attached to the axis when soil and air are both very dry.

The other theory can, at all events, point to the existence of differences in the
state of the tissues and of the environment corresponding with the differences in the
phenomena of movement at different periods. So far as the tissues are concerned, it is
evident that in the morning they must normally contain a greater bulk of fluid than
they do in the afternoon. They have not had time to lose much by transpiratory
loss owing to the relatively high humidity actually prevailing at the time, and they
have previously been exposed to a prolonged period of abolished transpiration. Under
these circumstances they are likely to contain a considerable excess of water within
the water-conducting system beyond the bulk which is absolutely necessary to maintain
active turgescence % under the existing conditions of immediate transpiratory loss. The
amount of surplus will, of course, vary very considerably under different ^circumstances j
but where the humidity of the soil is relatively high, it may well attain such a
level as to suffice, in coincidence with slight transpiratory loss, to maintain turgescence
in the active tissues for some time after a complete arrest is put on any further root-
supply by separation from the axis, and even in spite of actual active discharge of
water attending the latter. Under such circumstances there is no immediate local
demand for root supply, as the local water-conducting system has become a reser-
voir for a greater bulk of water than is immediately required to make good transpira-
tory expenditure. It is not then at all surprising to find that, where previous and exis-
tent conditions of soil and air imply excessive supply and minimised loss of water,
separation from the axis is attended either by an entire absence of movement, or by
very feeble and limited movement only. Where the water-content is such that the
active escape of liquid is sufficient to give rise to a considerable fall in the liquid
tension present throughout the water-conducting system directly, or primarily throughout
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the system of sieve-tubes in the bast, as Haberlandt maintains, this may well give
rise to sudden increase in the amount of filtration occurring from the actively turges-
cent tissues of the motor organs. When the pulvinar tissues which make for the diurnal
.position afford much greater facilities for filtration than those which make for the
nocturnal one, they must, under the circumstances, rapidly become relatively weakened,
and consequently rapid movements of elevation and convergence of the pinnules
must be liable to occur. The liability to the occurrence of rapid movement must vary
directly with the degree to which the opposing pulvinar masses differ from one another
in respect to the filtrative facilities which they present, as it is on the presence of
such differences that alterations in their relative strength are, under such circum-
stances, determined, and hence movements are much less constant and conspicuous in
the secondary rachises than they are in the pinnules. But, so long as transpiratory
loss remains low, such filtrative escape does not imply absolute loss of liquid; it
merely implies the displacement of a certain amount of liquid from the interior of
the actively turgescent elements of the motor organs. A local supply of liquid will
thus remain available for expenditure in the re-establishment of active tuijgescence,
the precise amount varying, of course, with the amount of reserve liquid originally
present and with the activity of transpiratory loss for the time being. Consequently,
under the influence of continued exposure to photic stimulation and low transpiratory
loss, turgescence must tend to be more or less completely re-established, seeing that
nothing has happened to interfere with the assiniilatory activity of the tissues of the
motor organs, and that a supply of water is present to meet the increased osmotic
capacity of the cell-sap connected with continued assimilation. But as the masses
of pulvinar tissue which afford the major facilities for filtrative loss are also those
which under the influence of light undergo the greatest increase in turgescence, con-
tinue! exposure must lead to their gradually regaining their relative strength to a greater
or less degree, and with this a resumption of the diurnal position must be correspondingly
established according to the available supply of water. A new position of unstable
equilibrium is thus attained, and may remain unaltered for a considerable period so long as
external conditions remain the same. But if the leaves be now suddenly exposed to the
direct rays of the sun, they are placed under conditions which imply increased transpira-
tory loss. If the increase be a very limited but progressive one, as it is on very damp
mornings or when the sunshine is feeble, the effects which it will produce will be
delayed, and when established will be of a slowly progressive character: the position
which had arisen under the previous conditions will no longer be maintained, but the
departure from it will not begin for some time and, when fairly established, will be
of an insensibly progressive character, because the transpiratory loss which causes it
is a very gradual one. In any case the drain will tell most heavily on those tissues
which present the greatest structural facilities for escape of fluid, and, consequently, the
initial effect of exposure to direct sunshine is the establishment of movements towards
the nocturnal position. But where exposure implies the establishment of sudden and
great increase in transpiratory loss, the movements may no longer be of a slow and
insensibly progressive character, but may be conducted as rapidly, or almost as rapidly,
as those attending the original separation of the leaf from the axis. The sudden and
great increase in transpiratory loss here plays the same part as the active discharge
of fluid from the detached petioles in giving rise to a considerable fall in liquid
tension, and, with this, sudden and excessive drain upon those masses of pulvinar tissues
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which afford, special facilities for filtrative escape of fluid. Under continued exposure,
however, an assimilatory struggle for the remaining supply of water is once more established,
and the tissues making for the diurnal position once more undergo a relative increase
in strength. This for some time enables them to give rise to a partial resumption of the
diurnal position even under the new conditions of transpiratory loss; but, as the latter
continues, they again become weakened, and the various parts of the leaf gradually and
finally assume the positions corresponding to the passive structural strength of the various
tissues entering into their composition.

In the afternoon of the same day, supposing that it has been one of continuous
sunshine, and that no special interfering factors have come into play, the conditions both
of the tissues themselves and of their environment are very different from what they
were in the early morning. The tissues have for so long been exposed to active trans-
piratory loss as to ensure a great diminution, if not a total expenditure, of any surplus
of water-content beyond the amount necessary to meet the immediate demands of the
active elements, and atmospheric conditions are such as to imply much more active
transpiratory loss than that which was present in the morning. Under the circumstances,
it is only natural that any phenomena of movement dependent on alterations in the
relations of supply and loss of water should show certain modifications in character, and
that these modifications should be of the nature of those which are actually present.
The supply of reserve-water within the water-conducting system being greatly decreased
or practically exhausted, and transpiratory loss being greatly increased, the maintenance
of the diurnal position is secured only by means of immediate expenditure of the water
furnished by the stream traversing the water-conducting system from the roots; and
hence separation from the axis implies an immediate and very considerable drain upon
the active tissues. This secures proportionately rapid and complete action in the
pinnules and considerable movement in the secondary rachises. Under such circumstances
the recovery of the diurnal position is naturally less complete, exposure to direct siin-
shine is followed by more rapid movements and more frequently by abrupt, spreading
movements, and the secondary assumption of the nocturnal position is not only much
more complete than it was in the morning, but is also final arid is never succeeded by
any symptoms of secondary recovery. ,

In dealing with these phenomena of movements in leaves and shoots when separated
from the axis and deprived of root-supply of water, it has been pointed out* that exposure
to direct sunshine does not normally give rise to abrupt, but only to insensibly progressive
movements. The exposure necessarily implies just as much increased transpiratory loss
as it does in the case of detached leaves, and yet the occurrence of sudden movements is
quite exceptional in place of being a frequent or, under certain circumstances, a constant
event, as it is in the latter. This is readily explicable on account of the fact that leaves
whilst they are attached to the axis are not solely dependent on inherent water-supply,
but are permanently practically in a condition parallel to detached leaves containing a
large amount of reserve-water. The continuous supply of water ascending from the
roots replaces the local reserve of water in detached leaves in which only slow insen-
sibly progressive movements occur* In neither case is there any normal tendency to
rapid, sudden movements, because the sudden increase in transpiratory loss is to a great
extent equilibrated by the presence of an ample supply of water. The sudden increase
renders the maintenance of the maximal diurnal position impossible, but the loss in
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turgescence is a gradual one, and where root-supply is abundant and atmospheric humid-
ity is not excessively depressed, a modified diurnal position is shortly arrived at, the
precise nature of which varies with the relations between supply and loss of water, the
differences in osmotic properties of the opposed masses of pulvinar tissues, and any altera-
tions in the leverage of distal parts which may have been induced. The reserve-water,
or the water continuously supplied from the roots, acts as a kind of buffer interposed
between transpiratory loss and the water of turgescence contained within the active
tissues. The increased transpiratory loss must, of course, eventually tell on the amount
of water available for the up-keep of turgescence in all cases where root-supply is absent,
or is incapable of increasing in activity to the extent of entirely discounting the increased
loss- but in the presence of a large stock of reserve-water or of active root-supply it
only does so gradually, whereas in the cases of detached leaves, unprovided with much
reserve-water, an active drain sets in at once upon the turgescent tissues, and specially
on those which provide the greatest structural facilities for the redistribution of liquids.

But in certain cases rapid sudden movements do attend the sudden exposure of
attached leaves to direct sunshine. In hot dry weather, it not unfrequently happens that
when the direct sunshine first strikes upon a plant in the morning a certain number of
the youngest mobile leaves, jn which full expansion of the pinnules has not yet been
established, presently show rapid movements of depression in their primary petioles. The
movements in such cases may be owing to the action of the same cause as that which
occasions sudden movements in detached leaves. They may be owing simply to the
sudden increase in transpiratory drain, acting upon the pulvinar tissues which make
for the diurnal position at a time when they are specially structurally weak owing to
their incomplete development; but it appears probable that, in part at all events, they
owe their origin to the action of another factor. The delicate tissues of the terminal
portions of the axis on which the youngest leaves are situated are, of course, very readily
affected throughout by sudden changes in temperature, and just as a sudden and con-
siderable fall in temperature must tend to establish a back-draught of liquid into the
water-conducting system, so a sudden and considerable elevation may lead to tem-
porary obstruction to its onward progress. Any sudden elevation of temperature must
occasion corresponding expansion in all the gaseous contents of the water-conducting
system, and^if the expansion exceed certain limits, it must almost inevitably lead to
more or less obstruction of the current of water ascending from the roots. It is not,
however necessary to remain contented with theoretical considerations, for there is
conclusive experimental evidence which demonstrates not only the occurrence of such
obstruction, but also the fact that it is amply sufficient to give rise to the occurrence of
sudden and extensively propagated movements. If an open flame, or the points of a
heated pair of forceps, be applied to any point in the course of an axis of Mimosa
piidica, or, still better, if the sun's rays be accurately focussed upon it, very conspicuous
phenomena of movement presently manifest themselves in the leaves, unless under condi-
tions of excessive saturation of the soil and atmosphere. In the case of young, soft
shoots the treatment gives rise to conspicuous local change in colour and to more or less
conspicuous discharge of liquid upon the surface, but in mature, hard shoots little change
of colour occurs unless actual charring of the tissues be effected, and there is no exuda-
tion on the surface. These differences are satisfactorily explained by the differences in
the nature of the tissues in the two cases. In the young shoots a delicate epidermis
provided with stomatic orifices is present covering a mass of young active hypodermal
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tissue* whilst, in the mature axis, epidermis has been replaced by strata of corky tissue
protecting the deeper portions of hypoderma with a dense impermeable coat, and
tliere is no system of great intercellular channels, like that in the hypoderma of the
petioles, to afford accommodation to fluids escaping from the interior of the tissue
elements (Plate V, Figs. 8, 15). The phenomena are the parallels of those occurring in
cases* of exposure of shoots to the action of chloroform-vapour in which superficial
exudation of liquid occurs in young, green shoots and is entirely absent in mature,
woody ones. Running parallel with these differences in local effects, we find differences
in respect to the phenomena of movement following the treatment. In the case of the
young, soft shoots movements may occur both centripetally and centrif ugally along the
course of the axis, just as they occur both centrifugally and centripetally after the
application "of heat to points in the course of petioles; but in old, woody shoots they
occur in centrifugal direction alone, unless the point at which heat is applied be im-
mediately in the neighbourhood of the first leaf in the centripetal direction, in which
case movements may occur in it, but in it alone in that direction {vide appendix F).

Now, it is not easy to account for these phenomena of distribution of movement in
mature shoots, save as the result of local obstruction to water-supply. Where the shoots
are still young and soft, heating leads, not merely to sudden local expansion of the
gaseous contents of the tissues, but to a sudden loss of water of turgescence from the
outer surface, precisely similar to that attending immersion in boiling water or death due
to exposure to the vapour of chloroform, and in the case of petioles, although any
free escape of liquid of turgescence does not occur on the outer surface, ample accom-
modation for such liquid is afforded by the great hypodermal, intercellular channels;
but in the hard dense tissues of old axes the suberous strata prevent superficial
exudation, and the density of the texture throughout the hypoderma affords no
space for any appreciable bulk of liquid save within the interior of the cells,
and hence any sudden rise in temperature is practically expended in giving rise to
corresponding expansion of the gaseous contents of the water-conducting system*
Where any appreciable exudative discharge of liquid of turgescence takes place as
in the case of young soft shoots, two factors affecting water-supply come into
play; there is both sudden expansion of the gaseous contents of the water-con-
ducting system, and a sudden establishment of an abnormal local drain of liquid.
Any obstructive 'action of the former can only tell in interfering with water-supply
in a centrifugal direction unless in the immediate neighbourhood of the site in which
it originates, but the abnormal local drain attending exudation must, of course, be
capable of telling both centrifugally and centripetally. There are thus reasons why
movements depending on sudden depressive alterations in water-supply should in such cases
make their appearance in both directions. But where, as in old shoots, no local exudation
occurs, where no local drain is established, we have to deal with obstruction alone,
which can only tell centrifugally, or, in extremely localised fashion, centripetally, and
consequently, it is only centrifugally, or, in the immediate neighbourhood of the site of
origination, centripetally, that any movements connected with sudden diminution of water-
supply will occur. Where local obstruction and drain coincide, movements related to de-
fective supply of water may occur in both directions; where obstruction alone is present,
they can only occur centrifugally or in the immediate neighbourhood of the site in which
the obstruction originates, because everywhere beyond this area in the centripetal direction
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the conditions are such as necessarily to imply increased in place of decreased water-
supply. No theory of the communication of impulses giving rise to active protoplasmic
contraction in the motor organs will account for these phenomena, because none of them
can account for the fact that the propagation of movement should, in the case of young
shoots, occur in both directions and in that of old ones in one only, or should, at all
events, not extend beyond the immediate neighbourhood of the site of application, or,
in other words, be , confined solely to the area in which obstruction, can come into
play in inducing decreased supply of water. The theory of active protoplasmic
contraction here once more breaks down, whilst the physical theory is able to afford a
satisfactory explanation.

The phenomena of distribution of movement following the local application of heat
to some point in the course of a mature axis of Mimosa pudica may be reproduced in a
suitably arranged piece of apparatus (Plate I, Fig. 1). This consists of a stout, upright
metal tube closed at the upper extremity, provided with a number of slender, short
lateral branches, and with a closely fitting stop-cock inserted at such a point in its
length that some of the branches He to its proximal and others to its distal siHe. The
branches are open at their extremities, and can readily be connected with suitably weight-
ed pieces of glass-tubing by flexible joints of rubber-tubing. The majority of the glass
tubes are sealed at the end, but one or more of them are drawn out into fine capillary
ends and left open. Their weight ought to be such as to secure a certain amount of
flexion of the rubber-joints when the apparatus is filled with water. If the lower end
of the main tube be connected with a stream of water under a sufficiently high pressure
and the stop-cock be left open, fine jets of water will, of course, escape continuously from
the capillary extremities of the open tubes, and the flexion of all the rubber-joints will
diminish as pressure rises, with corresponding erection of the glass tubes connected with
them. But, on sudden closure of the stop-cock, escape of water will continue to occur from
the capillary orifices for some time, and with this the rubber-joints will recur to their
original stato of flexion in all the branches situated to the distal side of the stop-cock,
whilst all those on the proximal side will retain their position of erection unaltered.
Here then, we have a distribution of movement exactly parallel to that occurring in the
case of mature axes of Mimosa on local application of heat at some point in their course.
The distal discharge of water from the capillary orifices represents transpiratory loss,
the stream of water entering the lower extremity of the main tube represents root-
supply, and the rubber-joints represent portions of tissue, like those present in the
motor organs of the leaves, which are liable to undergo rapid alterations in strength in
connection with alterations in the relations between general supply and loss of water.
The sudden closure of the stop-cock suddenly obstructs all further access of water to
the distal part of the apparatus, and as distal loss continues, a rapid fall in pressure
takes place throughout the whole distal parts of the apparatus, the rubber joints cease to
be turgescent, and the position of the glass tubes comes to be that which is determined
by mere passive structural properties. But in the proximal part of the apparatus the
conditions of water-supply and loss remain unaltered., or, if anything, a rise in pressure
takes place, and hence there is no weakening of the joints or depression of the branches.
In those cases in which centripetal movements occur in connectibn with the application
of heat to mature axes of Mimosa pudica, these movements are no doubt dependent on
centripetal extension of the obstructive gaseous expansion, so far as to involve the portions
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of the water-conducting system concerned in the supply of the leaf which moves. They
odcur only when the point of application is immediately above the site of origin of
a petiole, and they never extend beyond that leaf.

Not only are the effects which are produced by so-called "stimuli" in giving
rise to movements in the leaves of Mimosa pudica profoundly modified by the presence
of external conditions affecting supply and loss of water, but the effects which
follow the action of individual " stimuli" differ in connection with the degree to
which the latter are of a nature to give rise to disturbances in the relations of
general supply and loss. At any given peiiod it will be found that simple contact-
disturbance > gives rise to less effect than section or other interruption in the continuity
of the tissues does, and that the latter, in its turn, is less efficient in giving rise
to movement than the application of strong heat is.

When soil and air are alike humid, contact-" stimulation" occasions purely localised
effects, * If pressure be applied to the under surface of the primary pulvinus or the
upper surface of the primary petiole, full depression of the latter takes place, but the
distal portions of the leaf show not the faintest traces of movement, the secondary
racbises remaining fully divergent, and the pinnules in the maximal diurnal position
of expansion. Under similar circumstances the movements of individual pinnules
which have been subjected to contact are equally purely localised, so long as displace-
ment of one does not imp^y mechanical disturbance of another. The movements
of individual terminal pinnules are, of course, not necessarily liable to give rise to
any considerable mechanical disturbance elsewhere, but, in the case oj all the others,
a disturbing influence is introduced by the fact that they are ordinarily set upon the
rachis at such narrow intervals that, when in the diurnal position, the posterior half
of each lamina overlaps the anterior half of the lamina of the pinnule situated
behind it on the rachis (Plate V, Fig. 3). Owing to this arrangement, the sudden
elevation of any pinnule must necessarily give rise to a certain amount of upward
pressure on the one in front of it. In spite of this, however, purely localised
pinnular movements may very readily be evoked even in perfectly normal leaves
when conditions of telluric and atmospheric moisture are very high. Where conditions
of moisture are aiofr so excessive, movements in normal leaves are liable to extend
beyond the primarily affected pinnule for a certain distance along the rachis in a
centrifugal direction. Under these circumstances, in order to obtain perfectly localised
pinnular movements, it is necessary to select particular leaves for experiment. It is
not at all unusual to meet with leaves which deviate so far from the normal standard
as to have their pinnules set on so far apart that, when in their maximal diurnal
position, they do not overlap one another, but stand quite free and apart as those of
Leucaena glaiica normally do. In such leaves it is quite easy to show that, even
when conditions of humidity are only moderately high, pinnular movements evoked
by contact are purely localised. In such cases it is easy to cause full displacement
of alternate pinnules all along one or both sides of the rachis without inducing the
slightest movement in the intermediate ones which are not directly subjected to
contact. The displacement may be causnd either by pressure on the upper surface
of the tertiary pulvinus or on the under surface of the lamina: in both cases alike
the movement remains strictly localised. When atmospheric and telluric humidity
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fall to a low level and temperature is high, it is very difficult to secure strictly
localised pinnular movements, or even strictly localised movements in the primary
petioles; action almost invariably being diffused along the course of the rachis to some
extent in the case of pinnular " stimulation," and sudden depression of the primary
petiole being followed by pinnular action in one or more of the secondary rachises,
and in some cases by varying degrees of convergence of the latter themselves. *The
diffusion of movement subsequent to sudden depression of the primary petiole is no
doubt mainly owing to the sudden upward pressure to which the pinnules are exposed
from the air during the course of the rapid descent of the leaf, and to the fact
that, in the position of full depression, leverage comes in to make for convergence of
the secondary rachises. These agencies are incapable of giving rise to any. appreciable
effects under the conditions of relatively stable equilibrium present in connection with
excessive telluric and atmospheric humidity, but are liable to produce some effect under
conditions in which the drain upon the actively turgescent tissues of the motor organs
is higher. In any case, contact-" stimulation" is a factor affecting processes#of local
filtration, but it will naturally give rise to different ultimate effects according^ to the
degree to which the turgescent tissues are already exposed to active drain of liquid.
The upward pressure of the air on the rapidly descending laminar surfaces in cases
where the primary movement is one of petiolar depression, replaces the upward pressure"
which any primarily displaced pinnule normally exerts on its distally situated neighbour.
Just as primary petiolar depression is followed by an entire absence of pinnular
movements under conditions of high humidity, so in many cases under similar
circumstances the elevating action of the primarily displaced pinnule is insufficient to
give rise to anything save a certain amount of flexion in the lamina on which it
acts, without any evidence of any alteration in pulvinar turgescence.

The mutual relations of the laminar surfaces of adjacent pinnules is amply sufficient
to account for diffusion of movement as a mere result of diffusion of conditions
favouring filtration, so long as the movements follow a centrifugal direction only
The successive laminae in their mutual relations precisely correspond to the successive
cards or blocks of wood in the old familiar childish game of " Jack going to market."
Primary displacement of one at one end of the series is all that is necessary to
secure the propagation of movement along the entire line. If the anterior cards or
blocks be firmly supported,—if they be in a condition of stably equilibrium—an
impulse from .their posteriorly situated neighbours, which would amply suffice to
give rise to displacement under conditions of unstable equilibrium, will fail to produce
any appreciable effect. The propagation of movement along the series—the "irrit
ability" of the apparatus—rises with the instability of equilibrium just as it do
the case of the pinnules. Whilst this is so in regard to centrifugal diffusion o^
movements along the course of the secondary rachis, centripetal propagation
be so simply accounted for; as there is no satisfactory evidanoA tW i. . a n n °, .'. , i A

 J vxu^Uf-e tnat, when in full
diurnal position, each successive lamina exerts any considerable active dow A
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the pinnules originating in connection with contact is much less liable to be diffused
to any considerable exteni centripetally than centrifugally, seems to indicate that any
such removal of pressure is a factor of no considerable importance; and it appears
probable that the spread of centrifugal movement is aided by, and that of centripetal
movement mainly dependent on, the action of an agency of a perfectly distinct
nature.

So long as transpiratory loss is low and root-supply of water is abundant, the
primary filtrative discharge of fluid incident on the local increase in pressure caused
by contact implies a mere local redistribution of water and no diminution in the
stock available for the maintenance of turgescence. The mechanical disturbance ensures
an increased' activity of filtrative discharge and corresponding decrease in turgescence
in certain masses of tissue; but it does not interfere otherwise with the assimilatory
activity of the protoplasts on which the osmotic capacity of the cell-sap and conse-
quently the turgescent capacity of the cells depends. On the cessation of the
filtrative disturbance, they will, therefore, at once begin to regain their normal state of
turgescence, and, owing to the abundance of water which is available, they will readily
be able to do so without in any way interfering with the turgescence of neighbouring
elements. But where conditions of humidity are such that turgescence is only
maintained as the result of an exact equilibration between root-supply and transpiratory
loss, this is no longer the case. A certain amount of the water discharged from
the turgid elements of the active tissues, all of it, at all events, which passes into
the intercellular system of spaces, is liable to be rapidly removed under the influence
of continued active transpiration, and this, under the circumstances, implies an absolute
diminution in the entire stock available for the up-keep of turgescence. The tissues
which primarily lost turgescence in connection with increased filtration remain as
active as ever. They are just as eager to satisfy their osmotic capacities as they
were before, and in their efforts to do so they must tend to interfere with the
supply of neighbouring tissues just in proportion to the amount of actual loss in the
general stock of water which was induced by the primary filtrative discharge. The
spread of movements along the course of a rachis must certainly be favoured by such
a disturbance in the supply of water; and, as in normal leaves it is very difficult to
secure that any mechanical disturbance has been primarily strictly localised to one
or other of the individual pinnules, it is little wonder that, in the presence of external
conditions implying maximal instability of position, a certain extensioxi of movement
should occur even in cases in which the direct mechanical action of the moving pinnules
upon their neighbours cannot fully account for the phenomenon. In any case, the move-
ments following contact have a very limited extension and, under circumstances in which
the evidence of other so-called stimuli is followed by more or less extensive propagation
of movement, they are normally strictly localised to the points primarily affected. They
do not in themselves necessarily involve any actual loss of liquid, but mere temporary
redistribution of it, and hence they are not in themselves efficient causes of widely
diffused disturbance in the relations of supply and loss of liquid in the actively turgescent
tissues.

This is no longer the case when the primary agent in determining the occurrence
of movement is a rupture in the continuity of the tissues. Incision of the axis or petiole,
or amputation of portions of the laminae of pinnules, is followed not merely by movemeats,
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but by a discharge of liquid from the cut surfaces. In most cases the discharge is very
conspicuous; and, under circumstances in which movements do mot occur very rapidly*, it
can readily be determined that it is the primary result, and that movements only ensue
at an appreciable interval after its occurrence has begun to manifest itself. For example,
if the tip of a pinnule be gently amputated at a time when telluric and atmospheric
humidity is excessive, and if all contact disturbance of the tertiary pulvinus have been
successfully avoided, no movement whatever occurs for a considerable interval. But
during this interval conspicuous exudation occurs on the cut surface, a prominent droplet
of liquid appearing on the divided extremity of the midrib, and smaller drops presenting
themselves near the margins of the lamina over the cut ends of veins. But wherever
active exudation of this nature is present, we have to deal with conditions *which imply
no mere local redistribution of liquid throughout the tissues, but an active discharge and
loss of a portion of the general stock of liquid available for the up-keep of turgescence,
and hence a disturbance in the pre-existent equilibrium between supply and loss. This
disturbance must necessarily be liable to extend to a greater or less degree according to
the actual amount of loss which takes place and to the conditions of the tissifes, of the
soil, and of the air at the time at which it occurs. There is, therefore, good ground to
expect that such "stimulation" should be more frequently and more extensively followed
by phenomena of diffusion of movement beyond the site of primary origination than is
"stimulation" by agencies giving rise to mere alterations in local pressure and filtration.
Even the most casual observation is amply sufficient to show that this theoretical
demand is fully met by actual fact. Whilst isolated pinnular movements are, under
average conditions of humidity, the normal sequence of contact-" stimulation," purely
isolated movements are quite exceptional phenomena, only occurring in association with
conditions of excessive humidity, after incision of the tissues. Where conditions of
atmospheric and telluric humidity are, and have for some time been, excessively high
amputation of the tip of a lamina is occasionally followed by movement in the
injured pinnule only, or, in the case of heavily-laden leaves, by action in it and the
primary pulvinus alone; but, under conditions of average humidity, and at times when
contact is followed by strictly localised movement in the primarily affected pinnule
amputation or incision of the tip of a pinnule is followed by movements extending
along the entire course of that secondary rachis, at least. Where conditions of
humidity are higher, the propagation of movement becomes more limited and extends only
partially over "the course of the rachises; and, on the other hand, when conditions are such
that contact is liable to be followed by diffusion of movement, incision or amputation
is attended by movements which are often propagated throughout the entire area of the
leaf. When contact-" stimulation" is attended by strictly localised movement, incision
or amputation is ordinarily followed by movements extending over a portion of the leaf
and when contact is attended by a limited amount of diffusion of movement, incision
amputation is ordinarily followed by movements extending throughout the entire leaf
The only possible explanations of these differences are either that incision is a str n
stimulant to protoplasmic contraction, or a more efficient determinant of alterations in th
pre-existant relations between supply and loss of liquid than contact is. According* to tl
ordinarily accepted theory we mast assume that .it is the former without howe h '
any independent evidence that it actually is so ; according to the purely phydcal thlory
of movement we are not obliged to make any groundless assumption, as the phenomena
are such as to leave no room for doubt that it actually does give rise to greater
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disturbance in the relations between loss and supply of liquid than any mere
contact is capable of determining.

There can be no question that rupture of the continuity of the tissues by incision
is a much stronger determinant of the diffusion of movement than mere contact
impulses are, but in this respect it falls far short of injuries effected by means of heat.
The movements attending the application of an open flame, of highly heated metal, or
of the carefully focussed rays of the sun to individual pinnules are never of a strictly
localised nature. Even under conditions of maximal humidity a certain amount of
diffusion of movement occurs; under circumstances when incision is followed by move-
ments extending over the entire secondary rachis to "which the primarily injured
pinnule belongs, the application of heat gives rise to movements extending over
the entire leaf, and when incision is followed by movements extending over the
entire leaf, heating is followed not meiely by these, but by movements in a varying
but sometimes considerable number of leaves along the course of the axis to which
the primarily affected one is attached. This may at first sight appear as though it
were adverse to the physical theory of movement, and only explicable as the result
of the presence of differences in degree of specific protoplasmic stimulation, but it is
only to casual observation that it does so. The evidence of the occurrence of any
considerable exudative loss of liquid from the tissues is certainly not as a rule so
conspicuous as it is, in cases w7here the continuity of the tissues is interrupted by
means of incision. This is, however, in great part explicable as the iesult of the
different conditions to which any exudation is exposed in the two cases. In cases
of incision we are dealing with mere rupture in the continuity of the tissues, and, so
long as atmospheric humidity is not excessively low, any liquid which escapes
naturally tends to accumulate locally, and therefore to appear conspicuously. But
where the tissues are injured by the application of heat, localised conditions for excessive
evaporation are necessarily present, and therefore an absence of local accumulation
of liquid does not imply an absence of local exudation. Where a considerable mass of
soft succulent tissue is present, as in the case of young axes, the local application
of heat is often followed by conspicuous indications of exudation even in spite of
the attendant excessive evaporation; but when the mass of tissue is limited in
relation to the heat, as it is in the case of pinnules, the rapid evaporation masks
the discharge. The rise in evaporation, moreover, is not of course strictly localised
to the spot to which the healing agent is directly applied, but must extend over
a certain area beyond this, so that there is not mere local exudation and evaporation
from the actually injured tissues, but a cause for sudden increase in transpiratory loss
in neighbouring and intact ones. This in itself is sufficient to account for the fact
that heat should be a more efficient determinant of movement than incision is. In cases
of incision the primary alteration in the condition of the tissues is a strictly localised one;
whilst, in cases where heat is applied, there is not merely intrinsic local change in the
tissues in the immediate site of application, but an alteration in the extrinsic conditions
to which neighbouring tissues are exposed. But another circumstance also comes in to
render heating a more efficient cause of extensive movement than simple rupture
of the continuity of the tissues is. The liquid which exudes from the tissues on
incision very rapidly evaporates and condenses when exposed to the air, and goon forms
a protective stratum precluding farther escape from the divided surfaces; and as the
local injury to tissue is extremely limited, the site of incision ceases to be a weak
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point in respect to relations between supply and loss of water. The abnormal drain
on the general stock of liquid within the tissues is purely temporary in cases of
incision. But this is no longer the case where portions of tissue are killed by applica-
tion of heat. Any ordinary application of heat to a particular point implies the death
of considerable masses of tissue and, as we have already seen, any dead mass of
tissue represents a permanent site of abnormally excessive drain upon the general stock
of liquid. The details which were given in Chapter II regarding the phenomena
occurring in connection with the death of portions of axes or rachises under the influence
of the vapour of chloroform and heat are sufficient to show that this is the case; and the
fact is of course constantly brought before us by the difficulty which is encountered in
keeping portions of a leaf or shoot turgid beyond any point in which the tissues have
been killed by means which do not in any way interfere with the efficiency of the
water-conducting system, whenever external conditions are such as to favour active
evaporative loss. In cases of the application of heat, then, we do not merely determine
temporary exudative and evaporative loss in the site of application and its immediate
neighbourhood; but we also almost inevitably establish a permanent abnormal drain
upon the water-supply generally, and with this the liability to diffusion of move-
ments naturally increases.

In cases of contact-" stimulation" we induce mere local redistributions of liquid
within the tissues; in cases of incision we give rise to temporary exudative loss from
the general supply of liquid; in cases of heating we secure not only this, but in

• addition we establish temporary increase in transpiratory loss and a site of persistent
abnormal drain. The tendency to diffusion of movement is at a minimum in cases
of contact; in cases of incision it increases; in cases of heating it rises to a maxi-
mum. The two sets of facts run parallel with one another, and the former of them
affords an explanation of the latter, if we accept the view that the movements are
dependent on fluctuations in the relations existing between supply and loss of liquid.
If, on the other hand, we insist on adhering to the popular theory, we must be .con-
tent to assume that contact,̂  incision, and heat are stimuli which differ from one another
in their capacity for inducing active protoplasmic contraction.

CHAPTER XII.

<H\u cmstB of the propagation of movements in Jltmcsa jmMca.
Whilst the movements of the various parts of the leaves of Mimosa pudica have

by common consent been ascribed to the action of certain special masses of irritabl
and contractile tissue in the motor organs, several distinct theories have been adv -I
to explain the phenomenon of the diffusion of movements beyond the site in "hM
they are originally induced, or, according to the ordinarily accepted theory to exol ^ Ih
diffusion of "stimulation" from one part to another. According to the older h*
Dutrochet, Sachs, Hofimeister and Pfeffer, fluctuations in the pressure of 'he ^ ^ ^
of liquid traversing the wood played the part of mechanical stimuli to th "^ . ^ " f ? *
and contractile elements in the tissue of the motor organs. At a later period ancTwh **
attention was first attracted to the fact that, as a general rule, the protoplast of W ^
table tissues are not isolated, but are connected with one anothpr «r> o* + * ^^, .. i . , .. "uuiaitu so as to torm a con-
tinuous reticulum, an attempt was made to substitute a nervous for a mechanical theor\
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of propagation. Finally, Haberlandt has reverted to the older view with the modification
that, according to him, the stimulant fluctuations in liquid pressure do not normally
traverse the wood, but the system of large sieve-tubes in the soft bast which he regards
as constituting a specific " Reizleitende system." His theory agrees with that of the older
writers in regarding fluctuations in liquid pressure as serving as mechanical stimuli to
the Specific contractile apparatus in the motor organs, but affirms that such stimulant
fluctuations are practically solely diffused by means of the sieve-tubes of the soft bast.
He does not question the existence of special irritable and contractile tissues in the
motor organs, but merely modifies the older view in regard to the precise paths followed
by the agencies which are assumed to call these into activity. His theory is mainly
founded on %the fact that be -was able to demonstrate that the liquid which exudes from
the tissues when they are incised is not mere water, as it should be if derived solely
from the wood, but is in great part composed of materials which are evidently derived
from the sieve-tubes of the bast. No one can deny that he has successfully demonstrated
this, and .has added greatly to our knowledge of the histological details of Mimosa pudica,
but he has certainly not succeeded in proving that his " lleizleitende system" is specifi-
cally and essentially related to the phenomena of propagation of movement. His own
experimental results indeed force him to allow that propagation may occur in spite of
the entire absence of his conducting system throughout considerable areas of tissue, but
notwithstanding this, his desire to establish the presence of a specific mechanical nervous
apparatus leads him to adhere to his theory. When he found that propagation extended
beyond areas which had been entirely denuded of his "Reizleitende system" and is forced
to allow that in such cases dilfusion of impulses must have taken place through the wood,
it might have been expected that his views as to the specific value of the system of sieve-
tubes would have undergone some modification; but apparently they were too firmly
subjectively established at the time at which he made the observation to be shaken by
any facts which conflicted with them. He had, of course (although he does not appear
to recognise it) equally clearly demonstrated the fact that propagation could occur
apart from the presence of any continuous system of turgid sieve-tubes, in the
experiments on which he founds his decisive rejection of the theory of propaga-
tion by means of continuity of living protoplasts. In these experiments he killed
the tissues of a certain area in the course of the petioles of leaves by means
of boiling them, and then determined the fact that u stimulation" applied at one side
of the dead area was followed by the occurrence of movements on the other side.
Now this, no doubt, very satisfactorily demonstrated that diffusion of movement could
not be essentially dependent on the propagation of impulses along continuous tracts of
living protoplasm, but it just as effectually proved that it was not necessarily owing to
any propagation of impulses along the course of continuous system of turgid sieve-tubes-
The boiling of the petiolar tissue secured the interposition of an area of dead protoplasm,
but it just as certainly secured the interposition of an area devoid of turgidity, and in
addition to this of an area within which an abnormal leakage of water was present.
He was evidently aware of the latter fact, as he specially alludes to the necessity which
arises in such cases of taking special means to prevent the drying up of the parts
beyond the boiled area, but, in spite of this, he appears to assume that the tur-
gidity of the sieve-tubes remained intact. The position is an incomprehensible one; he
demonstrates that the presence of a continuous system of turgid sieve-tubes, and even
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that the presence of sieve-tubes at all, is unnecessary for the occurrence of propaga-
tion of movement, and yet maintains that the presence of such a system is specifically
related to the phenomenon.

The results which may be obtained where areas in the course of entire axes in
place of petioles are killed by means of the local application of heat are even more
convincing. Areas of a quarter of an inch in length in the course of axes maV be
readily killed by boiling, or more conveniently by thoroughly searing them with heated
forceps. It is easy to kill several successive areas at intervals along the course of a s" o-l
axis, and yet propagation of movement will take place from points on the piminTal^Vl6

of the lowest dead area to points situated on the distal side of the highest one F °
example, taking a small plant and searing the axis in two points so that ô ie or' °*
leaves are situated below the lowest seared area, one leaf between the two seared ^^
and several beyond the distal seared area, it will be found that, when external condi t^ '
are such as to favour the occurrence of propagation of movements, the application0^
heat to the base of the axis is followed by action in all the lea.ves alike, whether ben h
between, or beyond the seared areas (vide Appendix G). It is easy to deter ^ .
such cases, by means of sections carried through the entire thickness of the 'aST'tli111

the tissues have been completely killed throughout (Plate V, Fio- 7) Th" f a

demonstrates that any continuity of living protoplasm is unnecessary, and on Haberlandt/'
theory forces us to assume that the initial impulses originating in his specific d ^ ' S

system undergo a primary transfer to the wood, a return to the specific conductin!
system, a renewed transfer to the wood, and a renewed transfer in +W vc -, °

x i j . i i i -x . J i •• specific conduct-
ing system, ere they tell on any leaves situated beyond the distal seared area S
the specificity of the "Reisleitende system" is, under such circumstances hard t ' • 7

But it is not only by such experiments that the groundlessness of Hab - 1 ^ ^ '
assumption may be demonstrated. The phenomena, which have been alread \ ts

as following the local application of heat to points in mature, hard ax ^ ^ e s c n ^ e d

conclusively opposed to it. In such cases, if the diffusion of movement we ^ ^ . ^
dependent on the propagation of fluctuations in pressure along a system |^ e /fSentia%
with liquid, it ought assuredly to take place in both directions alike. But* tK ^^
certainly does not do; for, whilst granting that external conditions are favo Kl ^ " " ^
occurrence of movements, centrifugal diffusion normally occurs with the J0*1 ' t o t l i e

and to an indefinite extent, centripetal diffusion is normally entirely absent ^ ?Gr . t a in ty

exceptional caees in which it does occur, is entirely limited to the very imm'd^f' "* ^
bourhood of the site at which heat is applied. In any continuous system "of t 1 ^^
with liquid, the local application of heat to any particular point in it8° co ^^
inevitably give rise to an increase in pressure which must be propagated in b o t h ^ 6 "^
alike ; and, if increase in pressure throughout the system were* an essenf C t i o n s

determining the occurrence of movements, movements would certainly nv 'f a c t o r m
in both directions, alike. But as a matter of fact, the rise in pressure T t h e m s e l v e s

both directions, whilst movements occur only in one. Propagated in
Haberlandt is unquestionably right in maintaining that much f +>,

exudes from the tissues of 31imos% pudica on incision is derived fr n, & T*U"* w l u c h

tissues of the soft bast, but the latter do not hold any truly specific ^ e ' 7 ^^
occurrence of propagation of movement. They provide an ann jf a t l ° U *° ^
sudden escap3 of liquid from the tissues, and hence an a p n a ^ ^ w * ^ ? 1 6

apparatus iacihtatmg sudden
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fluctuations in the liquid contents of the latter, but here their relation to the occurrence
of propagation of movements ceases. Their excessive turgidity and their structure
Wilder them effective agents in securing the loss of large quantities of liquid on inci-
sion and this provides for a disturbance in the pre-existent equilibrium between supply
and'loss of liquid generally. Their excessive turgidity secures a large discharge of
liquid, and their high osmotic capacity, on which their normal turgescence depends, must
ender them a source of excessive drain upon the generally available stock of liquid. Any

sadden discharge of a large quantity of liquid from them implies a suddenly increased
demand upon the general water-supply, and, owing to their excessive osmotic capacity,
they are well adapted to worst other active tissues in the struggle which must ensue until
a condition of liquid equilibrium be once more established. As has been already pointed
out the presence of any extensive system of excessively osmotic elements is in itself an
element favouring instability of equilibrium on the relations between general loss and

ply of liquid in less highly osmotic tissues. When any great loss in turgidity occurs
SU*thiu it apart from any alteration in its functional activities, and consequently of its
Wmotic capacity, the latter co-operates with active transpiratory loss in giving rise to a
° reat draught upon the general stock of fluid available for the maintenance of turgescence,
whilst the coincident fall of pressure probably induces additional filtrative escape from
^V active tissues. The " Beisleitende system" is an apparatus through means of which
thTconditions of equilibrium between general supply and loss of liquid may be very
readily disturbed and, therefore, is an apparatus through means of which movements may
readily be indirectly determined; but is not peculiar or specific in this respect for, as
we have already seen, similar effects may be produced by means of changes taking
place within the wood.

Haberlandt affirms that any fluctuations of pressure within the system of seive-tubes,
nether of a positive or negative nature, are capable of acting as stimulants to the con-
ctile tissue of the motor organs. But the phenomena attending the local application of

h t to mature, hard axes show that fluctuations of pressure within it are not necessarily
efficient factors in determining movements, and also that it is only negative fluctuations
in general liquid pressure that are anywhere efficient. In such cases we have positive
fluctuations in liquid pressure arising within the sieve-tubes in both directions alike, and
movements occurring only centrifugally, that is in the direction of diminished liquid-
pressure, within \he water-conducting system. Negative fluctuations in liquid-pressure iu
these cases occur in all distally situated areas in consequence of the obstructive expansion
of the eases of the water-conducting system; in cases of incision, on the other hand,
similar fluctuations arise both centripetally and centrifugally owing to the sudden escape
of considerable masses of liquid from the tissues. In the first instance, movements occur
only centrifugally, in the second both centripetally and centrifugally ; in other words, in both
instances alike, the distribution of movements coincides with the distribution of negative
fluctuations in liquid-pressure. Such fluctuations may arise in various ways; they may
arise in consequence of escape of liquid from the system of sieve-tubes, of obstructions
arisino- in the water-conducting system of the wood, of sudden contraction m the
p-aseous contents of the latter, of increased transpiratory loss, or of sudden arrest of
root-supply connected with separation from the axis; and in all cases alike they are
•able to be followed by the occurrence of spreading movements. Negative fluctuations

• general liquid-pressure are the specific determinants of all spreading movements which
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are not mechanically produced by the relation of neighbouring parts, as in the case of
adjoining pinnules; but there is no one specific apparatus by which such fluctuations are
determined.

Movements may be induced by the action of three distinct factors: by fluctuations
in the osmotic capacity of the tissues of the motor organs, by fluctuations in the con-
ditions affecting processes of local filtration within the motor organs, and finally by* fluc-
tuations in the conditions of general supply and loss of water. The normal periodic
nyctitropic movements of the leaves, or those arising under the influence of exposure to
anaesthetics, are determined by the action of the first of these factors; the movements
following contact are primarily determined by the second; those following incision or
heating of the axis, or those attending excessive transpiration by the« third. We have thu
to deal with three distinct classes of movements in so far as their causation is concerned
and it is only in connection with one of these that phenomena of propagation manifest
themselves. The effects of anaesthetics or of partial deprivation of light are strictl
localised to the areas directly subjected to the abnormal conditions, and within which
depression of functional activity, and consequently of osmotic property, takes place
Movements induced by local increase in filtration, where this alone comes into play
equally unattended by any diffusion. It is only where, and only so far as, conditions
affecting the relations of general supply and loss of water are present that any pro-
pagation of movement occurs; and, finally, it is only when and so far as such conditions
effect negative fluctuations in the supply of water available for the maintenance of tur-
gescence, that they are efficient in giving rise to propagation of movements
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APPENDIX A.

TBE EFFECTS OF DISTAL LEVERAGE ON THE POSITION OF THE PRIMAKY PETIOLE
OF THE LEAVES OF MIMOSA PUDICA.

WHEN detached shoots of Mimosa pudwa are set in water and have a fresh absorptive surface
provided by subaqueous amputation, of their lower ends, the pinnules under the influence of light
presently assume their normal diurnal positiou, unless atmospheric humidity be abnormally low, or wheu
they are exposed to the influence of direct sunshine. The primary petioles, however, ordinarily remain
somewhat depressed. H now all the pinnules be gently cut off, no sensible increase in petiolar
depression usually occurs in spite of the escape of a certain amount of liquid from the tissues which
Kecessarily attends the procedure, and presently steady progressive elevation of the petioles sets in. The
amount of absorption of water taking place at the cut extremity of the shoot is insufficient to secure
elevation of the petioles so long as the inferior parenchyma of the primary pulvinus has to conteud
with the normal leverage of the distal portions of the leaf, but suffices to do so wliea the leverage is
considerably reduced by the removal of the pinnul-es.

Extreme elevation of the primary petioles occurs under the following conditions:—I. Prolonged
depression of assimilatory function with continued respiratory loss and suppression of transpiration, such
as takes place during the course of the night: I I . Exposure to an environment implying excessive
transpiratory loss: I II . Amputation of the pinnules or pinnae. The only common feature which
these conditions present is that tkey all imply the establishment of a considerable reduction in distal
leverage.

Sudden, rapid movements of elevation of the primary petioles corresponding to the common sudden
movements of depression, which so constantly manifest themselves, are of very rare occurrence. This
is owing in part to the inherent structural features which distinguish the inferior and superior masses
of parenchyma in the primary pulvinus, and partly to the fact that the superior mass is co-operated
with by distal leverage, whilst the inferior one is directly opposed by it. Visibly progressive movements
of elevation, and even sudden, rapid movements of a similar nature do, however, manifest themselves
under certain circumstances. When a plant is enclosed within a saturated atmosphere and exposed to
diffused sunlight, extreme expansion of the distal portions of the leaf and maximal elevation of the
primary petioles occurs. If now it be suddenly exposed to relatively dry air, and consequently to
sudden transpiratory loss, elevation of the pinnules and deep depression of the primary petioles occurs
almost immediately in the majority of the leaves, and on returning it to the saturated atmosphere
petiolar elevation sets in at once and progresses so rapidly as to be readily visible to the unaided eye.
In suoh cases the movements of elevation, although rapid, are not of a sudden character; but movements
of elevation, as sudden as any common movements of depression are, may be induced by exposing the
pulvinar tissues to circumstances inducing sudden losses in turgesoence primarily localised to the superior
parenchyma. If the rays of the sun be carefully focussed upon the upper surfaces of primary pulvini,
the first movements which manifest themselves are in many cases sudden movements of elevation of
the primary petiole. The following table shows the results of fifteen experiments of this nature which
were conducted on two successive mornings, and it will be seen that in nine instances sudden movements
of elevation of the primary petiole occurred: —

TABLE L—Results offocmsing the rays 'of the mn on the upper surfaces of Ike primary pulvini of

leaves of Mimosa pudica.

1. Depression of the primary petiole.
2. Extreme elevation of the primary petiole, followed by depression.
3. Depression of the primary petiole.
4. Rotation of the primary petiole, followed by depression.
5. Depression of the primary petiole,
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6. Strong elevation, followed by depression.
7. Ditto, ditto.
8. Ditto, ditto.
9. Depression.

10. Ditto.
11. Strong elevation, action in the pinnules; nothing more.
12. Depression.
13. Strong elevation, followed by depression.
14. Elevation; a pause; action in the pinnules; nothing more.
15. Ditto; depression.

The movements cf elevation of the primary petiole occurring in such cases are, as a rule, followed
by depression, because it is only initially that the loss in turgescence following the insolation is confined
to the superior mass of pulvinar parenchyma, and because, when it has once extended so as to affect
the inferior ma«s, the persistent excess iii structural strength of its opponent and the leverage of the
distal parts of the leaf come into play as they ordinarily do. Under circumstances implying genpral
loss in turgescence the movements of the primary petiole are always movements of depression, because
the structural features of the inferior mass of pulvinar parenchyma are such as to render it more liable
to rapid losses in turgescence, and because it has constantly to struggle against, in place' of being
aided by, distal leverage in giving rise to the displacement which it makes for. That sudden
movements of elevation should occur at all is, however, sufficient to show how unfounded is Sachs'
statement that " die Unterseite allein ist also reizbar, das Parenchym der Oberseite ist nur Hilfsorgan
bei der Bewegung."* There is absolutely no evidence tc show that the protoplasts of the superior
parenchyma are less contractile than those of the inferior parenchyma. The two masses of tis
differ from one another both structurally and functionally, but the functional differences are connected
not with contractile, but with assimilatory property. The superior parenchyma is distinguished by excess
in structural strength and the inferior one by excess in assimilatory activity, and it is the presence of
these differences, combined with the fact that distal leverage co-operates with the superior and directl
opposes the inferior parenchyma in effecting the displacements which they make for, that determines the
ordinary character of the movements of the primary petiole. It is the presence of these differences
and the action of distal leverage, and not the presence of any specially contractile protoplasts in the
inferior parenchyma, that accounts for the fact that sudden movements of depression of the primarv
petiole are eo common, and sudden movements of elevation quite exceptional.

The following experimental data illustrate the effect of variations in conditions of distal leverage
in modifying the character of the effects following amputation of distal portions of leaves attached to
growing plants:—

EXPERIMENT I.—June Uth, 3 P.M. Rain falling heavily; pinnule* as a rule elevated or partly elevattd
owing to recurrent agitation by rain-drops; primary petioles fairly well elevated in abnosfcall cases.—Amputa-
tion of the tips of terminal pinnules in leaves in which they were ouly partially elevated was, in all
cases save two, immediately succeeded by deep depression of the piimary petiole. Of the two
exceptional leaves one was supported by a neighbouring one, and the other was free of any adherent
drops of rain. The action in the pinnules was in all cases very slow and confined to the injured
pinna, and in most cases was very imperfectly carried out. At 6 P.M. the leaves were all in full
nocturnal position; but although the evening was absolutely still and excessively humid, maximal
depression of the primary petioles in almost all cases succeeded the slightest contact impulses. The
influence of distal leverage in assisting to determine petiolar depression comes out very clearly in
regard to both periods of experiment. In the former one atmospheric and telluric conditions were
such as to be manifestly unfavourable to the occurrence of rapid losses in turgescence, as the behaviour
of the pinnules very clearly shows ; and yet petiolar movements of great magnitude occurred with
excessive frequency because of the abnormal excess in distal leverage provided by the adherent drops of
rain. In the second period also, facilities for transpiratory loss were minimal, and root-supply was

*Vorlesung, XXXVII, s. 792.



APPENDICES, 127

excessive, and yet the primary pulvini were excessively irritable owing to absence of solar stimulation
and persistent excess in distal leverage from adherent water.

EXPERIMENT H.— July 2ith, 3-30 P.M. Bright but clouded: soil very moid; no rain during the three
previous days; leaves all in maximal diurnal position, with their primary petioles horizontal, slightly depressed\
or very slightly elevated.*—Amputation of the tip of a single pinna, or even of a single distal pinnule,
was succeeded by movements extending throughout the entire leaf and including extreme depression of
the primary petiole, whilst amputation of the entire distal portion of the leaf beneath the point
of origin of the lower pair of pinnae gave rise to little, and, in some cases, to no petiolar depression,
and was presently followed by extreme petiolar elevation, although it was attended by conspicuous
exudation on the cut surface. Here there was manifestly no direct relation between the severity of
the initial injury and the occurrence of petiolar movement, but very clearly a direct relation between
the laiter and* the amount of dietal leverage. Had depression of the primary petiole been dependent
on active contraction of the protoplasts of the primary pulvinus incident ou stimulation connected
with the sudden propagation of stimulant fluctuations in pressure along the course of Haber-
landt's " Reizleitende system," or originating in any other fashion, this could not have been the case,
as maximal fluctuations in pressure and maximal injury would under such circumstances have inevitably
led to maximal in placa of minimal movement. But, as it is a purely physical process, the tendency to
petiolar depression originating in connection with the fall in turgescence in the pulvinar parenchyma
incident on the escape of liquid from the cut surface?, although greater in cases where the entire
distal parts of the leaf were amputated than where only the tips of pinnae or pinnules were detached,
was more or less discounted by the great coincident decrease in distal leverage; whilst the much smaller
escape attending amputation of the tips of individual pinnae or pinnules, not being accompanied
by any appreciable diminution in distal leverage, sufficed to induce extreme petiolar depression.
At 6-30 P.M. the leaves were in fully developed nocturnal position. The petioles which had bee a
deprived of pinnae were now not nearly so highly elevated as they were shortly subsequent to the
operation, but were still more elevated than those of entire leaves; the phenomena, OQ the one hand,
indicating the effects of the loss in turgescence in the pulvinar tissues incident on the cessation of solar
stimulation, and on the other the minor degree of petiolar depression attending this when distal
leverage is greatly reduced in amount.

APPENDIX B.

THE EATE OF TRANSPIRATION IN MIMOSA PUBIC A AND THE EFFECTS FOLLOWING
DISTURBANCES IN THE RELATION BETWEEN TKANSPIKATOftY LOSS AND BOOT-SUPPLY
OF WATER.

THE rapidity of tianspiratory loss is so great that the pinnules of leaves on detached axes set in
water, and with their bases subaqueously divided to provide a fresh absorptive surface, only very
imperfectly assume the diurnal position under the influence of light unless the degree of atmospheric
humidity be relatively high. The activity of transpiratory loss is also very clearly indicated by the
results which attend very inconsiderable diminutions in the amouut of root-supply as is demonstrated
by the results of the following experiments:—

EXPERIMENT I.—A pot-plant, the leaves of which were in maximal diurnal position, and which
had to some extent rooted into the ground through the opening in the bottom of the pot, was care-
fully taken up without injury to the projecting roots and was then conveyed to the laboratory.
On arrival there the pinnules of all the leaves were in maximal nocturnal position, owing partly to the
agitation which the leaves had been subjected to during transfer. The pot was now placed over
a vessel of water so that the projecting roots were immersed, and the eutire apparatus was set in
a sealed chamber. The pinnules rapidly assumed the maximal diurnal position. The pot was now
removed gently from the water-vessel and chamber and set on a table in the open laboratory and
the pinnules once more gradually passed into the nocturnal position. When they had fully done so,
the pot was anew placed over the water-vessel within the chamber, and within the course of twenty
minutes tha pinnules were once more in maximal diurnul position. On a second removal from the
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chamber the nocturnal position was again resumed, aad was once more replaced by the diurnal one cm
return to the chamber. Tho phenomena present in this experiment not only demonstrate the extreme
rapidity of transpiratory loss and the accuracy of the balance which must be maintained between
transpiratory loss and root-supply of water in order to the retention of a given position by the pinnules,
but also that the nocturnal position is one which coincides with minor degrees of turgesceuee in the
motor organs, and not with increased turgescence as affirmed by Pfeffer.

The results of six experiments with regard to the actual amount of transpiratory loss taking place
under favourable circumstances were as follows:—

EXPKRIMENT II.—A plant with seven leaves and 222 pinnules yielded 231 C,C. of water in

twenty-four hours.
EXPERIMENT III.—A plant with nine leaves and 579 pinnules and weighing 4*32 grammes yielded

3-40 C.C. water in twenty-five hours.
EXPERIMENT IV.—A plant weighing 4*34 grammes yielded 6'40 C.C. water in forty-eight hours.
EXPEKIMENT V.—A plant weighing 2*03 grammes yielded 4*1 C.C. water in twenty-four hours.
EXPEKIMENT VI.—A plant with five leaves and 194 pinnules and weighing 2 32 grammes yielded

1*5 C.C. water in four hours.
The following experiment illustrates the results following a disturbance of the normal balance

between transpiratory loss and root-supply of water:—
EXPERIMENT VII.—The protruding portions of the roots of several pot-plants which had rooted

into the ground were cut off. In some of the plants the branches were cut shoit, so as to leave only
a limited number of leaves; in others they were left intact. Thirty-six hours later all the leaves on the'
plants with shortened branches were in full diurnal position, whilst in the plants with intact branches
the pinnules were in a position intermediate between the diurnal and the nocturnal one. The only
thing to account for the difference in the position of the pinnules in the two sets of plants is that in
the case of those with shortened branches the transpiratory surfaces had been reduced coincidently with
the absorptive ones, whereas in those with intact branches the apparatus for absorption had been
diminished, whilst that determining loss of water remained as before.

The next experiment also illustrates the effects attending disturbance of the equilibrium between
supply and loss of water, only in it the absorptive surface was an abnormal one, consisting of the
divided extremity of the axis in place of being radicular.

EXPERIMENT VIII.—A detached shoot was fixed upright, so that its lower extremity dipped into
a vessel of water and was exposed to diffused sunlight. At 11-23 A.M. the pinnules were all almost in
full diurnal position. The water-vessel was now carefully removed without in any way disturbing the
shoot, and at 12-7 noon the pinnules were all more or less highly elevated. The water-vessel was now
replaced and a fresh absorptive surface provided by subaqueous division of the lower end of the axis,
and at 2-20 P.M. the pinnules had almost all regained the normal diurnal position.

The results in experiments lite the two preceding ones are precisely parallel to those attending
exposure to hot and dry air, but are induced, not by increased loss, but by diminished supply of water.
In order to establish a tendency towards the assumption of the nocturnal position all that is necessary
is that the pre-existent equilibrium between supply and loss of water should be disturbed in such a
iashion as to cause the latter to undergo a relative increase. Such relative increase may arise either as
the result of diminished supply or of increased loss, but in any case the effects which it produces are
the same. In the case of normally rooted plants an excess of loss may arise in consequence of
excessive aridity and temperature of the atmosphere such as frequently prevails at midday nnd during
the course of the afternoon, and hence under such circumstances a spontaneous assumption of the
nocturnal position frequently manifests itself in spite of the fullest solar stimulation of assimilatorv
activity. In the case of plants with partially exposed roots, or of detached shoots, a similar diurnal
assumption of the nocturnal position attends any sudden arrest or considerable diminution in supply
of water even when conditions are unfavourable to the occurrence of excessive transpiratory loss
In the former case recovery of the normal diurnal position attends a diminution in transpiratory loss;
in the latter it follows the renewal of water-supply, conditions of transpiratory loss remaining unaltered!
It is relative diminution in. loss in either case which determines the resumption of the normal diurnal
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position and such diminution may be effected as the result either of absolute diminution in loss or of
absolute increase in supply. Hence norm ally-rooted plants which have passed into the nocturnal
condition diurnally may be caused to resume the normal diurnal one by exposing them to conditions
implying either diminished transpiration or increased root-supply: in other words, by exposing them to
a more humid atmosphere, or by adding water to the soil iu which they are rooted.

APPENDIX C.

THE INFLUENCE OF VARIATIONS IN DEGBEE OF ASSIMILATOBY ACTIVITY ON THE OCCUEKENCE
AND CHARACTER OF THE MOVEMENTS OF THE LEAVES OF MIMOSA PUDICA.

VARIATIONS, in osmotio capacity in the tissues of the motor organs connected with variations in the
activity of assimilatory function come into play as intrinsic factors affecting the liability of the leaves
to undergo sudden movements. The degree of "irritability" of plants exposed to conditions implying
excessive ^atmospheric and telluric humidity is conspicuously much greater after sundown than whilst
they are exposed to full solar stimulation; and, whilst the sudden exposure of a plant to the arid
atmosphere of a simple sulphuric-acid chamber is only attended by slow and gradually progressive
movements of the leaves, exposure in a chamber containing both sulphuric acid and chloroform
ds followed by the occurrence of rapid pinnular movements. Osmotic capacity in the cell-sap
determines the existence of turgescence, and in maintaining it has constantly to contend with
the filtrative escape of liquid incident on the elastic recoil of the extended cell-walls. Any fall
in osmotic property in the cell-sap must favour the occurrence and rapidity of processes of
filtration, and consequently the occurrence of rapid fluctuations iu the degree of turgescence of
the tissue; hence factors, which are quite incapable of giving rise to rapid and considerable
fluctuations in turgescence whilst osmotic capacity is high, may well become efficient to do so when
it has undergone considerable decrease. The effect produced by any factor favouring the escape of
liquid from the interior of the cell-cavities, and consequently making for diminution in turgesceuce
of tissue, must necessarily, be modified by the degree of osmotic capacity in the cell-sap which
is a factor making for local retention of liquid. Consequently depression of assimilatory activity, as it
normally implies a decrease in osmotic capacity, not only comes into play to give rise to slow, progressive
movements when it acts alone, but has also an important influence in modifying the extent to which
the sudden incidence of other factors making for decreased turgescence will be capable of giving rise
to the occurrence of sudden movements. The ordinary periodic movements of the leaves are manifestly
determined by fluctuations in turgescence in the tissues of the motor organs connected with fluctua-
tions in the degree of assimilatory activity incident on the presence or absence of solar stimulation,
and it is evident that any other factors of fluctuations in turgescence must be liable to have their
effects modified according as they act in unison with, or in opposition to, the assimilatory influences
affecting turgescence. The removal of solar stimulation determines the occurrence of a fall in turges-
cence which makes for the assumption of the nocturnal position, and if another factor making for the
game thing comes into play simultaneously with it, it is evident that the effect which the latter will
produce is likely to be greater than when it comes into play at a time when the conditions of assi-
milatory activity, in place of favouring the assumption of the nocturnal position, favour the maintenance
of the diurnal one. Hence, other things being alike, u irritability" tends to attain its maximum
at sundown owing to the fact that, at this time, any factor making for decreased turgescence acts in
co-operation with a coincident fall in assimilatory activity which makes for the same thing. The absence
of solar stimulation, however, not merely favours the occurrence of rapid movements under the influ-
ence of other factors making for losses in turgescence in the motor organs, but also affects the
permanence of the position which has been assumed under the influence of the latter. That this is the
case is clearly demonstrated by the results of experiments such as the following one :—

EXPERIMENT I.—A shoot of Mimosa pudica, bearing five leaves, was detached from a plant at
6-40 A,M. without any special precaution to avoid disturbance of the leaves, all of which, as is usual under
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normal circumstances, acted fully as regards their primary petioles and pinnules, but showed hardly any
appreciable pinnal convergence. It was at once placed in a dark, moist chamber, which was allowed
to remain closed until 8-20. When the chamber was opened, the position of the various parts of
the leaves was found to be just the same as it was when they were enclosed in it. The shoot was
now removed from the chamber, laid on a table in front of a window and covered by a bell-^lass.
Within a short period the primary petioles gradually became partially elevated, and the pinnules
assumed the normal diurnal position almost completely. Two hours later the petioles remained as
before, but the pinnules had assumed a position intermediate between the normal diurnal and
nocturnal ones. Acoording to the ordinarily accepted theory of the causation of the movements in
the leaves of Mimosa pudica, we are calied ou in this instance to believe that the primary depression
of the petioles and elevation of the pinnules were dependent on stimulation and active contraction of
the protoplasts of the motor organs of the primary and tertiary pulvini incident on a factor—separation
from the axis—which failed to act as an appreciable stimulant to the protoplasts of the secondary
pulvini ; that this condition of stimulation and active contraction lasted continuously for nearly two
hours whilst the shoot remained in the dark and deprived of any solar stimulus; that it was then
replaced by a condition of relaxation on exposure to the inauence of light ; and, finally, that continued
exposure to light acted as a stimulant to the contractile protoplasts of the tertiary pulvini, 'but failed
to do so to those of the primary ones. It is surely more rational to explain the sequence of pheno-
mena in the following fashion. The primary depression of the petioles and elevation of the pinnules
were dependent on the sudden disturbance of liquid equilibrium throughout the tissues, caused by the
sudden arrest of root-supply of water and the active escape of liquid accompanying separation from'
the axis. This depressive disturbance was sufficient to give rise to considerable filtrative discharge of
liquid, and consequent loss in turgeeoeiiee, in those sites in which special structural facilities for the
escape of liquid from the interior of celi-cavities are present, and hence movements occurred connected
with sudden fall in turgescence in the inferior parenchyma of the primary pulvini and in the
superior parenchyma of the tertiary ones, whilst no appreciable movements occurred in the pinnre
because of the minor facilities for rapid redistribution of liquid provided by the tissues of the second
ary pulvini. During the period in which the shoot was retained in the moist but dark chamber"
recovery of the diurnal position did not occur, not because there was not a stock of reserve water
within the water-conducting system, or on account of active transpiratory loss, which was p r e c l u d e d ^
the atmospheric humidity of the chamber, but because the total absence of solar stimulation prevented
the protoplasts of the tissues from giving origin to the unstable assimilatory products on which^th
osmotic capacity of the cell-sap, which is necessary to induce full turgescence of the tissue ele ^
was absent. On subsequent exposure to sunlight, even under conditions implying no fresh ^^ T
of liquid and permitting of relatively free transpiratory loss, the rise in osmotic capacity iu the cl l l^ ^
was sufficient to determine active abso ption of the reserve water in the water-conducting system and
therefore to determine a rise in the turgescence of the pulvinar tissues leading to a resumption oMh
diurnal position of the primary petioles and the pinnules so long as enough reserve water remained
within the watei-conducting system to more than counterbalance the coincident transpiratory loss
Finally, when (as the result of continued transpiratory loss and assimilative decomposition of water) th '
stock of reserve water became insufficient for this, a tendency towards the resumption of the noctur \
position set in and manifested itself earlier and more conspicuously in the pinnules than in the ^
petioles, because the action of local loss of turgescence in the tissues of the primary pulviui w a s ^ ^ 7

or less discounted by the coincident diminution in distal leverage attending diminished tur eT^ ^^
the laminar portions of the leaves. ® cence in

The effects of a normal depression of assimilatory activity, or in other word
decrease in the osmotic capacity of the pulvinar tissues in giving rise to a greater liabili^ n ° m a l

occurrence of movements, or as it would be commonly described to "increased irrit Vl'f * " ^
strikingly demonstrated in connection with experiments, like the following, ia Wnj ^ tr* * * / ' 1S

are gently amputated without any mechanical disturbance of the plants : ° ^S

E X P E R I M E N T I I . — J u n e 3rd. B o t h soil and air very humid.—Ax 8 A M t h o l o «
. ,. P .i « _ i._n _.. i , ' weaves w e r e m fu l l

the lea
position. Amputation of the tips of axes was followed merely by the exudation' oT ^
liquid from the cut surface. At 7 P.M. the leaves were in full nocturnal position." f ^ t a Z of
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the tips of axes was followed by no conspicuous exudation, but by centripetal propagation of
movements of petiolar depression to many ieaves along tho course of the injured axis.

EXPERIMENT III.—August 20th. There had been heavy showers in the morning, so that the soil teas
saturated, but subsequently continuous radiant sunshine had prevailed. 1 P.M.—The plants were not exposed
to direct sunshine and the leaves were in maximal diurnal position. Amputation of the tips of axes
led to local exudation of liquid, but was unattended by the occurrence of any petiolar movements.
f)-30 P.M.—The leaves were in full nocturnal position. Amputation of the tips of axes was followed by
extensively propagated movements of deepest petiolar depression along the course of the injured shoot.

In comparing the results of experiments carried out respectively in the morning and evening it
cannot, of course, be maintained that all the differences which are present—that all the phenomena of
increased "irritability " in the evening—are to be credited to the coincident depression in assimilatory activity
alone; for, as a rule, the conditions in the evening are much more favourable to rapid transpiratory loss
than they are in the morning. During periods of continuous settled weather diurnal atmospheric
humidity attains*its minimum in the afternoon and evening, whilst in the morning it is still relatively
high. This is shown by the figures in the following table of averages, derived from a series of weekly
observations for the years 1892-93 with which my friend Mr. 0. Little has kindly furnished me:—

1892.

January
February
March
April

various

6 A.M.

90-2
84-5
88-0
87-8
89-0
920
96-0
948
9575
95-2
877
86-25

Umis of

8 A.M.

857
71-4
75-6
77-75
79-2
82-25
90-25
89-0
85-5
82-6
77-75
79-5

day. 100=saiuration.

10 A.M.

62-5
48-6
48-75
63-0
70-6
73-25
86-75
80-4
77-25
72-6
59-5
53 25

4 P.M.

40-5
35-0
310
54-0
592
73-75
83-0
78-4
77-75
65-6
47-0
35-75

10 P.M

78-25
74-8
71-75
810
85-2
90-0
92-5
91-4
92-5
91-4
920
88-25

June
July
August
September
October
November
December ... ... .,

Annual averages ... 90-6 81*3 66-3 56-9 8575

1893.-
6 A.M. 8 A.M. 10 A.M. 4 P.M. * 10 P.M.

January ... ... ... 93-0 90 0 630 406 83-4
February ... ... ... 94*75 87-5 71*75 63-0 910
March ... ... ... 9425 8825 60-0 54*5 83-25
April ... ... ... 91-25 80-75 64-75 54*0 85*25
May ... ... ... 89-2 81-0 69*20 59*8 81*40
June ... ... ... 92-75 86*25 8450 82'75 8925
July ... ... ... 92*8 88-0 84*40 82*40 89 0
August ... ... ... 94*0 87-5 Sl'O 77-0 90*5
September ... ... ... 95*25 90-25 85*25 82*75 b2'75
October ... ... .>. 92*8 84*0 78*25 73*25 94*0
November ... ... ... 85*5 76*75 62*0 57-5 920
December ... ... ... 94-25 8225 64*25 50*25 91*25

Annual averages ... 924 852 728 64'7 88-2
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The evening depression of atmospheric humidity and the consequent increased facility for transpi-
ratory loss must, of course, tend to facilitate the occurrence and diffusion of rapid movements
connected with fluctuations in turgescence, but at the flame time it tends to give rise to a very consider-
able reduction in distal leverage which must more or less equilibrate the increased instability connected
with increased transpiratory loss, so that on the whole the evening rise in petiolar " irritability" may
be fairly credited to decreased retentive power in the pulvinar tissues incident on diminished osmotic
property in the cell-sap. That this is, at all events, the main determinant of the rise in "irritability"
which normally presents itself in the evening is, moreover, demonstrated by the phenomena which present
themselves during periods of prolonged and more or less continuous rainfall, when both soil and air are
practically saturated and transpiratory loss is necessarily reduced to a minimum. Under such circumstances
it will be found that, whilst amputation of the tips of terminal pinnules during the day, and whilst the
leaves are in maximal diurnal position, is followed only by very limited aud imperfect movements of
pinnular elevation, purely confined to the injured pinna and unaccompanied by any movements of petiolar
depression save in the case of leaves which are heavily loaded with adherent water, a similar injur I*
the evening and when the leaves have already completely assumed the nocturnal position is constanti**
followed by the deepest petiolar depression quite apart from the presecce of any extrinsic distal loadin 7

The effects of simple mechanical "stimulation" also vary very conspicuously in degree at different times
of day. The Laves of seedling plants in the morning and early forenoon, so long as they are not
exposed to the influence of direct sunshine and its attendant excess in transpiratory loss, are very hi^hl
elevated and exceedingly irresponsive to mechanical impulses, whilst in the evening, when the piunules
and pinnae are in their maximal nocturnal position, the primary petioles remain very highly elevated
but very readily undergo the deepest depression on contact.

In the previous experiments we have been dealing with cases in which we have evidence of increase
in "irritability" coincident with decreased assimilatory activity connected with the removal of solar
stimulation; but parallel phenomena present themselves incases in which protoplasmic activity is depressed
not by the absence of normal stimuli, but in consequence of exposure to the influence of anesthetics.'
In order to the proper comprehension and interpretation of such phenomena it is necessary to have some
acquaintance with the effects which follow exposure to simple desiccated atmospheres and simple exposure
to anaesthetic vapours, as the evidences of increased "irritability" connected with the latter manifest
themselves most clearly in cases of sudden exposure to a desiccated atmosphere containing vapour
of chloroform. The data which follow are accordingly derived from three distinct sets of
experiments. In the first of these plants were exposed to the atmosphere of a hermetically sealed
chamber containing a vessel of pure sulphuric acid; in the second they were exposed to a humid
atmosphere containing chloroform vapour; in the third they were exposed to the desiccated atmosphere
of a chamber containing both chloroform and pure sulphuric acid.

EXPERIMENT IV.—A pot-plant, in a pot which had been waxed and luted as if for experiments on
transpiratory loss, was enclosed in a hermetically sealed chamber containing a vessel of pure sulphuric
acid and exposed to diffused sunlight. The leaves passed into the maximal diurnal position, but were
extremely "irritable," movements attending the slightest mechanical disturbance, and the momentary
application of flame to the tips of terminal pinnules being followed, not merely by complete movements
throughout the injured leaf, but by propagation of movements to several other leaves. The soil in the
pot was sufficiently moist, and the proportion of root-surfaces to foliar surfaces was sufficient, to permit
of the maintenance of the maximal diurnal position in spite of very active transpiratory l0Ss; but the
equilibrium was a very unstable one, and consequently movements were very readily induced under t l /
influence of any factors either favouring increased filtration in the tissues of the motor organs ^ ™
sudden increase in transpiratory loss, or abnormal escape of liquid from the tissues incident o

EXPERIMENT V.—A pot-plant was set within a common hermetically sealed chamber conta
vessel including a plug of cotton-wool soaked in chloroform. The leaves slowly and gradual^ Assumed
the nocturnal position more or less completely, and after some time death of the entire plant o c T T ^
In this case the assumption of the nocturnal position was clearly simply owing to the act io^o^the
anfiBsthetio in depressing assimilatory activity ; for the plant was throughout exposed to abundant
diffused sunlight, and the atmosphere of the chamber must very soon have become more or less
saturated owing to transpiration from the leaves and evaporation from the moist soil in the open pot.
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EXPERIMENT VI.—The basal and terminal portions of the solitary axis of a small pot-plant were
carefully protected and the central portion was enclosed in a space containing the vapour of ohloroform.
A gradual assumption of the nocturnal position followed by death occurred in the leaves of the central
exposed portion of the axis, which itself ultimately died and became brown, whilst the leaves on the basal
and distal protected portions rapidly resumed the diurnal position, from which they had departed in connec-
tion with the initial disturbance to which they had necessarily been subjected, and retained it unaltered
after the central portion of the axis and its leaves had been completely killed. On the following day,
and after the central part of the axis had been dead for many hours, the leaves on the basal and distal
portions were in normal diurnal position, and the application of heat to the base of the axis was
followed, not merely by movements in the leaves situated to that side of tho dead central area, but by
propagation of movements to those which were situated beyond it.

EXPERIMENT VII.—A plant in a common open pot was enclosed within a sealed chamber containing
a vessel of strong sulphuric acid, so as to secure the occurrence of continuous, active transpiratory
loss. After the flxpiry of half an hour, and when the leaves were in maximal diurnal position, a plug
of cotton-wool saturated with chloroform was introduced into the chamber. A complete assumption
of the nocturnal position occurred within two hours, the movements leading to it being of an insensibly
slow, progressive character.

EXPERIMENT VIII.—A plant in a carefully waxed and luted pot, so as to secure maximal
transpiratory loss, and whilst the leaves were in full diurnal position, was suddenly introduced into a
chamber containing vessels of both strong sulphuric acid and chloroform. After a brief interval
numerous pinnules in several leaves underwent sudden, rapid elevation. The pot was now removed
from the chamber, and, when all the pinnules were once more in maximal diurnal position, was again
introduced into the chamber. After a considerable interval had elapsed, numerous pinnules became
abruptly elevated throughout almost all the pinnae of all the leaves, but no depression of the primary
petiole occurred in any case.

EXPERIMENT IX.—A plant in a luted pot, and with its leaves in maximal diurnal position, was
suddenly introduced into a chamber like that employed in the previous experiment. After an interval
of about half a minute, rapid spreading elevation of the pinnules set in in many pinnae. The
elevation was, however, incompletely carried out. No depression whatever occurred in any of the
primary petioles.

EXPERIMENT X.—A pot-plant, luted in the usual fashion for experiments on transpiration, was
introduced into a sealed chamber containing vessels of chloroform and of water. No rapid action
whatever occurred; but merely very slow, insensibly progressive elevation of the pinnules. After it had
remained within the chamber fcr a short time it was removed and, after the pinnules had completely
recovered their normal diurnal position, introduced into a sealed chamber containing vessels of
chloroform and of pure sulphuric acid. Rapid movements of elevation presently occurred in a number
of pinnules, and, after an interval, the primary petiole of the uppermost leaf, the pinnules of which
were still in a condition of permanent elevation, underwent rapid depression.

EXPERIMENT XL—A pot-plant, luted as usual and with its leaves abundantly bedecked with
adherent drops of rain, was introduced into a sealed chamber containing vessels of ohloroform and
of sulphuric acid. After an interval of fifty seconds some pinnules in one loaf became relatively
slowly and partially elevated, and after a further interval of two minutes all the pinnules of one pinna
of another leaf acted in a similar fashion. Elsewhere only slow, insensib'.y progressive pinnular elevation
occurred.

The results of this series of experiments clearly demonstrate the following facts:—
I-—Exposure to the influence of anaesthetics under certain circumstances is attended by the

occurrence of movements of precisely the same character as those which are ordinarily
regarded as depending on stimulation and active contraction of the protoplasts
of the motor organs.

II.—The rate at which movements occur under the influence of exposure to the vapour of
chloroform varies with the degree to which facilities for the rapid transpiratory
removal of water from the tissues are present.
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III.—Exposure to the influence of the vapour of chloroform under circumstances favouring
rapid transpiratory removal of water from the tissues constantly occasions rapid
movements in pinnules, but ouly exceptionally induces rapid movement* of primary
petioles.

IV. Neither exposure to a desiccated atmosphere, unless the aridity be very extreme, nor
exposure to a humid atmosphere containing the vapour of chloroform is capable
of inducing rapid, sudden movements; but exposure to a desiccated atmosphere
containing the vapour of chloroform is constantly attended by occurrence of such
movements.

Y.—The effects following exposure to the influence of the vapour of chloroform, even in eases
where the treatment has been pushed so far as to cause actual death, are purely
localised to those areas of a plant which are directly exposed to the vapour; and
the death of comparatively large areas in an axis resulting from prolonged exposure
neither affeuts the conduction of water by the water-conducting system, nor interferes
with the propagation of the conditions which give rise to the occurrence of movements.

These facts are quite inexplicable on any theory which ascribes the occurrence of rapid movements
of the leaves to stimulation and active contraction of the protoplasts of the motor organs. We
have no ground for believing that exposure to anaesthetic vapours leads to stimulation of protoplasmic
activity of any kind, but we have distinct evidence that it acts in precisely opposite fashion. Were
the movements dependent on stimulation of contractile protoplasts in the motor organs by the
anesthetic vapour, they ought to retain the same character, no matter what the hygrometrio properties
of the atmosphere be; whereas as a fact sudden rapid movements never occur so long as the atmosphere
is humid, and constantly manifest themselves when it is desiccated, although similar atmospheric
aridity alone is incapable of inducing them, or indeed of inducing any movements whatever. More-
over, were the movements dependent on protoplasmic stimulation and active contraction, the fact that
Tapid pinnular movements are phenomena of normal occurrence on exposure to a desicoated atmosphere
containing vaponr of chloroform, whilst rapid petiolar movements are absolutely exceptional, would remain
a hopeless mystery.

But on the theory that the movements are dependent on losses in turgescence in the tissues of
the meter organs connected, not with any active protoplasmic oontraotion, but either with decre
in the osmotic oapaoity of the cell-sap, or with influences facilitating local filtration within tl
tissues of the motor organs, or disturbing pre-existenfc relations of equilibrium between general sup ™
and loss of water, all the phenomena beoome readily explicable. Where plants or portions of plants
are exposed to the influence of the vapour of ohloroform in a saturated or practically saturated
atmosphere (as in the case of experiments V, VI, and X) pinnular movements occur; but they are of the
slow iusensibly progressive character normally present in cases where diminutions in turo-HsoencT
occur iu connection with decrease or removal of normal stimulation. They are of the same characr 9

as those occurring periodically in connection with the diminution and cessation *of solar stimulation
at sundown. They are evidently dependent solely on the gradual loss of osmotic capacity in the
tissues of the motor organs attending the depression of assimilatory activity caused by the acti ^
of the anaesthetic. Where (as in experiment VII) conditions favouring transpiratory loss are considerat^
greater, the rate of movement increases, because here the escape of liquid from the interior oPf]7

cells of the motor organs accompanying depression of protoplasmic functional activity is faoilitat d h
continuous evaporative loss from the tissues generally. Where, finally (as in experiments VIII IX ^ Tx
depression in osmotic capacity is associated with exposure to a desiccated atmosphere, conditio * ^ •
for relatively rapid, considerable fluctuations in turgescence are manifestly present • sind^ P r ? V l d

suddenly executed movements make their appearauoe. Such movements are nofc ' h **
distributed throughout the different parts of the leaves. They ocour constantly in the ^

t i a l l y in the primary petioles and never in BO f *exceptionally in the primary petioles, and never, in so far as my exD r̂ien™ „ fUmules» <luite

i i . . 1 / . I I P , J r^xicuuw goes, i n the ^i««™p y experience goes in
Are we to suppose that the vapour of chloroform under certain oircumstanoes * * 1
stimulant to the protoplasts of the tertiary pulvini, whilst it does so onlv oooa ' °'!? ^ ™ *
primary pdvini and has no stimulant effect whatever oU those of the a S l O n a U^ to t h o s e of the
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more reasonable to account for the phenomena as the result of a perfectly uniformly depressant factor
affecting the assimilatory activity of the protoplasts of all the motor organs alike, but whose effects
manifest themselves in unlike fashion in parts which differ from one another in structural
peculiarities and in their relations to other parts of the leaf. Loss in osmotic capacity, and excessive
transpiratory loss, work hand in hand in making for the elevation of the pinnules, which is determined
'by the excessive structural strength of the inferior mass of pareuchyma in the tertiary pulviuus; the
same factors come into play locally to give rise to a tendency towards depression of the primary
petiole, but here the weakening of the inferior mass of pulvinar parenchyma is discounted by the
coincident diminution in the resistance which it has to overcome connected with the simultaneous
decrease in distal leverage attending excessive trailspiratory loss. Finally, in the secondary pulviui
there is an absence of any highly developed differences in the structural and functional pro-
perties in the^ masses of tissue which make respectively for divergence and convergence, and with this
any liability to the occurrence of rapid movements necessarily diminishes. Mere exposure to the influence
of vapour of chloroform is incapable of inducing sudden movements; exposure to a desiccated
atmosphere, unless the degree of aridity be very excessive, is equally inefficient; but the loss of
osmotic property connected with the depression of functional activity caused by the action of the
vapour of chloroform facilitates the occurrence of losses of turgeseence to such au extent as to ensure
the occurrence of rapid movements wherever conditions favouring active transpiratury removal of
water are present in high degree.

APPENDIX D.

ON CERTAIN COMMONLY-ACCEPTED BUT EPKOKEOUS STATEMENTS REGARDING PHENOMENA
PRESENTED BY 2J1A1OSA FU.DICA.

/.—That, in the initial nocturnal position of the leaves during the earlier portions of the night,
the primary petioles are in a position of deep depression.*

THE following notes give the results of observations in regard to this point, which were carried cut
at various times of year:—

EXPERIMENT I.—January 27th, G P.M. Pinnee and pinnules in maximal nocturnal position. Primary
petioles highly elevated, but becoming deeply depressed on cuntact impulses.

EXPERIMENT II.—January 28th, G-20 P.M.

EXPERIMKJST III.— February Jst, G-20 P.M. . .
T. TTr ,, , . , n Results precisely similar to those of the previous day.
EXPERIMENT IV.— February 8th, G P.M. l J

EXPERIMENT V.—Febiuary 11th, 6 P.M.

EXPERIMENT VI.—May 30th, 7 P.M. Pinnae and pinnules in maximal nocturnal position. Primary
petioles horizontal or slightly elevated.

EXPERIMENT VIL—October 11th, 6 P.M. Pinnce and pinnules almost in maximal nocturnal position.
Primary petioles horizontal or slightly elevated.

October 11th, 8-30 P.M. Pinnse and pinnules iu maximal nocturnal position. Primary petioles
horizontal or slightly elevated.

October 12th, 12-15 A.M. Pinnce and pinnules as before. Marked increase in elevation of the
primary petioles.

The observations of the 27th and 28th January and of the 1st, 8th, and 11th February were
conducted in regard to very young plants in which the numbers of pinnce and of pinnules in the
leaves.were still small, the pinnae, as a rule, being only two or three in number and bearing only
a limited number of pinnules. This probably accounts for the fact that in all cases the primary
petioles were highly elevated, as in such leaves, apparently in connection with deficiency of distal
leveiage, excessive elevation of the primary petiole is of constant occurrence. The laiminar portions

* SaeLs VorlesuDgen ; Yorlesung, XXXVII, s. 789.
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cf the leaves of seedling plants are for some time very feebly developed, there being only from one
to twopionse preseut, and these bearing only a very few pairs of pinnules, so that distal leverage* is
probably much less influential in them than it is in fully developed leaves with their four pinna* and
multitudinous pinnules.

The phenomena which are presented by the leaves of Mimosa pndica, when grown under normal
tropical conditions, and especially when grown in the open ground so as to permit of indefinite
oxtension of root-surface, certainly render it very hard to imagine how a belief in the occurrence
of deep depression of the primary petiole as a normal nyctitropie phenomenon should have arisen.
Had it been present, it would have been quite anomalous and a striking example of an exception to
the rule that the position of the various parts of nyctitropie leaves during the earlier part of the ni<>ht
is one which was either the permanent position in very young leaves or the diurnal position ia some-
what older but still immature ones. But, as a niatter of fact, deep petiolar depression (Joes not occur.
And the slightly ascending, horizontal, or slightly descending position which really does occur affords
a striking example, not of deviation from, but of conformity to, that rule.' The postion
however, even in plants with unlimited extension of root-surface, is normally an extremely unstable
one owing to the coincident depression of osmotic capacity within the pulvinar tissues at a ti
when they have still to contend with very considerable distal leverage ; and hence very slight
disturbances, which are quite incapable of inducing deep depression in unloaded leaves exposed
to solar stimulation, readily suffice to give rise to it now. As has been pointed out in Appendix
G, the disturbance in the liquid-equilibrium in an axis which attends the amputation of its di t 1
extremity gives rise to much more constant and extensively propagated movements of t" * '
depression when it occurs after the leaves have assumed the initial nocturnal position than h
comes into play whilst they are still subject to solar stimulation and in the maximal dm- 1
This, perhaps, affords an explanation of the origin of the belief ; for it is conceivable that de
depression may spontaneously occur in the case of pot-plants with limited root-surfaces and
abnormally dry nocturnal atmospheres, the limitation of supply of water and continued
piratory loss co-operating to play the part of slight mechanical disturbances or othe J ^ '
agencies disturbing the liquid-equilibrium of the tissues. Even if this be the case, however it ' ^ n " 8 l °
affects the fact that, under normal circumstances, deep depression of the petiole is not ' ° W^
tropic phenomenon. nycti-

/ / .—That when the primary petiole is deeply depressed during the day in
"stimulation," its leaf hangs loose and pendulous; whereas when in the * •
during the early part of the night it is rgid.* * Posttlon

It is hardly necessary to discuss this question, seeing that, in plants grown unde
stances, the position of deep depression of the petiole, whether it arises diurnally pr noctux^U ° l r 0 U m"
its appearance under precisely similar circumstances and is induced by the same ^ ^^ y* m a k e s

however, be pointed out that it is not true in regard to plants grown under normal eiT ^ f " " ^
the leaves hang loose and pendulous when petiolar depression has arisen diurnallv ' l r C U n o e s t h a t

the action of any so-called " stimulant " agencies. 7 m conse(luence of

III.—That sudden exposure to absolute darkness^ apart from any other disturb'

is attended by the occurrence of sudden movements in the leaves ^ e°nd%t%on*>

The following notes show the nature of the results of experiments in wh' h
wer* in maximal diurnal position, were suddenly introduced into the absolute d k P ^ 8' w ^ o s e leaves
dark-room in which black velvet curtains covered even the small windows of 1 ^^ * Photographic
only source of light under ordinary circumstances:— 0 U r e &Iass affording the

EXPERIMENT VIII.—After an exposure of five minutes' duration no
position of the various parts of the leaves had occurred. After an exnn«n, aPPreciaWe change in the

_ _ _ _ _ ^ ^ ^ p u « u r e ot fifteen minutes a certain

* Sachs Vorlesungen; Vorlesung, XXXVII, s 7^ '
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amount of pinnular elevation was recognisable. After an exposure of thirty-two minutes the pinnules
occupied a position more or Jess intermediate between their normal maximal diurnal and nocturnal
positions. No perceptible alteration in the positions of the primary petiole occurred throughout the
entire course of the experiment.

EXPERIMENT IX.—No immediate effect followed transfer to the dark-room. After an exposure
of thirty minutes the pinnules occupied a position almost intermediate between the maximal diurnal
and nocturnal positions: at the close of an hour the pinnae and pinnules were almost in maximal
normal nocturnal position, but the primary petioles remained elevated.

Eepeated experiments of a like nature unequivocally showed that mere deprivation of light,
however sudden and complete it be, is never an efficient factor in giving rise to the occurrence of
sudden movements, and that it is in itself unattended by the occurrence of deep petiolar depression
even where it has acted 4 u r i ng periods prolonged enough to seoure maximal convergence of the pinnce
and elevation of the pinnules. They further showed that elevation of the pinnules occurs somewhat
more rapidly in plants exposed to a dry atmosphere than in those exposed to a humid one, and, conversely,
that recovery of the diurnal position on renewed exposure to light occurs more rapidly in a humid
than in a dry atmosphere.

In the case of experiments of this nature we have to deal with movements connected with the
incidence of external influences determining fluctuations in the functional activities of the tissues of the
motor organs, but the fluctuations are of a negative not of a positive nature; they are dependent, not on
the incidence, but on the removal of stimulation, and the decrease in turgescence of the tissues of the motor
organs which directly determines the displacements of the various parts of the leaves is caused,
not by active contraction of the protoplasts of the tissue elements, but by the elastic recoil of the
cell-walls, which is no longer efficiently opposed owing to the decreased osmotic property of the cell-sap.
The movements are of a slow and insensibly progressive character, as is the case with all movements arising
under similar circumstances. In all cases in which the occurrence of movements tending towards the
assumption of the nocturnal position in the leaves of Mimosa pudica can be unequivocally traced to
alterations in protoplasmic functional activity acting alone, the displacement is invariably of a slow
gradually progressive character, and in all cases it is connected not with stimulation, but with depression
of protoplasmic activity. Sudden exposure to absolute darkness implies sudden deprivation of solar stimu-
lation of the protoplasts of the tissues, and with this a sudden depression of assimilatory activity; but the
effects of this do not manifest themselves suddenly, because assimilatory activity is only indirectly related
to the maintenance of maximal turgescence through the intervention of the osmotio properties which it
confers upon the cell-sap owing to the products which it adds to it. The deprivation of solar stimulation
places an arrest on the assimilatory addition of osmotic products to the cell-sap, but the actual loss in
turgescence ultimately ensuing on this will be regulated by the progress of expenditure of the osmotic
products present at the time at which the arrest took place. The deprivation of the conditions securing
maintenance of turgescence at a certain standard is sudden; but the fall in turgescence is gradual,
because it is connected with the gradual expenditure of a stock of pre-existent unstable materials. So,
in the case of plants which are exposed to the influence of the vapour of chloroform in a humid
atmosphere, gradual progressive movements alone occur, because here again we have to deal only with
depression and ultimate abolition of assimilatory activity leading to loss of osmotic capacity of the cell
sap, and through this to alterations in the turgescence of the tissue-elements. But, whilst depression
of functional activity is incapable when acting aloue to give rite to the occurrence of sudden move-
ments, it may serve to seoure their occurrence when it co-operates with other conditions favouring
losses in turgescence, but equally incapable of inducing the occurrence of sudden movements when acting
alone. The sudden introduction of a plant into a desiccated atmosphere is, as a rule, followed merely
by very slow progressive movements of the pinnules, or, in cases where the root-supply of water is
very abundant, may be unattended by any movements whatever; but sudden introduction into a chamber
containing both sulphuric acid and chloroform is normally followed by the occurrence of sudden rapidly
executed movements, because here we have to deal not merely with conditions depressing functional
activity or giving rise to great increase in tianspiratory loss, but with conditions implying the coinci-
dent presence of both these factors of decrease in turgescence. Are we to suppose, as the ordinarily
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accepted theory of the induction of suddenly executed movements would apparently demand that
the vapour of chloroform becomes a stimulant to functional activity in, a dry atmosphere, whilst it
acts as a depressant in a moist one? Surely it is more rational to conclude that in both cases it acts
alike as a depressant of functional activity, but that the rate at which indices to its action m l i
lest themselves in a reduotion of turge*oenoe varies with the extent to which facilities for the rapid
removal of water from the tissues are present. '

IV.—That the nocturnal position of the various parts of the leaves is one which is connected with
a degree of turgcscence in the motor organs greater than that which is present in eonnec
tion ivith the diurnal position,*

In order to demonstrate the groundlessness of this belief it is only necessary to caR to mind the
phenomena which can be du-ectly observed in the guard-cells in connection with the assumption of he
d.urnal and nocturnal cnd.hon by the stigma.ic orifices, together with the fact that the nocturnal
portion » assumed by the l a v f M dl °™

y g es, together with the fact that the nocturnal
portion » assumed by the leaves of Mmw pudlca l i n d e r t h e i n f l u e n o e o f ^ ^ ^ ^ °™
implying excess m trauspiratory loss iu felacion to root-supply of water. "".uons

APPENDIX E.

THE I ^ U E N C E OP HXGKOMETKIC
D E G l { E E 0 F .^BBITABILirr» O F

experimental data. The experiments are ^ n t^ZLT^ " V T l ^
under A illustrating the character and extension cf the I f fT™ *'' t h ° S e i n c ) u d e d

s t imu lan t " agencies under conditions o f ^ " T O ^ 0 T " , ^ ^ ^ ia<MmC6 ° f S ° C a l l d

illustrating the phenomena presenting themselves under the tuuenc^I o T Z u T ^ ^
was normal or depressed. "uuence ot sundar agencies when humidity

GROUP A.-HTJMIDITY EXCESSIVE.

a.-Besulfs foUomna amputation of tips of terminal pinnules of distal pinnce, or amputation
of tips of axes.

\.-EfecU following the amputation of the tips of pinnules:

EXPERIMENT I . - J u n e 23rd. Temperature 7T6°F., atmoyherie humidity 97 per cent 7? • ,
fallen steadily for some hours and wa, still fulling heaoily; everything drenched with moisture-A
of the tips of terminal pinnules was followed by a pause, during which drops of ex , , 1 •• ' m p u t a t l 0 Q

the divided extremities of the mid-rib and the larger veins on the cut surface Flevati f ^^ a t

pinnule, of its fellow, and of one or two adjacent pairs of pinnules followed slowl & " " p i n i ured
subsequently occurred in one or two others, but pinuular movements never «<• ' / ' i 7 l e l e v a t i o n

course of the injured pinna). extended along the entire

EXPERIMENT I I . _ J u l y 19th. Temperature 80°*, atmospheric humidity 97 ner , . „
rain had fallen during the previous nig'tt and continued to fail gently at the V f Continuous
was drenched with moisture. The leaves were in maximal diurnal position and :°* €X^€rinientm Everything
loaded with adherent drops of rain.— Amputation of the tips of terminal ' " ' ^1 "^ ****** Uere heavily

slow . i d i r r , g u l . r ^ i o - i - . * * u b e r o l ^ ^ ^ ^ ^ J ^ ^
p f p

slow . i d irr,gul.r ^ i o - i - . * * number o l

* Sdcii# "Vcrlesungen ; Yorlesung, XXXL1, s. 789.
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became elevated, and elevation of the injured pinnule was often delayed until visible exudation had
apueared on the cut surface. In the case of heavily-loaded leaves depression of the primary petiole
usually occurred, the movement immediately succeeding elevation of the injured pinnule, or of it and
its fellow.

EXPERIMENT III.—July 20th. Temperature 80'5°.F., atmospheric humidity 95 per cent. Heavy rain
had faljen all night and rain was still falling at the period of experiment. Everything teas drenched with
moisture.—Amputation of the tips of terminal pinnules of leaves which were not loaded with adherent
drops of rain was followed only by imperfect elevation of a few distal pinnule3 in the injured pinnae.
No action whatever occurred even in the injured pinnule until after a pause, during which drops of
exudation appeared on the cut surface.

EXPERIMENT IV.—July 25th. Temperature 78°F., atmospheric humidity 94 per cent. Very heavy
rainfall had occurred shortly hfore and the sky teas still covered icith clouds. Everything was drenched with
moisture. The leaves were in maximal diurnal position and many of them were heavily loaded ivith adherent
drops of rain.—Amputation of the tips of terminal pinnules was followed merely by slow and imperfect
action in a few of the diftal pairs of pinnules in the injured pinnce, save in the case of heavily loaded
leaves, in which deep depression of the primary petiole occurred simultaneously with or immediately
after elevation of the injured pinnule.

EXPKRI'MENT V.—August 7th. The day was one of drenching, tropical showers alternating with

intervals of brilliant sunshine. The leaves were in maximal diurnal position and in some instances heavily

loaded with adherent drops of rain.—Amputation of the tips of terminal pinnules was followed merely
by very slow and imperfect actiou in eight or nine neighbouring pairs, and, in the case of one
heavily-loaded leaf, by deep depression of the primary petiole ere any but the injured pinnule
had become elevated. Here all the conditions for excessive turgidity of the tissues were certainly
present, for there had been abundant solar stimulation in coincidence with excessive root-supply
and minimal transpiratory loss, and yet "irritability" in place of being maximal, as Haberlandt says
it ought to be under such circumstances, was minimal.

EXPERIMENT VI.—September 13th. Almost uninterrupted rainfall had taken place during the three
previous days and drenching shoiccrs had fallen earlier in the mcrning. The sky was bright, but the sun teas veiled
by cloud. Everything ivas drenched with moisture. The leaves Wire in maximal diurnal position and in
many cases loaded with adherent drops of rain.—Amputation of the tips of terminal pinnules was followed
by a pause, during which no movements occurred, but . drops of exudation appeared at the divided
extremities of the mid-rib" and larger veins of the injured pinnule. Slow elevation of the injured
pinnule then took place. This was succeeded by a pause, after which the uninjured terminal pinnule
acted. Another pause ensued, followed by slow movements of elevation in a certain number of
pinnules in the outer half or third of the injured finna. In the case of heavily-loaded leaves
depression of the primary petiole often occurred as the first sequence to elevation of the injured pinnule
and its fellow, and in one case as the very first phenomenon of movement subsequent to exudation on
the cut surface of the injured pinnule.

EXPERIMENT VII.—October 7th. Very heavy rainfall had occurred in the course of the previous night
and during the earlier part of the day. The leaves were in maximal diurnal position.—Amputation of the
tips of terminal pinnules was followed by very slow elevation of the pinnules of the injured pinna, tho
movements being in many cases confined to the terminal third or half of ifcs course. The primary
petiole in some coses became depressed immediately after elevation of the injured pinnule and its fellow.

2. Ejects following the amputation of the tips of axes.

EXPERIMENT VIII.--June 24th, 8 A.M. Heavy shoivers of rain had fallen during the night and both
soil and air were very humid.—Amputation of the tips of axes was attended by no results, save the local
exudation of a large drop of fluid on the divided surface.

EXPERIMENT IX.—July 15th, 8 A.M. Air very moist and ground saturated owing to haiy rain <n
the previous day.—Amputation of the tips of axes Was followed merely by the esudatioa of a laige
drop of flui<> on the cut surface.
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EXPERIMENT X.—August 20th, 1 A.M. Heavy showers had fallen in the course of the morning and
both soil and air were very humid,—Amputation of tips of axes was merely followed by local exudation
of liquid on the cut surface.

l%—Results following mechanical disturbance or separation from the axis.

EXPERIMENT XL—A pot-plant was introduced into a sealed moist chamber and exposed to diffused
sunlight. Extreme elevation and expansion of the leaves occurred, and when the whole apparatus was
violently shaken, so as to agitate the leaves strongly, the only movements which occurred were confined
to a certain number of pinnules which were actually in contact with the walls of the chamber.

EXPERIMENT XII.—June 10th. Rain teas falling heavily and everything was drenched ivith moisture.
A pot-plant was conveyed over a mile of rough road without the leaves showing any appreciable departure
from their normal diurnal condition, in spite of the continuous, agitation to which the^ were exposed
during the transit.

EXPERIMENT XIII.— June 24th. Conditions and results as in the previous experiment.
EXPERIMENT XIV.—August 3rd. Then and daring several previous days atmospheric humidity was

excessive and rainfall abundant.—A vigorous shoot was detached from a plant and con veyed. over a mile
of rough road intervening between the garden in which the plant grew and the laboratory. It bore
nine leaves, the two terminal ones being still very young. In spite of the continuous agitation to
which it was exposed en route, it reached the laboratory with the primary petioles of all the leaves
save one either horizontal or only very slightly depressed, and all the pinnules, save one or t\fo
isolated ones, in almost maximal diurnal position. Even half an hour later the pinnules were only
partially elevated; but, on exposure to a gentle current of warm dry air, they rapidly assumed the
fully-developed nocturnal position.

EXPERIMENT XV.—September 24th. Almost continuous drenching rain had fallen during the previous
fortyreight hours. The sky was covered with cloud. Everything teas drenched with moisture and the leaves
were in maximal diurnal position.— Separation of shoots from the plants to wh'ch they belonged was
attended by no movements whatever in the leaves unless they were subjected to violent agitation.

c—Results following the application of flame to the tips of terminal pinnules of distal pinnce.

EXPERIMENT XVI.—A pot-plant was enclosed within a sealed moist chamber. After it had
remained within it for some time the cover of the chamber was several times momentarily partially
displaced and an open flame applied to the tips of the terminal pinnules of one of the distal pinnae
of several leaves. The application was followed by the occurrence of slow movements, in some cases
extending over the entire leaf, in others confined to the injured pinnae. In no case was there any
propagation of movement to any leaf but the injured one. When similar treatment was applied to
the leaves of plants growing in the open air, complete movements in all cases' occurred throughout
the whole of the injured leaf, and action was invariably propagated to at least one other leaf, although
atmospheric humidity was at the time by no means low.

EXPERIMENT XVII.—A plant was treated as in the previous experiment. When flame was
applied to one or two of the terminal pinnules of one of the lower leaves, slow and partial elevation
occurred in all the pinnules of all the pinnae, and was followed by depression of the primary petiole-
but there was no propagation of movement to any other leaves. When similar treatment was applied
to the leaf of a plant in a luted pot within a sealed sulphuric acid chamber, complete and rapid action
occurred throughout the whole of the injured leaf and was propagated to all the other leaves on
the plant.

EXPERIMENT XVIII.—A pot-plant was placed in a sealed moist chamber. The leaves became
extremely elevated and expanded. After an interval of two hours and a half, the cover was partially
removed and flame was applied to the tips of the terminal pinnules of a distal pinna of one of the leaves.
Slow and partial action occurred throughout the injured leaf, but there was no propagation of
movement to any other leaves. When similar treatment was applied to a plant which h?d been for
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some hours in a sulphuric acid chamber, rapid and complete action took place throughout the injured
leaf and was propagated to ajl the other leaves on the single axis of which the plant was composed.

EXPERIMENT XIX.—June 12th. Soil very moist, atmospheric humidity high.—-The application of flame
to the terminal pinnules of distal pinnae of leaves of plants growing in the open ground was followed
by very slow and imperfect elevation of the pinnules of all the pinnae, and by slow and incomplete
depression of the primary petiole. There was never any propagation of movement to any other leaf.

EXPERIMENT XX.-June 9th. Rain was falling heavily and the soil was saturated with moisture.—The
application of flame to terminal pinnules of distal pinnae was followed by slow and imperfect
elevation of all the pinnules of all the pinnae of the injured leaf, and, in the case of one leaf which
was heavily loaded with adherent drops of rain, by depression of the primary petiole. No propagation
to any other leaf occurred.

EXPERIMENT XXI.-June 15th. The sky was completely covered with cloud, and heavy falls of ram
were occurring at frequent intervals. The soil was very moist.-The application of flame to the tips of
terminal pinnules was followed by very slow, incomplete elevation of the pinnules of all the pinnae
and very slow, incomplete depression of the primary petiole of the injured leaf. No propagation of
movement to any other leaf occurred in any case.

EXPERIMENT XXII.—June 16th, 8 A.M. Atmospheric temperature 80-5°F. Humidity 92 per cent. The
morning mu cool and still. Heavy rainfall had occurred just before the period of experiment. There was
brilliant sunshine, but the plants were not directly exposed to it.-The application of flame to the tips of
terminal pinnules of distal pinnaa was followed by slow and almost complete elevation of the pinnules
of the injured pinna, and by slow, imperfect action in the opposite distal pinna and in the proximal
pinna on the same side as the injured one. No action whatever occurred in the pinnules of the
remaining pinna or in the primary petiole, and there was no propagation of movement to any other
leaf.

EXPERIMENT XXIII.—June 21st, 8 A.M. Atmospheric temperature 81'5°F. Humidity 91 per cent.
The sky was completely covered with cloud, but no rain had fallen during the night, and the leaves were
consequently dry.—The application of flame to the tips of terminal pinnules of distal pinnae was followed
by complete action throughout the injured leaf, save in one case in whioh no action occurred in the
proximal pinna of the opposite side of the leaf, and another in which the primary petiole did not
undergo any depression. No propagation of movement to any other leaves occurred.

EXPERIMENT XXIV.-June 23rd, 8 A.M. Atmospheric temperature 77'5°F. Humidity 97 per cent.
Rain had fallen continuously for some hours previous, and was still falling heavily. Everything teas drenched
with moisture.-The application of flame to the tips of terminal pinnules to the extent of actually charring
them was followed by slow action of the pinnules, never extending over more than three pinnae, and,
where the leaves were not heavily loaded with adherent drops of rain, usually unattended by any depres-
sion of the primary petiole. In no case was there any propagation of movement to any other leaf.

EXPERIMENT XXV.-June 26th, 8 A.M. Atmospheric temperature, 815°.F. Humidity 90 per cent. The
leaves were dry, but the soil was drenched with moisture. The morning was bright, but t\ere was an absence
of direct sunshine.-The application of flame to the tips of terminal pinnules of distal pinnae was followed
by slow but almost complete elevation of all the pinnules of the injured pinna, depression oi the primary
petiole, partial action in the pinnules of the proximal pinna of the injured side and in those ot the
opposite distal pinna. In one or two instances incomplete elevation also occurred in the pinnules of the
remaining pinna. In no instance was there any propagation of movement to any other leaf.

EXPBHIMBNT XXVI—June 29th, 8 A.M. Atmospheric temperature 79-5°F. Humidity 94 per cent.
Rain was falling heavily.-ihe application of flame to the tips of terminal pinnules was followed only by
very slow elevation of the pinnules of the injured pinna, and by incomplete elevation in those of
the remaining ones. Depression of the primary petiole did not occur, and there was no propagation of
movement to any other leaf.

d.—Effects of the application of heat to a point in the course of a mature axis.

EXPERIMENT X X V I I . - J u l y 20th, 8 A.M. Atmospheric temperature 80-5°. Humidity 95 per cent.

Heavy rain had fallen all night, and rain was still falling. Everything was drenched with moisture.—The
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thorough application of the points of heated forceps to points in the course of mature axes was followed
in every case by an entire absence of any movements in any leaves either in the centripetal or the
centrifugal direction. This experiment clearly proves that no mere fluctuations in pressure in the liquid
contained in Haberlandt's "Reizleitende system" are efficient to occasion any propagation of move-
ments. The local application of heat must here, a3 usual, have given rise to an elevation of pressure
within the liquid contained in the system of sieve-tubes, and as usual this elevation must .have
been propagated in both directions, and yet no movements whatever took place either centripetally or
centnfugally. The absence of the occurrence of any centrifugally propagated movements under such
circumstances is readily explicable if we regard the centrifugal propagation which is ordinarily present as
the result of obstruction to the ascent of water along the water-conducting system incident on th
great gaseous expansion caused by the local application of heat. Under the circumstances prevailin at
the time of the experiment not only must the entire water-conducting system have contained

f t b t t i t l f t t h b t i l l b e * ° e s s
p y cing system have contained

of water, but transpiratory loss of water must have been practically absent. But this bein e * ° e s s

is no reason why a temporary obstruction or arrest in the passage of water along the water-c d t*™
system should have given rise to the occurrence of any centrifugal propagation of movement; for^with
minimal transpiratory loss and the presence of large quantities of reserve-water within the wat'e ' iT*
ing system, there was no immediate demand for continuous root-supply in order fullv t'
demands of the motor organs, and the temporary obstructive effect of the gaseous expansion nai^ht w 11
have entirely disappeared ere such a demand arose. °

EXPERIMENT XXVIIL—July 24th, 8 A.M. Atmospheric temperature 78-£>°F. Humidity 94
The morning iras cloudy. Very heavy rainfall had occurred shortly before the period of experiment anlelT* '
thing was drenched with moisture.—Sewing points in the course of mature avo* w * -P U J ««wy-

c J L- - XT. n L i £• T_ i ,i . . <. . W a s f o l l o w e d o u l v bv

slow imperiect action in the first leat beyona the injured point J J

GEOUP B.-HUMIDITY MODEEATE Oil LOW.

a.—Results following amputation of terminal pinnules of distal ninnm »- 4 *-
,. p*nnu,) vr amputation of
tips of axes. J

1. Effects following the amputation of tips of pinnules.

EXPERIMENT XXIX.—Complete elevation of all the piunules of all the Dinna* A
of (he primary petiole of the injured leaf. P ma d e e P deP*ession

EXPERIMENT XXX.—Complete action throughout the whole of the injured leaf
EXPERIMENT XXXI.—Complete action throughout the whole of the iniured I f

the primary petiole of the one next above it on the axis. depression of

EXPERIMENT XXXIL—Complete action throughout the whole of the injured leaf
EXPERIMENT XXXIII.—Complete action throughout the whole of the injured kaf
EXPERIMENT XXXIV.—Complete action throughout the whole of the iniured }* I

action throughout the whole of the leaf next above it on the axis. St c o m P^te
EXPERIMENT XXXV.—Complete action in the injured loaf and in ih

the axis. O n e n e x t above it on

EXPERIMENT XXXVI.—Complete action in the injured leaf, followed bv
next below and the one next above it on the axis. ^ e e a°hon in the one

EXPERIMENT XXXVII.—Complete action in the injured leaf, followed b >
one next below and the one next above it on the axis. ' ^ complete action in the

EXPERIMENT XXXVIII.—Complete action throughout the whole of tl
EXPERIMENT XXXIX.-Complete action throughout the whole of the^ I-I1JUred ^
EXPERIMENT XL.—Complete action throughout the whole of the ^ ^ ^ leaf*

the first leaf above it on the axis; depression of the primary f l n - l u r e d ^af; complete action in
pinnules of the third leaf above the injured one. e a u d Partial elevation of the
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2. Effects following amputation of tips of axis.

EXPERIMENT XLI.—Action in the first four leaves beneath the tip, and action in five other
leaves situated at some distance lower in the course of the same shoot.

EXPERIMENT XLII.—Centripetal propagation of movement to all the leaves on the same shoot.
EXPERIMENT XLIII.—Centripetal propagation of movement to all the leaves on the same shoot.
EXPERIMENT XLIV.—Centripetal propagation of movements to the nine leaves situated immediately

beneath the tip along the course of the same shoot.
EXPERIMENT XLV.—Centripetal propagation of movement to all the leaves on the same shoot,

b.—Results following the application of flame to the tips of terminal pinnules of distal pinnce.

1. Plants rooted in the open ground.

EXPERIMENT XLVL—Complete action throughout the whole of the injured leaf and the one next
above it on the axis.

EXPERIMENT XLVIL—Complete action throughout the whole of the injured leaf and the one next
above it on the axis.

EXPERIMENT XLVIIL—Complete action throughout the injured leaf and depression of the primary
petiole of the one next below it on the axis.

EXPERIMENT XLIX.—Complete action throughout the injured leaf; complete action in one leaf
below and in two above it on the same axis.

EXPERIMENT L.—Complete action in the injured leaf and in the two next above it on the axis.
EXPERIMENT LI.—Complete action throughout the injured leaf; incomplete action in two above and

one below it on the same axis.

2. Pot-plants.

In the case of pot-plants the effects following the application of flame to the tips of pinnules are
much more extensively propagated, owing, no doubt, to their more limited root-supply.

EXPERIMENT LII.—Complete action in the injured leaf; complete action in all the leaves above it
and in one below it on the same axis.

EXPERIMKNT LIII.—Complete action in the injured leaf ; followed by complete action in all the
other leaves over the entire plant.

EXPERIMENT LIV.—Complete action in the injured leaf, followed by complete action throughout all
the leaves on the same axis.

EXPERIMENT LV.—Complete action in the injured leaf, followed by complete action in all the
leaves on the same shoot save the lowest one.

EXPERIMENT LVI.—Complete action iu the injured leaf and in the three leaves next above it on
the axis.

EXPERIMENT LV1I.—Complete action in the injured leaf and in all the others on the same axis.
The following experiment illustrates the influence which differences in degree of soil-moisture alone

are capable of exerting on the nature of the phenomena attending the application of flame to the tips
of terminal pinnules of distal pinnce.

EXPERIMENT LVIIL—June 22nd. Atmospheric temperature 84'5O2^. Humidity 77 per cent—Two
pot-plants, A and Z?, were stauding side by side in the open air and were under precisely the same
ciroumtances, save that the earth in the pot in which A was contained was dry, whilst that in the
pot containing B was thoroughly moist in consequence of the recent addition of water.

When flame was applied to the terminal pinnules of leaves of A complete action through-
out the injured leaf, followed by the occurrence of movements in varying numbers of leaves
situated along the course of the same shoot, occurred in every instance; whereas, when similar treat-
ment was applied to leaves of J?, it was followed merely by slow, imperfect elevation of all the
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pinnules, succeeded in one instance by deep and in another by slight depression of the primary petiole
of the injured leaf.

In this experiment we have evidence of the extent to which excessive root-supply may serve to
discount the result nominally attending the presence of active transpiratory loss connected with moderate
atmospheric humidity.

Ct—Results following the application of heat to points in the course of mature axes.

EXPERIMENT LIX.—Heat applied by focussing the rays of tJie sun upon a point in an axis 4 inches from
the leaf next above it, and about 075 of an inch from the one next beneath it.—Oentrifugally propagated
action occurred in all the eleven leaves situated on the distal side of the point of application. No
action whatever occurred in any leaves on the basal side.

EXPERIMENT LX.—Centrifugally propagated action in all the leaves situated to t&e distal side
of the point of application.

EXPERIMENT LXL—Centrifugally propagated action in all the leaves situated beyond the point
of application.

If we insist in regarding the movements which the leaves of Mimosa pudica exhibit' under the
influence of textural injuries or mechanical disturbance as necessarily dependent on stimulation and
active contraction of the protoplasts of the motor organs, the results of this entire series of experiments
must force us to the conclusion that the degree of irritability in the tissues is almost entirely regulat d
by the nature of the hygrometric conditions to which the plants are exposed, and runs parallel with the
extent to which defective supply or excessive loss of water is present. It is, of course, possible to
imagine that such a relation between protoplasmic irritability and hygrometrio conditions might
but there is certainly nothing to explain why it should do so. But if we regard the movements^ '
having no direct relation to functional activity, but as directly dependent on purely physical processes ^
redistribution of liquid throughout the tissues, it at onco becomes evident that the presen f ^ °
external conditions favouring the occurrence of rapid disturbances in liquid emn*i;v>n'n™ *. ^

^ ^^uuiuuum must necessarily
also favour the occurrence of rapid movements. The series of coincidences is of such a h
whilst the ordinarily accepted theory is quite incapable of accounting for it the phvsi l ^ '
readily do so; and this being so, there can be no question that the latter has 'here, as in
cases, the better claim to acceptance.

APPENDIX F.

ON THE EFFECTS WHICH FOLLOW THE LOCAL APPLICATION OF HEAT TO APPAQ T*T

COURSE OF AXES OF MIMOSA PUDICA. AS IN T H E

As has been*pointed out in *the body of this paper, the effects following the looal application of
heat to points in the course of axes of Mimosa pudica are different in the case of youno-, soft
shoots from those which present themselves in mature, woody ones. In both cases extensive c e ^ 6 1 )
propagation of movement is constant; but in the former case centripetal propagation frequentl
to a certain extent, whilst in the latter it is entirely absent, save in cases wherever the point f" T
tion is in the immediate neighbourhood cf the first leaf below it, and then is confined t th ^ ^^
The following data aie derived from a series of experiments on mature shoots in which h f ^
in some cases effected by means of the application of an open flame, in others by th "^ Wa*
heated forceps, and in still others by focussing the suu's rays by means of a lens •— & ^ ° y m e n t °f

a.—Effects following application of an open flame.

EXPERIMENT I.—Flame applied midway between two leaves.—Action in nil fi,^ i i , , • i.
,. ,. ,. i , , Ll .i u ttil tQe leaves beyond the point

of application; no action whatever beneatli it. J x

EXPERIMENT IL—Flame applied as in the preceding case*—Action as above
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EXPERIMENT III.—Flame applied near the inferior leaf and at a considerable distance from the superior
one.—Action in all the leaves ^beyond the point of application; no action in any beneath it.

EXPERIMENT IV.—Flame applied immediately above the inferior leaf and far from the superior one.
Action in all the leaves beyond the point of application, and in the leaf immediately beneath it.

b.—Effects following the searing of a point in the course of an axis with strongly healed forceps.

EXPERIMENT V,—Forceps applied to the axis clone beyond an inferior leaf and far from the next
superior one.—Progressive centrifugal action of all the leaves along the course of the axis beyond the
point of application; no action beneath the point of application.

EXPERIMENTS VI, VII , VIII , IX, X.—Procedure and results identical with those of experiment V.
EXPERIMENT XI . Forceps applied immediately above the inferior leaf—Action in the first leaf

beneath the point of application and in all those above it.
In a series %of thirty similar experiments in which complete movements occurred in all the leaves

on the axis beyond the point of application, movements occurred in the first leaf beneath it in only
five instances, and in all of these the point of application was very close to the origin of the primary
petiole from the axis.

e#—Efects following focussing ihe rays of the sun on a given point in the course of an axis.

EXPERIMENT XII.—Focal point close to the origin of the leaf beneath and about two inches from the
one next above it.—Complete, spreading, centrifugal action in all the leaves above the point of applica-
tion; no action whatever in any leaf beneath it.

EXPERIMENT XIII.—Focal point close to the origin of the leaf beneath and about three inches from
the one next above it.—Complete action in all the leaves beyond the site of application; no action what-
ever in any leaf beneath it.

EXPERIMENT XIV.—Focal point close to the origin of the leaf beneath it and about an inch and a half
from the one next above it.—Complete action in all the distally situated leaves; action in the leaf imme-
diately beneath the site of application.

EXPERIMENT XV.—Focal point about midway between the leaves beneath and above it.—Action in all
the nine leaves situated distally; no action whatever in any leaf beneath the point of application.

EXPERIMENT XVI.-— Focal point close to the origin of the leaf beneath it and about thirteen inches from
the first one above it.—Action in all four leaves situated distally; action in the leaf immediately beneath
the point of application.

In a series of nineteen experiments of this nature, in which movements occurred either in all the
distally situated leaves or in a considerable number of them, action only occurred beneath the point of
application in five instances, and in all of these the point of application was very close to the origin of
the petiole of the leaf next beneath it and movements were confined to the latter only.

As has already been pointed out in Appendix E, the results following the local application of heat
to points in the course of an axis vary according to the conditions of atmospheric and telluric humidity
prevailing at the time of experiment. When, as in the case of the experiments detailed above, humidity
is moderate or low, the application is followed by very extensive centrifugal propagation of movements,
extending frequently along the whole of the distal portion of the axis; but where this is no longer the
case, propagation diminishes in extent and completeness; and where humidity attains maximal propor-
tions, it may be attended by an entire absence of any appreciable movements whatever.

EXPERIMENT XVII.—The points of a pair of strongly-heated forceps were applied to an axis just
after a heavy fall of rain. Spreading centrifugal action occurred in all the distally situated leaves, but
the action was incomplete; for, whilst the primary petioles beoame deeply depressed, the pinnae and
pinnules showed only very slight displacements.

EXPERIMENT XVIII.—July 20th, 8 A.M. Atmospheric temperature 8O'b°F. Humidity 95 per cent.
Heavy rain had fallen during the course of the previous night; rain was still filling gently at the time, of
experiment, vnd everything was drenched with moisture.—The tips of a strongly heated pair of forceps were
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applied to several axes, but in no instance was the application followed by the occurrence of any
appreciable movements, either centrifugally or cenhipetally.

EXPERIMENT XIX.—July 25th, 8 A.M. Atmospheric temperature 78'H°F. Humidity 94 per cent. The
morning uas cloudy; very heavy rain had fallen shortly before and everything was very tcet. Searing of axes
was followed only by very slow, imperfect action confined to the first leaf beyond the point of
application.

Now were the effects which, under average conditions of humidity, follow the application of heat to
axes dependent on the propagation of stimulant fluctuations in pressure conduoted along any closed
system of tubes containing liquid such as Haberlandt's " Reizleitende system," it is clear that, in place
of diminishing and ultimately disappearing with increased humidity, they ought to increase as it
increases. They ought to increase with any conditions favouring increased turgidity throughout the
system, whereas in fact they follow a precisely opposite course. But such decrease and abolition of
movemeut is precisely what ought to cccur if the phenomenon of spreading centrifugal movement which
ocours under ordinary circumstances be the outcome of an obstructive gaseous interference with the
current of water ascending from the roots. Under ordinary conditions of atmospheric and telluric
humidity there is no accumulation of surplus water within the water-conducting f-ystem, and the stream
traversing the latter only suffices to maintain full turgescence of the tissues in spite of continuous
transpiratory loss. Under such circumstances any obstruction to the continuity of the stream must at
once tend to disturb the pre-existent equilibrium between supply and loss of water in all distally situated
parts; and as the diurnal position of the leaves is dependent on maximal turgescence in the tissues of
the motor organs, any disturbance of this nature must inevitably tend to cause a departure from it'
But where conditions of atmospheric and telluric humidity are maximal, root-supply becomes excessive
and transpiratory loss is reduced to a minimum, and with this a surplus stock of water must
tend to accumulate within the water-oonducting system. The latter no longer represents a sim le
system of channels traversed by a stream of water which escapes at the °distal extremity in the
same bulk as it enters at the proximal one, but a reservoir containing a large store of w a t e r ^ m
which only a very small quantity is constantly being withdrawn. The bulk of water contained within"
the water-conducting system is greatly in excess of that which is continuously withdrawn from it to
maintain full turgescence under the conditions of minimal transpiratory loss, and consequently the
occurrence of a temporary obstruction of root-supply is of no consequence in respect to the mainten
ance of turgesoence. The diurnal position of the leaves is determined hy the fact that certain masses
of tissue in the motor organs are endowed with excessive assimilatory a n d osmotic properties under the
influence of solar stimulation. But the application of heat to a point in an axis does not aff
assimilatory and osmotic properties of the motor organs of the leaves in any way and consequentl^
so long as the water-conducting system contains a supply of water from which tiny can satisfy their
osmotic capacities, there is no reason why any fluctuations in their turgescence should attend the appli
cation. Now a store of surplus water has accumulated within the water-conductinjf system under the
influence of the previous and existent conditions of humidity, so thut a temporary obstruction to the
access of any additional supply is of no importance whatever in regard to the maintenance of turves
cence, and consequently no movements attend its establishment. The absence of movements in tin"
case is precisely parallel to the absence of movements attending the separation of leaves or shoot8

from a plant under conditions of excessive humidity. In both cases alike there i3 an arrest f
supply of water; but, in the case of detachment, not only is the arrest an absolute and p e r m a n e n t ^ ^
but it is accompanied by a certain amount of active loss of liquid from the cut end of the f
shoot; whereas on the application of heat to the tissues of a mature axis mWA +o ^ °r

to root-supply is present. In both cases alike the maintenance of the tnrgescence of
is for the time being fully provided for by the local store of water within the water c
and consequently any brief, temporary arrest of root-supply is incapable of inducing L o c c L T n T o f
any movements, and any permanent one can give rise to movements onlv nff*,. +k J ^u i r euce vi
of the surplus water stored up within tha water-conducting system „ 1 ^ expenditure
diate effect follow the arrest of root-supply ; and where the arrest' i. T • *"" *°** "* {mmC'
supply sets in ere expenditure of the store-water has occurred, no movement J
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on the other hand, the arrest is a permanent one, movements of a slow, insensibly progressive character
<wUl ultimately set in in consequence of the gradual fall in turgescence attending the expenditure of
*kz» an-rrtiria Wflfflr.the surplus water.

APPENDIX G,

EXPERIMENTS DEMONSTRATING THE PROPAGATION OP THE CONDITIONS GIVING RISE TO
MOVEMENTS THROUGH AREAS OP DEAD TISSUE DEVOID OF AiSY LIVING PROTOPLASM OH
SYSTEM OF TURGID SIEVE-TUBES.

EXPERIMENT I.—An axis of Mimosa pudica was thoroughly seared at two distinct levels by means of
the application of the points of a strongly heated pair of forceps. The higher seared area measured
0-^9" and the lower 0*3" in length, and subsequent microscopic examination showed that in both the
tissues had been entirely killed throughout the entire thickness of the axis. One leaf arose from the
portion of the axis between the two seared areas, and several others were situated below the lower
and above'the upper one. After the leaves had completely recovered the normal diurnal position,
an open flame was applied to the tips of the terminal pinnules of one of the leaves beneath the
lower seared area of the axis, and universal propagation of movements took place; all the leaves
on the axis, those beneath the lower seared area, the one between the two seared areas, and those
beyoDd the upper one alike showing rapid petiolar depression and pinnular elevation.

EXPERIMENT II.—An area 0'5" in length in the axis of a small pot-plant was thoroughly seared
with heated forceps. On the following day the seared area wa3 perfectly dead, dry and brown ; but the
leaves, both below and above it, were in full, normal, diurnal position. When flame was applied to the
tips of the terminal pinnules of a distal pinna on one of the leaves beneatli the seared area, complete
action ocourred in it, and propagation of movements presently followed throughout the entire course of
the axis.

EXPERIMENT III.—An axis was thoroughly seared at two points in its course. On the following
day all the leaves were in normal, diurnal position. The application of flame to the tips of the
terminal pinnules of a distal pinna of one of the leaves beneath the lower seared area was followed by
movements extending over all the leaves on the axis, including one arising between the two seared
areas. The length of each of the seared areas was about (Mb*, and microscopical examination showed
that the tissues had been thoroughly killed throughout the entire thickness of the axis.

EXPERIMENT IV.—A pet-plant, consisting of a single axis bearing six leaves, was thoroughly seared
and killed at two points, one situated between the second and third leaves from the base of the axis and
the other between the third and fourth leaves. After all the leaves had completely recovered the
normal diurnal position, the tips of a pair of heated forceps were applied to the base of the axis and
rapid centrifugal propagation of movements presently occurred in all six leaves.

EXPERIMENT V.—A plant was treated in the same way as that of the preceding experiment. After
complete recovery of the normal diurnal position the application of the point of heated forceps to a
point near the base of the axis was followed by complete propagation of movements to all the leaves
along its course, beneath, between, and above the seared areas.

Such experiments conclusively prove that the propagation of movements along the course of axes is
neither dependent on any continuous tracts of living protoplasm, nor on the existence of any continu-
ous system of turgid tubes along the course of which eudden fluctuations in pressure may be trans-
mitted. The thorough searing of the tissues of the axis implies cot merely local death, but local absence
of turgidity in the tissues. The seared areas, in place of any longer being sites of active turgescence,
are sites which afford abnormal facilities for the escape of liquid from the tissues, as is clearly indicated
by the fact that, unless under conditions of excessive atmospheric humidity, the leaves which are situated
distally soon begin to indicate the presence of insufficient water-supply by their incapacity to assume
the maximal diurnal position. The thorough searing of the tissues of the axis just as effectually
interrupts the continuity of the turgid system of sieve-tubes as any local excision of the bast does, and
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yet it in no way affects the propagation of movements attending the establishment of sudden abnormal
drain on, or obstruction to, root-supply of water, to the tissues. Haberlandt assumes that, in cases
in which propagation of movement continues in spite of an interruption in the continuity of the bast,
the conveyance of the impulses across the hiatus is effected by the wood; so that, in cases in which
propagation traverses several seared areas in an axis, he must assume that the impulses follow a com-
plicated zigzag course alternately in the bast tubes and the wood. Even apart from the phenomenon
of the purely centrifugal propagation of impulses in cases where heat is applied to points in the
course of mature axes, the fact that propagation occurs readily, in spite of the presence of repeated
interruptions in the continuity of the system of turgid sieve-tubes, shows conclusively that the latter is
in no sense a specific apparatus for the conduction of the conditions which give rise to the occurrence
of movements.

W. J.—Reg No 6166J(c)~320-26 4.95.



PLATES-

PLATE I.

Fig. 1- Selaginclla serpens. Portion of inferior surface and margin of leaflet, showing strong,
rigid marginal frame x 310

Fig. 2. Ditto ditto. Under surface of leaflet; central portion x 160
Fig. 3. Ditto ditto. Upper surface of leaflet; stained with vesuvin ; showing porous

character of cells x 310
Fig. 4. Ditto ditto. Superior surface of leaflet; morning x 310
Fig. 5. Ditto ditto. Ditto ditto; after sundown x 310
Fig. 6. Ditto ditto. Ditto ditto; ditto x 160
Fig. 7. • Ditto ditto. Ditto ditto; midnight x 160
Fig. 8. * Ditto ditto. Ditto ditto; after exposure in a chamber containing

sulphuric acid and chloroform x 310
Fig. 9. Ditto ditto. Superior surface of leaflet; morning x 660
Fig. 10. Ditto ditto. Ditto ditto; after sundown x 660
Fig. 11. Mimosapudica. Position of a young, immobile leaf at an early stage of development;

natural size.
Fig. 12. Ditto ditto. Position of a somewhat more mature, immobile leaf; natural size.
Fig. 13. Pithecolobium saman. Extremity of a growing axis; showing positions of young,

immobile leaves.
Fig. 14. Ditto ditto. Primary pulvini of leaves of various ages on an axis; natural size.
Fig. 15. Ditto ditto, Vertical sections of primary pulvini of various ages; showing

gradual development of superior parenchyma; natural size.
Fig. 16. Ditto ditto. Tertiary pulvinus of a young, immobile pinnule ; longitudinal,

vertical section x 50
Fig. 17. Ditto ditto. Tertiary pulvinus of a mature, freely mobile pinnule; longi-

tudinal, vertical section x 50
Fig. 18. Mimom pudica. Position of a young leaf just before the onset of nyctitropic move-

ments.
Fig. 19. Gaseia alata. Secondary pulvinus; vertical section; showing the disposition of the

opposing masses of pulvinar parenchyma.

Fig.
Fig.
Fig.

1.
2.
3.

Cassia alata
Ditto ;
Ditto ;

PLATE II.

diurnal position of pinnae ; from a photograph.
nocturnal position of pinnae ; from a photograph.
veitical, transverse section of basal portion of secondary pulvinus; natural

colours.
Fig. 4. Ditto ; diagram of the base of the outer half of a pinna attached to its rachis

viewed from the under surface; showing laminar expansion
of puivinus.

Ditto ; pulvinus and base of the lamina of a pinna viewed from the under surface
with the keel of the mid-rib and pulvinus removed; showing
the expansion of pulvinar tissue over the base of the outer
half of the lamina x 10
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Fig. 6, Bauhinia corymbosa; secondary pulvinus ; transverse vertical section of laminar expan-
sion in the nocturnal position . . . . •

Fig. 7. Dtto ditto; secondary pulvinus ; tissue of under surface of petiolar portion .
Fig. 8. Ditto ditto; ditto ditto; tissue of upper surfacs of petiolar portion .

x 50
% 400
x 400

PLATE III.

Fig.

Fig.

Fig

Fig.

1.

2.

3.

4.

Cassia

Ditto

Ditto

Ditto

sumo tr ana

ditto;

ditto ;

ditto;

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

5.

6.
7.

8.

9.

10.

Leucacna

Ditto
Ditto

D'dto

Ditto

Ditto

glauca

ditto.
ditto

ditto

ditto

ditto

; extremity of growing axis ; showing positions of the various parts
of the leaves ere nyctitropic movements begin to occur,

secondary pulvinus and base of lamina of a pinna viewed from the
under surface; showing the spiral disposition of the opposed
masses of pulvinar parenchyma x

secondary pulvinus and base of lamina of a pinna viewed from the
under surface; showing spiral arrangement of the opposed
masses of pulvinar parenchyma X

portion of a leaf; showing diurnal position of mature but still
nyotitropic pinnae, and the purely local effects of exposure to the
vapour of chloroform; twenty-four hours after the lower
portion of the rachis and the lower pair of pinnae had been
exposed to the action of the vapour of chloroform and when the
lower pair of pinnae were dead and flaccid, and the upper pair
quite turgid and in normal diurnal position.

transverse vertical section of primary pulvinus showing the very
excentric position of the fibro-vascular axis x
ditto ditto ditto ditto . . x

extremity of growing axis ; showing the positions of the various
parts of leaves ere nyctitropic movements are present.

transverse vertical section of secondary pulvinus; showing circular
outline and relative strength of the fibro-vascular axis x

transverse horizontal section of secondary pulvini of a distal pair
of pinnae.

pinnules beginning to assume the nocturnal position; showing
pulvinar expansion over base of under surface of outer half of
lamina

10

] 0

25
10

10

10

PLATE IV.

Fig. 1. Pithecolobium mmau: primary pulvinus, vertical transverse section; from a very VOUD£

leaf ; showing excess of inferior parenchyma . . . . x 10
Fig . 2. Ditto ditto; primary pulvinus, vertical transverse section ; from a mature leaf •

showing excess o f superior parenchyma . . . . 10
Fig. 3. Ditto ditto; secondary pulvinus, vertical, longitudinal section; showing

excess in thiokness and in chlorophyll content of the inferior
parenchyma x 20

Fig . 4. Ditto ditto; secondary pulvinus, vertical transverse seotion; showing great
vertical compression of fibro-vaseular axis . x 25



5. Pitheeolobium saman

F i * 6.

Fig. * 7.

Fig. 8.

Ditto

Ditto

Ditto

Fig. 9. J)itto

ditto

ditto;

ditto;

ditto

PLATES. 151

secondary pulvini and rachis, vertical transverse section; showing
the relation of the inner side of the inferior masses of
parenchyma to the bevelled surfaces of the rachis x 10

secondary pulvinus; a, tissue of inferior, S, of superior paren-
chyma x 520

tertiary pulvinus, vertical transverse section of distal portion ;
showing excess of chlorophyll in superior parenchyma of a
thick, opaque section x 25

tertiary pulvinus, vertical transverse seotion of basal portion;
showing excess of chlorophyll in superior parenchyma of a
thin, transparent section x 50

tertiary pulvinus; tf, tissue of superior, b, of inferior paren-
chyma X 520

Fig.

Fig.
Fig.

Fig.
Fig.

1.

2.
3.

4.
5.

Mimosa

Ditto
Ditto

Ditto
Ditto

pudica

ditto ;
ditto;

ditto-
ditto ;

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Yig.

6.

7.

8.

9.
10.
11.
12.

Ditto

Ditto

Ditto

Ditto
Ditto
Ditto
Ditto

ditto;

ditto ;

ditto;

ditto;
ditto ;
d^tto;
ditto;

Pig. 13. Ditto ditto;

Fig. 14.

Fig. 15.

Ditto ditto;

Ditto ditto;

PLATE Y.

pinnules in full nocturnal position; showing origin of pulvini from
bevelled surfaces of rachis x 10

pinnules in full diurnal position, viewed from above x 10
bases of two pairs of pinnules in diurnal position; showing overlap-

ping of successive pairs.
pinnules in full diurnal position, viewed from beneath.
diagram of origin of pinnular pulvini from the bevelled surfaces

of the rachis, so that the inferior mass of parenchyma makes for
convergence and elevation, and the superior one for divergence and
depression of the lamina.

diagram showing the full nocturnal position of the pinnae and
pinnules.

longitudinal, vertical section of a portion of an axis; a, portion
Beared by means of heated forceps ; J, normal portion x 25

transverse section of mature axis; showing uniform density of tissue
throughout its entire thickness x 50

fctomata of inferior epidermis of a pinnule x 160
stomata of superior epidermis of a pinnule x 160
vertical section of lamina ; showing very open tissue x 150
diagram showing the divergence of the pinnae in a leaf; blue ^ 6 8 =

position of full expansion ; led lines=position after searing the tips
of distal pinnules had led to complete pinnular assumption of the
maximal nocturnal position and deepest depression of the primary
petiole ; black lines=normal position of pinme in maximal nocturnal
position; illustrating the minor "irritability" of the secondary
pulvini.

diagram illustrating the divergence of the \davee of a leaf; red lines
= position half an hour after separation of the leaf from the axis
and maximal action of the pinnules; blue lines = position after
half an hour's exposure to hot, dry air.

permanent position of the primary petiole in a very young leaf
in which nyctitropic movements had not yet appeared . . . . x 5

primary petiole; vertical, transverse section ; showing large intercel-
lular channels X&3&92



152 DESCRIPTION OF PLATES.

PLATE VI.

Fig. L Mimosa pudica. Primary pulvinus; longitudinal vertical section. Treated with 2%
solution of osmic acid, so as to demonstrate the thickness of the
superficial and deep strata of parenchyma in the superior and
inferior pads x 2Q

Primary pulvinus; transverse vertical section similarly treated . . . x 20
Ditto; vertical section of deeper stratum of parenchyma

treated with vesuvin .^Q

Primary pulvinus; horizontal section of deeper stratum of paren-
chyma treated with vesuvin -

a> Secondary pulvinus, J, primary pulvinus; vertical, transverse sections x 10
Primary pulvinus; vertical, longitudinal section ; stained with picro-

carmine x 1()

Secondary puivini of terminal pinnoe ; horizontal, longitudinal section . x 25
Ditto di t to ; ditto, ditto . x 10

Secondary pulvinus ; section of base of outer side; showing bracket . x 150
Ditto ; section of base of inner side x 150
Ditto ; sections of base, a, inner, b, outer side . x 22

Primary pulvinus ; pitted cells of deeper stratum of parenchyma . . x 830
Tertiary puivinus; vertical transverse section treated with picro-

carmine x 1 2 Q

Tertiary pulvinus ; tissue o f inferior parenchyma . . . . x 4™
Di t to ; cell from inferior parenchyma . w OOA
_ . . . ^ X OoU
D i t t o ; t i s s u e o f s u p e r i o r p a r e n c h y m a
D i t t o ; ce l l f r o m s u p e r i o r p a r e n c h y m a . . . . 0 ™

• • • X 00U

Fig.
Fig.

Fig.

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

2.
3.

4.

5.
6.

7.
8.
9.

10.
11.
12.
13.

14.
15.
16.
17.

Ditto
Ditto

Ditto

Ditto
Ditto

Ditto
Ditto
Ditto
Ditto
Ditto
Ditto
Ditto

Ditto
Ditto
Ditto
Ditto

ditto.
ditto.

ditto.

ditto.
ditto.

ditto.
ditto.
ditto.
ditto.
ditto.
ditto.
ditto.

ditto.
ditto.
dttU.
ditto.

PLATE VH.

Fig. 1. Apparatus demonstrating the action of the application of heat to localised areas in the
course of mature axes of Mimosa pudica as a cause of centrifugally propagated
movements only

Pulvinar parenchyma of Cassia sumatrana
Ditto ditto of Pithecolobium saman
Ditto ditto of Leucaena glauca
Ditto ditto of Mimosa pudica

Vertical section of secondary puivinus of Cassia alata; showing laminar expansion of
parenchyma over the base of the outer half of the pinna

Pithecolobium mman ; nocturnal position of pinnae and pinnules in a young leaf
Ditto ditto; cells from secondary pulvinus

Portion of one of the laticiferous tubes of Euphorbia antiquorum; showing the nucle-
ated protoplastic lining

Fig. 10. Epidermis of Euphorbia antiquorum: showing stomatio orifices through which latex
exudes wheu the tissue is exposed to the influence of the vapour of chloroform

• « x

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.

2.
3.
4.
5.
6.

7.
8.
9.



ERRATUM.

Page 74, line 2. For " whereas, &c," read where, as in the secondary pulvini of Pithecolobium saman, it
takes the form of a flattened band, the superior and inferior masses exeeed it in vertical diameter, and the lateral
ones fall short of it in horizontal diameter;



INDEX,

A.

Abolition of movements in leaves of Mimosa pudica
tinder the influence of maximal humidity of soil
and air 99

Absence, primary, of nyctitropic movements in very
young leaves 72

• „ of movements in very young and in old
leaves of Cctssia alata, 62, and of C. sumatrana 63, 65

Acidity, relation ,of, to red colouring of vegetable
tissues 22

Agencies, extrinsic, in relation to turgescence . 37
• productive of movements in Mimosa pudica

and othei? nyctitropic plants 95
Agitation >as a cause of increased filtration in

the pulvinar tissues of Leuccena glauca \ - 75
Air, entrance of, into the cells of Selaginella serpens 42
—, effects of sudden exposure 6i the leaves of

Mimosa pudica to relatively dry— . . . 102
Alkalinity, relation of, to blue and green colours of

vegetable tissues 23
Ammonia, effects of vapour of, on the turgescence of

the leaves of Kalanchoe laciniata . . 28—31
Amputation of pinnules, effects following, in the

leaves of Mimosa pudica . . . 100,101,118
Apparatus for the reproduction of the phenomena of

centrifugal propagation of movements along the
course of mature axes of Mimosa pudica after
localised application of heat . . . . 1 1 4

Arrangement of the pinnules in the leaves of Mimosa
pudica as favouring centrifugal propagation of
movement 115

Assimilation, accumulation of products of, as a
factor i n determining position . . . . 8 2

— , effects of variations in the activity of,
on the movements of the leaves of Mimosa pudica

Appendix C
Atmospheric humidity' in relation to the movements

of the leaves of Mimosa pudica . . . . 9 8
Axes, effects following separation of leaves from— . 107
— of Mimosa pudica, effects of localised applica-

tion of heat to— . 112 & Appendix F
, phenomena of propagation of movements

through dead portions of, in Mimosa pudica . . 122

B.

Bauhinias, position of the various parts of the leaves
of, at an early stage of development , . . 51

—• -, movements in mature leaves of— . . 51
Begonia hernandaefolia, effects of chloroform on

the leaves of— 9

— — - rex, action of chloroform*on the leaves of— . 8-9
Bryophyllum calycinum, action of chloroform on the

leaves cf— • • • * - . . . 7

C.

Cassia alata, effects of water of high temperature on
the tissues of — 13—J5

• , conditions determining the diurnal
assumption of the nocturnal position by the leaves
of— . . . . . . . . . 3 8

• , positions of various parts of the pinna
of, at an early stage of development . . . 5 1

, movements of pinnae of— . . . 51
, rotation o f pinn© of— . . . 5 3
, pulvinar tissue of, structurally opposed

to rapid filtrative lo"ss of fluid by the cells . . 57
, movements of the leaves of— . . 59

• , diurnal and nocturnal positions of the
pinnae of— 59

— — — — , structural features in motor organs
of— 60

, relative excess of chlorophyll in the
intero-superior pulvinar pads of the pinnae of— . 61

• , absence of movements in very young
and in old leaves of — (J2

' —, position of the pinnae in very young
leaves of— * . # 62

, slowness of rate of movements in the
pinnae of— . 63

Cassia sumatrana, effects of water of high tempera-
ture on the tissues of— 12-13

• , conditions determining the diur-
nal assumption of the nocturnal position by the
pinnae of — 38

• , nyctitropism of leaves of, trsr:-
sitory 63

*, initial absence of movements in
the pinnae of— 63

, characters of the movements in
pinnae of, at various stages in the evolution of the
leaves • . 6 4

9 structural features iii pulvini of— 64
: : uf period "of maximal movement in

pinnae of— . 65
• , relations of movements in the

leaves of, to evolution of pulvinar tissues . , 6 5
•• , rotation of pinnae cf, transitory • C6

. , movements of, slowly executed . 66
, relation of slowness of move-

ments in, to structural features in the pulvini • 66
Cells, relation of structure of Walls of, to rates of

movements i n different leaves . . . 5 7
, pitting of, in pulvinar tissues of Pithecclolium

8am an 70

Chloroform, effects of vapour of, on leaves of
Kaianchoe laciniata, 61. Bryophyllum calycinum,
7. Euphorbia antiquorum, 7. Begonia rexH 8—9.
Begonia hernandaefolia, 9. Cassia sumatrana • 10
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Chloroform, effects of the vapour of, on the flowers of
Hibiscus rosa-sinensisf 23-24, Ipomoea hederacea . 24

Chlorophyll, relative excess of, in tissues making for
the diurnal position of nyctitropic leaves . . 54

1 , excess of, in the inferior pad of the
primary pulvinus i n Mimosa pudica . . . 8 4

Clitoria lernatea, peculiarity of the blue colouring
matter in the flowers of— . . . . . 25

Coincidences between degrees of loss of turgidity
and changes i n colour o f tissues . . . . 2 6

Colour, effects of fluctuations in temperature on,fin
flowers 22

— — , changes in, determined by fluctuations of
turgescence 40

.normal changes in, in flowers of Ipomcea

hederacea 24
Concussion, movements arising under the influence

of, in nyctitropic leaves • . . . 95
Conditions normally determining assumption of

maximal nocturnal position by nyctitropic leaves . 47
— determining nyctitropic movements gene-

rally 48
determining alterations in the position

of the primary petioles of Mimosa pudica . . 82
. • • position

of the secondary rachises of Mimosa pudica . 89
» determining the rate and amount of

movements generally 93
- —• determining: propagation of movements

in the pinnules of Mimosa pudica after mechanical
stimulation 94

—— , abnormal, as affecting phenomena of
movement 94

determining movements in the leaves of
Mimosa pudica the same as those causing move-
ments in other nyctitropic leaves • . . 95

determining the assumption of the
nocturnal position under various circumstances . 75

Continuity, protoplasmic 94
. — of tissues, rupture of, as a cause of pro-

pagation of movements in Mimosa pudica . . 1 1 7

Contraction of gaseous contents of the fibro-vascular

tissues as a causo of movements in Mimosa pudica 105

Convergence, action of the fibro-vascular tissues in

making for— , . • • • • • • 7 0

D.

Dead tifisues as a site of abnormal escape of liquid . 120
Depression, deep, normally absent in leaves of Mimo-

sa pudica at night . . . 80 and Appendix C
Development of tissues making for the diurnal posi-

tion of nyctitropic leaves relatively late

of pulvinar tissues in leaves of Pithe-

colobium *aman, 53, of Cassia alata, 62, of Cassia

sumatrana

Differences, structural, in the upper and lower pads

in the tertiary pulvini of Mimosa pudica •

49

64

91

Effects of mechanical stimulation, incision, and heat
on water-supply ^0

Equilibrium, extreme instability of, in the diurnal
position of the petiole of Mimosa pudica . . $6

— , stability of, in relation to various condi-
tions of humidity OS

, abnormal stability of, in leaves of
Mimosa pudica in a saturated atmosphere . . 102

. , period of unstable, in the opposing
masses of pulvinar tissues coincident with the period
during which movements occur in the leaves of
Cassia sumatrana and C. a la ta . . . » 66

Erythrina stricta, dependence of the scarlet colour
of the flowers of, on acidity of the cell-sap . 22, 23

Euphorbia antiquorum, effects of chloroform on the
tissues of— 7

f laticiferous vessels of— . 97
Evolution, divergent lines of, in the animal and

vegetable series 4
Expansion, gaseous, as an obstruction to the ascent

of water along the fibro-vascular system . . 1 0 5
, gaseous, in* the fibro-vascular system vis

a cause of movement in Mimosa pudica . . • 105
Experiments on causes of, and fluctuations in,

turgescence , 5—19
demonstrating the weakness of Haber-

landt's theory in regard to the propagation of move-
ments in Mimosa pudica 122-

on the effects cf distal leverage on the
movements of the petioles of Mimosa pudica Appendix A

• on the rate of transpiration in Mimosa
pudica . . . . . . Appendix B

• • • on the effects of variations in assimila-
tory activity on the movements of Mimosa pudica

Appendix C
testing erroneous statements in regard

to phenomena presented by Mimosa pudica Appendix D
on the effects of hygrometric conditions

on the movements of Mimosa pudica . Appendix E
on effects of localised application of heat

to the axes of Mimosa pudica . . . Appendix F
on the propagation of conditions giving

rise to movements through dead tissues . Appendix G
Extent of movements in the leaves of Mimosa pudica

regulated by conditions affecting supply and loss
of water JQ2

Exudation following rupture in the continuity of

tissues as a cause of disturbance of pre-existent
equilibrium between supply and loss of liquid . 115

P.

Factors of movement in young pinna of Cassia alata

inductive of movements in Mimosa pudica
Features, structural, in the motor organs of Mimosa

pudica .

Fibro-vascular tissues, persistent softness and flexibi-
lity of, m the primary pulvini of Mimosa puc'Ua .

62
124

83
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Fibro-rascular tissues, forme of, in highly developed

pulvini * .
2_ . , extreme vertical compression

^ of, in the secondary pulvini of Pithecolobium saman,

C9. and in the tertiary pulvini of Mimosa pudica .
_ 9 relation of, to the movements

73

90

73

76

67

57

86

123

75

118

in Leuccena glauca
Filtration, facilities for, in relation to rates at which

movements are executed .
. in relation to the structural features of the

walls of cells
-7 facilities for, in relation to the maintenance

of turj;escence
, , special facilities for, in the primary pulvini

o f M i m o s a p u d i c a . . • • • • '
Flexion, vertical,, structural features favouring in

secondary pulvini of Pithecolobium saman, 69,
and in the tertiary pulvini of Mimosa pudica . 90, 92

Floral tissues, changes of colour in, indicative of
changes in the chemical constitution of the cell-sap 29

Fluctuations in liquid pressure, only negative ones act
as stimuli to the movements ascribed to active
protoplasmic contraction in the motor organs of
Mimosa pudica • • •

Fluid, redistribution of, facilities for, provided by
the intercellular spaces

. f discharge of, as a predecessor of the occur-
rence of movements in Mimosa pudica induced by
rupture of the continuity of the tissues

Function, predominance of contractile and irritable,
in animals, and of assimilative, in plants

G.

Gaseous contents of the water vascular system, alter-
ations in volume of, as causes of movements in
Mimosa pudica 105, 1J2

Green colour of the masses of tissue in the secondary
and tertiary puivioi of Pithecolobium saman
which make for the diurnal position . . . 6 9

Guard-cells, distinctive features of, as nyctitropic ap-
paratus 44

H .

Haberlandt, his theory in regard to the propagation
of movements in Mimosa pudica . • . . 1 2 1

Heat, effects following the application of, to the
leaves of Mimosa pudica under various conditions
of humidity 100

, effects following localised application of, to
axes of Mimosa pudica 112

a cause of extensive propagation of movements
in Mimosa pudica 119

, effects on the tissues of exposure to-— . . 1 1 9
. , experiments on the effects of localised applica-

tion of, to axes of Mimosa pudica . . Appendix F
Hibiscus rosa-sinevsis, red colour of flowers cf,

dependent o n acidtiy o f the cell-sap . . . 2 3

Hih'scus rosa-sinensis, changes in the colour of the
flowers of, determined by cessation of protoplasmic
activity 23-24

_ m $ effects of congelation on the

colour of the flowers of— 23
Humidity, atmospheric and telluric, in relation to

the movements of Mimosa pudica * • • • 98
Hygrom^tric conditions, influence of, on the pheno-

mena of movement in Mimosa pudica . Appendix K

80

I .

Instability of nocturnal position of the petioles of

M i m o s a p u d i c a . . • • • • •
Intercellular spaces, smallness of, in pulvinar tissues

of Pithecolobium saman and Leuccena glauca, as
compared with Mimosa pudica . . • • '*

Ipomoea hcderacca, effects of fluctuations in tempera-
ture on the colour of the flowers of— 2J

-, normal changes in the colour of
the flowers of—

, effects following congelation of
the flowers of— 25

Irritability as a cause of movement in the leaves of
• Mimosa pudica 94
• , variations in degree of, in connection

with variations in conditions of humidity , . 109

K.

Kalanchoe laciniata, effects of exposure of the leaves

of, to vapour of chloroform 5
, action of water of high tem-

perature on the leaves of— 11-12
1 , diurnal variations in the reac-

tion of the cell-sap of 21
• •« , effects following the exposure

of the leaves of, to vapour of ammonia • . 28

L.

Laminae, mechanism of the movements of, in pinn®
o f nyctitropic leaves . . . - . • 4 9

Leaves, changes of colour in, as indicative of altera-
tions in the chemical constitution of the cell-sap . 20

—, wilting of, in hot, dry weather > . . . 3 7
, diurnal assumption of the nocturnal position

in nyctitropic, during hot, dry weather . 37

• , nyctitropic movements of— . . . . 4(5
, position of, im Leuccena glauca before the

establishment o f periodic movements . . . 7 2

Leuccena glauca, relative weakness of the petiole of— 71
_ 9 rotation of the petioles of— . 71
_ _ _ . t persistence of movements in the leaves

o f - 72
. pinnules of, unfolded from the

outset „ f>3
__ —, movements of the leaves of— • . 71
Leverage, influence of, on nyctitropic movements 60, 52
„ _f distal, in favour of the diurnal position

of the petioles mPithecolobtum saman, and adverse
to it in Mimosa pudica + 67
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Leverage, excessive distal, to which the petioles of
Mimosa pudica are exposed 77

-, distal, action of, on diurnal position of the
petiole in Mimosa pudica . . • . 81,86

• increased by adherent water . . . 1 0 1
• • as a cause of convergence of the secondary

raclpses in fully depressed leaves of Mimosa pu-
dica 116

, experiments on the effects of— Appendix A
Loss, transpiratory, in plan s of Mimosa pudica . 77, 78

M.

Measurements of various portions of the primary
pulvinus in Mimosapudica 84

of various portions of the secondary
pulvinus in Mimosa pudica 88

Mimosapudica, nyctitropic movements of leaves of—* 62
, positions of the various parts of the

leaves of, at an early stage of development . . 52
* , irritability of the diurnal position of

the petiole of, owing t o distal leverage . . . 5 2
• • , structural facilities for the occurrence

of rapid filtrative losses in turgescence provided by
the pulvinar tissues of— 57

, movements of— . . . . 7 6
, structural features of leaves of— . 76

1 positions of very young leaves of — . 79
, movements of, not invariably sud-

denly executed 87
Motor organs, structural features of— . . . 5 0
Movements, massive, causes of, in animal and vege-

table organisms 4

i , massive, causes of, in leaves . . 58
, protoplasmic, apart from massive in

Selaginella serpens 43
— of rotation replacing elevation of the two

halves o f t h e laminae of pinnae . . . 6 3
» of leaves, variations in the rates of—• . 66

—• , variations in the rates of, in relation to
structural features in the motor organs . , 67

, , progress of, in the pinnae of Cassia

alata 69
, absence of, in very young and in old

leaves of Cassia alata 62
: , onset of, in Cassia alata Q2

, transitory character of, in Cassia suma-

trana 63
: , absence of, in very young leaves of

Cassia Sumatra na 63
'• , absence of, in old leaves of Cassia suma-

trana • . . . . . * * . 6 5
, slow rate of, in Cassia sumatrana in

relation to the structure of the pulvinar tissues . 66
— — — — of leaves of Pithecolobium saman . . 67

•—, relative rapidity and persistence of in
PithecoofMum saman 67

• , persistence of, in leaves of Leucana
glauca , . . . 7 2

, rates of, in relation to facilities for re-
distribution of liquids 76

INDEX.

Movements, minor tendency to rapid and extensive,
in tlie secondary rachises of Mimosa pudica . . 89

— of Mimosa pv^dica essentially determined

by the same causes which give rise to movements
in other nyctitropic leaves

-, exceptional character of, in Mimosa
pudica

, characters of, in Neptunia oleracea
not always sudden in the primary petiole

o f Mimosa pudica . . .

93

95
95

87
1 ', conditions under which maximal, occur

in leaves of Mimosapudica 98

of Mimosa pudica minimal under condi-
tions o f saturation o f the soil and air . . . 9 8

, extent of, determiued by conditions re-
gulating supply and loss of water . . . 102

of pinnules of Mimosa pudica under the
influence of exposure to direct sunshine

103

106

-, sndden, in detached leaves of Mimosa
pudica under the influence of exposure to direct
sunshine

—, centrifugal propagation of, on localised
app hcat.on of heat to mature axes of Mimosa
pudica

.* • • • . . 2JQ

— — - , limited extension of, in Mimosa pudica
when determined by mechanical stimulation i 1 7

— , extensi,,n of, in Mimosa pudica after
rupture of the contmuity of the tissues , 17

.extension of, in Mimosa pudica \tte't

exposure to heat

—, factors inductive of, in Mimosapudica .' IU

N.
Negahve fluctuates in l iq«id premre as cau

the occurrence of movements in Mimosa pudic
Neptuma oleracea, movements of leaves o f -
Nocturnal position, condition, determine '

assamption of—•

causes of

the

permanent one

TI 1 e
petioles of Mimosapudica

, assumption of, by leaves of Mimosa

, one of reversion to a previously

extreme instability of, in the

^ ^ e h ' t U a i n m e n t oi' d t t r i n e ^ ^

Nyctitropic movements in protoplasts' of Selaginelu

serpens

• in guar J-cells of stomata
', causes of, in leaves

modification and
J of, with i n e ;

.rates at which conducted

O.

Oranges, effects on the turgcoence of fciw
posure to chloroform, &e. ' t o l l o w i n g ex-

Osmic acid, effects of, on the '

123
95

75

78

80

80

81

41

45

46

56
56

fertile filaments of

• e ^ t s of, on the leaves^
us

. 27
e
. 28
e

33, 34
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Osmic acid, action o^ in retarding losses of turges-

cence in dead tissues 35

* , action of, on the pulvinar tissues of

Mimosa pudica 85, 91

Osmotic products, effects attending cessation of
functional manufacture of— 36

p.

Parenchyma, differences between the masses of,

making for elevation and depression of the primary

petiole of Mimosa pudica 84

Periodic movements in leaves of Mimosa pudica of

different ages . » • « . . . 7 9

, facilities for, provided by the

primary pulvinl o f Mimosa pudica . . . 8 5

Persistence of movements in the leaves of Pithecolo'

Hum saman 67

Petioles, cause of excessive elevation of, in Mimosa

pudica during the latter part of the night . . 84

• , divergence of, from the axis in relation to

accumulation of axillary pulvinar tissues . . 67

Phenomena attending sudden exposure of detached

leaves of Mimosa pudica to direct sunshine . . 106

Pilobolus crystallinus, turgescence of the fertile

filaments of— 27
Pinnae, nyctitropic movements in the laminae of— . 48

, diurnal and nocturnal positions of, in Cassia
59alata . . .

< , nocturnal position of, in Cassia alata, not

determined by any rise in turgescence in the tissues

making for i t , . 6 1

Pinnules, rotation of, in Leuccena glauca . 73, 74

, relation of movements of, in Mimosa pudica

to variations in conditions of humidity . . . 100

•, movements of, in Mimosa pudica on ex-

posure to direct sunshine 103

, localised movements of, in Mimosa pudica 115
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A NEW AND PARASITIC SPECIES
OF

CHOANEPHORA

BY

I). 1). CUNNINGHAM, M.B., F.R.S., C.I.E.

IN the ea'rly part of September 1894 my attention was directed, by a gentleman,
resident in Calcutta, to the presence of a destructive blight affecting plants of Jpcmcea
riibro-ccerulca. Hook, in his garden. Entire leaves or large portions of leaves and axes
suddenly^ acquired a pale colour and presently wilted and died off, so that, during the
period when the blight was at its maximum, the growth of the plants was practically
brought to a standstill, the newly-developed leaves and shoots not doing more than
replacing the older ones which were constantly being killed off. fl he extension of the
blight was greatly influenced by the character of the atmospheric conditions prevalent
at the time. During periods of continuous cloud and rain with maximal atmospheric
humidity it spread with great rapidity, whilst at times when sunshine prevailed and
the air was relatively dry its progress was very much slower. It continued to show
itself more or less conspicuously according to the state of the weather, during the whole
course oi September and October, and then disappeared with the onset of cool and dry
weather in November. I was at first inclined to suppose that is was connected with the
presence of one of the various species of Sclerotinia, or other closely allied fungi,
which occur so abundantly as blights during the latter part of the rainy season, but
even very cursory examination was sufficient to show that this was not the case.

On examining the affected parts before they had become dry and brown, the
surfaces could be seen to be clothed with numerous colourless, erect filaments with brown
dilated extremities (Plate VIII, Fig. 1), and these under the microscope revealed
themselves as fructifying filaments emerging from the stomatic orifices and bearing
numerous brown ̂ conidia on capitula closely resembling those of Uhoanepltira Cunningham-
tana, Currey (Plate VIII, Fig. 2, Plate IX, Fig. 25). Both filaments anH capitula were,
however, smaller than normal in that species, and the masses of conidia were of a pure
vandyke-brown colour and had not the purplish tint characteristic of those proper to it
(Plate VIII, Figs. 2, 22, Plate IX, Fig. 25).

At this stage no mycelium whatever is present on the surface of the affected tissues,
but at a later period and when numerous conidia have already fallen, the germinal
tubes, which rapidly emerge from these under favourable circumstances, may be present
in considerable numbers. The characters of the mycelium which is present within the
tissues of the host-plant are essentially of a inucorine type. The most satisfactory demon-
stration of this is obtained in vertical longitudinal sections through the thickness of axes,
as the course of individual filaments can be more readily traced in these than in
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sections of the laminar tissues. In such sections the -whole depth of th
hypodermal tissue is seen to be permeated by enormous mycelial tubes /'Plate VIII
Figs. 12—17). The larger of these run more or less parallel with the length of the
axis and are crowded with vacuolate, coarsely granular, colonrlpua «„ 1 i

, , , . , . , . ,. . J b ' vu luur i e»s or pale ochreous
protoplasm exhibiting very active streaming movements. The largest tubes give off
numerous somewhat finer branches which are provided with flatten d h •
processes closoly applied to the outer surfaces of neighbouring cells (Plate ^VTTT
Figs. 12b, 14, 16, 17). Here and there branches pass off o°bliquely towards the
epidermis, and, when they reach substomatic spaces, dilate and completely fill th
One or sometimes two processes are given off from this swelling and force th * ^^
out through the stomatic orifice to form secondary dilatations beyond it and f- 7^
the fertile filaments are in their turn given off (Plate VIII, Figs. ' 12« ' i^T %m^
filaments become somewhat dilated terminally so as to form a capitulum, and fro th' 6

number of conidiiferous capitella corresponding to those of Choanephora CuminoAmL " *
given off. In detail, however, the characters of the capitella are very distinct in t lT ^
species. When mature the capitella of the species here dealt with are abruptly -tr ° ^
and resemble the conidiiferous cells of BotryUs cinerea Pers., rather than the rou d *J
tella of Choanephora Cunninghamiana. Moreover, when the conidia become (W h
capitella never form the beautiful funnels from which the genus derives its & &°
is no doubt owing to the original difference in their form and to the ah"*"116'
appreciable differences in the thickness of the walls over their lateral m& ^^ °f

faces. The number of capitella present in different instances varies c o n s i d » ^ SUf"
many cases may amount to ten or more. Tho truncate extremity becom * ° ^' ^ *U

short sterigmata each of which gives origin to a conidium. The conid C ( 7 e w* t la

are very deciduous and fall off much more readily than those of Oho T ^ m a t u r e

hamiana do, this being partially, no doubt, owin-,' to the absence of funuelT T °mmn/~
cultures in nutritive infusions the conidial fructification comparatively rarel U a r / l S c i . a l

appearance, and when it does occur is feebly develop9d. The capitula are sro if i t s

capitella few in number, or they may both be completely suppressed and th ^ ^
arise directly from the stem in more or less peronosporoid fashion (Plate IX Fio^

The conidia when mature have average dimensiens of 0-01ox 0*008 ' °'
fusiform in outline and are provided with a finely longitudinally striate e 'T ^
inn- thus both in form and structure from the conidia of GhoanepJiora ^°V% d i f f e r "
(Plate IX, Figs. 1, ir, :18). This conidial fructification is the only one whichT
met with on the plant as a parasite on Ipomce* ruhro-ccemlea, but probabl
may be produced within the tissues when external conditions cease to favo Z

duction of conidia. Under favourable conditions, however, during its parasiti^ ^
the mycelium produces conidial fructification ulone and in enormous profus^ e X 1 S t e n c e

to say, it only produces that form of fructification which is associated >h ' ^ is

nutrition and vegetative growth. Both in regard to this species and t<T n e X C e S S l v e

Cunninghamiana the result of artificial cultures appears conclusively to sh ° nePh''ra

tional conditions are the main factors determining the particular form w l ' T ^ D U t f i"
cation shall assume in individual instances. Where very abundant n t V ^ f r U c t i f i "
present purely vegetative growth occurs; short of this conidial fructifi "• SUPPl 'V 1S

appearance; with greater diminution o f supply the sporangial and zygos' ^ T " " ^ i t S

tend t o appear; and, f i n a l l y , i n the presence o f minimal nutrition T ^ ' ^ ^
Lare produced. s p a r e s aione
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The species is certainly capable of parasitic existence on other hosts than Ipomcea
rubro-ccpri(lea. The conidjta or sporangial spores when sown on the petals of the common
Zinnia elegans and kept in a moist atmosphere germinate freely, giving origin to germinal
tubes which penetrate the tissues and very rapidly cause their death, producing a crop of
fructification which, although not so vigorous as that occurring on Ipomcea rubro-ccerulea,
is sfill of conidial type., In this it differs from Choanephora Cunninghamiana the conidia
or spores of which when sown on Zinnia-flowers fail to give rise to any blighting of
the latter. As I have more than once observed Zinnias affected by what on casual in-
spection I took to be Choanephora Cunninghamiana, there can be little question that these
flowers occasionally play the part of natural hosts to the other species.

The diffusion of the blight in Ipomcea rubro-coeruka seems to be mainly determined
by direct contact with previously affected tissues, blighted portions of axes serving as
sources of infection of adjoining healthy ones, and the adhesion of blighted and wilted
leaves to healthy ones or to healthy axes beipg followed by the appearance of the disease
in the latter.

In artificial cultivations, whether in infusions of Ipomcea ruhro-coerulea or of the
flowers of Hibiscus rosa-sinensis, the conidial fructification is ordinarily entirely sup-
pressed, and, when it does make its appearance in connection with greatly concentrated
media, it is only feebly developed. Very few heads of normal type are developed, and
these at utmost bear a very limited number of capitella. In most instances the conidia
arise directly from the primary capitulum, or even this is suppressed, and they arise
simply from the undilated tip of the stem, or at short intervals from one another in its
neighbourhood, so that the fructification comes to present an almost peronosporip
character (Plate JX, Fig. 10). In certain cases only a single terminal conidium may
be present (Plate IX, Fig. 10).

When cultivated in infusions of. the leaves of Ipomcea rubro-ccerulea or of tha
flowers of Hibiscus rosa-sinensis of moderate strength, or on boiled petals of the latter
plant, sporangic fructification is developed in great abundance, either alone or associated
with varying numbers of zygospores, and it is only in extremely concentrated infusions,
specially of Hibiscus, that conidial fructification also begins to make its appearance
in association with the sporangic one. The abundance of sporangia produced in culti-
vations in media of average quality is excessive. Under normal circumstances they
are produced in ^ far greater numbers and attain a much greater sizo than those of
Choanephora Cunninghamiana ever are or do (Plate VIII, Figs. 3, 20^ JPlate IX, Fig.
15). At an early stage of development they are of an amber colour owing to the tint of
the sporangic membrane, but on ripening they become first brown and ultimately almost
black owing to the dense accumulation of the brown spores which are formed within
them (Plate VIII, Figs. 3, 20). The stem is ordinarily abruptly flexed immediately
beneath the origin of the sporangium, so that the latter looks more or less downwards.
On maturing, the sporangia dehisce in valvular fashion allowing the spores to escape,
whilst the two halves of the membrane remain attached to the tip of the stem ox\
either side of the large columella. (Plate VIII, Fig. 19). The sporangic membrane is
ordinarily finely tuberculate.

The spores are very peculiar. Like the conidia they are fusiform in outline and
provided with a finely striate brown epispore (Plate IX, Fig. 2). They have average
dimensions of 0*0168 X 0*0089 m.m., and are therefore relatively somewhat narrower
than the conidia, and the brown tint of the epispore is as a rule somewhat deeper thau
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it is in the latter. They are at once definitely distinguishable f
from the sporangic spores of the Qhoancphora Cunninghamiam (P la tTl^ V ^ ^ ' ""*
20) owing to the fact that one or ordinarily both of the extrl V • ' 13> U'
bundle of fine, long, radiant, colourless processes, which in some c ^ s ^ V ^ ^ ^ *
colourless protrusion and in others appear to emerge directly fr origmate from a
cpispore is absent (Plate VIII, Fig. 19, Plate IX, Figs. 2 V S ^ r *' W h i C \ t h e

resemble the rudimentary mycelial processes of certain of# th Tth''•' • ^ strongly
have a mycelial function as is indicated by the facts that the s Ieae a n ( i seem to
to undergo a very considerable increase in size without correspondTnc>aPPear i n . v a r i a b l7
that occurring both in the case of the conidia and in that f tl ^ Vacuo^a^on) like
Ciwanephora Cunninghamiana, previous to the emergence of ser * 1 S * > ° r a n ^ c sP°res of
in cases where they are cultivated under conditions of defect"^ e S \ a n t * a l s o that,
dospore is not unfrequently developed as a direct extension of th • nU * "' a chlamy^
(Plate IX, Fig. 5i. When the latter is the case the p a r a l l e l L m ^ f 0 P r ° t O p l a s m

lthizidieal organisms becomes very striking indeed, because as ill spores to
the chlamydospores on germinating in most cases riv* ri;L * • . P r e s e n % be shown,
filaments. g ^ °n-ln t o BpowngiferouJ

The epispore of the spores and that of the conidia in
undergo any considerable increase in bulk ere germinating i ^ *** w ^ c n tn® latter
of a germinal tube, a phenomenon which does not attend' the *"" • ^ ^ emer©enco
conidia or spores of Ciioanephora Camiinghamkna (Plate IX Fv^6 1^1 1 1^0 1 1 °^ ei^^ the
does riot, however, follow the same course in the two cases °T* j' ^' ^ l l 0 rupture
takes the form of irregular fissuring, whilst in the case of th ° ^ • ^ °^ ^ s P o r e s it
broken u[> into a number of distinct fragments (Plate IX F' C0 la t a e epispore is
of rupture of the epispore of the sporangic spores clearly X' 3' ^' T h e O c c u r r e nce
of such a phenomenon in the case of conidia is no just ground f o ^ . t h e Occurrence
parallels of unisporic sporangia; for, if the conidia are to be re<̂  r ? S a r d i n * t he latter as
ground, Lhon in a case like the present the sporangic s p o r e s ^ ^ SUch on ^ i s
same light, and this leaves the presence of the motl^r-sp'orali!/* ^ r e g a r d e d in the
Even where conidiifcrous filaments produce a single conidj n g l u m unaccounted fur

become unisporic, as is not unfrequently the case under the in f l 0 0 7 ^ ^ sPorangia
tioa, the difference between the two forms of fructification ro ^ " ^ °f de fec tive nutri
ever (Plate IX, Figs. 10, 11). C m a i n s a« sharply defined as

On germinating the conidia give origin to one, or some time
which emerge apparently indifferently from any point of the surf tV^°' £e r m i nal tubes,
other hand, have never more than one tube, and this invariabl ^^ • ^ 8Poresj on the
us to leave the sites of origin of the radiant processes intact ^ p ? 1 ' ^ 1 0 ^ 8 Iaterally 8(i

When the medium furnishes sufficient nutritive supply, the gem* , ^' ^ig«. 3 41
gial spores and conidia alike rapidly lengthen, ramify, and givo'orio-^1388 °f b o t ! l sPoran-
aseptate mucorine mycelium In cultivations in artificial media "tf" ^ ** cIiaracteristic,
althouffh of considerable magnitude, and as a rule laro-er tl le mycelial filaments'
Canninjhamiana (Plate VIII, Fig. 18; Plate IX, Fig . ° U )

 U t h o s^ of Chouncphora
proportions which many of them do when the plant occurs . p a r a ^ V 4 * * 1 1 t h e c o l o s ^ l
in artificial cultivations presently gives origin to an abundant >• r h e Mycelium
ments, which appear first at the margins of the medium anc? a f?° P 0± sPorangiferous fila-
properties of the latter diminish,, over its entire surface T e iWards> us the nutritive
is highly concentrated a certain number of conidiiferous fli ^^ W h e r e t l w medium

hm"nis are i with
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the sporangiferous ones, and in any average cultivation zygospores are liable to make
their appearance in varying numbers. There is nothing to indicate what is the essential
determinant of the appearance of zygosporic fructification, for, in two cultivations conduct-
ed side by side in portions of one and the same specimen of a medium, zygospores may
be entirely absent in one and almost entirely replace sporangia in the other. When the
medium is a very dilute one chlamydospores alone are produced (Plate VIII, Fig. 21).
The phenomena attending trie germination of the chlamydospores differs in different
instances. In a certain number of cases they give origin to a mycelium like that originat-
ing from the spores and conidia, but in many instances no mycelium is formed and the
germinal tube elongates directly into a sporangiferous filament (Plate IX, Figs. 7, 9).
When the nutritive medium is not excessively poor, two or more chlamydospores may bo
formed in the course of individual mycelial filaments, but, when the nutritive properties
of the medium fall very low, each conidium or spore only gives origin to a single
ehlamydospore, and this in many cases is directly continuous with the parent body and
forms a simple extension of the latter (Plate IX, Figs. 5, 6).

The* zygospores vary considerably in structural details even within one and the same
culture. In certain cases they are quite typically zygospo'ric. the two conjugating tubes
which contribute to their formation being of equal value, alike in size and general ap-
pearance ^ Plate VIII, Figs. 4, 5,S);in others one of the conjugating elements is much
larger than the other, the difference betwten them in certain cases becoming so ex-
cessive that in this respect the process comes to be rather of an oosporic than a zy-
gosporic type (Plate VIII, Figs. 6, 7, 9, 10), an.l in a few cases the spore appears to be
of a truly azygosporic character and the product of a single mycelial process only (Plate
VIII, Fig. 11). In some instances the conjugating processes take origin from the
same mycelial filament, in others from distinct ones, and whilst in some cases they are
unaccompanied by any other peculiar processes, in others they are associated with vary-
ing numbers of short, often twisted processes (Plate VIII, Figs. 5, 8), although these
never are present in such numbers as to give rise to the formation of the complicated
sclerotioid masses of tissue which are occasionally associated with th<? zygospores of
Choamphora Cunninghamiana. Another point of difference in the zygispores in the pre-
sent as compared with the latter species is that the oosporic separation of the contents
from the wall of the spore and their subsequent investment with a special membrane
which is so frequent in Choanephora Cunningkamiana (Plate IX, Figs. 21, 22) never
appears to occur here.

The colour of the contents of tho conjugating processes varies from different
shades of yellow to strong reddish, and not unfrequently, at a time when the contents
of one process have already been completely accumulated terminally and separated by
the formation of a partition, those of the other are present throughout its entire course
and continuous with those of the parent mycelial filament (Plate VIII, Fii^. 7). The
mature zygospores are of a deep brown or almost black colour and have average diameters
of 0*057 m.m# They rarely contain any massive accumulation of oil in the form of
a large globule, but, where such a body is • present, it can be readily determined that
the cpispore, like that of tho sporangial spores and conidia, is finely stria to (Plate
VIII, Fig. 9).

The germination of the zygospores has not yet been observed, but, judging from
the fact jthat the chlamydosppres give direct origin to sporangic fructification whilst
those of Choanephora- Qitnrdnaaamiana produce a conidial one, it appears probable that
they are the source of sporangia also.
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A special interest appears to attach to this species of Choanephora bath because
of its capacity for parasitic existence and because it contributes additional^vidence that
the genus to which it belongs is of a singulary generalised type showing special points
of affinity to many other phycomycete and higher fungi.

Parasitism has, of course, long been recognised as occurring among zygomycete
fungi in the genera Piptocephalis, Syncephalis and Chaetocladium, but this would appear
to be the first instance in which the occurrence of a zygomycete as a true parasite in a
phanerogamic host has been recorded. It is somewhat difficult to determine whether
the parasitism or the saprophytism should be regarded as "facultative." If we are
to accept De Bary's view that the production of zygospores in one medium rather than
another is the true criterion,* then the parasitism is '-facultative," as zygospores cer-
tainly appear to be more readily produced in artificial media than in the tissues of
the host plant. But it appears to be somewhat questionable whether this be a true
criterion. Oospores and zygospores when produced by parasitic oomycete and zygomy-
cete organisms are in many cases not produced until after the death of the host has
been induced by the parasitism, which would appnar.-to indicate that their production
does not correspond with the presence of maximal nutritional facilities, but is rather
indicative of a fall in these and in the activity of vegetative growth. Similarly, in the
case ot the purely saprophytic Chomephora Cunninqhawana zygospores are uever 'produc-
ed until comparatively late in the duration of any culture and at a period when the
nutritive properties of the medium have been in great part expended in providing for
abundant mycelium and conidiiferous fructification. In so far as the Choanephoras are
concerned, the true criterion of the presence of conditions favouring excessive nutritional
activity and vigorous growth is the extent to which conidial fructification is produced'
Choanephora Cunnvnghamiana in its normal site on the flowers of Hibiscus roha-sinenm
primarily produces nothing but excessive mycelial growth and conidiiferous fructifies
tion. It is only when the tissues of the flower have been greatly decomposed that
zygospores make their appearance, and they also frequently occur abundantly in
association with an impoverished conidial fructification in artificial cultivations in infusions
of Hibiscus petals. When mycelial growth is very active and vigorous the conidiiferous
fructification reaches its maximal development, and it is only when the conditi
providing for maximal mycelial growth and.fully developed conidiiferous fructificatbn
are absent that zygosponc fructification begins to appear. Turnin°- to the
species of Choanephora, no one who has ever seen the enormous development "which
the mycelial system attains within the tissues of Ipomcsa rubro-cceruhi as s p a r e d
with that which it presents in infusions of the host-plant or of Hibiscus petals c
entertain any doubt that the nutritional facilities provided bv the artifio^l A-

• i i i _ i i " i » » • •* vAu.Li.Lcn m e d i a ai*p

vastly inferior to those provided by tho living tissues of the host-plant. But
appear rarely or never to occur in the tissues of the host-plant when conditbtT0^8

most favourable to mycelial extension and enormous production of con'd*"f ^^ a r G

tification, whilst they occur in extreme abundance in many artificial cult' ^^ °"
in these are associated, not with the conidiiferous, but with the spor ^ ^T^ ^
fructification, which in the case of Choanephora Cunninghamiana can be ^ • ° r m

demonstrated to be one which is associated, not with an pv^a i. L e (*uivoca v
»*** v'Aiytjoa out a defect of

demonstrated to be one which is associated, not with an pv^a i. L * v
»*** v'Aiytjoa out a defect of

nutritional activity, being in fact the form of fructification which rmix,
, n . • -i T "U'U oniy appears with

defective supply of nutritive materials and goes on showing itself until the d
" • Vergleicliende Morphologie und Biologie der Pilze, Leipzig, 1*84, s * ^ ~ "
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becomes so great that chlatnydospores alone are produced. If, then, we take general
nutritional activity rather than the production of sexual fructification as the true
criterion, the Choanephora described in the present case ought to be regarded as a
parasite endowed with "facultative" saprophytism, whilst if Dr. Bary's standard be
retained it must be regarded as a saprophyte endowed with " facultative" parasitism.
The* phenomena appear to indicate that we have to deal with a transitionary stage
between, the pure saprophytism of the other specie3 of Choanephora and pure parasitism,
but one in which adaptation to parasitic existence has advanced so far that nutritional
facilities are present in greater degree in the latter than when the plant occurs as a
saprophyte.

In tbis% adaptation to parasitism on phanerogams the plant shows closer affinities to
certain of the Oomycetes, such as Peronospora, than it does to any Zygomyceta fungi.
In the one species of Choanephora we have to deal with a purely saprophytic organism
retaining characters of more primitive type than those which are present where any
special adaptation to parasitic existence has arisen, whilst in the other parasitism
makes it* appearance, not yet of such highly specialised type as to imply adaptation to
one particular host, but yet so far evolved that growth attains its maximum in association
with it. In this respect the genus presents very generalised characters and forms a
connecting link between the parasitic and saprophytic Phycornycetes. But it does
more than this, as it presents a curiously large series of affinities to distinct groups, both
of the higher and lower fungi generally. In Choanephora Cunninghamiana the normal type
of fructification is certainly conidial, for conidial fructification occurs alone under
conditions of high nutrition, and is the form which is directly derived from the
chlamydospores, whilst sporangic fructification only occurs in association with very defec-
tive nutrition and is of a more or less abortive type. But in the other species conidiai
fructification only occurs under conditions of excessive nutrition, and then does not attain
such a high degree of evolution as it does in its ally, whilst the sporangic fructification
is developed under most circumstances, attains a high degree of evolution, and is that
which originates direct from the chlamydospores. The former species has thus a special
relation to the conidiiferous series of higher fungi which culminates in the Basidiomycetes,
and the latter to the sporangiferous series culminating in the Ascomycetes. Special affini-
ties to various groups of Phycomycetes are also indicated by the phanerogamic parasitism,
the occasional Peronosporoid fructification, and the Rhizidiseoid character of the sporangial
spores of the species here specially dealt with, and by the markedly oomycete characters
which the sexual fructification of both species in many cases manifests. The genus in
fact in a sense appears to form a sort of centre from which various groups of both the
higher and lower fungi radiate, and seems, therefore, to be worthy of very special
attention. In so far as its sexual fructification is concerned it is less specialised than
the Oomycetes, and in respect to its conidiiferous and sporangial fructifications less
specialised than the two great groups of higher fungi have become, and it, therefore,
seems to have in a sense retained ancestral characters in remarkably high degree.

Choanephora Simsoni, Cunningham, n.sp. Conidia and spores fusiform, with a brown
longitudinally striate epispore; spores provided with radiaut terminal processes.

Parasitic on Ipomoea rubro-ccerulea} Hook., and Zinnia elegans; saprophytic in various
vegetable iufmsions, &c.
Calcutta.
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Plate VIII, Fig. 1. Portion of an axis of Ipomma rubro-ccerulea, Hook, covered with
conidiiferous filaments of Choanephora Simsoni and with a portion
of a leaf which served as the source of infection adherent to it . Nat. size.

» j, „ 2. Oonidiiferous filaments of Choanephora Sir/tsoni emerging from the
surface of an axis of Ipomaa rubro-cce>uka x 25

» „ •„ 3. Sporangial fructifioation of Choanephora Simsoni from a culture in
• infusion of petals of Hibiscus rosa-sinensis X 79

» ,, „ 4. Zygospores of Choanephora Simsoni at an early stage of development X 400
,<> ,, „ 5. Zygospore of Choanephora Simsoni with two twisted processes arising

at the site of origin of the sporogenic ones X 400
„ „ „ 6. Zygospore of Choanephora Simsoni at an early stage of development,

showing the very unequal magnitude of the sporogenic processes
which have not yet conjugated X 400

,i „ ,, 7. Zygospore of Choanephora Simsoni, showing one of the conjugating
processes already completely emptied whilst the other is still
crowded with ochreous oontents x 400

„ „ „ 8. Zygospore of Choanephora Simsoni^ showing numerous barren processes
associated with the sporogenic ones X 400

„ „ „ 9. Zygospore of Choanephora Simsoni, containing a large globule of oil
and showing the striate character of the epispore x 400

., „ „ 10. Zygospore of Choanephora Simsoni, showing maximal difference in
sizes of the conjugating elements x 400

„ „ „ 11. Azygospore of Choanephora Simsoni X 400
,, „ , , 1 2 . Mycelium of Choanephora Simsoni in the hypodermal tissue of an

axis of Ipomosa rubro-cceruiea, and the lower portion of a eonidi-
ferous filament emergent through a stomatio orifice x 150

„ „ „ 13. Portion of mycelium and base of a conidiiferous filament of Choane-
phora Simsoni x 660

„ „ „ 14. Portion of a mycelial filament in the hypodermal tissue of an axis
of Ipomcea rubro-ccerulca ^ x 830

„ „ „ 15.- Ditto ditto ditto ditto . . . . . x 830
„ 16. Ditto ditto ditto ditto . . . . . x 830

„ „ „ 17. Ditto ditto ditto ditto x 830
„ „ ,, 18. Portion of a mycelial filament from a culture of Choanephora Simsoni

in infusion of the petals of Hibiscus rosa-sinensis X 400
j» „ ,, 19. Buptured sporangium of Choanephora Simsoni, showing characters of

sporangio membrane, columella and spores x 400
» ?> » 20. Sporangia of Choanephora Simsoni . . . # x 79
» » „ 21. Chlamydospores developed in a very dilute infusion of the petals of

Hibiscus rosa-sinensis • x 400
» » » 22. Summit of a conidiiferous filament witn conidia still adherent . . . x 150

» » » 23 . Summit of a conidiiferous filament, showing form of the capitella . x 150

Plate I X , Fig . 1. Conidia of Choanephora Simsoni x 830

» » » 2. Sporangial spores ot Choanephora Simson x 830

>i » v 3 . Germinating conidia, showing ruptured epispore . . . . . . . x 830

» » »! 4. Germinating sporangial spores, showing ruptured epispore • • . . x 830

*. ROY. BOT. GARD. CALC. Y O L . VL
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Plate IX, Fig. 5. Germination of sporangial spores in very weak infusion of petals of
Hibiscus rosa-sinensis, showing formation of a chlamydospore
directly from a spore

6 Formation of a chlamydospore directly from a germinating coni-
„ „ „

T> 99 7»

, , 5> >»

99 » »

„ „ 7. Germination of chlamydospores with direct formation of sporangi-
ferous filaments.

„ „ „ 8. Small sporangium of Choanrphora Simsoni containing a few spores
only x 400

„ 9. Germination of a chlamydospore with direct formation of a bisporic
sporangium x 4 0 0

„ 10. Forms of conidnferous fructification of Choanephora Simsoni from
artificial cultures in infusions of petals of Hibiscus rosa-sinenm

„ 11. Minute sporangia containing one o r two spores only . . . . " •
12. Sporangium of Choanephora Cunninghamiana . .
13. Ditto ditto ditto

14. Myoelium of Chcanephora Cunninghamiana from an artificial oulture .
15. Sporang ia o f Choanephora Cunninghamiana . . . .
16 . Germinat ion of sporangial spores of Choanephora Cunninghamiana

„ „ 17. Oonidia of Choanephora Cunninghamiana from a oulture in infusion

of the petals of Hibiscus rosa-sinensis . .

„ „ •, 18. Conidia of Choanephora Cunninghamiana from a natural growth on
Hibiscus flowers

„ 19. Sporangial spores of Choanephora Cunninghamiana
,, » 20. Germinating conidia of Choanephora Cunninghamiana

„ 21. Zygospore of Choanephora Cunninghamiana

„ „ 22. Ditto ditto ditto • • • ' • ! ! ! ' *

" „ „ 23. Ditto ^ ditto ^ ditto, showing one conjugating
element entirely empty whilst the other is still full

n „ „ 24. Conidia of Choanephora Cunninghamiana from an artificial oulture*
^ „ „ 25. Conidiiferous fructification of Choanephora Cunninghamiana in a

natural growth on a flower of Hibiscus rosa-sinensis

X

X

X

X
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FRESH-WATER ALGiE FROM BURMA

INCLUDING A FEW FROM BENGAL AND MADRAS.

INTRODUCTION.

MOST of the Algse which form the subject of this memoir were collected in
certain districts of Burma and a few in Burdwan District of Bengal and Vizagapatam
District of Madras by Mr. I. H. Burkill, M.A., during 1904, and were forwarded
to us for determination by Lieut.-Col. Prain, F.R.S., the Director of the Botanical
Survey of India. The material was contained in a series of twenty-four tubes, and
had been preserved in a weak solution of carbolic acid, the strength of which in
some instances had unfortunately been insufficient to prevent decomposition.

The collections were of somewhat varied character, and the results of the investi-
gation add v#ry materially to our knowledge of the distribution of freshwater Algae
in the Indian region. Of the Algae collected by Mr. Burkill, 36 species and a
number of varieties were previously undescribed, and two of them have had to be
referred to new genera. One of the latter is a large and handsome Desmid which,
owing to its peculiar morphological features, we have been compelled to place as the
type of a new genus—Euastridiimi. The other is an Alga belonging to the Proto-
coccaceae, occurring as free-floating colonies furnished with stout horns. This we have
named Burkillia cornuta. Two other Algae of great interest are Mougeotia producta
and Urococcus tropicus. The former is a species of Mougeotia which in its methods of
spore-formation combines the characters of both Mougeotia and Gonatonema; and the
latter is a green species of a genus in which the cells usually contain an abundance
of a red-brown pigment.

Some work has already been done at the fresh-water Alga? of the Indian region,
and the following are the principal papers which have appeared on the subject :—

(1) Grunoic: Susswasser-Diatomaceen und Desmidiaceen von der Insel Banka. (in Rabenh.

Beitr. zur Kentniss u. Yerbreit. Algen. Leipzig, 1865).

(2) Wattich\: Desmidiacese of Lower Bengal. (Ann. Mag. Nat. Hist. ser. 3, v, 1860).

(3) Joshua : Burmese Desmidiese. (Journ. Linn, Soc. Qot. xxi, 1886).
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(4) Lngerhem : Desmidiaceen aus Bengal. (Bih. till K. Sv. Vet.-Akad. Handl. xiii,
No. 9, 1888).

(5) Turner: Fresh-water Alg* of East India. (K. Sv. Vet.-Akad. Handl. xxv, No. 5,
1893).

(6) West, W. 8f O. S.: Desmids from Singapore. (Jouro. Linn. Soe. Bot. xxxiii, 1897).

(7) Schmidk: Ueber e:nige von Prof. Hansgirg in Ostind. gesammelte Susswasserale
(Hedwigia, 1900).

(8) West, W. 8f G. S.: Freshw. Chlor. Koh Chang. (Botan. Tidsskrift, 1901).

(9) West, W. 8f G. S.: Freshw. Alg. Ceylon. (Trans. Linn. Soc. Bot Ser 2 "
1902). ' ' *

To these should be added a few records by Dr. Zeller of A l g £ e collected b
Kurz in Arracan and British Burma (vide Journ. Asiat. Soc. Bengal x l i i ^

1873) ; two Desmids from Rangoon described by Joshua (Journ. Bot Feb-' 188." ?!
and several records for Bengal, Ceylon and Singapore by Bor<*e /Bih fill* IT c
Vet.-Akad. Handl. xxiv, No. 12, 1899). ° l ' *" bv*

Four other papers are of great importance in connexion with the geographical
distribution of the Desmids of the Indian area. These are : °

(10) Schmidk : Algen aus Sumatra. (Hedwigia, 1895).

(11) Borge: Austral. Siisswasserehlor. (Bih. till K Sv Vet A I J -a- „
" v e r ' - A l i a ( I - Handl. x x i i , tfo. o

loyb). *

(12) Gutwinski: Alg. Insula Java. (Bull. Acad. des Sciences, Cracovie. Nov. 1902)

(13) Lenunermann: Tiber die. von. Dr. W. VolZ auf seiner Weltreise gesammelten S u s s w

Alg. (Abh. Nat. Ver. Bremen, Bd. xviii, 1904).

It was pleasing to find that some of Mr. Burkill's collections contained
of Desmids, because more is known in the Indian area concerning thi* f

than any other group of fresh-water Algae. The Desmidiacero exhibit moT d f i ^ 7

geographical peculiarities than most other families of fresh-water Algce T ie

the records of these plants in the East Indies are relatively very scra'pT ] U g h

furnish material for a very interesting discussion on their distribution in' W ^
of the world. A large percentage of the species are ubiquitous in all Jr p a r t

many others have a wide distribution in the tropics of both hemispher^ ^ t ! ^ ' ^
are a number which appear to occupy a definite geographical a! ^ t h e r e

Indian region. a t n e h™*>

Even from the meagre information which is available at the
Desmids appear to be confined to an area extending from India a l ^ O ^^ C e r t a i n

Burma and the Malay Peninsula to Sumatra and Java, and th ^ y l o a ' a c r o s »
Some of the Desmids which so far as is known are confine I ' t ^T- t0 Q u e e m l a n d -

a can be tabulated as follows " ' t h l s ^do-Malayaaarea can be tabulated as follows.



INDO-MALAYAN DESMIDS. 177

SPBCIB3.

Closterium pulehellum W. ft G. 8. W »

anostamosum W\ ft G. 8. W

Pieurotinium annul Mi um (Josh.) W. ft G. 8. W „

Kayii (Arch.) Rabenh.* „• ... .«

glonos%m (Turn ) W ft G. 8* W.

did$ltoid€s W ft G 8. W.

gnatJwphorum W ft G S. W . . . . ... ..%

Mdbii (Borge) W ft G. 8. W „ ... ..

medioscrobioulatum W. ft. G. S. W „

„ pseu&wownxstu-m Noidst. Tar. ellipsoideum VT. ft G. S. W.

suhauritulatum W. & G. 8. W. var. truncatum W. ft. G. S. W. ...

t, obsolttum (Hantzsch) Rainach tar. Sitvense Gutw

TTa/fic/wi W ft G S W. ••• ,

Tnnthidium anlna*4i.m (Joah 1 W i G 8 W ...

Staurastrmm pinnatum Turn. ... •„

„ torsum Turn.

„ saltans Joah. ... „, ... „ ,

„ indentatum W. & G. S. W.

„ tamphorum W. ft G. 8. W.

^ longiiraehiatum (Borge) Gutw. .„

.d.mBengalicumlula

India.

...

x

x

X

x

x

X

x

...

X

X

x

x

x

X

X

X

X

x

X

But mati.

X

X

x

x

x

x

x

x

x

X

x

X

X

X

x

x

...

X

X

. . .

Ceylon

...

x

X

x

x

x

x

X

x

X

x

X

. . .

X

x

x

X

X

X

X

X

X

Banka
Is.

Singapore.

X

x

x

x

x

x

x

x

X

...

X

X

. . .

. . .

Siani.

x

x

...

...

X

X

. . .

Sumatra,
Java.

. • k

X

X

x

x

x

X

X

x

X

X

X

X

X

X

X

. . .

Queens-
land.

...

...

•••

.*»

...

...

X

...

X

X

• Also knewn from Hong Koug, from which place i$ was originally described.
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In addition to those mentioned above, there are a number of species, which although
recorded from elsewhere, appear to be principally characteristic of the lndo-Malayan
region. Such are:—Clostenum nematodes Josh., Cosmarium capense (Nordst.) De Toni,
C. subturgidum (Turn.) Scbmidle, Arthrodesmus curvaius Turn., A. gibberuhs Josh. Stau-
rastrum unicorne Turn, and varieties, St. sexangulare (Buln.) Rabenh. var. bidentatum
Gutw., and others.

It should also be borne in mind that many very distinctive species are at
present only known from single localities in India, Ceylon, Burma, Java, or Queens-
land, which upon further investigation may prove to be widely distributed in all
these countries, and perhaps in adjoining areas. Indeed, judging from our own expe-
rience of the Desmids of some of these countries, it seems most probable. that future
investigations will bring to light a most characteristic Desmid-flora of the lndo-Mala-
yan area.

One of the most conspicuous species of Staurastrum described in the present paper
is Staurastrum BurfciUii, and it is a Desmid of particular interest, as its only known
relatives occur in Siam and Central China.

A number of the species occurring in Ceylon and Burma are also found in
Madagascar. This is more especially so with species of the genus Cosmarium.

Fragmentary plants of a species of Batrackospermum occurred in a collection from
a stream at Lashio (No. 22557), but they were insufficient for identification. Also
a species of Enteromorpha in a fragmentary condition was observed in No 22598
'The Old Lashio bazaar).

The collections examined were as follows:

No. 21501. Bhamo; springs on the river bank. 1 Febr. 1904.

No. 21502. Bhamo; banks of the W a d d y and backwaters of the stream. 1 Febr

No. 21503. Bhamo; near the river. 1 Febr. 1904.

No. 21551. M ^ ^ Bhamo; among paddy-Belds at the foot of the hills.

No. 21975. Minywa, Pegu District. Alg£e from the Pegu-Sittang canal wM«h 1.
muddy water. 6 Jan. 1904. g * ' hl°h h a s v e r7

No. 22124. Kyauktaga, Pegu District. In clear stagnant pools on a dav soil 7 T
J904. J BO11> ' Jan.

No. 22192. Kyaukse; a pool which probably dries up later in «, ,
9 Jan. 1904. t n e dry season.

No. 22193. Singaing, Kjaukse District. In shallow pools much n M ,

and near irrigation canals. 10 Jan. 1904. overSrown with weeds

No. 22263. Kyaukee; Algae from the river bed. 11 Jan. i 9 0 4

No. 22513. Manpwe, N. Shan States; in pool8 near the railway. 18 Jan. 1 9 0 4 .
No. 22557. Lashio; from a stream in the hills three nr *

of Lashio. 19 Jan. 1904. m i l e s to t h e aouth-eaat
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No. 22598. Old Lashio bazaar. An olive-green Alga sold in bundles in the bazaar

to be eaten. Bundles some six inches in length and breadth, and

wrapped in two leaves. [Unfortunately the specimens were too frag-

mentary for identification, but the Alga was most probably an Entero-

morpha.—G.S.W.]

No. 22677. Katha. Algce from a swamp on the course of a small stream. 27 Jan.

1904.

No. 22880. Myinmu, four miles to the east at the village of Nyaung-ngyin. In a

tank of water, opaque from suspended clay, and from which cattle drink.

7 Febr. 1904.

No. 22999. Thayetmyo; in the river Irrawaddy. 19 Febr. 1901.

No. 24120. Hsipaw. 16 Jan. 1904. The Alga is sold in the bazaar and is found

abundantly in all the streams.

[This Alga is Spirogyra maxima (Hass.) Wittr.—G.S.W.]

• No. 24193. Mansang, near Hsipaw. Algae from a marshy open place in the forest.

17 Jan. 1904.

No. 24150. In the mountains east of Kawkareik; in rapidly running water. 5 Mar.
1904.

No. 24451. Myawadi. In the swift river which here forms the boundary of Siam.
7. Mar. 1904.

No. 24483. Between kThingan-nyi-naung and Kawkareik. In a side channel of the

stream running down to Kawkareik; water ooming from springs in the

forest. 8 Mar. 1904.

No. 24505. In the Kan-gyi, Mudon. 11 Mar. 1904. The Kan-gyi (=-big tank) s

a natural lake with very clear water.

Also "(forwarded to us later) :—

No. 17916. Yizagapatam. 9 Dec. 1902. Alga in ditch at the side of salt works.

No. 24674. Burdwan, Aug. 1903. Algte from flooded rice-fields.
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SYSTEMATIC.

Class: CHLOROPHYOE^J.

Order : CEDOGONIALES.

Family: (EDOGONIACE.S.

Genus : (Edogonium Link.

1. (EDOGONIUM SOCIALE Wittr. in Wittr. & Nordst. Alg. Exsic. fasc. 9 1882
No. 401; fasc. 21, 18H9, p. 4; Hirn, Monogr. u. Icohogr. CEdoffon. 1900*
p. 79, t. 2, f. 12.

Crass, cell veget. 15-17 /*; altit. 3-4-plo major;
„ oogon. 38/i; „ 35/*.
„ cell, antherid. 13-14-5/*; „ 4'8-6/t.

Bab.—Backwaters and banks of the Irrawaddy at Bhamo (No. 21502).

2. (EDOGONIUM CAPITELLATUM Wittr. Prodr. Monogr. (Edo°-on 1874 D 7- Him
1. c. 1900, p. 149, t. 23, f. 118. ° ' '

Forma oogoniis 2-4 continuis et eellulis suffultoriis crassioribus.
Crass. ceU. veget. 7-5-97/t; altit. 3J-5-plo major;

„ cell, suffvdt. 8-5-11/*; „ 2|-4-plo „
„ oogon. 20-22/*; „ 20-23/*;
„ oospor. 18-20 /*; „ 14-5-16 /*.

Hab.—Mansang near Hsipaw, in marshes (No. 24193).

3. CEDOGONIUM OBLONGELLUM Kirchn. in Hirn, 1. c. 1900, p. 182, t. 29 f. 177

Crass, cell, veget. 6'7-8 /*; altit. 3-5Jplo major;
„ oogon. 165-17/*; „ 20-25 /*;
„ oospor. 15-3 /*; „ 18-22 fi;
„ cell, antherid. 5-7-7 6/*; „ 3-5-4-3 /*. (PI. xi, figa. i, 2).

Hal.— Backwaters and banks of the Irrawaddy at Bhamo (No. 21502).

The antheridia were 2-4-ceUed, and the oospores were somewhat smaller than in th* • • ,
German plants. U t n e ong'nal

4. (EDOGONIUM LONGICOLLE Nordst. Alg. aq. dulc. et Char. Sandvic 1S7S
t. 2, f. 11, 12; Hirn, 1. c. 1900, p. 263, t. 45, f. 278. ' P* °>

Var. SENEGALFJ.SE Nordst. Alg. et Char. I, 1880, p. 13, t. 1 f 23

Crass, cell, veget. 5-5-7 /*; altit. 3|-4fplo major;
„ oogon 17-19/*; „ lti-21 /*;
„ oospor. 15-17/*; „ 12:5-13-5/*.

Hab.—Mansang near Hsipaw (No. 24193).

This ocourred abundantly, and the oogonia were 2-6.eeriatA V« « J
were observed. 6> N° ^ ^ f orangia or D8jmaadria
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A number of sterile species of (Edogonium were observed from Mom auk, east of
Bliamo (No. 21551), Kyauktaga in the Pegu district (No. 22124), Manpwe, N. Shan
States (No. 22513), Katha (No. 22677), and in the Kan-gyi at Mudon (No. 24505).

Genus: Bulbochcete Ag.

5. BULBOCHJETE ELATIOR Pringsk,, 1858; Wittr. Prodr. Monogr. (Edogon. 1874,
p. 49 ; Him., I .e . 1900, p. 321, t. 51, f. 327.

Forma PDMILA Him, 1. c. p. 322, t. 51, f. 328.
Crass, cell, veget. 105-12//,; altit. 2-3-plo, major;

„ oogon. 33/t; „ 28/*;
„ cell, androsp. 11/^; „ 8/t;

Bab.— Mansang near Hsipaw (No. 24193).

A sterile species of Bulbochcete was observed from Momauk, east of Bhamo
(No. 21551).

Order: CH^ETOPHORALES.

Family: G0I£0CEETACEJE.

Genus : Coleochcete Breb.

6. COLEOGH^ETE SCUTATA Breb. ; Rabenh. Flor. Europ. Alg. 1868, iii, p. 390.

Bab.—Mansang near Hsipaw (No. 24193).

Family: H E K P O S T E I E A C E J E .

Genus: Herposteiron Nag,

7. HERPOSTEIRON CONFEHVICOLA Nag., 1849.

Aphanochcete repens A. Br., 1851;

Berposteiron repcns (A. Br.) Wittr.

Long. cell. 8-15/*; lat. cell. 4-8-12'5/*; diam. oogon. 14-5-17/x; diam. antberid. 4*5-7^
(PI. x, figs. 1-4).

Ilab.—Near the river at Bhamo; epiphytic on a sterile species of Spirogyra
(No. 21503).

Tlie plants observed were of interest on account of the presence of the sexual organs. The
latter were first described by Huber, and have very rarely been seen. The oogonia were filled
with oily material giving them a very refractive appearance, and when ready for expelling the
oosphere were almost globular in shape. The antheridia were not invariably terminal at the extre-
mities of the branches, but were occasionally developed from the side of a median cell of the
filament. Since examining the antheridia, we are inclined to regard them as consisting of from
one to three oells, from each of which one or two 4-ciliated antherozoids are ultimately set free.
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Another interesting feature relating to these plants was the host to which they were attached.
Plants of this genus commonly occur as epiphytes on species of Cladophora, OEdogonium and other
genera in which the filaments are almost destitute of a mucous covering, fcujfc the Burmese specimens
were attached to one of the largest species of Spirogyra, around the filaments of which is a con-

iderable mucilaginous envelope.

Family: ULOTRIOHACEOE.

Genus : Ulothrix Kiitz.

8. ULOTHRIX SUBTILIS Kiitz. Phyc. germ. 1845, p. 197; fiabenh. Flor. Europ
Alg. iii, 1868, p. 365.

Var. TENERRIMA (Kiitz.) Kirchn. [Ulothrix tenerrima Kiitz. L c. 1845, p. 197.1
Lat. fil. 9/i.

Hal.—Near the river at Bhamo (No. 21503).

Family: GHJETOPHORACEJE.

Genus : Myxonema Fries.

9. MYXONEMA SUBSECUNDUM (Ktitz.) Hazen, Ulotrich. and Uhsetoph U S 1902
p. 207, t. 36, f. 3. 9

Stigeoclomum subsecundum Kiitz. Phyc. Gen. 1843 p. 253* Rahei h Fl
Europ. Alg. iii, 1868, p. 376.

A form with the cells 4^8 times longer than broad and with slight constrictions
between them. Crass, fil. 13-16^. Branches rather scarce, attenuated, and with
cells twice longer than the diameter.

Hab.—Banks and backwaters of the Irrawaddy at Bhamo (No. 21502).

Family: MICROTHAMNIACE£.

Genus: Microthamnion Nag.

10. MICROTHAMNION CURVATUM sp. n. (PI. xi, figs. 14-16).

Plants minute microscopies rarnosissimre, axe principali non evidenti • ramis
ramulis crassitudine equalibus, brevibus et valde confertis, l-3-cp11nl«i-;k/ -V

, i u j. -i 9 uyil^iariDus, apicibus
ramorum et ramulorum valde et gracile curvatis, obtusis; cellulis cylindricis t
elongatis, diametro^ 9-20-plo longioribus; chromatophcris brevibus tenuibus et
parietalibus, singulis, cellulas non complentibus.

Crass, cell, veget. ram, et ramul. 1'6-2*2/*.
Hab.—Mansang near Hsipaw (No. 24193).

This species occurred in abundance in marshes at the above-merationed locality, freely floating
among other alg». The plant grows » compact tufts with a decidedly rounded contour, this
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feature being due to the short, equal branches, and to the curvature of their apices. The latter
character is a well-marked and distinctive feature of M. curvatum, the curvature usually affecting
only the terminal cell of the branch, and sometimes being so marked as to give the branch a
hooked appearance.

The two well-known species of this genus generally distributed in temperate climates are:—
y (1) Microthamnion Kutzingianum Nag. in Kutz. Spec. Alg. 1849, p. 382; Klitz. Tab. Phyoo-

log. iii, t, 1; Rabenh. Flor. Europ. Alg. ill, 1868, p. 375; Scbmidle, Alg. preuss*
Hochmoor, 1899, p. 169, t. 7, f. KJ-15; Hazen, XJlotrich. and Chsetoph. IT. S. 1902,
p. 191, t, 26, f. 1; t. 27, f, 2-4.

(2) Microthamnion strictissimum Eabenh., 1859; Krypt. Fl. Sachs. 1863, p. 266; Flor. Europ.
Alg. iii, 1868, p. 375; Hazen, Ulotrich. and Chcetoph. U. S. 1902, p. 191, t. 26,
I 2-5; ( x / s . West, Treatise Brit. Freshw. Alg. 1904, p. 90 (fig. 32E), 91.

M. vexaior Oooke in Grevillea 1882, xi, p. 75; Brit. Freshw. Alg. p. 188.

i!/. strictissimum Rabenh. var. vcxator (Cooke) Schmidle, Alg. preuss. Hochmoor 1899,
, p. 169.

We showed clearly in the 'Alg. S. England,' 1897, p. 475, the error upon which Oooke
founded his species M. vexator. We have since examined some of Gooke's original specimens, thus
obtaining conclusive proof of the identity or M. vexator with M. strictissimum.

M. curvatum is distinguished from M> Kutzingianum by its longer branches and by the curvature
of their extremities. The entire plant has a different aspect, and • the cells are much narrower and
proportionately very n?uch longer. It differs from M. strictissimum in its shorter branches, in their
curved extremities, and in its narrower cells. The branching is also much more open and spreading,
than in M. strictissimum, and the general aspect of the plant is wholly different.

The chloroplast of M. curvatum more nearly resembles that of M. strictissimum than that cf
M. Kutzingianum^ It is small and rather narrow, and only covers a portion of the cell-wall.

All the plants observed were free-floating, but doubtless in its younger stages it is attached.
The adult thallus is quite rotund in character, the main branches arising from a more or less
central point. Nothing that could be called a main axis could be discerned in any of the plants,
and the branches are of much more equal size and length than in the other species of this
genus.

Order: CLADOPHORALES.

Family : C L A D O P H O M C E J E .

Genus: Rhizoclonium Kutz.

11. RHIZOCLONIUM HIEROGLYPHICUM Kutz.; em. Stockm. Algengattung Rhizoclon.
1890, p. 578.

It. hieroglyphicum Ki'itz. Phyc. gen. 1843, p. 205: Rabenh. Flor. Europ.
Alg. iii, 1868, p. 329.

Crass, fil. 22-31/*; cellulis diametro usque ad 7-plo longioribus.

Hal.—Banks and backwaters of the Irrawaddy at Bhajno (No. 21502). In rapidly
running water in the mountains east of Kawkareik (No. 24450).

ANN. KOY. BOT. GARD. CALCUTTA VOL. VI.



184 FRESH-WATER ALG.E FROM BURMA,

Genus: Cladophora Kiitz.

12. CLADOPHORA CRISPATA (Roth) Kiitz. Tab. Phycolog. iv, t. 40, f. 1
CL crispata forma I. vitrea Rabenh. Flor. Europ. Alg. iii, 1868, p. 336.

Hab.—In stream, Lashio. (No. 22557). In river Irrawaddy at Thayetmyo
(No. 22999).

Order: SIPHONED.

Family: VAUCHERIACEJE.

Genus: Vaucheria DC.

13. VAUCHERIA ORIENTALIS sp. n. (PI. xi, figs. 3-9).

V. aquatica et tenuis, fills modice ramosis nonnunquam subcontortis; oogonia et
antheridia stipitata supra ramulos fructiferos perlongos, apice ramuli fructiferi fisso,
parte breviori oogonium formante, parte altera antheridium formante; oogonio sessile
prppe antheridium terminalem, oblique ovato cum apice subproducto ; antheridio circinjato •
oosporis glabris, oogonia complentibus.

Crass, fil. 26-30/*; long, oogon. 65-67,*; lat. oogon. 50-54; crass, antherid.
14-15/*.

Hab.—In marshes, Mansang near Hsipaw (No. 24193),

V orientalis is allied to V. scrobiculata Magn. et Wille (in Wille, Sydamerik Al*l 1884
p. 38, t. 2, f. 57-59), a South American species in which the reproductive organs are al '
developed at the ends of rather long fructiferous branches. It is, however, a much
species, and the oospores are not scrobiculate. ' rower

It should also be compared with V. terrestris Lyngb. and V. hamata (Vauch.) Lyn-b h ih
of which are much larger species with shorter fructiferous branches. & *'

The filaments of V. oriental are somewhat contorted, and the branching is more prof *
is usually the ,case in species of this genus. The sexual organs are occasionally developed fT
extremity of a long filament as well as on special branches of the same extensive ccerr f T
the formation of the sexual organs the extremity of the reproductive branch becomes ]•t
portion growing in a circinate manner to form the antheridium, and the other 1 ^
form a sessile oogonium. The antheridial coll appears to be cut off from the s T g m g t0

some time before the oogonium is separated. Pportmg branch

14. VAUCHERIA GLOBULIFERA sp. n. (PI. xi, fio-. 10)

V. aquatica et tenuis, filis flexuosis parce ramosis- *#

ovoideis, binis supra partem protuberantem filamenti suboppoltisUS 8eSfibuS? ° b H q u e

l ^ t
, p p p t e m f i l a m e n t i suboppoltis f

oosporis globosis glabris oogonia nDn complentibus; antheridiis ^U v^ . t r u n c a t o 5
inflatis, diametro 2^3^1o longioribus, binis oppOsiti8 e t subhorizonf v T ^ ^^

n ^i A<\ AC* i l u l l^ntaii ter dispositis.
Crass, fil. 40-42/.; longf oogon. 90-100*; la t. O0iron Q2 fl

59-61/x; crass, antherid. 23-30At. ° ' u*~"n*^I; diam. oo^por.
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b.—Nefxv the river at Bhamo (No. 21503).
This species is Dearest to V. sericea LyDgb., but the filaments are more slender, the bogonia

are larger and are not rostellate, the oospores are larger, and the antheridia are relatively broader.

Order: CONJUGATE.

Family: ZYGNEMACEJE.

Genus: Zygnema Ag.

^15. ZYGNEMA SPONTANEUM Nordst. Alg. aq. dulc. et Char. Sandvic. 1878, p. 17, t. 1,
f. 9 23-24; W. & G. S. West, Welw. Afric. Freshw. Alg. 1897, p. 40.

Crass, cell, veget. 2 V ; crass, cell, fruct. 22-24/*; long, zygosp. 21-25/*; lat,
zygosp. 19-25/* (PL x, fig. 5).

Hab.—In springs on the river bank at Bhamo (No. 21501).
Z. spontaneum Nordst. is essentially tropical in its distribution, and there appears to be a

certain amount of confusion with regard to its identity. The specimens originally described by
•Nordstedt from the Sandwich Is. possessed only aplanospores, but in 1897 we described the
zygospores from W. Africa. About the same time Schmidle described from Australia what he
considered to be a new species Z. Heydrichi, but the only differences between his plant and
Z. spontaneum are in its lateral conjugation and in the position of the zygospores in the
conjugating-tube. The wall of the zygospore is scrobiculate exactly as in Z. spontaneum, and
Schmidle's plant is possibly a form of that species with a different type of conjugation.

The appended table of measurements is for closer comparison of the different forms of
Z. spontaneum with Z. Heydrichi Sohmidle (Bntwick. Zygn. u. Calothrix, 1897, p. 169, 170, t. 5,
f. 5-7, 10, 11>:—

Z. spontaneum

Sandwich Is.

Z. spontaneum
W. Africa

Z' spontaneum
Burma

Z. Heydrichi
Australia

Crass, cell,
veget.

14-18/4

I6-I8/4

21/4

20a

Crass, cell,
fructif.

20-24/4

19-25/4

22-24/4

lat. : long.

1 : 1J

1 : 1J-4

1 : 2-3J

I': 1 H *

long, zygosp.

18-21/4
(aplanospores)

24-31/4

21-25/4

32/4

lat. zygosp.

16-21/4
(aplanospores)

21-24/4

19-25/4

26-28/4

Sterile species of Zygnema were observed from near the river at Bhamo (No. 21503),
and from Kyauktaga in the Pegu district (No. 22124).

Genus: Spircgyra Link.

16. SPIROGYKA GRACILIS (Hass.) Kiitz. Spec. Alg. 3849, p. 438; Petit, Spirogyra
Envir. Paris, 1880, p. 15, t. 3, f. 7, 8.

Zygnema gracile Hass.

ANN. ROY. BOT. GARD. CALCUTTA Yot. VI.
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Forma paullo minor; crass, cell, veget. 17/*; long, zygosp. 44-50/*; lat. zygosp. 25/*.

Hab.—In springs on the river bank at Bhamo (No. 21501).

17. SPIROGYRA EXILIS sp. n. (PI. x, figs. 11-13).

S. cellulis vegetativis diametro l|-4-plo longioribus, extremitatibus non replicatis;
chromatophoris 2, crassis, marginibus irregularibus, anfractibus 1^-2; conjugatione
sealariformi, cellulis fructiferis non inflatis, sed cellulis vegetativis inter cellulas fructiferas
multe inflatis; zygosporis oblongis cum polis valde rotundatis, nonnunquam paullo
irregularibus, cellulas fructiferas psene complentibus.

Grass, cell, veget. 27-30//,; crass, cell, inflat. inter cell, fruct. 47-49/i,; long,
zygosp. 36-45/*; lat. zygosp. 27-80/*.

Ilab.—In shallow pools, Singaing in Kyaukse district (No. 22193).

The most remarkable feature of this Spiroayra is the great inflation of those cells of the
female filament which have not succeeded in conjugating. Sometimes these sterile, inflated cells
alternate with xhe female gametangia throughout the entire length of the conjugating filaments.

8. exilis should be compared with 8. decimina, from which it is easily distinguished by its
narrower filaments, thicker chloroplasts, and its oblong zygospores.

18. SPIKOGYRA LONGATA (Vouch.) Wittr. Gotl. 01. sotv. Alg. 1872, p. 45; Petit,'
Spirogyra Envir, Paris, 1880, p. 20, t. 5, f. 4, 5.

Conjugaia longata Vauch.

Zygnema loncjatum Hass#

Crass, cell. *eget. 31-32^; long, zygosp. 49-51M; lat. zygosp. 28-5-31/*.

Hal.—Near the river at Bhamo (No. 21503).

19. SPIROGYRA ORIKNTALIS sp. n. (PL x, figs. 9, 10).

S. cellulis vegetativis diametro 3-5£-plo longioribus, extremitatibus non repli-
catis; chromotaplioris 3, angustis, laxis, marginibus subintegris sed paullo irregulari-
bus, anfractibus 1-1 f; conjugatione scalariformi, cellulis fructiferis multe inflatis-
zygosporis ellipticis, diametro circiter 1^-plo longioribus, polis leviter obtuse conicis
cellulas fructiferas non complentibus ; lamina mediana zygosporse minute scrobiculata.

Crass, cell, veget. 30-3)/x: crass, cell, fructif, 57-65/*. long, zygosp. 61-5-67/x-
lat. zygosp. "18-42/*.

/ / a ^ _ I n springs on the river bank at Bhamo (No. 21501).

The greatly-inflated female gametangia of this species are very characteristic. It somewhat
resembles S. decimina, from which it differs in its narrower filaments and in its inflated
fructiferous cells.

20. SPIROGYRA DECIMINA (Mull.) Kiitz. Phyc. germ. 1845, p. 223; Rabenh. Flor
Europ. Alg. iii, 1868, p. 2422; Petit, Spirogyra Envir. Paris 1880*
p. 25, t. 8, f. 1-3. ' ' '

Forma cellulis vegetativis et zygosporis paullo majoribus quam in forma typica
chromatoplioris plerumque 3.

Crass, cell, veget. 42-46^; long, zygosp. 73-92/*; lat. zygosp. 42-46/i.
#a i . -Kyauktaga in th« Pegu district (No. 22124). Also SWincr in the

Kyaukao district (No. 22193). & &
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The form of this species observed from Burma was slightly larger than usual, and the number
of* chromatophores was generally three. It was almost identical with specimens examined from
Koh Chang in the Gulf of Siam, but the vegetative cells were slightly thinner. It is one of
the commonest tropical species of the genus, and is subject to much variation. A species described
by Schmidle (Alg. aus Nyassa See, 1903, p. 76, t. 3, f. 2) S. Fullebornei is probably referable
to 8. decimina. The only difference is in the somewhat narrower chloroplasts.

Var. PLENA var. n. (PI. x, figs. 6-8).

Var. cellulis vegetativis paullo latioribus et brevioribus, diametro l|-2-plo
longioribus; zygosporis cellulas complentibus.

Crass, cell, veget. 38-44/*; long, zygosp. 64-73/*; lat. zygosp. 40-44/x.

Hah.—In flooded rice-fields, Burdwan (No. 24674).

21. SPIROGYRA NEGLECTA (Hass.) Kiitz. Spec. Alg. 1849, p. 441 ; Rabenh. Flor.
Europ. Alg. iii, 1868, p. 248; Petit, Spirogyra Envir. Paris, 1880,
p. ^6, t. 9, f. 1-5.

Zygnema neglecta Hass.

Forma cellulis vegetativis paullo crassioribus.

Crass, cell, veget. 66-72-*; long, zygosp. 92-95/*; lat. zygosp. 62-63/*; diam.
fiplanopor. spheric. 45-49/*.

Hah.—Kyauktaga in the Pegu district (No. 22124).

The specimens observed were very slightly larger than usual, but otherwise exactly typical.
In some of the filaments globular aplanospores were noticed.

22. SPIROGYRA MAXIMA (Hass.) Wittr. in Wittr. & Nordst. Alg. Exsic. 1882
No.* 460.

Zygnema maximum Hass. in Ann. Mag. Nat. Hist. 1842, p. 36.

Zygnema orhiculare Hass. Brit. Freshw. Alg. 1845, p. 138, t. 19.

Spirogyra orhicularis Hass. Kiitz. Spec. Alg. 1849, p. 442; Petit, Spirogyra
Envir. Paris, 1880, p. 31, t. 12, f. 1-2.

Crass, cell, veget. 121-150/*; diam zygosp. 100-120//,; crass, zygosp. circ. 82/*.

Hah.—Near the river at Bhamo (No. 21503).

A large sterile species, probably 8. maxima, was observed from Hsipaw
(No. 24120). Smaller sterile species were observed from Vizagapatam (No. 17916),
Lashio (No. 22557) and the river Irrawaddy at Thayetmyo (No. 22999).

Genus: Mougeotia Ag#

23. MOUGEOTIA LAETEVIRENS (A. Br.) Wittr.

Craterospermum Icetevirens A. Br. Alg. 1855, p. 60; DeBary, Conj. 1858,
p. 81, t. 3, f. 1-13,

Craos. cell, veget. 21-23/*; lat. spor. 32/x.

.~Kyauktaga in the Pegu district (No* 22124).
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24. MOUGEOTJA PARVULA Hass., 1843.

Mesocarpus parvulus Hass. Brit. Freshw. Alg. 1845^ p. 169 t. 45 fi^s. 2-3 •
De Bary, Conj. 1858, p. 80, t. 2, f. 15. '

Var. ELLIPSOIDEA var. n. (PI. x, figs. 14, 15).

Var. sporis transverse rhomboideo-ellipsoideis.

Crass. celL veget. 9*6-11-5^; long. spor. 27-28,*; lat. spor. 21-23^.
Ilab. Mansang near Hsipaw (No. 24193).

25. MOUGEOTIA PRODUCTA sp. n. (PL x, figs. 16-19).

M. cellulis vegetativis diametro 12-20-plo longioribus; sporse quadrate, lateribus
coDcavis vel levissime convexis, angulis productis et truncato-obtusis, ssepe tortse cum
angulis duobus in planitie perpendiculariter disposita ad planitiem angulorum duorum
alteriorum ; aplanosporae oblique doliformes apicibus productis truncato-obtusis: mem-
brana sporae punctata, firma sed tenuiori ad angulos.

Crass, cell, veget, 7-8/*; lat. spor. 29-37%V; long, aplanospor. 33-37^-
lat. aplanospor, 17-18^.

Ilab.—In a ditch at the side of salt works, Vizagapatam (No. 17916).

M. producta is characterized by its peculiar spores, which are quadrate in furm with produced
angles. The angles are subtruncate, and the spore-wall, which is of the normal thickness everywhere
else, is very thin at these points. This is the reverse of the usual condition in which the wall is
thickened at the angles.

It is most nearly allied to M. viridis (Kiitz.) Wittr., but differs from that species in its longer
vegetative cells, and in the produced, thin-walled angles of the spores.

The plants observed were of special interest, because of the presence of aplanospores in no way
different from those which are found in the genus Gonatonema. These spores were c. formed from the
contents of one cell only, and were obliquely barrel-shaped with produced poles. The wall of the
aplanospore was of exactly the same character as that of the spore which results from conjugation,
the truncate extremities of the angles being very thin. Not only were these asexual spores bein^
formed in filaments not otherwise ooncerned in spore-formation, but they were similarly produced in
filaments which were also taking part in conjugation (PI. x, fig. 16). An aplanospospore could
frequently be observed next to a quadrate spore, which latter was the result of the conjugation of
the adjoining cell with a cell of another filament. Thus the characters of the two genera Mouqeoti
and Gonatonema are here combined in the same species, and can be observed in different part f
the same filament.

Wittrock has described and figured aplanospores in Mougeotia calcarea (vide Wittr. Gotl 01 "i
Alg. 1872, p. 42, t. 2, figs. 7, 8). These spores were out off from the sterile cells by the fo^ V

tion of new cell-walls in a manner strictly comparable with the method of formation of the O n n a "
produced as result of conjugation, and we have regarded their formation as due to the stimulus6 wh^h
had already caused conjugation to take place in another portion of the same filament (W 1& G Is
West, Obs. on Conj. 1*98, p. 38). The aplanospores of Mougeotia producta may be of this t
but they are commonly produced in filaments which are not conjugating in any part of th * ^l H^h'
So far as could be judged from preserved material, the spores much resembled those of Qonaloe '
ventricosum Wittr. and most probably orginated in a similar manner. a onema

Mougeotia producta is of special interest, as it shows that although aplanospore-formation is the
sole type of spore-formation in Gonatonema, yet it may go on abundantly in a Mou eoui 1
spore^ormation as a result of conjugation; and if both types of spore-formation areT s T o J ^ t o eTist
in other species of Mougeotia, it .may be necessary to place Gonatonema merely M * s^
genus Mougeotia in which spore-formation resulting from conjugation has ceased to exist.
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Certain of the aplanospores of M. producta possessed peculiar annular thickenings around their
produced poles. One of these spores is figured on PL x (fig. 18).

Sterile species of Mougeotia were observed from Vizagapatam (No. 17916) and
Kayauktaga (No. 22124).

Family: DESMIDIACEiE.

Genus: Gonatozygon De Bary.

26. GONATOZYGON MONOT^NIUM De Bary in Rabenh. Alg, 1856, No. 539; W.
& G. S. West, Brit. Desm. 1904, p. 30, t, f. 1-7; t. 5, f. 5.

G. Ralfsii De Bary, Conj. 1858, p. 76, t. 4, f. 23-25.

Lat. cell. 9-ll'5w.

Hab.—Momauk, east of Bharno (No, 21551). Mansang near Hsipaw (No. 24193).
Between Thingan-nyi-naung and Kawkareik, in the side channel of a stream
(No. 24483).

Var. PILOSELLUM Nordst. in Wittr. & Nordst. Alg. Exsic. 1886, No. 750;

fasc. 21, p. 48; W. & G. S. West, 1. c. p. 31.

Forma Minor. Long. cell. 120/*; lat. o'O/n.

Hab.—Mansang near Hsipaw (No. 24193).

27. GONATOZYGON KINAHANI (Arch.^ Rabenh, Flor. Europ. Alg. iii, 1868, p. 156;

W. & G. S. West, 1. c. 1904, p. 35, t. 2, f. 1-3.

Lat. cell. 13-14/x.

#a£.—Back waters of the Irrawaddy at Bhamo (No. 21502).

Genus: Cylindrocystis Menegh.

28. CYLINDROCYSTIS BREBISSONII Menegh., 1838; W. & G. S. West, Brit. Desm.

1904, p. 58, t. 4, f. 23-32.

Penium Brebissonii ]Salfs, 1848.

Hab.—In the Kan-gyi at Mudon (No. 24505).

29. CYLINDROCYSTIS PYRAMIDATA W. & G. S. West, Freshw. Alg. Ceylon, 1902,
p. 134. t. 18, f. 1, 2.

Forma variabilis, ceilulis diametro usque ad duplo longioribus. Zygospora oblongo-
ellipsoidea, glabra.

Long. 36-49^; lat. 22-26,*; lat. constrict. 21-5-25/*; long, zygosp. 42/^; lat.
zygosp. 31/^; (PI. xin, figs. 3, 4).

Hab.—Spring on the river bank at Bhamo (No. 21501 ).

30. CYLINDROCYSTIS SUBPYRAMIDATA W. & G. S. West, Freshw. jChloronhy. Koh

Chang, 1901, p# 162, t. 2, f. 8-11.

Long. 27/*; lat. constrict. 15*5/*.

Hab.—In the Kan-gyi at Mudon (No. 24505).
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31. CYLINDKOCYSTIS DIPLOSPORA Lund. Desm. Suec. 1871, p. 83, t. 5, f. 7.

Var. MAJOR West, Alg. W. Ireland, 1892, p. 131, t. 20, f. 3 ; W. &
G. S. West. Brit. Desm. 1904, p. 61, t. 4, f. 42, 43.

Long. 88-92/*; 44-46/*; lat. constrict. 41-12/*; (PI. xm, fig. 1).

Eab.—Mansang near Hsipaw (No. 24193).

The Burmese specimens were slightly smaller than the original British examples, but were other-
wise very similar. Some individuals were enveloped in a large irregular mass of mucus.

Genus: Netrium (Nag.) W. & G. S. West.

32. NETRIUM DIGITUS (Ehrenb.) Itzigs. & Rothe in Rabenh. Alg. 1856, No, 508'
W. & G. S. West. Brit. Desm. 1, 1904, p. 64, t. 6, f. 14-16. ' '

Eab.—Between Thingan-nyi-naung and Kawkareik. In the side channel of a
stream (No. 24483).

Genus: Penium Br^b.

33. PENIUM NAVICULA Breb. Liste Desm. 1856, p. 146, t. 2 f 37 - W & C
S. West, Brit. Desm. 1904, p. 75, t. 7, f. 12I15,' 19. '

I^oug. 35-42/*; lat. 11-13^.

Eab.—Springs on the river bank at Bhamo (No. 21501). In the V
Mudon (No. a4505). Between Thingan-nyi-naung and Kawkareik. In sid*
stream (No. 24483). « e

34. PENIUM CLEVEI Lund. Desm. Suec. 1871, p. 85, t. 5 H

Forma ELONGATA. ( PI. xm, fig. 2). '

Forma cellulis elongatis et paullo angustioribus.

Long. 128/x; lat. c3'5-34-5^; lat. isthm. 30/*.

Bab.—Mansang near Hsipaw (No. 24193).

35. PENAJM ADKLOCHONDRUM Elfv. Anteek. Finska Desm. 1881 p 17 f 1
Forma minor et. paullo brevior. ' ' '' * j f. 13 ;

Long. 26/x; lat. 12/x; lat. apic. &-8/x. (PI. xm, fig, 15).

Bab.—In the Kangyi at Mudon (No. 24505).

36. PENIUM CUCDRBITINUM Biss. Desm. Windermere, 1884
W. & G. S. West, Brit. Desm. 1904, p. 94, t. 9/ f P ' 1 3 *' 5> i# 7^

V N d t F h lVar. SUBPOLYMORPHUM Nordst. Freshw. Alff N Zoni 1000

W. & G. S. West, 1. c. p. 95, t. 9, f. 19 2o. 8> P* 71» *' 7' f«

Forma cellulis leviter constrictioribus et apicibus latioribus

Long. 78/^; lat. 38/*; lat. isthm. 34^. (PI.

.—In swamp, Katha (No. 22677).
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Genus : Closterium Nitzsch.

37. CLOSTERIUM DIDYMOTOCUM Corda, 1835; Ralfs, Brit. Desm. 1848, p. 168y

t. 28, f. 7; W. & G. S. West, Brit. Desm. 1904, p. 116, t. 12, f. 1-5.

Forma minor; long. 204/*; lat. 27^; lat. apic. 12/* (PI. xm, fig. 18).

Bab.—In the Kan-gyi at Mudon (No. 24505).

38. CLOSTERIUM DIAN,E Ehrenb. Infus. 1838, p. 92, t. 5, f. xvn, 1-6; W. &

G. S. West, Brit. Desm. l§04, p. 130, t. 15, f. 1-6.

Lat. 16/*. 5

Bab.—Mansang near Hsipaw (No. 24193).

39. GLOSTERIUM INCURVUM Br£b. Liste. Desm. 1856, p. 150, t. 2, f. 47; W. &

G. S. West, Brit. Desm. 1904, p. 136, t. 15, f. 28-30.

Lat. 10-15^; apicibus 50/* inter se distantibus (PL xm, fig. 16).

Bab.—Momauk, east of Bhamo (No. 21551).

40. CLOSTERIUM VENUS Kiitz. Phyc. germ. 1845, p. 130; W. & G. S. West,

Brit. Desm. 1904, p. 137, t. 15, f. 15-20.

Var. cellulis minus curvatis, apicibus obtusioribus.

Lat. 7*8; apicibus 54/* inter se distantibus (PI. xm, fig. 17).

Bab.—Mansang near Hsipaw (No. 24193).

The outer margin of this small form only occupied 138° of arc, the ourvature of the cell
thus agreeing more nearly with that of Cl. parvuhtm Nag. than that of Cl. Venus. It is,
however, much smaller than any known forms of Cl. parvulum and there are only two pyrenoids
in each chloroplast.

Wille has figured a Closterium from Nova Zembla {vide Wille, Ferskv. Alg. Nov. Semlj,
1874, p. 60, t. 14, f. 84) which he calls " Cl. parvulum Nag. forma." The curvature of his plant
is, however, too great for Cl. parvtilutn, the apices are also more rounded, and there are only
two pyrenoids in each chloroplast. Like the Burmese plant, its characters appear to be partly
those of CL Venus, but the apices are more obtuse.

Another form very similar to the Burmese variety has been described and figured by Borge
from Brazil {vide Borge, Alg. erst Regnell. Exped. II . Desmid. 1803, p. 79, t. 1, f. 24), but it
is of much larger size. Eaciborski has also figured a similar but slightly larger form from
Australia. (Eacib. Desmidyja Ciastonia, 1892, p. 362, t. 6, f. 65).

41. CLOSTERIUM PULCHELLUM W. & G. S. West, Desm. Singapore, 1897, p. 158,
t. 8, f. 8-9.

Var. JBURMENSE var. n. (PL xm, fig. 5).

Var. minus, cellulis diametro 6-7-plo longioribus, minus curvatis; membrana
achroa.

Long. 38-58/*; lat. 7-8'5/x; lat. apic. circ. 2-2#7/x.

Bab.—Mansang near Hsipaw (No. 24193). In swamp, Katha (No. 22677).

. BOY. W. WARD. CALCUTTA VOL. VL
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The outer margin of typical Cl. pulckellum occupies about 102° of arc, whereas that of the var
Burmense measures only 75°.

This variety should also be compared with the figures given by Gutwinski of some small
forms of a Closterium which he considers to be Cl. abruptum West (vide Gutw. Nonn. Alg. Nov.

42. CLOSTERIUM LEIBLEINII Kutz., 1834; Ralfs, Brit. Desm. 1848 n 11 fi <• os

f. 4; W. & G. S. West, Brit. Deem. 1904, p. 141, t. 16, f 9-14.
Lat. 25/*.
Bab.—Momauk, east of Bhanio (No. 21551).

Var. RECURVATUM var. n. (PI. iv, figt «).

Var. apicibus rotundatioribus, subiter et leviter recurvatis.
Lat. 36/,; apicibus 187/. inter se distantibus; lat. apic. circiter 5-5M.
Hob.—With the typical form (No. 21551)

„

Long, (apicibus inter se distantibus) 214^; lat. 47,; lat. a p i c . circ 9,
Hab.-ln springs on the river bank, Bhamo (No 21501)

Forma apicibus paullo crassioribus et subtruncatis.
Long. 366-508/,; lat. 36-42M; lat. apic. 8'5-9-5M.

Hab.-M-pumu, four miles to the east at the village of N^
22880). g * ^yauugngym (No.

45. CLOSTERIUM CORNU Ehrenb., 1830; W. & G S Wp«t R V r,
p. 157, t. 20, f. 1-5. * W e 8 t ) b n t D e s m . i, 1904,

Long. 173/t; lat. 7'5/t; lat. apic. 2'5/t.

//ai.—In swamp, Katha.

We do not see any characters sufficient to separate Cl C
Ins. Java, 1802, p. 582, t. 36, f. 11) from the typical form " " " V " ' • *"""*'"" Q u t w- (Alg.
very muoh in width, and the cell-wall is sometimes of a vflllnW n a p i° e 8 °f t h i s 8Pecies v « y

j«uow or yellow-brown colour.
46. CLOSTERIUM SUBSTRIGOSUM sp. n. (PI. xm} fi ^

CL macilentum Br6b. var. substrigosum' Ra^h n •,
p. 369, t. 6, f. 38. Desmidyja Ciastonia, 1892,
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CL parvum, cellulis diametro circiter 30-plo longioribus, parte mediana cellulse
resta curn marginibus parpllclis, apices versus gradatiin attenuatis et leviter incurvatis,
polis angustis cum marginibus paralielis, apici))us obtusis; membrana glabra et
achroa; pyrenoidibus in serie unica in semicellula unaqaaque 5; locellis apicalibus
elongatis et corpusculis—?—includentibus.

L'ong. 186/*; lat. 5*7/*; lat. apic. 1-3M.

Hab.—Mansang near Hsipaw (No. 24193).

The Closterium described above is evidently the same as that figured by Raciborski from
Australia under the name of ' CL macilentum var. stibstrigosum.' His measurements are:—long.
155-215//,; lat. 5-6/x; lat. apic. 2/i. The Burmese forms had slightly narrower apices.
Eaciborski states that the Australian plant is " forma intermedia inter (7. macilmtum et C.
strigosum, Eomiceljlulis sub apice magis attenuatis quam in 0. macilento," but we do not think it
is near either of those species. CL macilentum Breb. is much larger and the attenuation of the
cells is very gradual from the middle to the apices, which are by no means very narrow. CL
strigosum Breb. is a much larger and stouter speoies, with incurved, rapidly attenuated apices,
which are rot drawn out into long processes.

The apices of CL substrigosum are drawn out into long, narrow, colourless processes with parallel
margins, into which the chloroplasts do not enter. The apical vacuole thus occupies more than
one-third the length of the semicell.

47. CLOSTERIUM GRACILE Br£b., 1839; W. & G. S. West, Brit. Desm. i, 1904,

p. 168, t. 21, f. 8-12.

Long. 146/x; lat. 4*8/*.

Hab.—Mansang near Hsipaw (No. 24193).

48. CLOSTERIUM ACUTUM (Lyngb.) Br£b. in Ralfs, Brit. Desm. 1848, p. 177,
t. 80, f. 5; t. 34, f. 5 a, b, drf) W. & G. S. West, Brit.
Desm. i, 1904, p. 177, t. 23, f. 9-14.

Long. 138-147/.; lat. 4-5-fy.

Hab.—Momauk, east of Bhamo (No. 21551). Between Thingan-nyi-naung and
Kawkareik, in the side-channel of a stream (No. 24483).

49. CLOSTERIUM RALFSII Brdb., 1845; Ralfs, Brit. Desm. 1848, p. 174, t. 30,

f. 2.

Var. HYBRIDUM Rabenh. Krypt. Fl. Sachs. 1863, p. 174; W. &-G. S. West,

Brit. Desm. i, 1904, p. 183, t. 24, f. 8-13.

Cl. lineatum Ehrenb. var. sandvicense Nordst. Alg. aq. dulc. et Char. Sandvic.

1878, p. 9, t. 1, f. 10-12.

Long. 430M; lat. 31/*.

ffab.—In swamp, Katha (No. 22677).

50. CLOSTERIUM DECORUM Br£b. Liste Desm. 1856, p. 151, t. 2, f. 39; W. &

G. S. West, Brit. Desm. i, 1904, p. 184, t. 17, f. 7, 8; t. 28, f. 1-3.

CL crassum Delp. Desm. subalp. 1877, p- 121, t. 18, f. 22-30.

CL Delpontei Wolle, 1885; Freshw. Alg. U. S. 1887; p. 25, t. 55, f. 9.

Forma minor.
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Long. 242^; lat. 20/* ; lat. apic. 5/*. (Pi. xiii, fig. 20). The number of striolations
visible across the cell was 17.

Hab.—Springs on the river bank at Bhamo (No. 21501).

Var. BREVE var. n.

Var. multe brevior, minus attenuata polos versus.

Long. 140-161/*; lat. 22-25/*; lat. apic. 7-8-5/*.

Hal.—Between Thingan-nyi-naung and Kawkareik, in the side channel of a
stream (No. 24483).

51. CLOSTERIUM KUTZINGII Br^b. Liste Desm. 1856, p. 156, t. 2, f. 40- W &
G. S. West, Brit. Desm. i, 1904, p. 186, t. 25, f. 6*-ll.' '

,*r ^ ; ^ e t W e e U T h i l i ^ ^ y ^ ^ g and Kawkareik, in the side-chaniml of a stream
(No. 2448*3).

52. CLOSTERIUM ROSTBATUM Ehrenb., 1832; Ralfs, Brit. Desm. 1848, p. 175
t . o 0 ) f. 3 . *•* *

Bab.—Momauk, east of Bhamo (No. 21551).

53. ^ - ^ " M j h . e n b . ,834; W. * G . S . We8t>

Hsipaw

Genus: Pfeurotcenium Nag.

54. PLEUBOTJSNIUM OVATUM Nordst. Alg. Brasil. 1877, p . 18

Doeidhm ovatum Nordst. Desm. Brasil. 1870, p. 205, t. 3' f 37

Var. TUMIDUM Mask. Fur ther Notes N . Zeal. Desm. 1889 p 29 " * « * « ,

T * 8 Iat'max- 96"102"; lat-api0-31-83-*•L £
Bab.—Mansang near Hsipaw (No. 24193).

This Desmid occurred in abundance, and it only differs from Maskell's New Ze 1 *
having a rather narrower asthmns. The flattened granules at the apices of f i ! Var ie ty in

or ten in numter. p 0I t l w semicells were nine
When the cell becomes disarticulated into two semicells, the oblique * f

old half-cells sometimes becomes very evident. This area of junction grad i r °f t h e n e w a n d

and forms for a short distance part of the wall of the other semiceli™ Jk ^ U k e * Wed#e>
showing this overlappiDg area appears at first sight to be furnished with d ' & Bingh s e m i o ^l
on each side of the isthmus (vide PI. xiii, fig. 9). This structure was «,*• (:0WnWardly-c«rved hook
Docidium rotundatum Turn. (Freshw. Alg. E. India, 1893, p. 37, t 7

 1 ™ « r P » t e d by Turner in
appearance figured in a somewhat exaggerated manner. Turner's 1™™J ' a n d t h e took-Hke
of this variety. 8peCles 8 e e ms to be merely a formy merely a form

55. PLEUROTJENIUM TROCHISCUM W. & G. S. West, Some N A

p. 235, t. 13, f. 4, 5; Freshw. Alg. Ceylon, 1902, p VTl %*? 1 8 9 6 '
Long. 342,; lat. ad bas. semicell. SI-**; lat. ad med. semicel, Z ' ' ?' 8<

Xab.-In the Kangyi at1 Mudon (No. 24505) "'' ht apic* 2]ft'
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The specimens agreed exactly with those observed from Ceylon and from several parts of the
Uiiited States. Whether PU trochiscurn is identical with PL tesselatum (Josh.) Lagerh. or not
appears to be a question which can only be decided by an examination of the original specimens
of Joshua's i Docidium tesselatum/ Judging from the experience we have already obtained of the
inaccuracy of many of Joshua's figures and descriptions, the identity is quite probable. Both species
are also very possibly synonymous with Bailey's * Docidium verrucosum,' but again the published
accounts of this species are not sufficiently reliable to admit of a critical comparison.

56. PLEUROT^ENIUM CRISTATUM (Turn.) Borge, Trop. u. subtrop. Sussw. Chlor.
1899, p. 15.

DopAdium cristatum Turn. Freshw. Alg. E. India, 1893, p. 32, t. 4> f. 7.

Forma marginibus semicellularum non undulatis; tuberculis 34-36 ad apicem
(18-19 visis).

Long. 680-1130/x; lat. bas. semicell. 36-66/*; lat. ad med. semicell. 29-56/*;
lat. ad apic. 33-5-59/*. (PL xm, fig. 11).

ifaj.—Mansang near Hsipaw (No. 24193).

This Phurotcenium occurred abundantly and was very variable in size, the largest specimens
being double the size of the original Indian plants. The semicells in all cases had one slight basal
inflation, parallel or subparallel sides without any trace of undulations, and a very slight inflation
under the apex, which was slightly contracted immediately below the crown of tubercles. The
number of tubercles on the apex was 34, or sometimes 36, whereas Turner gives 30 as the number
on his Indian specimens. Turner also states "margine leviter undulatum," but his figure indicates
almost parallel sides. The figure given by Borge (I.e. t. 1, f. 11) of a form from Cuba has not
more than 18 or 20 tubercles at the apex of the semicell and in this character it differs consider-
ably from Loth the Indian and Burmese forms.

Two other species described by Turner must be considered as forms of PL cristatum. These
are 'Docidium orientate Turn.' and 'Docidium cyliadricum Turn.' The former is destitute of the
slight inflation below the crown of tubercles, and the number of tubercles is 36-44. The latter is
a shorter form with 38-40 apical tubercles.

The plants in question might be considered as follows:—

Pleurotcenium cristatum (Turn.) Borge. PI. magnum, cellulis diametro 17-19-plo longioribus,
fere rectum vel leviter curvatum; semicellulae cylindricae, ad basin leviter inflat®, lateribus
parallelis (?el levissime undulatis?), apice leviter inflate, tuberculis parvjs 30-36 (visis
16-19) ornato.

Forma orientalis (Turn.) nob. Apice semioellularum noa inflato sed paullo expanso, tuberculis
36-44 (visis 18-22) ornato.

Forma cylindrica (Turn.) nob. Cellulis diametro 10-plo longioribus, ad apices cum tuberculis
38-40 (visis 20).

57. PLEUROTiBNiUM CUYABENSE Borge, Alg. erst. Regnell, Exped. i i . Desmid
1903, p. 84, t. 2, f. 8.

Forma INORNATA. (PL xm, fig. 10).

Forma paullo major, apicibus semicellularum sine tuberculis.

Long. 600/*; lat. ad bas. semicell. 54M; lat. ad apic. 31*5/*.

m—Kyauktaga, Pegu district (No. 22124).
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58. PLEUKOT^NIUM INDICUM (Grun.) Lund. Desm. Suec. 1871, p. 90.

Docidium Indicum Grun. Diat. u. Desm. Ins. Bank. 1865, p. 13, t. 2, f. 18.

Long. 422-784/*; lat. ad bas. semicell. 25-34*5//,; lat. ad med. semicell. 18-

; lat. ad apic. 15-20/*.

Hah.—Kyauktaga, Pegu district (No. 22124). Singaing, Kyaukse district.

No. 22193). In swamp, Katha (No. 22677).
The Burmese specimens of this Desmid varied much in size, but their relative proportions

remained fairly constant. All possessed a large undulation at the base of the semicells, and S3verai
smaller ones just above it. The lateral margins above the undulations were parallel and the apex
truncate.

Var. CRASSIUS Lagerh. Algol. Bidr. 1886, p. 199.
Long. 560^; lat. ad bas. semicell. 54/*; lat. ad med. semicell. 46/x ; lat. ad

apic. 32/x,.
Hab.—Momauk, east of Bhamo (No. 21551).

It is hardly possible to separate this variety from PI. maximum (Reinsch) Lund., and it is
questionable whether it would not be better placed as a form of that species. The undulations
at the base are variable, and the general proportions are much nearer those of PL maximum,

59. PLEUROTJENITJM TRABECULA (Ehrenb.) Nag.; W. &. G. S. West, Brit. Desm. i,
1904, p. a09, t. 30, f. 11-13.

Hab.—In springs on the river bank, Bhamo (No. 21501). Momauk, east of
Bhamo (No. 21551). Kyauktaga, Pegu district (No. 22124% Between Thingan-nyi-
naung and Kawkareik, in the side-channel of a stream (No. 24483).

Genus: Euastrum Ehrenb.

60. EUASTRUM DIDELTA (Turp.) lialfs, 1844; Brit. Desm. 1848, p. 84, t. 14,
f. 1; W. &. G. S. West, Brit. Desm. ii, 1905, p. 15, t. 35, f! 3-V.

Forma minor; long. 82//,; lat. 49*5/*; lat. isthm. 12/*.
Hab.—Mansang, near Hsipaw (No. 24193).

61. EUASTRUM SINUOSUM Lenorm.; Ralfs, Brit. Desm. 1848, p. ,85; W. & G S
West, Brit. Desm. ii, 1905, p. 20, t. 36, f. 1.

Long. 65/4; lat. 34'5/x; lat. isthm. 9'5M.

Hab.— In the Kan-gyi, at Mudon (No. 24505).

62. EUASTRUM ANSATUM Ralfs, Brit. Desm. 1848, p. 85; W. & G S VV t
Brit. Desm. ii, 1905, p. 27, t. 36, f. 10-13. ' ™ '

Hab.—Between Thingan-nyi-naung and Kawkareik, in the side-channel of
stream (No. 24483).

63. EUASTRUM INERMIUS (Nordst.) Turner, Freshw. Alg. E. India 1893 • 86

E. spinuhmm Delp. subsp. inermim Nordst. Alg. et Char \ iQan n ^
\ £ \*7 > AJOU, p. tf, t#
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Var. BURMENSE var. n. (PI. xiv, fig. 10),

Var. tumoribus *tiibus trans basin sexmcellularuui, iis lateralibus minoribus;
semi-cellulse a vertice visse cuai tumore minore granulato utrobique inter
tumorem medianum et polum unumquemque.

Long, OD/JL; lat. 52/*; lat. lob. polar. 21/*: lat. isthm. 11/*; crass. 27*5M.

Hab.—In the Kan-gyi at Mudon (No. 24505).

64. EUASTRUM TRUNCATUM Josh. Burmese Desm. 1886, p. 639, t. 23, f. 6, 7,
W. & (j. S. West, Freshw. Alg. Ceylon, 1902, p. 152, t. 20, f.
9, 10 (char, emend).

Hal.—Mansang, *near Hsipaw (No. 24193).

65. EAIMTRUM ASPERUM Borge, Austral. Siisswasserchlor. 1896, p . 11. t. 1, f. 12.

Long. 88/*; lat. 44*5^; lat. isthm. 14-5^; lat. lob. polar. 27~29M; crass. 30/*.
(PL xiv, tfg. 3).

Ha7?.2— Mansang, near Hsipaw (No. 23193).

This interesting species appears to be well characterized by reason of the mamillate protuber-
ances across the base of the semicells. In side view it is even more characteristic, being unlike
any other Euastrum of its kind. It has only previously been recorded from Queensland,

66. EUASTRUM SERRATUM Josh. Burmese Desm. 18#6, p. 639, t. 23, f. 1, 2.

The following is an amended description of this, species :—.

E. submediocre, psene lf-plo longius quam latum, profundissime constrictum
sinu angustissimo-lineari extremo subampliato; semicellulae 5-lobae, incisuris lateralibus
non profundis et subapertis, iis superioribus profundioribus quam iis inferioribus •
lobis lateralMs breviter subrectangularibus, leviter bilobulatis, lobulis retuso^emargin-
atis; lobo polari oblongo-trapeziformi, lateribus retusis, angulis superioribus dentatis
et angulis inferioribus emarginatis, apice leviter convexo cum incisura mediana pro-
funda et aperta; tumore in centro semicellularum et scrobiculis binis supra tumorem,
verruca rotundata intra lobum lateralem unumqwemque et verrucis emarginatis duobus
intra lobum polarem; a vertice visse oblongoellipticae, tumore prominenti emarginato
ad medium utrobique, polis leviter trilobis; a latere visae subovatse apice subacuto,
prope basin tumore emarginato et apicetn versus tumore emarginato minore utrobique.

Long. iOfi; lat. 28*5//,; #lat. isthm. 7-8/i.

The above description and measurements are taken from one of Joshua's original specimens,
of which we also give a figure (PI. xiv, fig, 2).

Joshua gives 58/n as the length and 35/* as the breadth of his species, measurements which are
somewhat larger than his actual specimens. As we found in the case of E. truncatum, another of
Joshua's species of which we published an amended description, that his measurements were also
longer than any of the specimens we observed, we are inclined to think that Joshua's measurements
are no more to be relied upon than his figures. We infer that Joshua's " lobis . . . . interne
conspoctis distincte serratis " refers to the rounded warts within the lateral lohes, but his description
lacks precision and is very imperfect.

Forma angulis inferioribus lobi polaris unidentatis.

Long. 47/u,; lat. 28/*; lat. isthm. 7'Ofi; crass. 19/* (PI. xiv, fig. 9).

Hab.—Mansang, near Hsipaw (No. 24193).
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67. EUASTRUM CORALLOIDES Josh. Burmese Desm. 1886, p. 639, t. 23 f. 10.

Var. SUBINTEGRUM var. n. (PI. xiv, fig. 8).

Var. minus, lobo polari paullo angustiori integro ad margines laterales, iucisura
apicali perangusta et minus profunda, angulis superioribus lobi polaris
unidenticulatis, tumoribus basalibus tribus.

Long. 24-5^; lat. 21,/,; lat. lob. polar. 15/*; lat. isthm. 5*5^; crass.

.—Mansang, near Hsipaw (No. 24193).

This variety agrees with var. trxgibberum Lagerh. (Desm, aus Bengal, 1888, p. 6) in the
possession of three basal protuberances on each semioell. It resembles E. plesiocoralloides W. & Q-
S. West, in the nature and disposition of its protuberances, but the apex of t h e , polar " 1 b
truncate, the incisions below the polar lobe are small open notches, and the lateral lobes ar
projecting and quadrate.

"We are inclined to believe that the var. trigibberum Lagerh, may possibly be the same 1
Joshua had in view when he originally described his E. coralloides. He describes and figures T
two basal tumours, whereas all the Euadra of this nature have one central one and gene 11 t
lateral ones, and as we have found his figures and descriptions to be inaccurate with regard to th d'
tion of the tumours on other species, we think this may also be the case in E. coralloides Th'"
view is further supported by the fact that Borge (Trop. u. subtrop. Siissw.-Chlor. 1899 p 26 t 2

{ . 31), figures three basal tumours on specimens of E. coralloides which he examined fronts '* ' "

68. EUASTRUM PULCHERRIMUM W. & G. S. West, Freshw. Alg Ceylon 1902
p. 153, t. 20, f. 11. J '

Var. DIVISUM var. n. (PL xiv, fig. 7).

Var. paullo minus, lobis lateralibus leviter bilobulatis, lobulis inferioribus retuso
emarginatis, denticulos marginales carentibus, tumore centrali semicellularutn
granulis 4 prsedito. c

Long. 44/x; lat. 29-5/x; lat. isthm. 9*4^; crass. 17*5/4.

Rob.—Mansang, near Hsipaw (No. 24193).

This variety differs principally in its bilobulate lateral lobes and in the absence of th
teeth along the lateral margins. The central tumour is furnished with four large granules and th
tumours within the lateral and polar lobes are also quadrigranulate.

69. EUASTRUM DUBIUM Nag. Gatt. einz. Alg. 1849, p. 122, t. 7D f 2

E. lobulatum Br^b. Liste Desm. 1856, p. 124, t. 1, f. 4.

E. erosum Lund. var. notabile West, Alg. Eng. Lake District, 1892, p 723
t. 9, f. 17.

Var. TRITUM var. n. (PL xiv, fig. 6).

Var. paullo minus, lobis lateralibus minus prominentibus, angulis lobi polaris
rotundatis, incisura apicali variabili; meinbrana glabra.

Long. 22-26^; la t 13-14-5^; lat. apic. circiter 8-9/*; lat. isthm. B'8-4?4p*
crass. 8*5 .̂

Hab.—ln the Kan-gyi at Mudon (No. 24505).

The var. tritum differs from all forms of E. dubium in being less prominently lobed and in it*
rounded polar lobe. The cell-wall is also destitute of markings. The apical notch varii in death
and width in the different specimens observed. p
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E. erosum Lund. var. attentuatum Turn. (Freshw. Alg. of E. India, 1893, t. 10, f. 18, 21)
stands somewhat near to E. dubium var. tritum, but the apex is retuse and not incised. Moreover,
the Burmese plants have not the characteristic vertical and side views of E. erosum,

70. EUASTRUM BHAMENSE sp. n. (PI. xiv, fig. 5).

E. minutum, circiter l |-plo longius quarn latum, profunde constrictum, sinu
an gusto-linear i; semicellulse truncato-pyramidatse, lateribus subirregulariter 3-4-un-
dulatis et levissime convexis, angulis basalibus leviter rotundatis vel subrectangula-
ribus, angulis apicalibus subrectangularibus vel subobtusis, apice\ truncato-convexo
et leviter 4-undulato, cum incisura mediana parva et subaperta; a vertice visae
ellipticse; a latere visse elliptico-ovatae ; membrana glabra.

Long. 22-23-5^-/lat. 15-15#5'5/*; lat. apic. 10#5/*; lat. isthm. 4'8-5'7/*; crass. 9/x.

Hab.—In "springs near the Irrawaddy, Bhamo (No. 21501).

This small species differs from E. binale (Turp.) Ehrenb. in its more pyramidate cells with
undulate lateral margins and undulate apices. It has also a more prominent apical notch, and the
semicells are destitute of a central protuberance. It is nearest to E. binale var. sublobatum W. &
G. S. West, but differs in its undulafe apex, its deeper apical notch, and in the absence of the
protuberance from the centre of the semicells.

It should also be compared with E. doliforme W. & G. S. West (Some Desm. TL S. 1898,
p. 289, t. 16, f. 12), from which it is distinguished by its smaller size, its undulate apex and
more rounded apical angles, as well as by the absence of the protuberance at the base of the
semicells.

71. EUASTRUM BINALE (Turp.) Ehrenb.; W. & Gr. S. West, Brit. Desm. ii, 1905,
p. 51, t. 38, f. 28, 29.

Hal.—In springs on the river bank, Bhamo (No. 21501). Between Thingan-
nyi-naung an^ Kawkareik, in the side-channel of a stream (No. 24483).

72. EUAPTRUM DEKTICULATUM (Kirchn.) Gay, Note Conj. du midi de France,
1884, p. 335; W. & G. S. West, Brit. Desm. ii, 1905, p. 55, t. 39,
f. 1-4.

Hab.—In the Kan-gyi at Mudon (No. 24505). Between Thingan-nyi-naung and
Kawkareik, in the side-channel of a stream (No. 24483).

73. EUASTRUM VALIDUM W. & G. S. West, Some N. Amer. Desm. 1896, p.

245, t / 1 4 , f. 32, 33.

Forma angulis inferioribus subrectangularibus, granulis intra angulos inferiores nullis.

Long. 26/*; lat. 19/*; lat. isthm. 4-8/*; crass. 11/* (PL xiv, fig. • ) .

Hab.—Mansang, near Hsipaw (No. 24193).

This form resembles very much Cosmarium midzyrzecense Eichl. & Gutw. (Nonn. spec. alg. noy.
1894, p. 165, t. 4, f. 9), but differs in the form of the apex and in the absence of the median
protuberence in the vertical view,

Euastridium gen. nov.

Cellulse iis Euastri subsimiles sed non-compressce, sinu latissime aperto, sine
incisura apicali; semicellulse a fronte visse subtrilobse, apice retuso; a latere visae
ut a fronte visae; a vertice visce actinomorphicce, 8-lobatse.

ANN. BOT. BOT. GARD. CALCUTTA VOL. VI.
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74. EUASTRIDIUM PRAINII sp. unica. (PL xitf, fig. )

E. magnum, circiter lf-plo longius quam iatum, profunde constrictum, sinu late
aperto extreme obtuso; seaiicellula; trilobatse; lobis lateralibus crassis et subsemi-
circularibus; lobo polari subrectangulari, constricto ad basin, angulis late rotundatis
apice retuso; cum tumoribus magnis duobus trans semicellulas disposes ; seniicellute
a vertice visse circalares et 8-lobatse, lobis magnis regularibus et subsemicircul'aribus
lobo polari subquadrato cum angulis latissime rotundatis et lateribus concavis- semi
cellulae a latere visse ut a fronte visae. Membrana dense scrobiculata, scrobiculis multe
majoribus super lobos basales 8 et angulos 4 lobi polaris.

Long. 158-162/*; lat. 98-102**; lat. lob. polar. 50-63M; lat. isthm. 45M.
Hab.—Mansang, near Hsipaw (No. 24193).

A number of specimens of this handsome Desmid were observed, and its charact
constant. The semicells in front view are three-lobed, the lateral lobes being large™ T™ ******
whereas the polar lobe is smaller and more rectangular. All the angles are broadl & "mated,
the cell wall is densely scrobioulate. The scrobioulations are much larger at th ^ roun(*ed, and
the exterior of the oell-wall to be rough at those point, The sinus is very w w l o V ^ TT
apex of the polar lobe is slightly retuse. But it is in the vertical view t h a t T . , T T ^
from all others with which we are acquainted. Having a body more akin to Euastrl T ***
and 8-lobed when seen from the vertex, almost reminding one of th ! 1S C I I C U l a r

exhibited by certain of the rayed species of Staurastrum. The 8 lobes ar * , ° m ° r p h l ? symmetry
sponding to the lateral lobes of the front view, the apioal part of the ceU onT h™ ^.°8 l t i°n ' °°ne~
is this actinomorphic character which renders it impossible to place th' I) ^ . a v m ° ^ l°bes. It
or Micrasterias. One of the primary characters of these genera is the e 8 m i- 1D r ^ua^run

very considerable) in the plane of the front view, but in this new Burmes^I)*810^ ^ ^ -CeU ^ ^ ^
of any such compression. We have, therefore, established a new eenu ~t ^ ^^ " U° t r a c e

extraordinary actinomorphic Desmid. * ^asindium—to include this

The front view bi'ars some resemblance to certain species of Euastrum
open, and tbe lateral lobes shorter and more inflated than in an •""' S^nUS *S l a o r e

likewise no special notch such as is present in most species of Euastrum Th ° &euus- There is
Euastridium with Euastrum are such as E humerosum Ealfs form t'' e on ^ forms connecting
Eiesengebirges, 1898, p. 38, t. 2, f. 3), but in this case the lobing as 2!! f ? c h r 5 d 6 r (B e^r. Algen
quite a different nature. b '" ln t h e v e r t ical view is 0£

Genus: Micrasterias Ag.

75. MICRASTERIAS FOLIACEA Bail, in Ralfs Brit. Desm. 1848
3; Johnson, Species of Micrasterias, 1894, p. 57 \ 6 ' . P ' 2 l 0 > *• 35> f-

Var. ORNATA Nordst. Desm. Brasil. 1870 n 991 + o \
> ^. «<,A) 1, ^^ ^ j g

Long. 67/*; lat. 71/*; lat. isthm. l l -5M ; l a t . lob. polar. 3(V fpi •
Hab,-Mansang, near Hsipaw. (No. 24193). ' XlV ' fi&- 2 2 ) -

The lateral lobes were less divided than in most forms of th"
<what irregular. 8pecies ' an<* the lobule were £ome-

76. MICRASTERIAS INCISA Bre*b., 1839 ; in Kiitz Pi

Turn. Freshw. Alg. E. India, t893, p. 89, t!^" f^* 1 8 4 5 ' P- 1 3 4 5
Holocystis incisa Wall. Desm. Low. BenMl IQCA ' ' 9 ^ *

Var. MANSANGGNSE var. n. (PI. xiv, fig. i§) J > f- 4> 5*
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Cellulse li-plo latioies quam longse (sine spinis) ; lobis lateralibus oblique sub-
truncatis, angulis superiorlbus rotundatis, angulis inferioribus spina minuta instructis ;
lobo polari late truncato, apice subreeto ; membrana irregulariter granulata ; a vertice
visse paullo tumidse ad medium utrobique.

Long. 38#5/A ; lat. (sine spinis) 46^ ; lat. isthm. 16/x ; crass. 16^.

Hob.—Mansang, near Hsipaw (No. 24193).

The Burmese variety resembles var. Walliclriana Turn, more than typical M. incisa owing to
the absence of the spines from the superior angles of the lateral lobes.

77. MICRASTERIAS TROPICA Nordst. Desm. Brasil. 1870, p. 219, t. 2, f. 15.

Forma cum granulis magnis 4 infra marginem apicalem lobi polaris ; semicellulse

a vertice visse paullo robustioribus, lateribus subrectis.

Long. 111^; lat. 98/*; lat. isthm. 17-5^; crass. 32/* (PI. xiv, fig. 23).

Hab.-~Mansang, near Hsipaw (No. 24193).

78. MICRASTERIAS MOBII (Borge) W. & G. S. West, Desm. Singapore 1897, p.

162; Freshw. Chlorophy. Koh. Chang, 1901, p. 86, t. 3, f. 21.

Euastrum verrncosum Ehrenb. var. Mobii Borge, Austral, Siisswasserchlor. 1896,
p. 13, t. 2, f. 18, 19.

Var. BURMENSE var. n. (PI. xiv, figs. 19, 20).

Semicellulse variabiles, apice lobi polaris late et distincte retuso ; lobis laterali-
bus majoribus et extensioribus, lobulis superioribus et inferioribus redtictis (interdum
psene obsoletis) roturidato-conicis ; cum tumore magno in centro semicellularum supra
isthmum et tumore minore intra lobum lateralem unumquemque. Semicellulse a vertice
visa? polis plus attenuatis, umbone magno et lato ad medium utrobique, tumore multe
minore pclos versus utrobique. Anguli lobi polaris et loborum lateralum granulis mag-
nitudinis variabilis (saspe maximis) praeditis.

Long. 119-123/*; lat. 98-101/*? lat. lob. polar. .73-79/*; lat. isthm, 25-27/*;
crass. 55/x.

jjal%—Mansang, near Hsipaw (No. 24193).

This variety varies much in the angles (or processes) of the polar lobe, which ̂ are sometimes
laterally produced, sometimes abruptly truncate, and also in relative depth of.division of the lateral
lobes. In some specimens the lateral lobes are almost entire, and in others the superior and
inferior lateral lobules are short and rounded. The granulation of the angles of the polar and
lateral lobes also varies very much. It is distinguished from typical M* Mobii by its proportionately
greater width across the base of the semicells, by the broadly retuse apex of the polar lobe, by
the more prominent scrobiculate tumour within each lateral lobe, and by the attenuated poles of
the vertical view.

if. Mobii var. Burmense should be compared with M. Mobii var. javanica Gutw. (Alg. Ins. Java,
1902, p. 603, t 40, f, 58) which it resembles more than the type. It differs, however, in the
reduced lateral lobule?, and in the replacement of the several small tumours within each lateral lobe
by one much larger one.

The vertical view of M. Mobii var. burmense is almost exactly similar to that of M. Mobii
yar. Bidleyi, a variety described from Singapore.

Var. INTEGRUM var. n. (PI. xiv, 21).

ANN. BOY. BOX. GARD. CALCUTTA VOL. VI.
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Var. angulis lobi polaris non productis et acute rotundatis ; lobis lateralibus
integris, angulis inferioribus acute rotundatis et angulis superioribus
leviter productis et rotundato-eonicis.

Long. 126^ ; lat. 102p ; lat. lob. polar. 70M ; lat. isthtn. 26/*.

Hub.—Mansang, near Hsipaw (No. 24193).

This variety is characterized by the entire condition of the lateral lobes and the broad polar
lobe, the lateral angles of whioh are not produced. The angles of both the lateral and polar lobes
are conical or even submamillate, but never truncate as in typical 3f, Jlldbii.

Genus: Coswarium Corda.

79. COSMARIUM OBSOLETUM (Hantzsch) Reinsch, 1867 ; Nordst. Alg. et Char, i,
1880, p. 7, t. 1? f. 9 ; W. & G. S. West, Brit. Desm. ii, 1905, p. 133,
t. 56, f. 1-3.

Var. SrrvENsw Gutw. Alg. Ins. Java, 1902, p. 594, t. 38, f. 39.

Long. 60//, ; lat. 66/* ; lat. isthm. 31/*.

Bab.—Springs on the river bank, Bhaoio (No. 21501). Momauk, east of Bhamo
(No. 21551).

80. COSMARIUM DISPERSUM Johnson, Rare. Desm. U. S. ii, 1895, p. 297, t. 240,
f. 19.

Forma TRUNCATA. (PI. xv, fig. 17).

Forma paullo major, apicibus semicellularum distincte truncatis.

Long. 52/A ; lat. 50/* ; lat. isthm. 13*5/* ; crass. 25/*.

Bab.—Singaing, Kyaukse District (No. 22193). Manpwe, N. Shan States
(No. 22513).

81. COSMARIUM SUBLATEREUNDATUM. W. &. G. S. West, Alg. Madag. 1895, p.
60, t. 6, f. 1.

Forcna lateribus semicellularum 6-7-undulato-crenatis, apice paullo angustioribus
et leviter 2-tfadulatis. Pyrenoidibus binis.

Long. 37/*; lat. 34*5/*; lat. apic. 15-15-5/^; lat. isthm. 10/*.; crass. 17/*.
(PI. xiii, fig. 13).

Bab.—Momauk, east of Bhamo (No. 21551).

This form should be compared with C. cyclkum var. Nordstedtii nob.

82. COSMARIUM COKTRACTUM Kirchn. Alg. Schles. 1878, p. 147 • W. & G S.
West, Brit. Desm. ii, 1905, p. 170, t. 61, f. 23-25, 34.

Bab.— Mansang, near Hsipaw (No. 24193). In the Kan-gyi at Mudon (No. 24505).

Forma apice semicellulse paullo elevatis, lateralibus minus rotundatis.

Long. 27/*; lat. 19/*; lat. isthm. 4-5/*. (PL xiv, fig. 1).

Hab.—Mansang, near Hispaw (No. 24193).
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83. COSMAREUM BIREME Norclst. Desm. Brasil. 1869, p. 212, t. 3, f. 33; Ws

& G. S. West> Freshw. Alg. Ceylon, 1902, p. 165, t. 20, f. 30.

Forma angulis basalibus subrectangularibus.

Long. 11/*; lat. 10/*; lat. isthm. 3/*; crass. 9/*.

Sab.—Mansang, near Hispaw (No. 24193).

84. COSMARIUM SUBPROTUBERANS. W. & G. S. West, Alg. Madag. 1895, p. 57;

i. 6, f. 40.

Var. SUBQUADRATUM var. n. (PI. xii, fig. 17).

Yof. sinu • angusto-lineari, lateribus semicellularum minus divergentibus
apice truncato-retuso in medio.

Long. 19-23-5/*; lat. 17-21/*; lat. isthm. 4-8-5-2/*; crass. 15-17/*.

b.*— Mansang, near Hsipaw (No. 24193).

85. •COSMARIUM PSEUDONITIDULUM Nordst. Norges Desm. 1873, p. 16, t. 1, f. 4.

Var. VALIDUM nob.

C. pachydermum Lund. var. minus Nordst- 1. c. p. 18, t. 1, f. 7.

Long. 63-67/*; lat. 48-5-51/*; lat, isthm. 17-19/*.

Hub.—In swamp, Katha (No. 22677). Mansang, near Hsipaw (No. 24193).

86< COSMARIUM GKANATUM Br^b. in Ralfs Brit. Desm. 1848, p. 96, t. 32, f. 6.

Hub.— Minywa, Pegu District (No. 21975).

87. COSMARIUM IN^EQUALIPELLICUM W. & G. S. West, Alg. Madag 1895, p. 54,
t. 6, f. 28, 29.

jjab.—In springs on the river-bank, Bhamo (No. 21501). Manbang, near Hsipaw

(No. 24193).

88. COSMARIUM RETUSUM (Perty) Rabenh. Flor. Europ. Alg. iii, 1868, p. 167;
Lund. Desm. Suec. 1871, p. 36. t. 3, f. 3.

(a) Forma sine granulis, membrana punctata, punctis ad angulos basales
fortioribus; apicibus semicellularum leviter protractis et angustioribus.

Long, 32*5/*; lat. 23/*; lat. apic. 11*5/*; lat. isthm. 6/*.

Sab.—In.the Kan-gyi at Mudon (No. 24505).

(b) Forma minor, apicibus semicellularum minus protractis; membrana punctata,

Long. 26/*; lat, 19/*; lat. apic. 10'5/*; lat. isthm. 6-5/*; crass. 12/*.

-Hai.—With the preceding form (No, 24505).

89. COSMARIUM POLYGONUM (Nag) Arch, in Pritch. Infus. 1861, p. 732.
Euastrum polygonum Nag. Gatt. einz. Alg- 1849, p. 120, t. 7A, f. 9.

Long. 13-5-14/*; lat. 11-13-3/*; lat. isthm. 2'5-3-2/*; crass. l O ^ .

b.—Burdwan, in flooded rice-fields (No. 24674).
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90. COSMARIUM L;EVE Rabenh. Flor. Europ. Alg. Hi, 1868, p. 161; G. S. West,

Variation Desrn. 1899, p. 386, t. 10, f. 1-5.

Hob.—Springs on the river bank, Bhaino (No. 21541).

Var. SEPTENTRIONALE Wille, Ferskv. Alg. Nov. Semlj. 1879, p. 43, t. 12, f.

34, G. 8. West, 1. c. p. 387, t. 19, f. 7-9.

Long. 21^ ; lat. 14//,; lat. isthm. 3^.

.—Manpwe, N. Shan States (No. 22513). In swamp, Katha (No. 22677).

91. COSMARIUM ANGULOSUM Br£b. Liste Desin. 1856, p. 127, t. I, f. 17.

Hob. — Between Thingan-nyi-naung and Kawkareik, in the* side-channel of a
stieam (No. 24483).

92. COSMARIUM MENEGHINII Br£b. in Ralfs Brit. Dearn. 1848, p. 96, t. 15, f. 6#

Long. 17'4/x; lat. 11/*; lat. isthm. 3*5^.

H b.—Singaing, Kyaukse district (No. 22193).

93. COSMARIUM NORIMBERGENSK Reinsch 1867; Algenfl. Frank. 1867, p. 113, t. 9,

1 2.

C. Ilammeri Reinsch, var. octogibbosum Reinsch, 1. c. p. 112, t. 10, f. 1.

C. octogibbomm (Reinsch) Turn. Freshw. Alg. E. India, 1893, p. 52.

C. octogibbomm var. indicum Turn. 1. c. t. 8, f. 8.

Long. ll-5-15-3M; lat. 9-5-15^; lat. isthm. 3-2-4'6^.

Bab.—Mansang, near Hsipaw (No. 24193).

94. COSMARIUM EXIGUUM Arch, in Proc. Dubl. Nat. Hist. Soc. 1864, iv, p. 49,
t. 1, f. 32, 33; Nordst, Freshw. Alg. N. Zeal. 1888, p. 58, t. 6, f. 12.

C. quadratulum (Gay) De Toni forma javanica Gutw. Alg. Ins. Java,
1902, p. 590, t. 38, f. 31.

Long. 15*3/*; lat. isthm. 2*3/LC.

Hab.—ln the Kan-gyi at Mudon (No. 24505). Between Thingan-nyi-naung and

Kawkareik, in the side-channel of a stream vNo. 24483).

Another form of this specie3 had the lateral margins of the semicells slightly convex and th
apex faintly retuse. It was also relatively a little broader than typical C. exiguum.

Long. 15/*; lat. 10^; lat. isthm. 2*2^; crass. 6-5/*.

Bab.—In swamp, Katha (No. 22677).

95. COSMARIUM TURGIDUM Br£b. in Ralfs Brit. Desm. 1848, p. n o , t. 32 f 8

Var. LIGATUM var. n. (PI. xiii, fig. 7).

Var. constrictione cellulse multe profundiori, sinu valde aperto et subrotundato
ad apicem, angulis basalibus semicellularum multe rotundatis; latitudo isthmi
paene f diametro transversalis cellulse.

Long. 153/*; lat. 63-67/^; lat. isthm. 40/*.

# _ I n the Kan-gyi at Mudon (No. 24505).
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96. COSMARIUM CONNATUM lir£b. in Ralfs Brit. Desm. 1848, p. 108, t. 17, f. 10.

Fonna paullo minor. , Long. 77/x; lat. 57*5/*; lat. isthm. 48/*.

Hab.—In springs on the river bank, Bhamo (No. 21501).

97. COSMARIUM PSEUDOCONNATUM Nordst. Desm. Brasil. 1870, p. 214, t. 3, f. 17.

Var. ELLIPSOIDEUM W. & G. 8. West,* Freshw. Alg. Ceylon, 1902, p. 168,

t. 20, f. 43-45.

Long. 68-71/*; lat. 48-50/*; lat. isthm. 37-37*5/*; crass. 43/*.

Bab.—Mansang, near Hsipaw (No. 24193).

98. COSMARIUM VIRIDE (Corda) Josh. New and Rare Desrn. 1885, t. 254, f. 3.
Colpopelta viridis Corda, 1835.

Cosmarium Cordanum Br£b., 1861.

Var. TRUNCATUM var. n. (PI. xiii, fig. 12).

Var. minor, apicibus truncatis.

Long.5 27/4; lat. 14'4-15-3/*; lat. isthm. 13/*.

Bab.— Mansang, near Hsipaw (No. 24193).

99. COSMARIUM PRAINII sp. n. (PI. xiv, fig. 12).

C. submediocre, psene 1^-plo longius quam latum, profundissime constrictum, sinu
angusto-lineari extremo subampliato; semicelluise paene semicirculares, angulis basalibus
leviter rotundatis et granulo dentato singulo instructis, serie verrucarum emargina-
tarum circiter 14 intra et juxta ambitu, in centro semicellularum granulis magnis 12
quincuncialiter ordinatis et scrobiculis minutis inter granulos; a vertice visas subanguste
ellipticse, ad medium utrobique leviter inflatae et granulis magnis 5 instructs, polis
trigranulatis, serie verrucarum emarginatarum intra marginem lateralem unumquemque;
a Jatere visee subcirculares; membrana punctata.

Long. 51/*,; lat. 43/*; lat. isthm. 13#5/*; crass. 26*5/*.

Hab.—Mansang, near Hsipaw (No. 24193).

100. COSMAUIUM GLAPHYROaOTOM Sp. n. (PL XIV, % 8 . 16, 17).

C. mediocre, circiter lj-plo longius quam latum, profundissime constrictum, sinu
aperto interdum angustiori ad extremum ; semicellulae transverse elliptico-oblongae, mar-
ginibus lateralibus paeue sernicircularibus, apice late truncate et subrecto; membrana
grosse granulata, granulis subconicis magnis 6-7 ad marginem lateralen^ unumquem-
que, apice glabro, granulis prope basin semicellulae multe minoribus et regione basali
glabra, cum scrobiculis minutis circa granulos in centro semicellularum; a latere visas
depresso-circulares; a vertice visae late ellipticae, granulis ad et intra margines later-
ales magnis, regione centrali glabra.

Long. 57-61-5/*; lat. 42-45/*; lat. isthm. 11-5/*; crass. 34-35/*.

Bab.—Mansang, near Hsipaw (No. 24193).

This distinctive Cosmarium occurred in abundance, and it does not appear to be very closely
related to any other described species of the genus. The very deep constriction, the large size and
conical shape of the granules ; the smooth, truncate apex of the semicells, and the reduction in size
of the granules towards the base are characters which easily distinguish it.

Perhaps the only species with which it needs comparsion are C. paradoxum Turn, and C.
pnvgrandiforrm Schmidle.
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101. COSMARIUM TRACHYDERMUM W. & G. S. West, Alg. Madag. 1895, p. 64,
t . O, I. /so.

Var. ELLIPTICUM var. n. (PI. xv, fig. 18).

Var. semicellulis subellipticis, apicibus convexis.

Long. 52fi; lat. 38-40/*; lat. isthm. 19^; crass. 25^.

Bab.—In springs on the river bank, Bhamo (No. 21501).

102. COSMASIUM RENIPORME (Ralfs) Arch, in Journ. Bot. 1874 p 92

Hab.—ln springs on the river bank, Bhamo (No. 21501).

103. COSMARIUM LATUM Bre"b. Liste Desm. 1856 D 12K. t t s ,*
Biss. Scott. Desm. 1894, t. 2, f. 10. ' ' # 1 ° 5 R°? &

Cellulse lj-plo longiores quam latse; semicellulje rectano-ulares
rotundatis e t angulis superioribus magis r o t u n da t i 8 , apiee £ ^ S e
granuhs subparvis, depressis ; a vertice visae oblongs, polis rotundatis

Long. 68/t; lat. 54^; lat. isthm. 18/*; crass. 29-5M.

Hah.—In a small pool, Kyaukse (No. 22192).

The form seen was rather more rectangular than the general h
granules were slightly smaller and more numerous. But for its f ' ° lat"m' a n d t h e

have been placed under C. quadrum Lund. The granulation was v .Pr .7° r t l0118 {t mlS^ almost
Nordst., but there were no punctulations between the granules O ^ ^ t0 '^ °f °' sublatum

C. sublatum N o r d s t . , C. orthopleurwn R o y & Bi s s G m a ' v' * am L u n < L > °- M«m B r e b . ,
C. compersum Ralfs are all species which require further' invest^aticT Ud '} ^ & Bi8S"' a n d

104. COSMARIUM MULTIORDINATOM W. & ft Q

1897, P . 121, t . 367, f . 1 . ' " ^ W e l * ' A f ^ Freshw. Alg.

Var. BURMENSE var. n. (PI. xv, fig. 19).

Var. angulis superioribus semicelluiarum'leviter T^^A *• i.
majoribus et ad margines conicis. r o t ^ d a t i o n b u s , granulis paullo

Long. 77-8-V; lat. 59-5-64^; lat. isthm. 19,,; crass. 41^.

Bab.— Mansang, near Hsipaw (No. 24193).

This variety differs chiefly in the somewhat larger size and
The conical granules are principally evident round the margin* of tt, ^ °f **"* Sranules-
the centre being more rounded. The scrobioulations between the i Se*1Ce118' t h e granules in
and under no conditions of focus do they exhibit any angularity. S* ** a r e 6ma11 rounded pits,

105. COSMARIUM SUBDECORATUM W & ft s w *. T\

165, t. 8, f. 13. " " W 6 S t ' D e s m - Singapore, 1897, p.

Long. 60-64/* j lat. 50-52^; lat. isthm. 16-17«; crass. 28

Hob.—In the Kan-gyi at Mudon (No. 24505)

106. COSMARIUM BINUM Nordst. in Wittr. & Nordst A]
et in fasc. 21, 1889, p. 39. * g* E x s i c - 1880, No. 3 8 3 ;

Var. crenis lateralibus 7-9, crenis apicalibus 4 ft *
cum series verticalibus 5-7 granulorum circ t u m o r e supra isthmum
horizontali sinarula eranulorum fi_ft lrC* ' et inferne cum s«riA
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Long. 46-49-5/*; lat. 34'5-37/*; lat. isthm. 11-5—12/^; crass. 27/*.

Hab.—In swamp, Katha (No. 22677). Mansang, near Hsipaw (No. 24193)*
In the Kan-gyi at Mudon (No. 24505). Between Thingan-nyi-naung and Kawkareik,
in the side-channel of a stream (No. 24483).

C. binum appears to be a fairly common tropical species, and exhibits considerable varia-
tion in the number of lateral and apical crenations. The central tumour also varies in size, the
number of vertical series of granules ranging from five to seven. The basal series of granules
below the central tumour consisted of a single row in all the specimens examined.

The form of this species described by Eaciborski (Desm. Nowe, 1889, p. 93, t. 5, f. 25) from Poland
also has a reduced number of crenations and only one basal row of granules across the semiicells.
Specimens of C. binum fr,om Burma and Ceylon resemble Raciborski's form more than the original
Brazilian examples. An almost exactly similar form has been described by Borge from Queensland
as C. binum var.- australienm (cfr. Borge, Austral. Siisswasserchlor, 1896, p. 21, t. 3, f. 42).

107. COSMARIUM SUBCRENATUM Hantzsch in Rabenh. Alg. 1861, No. 1213,

Rabenh. Flor. Europ. Alg. ill, 1868, p. 164; Nordst. Desm. Arctose,

1875, p. 21, t. 6, f. 10, 11.

Forma paullo major; cellulse a vertice visas polis rotundatis.

Long. 41//,; lat. 29-5-31-5/*.; lat. isthm. 13/*; crass. 20/* (PI. xn, fig. 18).

Hab.—In springs on the river-bank, Bhamo (No. 21501).

108. COSMARIUM DICHONDRUM W. & G. S. West, Alg. Madag. 1895, p. 65, t. 7,

f. 12.

Var. SUBHEXAGONUM var. n. (PL xn, fig. 16).

Var. semicellulis late truncato-pyramidatis, angulis inferioribus rotundatis,
angulis, superioribus leviter rotundatis, apice late truncato et recto; a
vertice visis ellipticis. granulis magnis binis intra sed juxta marginem
lateralem utrobique.

Long. 22/A ; lat. 20/*; lat. isthm. 5*2/*; crass. 12/*.

Hab.—Momauk, east of Bhamo (No. 21551).

This variety should be compared with C. Haabolieme Wille var. protractum W. & G. S. Wesfv
which it resembles very much in the shape of the semicells.

109. COSMARIUM QUADRIVERRUCOSUM sp. n. (PI. xv, fig. 14).

C. parvum? paullo longius quam latum, profundissime constrictum, sinu angusto-
lineari extremo subampliato ; semicellulae late truncato-pyramidatae, angulis inferioribus
et superioribus rotundatis, lateribus convexis, apice leviter convexo ; membrana grarmlis
acutis subsparse dispositis ornata, in ambitu circiter 14; verrucis magnis binis (leviter
5-angulatis) trans centrum semicellularum; a vertice visas ellipticae, verrucis magnis
truncato-retusis binis ad medium utrobique.

Long. 23/*; lat. 21^ ; lat. is^hm. 5'2/z, ; crass. 15/*.

Hab.—In the Kan-gyi at Mudon (No. 24505).

110. COSMARIUM TRIVERRUCOSUM sp. n. (PL xv, fig. 16).

C. parvum, psene l|-plo longius quam latum, profundissime constrictum, sinu
angusto-lineari extremo ampliato; semicellulae transverse oblongo-rectangulares, angulii
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inferioribus subrotundatis, lateribus subrectis (vel levissime convexis), angulia superioribus
late rotundatis, apice levissime convexo, cum granuio uno ad angulum inferiorem 'et
granulis parvis duobus intra angulum, aerie granulorum magnorum 5 intra et juxta
apicem et granuio uno ad angulum superiorem unumquemque, verrucis rotundatis 3 trans
centrum semicellularum ; a vertice visse late elliptic*© venucis rotundatis 3 ad medium
utrobique, granulis parvis 3 ad polos, et serie granulorum 7 intra marginem lateralem
unuraquemque; a latere visse subcirculares, verruca rotundata magna ad medium lateris
uniuscujusque et granuio magno juxta apicem utrobique.

Long. 31/*; lat. 22'5/u,; lat. isthm. 6fi; crass. 17/*.

Sab.—Mansang, near Heipaw (No. 24193).

This species bears some resemblance to C. scitum W. & G. S. West (Aig. Madag. 1895 7
f. 29), but is distinguished by its oblong-rectangular semioells and by the three large rounded warts
in the oentre of each semicell. The Tertical view has more obtuse poles, and the apical serf
large granules projects slightly above the apex in the front view.

From C. Wellkeimh Schmidle (Ost-Africa Desmid. 1898, p. 38, t. 2, f. 25) it diff
from of the semicells, in its constriction, in the disposition of the apical granules1 and
absence of any granules above the isthmus. '

It might also be compared with C. cyathiforme W. & G. S. West (Some N Amer D««-m
p 248, t. 15, f. 9). m e r* •Ue8m* >

111. COSMARIDM BURKILLII 8p. n. (PI. XIV, fig. 13).

C. submediocre, paene lj-plo longius quam latum, profundissime con8trictum
smu angusto-lmean extremo subampliato; semicellulae subrectangulares, angulis basalih^
levissime rotundatis, lateribus parallelis, angulis superioribus rotundo-truncatis JZ
truncato et subrecto, cum granuio singulo ad angulum basalem *f ~ r ' •
(circ. 6) ad et int. margine» lateraie,, cu-n <,enfe ^t ^ f ^ Z Z

in*

unumquemque prope apicem et granulis magnis binis infra dentem in cent
cellularum granulis magnis circiter 14 in seriebus obliquis et verticalibus ordinatis^t
scrobicuhs minutis inter granules; a latere visae subcirculares; a vertice visae W f
granulis 5 ad medium utrobique, polls trigranulatis, cum granulis intra regionem^l
et juxta medium marginum lateralum ; membrana panctata. poiarem

Long. 4,7*5/*; lat. 34/t; lat. isthm. 10/*; crass. 21w.

Hah.—ifansang, near Hsipaw (No. 24193).

This species should be compared with C. Freemanii W. & G. g. West;

Var. RECTANGULARE var. n. (PI. xiv, fig. 14).

Var. minor, angulis superioribus semicellularum minus rotundatis

dentatis 3 instructis, granulis centralibus magnis propius ad a i *

Long. 37-5—38-5/*; lat. 25-5—27/t; lat. isthm. Sfi- crass. 20*5/*.

Hab.—With the typical form, but more abundant (No. 24193")

112. COSMARIUM BLYTTII Wille, Norges Ferskv. Alg, 1880 9."

Bab.—In springs on the river bank, Bhamo ("No Ql^m\ M ' ,
(N 21551) ' K ' 2 1 ° 0 1 ) ' M o m a u k

Bab.In springs on the river bank, Bhamo (No Ql^m\ M ,
Bhamo (No. 21551). ' K ' 2 1 ° 0 1 ) ' M o m a u k » east of
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113. COSMARIUM SUBCOSTATUM Nordst. Desm. Ital. 1876, p. 37, t. 12, f. 13.

Long. 31 fji] lat. 26^;Jat. isthm. 8*2 .̂

Bah.—In the Kan-gyi at Mudon (No. 24505).

Forma. ( = ? C. subcrenatum Hantzsch var. divaricatum Wille, Fersko. Alg. Nor.
Seml> 1879, p. 40, t. 12, f. 27).

Long. 24,4; lat. 2(V;lat. isthm. 6'8/x.

Hob.—Singaing, in the Kyaukse district (No. 22193).

Forma MINOR W. & G. S. West, Alg. Central Africa, 1896, p. 379, t. 361, f. 15.

Bab.—In flood rice-fields, Burdwan (No. 24674).

114. COSMARIUM SUBALATUM W. & G. S. West, Alg. Madag. 1895, p. 63, t. 7, f. 31 •

Pyrenoidibus singulis ; apicibus minus undulatis.

Long. 18—21M; 15*5—19/*; lat. isthm. 4—4*8^.

Bab.—In springs on the river bank, Bhamo (No. 501). Mansang, near Hsipaw
(No. 24193).

115. COSMARIUM TESSELATUM (Delp.) Nordst. Alg. et Char, i, 1880, p. 7.

Dysphinctium tessellatum Delp. Desm. subalp. 1877, p. 136, t. 21, f. 10-13.

Long. 115-120/; lat. 63-5-67/*; lat. isthm. 54^.

Bab.—Mansang, near Hsipaw (No. 24193).

116. COSMARIUM MANSANGENSE sp. n. (PI. xiv, fig. 15).

C. subparvum, circiter 2|-plo longius quam latum, leviter constrictum, sinu parvo
exc&vato; semicellulae cylindrico-oblongae, lateribus rectis, angulis basalibus levissime rotun
datis, apice late rotundato (semicirculari); a vertice \isse circulares; membrana granulata,
granulis in seriebus veiticalibus (cum iis marginibus yisis 11) ordinatis, et in ambitu
toto semicellulse granulis circiter 26.

Long. 61M ; lat. 24/A ; lat. isthm. 18/x,.

Hah.— Mansang, near Hsipaw (No. 24193).
This species stands nearest to C cylindricum Ealfs (Brit. Desm. 1848, p. 106, t. 17, f. 4) from

which it is distinguished by the parallel sides of the semicells, by broadly rounded apices, and the
more excavated constriction.

It should also be compared with C. pseudamcenum Wille (Sydamerik. Algfl. 18&4, p. 18, t.
1, f. 37).

Genus: Xanthidium Ehrenb.

117. XANTHIDIUM SPINOSUM (Josh.) nob.
Cosmarium spinosum Josh. Burm. Desm. 1886, p. 647, t. 25, f. 3, 4.

We have examined a number of Joshua's original specimens of this Desmid and
give an accurate figure of one of them (PL xv, fig. 1). The following is an amended
description of the species:—

X. submediocre, paullo longius quam latum (sine spinis), profunde constrictum,
sinu aperto apicem versus angusto; semicellulae elliptico-subsemicirculares, angulis
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basalibus late rotundatis et apicc subtruncato, margine laterali unoquoque spinis minutis
5-7 (plerumque) pradito, spinis ad angulos basales ggepe subirregulariter dispositis et
numerosioribus; a vertice viste elliptic®, spiuis minutis 2-3 ad polos et seriebus leviter
divergentibus duobus spinoruni intra polum unumquemque; a latcre visa subsph®ric®,
spinis rainutis 2 ad apicem; membrana delicatissime scrobiculata et minutissime
punctulata inter scrobiculos, cum zona scrobiculorum prominentiorum in seriebus* sub-
irregularibus 2-3 trans basin semicellularum juxta isthrnum.

Long, sine spin. 51M; cum spin. 53*8/*; lat. sine spin. 42/*, cum spin 4P-5M-
lat. isthm. 23M; crass. 32^. " '

Hab.—Rangoon. (Joshua).

Joshua's description o£ «Cosrnarium spinomm" is very incomplete, and his .figure is inexact
He figures a single row of prominent scrobiculations across the base of each semicell but hk
specimens show a zone of these scrooieulations composed of two or three rather irregular row
The number of pairs of lateral spines i. commonly five or six, but near the basal angles of the
semicells there are often one or two additional ones. '

There is little doubt that Xanthidium pukhrum Turn. (pre8hw. Alg E India 180S „ mo
t. 13, U 0 , j merely a form of X s ^ n . The se.icells are "of t h e t m e ^ shape he'
smus and the isthmus are precisely similar, and he also fieure3 o f ^ BU<*Pe» tne
scrobiculations across the base of the semicells. The additional I 0 W S °f

ih h B
scrobiculations across the base of the semicells. The additional mm f u u

sometimes met with in the Burmese species. Turner's vertical view rf in ^ \ a D g l e S

view (i, io 6) 1S 0bvi01igly jj n a c c u r a t e >y e
We are inclined to think that X. brevicorne Turn is also f

having failed to find the surface markings. X eximium Turn h w I *' 8pin08um> T u r n e r

view to its relationship with X spinosum. ' a l s o be Qn(l^si into with a

Forma membrana scrobiculata in parte pentmli o^ n i
minutissima punctata. P "*** 8 e m i c « a r u m et me.brana tota

Long, sine spin. 48-49/*. cum spin. 50^51 u- kt «n
spin. 42«48-5M; lat. isthm. 20-5-23/.; crass. 3 1 ^ (Ph xy' ^ ^ ^ 8 9 - 4 3 ^ cum

Hab.—In the Kan-gyi at Mudon (No. 24505).

118. XANTHIDIUM BURKILLII sp. n. (PI. Xv, fig. io)

X. submediocre, tarn longum quam latum (sine spinis), profunde o * •
angusto extiomo ampliato et extrorsum aperto; semicellul^e ' l • n c t u m >

i f i i i li b l TT^T* 8ubhparte inferiofi ventricosa, angulis basalibus rotundatis, angulis T a T n T
mamillatis et spina elongata recta instructis, parte superiori 1 ^ ^ ^ a p i c a l i b u s

subrecto; a vertice visse subellipticse, polis bimamillatis mamill" i - ^ " 1 c.oncav^s) apice
cum spiois divergentibus instructis; in centro semicellularum 1 ^^ • unmscujusque
scrobiculorum 4 juxta et supra isthmum ; angulis mamillatis s ^ l n c r a s s a t o et eerie
dispositis. ^micellularum subirregulariter

Long. 8ine spin. 44/,, cum spin. 73-77,, ; lat. 8 i n e 8 D i n

77-81/ . ; lat. isthm. 16-5/.; crass. 24M; long, spin, 18 ' 5 -20M ' **-*5/S cum spin.

Hub.—Mansang, near Hsipaw (No. 24193)

This species possesses the same number of spines as X. antilo
are more irregularly disposed, rather longer, and each one is aft i f T ^ ^ Kiite., but they
projection. Cned at t h e aPex of a mamillate
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119. XANTHIDIUM SEXMAMILLATUM sp. n. (PI. xv, figs. 11, 12).

X. submediocre, pauHo longius quam latum (sine spinis), profundissime constrictum,
sinu late aperto et obtuso; semicellulse transverse suboblongo-ellipticae, parte superiori
marginum lateralum trimamillato, mamilla unaquaque spina perlonga recta prsedita
spinis inferioribus subhorizontaliter dispositis, spinis superioribus et medianis sursum
divergentibus, projectione parvo infra mamillam inferiorem utrobique, apice concavo vel
nonnunquam recto; a vertice visas ellipticse, polis leviter attenuatis et spina perlonga
praeditis, tumore minuto vel membrana incrassata ad medium utrobique. Membrana punc-
tata, in ceritro semicellularum leviter incrassata.

Long, sine spin. 40-48#5^, cum spiu. 66*5-76/̂  ; lat. sine spin. 34*5-40/*, cum.
spin. 67-81/r; lat. is£lim. 7#5-945/*; crass. 18-23/*.

Hab.—Maitsang, near Hsipaw (No. 24193). In the Kan-gyi at Mudon (No. 24505).
This speoies comes nearest to X Bengalicum Tarn., but is distinguished by its widely open

sinus and the form of the semicells. The six spines of each semicell are situated oa the apices
of six mamillate projections, which are absent from X, Bengalicum. The thickened area m the centre
of the sefhicells is somewhat variable, and may be represented by an internal thickening of the
cell-wall, or by a very small, projecting tumour.

Var. ROBUSTUM—var. n. (PI. xv, fig. 13).

Var. sinu minus aperto, spinis inferioribus et medianis utrobique brevioribus
et validioribus, spinis superioribus minutis (multe reductis).

Long, sine spin. 45/*, cum spin. 52-54/*; lat. sine spin. 46/*, cum spin. 71/*
lat. isthm. 10/*; eras?. 27/*.

Hab.—Mansaug, near Hsipaw (No. 24193).

Genus: Arthrodesmus Ehrenb.

120. ARTHRODESMUS TRIANGULARIS Lagerh. Bidr. Amerik. Desm.-fl. 1885, p. 244
t. 27, f. 22.

A. Incus (Br^b.) Hass. var. triangularis Lagerh. in Nuova Notarisia,
iv, 1893, p. 182.

Forma cellulis Jongioribus quam for^na typica, dorso semicellularum elevation et
minus retuso.

Long. 20-24M; lat. sine spin. 16-19/i, cum spin. 43-46/*; lat. i&thui. 4-3-5'3/*
(PL xv, fig. 7).

Hub.—Mansang, near Hsipaw (No. 24193).

121. ARTHRODESMUS CURVATUS Turn. Freshw. Alg. E. India, 1893, p. 135, t 11,
f. 31, 33; t. 12, f. 2, 7, 13; 15.

Var. BURMENSIS var. n. (PI. xv, fig. 9).

Var. cellulis diametro circiter l;|-plo longioribus, sinu plus aperto ; semicellulis
obsemicircularibus, apice valde convexo.

Long. 47/*; lat. sine spin. 36*5/*, cum spin. 87A* J lat- isthm. 11*5/*.
Hab.—Mansang, near Hsipaw (No. 24193).
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The spines of this variety are longer than those present ou Turner's Indian specimens, but the
forms observed from Ceylon, which were typical as regards general outline, likewise possessed longer
spines than the Indian forms (vide PL xv, fig. 8).

122. ARTHRODESMUS FUSIFORMIS sp. n. (PI. xv, fig. 4\

A. magnus, paene 1 -̂plo latius quam longus (sine spinis), profun<?issime? con-
strictus, sinu aperto acutangulo; semicellulae elliptico-fusiformes, ventre plerumque
convexiori quam dorso, angulis lateralibus subacutis spinam sublongam rectam vel
curvatum ferentibus, spinis subhorizontaliter dispositis vel leviter divergentibus; a
vertice visse fusiformes, polis acutis spinatis. Membrana glabra.

Long. 44-46'5/A; lat. sine spin. 57'5-65/u,, cum spin. 78-90/*; lat. asthm. 9*5//,;
crass. 20-2V.

Hal.—Mansang, near Hsipaw (No. 24193).

Including the spines this species is about twice as broad as long. The cell-wall is ^ rather thin,
and as far as could be judged is quite smooth. It stands very near to A. leptodermus Liitkem.,
but is considerably larger, with longer spines, and a more fusiform vertical view. The'under side
of the semicells is also more convex than the upper side, and the spines are slightly divergent.

123. ARTHRODESMUS LEPTODERMUS Liitkem. Desm. Central China, 1900, p . 120,'
t. 6, f. 17-19.

Forma semicellulis a fronte et a vertice visis ad polos minus attenuatis, sinu
ad extremum leviter angustiori.

Long. 38-5^; lat. sine spin. 38-5-42,*, cum spin. 46-50/x,; lat. isthm.
8-9'5/i; crass. 20/4. (PI. xv, tigs. 5, 6).

Hab.—Mansang, near Hsipaw (No, 24193).

The Arthrode&mm figured by Wolle in his 'Desmids U. S/ U84, pi. 23, fig. 22, 23, as a
variety of A. convergens with short aculei, is perhaps the nearest in general form "to the Burmese
plant, tu t the spines are a little longer. A. minor Turn. (Freshw. Alg. E. ludia, 1893, p. 234,
t. 11, *• 29) is possibly a small and rather more inflated form of the same plant.

Another closely allied species is A. hiatus Turn. (1. c. p. 134, t. 11, f. 34, 40; t. 82. f. 1)
which only differs in the more convex dorsal part of the semicells and the incurved spines.

124- AITTHUODESMUS MUCRONULATUS Nordst. Desm. Brasil. 1870, p. 232 t 4
f. 58. ' ' *

Forma minor, apicibus seinicellularum paullo depressis.

Long. 16/4; lat. sine spin. 21^, cum spin. 26*5^; lat. isthro. 6^.

Hah—Mansang, near Hsipaw (No. 24193).

Genus: Staurastrum Meyen.

125. STAURASTRUM APICULATUM Br£b. Liste Desm. 1856, p. 142 t 1 f 23
Long, cum apic. 19*5^; lat. 19*5/*; lat. isthm. 7^.

.—Mansang, near Hsipaw (No. 24193).
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126. STAURASTRUM MUCRONATUM Ralfs in Ann. Mag. Nat. Hist. 1845, p. 152,
t. 10, f. V 6 ; W. & G. S. West, Alg. N. Ireland, 1902, p. 44,
t. 2, f. 31.

Var. SUBTRIANGULARE W. & G. S. West, Scott. Freshw. Plankton, i, 1903,
p. 545, t. 17, f. 11.

Long. 26-33-5/*; lat. sine spin. 29-36*5, cum spin. 34-5-41/*; lat. isthm.
6-10/.. (PI. xv, fig. 20).

Sab.—Mansang, near Hsipaw (No. 24193). In the Kan-gyi at Mudon
(No. 24505),

127. STAURASTRUM LBPTODERMUM Lund. Desm. Suec. 1871, p. 58 t. 3 f. 26.

Var. JKAPO^E (Schmidle) nob.

St. Ikapoce Schmidle, Alg. aus Nyassa-See, 1903, p. 74, t. 2, f. 11.
The Hesmid described by Schmidle under the name of St. Ikapoce is only a variety of St.

Ieptodermum% Lund, with the angles less produced, and with the spines distinctly larger and more
upwardly directed. The cell-wall is also punctate.

Forma cellulis paullo angustioribus, spinis interdum paullo ininoribus.

Long, sine spin. 40-42/*, cum spin. 50-54/*; lat. 31-33/*; lat. isthm. 14'5-16/x.

(PL xvi, fig. 8).

Sab.—Mansang, near Hsipaw (No. 24193).

128. STAURASTRUM UNGUIFERUM Turn. Freshw. Alg. E. India, 1893, p, 130,
t. 15, f. 18.

Var. INERME (Turn.) nob.

St. %nerme Turn. 1. c. p. 131, t. 17, f. 8.

Long. 52/s lat. max. 26—28/*; lat. isthm. 17/*. (PI. xvi, fig. 11).

Sab.—Mansang, near Hsipaw (No. 24193).

St. inerme Turn, can only be differentiated from St. unguiferum by the absence of the short
terminal spines, and is therefore best regarded as var. inerme of that species.

The specimens observed from Burma are not exactly like the description and figure given by
Turner of his Indian forms. The sides of the semioells are straighter, and . towards the base are
very faintly retuse. /The upwardly directed angles are somewhat thickened and slightly incurved
over the apex of the semicells as in St. unguiferum forma major Turn. \

St. unguiferum var. inerme is very closely allied to St. corniculatum Lund., but is proportionately
narrower, with the angles more produced and less spreading. It is also interesting to note the
existence of a spinate form of St. corniculatum—St. corniculatum var. spinigerum West—which occurs in
Europe and Australia.

129. STAURASTRUM UNICORNE Turn. Freshw. Alg. E. India, 1893, p. 107, t. 15,
f. 16.

Var. CEYLANICUM W. & G. S. West, Freshw. Alg. (Ceylon, 1902, p. 176
t. 21, f. 16, 17.

Forma spinis rectis extrorsum divergentibus.

Long, sine spin. 30/*, cum spin. 35-38/*; lat. eine spin, 29-31/*, cum spin. 44-49 •
lat. isthm. 5*4/* (PI. xvi, fig. 2).
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Hal.—Mansang, near Hsipaw (No. 24193).

_ St. unicorne is a very variable species of which there are five described varieties. Turner state*,
in his description of St. unicorne that the spine at the extremity of each angle may be curved
straight convergent or divergent. In the specimens of St. unicorne var. ceylaMcum described from
Ceylon the terminal spines were curved and slightly convergent

130. STAURASTRUM CUSPIDATCJM Bre"b. in Menegh. Synops. Desm 1840 n 22fi .

Ralfs, Brit . Desm. 1848, p. 122, t. 21 , f. 1; t 33, f. l0

Hab.—Mansang, near Hsipaw (No. 24193).

131 . STAURASTRTJM PRAINI I sp. n. (PI. xvi, fig. 10)

St. magnum, circiter tarn longum quain latum, profunde con^trictum sinu
angusto apicem versus dexnde extrorsum valde a m p l iato; semicellul* transver e sub
elliptic*, apxce late truncate (interdum levissime retuso), angulis lateralibus ™«
ruamma parva intus excavata spinam brevem ferente; a vertice vis* triangular"
latenbus in medio retusis, angulis late rotundatis apice extreme snhit«r f i '
producto et spina brevi praBdito; membrana glabra. l l3Vlter

Long. 86-88, ; lat. sine spin. 73-90,, cum spin. 79-100,; ] a t . isthm. 2.6-28,
Bab.—Mansang, near Hsipaw (No. 24193).

This species differs from H. mojmculum Wolle and' St. magnum Well* i > •
wider, in the flattened apices and more inflated angles of the semi 11. proportionately
apical part of the sinus, and in the short spines which arise fro 86mi"Ce '"' m t b e m u c a narrower
angle. The inflated angles are most clearly seen iu the vertical vi & ™ projection at each

It should also be compared with St. conspicuurn W. & G S W

by its relatively longer cells with more inflated lateral angles,' each' .rOm, . ^ f 1 Jt is distinguished
short spine situated on the extremity of a hollow mamillate 1' r ° m ™ f u r n i s l l e ( i with a

projection. The cell-wall is also smooth
132. STADRASTEUM BIFIDUM Br^b. in Ralf s , Brit Desm i*u«

Desm. Suec. 1871, p. 62, t. 4, f. 2. ' P> 2 1 5 '

Long. 31-5,; lat. sine spin. 29-31,, cum spin. 48-56w • W
(PI. xvi, fig. 7). P * ° ^ > lat. 1 8 thm . n.5fi

Eab.—Mansang, near Hsipaw (No. 24193).

133. STAURASTRUM SUBTRIFURCATUM W & n Q W - „

1896, p. 258, t. W, f. 24. S- W e S t ' S o f f l e N- A-er. D c s m .

Var. MAJUS nob.

St. subtrifurcatum Schmidle, Ost-Afrika Besin. 1893
St. subtrifurcatum forma major W & Q- S W ' t# 3, f. lJ^

p. 295. " * * WeSt> not<« Alg. ii, 1 9 0 0 >

Var. major, semicellulae a fronte visse sin u apertior'
a vertice visas angulis subinflatis et acute Totnn^i^106 l e v i t e r r e t u s o J
(sed leviter retusis in medio). unaatis, lateribus subrectis

Long, sine spin. 58,, cuin spin. 84-86*5,; lat s i n e

105-108/*: Jat. isthm. 15,. (PI. xvi, fig. 15). ' ' 8 p m § 54~55'5,, Cum spin.

Eab.—Mansang, near Hsipaw (No. 24193).
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This variety differs from the type in the lower portion of the angles of the semicells being
prtxiuced, find also in the slight inflation of the angles. These features cause the vertical view to
differ considerably from that of the type. In the front view the apices of the semicells are slightly
retuse, and the sinus is also more open. We think Schmidle's fig. 17a (Ost-Afrika Desm. t. 3) is
somewhat oblique. Schmidle has also recorded this Desmid from the vicinity of Lake Nyassa, but
the figure he gives is of a form with shorter spines (vide Schmidle, Alg. aus Nyassa-See, 1903, p.
73, t. 2, f. 8).

Schmidle also remarks that St. tridens-Neptuni W. & G. S. West (Welw. Afric Freshw. Alg.
1897, p. 177, t. 36, f. 7) should be placed as a from of St. mblrifurcatum, but we distinguished
it from the latter species at the time of its publication. In St. tridens-Neptuni the three spines
at each angle of the semicells are situated vertically over one another in one plane, and are shorter
and stouter. , Moreover, *the vertical view is pentagonal with acute angles.

In the same paper Schmidle describes a "forma bidens" of St. subtrifurcatum, and this has since
been recorded from Java by Gutwinski. It seems to us, however, that the " forma bidens" is much
more nearly akin to St. longispinum (Bail.) Arch, than to St. subtrifnrcatum. The form of the
vertical view and the presence of oniy two long spines at each angle, which are vertically disposed
one over the other, lend strong support to this view.

134. STAURASTRUM DISPARATUM sp. n. (PL xvi , f ig. 5).

St. mediocre, paullo longius quam latum (sine spinis), profunde eonstrictum, sinu
valde aperto et rectangulari; senricellulse late triangulares, marginibus inferioribus
rectis vel subrectie, apice levissime retuso (subrecto), angulis leviter bilobatis, lobo
inferioii spina valida loDga subdivergenti instructo, lobo superiori spinis binis multe
minoribus horizontaliter dispositis instructo; a vertice viese triangulares, lateribus
levissiine retusis (subrectis), angulis in spinos validos longos productis, intra angulum
unurnquemque spinis binis parvis prope basin spinae validae; membrana glabra.

Long, sine^ spinis 33//,; lat. sine spinis 27-29/*; cum spin. 52*5-6 /*; Jat. isthm.
8-6,,.

Hal. Mansang, near Hsipaw (No. 24193).
This species approaches St. Irecmanii var triquetrum W. & G. S. West (Freshw. Alg. Ceylon,

1902, p. 177, t. 21, f. 22), but is easily distinguished by the large simple aculei at each angle,
by the triangular semicells, and by the rectangular sinus. The three pairs of small spines at
the apex of each semicell are also situated much nearer the angles; they are shorter than those
of St. Freemanti, much less divergent, and in the vertical view they do not project beyond the
margin.

135. STAURASTUUM MANSANGENSE sp. n. (PI xvi fig. 4).

St. parvum, circiter tarn longum quam latum, profunde constrictum, sinu
acutangulo et aperto angustiori ad apicem: semicellulae rabtrapezoideae (vel late
truncato-pyramidatae), lateribus et apice leviter convexis, angulis basalibus et superi-
oribuK verruca emarginata prseditis, cum verruca emarginata ad medium marginis
lateralis uniuscujusque, etiam verrucis emarginatis duobus juxta et infra marginem
apicalem: a vertice vis-ae triangulares, lateribus leviter convexis, angulis in verrucam
emarginatam subiter productis, serie verrucarum emarginatarum 4 intra marginem
lateralem unumquemque et spinis minutis geminatis prope angulum unumquemque
utrobique.

Long. 26/*; lat. 24-5^ ; lat isthm. 7'5/*.

Hab.—Mansang, near Hsipaw (No. 24193).
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This species closely resembles St. subrnonUculomm Eoy & Biss. (Jap. Desm. 1886, p. 238,
t. 268, f. 7) in the arrangement of its emarginate warts and in the form of the vertical vi'ow.
It differs in the trapezoid semioells, the widest part of which is at the base, in the straighter
sides of the narrower sinus, and in the presence of two pairs of minute spines on each lateral
margin of the vertical view. The four warts forming a chain across the dorsal part of the
semicells from angle to angle are bispinate in St. 8ubmontioulosumy but they are only emarginate
in 8t. Mansangense.

136. STAURASTRUM BURKILLII sp. n. (PI. xvi, fig. 3).

St. magnum, rotundato-ellipticum, circiter 1 -̂plo longius quam latum, profunde
constrictum, sinu valde aperto (late ovato) apicem versus late conico ad partem
exteriorem contracto; semicellulas elliptico-subsemicirculares, ventee convexo maraine
exteriori semicirculari cum undulis depressis 7, angulis basalibus t in ' mamillos
rotundato-conicos deorsum productis; a vertice visae triangdares, lateribus leviter
concavis, angulis latissime rotundatis in medio cum incisione profunda et aperta •
membrana dense scrobiculata et ad angulos subincrassata. '

Long. 113/*; lat. 96-99^; lat. isthm. 36/*.

Sab. Mansang, near Hsipaw (No, 24193).

This handsome Staurastrum is related to St. Zahlbruckneri Lutkem. (Desm. Central China 1900
p. 125, t. 6, f, 41-43), but is at once distinguished by its extraordinary sinus, the deeply cleft
angles, the undulate margin of its semicells, and the concave sides of the vertical view Lutk
miiller's species was described from the Ningpo Mountains in Central China and ' f °"
var. mamiUatum—h** been found in Siam (vide W. & G. S. West, F reshwa /ch lo roDhJ^ 1 ^ °n, ̂ ~
1901, p. 94, t. 3, f. 35-37). This variety is principally distinguished by L w S L f a 5
bimamUlate angles, and in a sense it stands intermediate between typical 8t 7 Mh
St. Burkillii. In the latter the angles of the semicells are still more deeply' cleft th I "^
being particularly evident in the vertical view, in which the broad angles possess " i r T
deep median notch. It is, however, the sinus, at first widely onen «m/i ^ .- „ r e l a t l v e l y
which gives the distinguishing aspect to St. Burkillii. P t h < m p a r t i a l l y c lo8ed>

137. STAURASTKUM PUNCTULATUM Br6b. in Ralf's Brit. Desm 1848

Long. 28-32/s lat. 23-26^; lat. isthm. 9//,.

Hal.—In springs on the river bank at Bhamo (No. 21501).

138. STAURASTRUM DILATATUM Ehrenb. Infus. 1838, p 143 e l f t

Brit. Desm. 184,8, p. 133, t. 21, f. 8. ' ' ' * 1 3 ; R a l f s

Var. OBTUSILOBUM Be Not. Desm. Ital. 1867, p 5g t 4 f
Freshw. Alg. N. Zeal. 1888, p. 41, t. 4, f. 19.° ' ' ' 4 7 ; Nor<*st.

Long. 24-5/t; lat. 25-27^; lat. isthm. 7'5/x.

Hal.—Momank, east of Bhamo (No. 21551).

139. STAURASTRUM RETUSUM Turn. Freshw. AI2 F Tnri-
f. 13. ' ^ 1 8 9 3 ' P- 104, t. 13,

& G U t " N O n a ^ A1 N 1894,

Long. 20^; lat. 20M; lat. 7'5/x, (PI. x v , fig. 30-32).
Hal.—Mansang, near Hsipaw (No. 24191).
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This variety varies very much in the form of the semicells. The Burmese specimens are less
pylamidate, with convex sides, and the apices are broader and less retuse (PL xv, fig. 30).
We also figure for comparison some examples from Ceylon which show considerable variation in the
form of the semicell. We have previously mentioned that the "var. punctulatum" probably differs
in no way from Turner's St. retmum, as all the tropical forms of this species which have since
been found are punctulate, and Turner himself was very doubtful concerning the point.

140. STAURASTRUM L^EVISPINUM Biss. Desm. Windermere, 1884, p. 195, t. 5, f. 5.

Var. TROPICUM var. n. (PI. xvi, fig. I).

Cellulae subduplo latiores quam longae (cum processibus), corpore seraicellularum
depresso-globoso, sinu acutangulo levissime acuminato ad apicem, processibus leviter
crassioribus; semicellulse a vertice visae 4 radiatse.

Long, sine proc. 20/*; cum proc. 25/*; lat. cum proc. 36-39/*; lat. isthm. 9*5/*.

Hal.—Mansang, near Hsipaw (No. 24193).

141. 'STAURASTRUM AVICULA Br^b. in Ralfs, Brit. Desm. 1848, t. 23, f. 11.

Var. ROTUNDATUM var. n. (PI. xv, fig. 25).

Cellulse 1^-plo longiores quam late, angulis rotundatioribus cum spinis distinctis
binis instructis; membrana irregulariter granulata.

Long. 3 7 # 5 - 3 9 A S lat. sine spin. 31-36/*; cum spin. 38-44/*; lat. isthm. 9*5/*.

Hal.—Mansang, near Hsipaw (No. 24193).

The relative proportions and the rounded angles of the semicells characterise this variety. It is
granulate almost as in var. subarcuatum (Wolle) West.

142. STAURASTRUM PROTECTUM sp. n. (PI. xvi, fig. 12).

St. submediocre, psene duplo latius quam longum (cum processibusJ, profunde

constrictum, sinu valde aperto; semicellulse late subtriangulares, marginibus inferioribus

subrectis, apice leviter convexo, angulis in processus validos sublongos sursum diver-

gentes subglabros (sparse et delicatissime punctatos) productis, apicibus processuum

spinis longis duobus praeditis; apicibus semicellularum verrucis parvis bidenticulatis

circiter 4 et verrucis iis siinilibus 2 infra apicem ornatis; a vertice visas triangu-

lares7 lateribus subrectis, angulis in processus validos productis, verrucis parvis bidenti-

culatis duobus ad medium martinis lateralis uniuscuj usque et cum annulo verrucarum

6 intra margines Ss similium.

Long, sine proc. 25/*, cum proc. 46/*; lat. cum proc. 66/*; lat. isthm. 8*5/^

Hal.—Mansang, near Hsipaw (No. 24193).

This species is nearest to St. arcuatum Nordst. (Norges Desm. 1873, p. 36, t. 1, f. 18)
but differs in the longer processes, which are furnished with a terminal pair of much longer and
more slender spines, in the ring of six apical warts (which are small and bidenticulate—not
bifurcate processes as in Si. arcuatum), and in the possession of a pair of small bidenticulate warts
at the middle of each side of the vertical view. There are thus twelve bidenticulate warts on each
semicell, a ring of six apical ones and three pairs of lateral ones. The processes are smooth in
outline, but exhibit a few scattered punctulations.

Wolle has figured a Staurastrum (Desmids TJ. S. 1884, t. 46, fig. 13 and 14) under the name of
St. arcuatum which somewhat resembles St. protectum, but his figure is not very good. If Wolle's vertical
view is correct, his plant agrees with St. protectum in the possession of a number of lateral bispinulate
warts, but in outward from and in other characters the two are very different from each other.

ANN. ROY. BOT. GARD. CALCUTTA VOL. VI.
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St. eyattoide, Josh. (Burmese Desm. 1886, p. 642, t. 23, figs. 22, 23) may possibly be
related to St. protectum by reason of the form of the vertical v*w, but it is destitute of the
Diaenticulate warts, and the front view is very different in shape.

143. STAURASTRUM SUBGEMMULATUM W. & G. S. West, Alg. Madag. 1895, p. 76
t. 8, f. 34.

Var. GKACILIUS W. & G. S. West, 1. c. t. 8, f. 35.

Forma minor, cum annulis duobus granulorum circa processus unamquemque.

Long. 26*5//,; lat. cu<n proc. 29-3 ip.

Hab.—Mansang, near Hsipaw (No. 24193).

144. STAURASTRUM HEXACERUM (Ehrenb.) Wittr. Gotl. 01. Sotv. Alg. 1872
Desmidium hcxaceros Ehrenb., 1838. " } ^'

Staurastrum tricorne (Br<5b.) Menegh. Synops. Desm. 1840, p 225- RM
Brit. Desm. 1848, p. 134, t. 22, f. 1 1 ; t. 34, f. 8a. '

Sab.—Momauk, east of Bhamo (No. 21551).

145. STAURASTRUM CALODERMUM sp. n. (PI. xv, fig% 26)

St. parvum, circiter tarn longum quam latum, leviter constrictum; semicelluW
ncudiformes, basi mflata cum senebus transversis tribus granulo ocmi^«"uiae

processus breves crassos productis, annulis 4 granulorum circa n™ U ° r U m ' a n g u h s in

annulo a d basin e granulis geminatis formatis, apicibus p r o c e Z m ^ ^ ^
apice semicellulaj leviter convexo et granulate; a vertice T tndenticulatw,

processibus cruciformes), angulis in processus crassos atTenuato 9 U a d f D g . u l a r e s ( c u m

Talde concavis, processibus cum nnnulis granulorum ornatis ( Pr°ttuctis, lateribus

e granulis geminatis formatis), cum annulo granulorum ffem!naL°n ^ s**™ p r o c e s s u u m

Long. 26, ; lat. (cum proc.) 26-32-6,; lat. isthm. 9 5 , & ^^
Ilab.—Mansang, near Hsipaw (No. 24193).

The only species approaohing St. calodermum is 8l basidentatum T*
1892, p. 8, t. 1, f. 5), but the former is distinguished by the inflatdh ^^ P i n m a ^ .
he deeply concave median part of the sides of the vertical view AT th& S e m i c e I ' s , by

granules at the apices of the semicells. ' a n a bv the ring of geminate

146. ST\URASTEUM CAPITELLATUM sp. n. (PI. xv g™ 2q\

St. parvum, circiter l f p l o latius quam longum (cum n r o h
strictum; semicellulse subtrapeziformes, marginibus inferiorib eS81bus)> leviter con-
latis, apice convexo et verrucoso (verrucis bidentioiilat;* C o n c a v i s e* leviter undu-
superioribus in processus breves crassos subcapitatos productis a *-h V1S1S a n S u l i s

denticulis minutis circ. 10 (visis 6), trans basin semioellular &P1C Pr°cessuum cum
granulorum minutorum; a vertice visse quadrangulares " ]at 'h* C U m S e r i e b u s duobus
processus crassos subcapitatos productis, verruca bidentic 1 + * US Concav*s> a»gulis in
utrobique et verruca emarginata minuta iutra basin nVnol * * S U p i a b a s i n processuum

Long. 29^; lat. 26-33M; lat. isthm. 9 . 5M. ^ ^ ^

Bab.—Mansang, near Hsipaw (No. 24193).

This species stands nearest to St. ceylanicum W. &. (J w

compared. ' West> with whioh it 8hould b©
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147. STAURASTRUM MONTICULOSIFORME sp. n. (PI. xv, fig. 33).

St. parvum, paullo latius quam. longum (cum processibus) profundissime con-
fitrictum, sinu aperto acuminato ad apicem; semicellulse subellipticae, margine inferiori
valde ventricoso, margine superiori convexo, angulis in processus breves et crassos horizontal-
iter dispositos productis, cum annulis circ. 3 granulorum circum processus unumquemque,
apicibus processuuui tridentieulatis, verrucis conicis duobus (distantibus) infra marginem
apicalem semicellularum; a vertice visas rhomboideo-ellipticse, polis in processus
breves et crassos productis, verrucis conicis binis infra basin processus uniuscujusque.

Long. 27>; lat. cum proc. 32/*; lat. isthm. 6/*; crass. 16/*.
Hab.—Mansang, near Hsipaw (No. 24193).

In the general outline of the front view this species closely resembles St. polymorphum Breb.,
but it is at onc& distinguished from that species by the rhomboidal character of the vertical view,
and by the four conical warts at the apex of each semicell.

From St. oxyacanthum Arch. var. bicnrne Lund. (Desm. Suec. 1871, p. 67) it differs in its
smaller size; its shorter horizontally-disposed processes, which are neither dentate-crenate at the
margin nor bifurcate at the apices, and in the conical apical warts in place of spines.

It should also be compared with St. monticulosum Breb. var. rhomboideiim Boldt (Siber.
Chlorophy, 1885, p. 119, t, 6, 1 38), from which it differs in its longer processes, which are
granulate and tridenticulate at the apices. The conical warts do not project above the apex of the
semicells of St. monticulotiforme, whereas the corresponding dentate projections of St. monticulosur/i,
always stand out prominently.

148. STAURASTRUM TETRACERUM Ralfs, 1 8 4 5 ; Brit. Desm, 1848, p . -137, t . 23,

f. 7.

Var. TRfGRANULATUM var. n. (PI. xv, fig. 19).

Semicellul.se cum processibus paullo brevioribus et validioribus, a vertice visas
lateribus trigranulatis.

Long, sine proc. 1(V; cum proc. 19-21/*; lat. sine proc. 7*5-8*5/*, cum proc.
22-24^; lat. isthm. 4-2/*; crass. 5'8-6^.

Hab.—Mansang, near Hsipaw (No. 24193).
This variety differs from St. tetracerum lialfs var. undulatum W. & G. S. West (Alg. Madag.,

1895, p. 80, t. 9, f. 6> in the proportionately longer body of the semicelle, and in the three median granules
on each side of the vertical view. It somewhat resembles St. irregulare W. & G. S. West. (New Brit.
Freshw. Alg 1894, p.* 12, t. 2, f. 49, 50), but the basal part of the semicells is too rounded and the
central wart is absent.

149. STAURASTRUM GYRATUM sp. n. (PI. xv, fig. 27).

St. minutum, 2^-plo latius quain longum (cum processibus), modice constrictum;
semicellulse subtriangulares, lateribus et apice leviter convexis, angulis superioribus in
processus longos tenuissimos horizontaliter dispositos subiter productis, marginibus
processuum delicatissime serrato-crenulatse, apicibus processuum minutissime tridenti-
culatis; a vertice visae triangulares, lateribus leviter convexis, angulis in processus
longos rectos productis, proceseibus oblique dispositis e angulo unoquoque; membrana
glabra.

Long. 12/*; lat. sine proc. 9-5^, cum proc. 27#5-28#5/*; lat. isthm. 4/*.

Hab. -Mansang, near Hsipaw (No. 24193).



2 2 0 FRESH-WATER ALGiE FROM BURMA.

This tiny species is characterized by the minutely serrato-crenate processes, which are horizontal
in the front view, but are obliquely disposed in the vertical view. Seejo. from the apex the semicell
is triangular, with three straight processes, one margin of each process being a direct continuation
of one of the three sides.

It is perhaps nearest to St. tenuissimum W. & Gk S. West (Alg. Madag. 1895, p. 78 t 8
f. 43), but is distinguished by the horizontal position of the processes in the front view, by «• their
oblique arrangement in the vertical view, and by the more minute crenulation of their mar ins

150. STAURASTKUM BICORONATUM Johnson, Rare Desm. U S i 1894 9QO
211, f. 9. • • •> i P- ^ v , t.

Forma processibus paullo longioribus et angustioribus.
Long. 18-19/*; lat. cum proc. 27-32/*; lat. isthm. 6'7/x.

J.—Mansang, near Hsipaw (No. 24193).

t t l e horizontally
h e 8e iuice l18- It

151. STAURASTRUM PARALLELUM sp. n.

St. parvum, circiter 2 -2 fp lo latins quam longum (cum DrOce8sibus) leviter
constrictum; semicellulae subquadratae, anguhs basalibus levissimp ^ n j *• J

. ., • i . i • wiooAuie lotunaatis, ans-nlis
supenonbus in processus longos rectos honzontaliter dispositos productis m ' -K
processuum serrato-dentatis, apicibus processuutn tridenticulatis, apice semicellul 1 **
ato et late truncato-retuso; a vertice visas triangulares, laterihm w* U * ~

,. i J J.- . ., ' «»<>eiiuus leviter concavn
anguhs in processus longos productis, marginibus processuum denticulatis
magna truncato-emarginata intra marginem lateralem unumquem 'S' CUm V e t r U C a

lorum 10 circa basin semicellularum. l q u e ; a n nulo granu-
Long. 17M; lat. sine proc. circiter 7*6 ,̂ cum proc. 32-5-37 • 1
iT^.—Mansang, near Hsipaw (No. 24193). M' a ' 3Sthm* 5'5fl-
This Staurastrum is characterized by the elevated apex of th

disposed, serrate-dentate processes, and by the ring of granules round ?!"U'C6 ' ^
does not appear to be very closely related to any other described species & Ot

152. STAUEASTBUM SUBINDENTATUM sp. n . (pi. X V j f i 2 J

St. subparvum, duplo latius quam longum (cum p r o -u
constrictum; semicellulae quadrato-trapeziformes, verruca bigramdatT a' - 8 U b p r o f a n d e
incisura subprofunda et aperta supra verrucam bigranulatam a n ^ 1 b&Sln u t r o b ique,
processus longos levissime et gracile incurvatos productis \^ - 8Uper ior ibU8 in
minute et acute nodulosis, apicibus processuum tridetiticulatis a

mf1>glnibus Processuum
elevato spinis parvis 4-5 prsedito (spinis s s ep e gemioatis); a ^ J 8emic«Hulae leviter
corpore late elliptico, polis in processus longos acute nodulosos ^ ^ b i r a d i a t « ,
utis 4-5 (plerumque geminatis) intra marginem lateralem copporia ^ S p i n i s m i n "

Long. 30-31M; lat. cum proc. 54-62,*; lat. isthm. 7-6-8 • " U t r ° b i q u e -
Hah—Mansang, near Hsipaw (No. 24193). ^' C*m' U»-
This species is nearest to St. indentatum W. & G. g^ w ,

1 8 6 t. 22, f. 10-12), but is distinguished in the front view by its
( Shw'. Alg. Ceylon, 1902

by its broader and more quadrate semioells, with differently arraneedPr°POrtlOnateIy heater breadth
the different character of the apex (which is elevated and furnished Ven%uoae at the sides and b'
also more slender, and their apices are tridenticulate. In t h e Verf ^ t h spines). The processes J
broadly elliptic (not globose), and the margins of the procesSe8 a r e ™" t h e ^7 of the semioell i8

I 0 U g h as « the front view
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It should also bo compared with Si. lepidum Borge (Trop. u. subtrop. Siissw. Ohlor. 1899, p.
30, t. 2, f. 45), from which, it differs in the verrucation of the semioell, and in the nature and
direction of the processes. In St. lepidum the margins of the processes are denticulate in front view
and smooth in the vertical view, whereas in St. subindentatum the processes are nodulose, each nodulation
being equally developed all round the process. On the apices of St. lepidum are four prominent
teeth ,forming the corners of an elevated area, and very conspicuous at the sides of the vertical view
but in St. subindentatum there are no corresponding teeth on the elevated apex.

153. STAURASTRUM COMPSOBRACHIATUNT sp. n. (PL xv., figs. 23 , 24).

St. subparvum, circiter l|-plo latius quam loneum, modice constrictum; semicellulae
campanulatae angustae sed inflatae ad basin, parte superiori marginum lateralum late
divergenti, oapice convexo, angulis superioribus in processus longos et gracile recurvatos
(primum horizontaliter dispositos, turn valde incurvatos apice extrorsum curvato) pro-
ductis, marginibus processuum minute crenulatis, apicibus processuum minute bispinatis,
cum denticulis minutis ad basin processuum (plerumque denticulis 2 inferne et uno
superne); c a vertice visse ellipticse, polis in processus longos productis, tumore magno
truncato ,ad medium utrobique, marginibus processuum minus crenulatis et apicibus
unispinatis (ut visis); membrana glabra.

Long 35-36/*; lat. cum proc. 50-57#5/*; lat. isthm 4*2-5#6/*; lat. bas. semicell.
7'2-9/*; cross. 13/*.

Hob.—In the Kan-gyi at Mudon (No. 24505).
This pretty little Staurastrnm was observed in abundance, and does not appear to be closely

allied to any other species. It is readily distinguished by the graceful curvature of the processes
which are at first horizontal, then strongly incurved with the apices turned outwards. The margins of
each process are minutely crenulate, and the apex is furnished with a pair of small spines asymmetri-
cally disposed. The small denticulations, above and below, at the bases of the processes, were
preseut on all >the specimens examined. The large truncate protuberances in the middle of the
upper part of semieells are also very characteristic.

154. STAURASTRUM GRACILE Ralfs, Brit. Desm. 1848, p. 136, t. 22, f. 12.

Var. VERRTTOOSUM W. & G. S. West, Alg. Madag. 1895, p. 77, t. 9, f. 1.

Lat. cum. proc. 80 fi.

Hab.—Mansang, near Hsipaw (No. 24l9o).

155. STAURASTRUM SONTHALIANUM Turn. FresW. Alg. E. India, 1893f p. 124,

t. 14,'f. 27.

Forma ad basin semicellularum glabra (sine verrucis).

Long. 39/*; lat. cum proc. 61-69/*; isthm. 12-5/* (PI . xvi, fig. 6).

Hab.—Mansang, near Hsipaw (No. 24193).
Turner figures the prooesses in the vertical view with smooth margins, but we do not find this

to be the case.

156. STAURASTRUM SEBALDI Reinsch, 1867; Algenfl. Frank. 1867, p. 175, t. 11( f. 1.

Forma ORIENTALIS.

Forma minor, marginibus inferioribus semicellularum undulatis.
Long. 45/*; lat. cum proc. 53-56/*; lat. isthm. 17M (PL xvi, fig. 9).
Hab.—Mansang, near Hsipaw (No. 24193).
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The figure given by Reinsch of St. Sebaldi is a very poor one, the front and vertical views
of which do not correspond. The vertical view appears to us to be tha more accurate. In addition
to the row of emarginate warts along the three sides of the apex of St. Sebaldi, there is also a
row of stout spines below them, which are somewhat variable in size and character.

Another species closely allied to St. Sebaldi is St. Manfeldtii Delp. (Desm. Subalp. 1877, p. 64,
t. 13, f. 6-19; W. & G. S West, Alg. N. Ireland, 1902, p. 56, t. 1, f. 29; Alg. Orkneys and'Shet-
lands, 1905, p. 27, t. 2, f. 26), but the latter differs in the relatively smaller body of the semicells, the
more slender processes, and in the absence of the rows of stout spines beneath the emarginate warts.

The specimens observed from Burma were smaller than Reinsoh's original examples, and the
margins of the basal part of the semicells were undulate, but in other respects they agreed with
what we have always regarded as St. Sebaldi Reinsch.

157. STAURASTRUM ZONATUM Borgesen, Desm. Brasil, 18JJ0, p. 46, t. 5, f. 48.

Var. PRODUCTUM var. n. (PI xvi, fig. 14).

Var. processibus duplo longioribus, apicibus semicellularum minus elevatis
(subtruncatis) et glabris.

Long, sine proc. 30-3V, cum proc. 44-46,*; lat. sine proc. 15-5-17,*, cum
proc. 52-56,/,; lat. isthm. 11,/,.

Ilab.—In the Kan-gyi at Mudon (No. 24505.)

In this variety the processes of one semicell alternate with those of the other. The len th
of the processes is considerably greater than in any other forms of 8t. zonatum. ' S

158. STAURASTRUM LIMNETICUM Schmidle. Ost-Africa Desm. 1898, p. 52 t 4 f 5

Var. BURMENSE var. n. (PL xvi, fig. 13).

St. mediocre, circiter l-|-plo latius quam longum cum processibus, profunde con
strictum, sinu valde aperto apiculato ad apicem ; semicellul* late cuneato. apice valde
elevato et subtruncato aagohs in p r o c e s s longos denticulatos (process^ u L q u i s q u e

annulis trxbus vel quattuor denticulorum pr«ditis) regulariter et sursum curvatos rao
ductis, apicibus processuum conspicue trispinatis; a v ertice visa. 5-radiate e J L "
parvo angulis in p r o c e s s longos trispinatos productis; processibus alterius s e m i c e u Z
cum us alterius alternantibus. *«mii,«Araias

Long, sine proc. 31-32,,, cum proc. 54-58 M; lat. sine proc chv 17
7 7 - 9 2 / , ; lat. isthm. 7-5-8-5 ,. ' P ^ C U C ' l7^ c u m P ~ c .

Jlab.--Ir± the Kan-gyi at Mudon (No. 24505).

Joshua (Burmese Desm. 1886, p. 643, t. 24, f. 1, 2) describes a species frn T*
the name of St. platycerum, the vertical view of which resembles that oE St V ma u n d e r

but the processes are stouter and the body rather larger. Joshua's desoriptio IT? ^ Bwmm%>
imperfect, and if his fig. 1 on pi. 24 represents the front view of St plat"1 -^ *** VQVJ

of a caricature. St. limneticum var. Burmense occurred abundantly, and ito^T"™ ^ ^ ^ m U c h

form of the semicells with their elevated apices, and the direction of curva^ 8 g a n ° e °f a s P e o t , the
distinguish it from St. platycerum. a U r o of t l l e processes at once

St. limneticum var. Burmense also resembles St. stellinum, Turn tV

p. 119, t. 15, f. 6), but the form of the semicells is quite' different and I' ^ E' I n d i a ' 1 8 9 3 '
and upwardly curved. Moreover, the processes are furnished with th ° Processes are gracefully
dentioulations, and are not irregularly and minutely undulate as in St °* ^ r i n g S °f c o n 8 P i c u o u s

peculiar marks present at the base of the semicells of the Wfo # %tel^num Turn., nor are the
L . Burmense. ' ^ S ^ ^ found i n « . limnetkum
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It should also be compared with typical St. limneticum Schmidle (1. c) , from which it is dis-
tinguished by the different form of the semicells, and by the different nature of the more elegantly
curved processes. In St. limneticum the processes are smooth on their upper surfaces, but possess
numerous denticulations on their lower surfaces, whereas in the var. Burmense the denticulations
consist of three or four definite and distinct rings, with four denticulations in each ring. The
apices of the processes are also armed with three much longer spines.

Compare also with St. limneticum Schmidle var. aculeatum Lemm. (Planktonalgen, 1899, p. 344,
t. 1, f. 10, 11), a variety of Schmidle's species obtained from the plankton of Lake Wakatipu,
New Zealand. This variety approaches very closely the var. Burmeme. The latter differs, however,
in the more elevated apices of the semicells, and in the fewer and more distantly placed rings of
denticulations on the processes. In specimens of var. aculeatum recently examined from the plankton
of Victoria Nyanza, the denticulations ("aculei") on the prooess were much more numerous than in
var. Burmeme and were to a certain extent irregularly scattered.

159. STAURASTRUM TAUPHORUM W. & G. S. West, Freshw, Alg. Ceylon, 1902, p.
191, t. 22, f. 23-25.

Forma* BURMENSE. (Pl# XV, fig. 28).

Forma processibus magnis longioribus, processibus parvis profunde bifurcatis (T—
formatis) ad basin semicellularum minoribus.

Long. 62/*; lat. cum proc. 115-123/u; lat. isthm. 7/*.

Hab—ln the Kan-gyi at Mudon (No. 24505).

160. STAURASTRUM DISTENTUM Wolle, 1882; Desm. U. S. 1884, p. 149, t. 41
f. 15, 16 (figures erroneous); W. & G. S. West, Some Desm. U. S. 1898
p. 316, fig. xylogr. 6tf-/ (p. 315).

Long. 23-24/,; lat. 32-35/*.

Hal.—Maiisang, near Hsipaw (No. 24193).

The forms observed from Burma possessed rather stouter processes, and the three small spines
at their apices were a little more divergent.

The Desmid recently described from Brazil by Borge as St. mbpolymorphum (Borge, Alg. erst.
Eegnell. Exped., ii. Desmid. 1903, p. 107, t. 4, f. 13) is a very close ally of St. dtstentum
"Wolle; in fact it can scarcely be separated from it. Another very closely allied species is St. Enghri
Schmidle (Ost-Afrika Desmid. 1898, p. 56, t. 4, f. 13).

161. STAURAST&UM QUADRICORNUTUM R o y & Biss. J a p . Desm. 1886, p . 940, t. 268,

f. 4.

Long, sine proc. 17//,, cum proc. 31/x; lat. sine proc. 15/*, cum proc. 30/u j lat .
isthm. 6-5//,.

Hob.—Mansang, near Hsipaw (No. 24193).

162. STAURASTRUM HANTZSCHTI Reinsch, 1867.

Var. CONGRUUM (Racib.) W. & G, S. West, Some N. Amer. Desm. 1896
p. 257, t. 16, f. 15. ' '

St. Renardi Reinsch var. congruum Racib., 1889.
St. Hantzschii var. depauperatum Gutw,, 1892.
St. intricatum Delp. (in parte).

A H N . ROYI BOT. GARD. CALCUTTA VOL. VI.
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Long, sine proc. 36/*, cum proc. 44/4; lat. sine proc. 26/*, cum proc. 38/*;
lat. isthm. 1-1*5̂ .

Bab.—Mansang, near Hsipaw (No. 24193).

163. STAURASTRUM LEPTACANTHUM Nordst. Desm. Brasil. 1869, p. 229, t. 4, f. 46.
Long, sine proc. 34/*, cum proc. 86/4; lat. sine proc. 22/*, cum proc.' 82/*;

lat. isthm. 11*5/*.
. In the Kan-gyi at Mudon (No. 24505); abundant.

164. STAURASTRUM SEXANGULARE (Buln.) Rabenh. Krypt. Fl. Sachs. 1863, p. 621;
Lund. Desm. Suec. 1871, p. 71, t. 4, f. 9.

Didymocladon sexangularis Buln. in Hedwigia, 1861, p. 51, t. 9A, f. 1.

Var. BIDENTATUM GUTW. Alg. Ins. Java, 1902, p. 606, t. 40 f. 63
Forma cum denticulis prope basin processuum non bidentatis; etiam cum verrucis

emarginatis ad apicem inter processus distinctis. Characteribus ceterie ut a cl.
Gutwinski descriptis.

Long, sine proc. 44/4, cum proc. 86-92/*; lat. sine proc. circiter 42/*, cum proc
104-107,*; lat. isthm. 16/* (PI. xvi, fig. 16).

Hab.—Mansang, near Hsipaw (No. 24193).

The specimens examined from Burma possessed all the main features of Gutwinski's variet
BUch as the large size of the cells, the longer processes, and the more upwardly diverging superior
•whorl of processes, but they curiously did not possess the character from which he named his variet
The denticulations near the bases of the process were in no instances bidentate. Another rather
curious fact is the presence in the Burmese specimens of the emarginate warts on the apices of the
semicells and between the bases of the processes. These emarginate or bigranulate warts are a
feature of typical St. sexangulare and also of all the varieties we have examined, w%erea8 Gu
expressly states that they were absent from the specimens he examined from Java.

Genus: Onychonema Wallich.

165. ONYCHONEMA LJEVE Nordst. Desm. Brasil, 1869, p. 206, t. 3 f 34

Long. 16-17/4; lat. sine spin. 21-25/*., cum spin. 31-36-5/*: lat. 'isthm 6W

xii, fig- 8). ' "•
Sab.—Manaang, near Hsipaw (No. 24193).

Numerous spores were observed of a large form of this speoiea (long. 21-23/* • kt
28-30, cum spin. 41-44/4; diam. spor. cum spin. 23-26,*), but we are uncertain whe'ther
be regarded as zygospores or aplanospores. They were very similar to zygospores of
.hich'we have examined from the United States M , W. & G . S . W e s t e r n "N Am
1896, P, 232, t, 12, f, 16, 17), but possessed fewer spines. Never more thau two' s e t l l
observed attached to one of these spores, and always at opposite sides of the 2 T

166. ONYCHONEMA COMPACTUM sp. n. (PI. xii, n g s < 6> 7y

O. magnum, filis compactis non tortis; cellulae l j . p i 0 j ti '

p r ofundissime conatrict*, sinu perangusto-lineari ad extremum 1

Am IT



HYALOTHECA. 225

semicellulse transverse oblongo-trapeziformes, lateribus convexis sursum convergentibus,
angulis inferioribus rotundatis, angulis superioribus processus breves crassos 2 oblique
dispositos ferentibus, apice latissimo et recto, cum seriebus duobus punctorum (ssepe
indistinctis) trans semicellulam unamquemque; a vertice visas anguste ellipticae, ratione
axium circiter 1 X 2*5 ; a latere visae subcirculares.

Long. 20-23/*; lat. 27-29/* ; lat. isthm. 6-7/*; crass. 12/*; long. proc. apic. 2'8-3#2/4.
Hal.—Mansang, near Hsipaw (No. 24193).

This plant was very abundant from the above-mentioned locality, occurring in long filaments
which showed no signs of twisting. The cells are of a very characteristic shape, and no other species
of the genus possesses such a narrow, closed sinus. The apical connecting-processes, by reason of
their shortness and stoutness, are also unlike those of any other species, although they are slightly
subcapitate at the extremity.

The two transverse series of punctulations across the front of the semicelis, which are disposed
rather nearer the apex than the base, are sometimes difficult to detect, but they are probably present
in all specimens if carefully searched for.

Genus: Hyalotheca Kiitz.

167. HYALOTHECA DISSIUENS (Sm.) Br£b. in Ralfs' Brit. Desm. 1848, p. 51, t. 1,
f. 1.

Aplanosporse globosae et glabrae, intra cellulas singulas formatse.

Long. 16-17/*; lat. 26*5-30/i,; diam. aplanosp. 23-25/*; (PL xn, figs. 11-15).

Hab.—In springs on the river bank, Bhamo (No. 21501.)
Both the 'forma bidentula' and 'forma tridentula7 occurred in abundance, and the plants were

of great interest owing to the formation of aplanospores within the individual cells. Aplanospores
have been observed in Hyalotheca negleda Eacib. (vide W. & G. S. West, Obs. on Conj. 1898,
p. 54, t. 4, f. 23-27), in which species the dissociation of the filaments does not take place
until the spore-formation is almost oompleted, and the mother-cells do not ohange their shape or
increase in size. In the specimens of H. dissiliens observed from Burma, dissociation of the
filaments had taken place before the aplanospore-formation, exactly as it does previous to conjuga-
tion and the formation of zygospores. Shortly after the cells become free they begin to increase
in volume by a growth in length, ultimately becoming as long as broad. The chloroplasts soon
show signs of disintegration, and then the entire protoplasmic mass assumes a spherical shape,
becomes invested with a thick cell-wall, and forms a globular aplanospore. The increase in the
length of the cell is often unequal, resulting in an asymmetrical mother-cell.

168. HYALOTHECA BURMENSIS sp. n. (PL xn, figs. 1-4).

H. mediocre, filis non tortis, sine vagina mucosa; cellulse paullo latiores quam
longse, subquadratse, non constricts, lateribus subangulariter convexis, apicibus late
truncatis rectisque; a vertice visse circulares. Zygospone late oblongo-ellipticae,
marginibus irregulariter undulatis vel nodulosis prsecipue polos versus.

Long. 18-20 fi; lat. med. cell. 22//,; lat. apic. 19-20/x,; long, zygosp, 29" j
lat zygosp. 22-23/4.

Hab.—Mansang, near Hsipaw (No. 24193).

ANN. BOY. BOT. GTARD- CALCUTTA VOL. VI.
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The cells of this species are very little broader than long, and are widest in the middle. The
zygospores are very characteristic, being elliptic-oblong in general shape, and exhibiting various
irregularly-disposed protuberances.

169. HYALOTHECA MUCOSA (Dillw.) Ehreab., 1840; Ralfs, Brit. Desm., 1848, p. 53,
t. 1, I. Z.

Hab. —Mansang, near Hsipaw (No. 24193).

170. HYALOTHECA UNDULATA Nordst. in Wittr. & Nordst. Alg. Essie 1879 No 248 •

fasc. 21, 1889, p. 33. ' y' *0' Z™'

Long. 13-4-16-3/*; lat. 6-7-7'7M.

Hab.—Mansang, near Hsipaw (No. 24193).

Genus: Desmidium Ag.

171. DESMIDIUM SWARTZII Ag. 1824; Ralfs, Brit. Desm., 1848, p. 61 t 4,
Long. 15-5-17-5/*; lat. 28-31/*.

Hab.—Mansang, near Hsipaw (No. 24193).

172. DESMIDIUM APTOGONUM Brê b., 1836; Rabenh. Flor. Euron Al,, 1 9«o •••

p. 154. P' g* 1 8 6 8> U1>

Aptogonum Desmidium Ralfs, Brit. Desm., 1848, p. 64 t 32 f

Var. TETRAGONUM W. & G. S. West, Freshw. Alg. Ceylon, 1902,' p 193
? Aptogonum tetragonum Delp. Desm. subalp. 1878, p. 75, t# 3 f' 20* OQ

Long. 15'5-17-5/s lat. 25-31-5^. (PI. xn, f i g . 5). » • > • - .

Hab.—Mansang, near Hsipaw (No. 24193).

Genus: Gymnozyga Ehrenb.

173. GYMNOZYGA MONILIFORMIS Ehrenb., 1840.

Didymoprium Borreri Ralfs, 1845; Brit. Desm. 1848, p. 58 t 3

Hab.—In springs on the river bank, Bhamo (No. 21501).

Order: PROTOCOCCOIDEiE.

Family: CHAEACIE&

Genus: Characium A. Br.

174. CHARACIUM PYRIFOBME A. Br. Alg. unicell., 1855 n 4.0

Floi. Europ. Alg. iii, 1868, p. 88. ' P' U' n< 6> *• VB; Rabenh.

Long. cell. 27/t, cum stip. 40/*; lat. cell. 15/*.

Hab,—Mansang, near Hsipaw (No. 24193),
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Family: PLEUROCOCCACE&
Genus: Urococcus Kiitz.

175. UROCOCCUS TROPICUS sp. n. (PI. xi, figs. 17—21).
Cellulse vegetative magnae, subsphaericae, ellipsoideae, ovoideae, pyriformes vel

gubirregulares; membrana cellularum crassa et conspicue lamellosa, valde et excentrice
incrassata; cellulae paucse (usque ad 8) coloniain formantes, cellulis irregulariter dispositis
et stipitatis, stirpibus crassis irregularibus lamellosis et plus minusve confluentibus.
Chromatophoris valde, granulosis, cum pyrenoidibus 1 vel 2 inclusis.

Propagatio cellularum divisione in omnes directiones.

Long. cell. 19~36*5/*; lat. cell 13-33/*; crass, membr. cell. 3-6/*; diam. colon,
usque ad 158/*.

Hab—In the Kan-gyi at Mudon (No. 24505),
This Alga is characterized by the thick-walled cells, which are supported singly or in small

colonies by hyaline stalks. These stalks are gradually developed and are very firm. They are
conspicuously lamellose and more lees irregular at the margin. The cells multiply by division,
which may occur in any direction, but no colonies were observed consisting of more than eight
oells. The cells soon break away from the small colonies, and each proceeds by cell-division and
the growth of the tough hyaline stalks to build up a new colony (vide PL xi, figs. 17—19). The
stalks are colourless and very tough, and where a number of cells have been growing side by
side, they frequently coalesce at the base (PI. xi, fig. 21).

The plant stands nearest to Hormotila mucigena Borzi (Studi Algologici, i, Messina 1883), but
is distinguished by the much firmer integuments, which are never gelatinous, and by the larger
size and greater irregularity of the cells. The cell-walls are also very much thicker and more
evidently lamellose. The disposition of cells and their aggregation into colonies is also quite
different. Moreover, Urococcus tropicus is aquatic in habit, whereas Hormotila mucigena Borzi occurs
on wet rocks.

Zoogonidangia were not observed.
The chloroplast is large and very granular, almost entirely filling the interior of the cell, and

it contains one pyrenoid (or rarely two). None of the cells contained the red-bro.wn pigment
which is so characteristic of the other species of this genus.

Family: HYDBODIOTTAOEfi.
Genus: Pediastrum Meyen.

176. PEDIASTBUM TETRAS (Ehrenb.) Ralfs in Ann. Mag. Nat. Hist, xiv, 1884,
p. 469, t. 12, f. 4.

Micrasterias Tetras Ehrenb.
jjaj>9—Mansang, near Hsipaw (No. 24193). Between Tbingan-nyi-naung and

fiawkareik, in the side-channel of a stream, (No. 24483).

177. PEDIASTRUM BORYANUM Menegh. Synops. Desm., 1840, p. 210; Ralfs, Brit.
Desm., 1848, p. 187, t. 31, f. 9a.

Sab.—Mansang, near Hsipaw (No. 24193).
All the specimens observed were very rough.
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178. PEDIASTRUM DUPLEX Meyen.

P. pertusum Kiitz. Phyc. germ. 1843, p. 143 (in part).

P. Napoliensis Ralfs, Brit. Desna., 1848, p. 184, t. 31, f. 7.

Var. RETICULATUM Lagerh. Stockholms. Pediastr., etc., 1882, p. 56, t. 2 f. 1.
Hal.—In the Kan-gyi at Mudon (No. 24505).

Family: PROTOOOCCACE^ (or AUTOSPORAOEiE).

Genus: Coelastrum Nag.

179. CCELASTRUM CAMBRICUM Arch, in Quart. Journ. Micr. Sci. 1868, p. 65.

C. pulchrum Schmidle in Berichte Deutsch. Bot. Gesellsch, X, 1892, p. 206
f. 11, f. 1; Bohlin, Alg. erst. Regnell. Exped. I, Protococc., 1897 p 35*
t. 2, f. 4-10. *' '

jya$.—Mansang, near Hsipaw (No. 24193).

Burkillia: gen. nov.

Cellulae laxe aggregates coenobium subglobosum formantes; cellulis 8-16- ? in

ccenobio unoquoque associatis, globosis vel subglobosis (rare ovoideis); membrana
cellulae uniuscujusque valde et unilateraliter incrassata, cornu conicum acutum
leviter curvatum formante, cornibus cellularum omnium extrorsum directis-
chromatophoris . . . . ? Propagatio fit gonidiis sphairicis immobilibus 8-32 quse intra
cellulam matricalem oriuntur.

180. BUSKILLIA CORNUTA. sp. unica. (PI. XII, figs. 19-21).
Character idem ac generis.

Diam. cell. 13-18/*; long. corn. 7-17 /*; diam. coenob. 75-88/*- diam o-0 "d
2-7-4/,. ' ' & *

Hab.—Mansang, near Hsipaw (No. 24193).

The cells of this genus are loosely arranged to form a ccenobium of irore or les 1, •
shape, and each individual cell is furnished with a stout, conical horn, which arises from 8 P T n ° a l

base almost equal to the diameter of the cell. The horn is solid, and generally exhibits a \ •?
Indicative of the layers of which it is constructed. It gradually arises by a tbickenW f T *
wirfaee of the cell-wall directed to the outside of the colony. m=> ot that

Eeproduction takes place by the formation of 8-32 small gonidia within the
These are set free by the gradual dissolution of the mother-cell-wall, which becomes «1 T
this time the whole colony rapidly dissociates. The gonidia are non-motile, but their devl
was not observed.

A few instances were observed of what appeared to be a process of renrnH,,^- v ,
from the original mother-cell, but nothing definite could be ascertained from t h e — * 7 ^
One of these cells is figured on PI. XII, fig- 21. Pre«*ved examples.

The nearest genus to Burkillia is perhaps Schmidle's Lauterborniella (Schmidle B *t
Planktonalg, 1900, p. 149, t. 6, I 2, 3), m which the cambium consists of four lu i t e
cell possessing two horn-like spines.



SCENEDESMUS. 229

Genus: Scenedesmus Meyen.

181. SCENEDESMUS BIJUGATUS. (Turp.) Kiitz.

Achnanthes biyuga Turp.

8. quadricauda (Turp.) Br6b. var. ecornis (Ehrenb.) Ralfs.

JTaJ.—Momauk, east of Bhamo (No. 21551). Between Thingan-nyi-naung and
Kawkareik, in the side-channel of a stream (No. 24483).

182. SCENEDESMUS OBLIQUUS. (Turp.) Kiitz.

Achnanthes obliqua Turp.

8. acutus Meyen.

Sal.—In springs on the river bank, Bhamo (No. 21501). In the mountains east
of Kawkareik (No. 24450).

183. SCENEDESMUS INCRA3SATULUS. Bohlin, Alg. erst. Regnell. Exped. i, Protococc,

1897, p. 24, t. 1, f. 45-51.

Long. cell. 24-27/*; lat. cell. 6-7-7-8/*. (PI. xn, fig. 26).

Jfab.—In springs on the river bank, Bhamo (No. 21501).

184. SCENEDESMUS ACUTIFORMIS. Schroder, Alg. Versuchsteiche Schles. Fischereiw.
Trachenberg. 1897? p. 17, t. 1, f. 4.

Var. BRASILIENSIS (Bohlin) W. & G. S. West, Freshw. Alg. Ork. Shetl;

1905, p. 30.

8. > Brasiliensis Bohlin, Alg. erst. Regnell. Exped. i, Protococc. 1897,
p. 22, t. 1, f. 26, 27.

S. acutiformis Schroder var. spinuliferum W. & G. S. West, Freshw. Chlor.
Koh Chang, 1901, p. 98, t. 4, f. 46-49.

Long. cell, sine spin. 13/*; lat. cell. 3*8/*.

Hab.—In swamp, Katha (No. 22677). Between Thingan-nyi-naung and Kawkareik,
in the side-channel of a stream (No. 24483).

185. SCENEDESMUS DENTICULATUS Lagerh. Stockholms. Pediastr., etc., 1882, p. 61,
t. 2, f. 13-16.

Var. LINEARIS Hansg. in Archiv. Naturwiss. Lardesdurchf. Bohm. vi,

1888, No. 6, p. 268.

Hab.—Momauk, east of Bhamo (No, 21551) Mansang near Hsipaw (No. 24193),
Between Thingan-nyi-naung and Kawkareik, in the side-channel of a stream
(No. 24483).

186. SCENEDESMUS QUADRICAUDA (Turp.) Br£b. Alg. Falaise, 1835, p. 66.

Achnanthes quadricauda Turp., 1828.

Scenedesmus caudatus Corda, 1838.

b.—In the Kan-gyi at Mudon (No, 24505V
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Genus: Ankistrodesmus Corda.

187. ANKISTRODESMUS FALCATUS (Corda) Ralfs, Brit. Desm. 1848 p 180 t
34, f. 3«

Micrasterias jalcata Corda, Aim. de Carlsbad, 1835, p. 206 t 2 f 29

Ankistrodesmus fusiformis Corda 1. c, 1838, p. 196-198

Rhaphidium fasciculatum Kiitz. Phyc. germ. 1845, p. 144.

Rhaphidum polymorphum Fresen. var. falcatum Rabenh Flor F
Alg. iii, 1868, p. 45. ' * ° P '

Sab.—Banks and backwaters of the Irrawaddy at Bhamo (No. 21502") M
near Hsipaw (No. 24193); very large specimens. " x U^y

Var. ACICULARIS (A. Br.) G. S. West, Treatise Brit. Freshw. Alg. 1904
p. 223.

Rhaphidium aciculare A. Br., 1849.

Ankistrodesmus acutissimus Arch., 1862.

JEfeJ.—Momauk, east of Bhamo (No. 21551). Mansang, near Hsipaw (No. 24193)

188. ANKISTRODESMUS CONVOLUTUS (Rabenh.) G. S. West, Treatise Brit Fr

Rhaphidium convolutum Rabenh. Flor. Europ. Alg. iii J868
Ankistrodesmus convolutus Corda, 1838, =Euglena?) ' ' -n

Sab.—In springs on the river bank, Bhamo (No. 21501).

189. ANKISTRODESMUS QUATERNATUS sp. n. (PL xn, figs. 23-25^

Cellulse luuatse et subcrassae, diametro circiter 4-plo longiores 1'
chromatophoris magnis sine pyrenoidibus; cellulse quattuor coloniam maces* r r t U n d a t i S '
cellulis distantibus et regulariter ordinatis, marginibus concavis cellul a ? r m a n t e s>
directis; colonia a vertice visa cellulis cruciatim ordinatis. r U m l n t r o r s u n i

Long. cell. 23-24'5/x; lat. cell. 7-7*7/*.

Hab.—Mansang, near Hsipaw (No. 24193).

This species is characterized by the regular disposition of the four cells
by the lunate form of the cells, and by their obtuse apices. composing the colony,

Genus: Oocystis Nag.

190. OOCYSTIS SOLITARIA .Wittr. in Wittr. & Nordst Ala v •
fasc. 21, 1889, p. 22 cum fig. - * J X 8 1 C - 1879, No. 244;

# a j ._Mansang, near Hsipaw (No. 24193).

191. OOCYSTIS CRASSA Wittr. 1. c. 1880, No. 355; fasc 21 l «

Hab.—Mansang, near Hsipaw (No. 24193). " ' 8 8 9 ' P' 2 2 -
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Genus: Nephrocytium Nag.

192. NEPHROCYTIUM AGARDHIANUM Nag. Gatt. einz. Alg. 1849, p. 80, t. I l l C.

Hab.—Kyauktaga, Pegu District (No. 22124). Mansang, near Hsipaw (No. 24193).

Genus: Tetraedron Kiitz.

193. TETRAEDRON BIFURCATUM (Wille) Lagerh. Chlor. Abessin. u. Kordofan, 1893,
p. 160.

Polyidrium tetraedricum Nag. var. bifurcatum Wille, Sydamerik. Algfl. 1884,
p. 12, t. 1, f. 24.

Forma angulis submamillatis et spina minuta ornatis; membrana punctata.
Diam. 27-38/1. (PI. xii, fig. 22).

jBa#.—Mansang, near Hsipaw.

Genus: Ineffigiata W. & G. S. West.

[94. INEFFIGIATA NEGLECTA W. & G. S. West, Alg. S. England t897, p. 503;
Notes Alg. iii, 1903, p. 15 (sep.). t. 447, f. 1-6; G. S. West,' Treatise
Brit. Freshw. Alg. 1904, p. 237, 238.

Hab.—Manpwe, N. Shan States (No. 22513). Mansang, near Hsipaw (No. 24193).

Family: P A L M E L L A C E J E .

Genus: ApiocystlS Nag.

195. APIOCYSTIS BRAUNIANA Nag. in Kiitz. Spec. Alg. 1849, p. 208; Gatt. einz.
Alg. 1849, p. 69, t. II A, f. 1.

Hab.—In springs on the river bank, Bhamo (No. 21501).

Genus: Glceocystis Nag.

196. GLCEOCYSTIS GIGAS (Kiitz.) Lagerh. in Ofvers. af k. Vet.—Akad. Forh
1883, No. 2, p. 63.

Protococcus gigas Kiitz.

Glceocysiis ampla (Kiitz.) Rabenh. Flor. Europ. Alg. iii, 1868, p. 29.
Hab.—In springs on the river bank, Bhamo (No. 21501). Mansang, near

Hsipaw (No. 24193). In the Kan-gyi at Mudon (No. 24505).

197. GLCEOCYSTIS VESICULOSA Nag. Gatt. einzell. Alg. 1849, p. 66, t. IV F.

Hab.—Momauk, east of Bhamo (No. 21551). Singaing, Kyaukse district (No. 22193).

A N N . KO?. DOT. GARD. CALCUTTA VOL. VI.
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Class: HETEROKONT-ffi.

Order: CONFERVALES.

Family: TRIBONEMAOEJE-
Genus: Ophiocytium Nag.

198. OPHIOCYTIUM MAJUS Nag. Gatt. einz. Alg. 1849, p. 89, t. 4 A f 2-
Lemm. Gen. Ophiocytium, 1899, p. 29, t. 3, f. 3-5. ' ' * '

Hah—Kyauktaga, Pegu district (No. 22124).

This and several other species of the genus Ophiocytium are generally distributed in the s
and stagnant pools of both temperate and tropical regions. ^8

199. OPHIOCYTIUM COCHLEARE (Eichw.) A. Br. Alg. unicell. 1855; Rabenh. Flor

Europ. Alg. iii, 1868, p. 67; Lemm. I.e., p. 30, t 3, f. 10-12.

Forma; diam. cell. 8*5/*. (PI. xi, fig. 13).

Hab.—Mansang, near Hsipaw (No. 24193).

200. OP.HIOCYTIUM BICUSPIDATUM (Borge) Lemm. I.e., p. 31, t. 3, f. 13-15. 0 ma'us

Nag. var. bicuspidatum Borge, Siissw. Chlor. Archang. 1894 t. 1 f ^

Small forms ; diam. cell. 6*5/*.

Hab.—In swamp, Katha (No. 22677).

201. OPHIOCYTIUM PARVULUM (Perty) A. Br. Aig. unicell. 1855, p . 5 5 . Lemm
I.e., p. 33.

Brochidium parvulum Perty.

Hah—Mansang, near Hsipaw (No. 24193). Between Thingan-nyi-naung and
Kawkareik, in the side-channel of a stream (No. 24483).

202. OPHIOCYTIUM ELONGATUM sp. n. (PI. xi, figs. 11, 12).

Cellulse singulse, libere viventes, perlongae, irregulariter arcuataa vel flexuoso
filiformse, diametro usque ad 70-plo longiores, uno polo rotundato altero soina

tr u** P3XV&

curvata instruct*.
Crass, cell. 5-5-5^; long. spin. 3-7-4-7/i.
Hah—In swamp, Katha (No. 22677).

This species differs from O. Lagerheimii in its solitary habit, its broader and much lor,
and in the very much shorter spine. It is more sleuder than O. cochleare (Eichw \ A * Ti*
cl are more elongate and not closely coiled. hW'> A ' * , and the

Genus: Tribonema Derbes & Solier.

203. TRIBONEMA BOMBYCINUM (Ag.) Derbes & Solier, Mem. sur nhvsiol Al- I « ™
p. 18, t. 4, f. 16-21. p D y 8 1 0 1- A 1 S' 1 8 5 b>

Conferva bombycina Ag., 1817; Riitz. Spec. Alg. 1849, p. 3 7 1 . L h S t u ( J #

Gatt. Conf. u. Microspora, 1889, p. 194-209, t. 6.
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Forma MINOR (Wille) G. S. West, 1904.
Conferva homlycma Ag. forma minor Wille, Ferskv. Alg. Nov, Semlj. 1875,

p. 65, t. 14, f. 89.
Hal.—In springs on the river bank, Bhamo (No. 21501),
TJiis plant is commonly found in springs, in slow rivers, and in large ponds and lakes in which

the water is constantly renewed. It is generally absent from stagnant pools, preferring better

conditions of aeration.

Class: BACILLARIEiE.

Order: CENTRIC^.

Family: MELOSIRACE£.

Genus: Melosira Ag.

204. MELOSIRA VARIANS Ag., 1830; W. Sm. Brit. Diat., ii, p. 57, t. 51, f. 332.

Hab.—In river Irrawaddy, Thayetmyo (No. 22999). In the mountains east
of Kawkareik (No. 24450). In swift river, Myawadi (No. 24451). Between Thingan-
nyi-naung and Kawkareik, in the side-channel of a stream (No. 24483).

205. MELOSIRA GRANULATA Ralfs in Pritch. Infus. ed. iv, 1861, p. 820.

Bab.—In the Pegu-Sittang canal, Minywa, Pegu district (No. 21975).

Order: PENNAT^E.

Family: FRAGILARlACEJE.

Genus: Fragilaria Lyngb.

206. FitAGiLARiA VIRESCEN.S Ralfs in Ann. Mag. Nat, Hist., 1843, ser. 1, xii,
p. 110, t. 2, f. 6.

Hah.—Momauk, east of Bhamo (No. 21551). Hsipaw (No. 24120). In the
mountains east of Kawkareik (No. 24450).

Genus: Synedra Ehrenb.

207. SYNEDRA ULNA (Nitzsch) Ehrenb. Infus, p. 211, t. 17, f. 1; Rabenh. Flon
Europ. Alg. i, 1864, p. 133.

jjafi0—Banks and backwaters of the Irrawaddy at Bhamo (No. 21502). In the
Pegu-Sittang canal, Minywa (No. 21975). In stream, Lashio (No. 22557). In river
Irrawaddy at Thayetmyo (No. 22999). In the mountains east of Kawkareik (No.
24450). In river, Myawadi (No. 24451).

ANN. ROY. BOT. GAKD. CALCUTTA VOL. VI.
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208. SYNBDRA PULCHELLA Kutz. Bacill., p. 68, t. 29, f. 37 • W. Sm Brit T)i f
, p. 70, t. 11, f. 84.

Hab.—Singaing, Kyaukse district (No. 22193).

209. SYNEDRA ACUS (Kutz.) Grun. in Abh. k. k. z o o l . -b ot . Gesellsch. Wien xn
18D2J p. 39o. '

Hab.—Neat the river at Bhamo (No. 21503). In the river Jrr^.AA
Thayetmyo (No. 22999). U e r Irra™ddy at

Family: EUNOTIACEJE.

Genus: Eunotia Ehrenb.

210. EUNOTIA BICEPS Ehrenb.

Synedra biceps W. Sm.

Eunotia flexuosa Kiitz. var. bicapitata Grrun.

« . » . - M o m a u k , east of Bh .mo (No. 2 1 5 5 1 ) . Maasang, near Hdpaw (No. 24193).

iiynedra lunaris Ehrenb. ; W. Sm. Brit. Diat. i, p. 69 t 11
Hal.—Momauk, east of Bhamo (No. 21551). In +K ir '

(No . 24505). h e K a n - g y i a t Mudon

212. EUNOTIA PECTINALIS (Dillw.) Rabenh. Flor. Europ Al •

Himantidiutn pectinate Kiitz. Bacill., t. 16 f. 2 ' ' ^*

Hab.—Kyauktaga, Pegu district (No. 22124).

213. EUNOTIA PE^ERUPTA Ehrenb.

Var. BIDENS (Ehrenb.) Grun. Eunotia bidens W. Sm

Hab.—Manuang, near Hsipaw (No. 24193).

214. EUNOTIA ROBUSTA Ralfs in Pritch. Infus. 1861, p. 753

Fine specimens with 8 undulations along the dorsal margin L

Hab.—In the Kan-gyi at Mudon (No. 24505). ' ° n 8 ' 94/**

215. EUNOTIA EHEENBEEGII Ralfs forma.

Frustulea very small, in the valve-view somewhat arcuate a '
dorsal margin rather elevated and 6 -8 undulate. ' P l c e s caPitate-truncate,

Long. 1 8 - 2 1 ^ ; lat. 4'8-5/t.

Hab.—la springs on the river bank, Bharao (Mo oi ^ n n ,
£T1 * x u u i j } abundant.

We are indebted to Mr. E. Lemmermann oi Bremen for this
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Family: ACHNANTHACEJE.

Genus: Achnanthes Bory.

. ACHNANTHES sp.^16. ACHNANTHES sp.

Valves linear-lanceolate, with obtuse extremities, lateral margins finely undulate
with about 21-22 undulations from pole to pole. Striae coarse, about 9 in 1<V.

Long. 66/*; lat. ^
Hab.—ln the mountains east of Kawkareik (No. 24450).
The only species of this genus with undulate or crenulate margins are A. crenukta Grun., 1880

-A Pl«™ SvnoDS Navic. Diat. ii, p. 195; Le Diatomiste, i, p. 50, t. 9, f. 3, 4) and A. brevipes

t ™ ; — » * « , «» <*"• •• «• «• * 193i, *• r r V *M' • ,\>-6;6)>

and the Burmese Diatom does not agree with either of them. We hope to enquire into thw form

further at a future date.
217. A. HUNGABICA Grun. (1863).

Achnanthidium hungarkum Gran. Verh. 1863, p. 146, PI. 4, f. 8.

Habm —Between Thingan-nyi-naung and Kawkareik, in the side-channel of a

stream (No. 24483).

Family: COCOONEIDAOEiE.

Genus: Cocconeis Ehrenb.

218. COCCONEIS PLACENTULA Ehrenb. Infus. 1838, p. 194.

Hab - I n stream, Lashio (No. 22557). Hsipaw (No. 24120). In the mountains eaet
of Kawkareik (No. 24450). Myawadi (No. 24451).

Family: NAVICULACEJE.

Genus: Nauicula Bory.

219 NAVICULA NOBILIS (Ehrenb.) Ktitz.
j ^ ._Mansang , near Hsipaw (No. 24193). In the] Kan-gyi at Mudon (No.

24505).

220. NAVICULA MAJOR Kiitz. Bacill., p. 97, t. 4, f. 19.
Pinnularia major Rabenh.; Flor. Europ. Alg. i, p. 210.

Sab.—In the Kan-gyi at Mudon (No. 24505).

221. NAVICULA VIRIDIS Ktttz. Bacill., p. 97, t. 4, f. 18.
Pinnularia viridis Rabenh.; Flor. Europ. Alg. i, p. 212.

Hab.-ln swamp, Katha (No. 22677). Between Thingan-nyi-naung and Kaw
kareik, in the 8ide-channel of a stream (No. 24483).
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222. NAVICULA OBLONGA Kiitz.

Sab.—In the mountains east of Kawkareik (No. 24450)'

223. NAVICULA RABENHORSTII (Ralfs) Grun.

Sab.—In the river Irrawaddy, Thayetmyo (No. 22999).

224. NAVICULA CRYPTOCEPHALA Kiitz.; W. Sm. Brit. Diat T> W + IT *

Sab.—In river-bed, Kyaukse (No. 22263). Hsipaw (No. 24120)

225. NAVICULA SEMEN Ehrenb.

Sab.—Near the river Bhamo (No. 21503).

226. NAVICULA TUMIDA W. Sm.

N. anglica Ralfs.

Sab.—In the mountains east of Kawkareik (No, 24450).

227. NAVICULA DICEPHALA Ehrenb.

Hab.—Mansang, near Hsipaw (No. 24193).

228. NAVICULA ELLIPTICA Kiitz. var. OBLONGELLV Nag.

Sab.—In the mountains east of Kawkareik (No. 24450).

229. NAVICULA CUSPIDATA Kiitz.

Sab.—Momauk, east of Bhamo (No. 21551).

230. NAVICULA IRIDIS Ehrenb.

N. firma W. Sra. Brit. Diat. p. 48, t. 16, f. 138.

Sab.—In the Kan-gyi at Mudon (No. 24505). Between Th"
Kawkareik, in the side-channel of a stream (No. 24483). Sai*^yi-naung and

Var. AMPHIRHYNCHTTS (Ehrenb.) De Toni, Syll. Alg. ii p 154
Sab.—In springs on the river bank, Bhamo (No. 21501),

Var. PRODUCTA (W. Sm.) Van Heurck.

-Ha*.—In ditch, Vizagapatam (No. 17916). Singaing, Kyaukse District (No. 22139)

231. NAVICULA TUSCULA Ehrenb., 1840.

Stauroneis punctata Kiitz. BacilJ. 1844, p. 106, t. 21 f. 9

Sab.—In ditch, Vizagapatam (No. 17916).

232. NAVICULA MUTICA Kiitz.

Sab.—In river, Myawadi (No. 24451).

Genus: Vanheurckia Brdb.

233> v ™ : V o ™ f . S"*0 Breb-; Van w t - Di»to- ^
Navicula rhombm Ehrenb.; W. Sm. Brit. Diat. i, p. 46, t. 16, 1 129.
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Frustulia rhomboides (Ehrenb.) De Toni.

Var. 8AXONiCA3(Rabenh.) G. S. West.

Frustulia sazonica Rabenh.

Navicula crassinervia Br£b. in W. Sm. Brit. Diat. i, p. 47, t. 31, f. 271#

"Hah.—In ditch, Vizagapatam (No. 17916).

Genus: Stauroneis Ehrenb.

234. STAURONEIS PHCENICENTERON (Nitzsch) Ehrenb.

Hal.—In the Kan-gyi at Mudon (No, 24505).

235. STAURONEIS ANCEPS Ehrenb.

Hal.—Momauk, east of Bhamo (No. 21551). Mansang, near Hsipaw. (No. 24193).

Genus: Gyrosigma Hass.

236. GYROSIGMA ACUMINATUM (Kiitz.) Grun.

Hab.—Banks of the Irrawaddy at Bhamo (No. 21502).
237. GYROSIGMA SPENCERU (Queck.) O. K.

Hah.—In the mountains east of Kawkareik (No. 24450).

Family: GOMPHONEMACEJE.

Genus: Gomphonema Ag.

238. GOMPHONEMA INTRICATUM Kiitz.

Hab.—Momauk, east of Bhamo (No. 21551). Kyauktaga, Pegu district (No. 22124).
In the river Irrawaddy, Thayetmyo (No. 22999). Mansang, near Hsipaw (No. 24193).
In the Kan-gyi at Mudon (No. 24505).

239. GOMPHCNEMA TENELLUM Kiitz.; W. Sm. Brit. Diat. i, p. 80, t. 29, f. 243.
Hab.—Minywa, Pegu district (No. 21975).

240. GOMPHONEMA AUGUR Ehrenb.

Hab.—With the preceding species (No. 21975).

Family: COCCONEMACE.E.

Genus: Cocconema Ehrenb.

241. COCCONEMA EHRENBERGII (Kiitz.) G. S. West.
Cymbella Ehrenbergii Kiitz.

Hab.—Banks of the Irrawaddy and near the river, Bhamo (Nos. 21502 and 21503).
Myawadi (No. 24451).



2 3 8 FRESH-WATER ALG.fi FROM BUBMA.

242. COCCONEMA CUSPIDATUM (Kiitz.) G. S. West.

Cymbella cuspidata Kiitz.

Hab.—In springs on the river bank, Bhamo (No. 21501).

243. COCCONEMA TUMIDA Br£b. forma CAPITATA.

Forma polis capitatis.

JHa5.—Momauk, east of Bhamo (No. 21551). Kyaukse (No. 22263).

244. COCCONEMA VENTRICORUM (Ag.) W. &. G. S. West.

Cymbella ventricosa 'Ag.

Bai.-Minywa, Pegu district (No. 21975). Hsipaw (No. 24120).

245. COCCONEMA Ĉ ESPITOSUM (Kiitz.) G. S. West.
JEncyonema ccespitosum Kiitz.

Hab.—Kyaukse (No. 22263). In the mountains east of Kawkareik (No. 24450)
Myawadi (No. 24451).

246. COCCONEMA HELVETICUM (Kiitz.) W. &# G. S. West.
Cymbella Helvetica Kiitz.

Hab.—In the mountains east of Kawkareik (No. 24450).

247. COCCONEMA LANCEOLATOM Ehrenb.

jJai.—Momauk, east of Bhamo (No. 21551). In the mountains east of Kawkareik
(No. 24450).

248. COCCONEMA CYMBIFORME Ehrenb.
Hab.—Hsipaw (No. 24120).

Genus: Epithemia Br6b.

249. EPITHEMIA GIBBERULA (Ehrenb.) Kiitz. Bacill. t. 30 f. 3.

Hab.—Between Thingan-nyi-naung and Kawkareik, in the side-chan^l ^
stream (No. 24483). Uei ot a

Family: NITZSOHIAOEiE.

Genus: Nitzschia Hass.

250- NITZSCHIA SIGMA W. Sm.

Hab.—In the Kan-gyi at Mudon (No. 24505).

Var. RIGIDA (Kiitz.) Grun,

Hab.—Kyaukse (No. 22263).

251. NITZSCHIA VERMICULARIS (Kiitz.) Grun.
Hab.—Kyaukse (No. 22263).



SURIRELLA. 239

252. NITZSCHIA OBTUSA W. Sin. forma.

Bob.—Singaing, Kyaukse district (No. 22193). Kyaukse (No. 22263).

Var. SCALPELLIFORMIS Van Heurck.

Hab.—Minywa, Pegu district (No. 21975).

253. NITZSCHIA DISSIPATA (Kiitz.) Grun. var. MEDIA Van Heurck.

Hal.—In the river Irrawaddy, Thayetmyo (No, 22999).

254. NITZSCHIA COMMUNIS Rabenh.

Bab.—Momauk, east of Bhamo (No. 21551).

255. NITZSCHIA PALEA (Kiitz.) W. Sm.

Hab.—Vizagapatam (No. 17916). Momauk, east of Bhamo (No. 21551). Kyauktaga,
Pegu district (No. 22124). Kyaukee (No. 22263). Manpwe, N. Shan States
(No. 22513). In the river Irrawaddy, Thayetmyo (No. 22999). Mansang, near Hsipaw
(No. 24193). Myawadi (No. 24451). Between Thingan-nyi-naung and Kawkareik,
in the side-channel of a stream (No. 24483).

256. NITZSCHIA LINEARIS (Ag.) W. Sm.

Hab.—Momauk, east of Bhamo (No. 21551). Lashio (No. 22557).

Var. 'iENUis (W. Sm.) Grun.

Hab.—Lashio (No. 22557). In the mountains east of Kawkareik (No. 24450).

257. NITZSCHIA ACICULARIS (Kiitz.) W. Sm.

Bab.—In the river Irrawaddy (No. 22999).

Genus: Hantzschia Grun.

258. HANTZSCHIA AMPHIOXYS (Ehrenb.) Grun.

Hab,—Singaing, Kyaukse district (No. 22193). In swamp, Katha (No. 22677).
Mansang, near Hsipaw (No. 24193).

Family: SORIRELLAOE^.

Genus: Surirella Turp.

259. SURIRELLA ROBUSTA Ehrenb.

S. nobilis W. Sm.

Var. SPLENDID A (Ehrenb.) V. Heurck.

j?aJ.—Minywa, Pegu district (No. 21975).

260. SURIRELLA LINEARIS W. Sm.

jjal%—In springs on the river bank, Bhamo (No. 21501). Kyaukse (No. 22263).
In the river Irrawaddy, Thayetmyo (No. 22999). In the mountains east of
Kawkareik (No. 24450). Between Thingan-nyi-naung and Kawkareik, in the
side-channel of a stream (No. 24483).

ANN. EOY. BOT. GARD. CALCUTTA VOL. VI.
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2 6 1 . SURIRELLA OVALIS Bre"b.

Var. ANGUSTA (Kiitz.) W. Sm.

Hob.—In springs on the river bank, Bhamo (No. 21501). In the mountains east
of Kawkareik (No. 24450).

262. SURIRELLA SPIRALIS Kutz.

Hab.—In stream, Lashio (No. 22557).

Class: MYXOPHYCE.®.

Order: H O R M O G O N E J E .

Family: STIGONEMACEJE.

Genus : Hapalosiphon Nag.

263. HAPALOSIPHON WELWITSCHII W. & G. S. West, Welw. Afric. Fresnw Ale

1897, p. 242.

Crass, fil. prim. 6-7/i.

Hab.—Mansang, near Hsipaw (No. 24193).

The forms observed from Burma were not precisely like those examined from West Africa
The primary filaments were more uniform in character, and the spores were rather more angular'
It was not observed in sufficient quantity for us to be perfectly certain of its specific identity*
We here take the opportunity of publishing figures of the original African specimens of H. Welwitschii
(PL xu, figs. 29-32) collected by Welwitsch in the Pungo Andongo district of Angola, West Africa'

Family: NOSTOCACEJE.

Genus : Nostoc Vauch.

264. NOSTOC HUMIFUSUM Carm. ex Harvey in Hooker's Brit. Flora ii n

Kiitz. Spec. Algar. p. 301; Rabenh. Flor. Europ. Alg. ii, p. 183

Var. FLUITANS var. n. (PI. XII, figs. 27, 28).

Var. thallo gelatinoso fluitante, subgloboso vel irregulariter subellintico
compresso, diametro l-o-o mm. »uueiupuco,

Crass, cell. veg. 2-5-2*8/*; diam. heterocyst. 3-8/*.

Sab.—Mansang, near Hsipaw (No. 24193).

This variety occurred in abundance, free-floating among other AUrse
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Family: OSCILLATORIAOEiE.

Genus: Plectonema Thur.

#65. PLECTONEMA WOLLEI Farlow in Bull. Bussey Iustit. 1875, p. 77; Gomont

Monogr. des. Oscill. p. 98, t. 1, f. 1.

Crass, fil. 53-64/x; crass, trich. 46-55/x.

Hab.~-In swift river, Myawadi (No. 24451).

Genus: Lyngbya Ag.

266. LYNGBYA MAJUSCULA Harv.; Gomont, 1. c. p. 131, t. 3, f. 3-4.

i/aJ.—In the Old Lashio bazaar (No. 22598).

267., LYNGBYA MAJOR Menegh., 1837; Gomont, 1. c. p. 125, t. 3, f. 15.

Crass, trich. 13#5/x.

Bab.—Mansang, near Hsipaw (No. 24193).

268. LYNGBYA PDTEALIS Montagne.

Hal.—Minywa, Pegu district (No. 21975).

269. LYNGBYA PERELEGANS Lemra., 1902; Volz Weltreise Siisswasseralg. 1904>

p. 153, t. 11, f. 13, 14.

Crass, fil. 1-8-1-9/4.

iM.—Lortbe Kan-gyi at Mudon (No. 24505).

Genus: OscMatoria Vauch.

270. OtciLLATORiA TENUIS Ag. 1813; Gomont, 1. c. p. 220, t. 7, f. 2, 3.

Hab.—In springs on the river bank, Bhamo (No. 21501).

Fapiily: RIVULARIACEiE.

Genus: Calothrix Ag.

271. CALOTHRIX PARIETINA Thur.

Hab.—In the Kan-gyi at Mudon (No. 24505). Forming a soft stratum with

JJrococcus tropicus sp. n.

Genus: GloBotriohia J. Ag.

272. GLCEOTKICHIA ECHINULATA (Eng. Bot.) Richter.

Forma brevispora: crass, trich. 5-5#3/*; long spor. 35-38/*; lat. spor. 12*5-13/*.

Hab.—Mansang, near Hsipaw (No. 24193).

A N N . Ktrr. SOT. GARD, CALCUTTA VOL. IV.
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Order: COCCOGONE^E.

Family: OHROOCOCOAOEJE.
Genus: Merismopedia Meyen.

273. MERISMOPEDIA GLAUCA (Ehrenb.) Nag. Gatt. einz. Alg. 1849, p. 55 t. ID f 1

. Gonium glaucum Ehrenb.

Hab.—Banks of the Irrawaddy at Bhamo (No. 21502). Singaing Kyaukse
district (No. 22193). 5I J

274. MERISMOPEDIA ^ERUGINEA Br6b.; Rabenh. Flor. Europ. Alg. ii p 57

Hab.—Near the Irrawaddy at Bhamo (Nos. 21502 and 21503).

Some of the colonies oontained upwards of 3,000 cells, and on reaching this large siz th
were usually curled up. This form is probably identical with Merismopedia convoluta Br£b. ^

Genus: Tetrapedia Reinsch.

275. TETRAPEDIA REINSCHIANA Arch, in Grevillea i, p. 46, t. 3 f H_13

Sab.—Between Thingan-nyi-naung and Kawkareik, in the s-de-channel of
stream (No. 24483).

Genus: Chroococcus Nag.

276. CHROOCOCCUS MINOR (Kiitz.) Nag. Gatt. einz. Alg. 1849, p. 47

#&._Kyauk taga , Pegu district (No. 22124). ' > • •

CHLOROPHYCB-K—

(Edogoniales
Chaetophorales . . .
Cladophoraies •••

Siphoneae *

Conjugate .. . •

Protococcoidese ...

HETEKOKONTJE—

Confervales

BACILLARIEJE—

Centricfie
Pennatce

"M^TTOVHYCEJE—

Hormogonese

Ooccogoneae

Summary.

••• •*• ...

••• •••

• •>•

••• .. *
»•• ••• ,##

••• ••«

Total

Genera.

2
5
2
1

20
13

2

1
15

7
3

71
__

Species.

5
5
2
2

159
24

2
57

10
4

2 7 6 ~
— ,

Varieties.

9

1

6

16~"
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DESCRIPTION OF PLATES.

( EXPLICATIO ICONtlM ).

ay a'y a r =cel lu la vel semicellula a fronte visa,
by V =s „ „ ., a vertice visa.
c = „ „ „ a latere visa.
d = semicellula a basi visa,

PLATE X.

Fig. 1-4* Berposteiron confervicola Nag. x520. The bristles are broken off near the base as
is usual in preserved epeoimens of this species, an, antheridium; oof oogonium;.
00', oogonium from which the oosphere has escaped.

„ 5. Zygnema spontaneum Nordst. X520.
6-8. Spirogyra decimina (Mull.) Kiitz. var. plena var. n. X520,

„ 9-10. „ orientals sp. n. x520. 9, vegetative cell; 10, three female gametangia
with zygosperes.

,f 11-13. „ exilis sp. n. x520. 11, vegetative cell; 12 and 13, portions of conju-
gating filaments.

„ 14-15. Mougeotia parvula Hass. var. ellipzoidea var. n. x520.
„ 16-19. „ producta sp. n. x520.

PLATE XI.

Fig. 1-2. CEdogonium oblongellum Kirchn. x520. an, antheridium; oo, oogonium.
„ 3 -9 . ' Vauduria orientate sp. n. 3-5, x l 2 0 ; 8 and 9, x520. an> antheridium; an'

developing antheridium; oo, oogonium; oo\ developing oogonium; /*, fructiferous
branch.

„ 10. Vauchen'a globulifera sp. n. x520 an. antheridium; co9 oogonium; oosp, oospore.
„ 11-12. Ophiocytium elongatum sp. n. X 520.

13. 1f cochleare A. Br. forma, x 520.
w 14—16. Microthamnion curvatum sp: n. Three brandies isolated from a compaot, subrotund

thallus. x 520.
w 17-21. Urococcus tropicuf sp. n. x520. 17 and 18, young plants; 19-21, older plants.

PLATE XII.

Fig. 1-4. Hyalotheca Burmenm sp, n. x520.
5. Desmidium Aptogonum Br6b. var. tetragonum W. & Gr. 8. West. X520.

6-7. Onychonema compactum sp. n. x 520.
f> 8-10. „ lave Nordsi x520. 9 and 10, zygospores (P) of larger form than

fig. 8.
11-15. Eyalotheca dissiliem (Sm.) Breb. x520. 11, vegetative filament with vertical views

of forma bidcntula (fig. 11 b) ; and forma tridentula (fig. 11 6'); 12-13,
showing formation of aplanospores in the free, dissociated oells. apl. aplanospore.

16. Cosmarium dichondrum W. & GK S. West var. subhexagonum var. n. x520.
17. „ subprotuberans W. & G. S. West var. mbquadratum var. n. X520.
18. „ subcrenatum Hantzseh forma X 520.
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Fig. 19-21. Burkillia cornuta gen. et sp. n. x520. 19, colony showing disposition of horned
cells ;^ 20, three cells from a dissociated colony showing esoape of non-motile
gonidia (g).

„ 22. Tetraedron bifurcatum (Wille) Lagerh. forma, x 520.
„ 23-25. Ankistrodesmus quaternatus sp. n. x 520.
„ 26. Scencdesmus incrassatulus Bohlin. x520.

„ 27-28. Nostoc humi/usum Carm. var. fluitan* var. n. 27, oolonies, natural size; 28 small
part of colony, x 520, ' '

„ 29-32. Hapahsiphon WelwiUchii W. & G. S, West. x520. h, heterocyst; sp, spore.

PLATE XIII.

Fig. 1. Cylindrocystis diplospora Lund. var. major West. x520.
„ 2. Penium Cletei Lund, forma, elongate x 520.
„ 3-4. Cylindrocystis pyramidata W. & G. S. West. x520. 4, zygospore.
„ 5# Closterium pulchellum W. & G. S. West var. Burmense var. n. x520.
99 6# „ Leibleinii Kutz. var. recurvatum var. n. X520.
„ 7. Cosmarium turgidum Breb. var. ligatum var. n. x520.
„ 8-9. Pleurotaenium ovatum Nordst. var. tumidum Maskell. X520.
„ 10. „ Cuyabense Borge forma inornata. x 520.
5J 11. „ cristatum (Turn.) Borge. x 520.
„ 12# Cosmarium viride (Oorda) Joshua var. trumatnm var. n. x520
99 13. „ sublatereundatum W. & G. S. West forma. x520.
„ 14. Penium cucurbitinum Biss. var. subpolymorphum Nordst. forma. X 520

15. „ adelochondrum Elfv. forma, x 520.
„ 16. Closterium incurvum Breb. x520.
n 17. „ Venus Kutz. var. x520.

, 18. „ didymotocum Oorda. Small form, x520.
19. „ substrigosum sp. n. X520.
20. 99 decorum Breb. forma minor, x 520.

PLATE XIV.

Fig. 1. Cosmarium contractum Kirchn. forma. x520.

99 2. Euastrum serratum Joshua, 550. This drawing was made from
original Burmese specimens. O a e °* Joshua's

3. Euastrum asperum Borge. x 5 2 0 .
4. „ validum W. & G. S. West, forma. x520 .
5.7 „ Bhamense sp. n. x520 .
6. „ dubium Nag. var. tritum var. n. x520 .

7. „ pulcherrimum W. & G. S. West var. divisum var. n. x 5 2 0
8. „ coralloides Joshua var. subintegrum var. n. x 520. *
9# 5J serratum Joshua f̂orma. x 520.

10. „ inermius (Nordst.) Turn. var. Burmense var. n. x520
11. Euastridium Prainii gen. et sp. n. x520.
12. Cosmarium Prainii sp. n. x520.

„ 13. „ Burkillii sp. n. x520.
9f 14. „ „ ^ar. rectangulare var. n. x52Q.
99 15. „ Mamangense sp. n. x520.
„ 16-17. „ glaphyronotum sp. n. x520.
, 18. Micrasterias incisa Breb. var. Mamangense var. n. x 520

„ 19-20. „ Mobii (Borge) W. & G. S. West var. Burmese var n ,o
oi »«*r. n. X t)20
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T?ig. 22. Micrasterias foliacea Bail. var. ornata Nordst, x 5 2 0 .
99 23. „ tropica Nordst. forma. X520.

PLATE XV.

Fig. 1. Xanthidium $pinosum (Joshua) nob. x520. The drawing has been oarefully
executed from one of Joshua's original Burmese specimens.

f9 2-3. Xanthidium spinosum (Joshua) nob. forma. x520.

99 4. Arthrodesmm fusi/ormis sp. n. x520.

99 5-6. Arthrodesmus Uptodermus Li i tkem. forma. x 5 2 0 .

n 1.- „ triangularis Lagerh. forma. x 5 2 0 .

f> 8, „ * curvatus Turn. x 5 2 0 . Specimen from Ceylon.
M 9. „ 99 var. Burmensis var. n. x 5 2 0 .
„ 10. Xanthidium BurkiUii sp. n. x 5 2 0 .

11-12. 99 sexmamillatum sp. n. x 5 2 0 .
99 13. „ „ var. robustum var. n. X520 .

14. Cosmarium quadriverrucosum sp. n. x520 .
99 *15. „ muttiordinatum W. & GK 8. West var. Burmense var. n. x 5 2 0 .

16. 99 triverrucosum sp. n. x 5 2 0 .
17. „ dispersum Johnson forma trumata. x 5 2 0 .
18. 99 trachydermum W. & Q-. S. West var. ettipticum var. n. X520.
19. Staurastrum tetracerum Ralfs var. trigranulatum var. n. x 520.
20. „ mucronatum Ealfs. var. subtriangulare W. & GL S. West. x 5 2 0

21-22. 99 subindentatum sp. n. x 5 2 0 .
23-24. 99 compsobrachiatum sp. n. x 5 2 0 .

25. „ Avicuia Breb var. rotundatum var, n. x 5 2 0 .
26. 99 ealodermum sp. n. x 5 2 0 .
27. „ gyratum sp. n. X/>20.
28. 99 tauphorum W. & GK 8. West forma Burmense. x 5 2 0 .
29. „ capitellatum sp. n. x 5 2 0 .

30-32. 99 retusum Turn. var. punctulatum Biohler & Gutw. X520. 31 and 32
are specimens from Ceylon.

33. 99 montkulosiforme sp. n. x 5 2 0 .

PLATE XVI.

1. Staurastrum Imvispinum Biss. var. tropicum var. n. x 5 2 0 .
2. ,9 unicome Turn. var. ceylanicum W. & Gt. 8. West forma. x 5 2 0 .
3# 99 BurkiUii sp. n. x 5 2 0 .
4# w ilansangense sp. n. x 5 2 0 .
5 „ dkparatum sp. n. X 5 2 0 .
g# ?> Sonthalianum Turn, forma. x 5 2 0 .
7# „ bifidum Br^b. x 5 2 0 .
g# 99 leptodermum Lund. var. Ikapom (Schmidle ) nob. forma. X 5 2 0 .
9# Sebaldi Eeinsoh forma orientalis. x 5 2 0 t

10. 99 Prainii sp. n. x 5 2 0 .
U# „ unguiferum Turn. var. inerme ( T u r n . ) nob. x 5 2 0 .
12, 99 protectum sp. n. x 5 2 0 .
13 „ limneticum Schmidle var. Burmense var. n. X 5 2 0 .
14# „ zonatum Borges. var. productum var. n. X 5 2 0 .
15# „ subtrifurcatum W. & GK S. West . var. m ^ k nob. x 5 2 0 .
16. 99 sexangulare ( B u l n . ) Lund. var. bidentatQm. Gutw. forma. x 5 2 0 .

41
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TO SPECIES.
New species are in bold type.

A 1
Page. |

Achnanthes Bory. . 235
Achnanthes bijuga Turp 229
Achnanthes Hungnrica Grun 235

Achnanthes obliqua Turp. 229
Achnanthes quadricauda Turp *. . 2?9 s
Achnanthes sp. . # . . .> . . . .' . 2 3 5
Achnanthidium hungaricum Grun 235
Ankistrodesmus Corda. 230
Ankistrodesmus acutissimus Arch 231>
Ankistrodesmus convolutus (Rabenh.) G. 8. West . . 230
Ankistrodesmus convolutus Corda 230
Ankistrodesmus *alcatus (Oorda) Ralfs . . . . 230
AnkistrodesmuS falcatus (Corda) Ralfs. Tar. acicularis

(A. Br.) G. 8 West 230
Ankistrodesmus fusiformis Corda 280
Ankistrodesmus quaternatus 23a
Apanochcete repens A. Br. ]gj
Apiocystis Nag. 231
A piocystis Brauniana Nag 2 1
Aptogonum Desmidium Ralfs 226
Aptogonum tetragonum Delp. . • . 226
Arthrodesmus Ehrenb 21]
Arthrodesmus curvatus Turn. var. Burmensis • . 2 1 1
Arthrodesmus fusiformis 2)2
Arthrodesmus Incus (Br6b.) H&ss. var. triangularis. . 211
Arthrodesmus leptodermus Liitkem. . . . . 2 1 2
Arthrodesmus nmcronulatus Nordst 212
Arthrodesmus triangularis Lagerh. . # . . 2 1 1

B

JBrochidium parvulum Perty 232
BulbochsBte Ag. . 0 . Igj
Bulbochaete elatior Pringsh 1S1
Burkillia 228
Burkillia coruuta 228

O

Calothrix Ag m . 2 4 1
Calothrix parietina Thur. 241
Characium A. Br. . 226
Characium pyriforme A. Br 22 >
Chrococcus Nag 242
Ohrococcus minor (Kutz.) Nag 242
Cladophora Kutz. • • . . . . . 184
Oladophora crispata (Roth.) Kutz 1 8 4

Closterium Nitzsch . . # % # -»g\
Closterium acerosum (Schrank) Ehrenb. var. maximum • 192
Closterium acutum (Lyngb.) Brib 293
Closterium Cornu Ehrenb. ^^2
Closterium crassum Delp. jg^
Costerium decorum Brib. j ^ ^

Page.

C\oster\vim decorum
C l o s t e r i u m D e l p o n t e i W o l l e . • • . . .
Clcsterium Dianas Ehrenb.
Closterium didymotocum Corda
Closterium ^racile Brib. . . » « . . .
Closterium incurvum Breb
Closterium Kutzingii Breb
Clostei ium Lebleinii Kutz
Closterinm Leblci;,ii Kiits. var. recurvatum
Closterium lineaium E h r e n b . v a r . sandvicense
Clisl>erium marilentum B r e b . v a r . substrigosum .
C l o s t e r i u m m a x i m u m {Wood) Schmidle . . . .
C l o s t e r i u m x n o n i l i f e r u m (Borg.) Ehrenb
C l o s t e r i u m p u l c h e l l u m W. fy G. 8. West v a r . B u r m e n s e •
C l o s t e r i u m E a l f s i i Breb. v a r . h j b r i d u r a Rabenh. . #

C l o s t e r i u m r o s t r a t u m Ehrenb. • • • « . .
C l o s t e r i n m s e t a c e u m Ehrenb. • • . , . .
Closterium substrigosum
Closterium Venus Kutz.
OoL'Coneis Ehrenb.
Cocconeis Place^tula Ehrenb. ,
Cocconema Ehrenb
Cocconema csBipitosum (Kiltz.) G. 8. West •
Cocconema cuspidatum \Kutz.) G. 8. West • .
Cocconema cy mbiforme Ehrenb
Cocconema Ehrenb.*rgii (Rutz.) G. 8, West
Cocconema Helveticum ( Kutz,) W. $ G. 8. West .
Cocconemalanceolatum Ehrenb
Cocconema tumida Breb
Cocconema ventricosum (Ag.) W. & G- 8. West
Cca!astrum Nag.
Ccelastrum Caiubricum Arch
Coelastrum pulchrum Schmidle
Coleochfflte Breb
Colcochsete scutata Brib
Colpopelta v i r i d i s C c r d a . . . - • • • .
Conferva bombycina A g •
Conjugal a l o n g a t a V a u c h . ,
C o « m a r i n m C o r d a
C o s m a i i u m a n g u l o s u m B r i b . . . . . . .
C o s m a r i u m b i n u m N o r d s t . > . , . . .
C o s m a r i u m b i r e m e N o r d s t .
C o s m a r i u m b l y t t i i W i l l e .
Cosmarium Burkillii
Cosmarium connatuai Brib
Cosmarium contractum Kirchn.
Cosmarium Cordanum Breb
Cosmarium dichondrum W. Sf G. 8. Wat yar. «ub-

hexagonum
Cosmarium dispersum Johnson
Cosmarium exiguum Arch
C o s m a r i u m g l a p h y i o n o t u m . m . . •
C o s m a r i u m g r a n a t u m B r i b . . . . . • ,

193

191

191

193

191

194

192

193

193

192

192

192

191

199

194

194

192

191

235

235

237

238

238

238

237

237

238

238

238

228

228

228

181

181

206

232

186

202

204

206

203

208

208

205

203

205

207

202

204

206

203
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Page.
Cosmarium Hammeri Reinsoh yar. octogibbosum . . 204
Cosmarium inasqualipellicum W. Sf G. 8. West . . 203
Cosmarium lseve Rabenh. var. septentrionale . • , 204
Cosmarium latum BrSb 206
Cosmarium Mansangense 209
Cosmarium Meneghnii Brib 204
Cosmarium multiordinatum TT. ty G. 8. West Yar.

Bunnense 206
Cosmarium Norimbergenste Reinsch. . . . . 204
Cosmarium obsoletum (Hantzsch) Reinsch var. Sitvense . 202
Cosmarium octogibbosum (Reinsch.) Turn. . . . 204

Cosmarium pachydermum Lund. var. minus Nordst. . 203
Cosmarium polygonum {Nag.) Arch. . . . . 203
Cosmarium Prainii . . . . . . 2 0 5
Cosmarium pseudoconnatum Nordst. var. ellipsoideum,

W. Sf G. S. West 205
Cosmarium pseudonitidulum Nordst. var. validum . . 203
Cosmarium quadratulum ( G a y ) D e T o n i . . . . 2 0 4
Cosmarium quadriverrucosum 2 0 7
C o s m a r i u m r e n i f o r m e (Ralf.) A r c h . . . . . 2 0 6
C o s m a r i u m r e t u s u m (Perty) Rabenh 2 0 3
Cosmarium spinosum Josh. . . . . . . 208
Cosmarium subalatum W . f y G . S . West . . . . 209
Cosmarium subcostatum Nordst 209
Cosmarium subdecoratum W. Sf G. S. West . . . 206
Cosmarium subcrenatum Hantzsch 207
Cosmarium sublatereundatum W. fy G. 8. West . . 202
Cosmarium subprotuberans W. Sf G. 8. West var. sub-

quadratum 203
Cosmarium tesselatum (Delp.) Nordst 209
Cosmarium trachydermum W. $ G. 8. West var.

ellipticum 206
Cosmarium trivernicosum 207
Cosmarium turgidum Breb. var. ligatum . . . 2 0 1
Craterospermum laetevirens (A. Br.) Wittr. . . . 187
Cosmarium viride (Corda.) Josh. var. truncatum . . 205
Cylindrocystis Menegh 189
Cylindrocystis Bre*bissonii Menegh. . . , . 1 8 9
Cylindrocystis diplospora Lund. var. major . . . 1 9 0
Cylindrocystis pyramidata W. Sf G. 8. West . . . I89
Cylindrocystis subpyramidata W. Sf G. 8. West . . 1 8 9
Cymbella cuspidata Ku'tz. . . . . . . 238
Cymbella Ehrenberqii Kiitz. 237
Cymbella Helvetica Kiitz. 238
Cymbella ventricosa Ag 238

Docidium ovatum *, v* «o ̂
Dysphinctium tesselatum Delp.

E
E n c y o n e m a c a s p i t o s u m K u t z . . . . . .
Epithemia Brib

Epithemia gibberula (Ehrenb.) Kutz
Euastridium
Euastridium Prainii
Euastrum Ehrenb
Euastrum ansatum Ralfs
Euastrum asperum Borge
Euastrum auxatum Ralfs «,
Euastrum Bhamense . . . . *
Euastrum binale (Turp.) Ehrenb. . • . . . ,
Euastrum coralloides Josh. var. subintegrum.
Euastrum denticulatum (Kirchn.) Gay .
Euastrum Didelta (Turp.) Ralfs
Euastrum dubium Nag., var. tritum •
Euastrum erosum Lund., var. notabile . •• .
Euastrum inermius (Nordst.) Turn., var. Burmense
Euastrum lobulatum Breb.
Euastrum polygonum Nag
Euastrum pulcherrimum W. & G. 8, West var. divi-

sum
Euastrnm serratum Josh.
Euastrum sinuosum Lenorm
Euastrum spinulosum Delp., subsp. inermius Nordst.
E u a s t r u m t r u n c a t u m Josh. . . . . . .
E u a s t r u m v a l i d u m W. SfG. 8 . West .
Euastrum verrucosum Ehrenb. var. Mobii Borge
Eunotia Ehrenb
Eunotia biceps Ehrenb
Eunotia bidens W. Sm
Eunotia Ehrenbergii Ralfs
Eunotia flexuosa Kiitz. var. bicapitata Grun. .
Eunotia lunaris (Ehrenb.) Grun.
Eunotia pectinalis (DMw>) Rabenh. .

Page.
. 194
. 209

Eunotia pramipta Ehrenb. yar. bidens (Ehrenb.) Grun
Eunotia robusta Ralfs.

P

Desmidium Ag. 226
Desmidium Aptogonum Brdb. var. tetragonum W. $

G. 8. West 224
Desmidium hexaceros Ehrenb. 218
Desmidium Swartzii Ag 226
Didymocladon sexangularis Buln. » 224
D i d y m o p r i u m B o r r e r i E a l f s . . . . . . . 2 2 6
Docidium cristatum Turn. 196
Docidium cylindricum Turn 194
Docidium indicum'Grun. 196

Fragilaria Zyngb. .

Fragilaria virescens Ralfs

Frustulia rhomboides (Ehrenb.) De foni.'
Frustulia saxonica Eabenb

G

Docidium orientale Turn. 194

Glseocystis Nag.
GlcBocystis ampla (Kiitz.) JRabenh.
Gteocystis gigas (Mtz.) Lagerh.
Glseocystis vesiculosa Nag.
Glaeotrichia J. Ag.

Gomphonema Augur Ehrenb.
Gomphonema intricatum Kutz
Gomphonema tenellum Kutz!
Gonatozygon De Bary.
Gonatozygon Kinahani (Arch.) "

238
238
199
200
196
196
197
196
199
190
198
199
196
198
198
196
198
203

. 198

. 197

. 196
. 196
. 197
. 199
. 201
. 234
. 234
. 234
. 234
. 234
. 234
. 234
. 234
. 234

. 233

233

237

. 237

231
231
231
231
241
241
237
237
237
237
189
189
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P a g e .

G o n a t o z y g o n monot aenium De Bary- • • . . 189
Gonatozygon monotaenium var. p i lose l lum. • . , 1 8 9
Gonatozygon Balfsii De Bary. 189
Gonium glaucum Ehrenb. . . • • • • 242

Gymnozyga Ehrenb. . . . • . • ' . 226
Gymnozygt* moniliformis Ehrenb 226

. . . 237
. 237
• 237

Gyrcsigma Hass
Gyrosigma acuminatum (Kiitz.) Grun.

Gyrosigma Spencerii (Queck) O. K.

Hantzschia Grun

Hantzschia Amphioxys (Ehrenb ) Grun. .

Hapalosiphon Nag. •

Hapalosiphon Welwitschii W. 8f G. S. West.

Herposteiron Nag. . . . . . . .

Herposteiron confervieola Nag.
EerpQsteiron repens (A. Br.) Wittr. . •
Himantidium pectinale Kiitz
Holocystis incisa "V\£alL
Hyalotheca Kiitz
Hyalotheca Burmensis
Hyalotheca dissiliens (Sm.) Breb
Hyalotheca mucosa (Dillw.) Ehrenb. . 226
Hyalotheca undulata Nordst 226

239
239
240
240
181
181
181
234
200
225
225
225

Ineffigiata W. Sf G. S. West .
Ineffigiata neglecta W. <fr G. 8. West

231

231

241

241
Lyngbya Ag.

Lyngbya major Menegh.*

Lyngbya majuscuia liarv 241
Lyngbya perelegans Lemm

Lyngbya putealis Montagne

241
241

M

Melosira Ag.
Melosira granulata Ralfs. '
Melosira Tarians Ag. ' '
Merismopedia Meyen
Merismopedia aruginea Brib. •
Merismopedia glauca (Ehrenb.) Nag.
Mesocarpus parvulus Hass. *

Micrasterias Ag.
Micrasterias falcata Corda •
Micrasterias foliacea Bail. var. ornata Nordst
Micrasterias incisa BrSb. yar. Mansangense
Mierasterias Mobii (Barge) W. & G. 8. West

Burmense
Micrasterias Mobii var. integrum •

Micrasterias Tetras Ehrenb. *

Micrasterias tropica Nordtt.

Microthamnion Nag.

Microthamnion curvatum • •

Microthamnion Kutzingianum Nag.

Microthamnion strictissimum Rabenh.

Microthamnion vexator Cooke

rar.

233

233
233
242
242
242
188
200
230
200
200

201
201
227
201
182
182
183
183
183

Mougeotia Ag. . . . . . .
Afougeotia laeterirens (A. Br.) Wittr. .
Mbugeotia parvula Mass.

Mougeotia parrula var, ellipsoidea •

Mougeotia producta
Myxonema Fries •
Myxonema subsecundum (Kiitz.) Hazen .

N

JSTaricula Bory.
Navicula anglica Halfs
Navicula crassinervia Breb
Navicula cryptocephala Kiitz

Navicula cuspidata Kiitz. • • . . . ,
Navicula dicephala Ehrenb

Navicula elliptica Kiitz. Tar. oblongella Nag. .
Navicula fir ma W. Sm

Navicula Iridis Ehrenb

Navicula Iridis var. Amphirhynchus (Ehrenb.) De Toni .
Navicula Iridis var. producta (W. Sm.) Van Heurck
Navicula Major Kiitz
Navicula mutica Kiitz
Navicula nobilis {Ehrenb.) Kiitz, .

NaTicula oblonga Kiitz

NaTicula Eabenhorstii (Balfs.) Grun
Navicula rhomboides Ehrenb
Navicula Semen Ehrenb.
Navicula tumida W. Sm.
NaTicula tuscula Ehrenb.

Navicula Tiridis Kiitz
Nephrocytium Nag.
Nephrocytium Agardhianum Nag

Netrium (Nag.), W. $ G. S. West

Netrium Digitus (Ehrenb.), Itzigs. Sf Bothe

Nitzschia Hass.

Nitzschia acicularis (Kiitz.) W. Sm. .
Nitzschia oommunis Rabenh
Nitzschia dissipata (Kiitz.) Grun. var. media V. Reurch

Nitzschia linearis (Ag.) W. Sm.
Nitzschia obtusa W. Sm.
Nitzschia Palea (Kutz.) W. Sm
Nitzschia scalpelliformis, F. HeurcJc .
aNitzschia Sigma TT. Sm. var. rigida (Kutz.) Grim* *
Nitzschia vermicularis (Kiitz.) Grun
Nostoc Vauch. •
Nostoc humifusum Carm. var.fluitans • • •

255

Pago.

• 187

. 187

• 188

• 18»

• 188

• 182

• 182

Oedogonium Link.

Oedogonium capitellatum Wittr.

Oedogonium longicolle Nordst. var. Senegalense

Oedogonium oblongellum Kirchn. .

Oedogonium sociale Wittr

Onychonema Wallich

Onychonema compactum •
Onychonema laeve Nordst. . .
Oocystis Nag

Oocystis crassa Wittr

Oocystis solitaria Wittr. ^

235
236
237
236
230
23d
230
236
236
236
236
235
236
235
236
236
236
236
23d
236
235
231
23 L
190
190
238
239
239
289
239
239
239
236
238
238
240
240

180
180
180
180
180
224
224
224
230
280
230
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Page.

Ophiocy tin ra Nag 230
Ophiocytium bicuspidatum (Borge) Lemm. • . . 230
Ophiocytium cochleare (Eichw.) A. Br 232

Ophiocytium elongatum 232
Ophiocytium majus Nag 232

Ophiocytium majus Nag. var. bicuspidatum Borge . . 232
Ophiocy tium parvulum (Perty) A. Br 232
Oscillatoria Vauch . 241
Oscillatoria tenuis Ag , . . 241

Pediastrum Meyen 227
Pediastrum Boryanum Menegh. 227

Pediastrum duplex Meyen var. resticulatum Lagerh • 228

Pediastrum Napoliensis Ralfs 228

Pediastrum pertusum Kiitz 228
Pediastrum Tetras (Ehrenb.) Balfs 2-27
Penium Breb.

Penium BrSbissonii Ralfs. •

Penium adelochondrum Elfr.. . . . .

Penium Clevei Lund., forma elongata

Penium cucurbitinum Biss. var. gubpolymorphum . -
Penium Navicula Breb. . . . . . . . 3 9 0
Pinnularia major Kabenh 235
Pinnularia viridis Rabenh 235
Plectonema Thur. .

190
189
190
190
190

241

194
195

Plectonema Wollei Farlow 241
Pleurotsenium Nag.

PleurotaBQium cristatum (Turn,) Borge . . . .

PleurotaBnium Cuyabense Borge 195
Pleurotsenium Indicum (Grun.) Lund. . • •
Pleurotaeuium ovatum Nordst. var. tumidum
PleurotaBninm Trabecula (Ehrenb.) Nag. .
Pleurotsenium trochiscum W. Sf G. S. West .
Polyedrium tetrcedricum "N ag. var. bifurcaium Wille.
Protococcus gig as Kiitz •

196

194
196
194
230
231

Jlhaphidium aciculare A. Br

Rhaphidium conuolutum Rabenh. . . . .

Rhaphidium fascicwlatum Kiitz

IthaphidiumpolymorphumJ?re8en var. falcatum Habenh
Rhizoeloniumc Kiitz.

Khizocloaium hieroglyphicum Kiitz.

s
Scenedesmus Meyen 229

Scenedesmus acutiformis Schroder var. Brasiliensis
S c e n e d e s m u s a c u t u s M e y e n . . . .
Scenede8mus bijuijatus (Turp.) Kiitz. .

Scenedesmus Brasiliensis Bohlin 227
Scenedesmus caudatus Corda

Scenedesmus denticulatus Lagerh. var. linearis Hansg.
Scenedesmus incrassatulus Bohlin
Scenedesmus obliquas (Turp.) Kiitz.
Scenedesmus quadrioauda (Turp.) Breb.
Scenedesmus guadricauda (Turp.) Breb.

( E h r e n b . ) E a l f s . . . . . .
S p i r o g y r a Z i t k

230
228
230
230
183
183

229
229
229

229

229

229

229

229

var. ecornis

229

185

Spirogyra decimina (Miill.) Kiitz. » • • •

Spirogyra exilis
Spirogyra gracilis (Bass.) KUtz. .
Spirogyra longata (Vauch.) Wdtr

Spirogyra maxima (Rass.) Wittr. .

Spirogyra negleota (Rass.) Kiitz. . . . • •
Spirogyra orbicularis (Rass.)

Spirogyra orientalis
Staurastrum Meyen . . . . . . .
Staurastrum apiculatum Breb. . . . .

Staurastrum Avicula Breb. var. rotundatum
Staurastrum bicoronatum Johnson . . . .

Staurastrum bifidum Breb.* . • «•

Staurastrum birotatum

Staurastrum Burkill i i . . ! . . .

Staurastrum calodermum

Staurast rum capitellatum

Staurastrum compsobrachiatum . . . .

Staurastrum cuspidatum Breb. • .

Staurasfcrumdilatatum Ehrenb. var, obtusilobum
Staurastrum disparatum
Staurastrum distentum Wolle

Staurastrum gracile Ralfs var. verrucosum W.
G. S. West

Staurastrum gyratum

Staurastrum Hantzschii Reinsch var. congruum
Staurastrum hexacerum (Ehrenb.) Wille, .
Staurastrum Ikapoae Schmidle. . .
Staurastrum inerme Turn.

Staurastrum intricatum Delp. « . . .

Staurastrum lsevispinum J5m. var. tropicum .
Staurastrum leptacanthum Nordst.

Staurastrum leptodermum Lund. var. Ikapose
Staurastrum limneticum Schmidle . . . .

Staurast rum Mansangense
Staurast rum monticulosiforme
Staurawtrum mucronatum Ralfs. var.

W . S f G . 8 . W e s t . . . .

S t a u r a s t r u m para l le lum • • . . . .
S t a u r a s t r u m Pra in i i
S t a u r a s t r u m protec tum

Staurastruna punctulatum JBrfy

Staurastrum quadricornutum Roy Sf Biss.

Staurastrum Renardi Eeinsch var. congruum Racib.

Staurastrum retusum Turn. var. punctulatum Eichl.
Sf Gutto.

Staurastrum Sebaldi Reinsch

Staurastrum sexangulare (Buln.) Babenh. var. biden-

tatum Gutw #

Staurastrum Sonthaliannm Turn

Staurastrum subgemmulauum W. Sf G. S. West var.
gracilius

Staurastrum subindentatum .
Staurastrum suUrifurcatum Schmidle .

Staurastrum subtrifurcatum W. Sf G. 8. West .

Staurastrum tauphorum W. & G. 8. West

Staurastrum tetracerum Ralfs. var. trigranulatum >

Staurastrum tricorne (Breb.) Menegb. .

Staurastram unguiferum Turn. var. inerme .

subtriangulare

rage.
186

186

185

186

187

187

187

186

212

21?

217

220

214

220

216

2] 8

218

221

214

216

215

223

281

219

223

218

211

213

223

217

.224

213

222

215

219

213

220

214

2J7

216

223

223

216

221

224

221

218

220

214

214

219

218

213
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Page.

Stanrastrum unicorne Turn, var. Ceylani<;um W. Sf G.
S. West

Staurastrum zonatum Borgesen var. productum
Stauroneis Ehrenb
Stauroneis anceps Ehrenb.
Stauroneis Pfocenicenteron (Nitzsch.) Ehrenb. .
Stauroneis punctata Kiitz
Stigeoclonium subsecundum Kiitz
Surirella Turp.
Surirella linearis W. Sm.
Surirella nobilis W. Sm. •
Surirella ovalis Breb. var. augusta (Kiitz.) W. Sm.
Surirella robusta Ehrenb. yar, splendida (Ehrenb.) V.

Heurck

Surirella spiralis Kiitz.
Synedra Ehrenb
Synedra Acus (Kiitz.) Grun
Synedra biceps W. Sm
Synedra lunaris Ehrenb. • • . . . .
Synedra pulchella Kiitz
Synedra Ulna (JSfitzsch.) Ehrenb 233

213
222
237
237
237
2*6
182
239
239
239
240

239

240

233

234

232

234.

234

Page.

U

Ulothrix Kiitz 182
U l o t h r i x s u b t i l i s Kiitz., v a r . t e n e r r i m a . . . . 1 8 2

U l o t h r i x t e n e r r i m a K i i t z . . . , , , . , 1 8 2

Urococcus Kiitz. . 227
Uroccccus tropicus 227

V
Vanheurckia Breb 23G
Vanheurckia rhomboides (Ehrenb.) Breb. var. saxonica

(Eabenh.) G. S. West
Vaucheria DC.
Vaucheria globulifera
Vaucheria orientalis

236
184
184
184

Xanthidium Ehrenb. 209

Xanthidium Burkillii 210

Xanthidium jpulchrum Turn 210

Xanthidium sexmamillatum 211

Xanthidium spinosum (Josh.) W. Sf G. S. West . . 209

I

Tetrsedron Kiitz
Tetrffldron bifurcatum (Wille.) Lagerh
Tetrapedia Beinsch.
Tetrapedia Eeinschiana Arch.

Tribonema Derbes Sf Solier .
Tribonema bombycinum (Ag.) Derbes Sf Solier

231

23J

242

242

232

232

Zygnema gracile Hass
Zygnema lovgatum Hass. •
Zygnema maximum Hass.
Zygnema neglecta Hass.
Zygnema orbiculare Hass.
Zygnema spontaneum Nordst.

187

185,

A N N . ROY. BOT. GARD. CALCUTTA VOL. VI.



258 FEESH-WATEB AlGrM FBOM BUBMA.

INDEX TO PLATES.
New species are in bold type.

A

Ankistrodesmus quatematus
A r t h r o d e a m u s ourva tus Turn
A r t h r o d e s m u s f u s i fo rmi s
A r t h r o d e s m u s l e p t o d e r m u s Liitkem
A r t h r o d e s m u s t r i a n g u l a r i s Lagerh. . . .

B
Burkillia cornuta

C
€losterium decorum Brib. var. breve .
Closterium didymotocum Corda *
Closterium incurvum Brib. . . . m # *
Closterium Lebleinii jffŵ 2# var. recurvatum .
Closterium pulchellum TF # G. 8. West var. Burmense* " #

Olosterium substrigosum ' *
Closterium Venus Kutz [
Cosmarium Bnrkillii [ ] [
Cosmarium Burkillii var. rectangulare .
Cosmarium oontractum Kirchn * *
Cosmarium dicbondrum W. &$ Q. S. West var. subhexagonum . * *
Coamarium dispersum Johnson forma truncata . . *
Cosmarium glaphyronotum ^ * '
Cosmarium Mansangense '
Cosmarium multiordinatum W. fy G. S. West var. Burmense . *
Cosmarium Prainii • • •
Cosmarium quadriverrucosum '
Oosmarium subcrenatum Hantzsch • • • .
Cosmarium sublatereundatum IF. §• (?, S. West . *
Cosmarium subprotuberans TT. ^r G. 8. West var. subquadratum .
Co^marium trachydermum W. 8f G. S. West var. ellipoum . *
Cosmarium triverrucosum ^ •
Cosmarium turgidum £r<̂ J. var. ligatum • • . *
Cosmarium viride (Corda.) Josh. var. truncatum . "
Oylindrooystis diplospora Lund. var. major . *
Cylindrooystis pyramidata TT. Sf G. 8. West . . * * ' #

D
Desmidium Aptogonum Brtb., var. tetragonum W. Sf 0. 8. We t

Plate.
xii, figs.
xv, figs.
XV, fig. .
xv, figs.

*v> fig.'

xii, figs.

xiii, fig.
xiii, fig.
xiii, fig,.
iv, fig. f
xiii, fig.
xiii, fig.
xiii, fig.
xiv, fig.
xiv, fig.
xiv, fig.
xii, fig.
xv, fig. :
xiv, figs
».v, fig.
xv, fig.
xiv, fig.
XV, fig.
xii, ficr#

xiii, fig.
xii, fig.
xv,%

xv» fig.;
xiii, fig.
xiii, fig.
xiii, fig.
xiii, fig*

23-^25
Q Q

4
5,6

7

. 19-21

20
18
16

5
5
19
17
13
14
1
16
17
• 16,17
15
15
12

14
18
13
17
18
16
7
12
1

'•3,4

xii, fig. 5

Euastridium Prainii
Euastrum asperum Borge . * Xlv» &%• U
Euastrum Bhamense %

 xiv> Sg« 3
Euastrum coralloides Josh. var. subintegrum . X*V) 8̂f- 5

JBuastrum dubium Nag. var. tritum . . , [ " • • xiv> f i g - 8
Euastrum inennius (Nordst.) Turn. var. Bunnenie * x i v ' fi&' 6

^ v , fig. 10
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Euastrum pulohertfmum W. 8f O. fi. Wesi var. divisum
Euastrum serratum Josh. .
Euastrum validum W > 8 f 0 . 8 . West . . . .

H

Hapalosiphon Welwitschii W. 8f 0. 8. West
Herpesteiron conf ervicola Nag
Hyalotheca Burmensis .
Hyalotheca dissiliens (8m.) Brib.

M

Mlcrasterias foliacex Bail. var. ornata Nordst.
Micrasterias incisa Breb. var. Mansaugense
Micrasterias Mobii (Borge) W. 8f 0. 8. West var. Burmense.
Miorasterias Mobii var. integrum
Micrasterias tropica Nordst. . . . . . .

% Microthamnion curvatun)
Mougeotia parvula Has*. . • • • . . .
Mougeotia producta

N

Nostoc humifusum Carm. var. fluitans

Plate,
xiv, fig. 7
xiv, fig. 2, 9
xiv, fig. 4

xii, figs. 29—32
x, figs. 1—4
xii, figs. 1—4
xii, figs. 11—15

xiv, fig. 22
xiv, fig. 18
xiv, figs. 19, 20
xiv, fig. 21
xiv, fig. 23
xi, figs. 14—16
x, figs. 14, 15
x, figs. 16—19

xii, figs. 27, 28

CEdogonium oblongellum Kirchn.
Onychonema compaction
Onychonema lseve Nordst. . •
Ophiocytium coohlearo (Eichw.) A. Br.
OphiOcytium elongatum.

xi, figs. 1, 2
xii, figs. 6, 7
xii, figs. 8—10
xi, fig. 13.
xi, figs. 11,12

Penium adelochondrum Elfv
Penium Clevei Lund, Jorma elongata
Penium cucurbitinum Biss, var. subpolymorphum
Pleurotaenium cristatum (Turn.) Borge .
Plextrotaenium Cuyabense Borge
Pleurotsenium ovatum Nordst. var. tumidum .

xiii, fig. 15
xiii, fig. 2
xiii, fig. 14
xiii, fig. 11
xiii, fig. 10
xiii, figs. 8, 9

Scenedesmus iucrassatulus Bohlin
Spirogyra decimina (Midi.) Kutz .
S p i r o g y r a ex i l i s . .
S p i r o g y r a or ienta l i s . . . .
Staurastrum Avicula Breb. var. rotundatum
Staurastrum bifidum, Breb. .
S t a u r a s t r u m b i r o t a t u m
S t a u r a s t r u m B u r k i l l i i . . . .
S t a u r a s t r u m c a l o d e r m u m .
S t a u r a s t r u m c a p i t e l l a t u m .
S t a u r a s t r u m compsobrach ia tum .
S t a u r a s t r u m d i s p a r a t u m .
S t a u r a s t r u m g y r a t u m . . . .

xii, fig. 26
x, f igs . 6 - 8
x, figs. 11—13
x, figs. 9, 10
xv, fig. 25
xvi, fig. 7
xvi, fig. 13
xvi, fig. 3
xv, fig. 26
xv, fig. 29
xv, figs. 23, 24
xvi, fig. 5
xv, fig. 27
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Staurastrum lsevispinum Biss. var. tropicum •
Staurastrum leptcdermum Lund. var. Ikapose .
Staurastrum limneticum Schmidk var. Burmense .
Staurastrum Mansangense
Staurastrum monticulosiforme
Staurastrum mucronatum Rai/s var. subtriangulare W. 8f G. 8.

West.
Staurastrum Prainii
Staurastrum protectum
Staurastrum retusum lurn. var. punctulatum EichL Sf Gutw. .
Staurastrum Sebaldi Reinsch
Staurastrum sexaDgulare (Buln.) Lund. var. bidentatum Gutw.
Staurastrum Sonthalianum Turn.

Staurastrum subindentatum
Staurastrum subtrifurcatum W. # G. S. West var. majus
Staurastrum tauphorum W. 8f G. 8. West forma Burmense
Staurastrum tetracerum Ralfs var. trigranulatum

Staurastrum unguiferum Turn. var. inerme (Turn.) •

Staurastrum unicorne Turn. var. Ceylanicum, W. fy G. 8. West .
Staurastrum zonatum Borges, var. productum

T

Tetraedron bifurcatum (With) Lagerh jft fig- 22,

U
TJrococcustropicus xi, figs. 17-21

V

Vaucheria globnlifera xi, fig. 10
Vaucheria orientaUs xi! fig. 3—9

X
Xanthidium BurkiUii xv, fig. 10
Xanthidium sexmamiUatum xv, figs. 11,12
Xanthidium sexmamiUatum var. robustum xv, fig. 13
Xanthidium spinosum Josh xv,̂ fig8, 1 3

Z

Zygnema fepontaneum NordsL • • « • • • x, fig. 5

Plate.
xyi, fig.
xvi, fig.
xvi, fig.
xvi, fig.
xv, fig. ;
XV, fig.

xvi, fig.
xvi, fig.
XV, fig.

1
8
13
4

33
20

10
12
30—32

xvi, fig. 9
xvi, fig.
xvi, fig.
xv, figs.
xvi, fig.
XV, fig.

XV, fig.

xvi, fig.
xvi, fig.
xvi, fig,

16
6
21,22
15

28
19
Jl
2
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