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THE

CAUSES OF FLUCTUATIONS IN TURGESCENCE

IN THE

MOTOR ORGANS OF LEAVES.

INTRODUCTION.

......... ————

THE following pages contain an attempt to demonstrate that the great mgority,
if not al, 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 remova of sunlight, are not dependent on the presence of any
specidly 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, | fed 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 | have arrived at only after more than ten
years of dmost 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 speciadly those of a nyctitropic character, are so widdy diffused
that they may readily be made the subject of continuous observation under norma
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 avall themselves of
skilled criticism of any conclusions a which they may arive. But, a the same
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time, they labour under certain disadvantages in the sudy of the physology of
tropical organisms. They cannot place the latter under gtrictly norma conditions,
and are therefore constantly liable to assume that phenomena which  present
themsdlves 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 N0 sense, be taken as affording accurate indices to those occurring normally.
Had Sachs had any practical. experience of tropical conditions, he could hardly have
srioudy 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
againgt injuries from hailstorms!
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CHAPTER |I.

Wnt essentia nature of tmatstzntt in begdaMle ixssms, the catses
g&ing rise to jkehtatiems in it, agb the toious dfects
| tohich the latter mg) procure.

As dl the massve movements occurring in the higher plants, and which are
ordinarily ascribed to their irritable properties, are directly dependent on variations in
turgidity, it ssemsto 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 suffiang for their smple saturation. In other words, turgid tissues
contain more liquid than they are capable of accommodating as the result of their
passve physica capacity. The excess of liquid content is the result of the presence of
osmotic materias within the tissue elements, and its retention must necessarily give
rise to certain effects in these, to an increase in Sze, to eevation of conditions of
pressure, or to both of these combined in various proportions. In the case of free proto-
plasts smple increase in sze will occur, and in most tissues increased intracellular
pressure will arise in those cases where the cdl wals are rigid either intrinsically or
from their relaions to neighbouring parts, and varying combinations ‘of increased size
and increased intracellular pressure where the cdl-wadls are extensible and elastic.

In the great majority of cases turgidity in vegetable tissues is essentially dependent
on their continued vitality; but a the same time the occurrence of cases in which we
find it existing in the highest degree after the death or even entire remova 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 causd relation to turgidity is the presence of osmotic
materials within the protoplasm or cell-sap, and these materials are the products of the
functiona 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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2 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 ateration of protoplasmic activity will
at once give rise to corresponding changes in the degree of turgidity; where they are
stable and present in consderable 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 sufficent 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 qudified one. The qudification is necessary, because it does
not invariably happen that turgescence of the protoplasts of a tissue implies® turg@cence
of the latter as a whole. So long as any protoplast retains its vitality, so long as it
continues to exercise its functiona activities, it appears normaly 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 cdl-cavities within which ‘they are situated, and to the fact that even
minimal norma 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 certan
products of protoplasmic activity, but so long as they are confined to the interior of
the protoplasm, either diffusedly or within accumulations of cdl 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 cdls
as a whole, and that depresson of protoplastic turgescence beow a certain decree
must give rise to phenomena of natural plasmolysis. The fal in turgescence in ®the
protoplasts implies a corresponding diminution in their bulk, and as the cdl-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 artificiad plasmolysis the exosmotic property of the
medium is raised; in natura plasmolysis the endosmotic properties of the protoplasts
are lowered. )

In the great maority 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 cdl-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 actua degree
of tenson 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 cdl 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 cels are exposed. The former are directly related to the
functional activities of the protoplasts;, the latter to the genera 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 locd aterations in
pressure in the absorptive tissues themselves.

According to the relations which these two .sds 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
amal general loss, and “in the absence of any specia causes for active loca fitration,
turgescence will naturally attain its maximum; where active formation of endosmotic
materials cpincides with conditions causing deficient supply or excessve loss of fluid, the
result in any individua case will be determined by the degree to which each of the
opposed sets of factors happens to prevail; and, where a smdl 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, especialy 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
cdl-wadls are rigid, either intrinsically or from their relations to neighbouring parts,
vaiations® in intracellular pressure aone will be present; where they are extensile and free
to extend, variations in dze will accompany this.. It is only in the latter case that varia
tions in degree of turgidity can give rise to conspicuous massve movements, and it does
not, of course, follow that such should invariably present themselves even under such
conditions. Variations in the sze 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 massve 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 cdl-wals are rigid, may cause appreciable variation in consst-
ence, but cannot serve to induce appreciable variations in bulk or massve movements,
variations in turgidity of entire tissues with extensile and elastic cell-wals 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, -efficent in giving
rise to massve 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
efficdent 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 concelvable 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
ded with is, how far is mere protoplastic contraction likely to be efficent in giving rise
to alterations in the turgescence of cdls? In considering this we have in the firs place
to bear in mind that, in so far asthe active protoplasm is concerned, we have unequivocal
evidence that contraction does not imply any appreciable ateration in bulk, but mere
change in form, and that therefore contraction of a protoplast situated within a cell cavity
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does not in itsef determine any appreciable diminution in the mass of contents
of the latter, but at the utmost a mere rearrangement of them. Active contraction wijl
give rise to increased pressure in fluids contained within the substance of the contracti ng
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 cdl-wdl in plasmolytic
fashion. In so far as alterations in the mass of cell-contents are concerned, a protoplast
contracting within a cdl is practically the paralel of a mass of muscle contracting within
a cdosd vessdl of water. The distribution of the muscular mass and of the surrounding
water is atered, owing to the change of form occurring in the former on contraction, butt
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 cdls, we have next to consder 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 propertlas as
efficent 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 cel-
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 cdl-tur<*escence
either directly or indirectly. The essentid factors which determine the normal flutuations
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 caBé\ble"(ﬁ'll
producing such changes. *

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

isms of the highér an|ma|s than m those of the higher plants, it has been assumed "tha
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 logica 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 case of
the higher animals the former, and in the case of the higher plants the Iatter is that
which has been followed.
The lines which evolution has pursued in the animal and vegetal series are div

in the former contractile and, in association with this, irritable function; and in th " fT"
assmilatory function has been progressively highly specidised. The higher,plant,s‘?ow?itg
to their great superficid extenson and highly evolved assimilatory capacity, are™nablecUo
obtain sufficient nutritive materials from those supplies which are generaly dUhmTLLoh-
out their environment; consequently any specid means for bringing them in condensed
and massve 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
materias, such means are essential. The end to be attained in both cases is a due supply
0? 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 specidisation of assimilatory function and great extenson of surface, in
the offier by great speciadisation of contractile and irritable function. Even the most
indifferent protoplasm possesses a certain amount of contractile function; but in tracing
the course of evolution aong the anima and vegetal series of organisms we find that,
whilst in the" former this has become more and more highly specidised, in the latter it
has remained in relative abeyance, while assimilatory power has become predominant; so
that it would be juM as surprising and anomaous to find any of the higher plants -
&xhibiting phenomena implying the presence of highly specidised contractile apparatus
as. to find any of the higher animals capable of supplying their nutritional requirements
from purely inorganic sources.

Batfr P' & priori grounds and in the light of abundant positive evidence there is
thus gogd reason to believe that massve 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
focal supply and loss of fluid. :

CHAPTER IL
Wurgftitg as feinpiditd” fran dmple saturation.

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 anaestheticss. 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-
son of the functional activities to which they owe their origin is a 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 smal 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.

Experfment |.—A leaf weighing 654 grammes was set in a chloroform-chamber at
109 AM. 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 lesf 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 573 grammes, which, as the fluid of the
exudation is practically of the same spedific gravity as water, indicated a loss of 0"8lc.c.
of fluid. It was returned to the chamber, and on the following morning it was quite
flaccid and weighed only 542 grammes, corresponding to a total loss of Vi2c'.c. of
fluid during the course of the experiment.

Experiment 1l.—A leaf weighing 872 grammes was set in a chloroform-chamber,
Abundant exudation appeared on the surface within five minutes, and, after Sx minutes
exposure, large pools of fluid had already formed a some points. It was now gently
wiped, and when weighed was found to be only 762 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 ate*
the beginning of the experiment it was quite flaccid, of a dull, yellowish, olive colour
and weighed only 667 grammes, equivaent to a total loss of 206cc? of fluid, and to-
a loss of 095 after remova 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
o flud.

Experiment I11—A leaf weighing 746 grammes was placed in a chloroform-chamber
for two minutes and then transferred to a smple moist one, with the cut end of the
petiole immersed in water. In three minutes from the beginning of the experiment
visble exudation was present, and three hours later the surface was everywhere
conspicuoudy moist, and at one point there was a smal pool of fluid. On the following
morning it had quite recovered and weighed 752 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 1V.—Two leaves, neither of them being very turgid, were st 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 I*® 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 0:3 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, athough 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 512 grammes, set in a chloroform-chamber, began to
show visible exudation in the course of sx minutes, and at the close of ten minutes had
discharged large pools of fluid. It was now removed and carefully dried, and on ben«
weighed showed a loss of 028 grammes. It was next a once submerged in Water’ and
on the following morning was quite flaccid, of a yelowish colour, and showed an addi-
tional loss in weight of 074 grammes. This conclusvely 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
gpecific gravity of 1Q30, had accumulated in the receiver. They remained for twenty-
four hours longer in the chamber, and a the end of the experiment had sustained a
total loss in weight of 486 grammes, or 135 per cent.

Experiment VII.—A large leaf, weighing 88 grammes, was suspended free over a
collecting funnel, with a view, as far as possble, 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 origina weight.
The strongly acid, yellowish fluid which collected in the receiver had a specific gravity
of ,2000.

The amount of free exudation taking place in leaves of this plant, and probably of
other species aso, 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.

Experitnent VIII.—A leaf set in an dcohol 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 |.—A leaf, weighing 644 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 a 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 adso manifested itsef 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 lesf was throughout of a pale yellow colour and had lost 0*13 grammes in
weight. The relatively smal 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 cdls,
and on the other brought the latter more readily into relation to the anaesthetic.

0.—Euphorbia antiquorum.

Experiment |.—A shoot, weighing 11*26 grammes, was set in a chloroform-chamber.
Within an hour and a haf the entire uncut surfaces came to present a peculiar greyish.
tint, due to the exudation of minute drops of latex into all the depressons in
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which the sparsely distributed stomata are present. Only a little watery fluid had
excaped 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. Vely little watery cell-sag could have escaped,
as, even dfter the dry latex had al been carefully rubbed off, the shoot showed
aloss of only 041 grammes in weight. The cut surface of the pith was, however,
dightly depressed, and any section or dight pressure of the epidermis of the intact
surfaces was followed by abundant exudation of clear fluid. Microscopicad sections of the
tissues showed the ramified milk tubes in a more or less shrunken condition, with
their walls often thrown into longitudina wrinkles, giving them a finely striate appear-
ance, and their abundantly nucleated protoplasmic lining contracted. The wrinkling
of the tubes and the recesson 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 cleafly show
that the high state of turgescence normaly present in the laticiferous systenj in such
cases is N0 mere passive engorgement due to extraneous pressure exerted by surrounding
turgid tissue eements, 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 I11. fig. 1) is in itsdf sufficent 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 cel-sap would
appear to imply that such agencies are redly 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 functiona 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
amogst equaly striking demonstrations are forthcoming in cases where we employ tissues
in which the cdl-sgp contains coloured matters in solution, as the escape of these from the
interior of the cell-cavities gives rise to striking changes in appearance, especidly 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 144 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 dlvery grey over the intervening areas; the lower one dull red at the margins
aid pae green with red veins centrally. Within hdf an hour very conspicuous changes
m" 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 lesf was quite flaccid, the tissues throughout being
tranducent 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 originaly 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 diffuson of the red colouring matter normally limited
to the interior of the cels in certain areas of the inferior surface.

Experiment |I.—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
genera diffuson through the intercellular spaces.

Experiment I11.—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 sosked and the
surfaces moist, but there was no massive discharge of liquid.

Experiment 1IV.—A lesf of Begonia rex, coloured like the former ones, was set in an
adcohol 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 lesf was moigt, transducent, red at the margins and centre, and reddish
green in the intermediate, originally grey, area of the upper surface. The colouring was
dike throughout the entire thickness of the lamina. Flaccidity did notet 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 dffinity for water and no appreciable solvent power for chlorophyll,
acohol is highly endowed with such properties, so that under its influence we have
both diffuson of the chlorophyll green and less accumulation of water in the tissues
generally. The red colour of the cdl-sap in these cases is apparently unaffected by the
changes accompanying anaesthesa, 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 lesf was now set with the freshly -
divided lower extremity in a vessd of water, and the entire apparatus was introduced
into a lage chloroform-chamber. Three hours later the parts of the lesf 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 df, it was set in a smple 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 lesf was of a brownish olive colour and with the pinnae absolutely
flaccid.

Experiment 1I.—A mature leaf of Cassia sumatrana, with the four distal pairs of
pinnee and the corresponding portion of the rachis protected as in the previous
experiment, was set in a chloroform-chamber. At the dose of three hours the exposed
portions were of a dull olive green colour and the pinnee were very limp, v/hilst the
protected portions remained in their origina state. The leaf was now removed from
the chamber, the test tube being taken of, and was st in the open laboratory. On
the following day the portions which had been exposed to the chloroform were of
a dull brownish olive, whilst al 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 pinnee were al 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 1l1.—A leaf of Cassia sumatrana was taken, and the lower extremity
of the petiole was freshly divided subaqueously. Both the basd and the distal portions
were now protected and the central portion was exposed to the action of chloroform for
ome time. It was then removed and st 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 basd and distal were quite green and
turgid and showed no traces of exudation.

Experiment 1V.—A young green shoot of Cassia sumatrana bearing severa leaves
was st in a bottle of water. The submerged end of the axis was now freshlv cut
S0 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 dosed one. Visble extudation of
fluid presently occurred on the axis, rachises and petioles, and the pinnee first partially
assumed the norma 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 wel as their entire absence from the surfaces of
tfie pinnag, 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 v 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 pinnag, 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 asmple one of genera
flaccidity was shown by the fact that in those leaves which, in introducing the shoot
into the chamber, had been reversed, the pinnag in place of being depressed bdow 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 thelower part of the lowest petiole which had been protected by the luting remaining
quite gvVemn, turgid, and devoid of any drops of fluid.

The phenomenon of free exudation on the surface of the axis in such experiments
* presents itsdf 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, smply a paralel 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 extensve intercelular area, indicated only by the flaccidity and saturation of the
tissues; and the specia -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 soldy to
the protoplasts which are directly exposed to it, and not leading to any propagation of
the depresson or abolition of functiona 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 exceptiona cases to be presently aluded 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 129 grammes, was immersed for.
about one minute in water a a temperature of 69°C, and then gently wiped dry acd
placed in a hermeticaly cosed 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 yelowish tint. It now weighed 11'2 grammes, corresponding
to a loss of I-7c.c. of fluid* Discharge continued to occur, and on the following morning
the weight was only 104 grammes, indicating a loss of 2'cc.c. of fluid and- 195 per
cent of total weight. :
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pinnse began to show rotation and depression, whilst the proxima ones retained the fully
developed diurna 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 lesf were dry and brown, the others were green and turgid, but somewhat
inclined towards the nocturnal postion. The lesf 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 pinnag, the other, which was somewhat larger, only six and ahdf pairs. The
third pair of pinnae and the corresponding portion of the rachis of a were immersed in
boiling water, the treatment causing amost 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 a 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 usua 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 dista
pairs of pinnae were cut-off. The lower part of the petiole was then plunged into boiling
water for hdf a minute, and, its extremity having been cut dof subagueoudy, was luted
into a water-bottle. The apparatus was then set in a seded chamber containing a vesH
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
pinnee at the same time were fully expanded, turgid, bright green and, as usud 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 dose of the experiment the quantity
of water which had been absorbed amounted to Ibc.c.

Experiment VII.—A large lesf of Cassia alata was taken, the basal pair of pinnae
removed, and the lower four and a hdf inches of the rachis immersed in boiling
water for two minutes. The end of the petiole was then freshly cut df under water,
and the Jd set in an open water-bottle and fixed, so that the lower part only of the
boiled portion of the petiole was immersed. Visble depresson of the leve of the
water set in a 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 pdiole"
within twenty-four hours, for the loss by mere evaporation in a check bottle of water
was dmost inappreciable during the same period. The nine pairs of pinng which
had been left on the leaf remained quite green and turgid.

Experiment VIII.—Two leaves of Cassia alata were taken, and al the' pinnee save
the two termina pairs were cut of. 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
st sde by side in marked water-bottles. On the following day the water in the bottle
containing the wholly boiled specimen showed a loss of |Occ., and that in the other
one of Uc.c. The pinnee 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
cae in which the lower part of the petiole done 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 sSmple 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 pinng
after the remova 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 aike were fully
expanded, green and turgid, and the loss of water registered by each bottle was 23c ¢
The boiled portion of the petiole of the one lesf was quite brown and the cortical
parenchyma flaccid. One phenomenon which presented itsef in this case was that
the absorption of water was primarily more rapid in the specimen in which th<? lowér
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 locdised to the parts directly exposed
to ther influence, and that, even where the exposure results in death, there is no
propagation of any effects to protected parts, however dose 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 ate
supply conducted by the vascular tissues remains inappreciably affected by chloro‘?orm",'
and although heat may temporarily affect the former, due to the expanson of thé
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 reaf;-ent which
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is primarily localy .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 subagueoudly divided in order to permit
of free absorption. One of them (a) was now aong with its water-vessal 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 basa pinnee 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 m< 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
pinnee 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 beakéer, the pinnae drooping and darkening in colour especialy along the neighbour-
hood of their midribs, and exudation beginning to appear. on the rachis.  Twenty-four
hours later the lesf 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 dso very rapidly affected, the pinnae becoming flaccid
and of a brownish olive colour and the rachis exuding drops of pale yelowish fluid,
but there was no extenson of these changes to the portion of the leaf beyond the
cork, the pinnae retaining their origina 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 origina
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 dlightly soluble in water, ammonia is excessvely o,
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 dista areas by means of aterations in their water-supply. This
is a question which will be recurred to subsequently, and it is merely aluded 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 smilar 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
visble exudation or change of colour. It was now set in a hermetically dosed chamber,
and very soon began to sweat visbly. On the following day it had acquired a yelowish
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 originad weight, The only
difference presented by the phenomena in this case as compared with those occurring in
cases of anaesthesa 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 excessve elevation or depresson of
temperature which produce such results, for essentially smilar ones occur in cases where
the tissues are exposed to strong acid or akaline vapours, to immersion in solutions of
corrosive sublimate, or to the influence of eectrica currents or discharges.

| have not personaly tried any experiments on the action of electrical currents on
vegetable tissues, but the accounts which are furnished by Becquerd* regardlng the
results of his investigations of the subject leave no doubt that they adso 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 suppresson of the discharge of latex
on subseguent incision, a phenomenon which can only have been due to losst 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 cels normally containing it and its diffuson throughout the intercellular spaces
of the tissuee He was a first inclined to explain the escgpe 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 td
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 lesf of Kalanchoe, weighing 10-03 grammes, was set in a carbonic
acid chamber. The first result which manifested itsdf was a certain amount of * ..
dfication 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 lesf was of a dull, ochreous brown colour and weighed only 89
grammes. It was returned to the chamber, and twenty-four hours later was amost

* « Des Forces Physico-Chimiques." Paris, 1876.
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completely flaccid and weighed 8706 grammes, equivalent to a loss of 196 per cent, on
~ the originad weight and to an exudation of V97c.c. of liquid.

Experiment XlIl.—A leaf of Kalanchoe, weighing 2793 grammes, was st 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 aong
the margins of the lobes was, primarily at al events, intensified, and the rest of the
surface gradually became yellowish. On the following day the lesf 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 iin & carbonic acid chamber. It remained in the chamber for forty-eight
hours, and a 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 3322 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 2851 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 1502 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 155 per cent,
in weight.

Experiment XVIII.—A leaf of, Kalanchoe, weighing 13*08 grammes, was set in a
nitric acid chamber. Visble 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 1023 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 cod-black and covered by large isolated drops of inky fluid. It was not,
however, flaccid, and only showed a loss of 72 per cent, in weight, whilst a lesf
which had been exposed simultaneously in a nitric acid chamber showed one of 21*7
per cent. Twenty-four hours later it was dill nearly rigid, but had discharged a
considerable additional amount of black liquid and only weighed 1251 grammes.

Experiment XX.—A leaf of Kalan'hoe, weighing 1517 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

ANN. BOY. BOT. GARD. CALCUTTA VOL. VI.
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was no genera 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 dill quite rigid and had lost only 007 grammes in weight. On the foIIong
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 68 per cent. The downess 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 cel-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 ordigiary
circumstances.

Experiment XXI.—A leaf of Kalanchoe® weighing 26*87 grammes, was st in an
ammonia chamber. Conspicuous swesating took place in the lobes nearest to the vessd
containing the ammonia within the course of five minutes, and the tissues graduall'y
assumed an intense degp green colour. On the following day it was of a very deep olive
green. The surface of the lesf was moigt, but its texture was not flaccid. Twenty-four
hours later the colour remained as before, and the we|ght was 23"42 grammes, equivaent
to a total loss of 12'8 per cent.

Experiment XXII.—A leaf of Kalanchoe, weighing 87 grammes, was set in a moist
ammonia chamber. Within ten minutes it became of a vivid deep green, and had begun
1o sweat conspicuoudy. On the following day it was dark green and very moist, but still
rigid and smelling strongly of ammonia. The ammonia was removed so0 as to convert the
chamber into a smple moig one and the leaf replaced in it. The weight of the leef at
this time was 8% grammes. It was kept under observation for three more days, during
which it continued to give df ammonia as indicated by the smel of the water in the
chamber, which was renewed daily. The losses in weight for the successve periods of
twenty-four hours were 0*88, 0'29, and 0-11 grammes, giving a total loss for the entire
experiment of 1*3%5 grammes, or 179 per cent, of weight.

Experiment XXII1.—A leaf of Kalanchoe, weighing 2322 grammes, was immersed
for forty minutes in a 25 per cent, acoholic 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 aready discharged, and active exudation was till going on. At
this time it weighed 26-44 grammes. It continued to discharge fluid, athough kept
continuoudy in a sealed moist chamber, for the next eight days, and a the close of
that period it was excessvely flaccid, of a pae yedlowish olive colour, and only
‘'weighed 21:03 grammes, corresponding to a total loss of 819 grammes, or 28"2 per cent,
of weight.

Experiment XXIV.—A leaf of Kalanchoe, weighing 120 grammes, was immersed
in a saturated agueous solution of corrosive sublimate, the extremity of the petiole being
freshly divided after immerson 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
953 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 826
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: —

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

2,d,—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.

3yjs—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, tn other
words, that depression or abolition of functiona 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 depresson 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 essentialy related to movements connected
with alterations in the turgescence of cellular vegetable tissues.

_ CHAPTER III.
Wit relation of turgesance to protoplasmic actibitg.

The facts which have been detailled in the preceding chapter might, if taken aone,
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 dl 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.
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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, dfirms 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 endosmoticaly 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
gpecial 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 dimihution in the
former, and not of any increase in the latter, of these two factors, and when we Core to
look for any positive evidence tending to a decison of the question, we find that, whilst
we can readily trace the occurrence of chemica changes in the cel-sgp which may well
cause changes in its osmotic properties coinciding with loss in turgescence, we are.
unable to find any proof of ateration 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 a al events show that loss in turgescence is accom-
panied by changes in the chemica 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 smply 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 assmilative 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 flora tissues form the subjects of experiment.

In the case. o common leaves the changes in colour accompanying” depresson and
abolition of functional activity (unless induced by media, such as ammonia, which secure
the addition of extraneous akaline constituents to the tissues) are such as to indicate a
rise in fixed acidity, the yellowing which takes place being precisdy 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 itsdf 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 aone, as it is possble to adduce postive proof that depresson of functiona
activity is, in some cases at dl events, directly related to an increase in the fixed acidity

* Vorlesungen, XVI. p. 330, XXXVII. p. 798.
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of the cdl-sap. This is demonstrated by the following experiments which were originally
am}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, aternating 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 smaler in the evening than in the morn-
ing; but, in spite of this, it was at once evident that the acidity, and specialy the fixed
acidity ‘of the evening (and presumably concentrated) sap, was much lower than that of
the flui(J escaping in the morning (plate 111. fig. 2). Systematic investigation of the
subject afforded the following results:—

Experiment |—Two leaves of Ealanchoe were taken, one, #, weighing 16'93 grammes,
and the other, b; 3075 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 pae ochreous olive colour and very flaccid; whilst b was bright green and turgid,
and weighed 31*33 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 11.—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 a 10-30 AM.,
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 2872
grammes, and the permanent acidity of the sap intense.

Experiment [11.—A leaf of Kalanchoe, weighing 3058 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 1V.—Two leaves of Kalanchoe, one, a weighing 23*6 grammes, the other,
by 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 277 grammes, and on section yielded comparatively little fluid, with
amere 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, TOIl. XI. p. 213.
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Experiment V.—Two leaves of Kalanchoe with intensely acid sap were taken at
1015 AM. One, a weighed 287 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 ahdf. At the close of this
period, a weighed only 273 grammes, and the acidity, and especidly the permanent
acidity, of its juice was very greatly diminished in intensity; while b weighed 27'87
grammes and yielded fluid of excessvely acid reaction. On the following morning the
acidity of the sap in both cases was dike and intense. The lesf b was now enclosed
ina moist chamber and exposed for three hours in absolute darkness to a temperature
of 887 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 a the end of the experimeht.

In this case the stimulant ultimately leading to a diminution in the acidity .of
the cel-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 expanson 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 chemicd alterations in the nature of -the
cel-sgp 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
assumethat in some cases the factors act on the physical properties of the protoplasm,
and in others on the chemicd 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 sofme 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-
PATEL in thfi nthor 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 cdl-sgp and to ' corre-
gponding changes in the tint of colouring matters which are dissolved in it, the inten-
sity of blue and green colours being related to relative akalinity 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 amost 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 |I.—Petals of the same Erythrina, when immersed in absolute alcohol,
were at once bleached to a very pae pink, the acohol at the same time acquiring
a very pae, 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 glacia acetic acid to alcoholic
extract which has become scarlet owing to prolonged exposure in a carbonic acid
chamber, secure alternating discharge &id reformation of the colour.

Experiment 11l—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 adull maroon red, the corolla a the same time showing the initial stage
of collapse. The chloroform was now removed from the chamber and a vessd 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, collgpsed at once, the colour at the same time becoming purplish. The water
dso acquired a purplish hue, due to extraction of pigment and partial bleaching of
the corolla  The: purplish infuson 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 IIl.

When the colour had become of a deep maroon red, the chloroform was removed
and a vessdl of fuming nitric acid substituted for it. Restoration of the colour began
visibly amost 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 haf of exposure it was found to be
diffly frozen and of a dull red colour. It was now placed in a smple 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 aso advancing
rapidly. On the following day it was quite flaccid and deep maroon. A vesse 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 akalis dull green, passng 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,

e follow mg day thﬁ
flower, although hardly showing any signs of collapse, was of a unifn™
orange throughout. uniform brownlsh

Experiment IX—A flower of scarlet Hibiscus in a chloroform- amber ve ”
collased, and at the same time &dnesi a dsgP rmradSrO(DEﬂTodINJr H’nmers@% afpl y

discoloured petals respectively in dilute acetic acid and in 10 per ceni Jn T T * o t
potash caused them, in the former instence, again to become scarlet and laif 16
to turn first dull blue, then dull green, and finally ochreous. atter,
Experiment X—Two flowers of Jomoa &<&e««, were placed in a chl orof
o N

The deep blue portions of the corollas almost |mmed|ately bestsan to
a violet, and the pale rose of the red parts an ochreous tint. The vitlet of T hT
“areas gradually reddened and, at the same time, the texture visibly became ~ M T
The corollas ultimately collapsed, the originally red area being noloohmm“"’n"u
the originally blue ones dull red. Teous and

chamber.

Experiment XI.-A flower of Ipomcea hederacea was set in a moist Cyy,,
at 10-31 ..M. The blue area of the corolla gradually became fjrst *
dull red, and at the same time slowly collapsed.

T AN

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
1 VWJU/II

- gradually faded to a pale ochre.
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 thé
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 * -
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 relatiT™
of acid constltuents whilst, when the flower expands under favourable cond|t|0ns fT T*
and specially of temperature, these acids are partially neutralised by the manufact &=
alkaline products. Stimulation of the functional activities of the tissues in thls'3 o
rise to effects similar to those accompanying it in tissues containing ch*ronl-M| ~"
precisely the reverse of those occurring in the case of tissues in which th * 11" Ay
normally red during their fullest development. The brilliant scarlet of the f ] 88 P s
corollas of scarlet varieties of Hibiscus rosa-sinensis is replaced in th b Jt. ;‘lgxp_a”(*e(*

™

fading condition by a dull red colour, which, especially in the latter Cago
of the same character as that developed in the expanded corollas und . th *S.V6ia muca
chloroform. In the case of chlorophyll-containing tissues, and in those%i"
sap is of a blue colour when they are most highly developed, stimul t" A :
act|V|ty appears to lead to relative alkallnlgy and gepressioner ab I\V“‘ ot proto lasmic
activity to relbtive délidity; wilst,iin the case of tissues contammqg T fi protoplasmic
- Cellssapr precisely

the reverse is the case. The essential constituents of both vvJ  J¥,
% red and blue colouring matters

A Oa

™ A

- \ 1Ufluence of
ulCh tlie celln
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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 amost colourless (like those
of Erythrina stricta) under smilar 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 akalis act on other red tissues; while the alcoholic extract demands
an excessve 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 norma fading and exposure to
chloroform, and they yield brilliant pure blue infusions and extracts on boiling and
immersion in acohol. 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 XIll.—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 salft,
where it remained for an hour and a hdf. At the close of this period the flower
remained fully expanded and retained its original colouring, but was frozen and rigid*
On remova 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 norma 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 akaline 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 sgp a 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 cdl-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 congtitution 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
SuBstances,_ that they serve as satisfactory indices to the occurrence of chemica changes
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in the sap. In the case of blue Clitoria the tint is certainly related to relative akalinity
of the sgp, but this alkalinity is in great part due to the presence of non-fugitive,
fixed materials. In many yelow flowers, on the other hand, theé 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 depodted in the form of resnous granules which are
quite insoluble in water, and therefore any changes in the reaction of the cel-sgp do not
gppreciably 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 cdl-
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 beief in the norma coincidence of alterations in turgescence, which depend
on fluctuations in functional activity of the protoplasts, and chemical changes in the
cdl-sap.

The chromatic change accompanying depresson or abolition of function in vegetable
tissues is not, of course, an absolute proof of coincident alterations in their osmotic-
properties, but merely of dterations in the composition of their cel-sap. It is,
however, highly probable that the processes leading to the latter may jaffect the
former adso, and there are certain phenomena which to a certain extent appear to
indicate that they actualy do so; for in cases in which depresson and abolition
of functionad activity is accompanied by very marked chromatic changes, we find
the coincident loss in turgidity excessve, 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 itsdlf in their colour, whilst in the case of flowers
of scarlet Hibiscus under smilar circumstances the change is very great. A corre-
sponding difference occurs in relation to the coincident loss in turgidity, for, athough
there is a condderable 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 a al events both ascribable to the presence of
certan dable condtituents in the cedl-sp 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 functiond activity.

The experimental data which have been given above afford sufficdent evidence that
alterations in turgescence following exposure to influences of the mogt 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 congpicuous dterations in the chemica congitution of the
cel-sap. This in itself is sufficent 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 perssts 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 mog 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 cdls
have been gradualy expended with a proportionate accumulation of the products of
tneir functiona activity in the cell-sap; and in the fully ripened tissue, if any living
protoplasm persists, its amount must evidently be extremely smal. Whatever its amount
Tke 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 mesocap of a ripe orange, weighing 1058
gl-ammes, was exposed in a chloroform-chamber for twenty-four hours. At the dose of
this period it weighed 106 grammes and retained its turgidity unaltered.

Experiment XV.—A segment, weighing 952 grammes, was exposed in a chloro-
form-chamber for twenty-four hours. At the close of the experiment it weighed 953
grammes* '

Experiment XVI.—A segment, weighing 135 grammes, was immersed for forty
minutes in a 25 per cent, acoholic solution of corrosive sublimate.  On removd its
weight had increased to 13*73 grammes. It was now placed in a smple 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 135 grammes.

Experiment XVII.—A segment, weighing 2044 grammes, was immersed in a 25
per cent, solution of corrosve sublimate for twenty-four hours. At the dose of that
period it was excessvely turgid, and when dried weighed 20*64 grammes. It was
now placed in a smple moist chamber. Twenty-four hours later it was quite turgid,
the surface dry, and the weight 1987 grammes. It was kept under observation for
three days longer, and at the end of the experiment weighed 195 grammes.

Experiment XVIII.—A segment of the mesocarp of a ripe orange (a), weighing
13*08 grammes, and a lesf of Kalanchoe (b\ weighing 17424 grammes, were immersed
for one minute in boiling water. On removal (a) weighed 135 grammes and (b) only
15*65. Forty-eight hours later, (a) weighed 1254 grammes; whilst (b) was flaccid,
yellowish olive, and weighed only 146 grammes; the total loss in the former amounting
to 41 per cent, and in the latter to 153 per cent.

One of the mogt striking examples of the maintenance of an extremely high
degree of turgidity in cdls 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 amogt 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 sem immediately
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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 lesf a was of a pae ydlowish olive colour and
perfectly flaccid and collgpsed, whilst b was deep dark-green and quite firm and turgid.
The less of weight which had occurred in a was 775 grammes, or Z7*4 per cent., and
active exudation was dtill taking place. In the case of b the loss only amounted to 1*64,
or 59 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 042; 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 *&4 grammes, or 59 per cent. The weights a different periods are shown in the

following tablee—
Weight in Total loss. Percentage

Date. grammes. loss.
February, 13th ... w2154 ' oo
1 14th ... e 25-90 1-64 59

" 15th ... en 26-32 1-22 44

. i6th .. vas 26-31 123 4-4
17th ... - 26-31 1-23 44

18th ... 26-32 1-22 4-4

20th ... 25-90 1-64 59

Up to the 16th the lesf remained continuoudy in the ammonia-chamber, but it wes
then removed and kept in a smple moist™ chamber during the rest of the experiment.
When removed it had a very strong anmoniacal odour, and for several days it continued to
give df enough ammonia to endow the water in the water vessd of the moist chamber
with a strong smdl of it. Whilst in this chamber it discharged a consderable amount
of fluid from the termina lobe, which happened to be doped 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
‘itsdf 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 cdl-sap during that period partially making good the initial
loss of natural osmotic property which had attended the death of the tissue. The arti-
ficid addition of ammonia to the cdl-sap does not auffice to maintain the osmotic
capacities of the latter at quite the norma level, but it prevents the great loss in osmotic
property attending the cessation of functiona activity from producing the effects which
it naturally would give rise to. The loss in functiond osmotic property appears to
proceed more rapidly than the acquisition of artificid osmotic property; and hence an
initial fal in turgescence below the level a which the artificia property, when fully
developed, is able to maintain it.

Experiment XX.—A leaf of Kalanchoe laciniata® weighing 27%13 grammes, was Set in
a mois ammonia-chamber with the base of the petiole, which had been subaqueoudy
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divided, immersed in water. Twenty-four hours later it weighed 25-94 grammes, corre-
sponding to a loss of 1'19c.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 dter welgh?nent were J
iollows:—

Date. Weight in Percentage loss in
grammes. total weight.
MarCh, 2nd ) 27.13 A
» 3rd - - e 25-94 4-3
» 4t .. 2596 4.3
» Oth oee — . 26-16 35
» o ooe ooe '« 26-21 3.3
» 8 - .. G2 33

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 tamd On th’
8th of March it was transferred to a simple moist chamber, and the petiofe was !
longer immersed in water. It remained in this for the next six days, during which the

weights were as follows :— to T¥UAU wie
Date. Weight in  Percentage loss in
grammes. total weight.

Mach, Ich -5-87 4.6
m o loth .. 2567 53
» o MR - .. 2549 60
» ij‘:}‘ - — e 2526 7-2
» ! .. 2509
» 1A .. 2490 Z}g

It was now once more set with the freshly divided extremity of the not"u . ¢
with the result that it again began to discharge water actlvely ‘and JT ™ * wa.er.
gained conS|derany in weight, as shown below:- - Tv vy Sametime

Date_ Werghtin  Percentage loss i,
‘ . grammes. total weight,
Maroh, 15th 25.72 gi
» 16th e oo0 25'62 5:5
17th
25-64 54
» 18fch o" ) . 25-63 5.5

This experiment is specially instructive on several grounds It ff ord
perfect demonstration of the fact that, even in those cases in which ?1e Ids 2 most
of turgidity is normally dependent on continued vitality of th~ ~ malntenance
tissues, the relation between the two conditions is not “a dir, A Pretoplasts of tne
any structural peculiarities of the living prgteplgsm, phpt <|d" A )
through the intervention of the presence of certain osmotic p"* 'C.t A maintame(i
The protoplasts of the tissues of this leaf had certainly been'TAT "*
March, and yet turgidity persisted in high degree sixteen [, °" he 2nd of

without th

being any obstruction to the free passage of fluid throned +l/" later: ere
«Nn the tissues, .5 was clearly

nefcermine(i b

the CelluSapy
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shown by the continuous discharge which accompanied free supply of water, A
striking illugtration is aso afforded of the dependence of turgidity not only on
intrinsic, but dso on exttinsc conditions; not only on osmotic capacity of the cdl*
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 o¢rd 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
themsdves where death of the tissue is determined by means which do not intro-
duce permanent artificid 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 acoholic solution of corrosive sublimate—

Date. Weight. Loss. Percentage loss.
December 21st es 29-22 - (o

22nd - 26-44 2-78 95

23rd 24-68 4-54 155
" 24th . aee 22-92 6-30 21-5
» 25th vea 21-82 7-40 24-2
N 27th ces 21-03 819 28-0
. 30th .. 2080 872 208

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, vepour of chloroform, or other conditions in which no appreciable
addition of extraneous materials to the cdl-sap is involved. The peculiarity of the
phenomenon of artificiadl maintenance of turgescence by means of ammonia lies in its
persistent character. In cases of poisoning by acoholic 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 fdl as low as it is where ammonia is the toxic
agent, but there is no permanent arrest established, and the loss, athough retarded in
the outset, goes on steadily progressing. Exposure to an amosphere of ammonia is
followed admost immediately, by a certain amount of discharge of flud and con
gpicuous change * of colour in the tissues, the abolition of functiona activity being
apparently much more rapid than where chloroform is employed ; but, because the
ammonia is readily absorbed by the cdl-sap and imparts certain properties to it, the
loss of turgescence connected with the cessation of the norma 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 cdl-wals from exert-
ing its full effect.

The effects of ammonia in atificiadly maintaining turgescence are specially
conspicuous and measurable in dealing with succulent tissues such as those of Kalanchoe,
but they dso 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 vesss in
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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 wam ‘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 ; and a
trace of collgpse manifested themselves. In the case of b the action of the abnormal
medium did not manifest itsef for some time; but, when once initiated, alteration in
colour and loss of turgescence ran hand in hand, and &fter 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
dightly collapsed, but after this it remained apparently unatered for some day’s.

Experiment XXIl.—Two flowers of scarlet Hibiscus were taken, and. one' a
suspended free, apex downwards, in an ammonia-chamber, whilst the other b ‘wab
similarly hung in a chloroform-chamber. In the case of a, discolouration, in the form of
black spotting of the petals, made its appearance a 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 de\feloped
much more dlowly; but a the close of an hour the origind 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 even
then the petals remained highly reflexed. On the following day the petals 'of
drooped, but still widely divergent and firm in texture (plate I11. fig. 3). Wni.istw+?fvere
in b hung vertically downwards and were perfectly flaccid (plate 111? fig.'4) Twg'%%®
four hours later the petals of a were dlightly less divergent than they® had been™ Bt
were dill so divergent as to alow the stigmas to be visble beyond them in P fii*:
Both flowers were now removed from the chambers and hung in the open labP ¢ -~
where they remained for days apparently unatered, b being fully -collaosed ~*H7
retaining a considerable amount of turgidity. - at.. a

Experiment XXIIL—Two flowers of scarlet Hibiscus were, as in the
case, placed respectively in ammonia and chloroform-chambers. They’ were n
ever, suspended, but were set with the freshly, subaqueously divided extremities®If
their stalks immersed in water. As in the previous experiment, the flowe®S °
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 Ajea
without showing any signs of collapse; whilst that in the chloroform-chambe 0c.x|
some time to show any signs of change in colour, but when it once had b* 0=
discolour, began dso to collapse rapidly. On the following morning , di ht~ ~ ©
collapse only was evident in a, whilst b was completely collapsed flacci/ ~ Ameunt o
The ammoniachamber was alowed to stand unopened for a weK™ Bl soa e,

that period a remained amost in the same condition as it was ;« *J ond during

C a N ofter twenty-four
y Xuul

hours  exposure. 4
From the results obtained in the first of these experiments it '

retention of turgescence in such cases is not wholly dup t, A A 5N e tie
j ""® to the presence of free

O,\h‘ions
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ammonia in -the tissues, but that combinations must be formed - within the cel-sap
which render it more or less permanently hygroscopic. The flower a did not undergo
complete collgpse on remova from the ammonia chamber, but remained partially
turgid even dafter 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
cdl-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 dterations in the protoplasm may not act in the
contrary direction, in the way of retarding losses in turgescence by presenting an
abnorma redstance to the dadtic recoil of the cel-wals. When we consder the phe
nomena presenting themselves in connection with death of tissues under the influence
of the vepour of osmic acid, there are many points suggesting that the abnormal
downess with which loss of turgescence advances is due to such a causdation. This
is shown by the data furnished by the next two experiments.

Experiment XXIV.—A lesf of Kalanchoe, weighing 838 grammes, was enclosed
in amoist chamber containing a vessd of 2 per cent, solution of osmic acid.  Visible blacken-
ing .of the surface became apparent within the course of hdf 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 flud had been excreted. On the
following day the leaf was cod-black and bore numerous large inky drops of fluid, but
the texture remained quite firm and the weight was till 7#9 grammes. It was now
placed in a smple 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:—

. : Successive Total pent-
Date. Weight. l0SSES, agepl?);a. &
January 26th .. 838

»  27th . 790 048 57
,  28th e 178 0-12 71
29th v 764 0-14 86
30th .. 157 : 007 96
y 31 v 749 006 10-6
February 2nd e 7-30 0-19 12-8
» 3rd we 720 o-io 140
4th o 705 0-15 156
) 5th w691 0-14 17-5
" 6th .. 684 0-07 183
, 8th . 660 0-24 212
” oth . 652 0-08 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 paralel of that presenting itsdf 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 remova of the tissues from the conditions under
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which it originated. In cases of exposure to an amosphere of ammonia there is no
evidence of any initial obstruction to the escgpe of fluid; on the contrary, exudation mari-
fests itsdf with specid rapidity, and it is only after some time that loss of turgespécne
ceases to occur and a condition of equilibrium is established between the osmotic capaci-
ties of the tissues and the éastic recoil of the cel-walls, but, when equilibrium has been
arived at, it is stable. In the case of exposure to an atmosphere of ogmic 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-
tinuoudy, and there is no tendency to any establishment of a stable equilibrium until the
elastic recoil of the cell-wdls. has been fully satisfied. We have here evidence ~dhowing that
adterations in the protoplasn may retard the progress of the effects following loss in
osmotic property in the cdl-sp, but none to show that any mere aterations in ihe

protoplasm will suffice to give rise to loss in turgescence so long as the osmotic properties
of the cell-sgp remain unaltered.

Experiment XXV.—A ledf of Kalanckoe, weighing 277 grammes, was set in an osmic
acid-chamber on the I6th of March, the base of the petiole being immersed in water
and having been freshly divided subagueoudy. On the following day it was entirely
blackened and had exuded numerous large drops of inky fluid aong the margin of the
lobes, but the weight, in place of being decreased, was dlightly increased, probably due
to the addition of condituents from the osmic acid more than counterbalancing the
loss in weight occasoned by the exudation. It was now set in a smple moist chamber,
the petiole not being in water. It remaned thus for the succeeding five days. The

weights from the beginning of the experiment up to the cdose of this period are
shown bdow —

Bate. Weight.
March 15th 27-7
> 1th 27-72 = + 002
17th 2713 = — 059
18th 26-74 = — 039
wth. . 2630 = — 044
» 20th - 2505 = — 125
u, 28t e 2440 = — 065

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

Date. - Weight.
March 22nd 2362 = _ 078
23rd 2332 = _ 430
24th 2309 =

_ 023
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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  atogether, owing to the addition of new weighty congtituents 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 fredy supplied with water. In the case of the ammoniated
tissues the evidence points unequivocdly to an artificid 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 dastic recoil of the cdl-wals in effecting the
discharge of fluid from the interior of the cel cavities. The total loss of weight in
the cae of the ammoniated lesf during a period of twenty-three days amounted only
to 147 grammes, or 54 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 lesf immediate recovery of weight followed renewed supply of water.

If the filtrative resistance of the protoplasts of a tissue be artificialy eevated, as
it appears to be under the influence of osmic acid, the loss in turgescence normally
accompanying loss in osmotic capacity in the cdl-sap will be retarded because the
elagtic recoll of the cel-wals now encounters an abnorma opposition; and if a mass of
turgid tissue be exposed to aufficient 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 eastic recoil of the cdl-wadls, 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 norma circum-
dtances, any mere adterations in the inherent filtrative properties of the protoplasm of a
tissue, apart from aterations in the osmotic properties of its cell-sap, are eficent to give
rise to appreciable changes in its turgidity; and the belief that they do act in such
a fashion is smply 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; whildt, 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 depresson of filtrative resistance, and yet
total loss of turgescence occurs.

The beief that the essential determinant of turgescence lies in certain physica 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 depresson 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 consderable
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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 wfthout giving rise to ‘ahy
appreciable results. In the first instance, death gives rise to immediate aterations 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 ateration 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 conditiond may come
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 al such experiments we have to consider the influence of the conditions to which thé

tissues are exposed in producing the following effects :—

1st— Cessation of functiond activity. -
A-Addition of extraneous osmotic constituents to the cell-sap.
37-Disturbances in the relations of supply and evaporative loss of fluid.

4"-Alterati1c1)ns"1m the filtrative power of the protoplasm, and possibly of the
cell-wa la, : .

In cases where leaves such as those of Kalanchoe, or flowers such as those of
Mucus ™ . m««r qare exposed to an amosphere of ammonia in a moist chamber and
with the bases of their stakssubagqueously divided and immersed in water, we find tur"s
cence remaining dmost unaffected by the death of the tissues, because of the additior of
extraneous osmotic materias to the cell-sap co-existing with free supply and abolished
evaporative loss of fluid. Where smilar tissues are exposed to an atmosphere of chloro
form 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,|
not make up for the loss of osmotic properties in the cell-sap in resisting the PT f7
recoil of the cell-walls  Where, as in experiment X X1 of chapter 11, the safie tissug 2 48&
exposed to an atmosphere of ammonia, without specia provisions for securing 1
abolishing evaporative loss of water, a very consderable loss of turgescence 5 PRy Al
gpite of the addition of extraneous osmotic materials to the cell-sap; and finzl! P-2G v
they are exposed to the action of osmic vapour, the loss in turgescence assott TAT
abolition of functiona activity is retarded, apparently owing to the intrg‘(_i,"']J Tofp Wee
to filtration. Such obstacles do not, however, arrest the loss of turJ, .- t’iile obstacles
retard it, whereas the introduction of extrinsic osmotic materials brfn~ . ' Y AN
whenever their capacities come to equilibrate those of the eastic " A1 ** 'O « standstiil

Tre dfet of 1« of csrdic propaty in the cel-gp may n Z t T ify A A f



N THE MOTOR OKGANS CF LEAVES. 37

filtration « but we have no postive evidence to show that any loss of turgescence ever

/es CW'In"- to the development of specid filtrative facilities -in the protoplasm apart
$fom adterafions in osmatic property of the cell-sap. The eadtic recoil of the cell-walls
5 the essentia factor in maintaining the pressure which makes for filtration and is
consiantly 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 unadtered, but will be disturbed by anything affectlng the|r_mutual
relations, Any rise in osmotic capacity of the sap will thus a once tend to increase
turgescence, and any rise in external pressure will tend to diminish it; and it is

only where fluctuations of equa value occur in both simultaneoudy that turg&cence
will remain unaltered.

CHAPTER V.
Wat extrindc agmte afecting turgescence.

In the previous chapter we have seen reason to believe that turgescence is essantidly-
dependent on certain osmotic properties in the cdl-sgp which cause the cel cavities to
include more fluid than their passve structural peculiarities will account for. We have
now to consder 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 cel-sap shal 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 osmatic 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 excessve, the highest degree of proto-
plasmic stimulation and activity will be unable to maintain the turgescence of the
tissues to its norma extent. Solar stimulation certainly tends to establish the maximum
of turgescence in chlorophyll-containing tissues where sufficent water is available to
dlow them to satisfy their osmotic properties; but the strongest solar stimulation will
not auffice to prevent loss of turgescence under conditions of defective supply or
excessve loss of water. Every one, and specidly 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 itsdf 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 dlowed to be the result of deficient
water-supply,* whilst the movement in nyctitropic leaves is ascribed to the direct
action of excessve solar stimulation,! but the following experimental data clearly

* Sachs,'YorIesung, 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 |.—At 2-30 P.M. of a bright afternoon in November, the lesflets of four
plants of Cassia alata, growing in rather small pots, were al in amost 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 amost 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 consderably wilted. Here there
were indices to the occurrence of general loss of turgescence in the Eranttiemum leaves,
and of loca loss of turgescence in certain masses of tissue in the leaves 'of the Cassias
in pots, determined, in the latter at all events, smply 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 dmost fully developed nocturnal position. One pot was flooded
with water, and at 2-50 P.M. the pinnae of the plant in it were amost fully expanded,
whilst those of the other remained as before.

Experiment I1l.—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 al day. At 1-20 P.M. of December
10th, one of them had its ledflets in the nocturnal position and the other its ledflets
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 genera
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 dight 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 ledflets were found fully expanded, whilst those
of the other pldant remained as before in the initial stages of the nocturnal podtion.

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 nocturna 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 legflets 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
smilar effects as the following experiment shows—

Experiment IV.—Two leaves of Kalanchoe laciniata, each weighing exactly 10*33
grammes, were taken. One of them (a) was placed in a smple seded chamber, and
the other (b) in one including capsules containing sulphuric acid and chloride of
cadcium. 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, (@) remained quite plump and
rigid and weighed 10*26 grammes; whilst (b) was flaccid throughout, dlightly browned at
some points on the margin, and weighed only 83 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 lesf had any source of supply whatever, and the excess of loss in
weight shown by (b) as compared with (@) is thus to be credited solely to the action of -
excessve transpiratory loss. The loss in weight in (a) amounted to 012 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 9l 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 essentid factor in
determining the result; not any absolute amount of either. The root-supply during the
course of the night must, asthe 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, athough 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 nocturna 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 continualy
into the next day. The same thing is, as we shall see when we come to consider
nyctitropic phenomena, very clearly indicated dso 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 diurna one.

In endeavouring to account for any particular fluctuations in turgescence and for the
effects following these, we have to consder not merely the conditions of protoplasmic
activity regulating the manufacture of osmotic products, but dso 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 excessve 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 al minor
degrees may be present where these various factors are otherwise combined. In any
ordinary plant under normal circumstances ceasdess 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
dfects the manufacture of osmotic products; every rise in roof-supply; and every fal*in
transpiratory loss, must make for increased turgescence: whilst every fal in protopfasmic
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 resultsensue-
and it is only where the fluctuations are consderable, 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 conspicuousy in cases’ of
atificia plasmolysis in linear series of cells. In these a general dimirution in bulk
Is al that at first presents itsdlf to observation; and it is not until this has d
a certain point, until the dastic recoil of the cdl walls has been satisfiedf- & Vancen 10
words until turgescence of the cells has ceased to exigt, that detacHment o B,
protoplasts occurs. Changes in condstence associated with fluctuation « * _
cannot be better illustrated than by the temporary drooping and wiltw z 7'Ux p8cenoe
may leaves duing the coue of hat, dridy J » XA T ir TA
nocturnal conditions put a stop to transpiratory loss. Conspicuous changes 7 71—
are comparatively rare and exceptional phenomena, but some verv striHn ',‘ Pv-our
of their occurrence may be found. Among these is that which presénts T T ?
connection with Selaginella serpens. presents itsedf m

Here the fronds, which under normal conditions are of a brilliant e d
the day, become towards, and for some time after, sunset of a chaky whitish”co"T ~ "h?
tint persists for some time and then gradually fades of, so that by midniXt A™
been apparently completely replaced by the diurna one. The cause™ of thesg h -8
in colour can be readily determined by means of immersing portions of the fronds® If
in the various states of coloration, in 2 per cent, solutions of osmic acid for a 7 Witecn
two, and then making microscopical preparations from them. This treatment V"2
Klein was the firsf to point out, not only fixes the protoplasts of the tissue i §nlndwig
which they had when the specimen was taken, but aso acts on the chromat h® -orm
such a fashion as to cause them to retain their norma chlorophyll content-0TgS "
even when the specimen is subsequently exposed to the action of acohol T @COleur
in balsam, the result being that permanent preparations correﬁpondlng + Bg-moUnted
changes in colour of the fronds can be obtained. - S0 the varilng

Before going on to describe the phenomena presented bv
preparations, it may be well to fumish certain details re-ardinl 79 ) Bk ssrics of

vas gract oy of the

fronds. The greater part of their substance is composed" of tl ™,
r ui iy Strata of epidermis,
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differing, however, from common epidermal tissues, inasmuch as dl the constituent cells,
with the exception of those of the margina 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 dufft polygond cdls, with wavy margins, and with numerous narrow pits or actua
dits on the externa or upper face of their wals (plate I. fig. 3). Towards the
margins of the frond, the cdls become somewhat more elongated, and the outer ones
are in direct contact with the common margina row, to which the external part of
the inferior epidermis is aso attached. The margina cels are, as before said, devoid
of chlorophyll and are of a narrow, elongated figure, some being prolonged anteriorly
into projecting points which give the frond a serrated contour (plate |. fig. 1).
Their wadls are greatly thickened and highly cuticularised, especially externally, and
the projecting points are amost completely filled up so as to form solid spines.

The. inferior epidermis, except immediately over the midrib, is composed of
elongated cdls with strong walls and containing only a comparatively smdl quantity
of chlorophyll (plate I. figs. 1, 2). A few stomata are present aong 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 cdl wals extensle and elastic, any consderable alteration in the
capacity of the cdl cavities is rendered impossble under ordinary circumstances.
Between the two epiderma strata there is a thin layer of very open tissue, which
is somewhat thickened aong the middle line around the single vascular bundle, but
which thins out and disappears around the edges and distal extremities of the ledflets.
Each leeflet thus condsts of a comparatively rigid inferior stratum, a very resistent
margin, a superior stratum rich in chlorophyll and consgting of cdls the wals 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 cdls of the superior epidermis. When we examine a
series of preparations of this derived from fronds in maxima 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 diurna condition
(plate 1. figs. 4, 6), the protoplasts entirely fill the cdl-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 cdl wals, and the chromatophores are so closdly packed together
as to form a sphericd mass in which the individual eements are irrecognisable, and
which in many cases is the only visble representative of the protoplasmic content of
the cel. 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 cel-wal 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 amost
chalky whiteness of the fronds is due. If, findly, we examine fronds in the green state
which they assume during the latter part of the night (plate I. fig. 9), we find ihe
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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 diurna green state, so that they do not fully occupy the tell-cavities and still ledve
narrow periphera 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 aterations
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 periphera portions of the cell-cavities have been pccuped by air, the
internal pressure on the cel-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 &fford a ready explanation of the
exceptional phenomena occurring in the latter. The protoplasts of the superior epidermis
with their abundant chlorophyll content are specialy liable to fluctuations in turgescence
connected with the variations in their functiona activity—with the variations in osmotic
properties in the cdl-sap related to the absence or presence of solar stimulation. Under
the influence of sunlight, assmilatory activity is stimulated;, and, if this be associated
with properly regulated supply and loss of water, turgescence rises to a maxithum. 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 stretclied
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 assmilatory activity gradually fals to a minimum
and at the same tune transpiratoiy loss for a time goes on unchecked. There is aloss of
osmotic property in the cel-sap, whilst conditions of general loss and supply of water
remain practically unaltered, and with this a great fal of turgescence in the protoplasts
ensues. Owing to the unalterable dimensions of the cell-cavities this leads to aprocess 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 been; arrived at, ceases altogether, whilst root-supply contindes, and now the
whitening of the tissue aso begins to diminish steadily until the fronds appear amost
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, smpl
as the result of the loss of osmotic property connected with removal of solar 'stimul
tion, and consequently the maximum of loss and of whitening of the tissue occ
On the cessation of evaporation the continued root-supply alows the cell-ssp to i
Its osmotic capacities unfettered, and hence an increase in turgescence “tak SA-S8.7
This is suffident amost entirely to do away with the whitening of the tissue Burkpee-
not completely restore the protoplasts to their diurnal state of turgescence' wh' h¢®
only regained when solar stimulation of assmilatory activity once nior ' o A °
osmotic capacity of the cell-sap to a maximum. Precisely smilar alterations T & the
cence of the protoplasts, and therefore in their relations to the cel-walls of the cavitiefTn
which they are contained, may be artificialy 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,
iIs not accompanied by any such congpicuous change in colour as attends the normal
nocturna loss, as the fluid which escapes from the interior of the protoplasts into the
periphery of the cel-cavities is not removed and replaced by ar to any appreciable
extent. In both cases, however, the essential phenomena are alike and consst in a loss
of ogmotic property in the cdl-sap, dependent on depression of the functiond activity
of the protoplasts and determining a loss in turgescence. The transitory whitening of
the fronds occurring under norma conditions is quite distinct from the discolouration
which occurs permanently in old fronds during continued periods of low temperature or
excessve 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
cdl-sap, which serve to limit the range of fluctuations in turgescence. The normal
diurnal aterations in colour, on the other hand, are essentialy nyctitropic phenomena,
and are .determined by the same primary factors as the movements which we have
iiext to consider.

~Inthe case of Sdlaginella serpens the changes of colour are dependent on movements,
but these are limited to the protoplasts, and are therefore unaccompanied by any
appreciable aterations in size of the cdls or displacement of masses of tissue. In the
cae 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 aterations in bulk or consistence, because they occur in
unlike amount in eements or masses of eements differing from one- another both struc-
turally and functiondly, and so arranged that any aterationsin 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 scdes in a delicate
balance are; and just as any dteration 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 eevation and depresson, the mases of
tissue on the upper and under sdes of the passve, flexible, unlignified vascular bundie
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 ether arise 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 podtion of unstable equilibrium, the
superior pulvinar pad constantly tending to depress it and the inferior one striving to
elevate it. The podtion of the bundle a any given time, in so far as loca 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 universdly diffused of al 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 ther
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smplest form, it is advisable to study it somewhat closdy 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 alow 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 becomé
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 epiderma 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 :—Il«i, they are younger than their neighbours; 2nd, they are 'richer i,
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 iR
nyctitropic tissues generally; but the fourth is naturally absent in cases where move
ments are determined, not by alterations in the turgescence of isolated cels but of
masses of tissue. In the case of the guard-cells it is necessary that condition$ nrovid
ing for the excessve turgidity of individual cels 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 |solatflon"
the individual units entering into their constitution. -

That the guard-cells belong to a younger generation than the surrounding <,,
inon epiderma cdls is a wel-recognised fact. In the first edition of the B «T t
verson of Sach's " Text-book of Botany" we find it stated that «as the stomat =&
not arise until rather late, that is, during or after the expanson 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 aways the result”
the formation of a mother-cell, firg of al by divison of a young epidermis cdl

which is sometimes preceded by several preparatory divisons in it or in ad
epidermis cells; and this mother-cell becomes more and more rounded of af‘::i”':l@’
! i xe

guard-cells are formed from it by divison." f
It is unnecessary to quote any specid authority for the faot of th vial
& A a

abundance of prptoplasm, and articularly of cmgrnph}aHd andlargi@rchin inhthe 1
as compared witthothier epidérmdall elédments, as it isi one which is pvirlo- +6+t t’"’l‘::'*“ w8 ts
e n o e mos

casua observation.

—_—
|>a

*Die Protoplasmarerbindungen zwischen benachbarten Gewebeseleraenten <W. .
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-cels we have to ded not merely with younger elements, and
therefore with eements which are for a time structurally wesker than the surround-
ing epidermal cdls, but’ with elements which in certain areas remain permanently
week, owing to the characters of their walls, which, as is wel known, remain perma
nently thin, extensile, and elagtic on their lateral faces. They are not, however, merely
structurally weeker than their neighbours, but they are dso physologicaly stronger
on account of their relative excess of protoplasm, and specidly of chlorophyll which,
under the influence of sunlight, determines an excess of assmilatory activity and with
this an excess of turgescence, due to the rise in osmotic capacity which the products
of assmilatory activity determine in the cel-sap, and which attains a gspecidly high
degree of development in consequence of the complete closure and isolation of the cell
cavities. An equd rise in turgescence does not occur in the common epidermal cdls,
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 ahount of dis
placement of them. When assmilatory activity is no longer stimulated, the manu-
facture of osmotic .products falls, and with this the turgescence of the guard-cells ceases
to be excessve and the eastic recoil of their own walls and of the surrounding dis-
placed cells causes the tissue to resume the postion proper to its passve condition as
determined by the structural strength and. arrangement of its congtituent elements. The
common epiderma cdls are structuraly stronger but functiondly wesker than the
guard-cells, and hence are relatively weaker during periods when the tissue is exposd
to sunlight than they are when it is in darkness. The guard-cels, 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 postion of the cdls during darkness represents the outcome of the structural
features of the tissue adong 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-cels than in the surrounding eements, 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 removad of solar
simulation, on the other hand, gives rise to a genera loss in turgescence; but, the loss
in the guard-cells being greater than that in the common epiderma cels, 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 physiologica 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 functiona
weekness of the common cels securing that opening shdl occur on the incidence
of solar stimulation. '

It is clear that these movements, which are redly 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 aready seen, the actual degree of turgescence in any tissue or
tissue dement a any given time depends not merely on the osmotic capecities of the
cell-sap, but on the amount of water available to saisfy these. Accordingly we find
that, even under conditions of maximum solar stimulation, the stomatic orifices are more
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or less dosed when such stimulation is attended by defective root-supply or excessve
evaporative loss of fluid. While the stimulation and functionad activly of the Z!
toplasts remain a a maximum, full turgescence is impossible in -the absence of suffidient
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
functionaly acquired strength sufficient to overcome the structural resistance ef the
surrounding tissue; and, when once this condition has been reached, closure of the
orifices, orr in other wordss 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 specidly liable to lose turgescence, in spite of their W W |
peculiarities, whenever the relations between root-supply and .transmratory lo» of
water are such as to imply a relative excess in the latter. They a'e thus lix7e to
lose turgescence on diminished access of water to the roots, or on excessve evaporative
loss determinad by depron of amospheric humidity; and, as a matter of 1Z
know that the condition of the stomatic orifices does vary in' rela® to fl LtTo L
water-supply? quite apart from any fluctuations in degree of solar stimulation, ,and Th
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 theTard
cells are sometimes connected with physiological and sometimes with purely physica”
causes, sometimes with variations in the functional activity of the guard-c€Us *and
others with variations in the relations of general supply and loss of fluid depenaeﬁ;
on telluric and atmospheric conditions. In the one case we have the cdl san hf .
less retentive of fluid, due to diminished maenufecture of osmotic JA ST bTT
protoplasts;, in the other, we have a ddidency in the amount of TT JV .
avdldde for intenion, ad in bah ces thesame ultiZTtut 1'\£££
namely diminished turgescence. The closure of the stomata durino- the conrl  # w
dry days is thus the parallel of the wilting of common leavestand the ™ ¢ v
of the nocturnal position in nyctitropic ones under similar conditions T
phenomena are due to a loss in turgescence, which is determined ott L w-ree
diminution in protoplasmic stimulation, but by deficient water-supply' to satkf 8*7

osmotic capacities of the products arising in the cell-sgp under the influenc7 -
stimulation.. - uwuoe 01 solar

Alon

CHAPTER VI.
Wit ngcittropic motements oi leaes.

In the previous chapter we have found grounds for beieving- t‘h_at the
to which the opening and closure of the stomata are due” denlL™® Movements
certain structural and functional differences between the guard cﬁl["“

epidermal elements, and secondarily on the relations between aencll fiu th 5 oft 1
---we 088 AN SUPR7Y

of water determined by atmospheric and telluric conditions- = - wilen
deal with the movements of entire leaves, whether these hi T " ™ COme ©

or such as occur under conditions in which they are orWily ** NatrOplo natus
' j ™ oidinarily regarded as the result

f'lTM rily on
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of active contraction of the protoplasts of the motor organs, we find abundant evidence
that they are due to an essentialy smilar causation. The movements in these cases
beitfr determined not by ‘individual cells, but by masses of tissue, are often of very
consderable 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 cdl- -sgp or by variations in the supply of fluid avalable for reteation.
Accordingly we find them manifesting themselves either as the result of alterations in
gimulation of assmilatory 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 diurna postions by nyctitropic
leaves is a phenomenon of precisly the same nature as the coincident opening and
closure of the ssomata and the changes in colour of the fronds of Selaginella serpens, in
being essentidly due to alterations in the osmotic properties of the cel-sap, but the
action of.these is afected by their coincidence with certain general relations of supply
and los® of fluid. Consequently, just as in Sdaginella 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 postion attaining its maximum at the same time.
The attainment of the maximum of the nocturnal condition a 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 generaly.
The maximum is attained a the time it is, because then the cessation of solar
stimulation of assmilatory activity and the consequent loss in osmotic property of
the cdl-sgp coincide with unaltered, or inappreciably altered, relations between general
loss and supply of water. Depresson of turgescence reaches its norma  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 cesses
to act, a rise in turgescence naturally follows, and in certan casss may even Qo
so far as dmost to reestablish the diurna condition under normal circumstances.
During the day we have to ded with two opposing factors, increased protoplasmic
simulation 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 befdre, the cell-sap
is left at liberty to satisfy any osmotic capacities which it continues to have apart
from the addition of specid assmilatory 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 depresson in them. Absence of solar-
stimulation does not give rise to an abolition of functiona activity ; it merely implies
withdrawal of one specid stimulus to its exercise. Even in the total absence of solar
stimulation, therefore, a great degree of turgescence perssts under norma 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 normaly 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 excessve transpiratory loss A
nyctitropic lesf 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 al degrees of
turgescence short of this are constantly present in al 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 depresson of functional activity coincides with
an absence of transpiratory loss than where the latter is ill 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 cel-sap are able fully to satisfy themselves. These, athough nof 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 excessve 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 adso 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 essentiadly smilar to the move-
ments determining the opening and closure of the stomatic orificess 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 structura and functiona differences give rise to the Ouonr-
rence of unlike fluctuations in their turgescence under the influence of like condit;ons
and therefore under the influence of varying conditions we find their relative strength
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 commoy
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*
S0 disposed as to tell on opposite aspects of masses of passive tissue whose displacemerit
they make for. In the case of freey motile pulviui, for example, we find the mott)lr
apparatus consisting of thick masses of cortica parenchyma, around a cord of pas: 'y
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 0y Wh';"j‘i
they act varies in different cases; but we can aways recognise them as consif 1" OT
two opposed sets, differing from one another in structural and functiona pro étieé
and making for displacement of the passve tissue in opposte directions. Ih Certain
cases the relation of the opposing tissues, however, more closdy resembles thaWhich
we find present in the case of the guard-cells and ordinary epiderma cells. The
movements in the opposite halves of the laminee 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 origina direction, and which in the intermediate stage gives rise to
periodic nygctitrgpic 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 specialy 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 diurna
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 itis 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
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displacement which actually occurs will, however, be &ffected by the conditions of
general loss and supply of fluid ; for the very tissues which provide for specia rise
of turgescence from functional causes are aso those which breﬁent 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 cel-wals—
are more matured. Hence the fullet 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; of s<da ™ 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 aso 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 assmilatory products under the influence of solar stimulation, and the tissues which
make for the diurnal postion 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 postion is not, however, attained until solar stimulation comes
in to induce an excess of osmotic property in the cell-sgp 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 postion 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 localy, but in relation to other parts of the ledf.

CHAPTER VIL

The structural j“oiltaritkB oi the motor (Dvgans xf fjpetitropic
Jeato.

In considering the question of the movements of stomata, it was pointed out that the
elements which make for the diurnal position—the guard-cdls—differ from the surround-
ing epiderma 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
elerhents 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 diurna 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 origina 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 actualy crosses the line
of the latter, the secondary rachises converging and sinking and the pinnules once ,inore
risng so as to bring their upper surfaces into dose 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 lesf from the prtmary
rachises to the pinnules moves, and in doing so, diurnaly departs from, and nocturnally
reverts to, what was the permanent postion a an earlier stage of evolution. )

In the case of Mimosa pudica, as in that of Pithecolobmm saman, extensive periodic
movements take place in al 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 closdy converged to one another, and either follow the
line of the primary one, or ascend dightly from it, whilst the pinnules are, as they have
been from the outset, fully expanded, and have their midribs closdy 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 consst of diurnal convergence of the primary petiolé
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 nocturna divergence of the primary
petiole from the axis, nocturnal convergence of the secondary rachises to one another, and
nocturnal reverson of the pinnules to their embryonic position. The movements in
Mimosa pudica and Pithecolobmm 'saman are thus essentialy similar in their nature, in that
in every part of the leaves they involve a diurnal departure from, and a nocturna
reverson to, a previoudy 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. Thisin no way daffects the question of the nocturna
position being one of reversion, but the difference is a the same time important, because
it implies a great difference in the stability of the diumal postion in the two cases. The
diumal pogtion is in any case an unstable one, depending as it does on a temporary
victory of functiond over passve structura resistance; and it is evigdent that in an
instance like Mimosa pudica, in which the diurna postion of the primary pulvinus implies
that the mass of tissuemaking for it must overcome not merely the resistance offered by
the opposing part of the pulvinus, but dso that of the leverage of the distal parts of the
leef, the instability must be greater than where leverage and specia rise in turgidity, due
to functional causes, co-operate in determining the postion. 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 beow it. The diurnal
excess in turgescence in the one cae 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 especidly so during the day, owing to the increase in
turgescence and weight which takes place under the influence of solar stimulation of
functiona activity. In Pithecolobmm, therefore, the diuma relative increase in strength
of the functionaly 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 lesf effect a complete nocturnal restora-
tion of what was a permanent position a an early stage of evolution, and when they
cease to do so, determine a smple incomplete restoration; but in other cases, as time goes
on, the development and increased strength of certain masses of tissue introduce complica
tions, and we 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 smply 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 depresson of the lamina. But in cases, such as
the pinnee of Cassia alata where the lamina is primarily folded and shortly afteiwards
hecomes permanently expanded, the characters of the movements become modified when
the latter condition has been established, factors which previousy 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 |, 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 excessve 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 equaly 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 1, Fig. 15; Plate 1V, 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 smple unlignified central cord,
but remains arranged in a ring and undergoes normal processes of lignification,
congpicuous 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 lesf merely
serves to ad 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 petiale, and it is
only as the result of continued growth that the degree of divergence is determined?

There is thus both dynamica and structural evidence that the masses of tissue in
the motor organs which meke for the diurnal postion are younger, or contain a larger
number of young eements, than those which make for the nocturna one; and this in
itsedf amost necessarily implies that, as a whole, they are structurally wesker and
functionally stronger than the latter are. " Taking any ordinary uilit of .veggtable tissue,
there can be no doubt that, as a rule, the proportion of active protoplagn in it tends
to diminish, and that of formed materia to increase, with incressed age. The formed
material may take the shape of secretions of various kinds, or may. enter into the con
gtitution of the cel-wal. In any case there is a tendency to diminution in the relative
amount of protoplasm, and, in cases where continued additions are made to theecdl-wall,
these imply increased structural strength, and hence, speaking generaly, the larger the
number of young elements in any tissue, the greater will its functiona power be; and
the larger the number of old eements the greater its structural powqr. It follows from
this that in pulvini in which we have to ded "fath opposng masses of tissue differing
from one another in regard to the period during which active growth continues, we are
necessarily dealing with an oppostion of functiona and structural strength, the less
mature tissue being functiondly, 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 simulation, the functionaly stronger tissue will undergo a greater increase in
activity than the structuraly stronger one, and where the increased activity leads to
increased turgescence, as that induced by solar stimulation unequivocaly 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 weeker tissue, this fact gives it a temporary -advantage
and enables it to overcome the resstance in the sructuraly stronger one, which deter-
mines the podtion 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 removad of solar stimulation.*

The masses of tissue which make for the diurnal postion are not merely richer
in protoplasm, and, therefore, endowed with greater genera functiond 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 podtion follows defective supply or excessve loss of water seems condusvely 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 canh be made the subject of direct observation, and in which the movements occur under
precisdy 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 aso as a rule specidly 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 superficia differences
in coiour, and in al it can be readily ascertained by means of microscopic sections,
especidly 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 |, Figure 19;
Plate 11, 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 epiderma
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 functiona strength, especially in relation to solar stimulation; and the move
ments which they give rise to are of essentialy 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 effet 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 fals short of the degree necessaly to cause genera wilting of the tissues,
we find both stomatic orifices and nyctitropic leaves assuming the nocturnal position;
and in both cases a resumption of the diurna one follows a restoration of the
norma 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 a the ”“ame time ‘the excess of
structural strength in the common epiderma elements and the pulvinar tissues making
for the noctural postion 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,
Jecause 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;
Jut as these are aso structurally weaker ones, they are the first to suffer from loss
of turgescence connected with insufficient supply,

Stomatic movements are specidly distinguished by their persistence and constancy
of character.  Once established, they continue to occur with constancy and regularity
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s0 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 especidly in regard to their éxtent
as time goes on, and in many cases we find them admost or entirely absent
during condderable periods in the latter part of the life of the leaves in .which
they once were conspicuoudy present. As we have already seen, they only begin to
manifest themselves &fter 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 lesf
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 ledf
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 cae in regard to conditions of turgescence which are ligble 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
al the tissues are subject to like fluctuations in turgescence, mere alterations in their
condstence 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 specid 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 themsdves after leaves have attained a certain
stage of development,- and in Connection with the evolution of specidly Situated masses
of tissue, so disposed as to provide an active oppostion between structural and functiona
factors, and it is only so long and so far as the differences in structural and functiona
properties of these masses persist that movements will occur. The relative youth of the
masses of tissue making for the diurnal podtion a first provides that the difference
shdl be very consderable, 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 norma periodic character or arising as the result of extrindc 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 cdl-sgp, to fluctuations
in external pressure, or to fluctuations in water-supply, giving rise to corresponding-
aterations in the degree of turgescence of the various parts of the motor organs; but
the rate at which these. aterations can be effected must necessarily be influenced by
the structural features of the walls of the cdls entering into the condtitution of the
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tissues as favouring or obstructing the access or escape of fluid. Taking any highly
turgid cdl, in- which a “reat fal in the osmotic capacity of the cdl-sgp sets in, a
proportionate loss in turgescence must ultimately ensue owing to the filtrative discharge
caused by the dastic “recoil of the cell-walls; but the rate a 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 s0, the rate at which movements occur ought to bear a recognisable relation
to the degree of pitting of the cel-wals and to the openness of the pulvinar parenchyma;
and direct evidence that this is actualy the case is not wanting. The movements which
are executed by the pinnee 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 dowly 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 composad of cels which are provided with
only a limited number of smal 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, 4; VZ)

The facilities for filtration must evidently bear a direct relation to the extent to which
the cel-walls are pitted; and where extensive pitting is combined with very considerable
thickness and strength of the cdl-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 aso 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
dow, and coinciding with this we find the pulvinar parenchyma much more conspi-
cuoudy 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 smal, and consequently that the
stability of any postion 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 s0, 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 smilar leaves. A
single rough breath of wind will, under favourable circumstances, cause a certain amount
of alteration in the relative postion of the various parts in the leaves of Leuccena
glauca and very extensve dterations 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 al 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 cel cavities under its influence must
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vary with the structural facilities provided for filtration. The pulvinar tissues in Leuccena
glauca, and especialy in Mimosa pudica, provide great facilities for filtration; their pulvinar
turgescence is consequently very unstable, and movements dre very readily induced* in
them; whilst in Cassia alata the tissues provide minor facilities,.and must be subjected
to freayently recurring increments of external poressure bgde 2 Sisisnt diltrative
QrsdlademEnt Ras occurrefl to cause alkdridions fn turgescence of aufficient 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 al agitation likely t, “d y
increased pulvinar pressure and consequent augmented fillrative loss, the precaution111 does
not under normal circumstances prevent the leaves from manifesting movements
rapidly in the former and almost immediately in the latter case; whereas in Cassa _ TA
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 the f * "
with which filtrative processes are normally carried on by the puIvingr tissues® “Afhe
filtration which is constantly going on in the pulvinar tissues of Leuccena glauca and

Mimosa pudica under normal mrcumstances is more rapid than in |hnea Non .
or . Cassra alata ;

and consequently when e water- suppiy is cut df the tidre%sggrw]’(‘:ae Br He tissues in

t »
the former cases fals 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 qurdto * '53-“-1’
it is subjected. The condition is one of unstable equilibrium, and the d oo f areh
bility must necessarily be related to the degree to which inherent f||tm+ ™R Ty

Ive tacilities are
present Where these are presefit m hlgh degree any diminution ‘in""osmotic
any increase in conditions of external pressure, or any arrest in the . 1 ower:

“ "yturfb f n

available for absorption, will give rise to proportionately rapid loss in

Where, on the other hand they are low, the loss must necessanlv W urg‘*scence
di
delayed Turgescence |mpI|es a hal'ance hetween certain conditions of Gsmotic " lryx

filtrative loss of fluid, and any decrease in the former or mcrease in +,
. j. "Nt~ m tne latter musE

necessarily tend to give rise to diminished turgescence. Decreased absorption ma¥y @
either as the result of decreased osmotic property or of decrease in the amount of-fkl2
available for absorption, and increased filtration must tend to arise under the itfl

any augmentation of external pressure. The structural facilities forfiltration®~ °A
remain constant, and consequently the alterations in turgescence which actualist gg¢' ©¥e"
under the influence of any alterations in the conditions to which a masé. f « "
exposed must necessarily differ in different instances, their magnitude and®th kA~ "
which they are capable of inducing appreciable movements varying -witl, ~ * ™2 2
peculiarities of the affected tissue. Yoo Tt the gryctural

natan

| oP™ A™

e According to Sachs (Voriesungen XV, s. 302) more agitation rot improbably rars%t
bnt snch increased loss cannot be the essential determinant of the alterations in tnreesce ¢
above, aswefind the assumption of the nocturnal position occurring equally readil . ~ o tjle nofor orRans alluded to
rainfall, or asthe result of agitation by the latter aloue. P wethewindis accompanied by heavy

ns P ratory lossfrom theleare» .
’
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CHAPTER VIII.

The nprtitropk movements of particular lesbes 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
functiond* and structural strength. If this be actually the case, it ought to be possble
tfo 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 opporthnities 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 amost at right angles to it. (Plate Il, 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 Il, Fig. 2.) It is clear that the movements which lead to the
ateration 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 dopes 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 haf 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 pinnee are in dose 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 depresson gradully 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 11, Fig. 2.)

The motor organs which determine this complicated series of movements are highly
developed and present certain peculiarities which greatly facilitate a comprehenson of
their action. Both supeficidly and in section it is a once evident that they are
composed of two digtinct 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 podtions in relation to
the deeply keded vascular bundle of the pulvinus, and to the under and. upper surfaces
of the base of the outer hdf of the lamina 'Jhe 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 hdf of the lamina so as to involve and conced the erigins 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 expanson over the base of the upper
suface of the outer hdf of the lamina. The dispostion of the two masses of tissue
is clearly shown in Figure 19 of Plate | and Figure 3 of Plate II, and.the laminar
expangon of the ochreous tissue in Figures 4 and 5 of Plate [I. We have thus to ded
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 haf of the lamind
and d|ffer|ng greatly in the amount of their chlorophyll content. Now, it is clear thai
any alteratlons 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 depresson or eevation 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 merdy relaed to the axia bundle they would give rise onlv
to divergence or convergence, depresson or devation, and we should have movement
smilar to those which we find manifesting themsdves in the secondary petioles of Z
bipinnate leaves; but the movements are in this case farther compHcated by rotaTH
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 axTd
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 ¥ik4
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 mugt tend to elevate, and any increase in strength in the latter mes< = -=v +Orm™
depress, the outer hdf of the lamina, and therefore to cause correspondi must tend to
outward rotation or torsion of the flexible vascular bundle.  Were the 1 ."» taward or
expanded, we should have had movements of devation and conver"enc" 0#TlT not ng"dl}’
folding up of the outer haf of the lamina aternating with movements of ‘#f° ™k« and
depresson of the midrib and expanson of the laminae and a 2 diverges™ and
movements do actually ooccur at a particular period in‘the life of Tha A ~ct such
however, the lamina becomes rigidly and permanently expand® =1 T  When,

previoudy gave rise to movements of folding and unfoldings? € *«eors T*
0 umuKung do not cease to e><|st, 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-haf 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 pinnage, it is clear
that during the day the intero-superior and during the night the extero-inferior pulvinus
must possessta 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 specialy 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 previoudy 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 extensve 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 pinnee and gra-
dually extend thence outwards along the course of the petiole. In leaves at the period
when movements are just beginning to appear, al the pinnae save the* basa 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 proxima 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 haf being still amost 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 pinnaer There is aready a conspicuous mass of ochreous pulvinar tissue on the
outer side of the ked of the midrib, and extending thence over the bases of the lower
ribs on the under surface of the outer hdf 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
aong the groove of the midrib. The diurna position at this period is due to the follow-
ing agencies:-The diverger.ee is caused by the presence of a certain amount of yreen
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 persstent elevation of the outer haf of the lamina to the excessve develop'
ment of pulvinar tissue over the bases of the lower ribs on its under surface. As time
advances, diurna 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 hdf 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, «e
and structural strength. For a long time, however, such structura and fun;}io,flai
differences are present between the earlier and later developed masses of n”il
tissue, making respectively for the nocturnal and diurnal postions as to giver riJ t6
nocturnal and® diurnal fluctuations in their relative strengths of suffident magnitude to
induce extensive movements. After a time the functiona strength of the axillarv
superior pulvinar tissue gradually decreases, whilst its structural strength simultaneousy
mcreases, so that the differences originally existing between it and its opponent process
ively dimmish and ultimately disappear, and after this, athough general tuiescence
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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,
bedatise they now éffect ‘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 *a& 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 Mimbsa 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 auffice
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
tfew 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 cases 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 004", and they never possess conspicuous laminar
expansions of pulvinar tissue (Plate IIl, 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.
pinnee 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 haves 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 11, 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
sill remain only very dightly divergent, but in place of being elevated they are now
permanently depressed, the midribs doping downwards and forwards, from the line of
the primary petiole and having their keels directed downwardsin place of outwards
(Plate 111, Fig. 1). The secondary petioles now show distinct evidence of an accumulation
of pulvinar parenchyma over the anterior surface basally and aong 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 nocturna de-
pression, convergence, and folding up of the laminae. Somewhat later the laminae become
permanently expanded, and a the same time aternating movements of divergence and
elevation and of convergence and depresson go on increasing in amount. At this period
the pinnee during the day are widdy divergent, and have their upper surfaces approx-
imately in the same plane as the upper surface of the rachis (Plate 111, Tig. 4), and at
night are very closdy 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-
na podtion a this stage may be regarded smply 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 gradualy increasing until, for a period, the upper surfaces
of the pinnee 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 nocturnaly 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 reverson, 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 al appreciable move-
ment, and the pinnae remain permanently fixed in what was previoudy the diurna
position, with the upper surfaces of their laminae looking directly upwards in the plane
of the rachis or dightly ascending from it, and their midribs at right angles to it, or
even somewhat inclined backwards towards the base of the ledf.

On examining the secondary petiole of a pinna at the period a which movements
are a 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 111, 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 basdly 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 sde of the midrib is more conspicuous
in amount than the ochreous tissue on the other side.

It is this spiral dispostion 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 pinnawhich 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-
gehce 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 aong 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 accompény 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
rmasses 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 aso
undergone increase. The mass of functionally stronger tissue increases, but the
strength of the structurally stronger one does so aso 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 TPprecise 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 functiona and
structural strength. The amount of diurnal displacement is at first smal owing to
the small bulk of the tissue giving rise to it, and the nocturnal displacement doeg
not attarn 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 externa 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 postions of al the individua pinnae
in one and the same lesf are not uniform during the greater part of the period
during which appreciable movements are present. This is clearly illustrated by’ ‘the
following notes regarding the nocturnal positions of the pinnae in a-single lesf. All of the
pinnae were closaly convergent to the line of the petiole and depressed beneath it. In the
two termina pairs depresson was not so great as in the succeeding ones, and the “haves
of the lamina were somewhat folded upwards. In the next four pairs depresson and
convergence were extreme, and the laminae were fully expanded, and had their upper
surfaces facing directly forwards to the tip of the lesf. In the next pair the upper
aurfaces of the laminee were dlightly inclined inwards, and in the succeeding three
pairs they faced admost directly inwards. In the two basal, pairs depresson and
rotation were already somewhat diminished, and the upper surfaces of the laminee were
consequently directed forwards, upwards, and inwards. In this lesf the distal pairs of
pinnee had not yet attained to the maximum of movement, whilst the basa 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 adways owing to the action of a tendency to the resumption of what was
either the primary permanent position or the diurnal position a an earlier stage in
the evolution of the pinnae. In the initial periods of movement, the nocturnal
convergence, depresson and eevation of the haves of the lamina give rise to complete
reverson to the antecedent permanent position. Somewhat later rotation comes in to
interfere with the completeness of the reverson and to replace folding of the lamina
So long as folding is posshble, the action of the portion of the mass of pulvinar
parenchyma making for the noctural postion, which is prolonged into the under
suface of the lamina, asssts in elevating the outer haf of the lamina from
the plane of the midrib; but when permanent expanson has been established, folding
is no longer possble, 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 pinnee of Cassia alata, because there is no excessve accumulation
of pulvinar parenchyma on the under surface of the outer haf < the lamina, 0
that the growth of the opposng tissue on the other sde of the pulvinus com-
paratively rapidly provides aufficent resistance to prevent the occurrence of torsion
of the midrib and vascular axis of the pulvinus. Rotation is thus present only during
the period a which the mass of pulvinar tissue making for the noctura postion
poseses its maxima relative strength.

In Cassia Sumatrana, as in Cassia alata, the movements of the leaves, athough of
very consderable magnitude when at their maximum, are invariably dow and gradual.
In both cases the tissues. of the motor organs do not provide any specid filtrative
facilities, either in the form of abundant pitting of the cdl-wals or of an extensive
system of intercelular 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 persstence and by the relative rapidity with which
they are executed. The ¢ movements of the primary petioles, dthough origindly very
congpicuous, 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 becdme inconspicuous. When the movements are at a maximum, the diurnal and
nocturnal’ postions are of the following nature—diurnally, the primary petiole and
rachis are very widely divergent from the axis, lying dmost at right angles to it; the
secondary petioles and rachises are dso very widdy divergent from, and lie dmog 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 a angles of
rather more than 45 degrees. Nocturnaly, the primary petiole is so highly convergent
that it not unfrequently "actualy 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 dmost directly .
upwards, o that the upper surfaces of those of the oppodte Sdes of the secondary
rachises are in dose contact, their midribs being directed upwards and forwards at
vertical angles with the line of the secondary rachises of admost the same degree of
inclination as that of the diurna horizontal one; in other words, they have under-
gone dmost pure devation apart from any appreciable rotation.

When deding with the subject of nyctitropic movements generaly, it has aready
been pointed out that the nocturnal postion in this case is specially clearly one of
reverson to what was the permanent one a a peiod immediately preceding the
time a which periodic movements first begin to make their appearance, and that the
diurna divergence of the primary petiole is essentially connected wifth 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 postion of the distal portions of the lesf, which imply corresponding increase
in distal leverage. The leverage here aids in establishing the diurna 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 dissppearance of movement in-
the primary petiole. Large leaves are provided with from sx to eight secondary
rachises which bear from three to eight or nine pars of pinnules, the number of
the latter being smalest in the basa rachises and 'increasing progressvely towards
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the dista portions of the leaf. In the case of five large leaves in which the actua
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 progressve 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
caxe of the primary petiole and rachis there is a nocturnal reversion to a previousy
permanent position, only dightly 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 depresson 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 depresson and
nocturnal elevation which they undergo are the exact parallels to the alternate unfolding
and folding of the laminee of young pinnee of the species of Cassia. There is no
appreciable rotation smilar 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 situated 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-
presson 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 essentialy dis
posed -altogether superiorly and inferiorly; but yet the movements which actually occur
are not movements of smple depresson and elevation, but of depresson and con-
vergence, and of elevation and divergence. This is owing to the “peculiar relation
which the pulvini bear to the bevelled petiolar surfaces with which they are
connected (Plate 1V, 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 dso to
divergence of the secondary petiole. In the norma passive postion, as determined
by purely structural features, the axial vascular bundle of the secondary pulvinus lies
amost paralel 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 théy are not related to the presence of any structura arrangements corre-
spdnding 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 principa determinant of the extreme convergence and depresson 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 doesin the case of the secondary pulvini of Mimosa piidica,
or atube filled with medulla as it does in those of Leuccena glauca, takes the form of a
broad, flattened, dightly-curved band. This naturally implies corresponding modification in
the resistance which it will present to horizonta and vertical displacement from its normal
passve pogtion. It is morphologically adapted to aford very consderable 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 remova
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 centra
portion .of the inferior pulvinar pad is not only thicker, but dso 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 dista leverage on the vertically flexible vascular axis of the pulvinus. The lateral
portions are not conspicuoudy thicker than those of the superior pad; but the inner
of them, when in a condition of diurna turgescence is, from its axillary postion,
enabled to effect divergent displacement of the vascular bundle in spite of the rea
tively great resistance which it opposes to horizontal flexion. (Plate IV, Fig. 5.)

In the secondary and specidly in the tertiary pulvini, during the period in the
life of the leaf in which extensve movements are regularly carried out, the masses of tissue
which make for the diurnal postion are conspicuoudy 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 1V, 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-
picuous and readily appreciable differences in colour as the corresponding tissues in the
secondary and tertiary pulvini do, but the steady and progressve increasse in relative bulk
which takes place in the superior one coincidently with diminution in and final
abolition of the assumption of the nocturnal podgtion 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 dmost throughout its entire thickness. Whilst, in the
inferior mass, the tissue nearest the wood is amost colourless, and the superficid
band of green has a somewhat olive tinge. Microscopic examination, however, shows
that the tissue of the superior mass is composed of .cdls. which are of considerably
smaller sze and much more richly provided with green chromatophores than those
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of the inferior one are. There is thus ample provison for a relative excess of
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, i% quite sufficient to account
for the occurrence of diurnal divergence. The inferior mass shors 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 postion 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
origina direction in relation to the axis. For a time the nocturna loss in turgescence
in the superior mass of pulvinar parenchyma, and the coincident diminution in leverage
of the distal portions of the leaf, dlow the strong woodly 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 thc
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 conspicuoudy to that assumption of the maxima 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 generaly. -

The pulvinar tissues in Pithecolobium are relatively dense (the system of intercellular
spaces being comparatively limited), but pitting of the cdl-walls is very much more conspi-
cuous and abundant than it is in the pulvini of either of the species of Cassia (Plate V1I.
Figs. 3, 8), and with this we find a capacity for much more rapid movements in thé
leaves. At a period in the evening a which leaves of the species of Cassia are only
beginning to show indications of departure from the diurna 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
auffices 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 dike is very great; but the rate at which it can
be effected is very different owing to the presence of structural peculiarities, which in
the case of Pithecolobium are of a mature fo permit of redistribution of fluid by
filirative discharge from the cell-cavities of the pulvinar parenchyma taking place much
more rapidly than is possible in the case of either of the species of Qussia,

In so far as dtrictly 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
ecape of fluid from the cel cavities of the motor organs, and for transpiratory loss
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from the tissues generadly. 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 laminee contain an excess of stomata; and
with this we find a corresponding increase in capacity for rapid movement in connection
with the incidence of mechanica” agencies favouring increased loca filtration owing
to increased pressure. But- yet the assumption of the nocturnal position occurs later
under norma condifions 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 postion later, but resume the diurna 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 cdled into play and maintained by
degrees of illumination which are incapable of producing an equdly 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 progressve divergence and rotation.  The absence of
periodic movements is no doubt partially, at all events, connected with the fact that
the primary petiole is consderably wesker in relation to the other parts of the ledf
than it is in the case of Pithecolobium. In the latter the primary petiole contributes
about 20 per cent, to the tota weight of the lesf, whilst in Leuccena it contributes
only hdf as much; and, as tfds 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 origina convergent postion 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 st on at comparatively wide intervals, so that, when the leM isin a con-
dition of full expanson, each of them is completely isolated from its neighbours, and
there is an absence of any overlapping of successve 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 dmog invariably more or less horizontaly disposed, and it is in connection with
this that a necessty for excessive rotation of the primary petioles has arisen.
Rotation does present itsdlf 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 ledflets are practically arranged in
two rows, one lying on either sde of the axis, and with their surfaces facing directly
upwards in the same direction as the upper surface of the axis. This postion, however,
necessarily implies- the antecedent occurrence of a varying, and in most cases excessive
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amount of rotation, seeing that a 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
asthey are in Pithecohbium saman, smple 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 smple 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 excessve degree, and -that in al 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 aso to the occurrence of a certain amount of spirdl movement in the
growing axis, which in the course of development undergoes a sort' of uncoilino-
so that exch successve 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 sde which is for the time being the inferior one-‘"
and, with this, rotation of the petiole gradualy sets in and advauces through a
guadrant, 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 pogtion, 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 originaly was directed downwards.
The extreme inequality -in the development of pulvinar tissue in respect to the two
sdes of the vascular axis of the pulvinus, together with the weakness of the latter
is illustrated in Plate |11, Figs. 5, 6. ’

Whilst periodic movements are relatively inconspicuous in the primary petloles 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 hedthy character. In °this
respect the leaves resemble those of Mimosa pudica much more closdly 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 closdy - convergent as to have their inner
surfaces in contact with one another (Plate 111, Fig. 7). Somewhat later they become
somewhat divergent whilst till retaining their ascending direction (Plate 111, Fo 7). jiotm
divergence and elevation next undergo progressive diminution; and, |mmed|ately prlor to the
onset of periodic movements, the secondary petioles are once more closdly convergent -
to the line of the primary one, and lie in the same plane with it or dope slightly
downwards from it.  When periodic movemetits do make their. appearance ~they°give
rise to alternating nocturnal convergence and depresson and diurnal divérgence -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 paralel 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 haf of the laminae lying vertically over the axillary hdf, 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 anglesto 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
Pithecololiuni saman, and are of the same nature as those in the pinnee 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 haf 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 Il1, 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 al 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 |11, 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 equa or exceed it in thickness, "wheress in the secondary pulvini of Pithecolobium.
sarnan it takes the form of a flattened band, the supeiior and inferior masses exceed
it in vertica diameter, and the lateral ones falling short of it in horizontal dlameter- 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 pUJvmar
parenchyma in every direction. (Plate |11, 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 smple movements of depresson 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 messes 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 pinnee of Cassia alata. The oblique dispos-
tion of the opposing pulvinar masses necessarily implies that the upper one must make
not merely for depresson, but adso 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 depresson 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 haf of the
lamina both on its superior and inferior aspects (Plate Ill, 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 strenoth
and resstance. The inferior pulvinar pad consequently not only makes for general
advance and €levation of the lamina, but for excessve elevation of its outer hdf
and when once the displacement has advanced so far that the posterior sde 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 lesf isin the fully devel
oped nocturnal position, the pinnules not only have their upper surfaces facing directly in-
wards, but dope 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 aso to special depression of the outer
haf of the lamina, and consequently to rotation of the vascular axis, so that the upper
asurface 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 angle3™to
the secondary rachis. There is not any very conspicuous difference in the strength and
thickness of the cedl-wals of the opposing masses of tissue, but the superior onetis
biderably richer in chlorophyll corpuscles than the inferior one is.

The pulvinar tissues in Leucana glauca are even more extensively and consplcu 1
pitted than those of Pithecolobium saman are: but they resemble the latter qld dff y
from those of the primary pulvini of Mimosa pudica, in being throughout de/0|d
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 Srafa
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 amost 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 'thjs, 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 léaves 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: al 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 ‘loca filtration in the pulvinar tissues comes
into play; and, finally, where they attend removal of solar stimulation, a fal in
osmotic capacity of the cell-sap is the determinant. In al 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 tracesble between rapidity of movement and toxtural facilities for
filtration. In the case of Cassia a’ata and C. siimatrana, the ‘movements, when at their
maximum, are very extensive, but are invariably dowly 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, athough unprovided with a fully-developed system of intercellular
spaces, is composed of cdls the wals 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 cel cavities in consequence of any increased

filtration.

CHAPTER X.
The movements of i\iz Leaves of Aimosa puiiica

The general appearance of the leaves of Mimosa pudica is, of course, familar
to every one, but it is necessary to alude 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 ... e ««  0-56 grammes.
2. Weight of the petiole including the primary pulvmus . 006

3. Weight of the secondary pulvini, secondary petioles and plnnules 050

4. Length of primary pulvinus w023

5. Thickness of primary pulvinus 0*065*

6. Length of primary petiole from the distal extremity of the pn-

mary pulvinusto the points of origin of the proxima paiis of
secondary ones . o,
7. Length of the remaining port|on of the primary petlole between
the sites of origin of the proxima and distal pairs of second-

ary pulvini oee L e 0125"
8. Length of the secondary petioles, including the secondary puIvml— :
'(a) Proximal pair e 2200,
(b) Distal pair o 292",
9. Length of secondary pulvini we 012,
10. Thickness of secondary pulvini e 009%
11. Number of pinnules on secondary penoles—
(@) Proximal pair .29
| 19
. . 25
(6) Distal pair ..‘(124

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) s 7 square inches.
13. Number of stomata—
(8) Superior epidermis .. .-+ 160,000 per square inch.
(b) Inferior epidermis ... --.. 400,000 ,,

14. Number of stomata on entire laminar surface v 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 lesf ... 047 grammes.
2. Weight of primary petiole, including pnmary pulvmus ... 007
3. Weight of primary pulvinus ... ... 001
4., Weight of secondary pulvini, secondary petloles and plnnulec .. 040
5. Weight of primary petiole without the primary pulvinus .. 006

- 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 excessve transpiratory
facilities which are provided by the laminar surfaces. Taking the data derived fiom the
second lesf 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 a the
immediate neighbourhood of the fulcrum, and "the weight is situated a 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 providéd 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 wel
as in the other nyctitropic leaves which have been specially considered here, the
superior epidermis is entirely wanting in them. Additiona facilities for the occurrence
of active transpiratory loss are, moreover, provided by the extremely open character of the
parenchyma intervening between the pallisade cdls and the inferior epidermis (Plate V,
Fig. 11). There are thus structural grounds for assuming that very active trans
piratory loss of flud must occur under favourable circumstances, and that such loss
actualy takes place is demondtrated by the following experimenta 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 haves, and a smal piece was filed out in the centre line of
divison, so that when the halves were adjusted to one another they form &l a plate with
a gnal central perforation. These were next luted down with mdted wax over the
mouth of the pot, so that the lower part of the axis of the plant passed through the
central opening and, findly, the line of divison and the opening were adso carefully
luted. The pot was next placed in an hermeticaly-closed chamber containing a vess
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 expanson and eevation. At the dose of four
hours the sulphuric acid was removed and weighed, and the weight amounted to 5T6
grammes, indicating an absorption of 6 grammes of water of transpiration. The acid
was now returned to the chamber, and the latter anew hermetically seded, 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 203 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
smal 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 11.—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 cose of four
hours exposure the sulphuric acid indicated a gain of |'oc.c. of water, equivaent to a
mass of more than haf 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 ar are
both comparatively humid, a very brief exposure to direct insolation is sufficiait to give
rise to various degrees of elevation of the pinnules. The phenomenon is particularly
gtriking when it occurs in a large bed of the plant, a portion of which is artificialy
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 lisble 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 adso cause an expanson of the
gaseous contents of the water-conducting system which may well act as-an obstruction
to the passage of liquid adong 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 dctually the case is certainly suggested by the fact that direct insolation,
even within a closed moist chamber, is attended by a certain amount of eevation of the
pinnules. Here, of course, the atmosphere is excessvely humid, and transpiratory loss is
correspondingly reduced; but assimilatory decompostion of water continues, and if this
coincides with obstruction to the passage of liquid adong the water-vascular system, a
certain amount of decrease in turgescence must necessarily ensue. The decrease, how-
ever, is inconsderable, and under. normal circumstances, neither aone 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 ‘nocturna postion is spontaneoudy.
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 postion 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
exfre_mely divergent from the line of the axis; so that, where the latter is vertica,
it is either dlightly ascending, horizontal, or dightly depressed (Plate |, Figs. 11,
12, 18 ; Plate V, Fig. 14). The pinnee ae closdy convergent and bent backwards
a ar acute angle over the upper surface of the primary petiole, the rachises of the
basad pair usualy having their upper surfaces directed more or less inwards, O
that the edges of the closdy-folded pinnules are directed obliquedly outwards and
inwards in place of directly upwards and downwards, and the dista pinna? are
overlapped and partially conceded. The pinnules, which from the outset are fully
expanded, are cosgy convergent, and have their midribs directed upwards and
forwards a an acute angle to the line of the secondary rachises. As time goes on, the
primary petiole lengthens, but retains its previous postion 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 dightly ascending from it, and a the same time become dlightly
divergent,(Plate I, Figs. 11, 12, 18). When periodic movements firs 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 origina postion of extreme
divergence or dight deflection. The amount of diurnal displacement is at first very smal,
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 dso, leading to steadily increasing diurnal divergence and
depression and to a certain amount of rotation downwards of the posterior or outer haf of
the lamina aternating with nocturnal convergence, eevation, and reverse rotation. When
movements are at a maximum, the diurna and nocturnal postions of the various parts
of the leaves are normadly as follow:—Diurndly the primary petiole usudly 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 pinnee lie dmogt in the same
plane as the primary petiole or dlightly ascending from it, and are widely divergent; the
divergence of the basa onesbeing frequently so great as to exceed a right angle, so that
they are directed dightly 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 secondhry rachis, and
the distal ones inclining forwards. As the pinnules are set on very closdy, the intervals
between them falling very considerably short of the breadth of individua laminae it is
very sddom that the entire surface of any pinnule is entirely exposed, and, as arule, a -
certain amount of the anterior haf of each successve lamina is conceded by the posterior
haf of the succeeding one (Plate V, Fig. 3). In the maxima normal nocturnal
postion 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 vertica,
some are horizontal, others dlightly ascending and till others dlightly descending. The
secondary rachises are closdy convergent and dightly elevated, and the lower pair are
rotated, so that their upper surfaces are directed more or less inwards. The pinnules are
closdly convergent, so that the two rows are in contact with one another, the upper sur-
faces of the laminee 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 smple 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 congpicuous in them is, however, absent, apparently in relation
to the absence of such a condderable accumulation of pulvinar parenchyma over the base
of the under surface of the outer haf 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 dford a
striking example of the fact that the assumption of the diurna postion implies a
departure from a previously permanent one, and assumption of the nocturnal one a return
toit. 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 mogt 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 dight elevation (Plate V, Fig. U), hori-
zontality, or dlight depression; but it differs from it in being a very unstable one which
is very readily replaced by one of extreme depresson. Very dight mechanica disturbance
is enough to secure displacement from it, and it is, therefore, only on still evenings that
the leaves retain their norma 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 postion is one of extreme instability,
connected with depresson 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 depresson is a nocturna or a
diurnal one. According to him diurnal depression following the incidence of mechanical
impulses or other so-caled stimulant agencies is associated with diminished turgescence of
the pulvinar tissues, -so that the leaf swings freely in pendulum fashion; whilst in
nocturnal depresson no such diminution occurs, and the postion is a rigid one* As
the podgtion 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 typicaly nycti-
tropic in respect of the nocturnal position being one of reverson to a previoudy permanent
one, but dso in respect of the phenomenon of the attainment of the maximal nocturnal
postion during the first part of the night and ‘gradual departure from it subsequently
quite apart from any photic influence. The amount of reverson towards the diurna
postion exhibited by the pinnee and pinnules is comparatively dight, but eevation of
the primary petiole during the later hours of the night advances so far that in plants
exposed to norma conditions the maximal elevation for the twenty-four hours is attained
immediately before sunrise.  This at first sight appears to be an anomaous phenomenon,
but in xeality it may be readily accounted for. The maxima 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 maxima strength.
It merely indicates the presence of relative maxima strength in relation to dista
leverage. The inferior mass of pulvinar parenchyma has constantly not merely to con-
tend with,the depressant action of the superior one, but aso 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 postion at any given lime
that any consderable reduction of distal weight may not merely equilibrate a temporary
ifcrease in relative strength of the-superior mass of pulvinar parenchyma, but may wel
go farther ad secure that the entire resistance which the inferior mass has to overcome
ghal actualy attain a minimum under the circumstances.

The importance of distal leverage as a factor in affecting the postion of the
primary petiole quite apart from any aterations in the relative strength of the opposng
mas=s of pulvinar parenchyma, is indicated very clearly by the phenomena which follow
amputation of the pinnae of fully expanded leaves (vide Appendix A). The firsd effect of
this normaly is to give rise to rapid and excessve depresson 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 eevated or convergent to the line of the axis,
than it was whilst the leaf was intact- The effects of aterations in distal leverage on
the position of the primary petiole are dso very congpicuous in cases in which the pinnee
in place of being removed, are merely exposed to conditions determining consderable
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 previousy been exposed, elevation of the pinnules "begins dmost
. immediately and advances rapidly until they have completdly assumed the nocturnal
position. This phenomenon is clearly owing to loss in active turgescence connected with
sudden and excessve transpiratory loss accompanied by obstructive expanson of the
gaseous contents of the water-vascular system.  But the primary petioles show no tendency
to assume the postion proper to the early part of the night. They show no tendency
towards depresson, but, on the contrary, gradually become very highly eevated. It
cannot be imagined that this is the result of any increase in the absolute strength of the
maess 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 eevation is more than counterbadanced by the excessve
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transpiratory loss in weight and leverage of the pinnag, and this is of course equivalent
to increased relative strength in the portions of the primary pulvinus which make for
elevation. ’

The excessve 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 excessve transpiratory loss in the distal parts of the leaves, but to continued absence
of assmilation and coincident continued respiratory loss. The postion 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 maxima 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 asit does and lead to maximal eevation 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 Weigh'f
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 assmilation which takes
place within them under the influence of sunlight. Maxima elevation can thus no
longer be maintained, but progressive descent sets in and attains a maximum when the
remova of solar simulation occasons general loss in turgescence a 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 resst 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 excessve departure from the primary nocturnal position occurs
in the secondary rachises and pinnules. The reverson towards the nocturna 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 smply 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 al the tissues aike 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 previoudy suffered most from filtrative loss. But, in the case
of the primary pulyini, this occurs during a period in which the tissue which §ajns in
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relative strength is opposed by progressively diminishing distal leverage which is equiv-
aent to its undergoing progressve and additiona increments in relative strength.

The structural features in the motor organs of Mimosa pudica which determine the
occurrence of the various periodic movements are paralel to those which we have aready
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 lesf and are not developed smultaneoudy, the development of
the masses which make for the diurna postion 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 postion is clearly indicated by the fact that, for a
consgderable *time ee" periodic movements set in, a process of continuoudy increasing
divergence of -the primary petiole from the line of the axis manifests itsdf, which
ultimately leads to its assuming a permanent postion corresponding to the primary
nocturnal position of a later stage of development. At firg sight it might appear as
though thb permanence of the position were anomaous, 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 dso that of an antecedently developed mass of
pulvinar parenchyma making for elevation; whereas in Mimosa pudica, during the period
a which progressive divergence of the primary petiole advances continuoudy, 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 wesk, and from its
flattened form, specidly flexible in a vertica 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 dista
portions of the lesf bearing on the continuoudy elongating petiolar lever.

In the mature primary pulvini the axis condsts of a solid cord of soft flexible
wood, surrounded M by a shesth 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 dde of the fibro-vascular axis are thinner than those
which lie above and below it. The latter, moreover, are not of equa thickness, for
the superior one is only dightly 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 bedow 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 N .
» 5> upper parenchyma o ¥ .. 05
" »  fibro-vascular bundle oee . 051,
» » lower parenchyma .. 066
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The measurements in a section derived from another pulvinus were the following :(—

Vertical diameter of the entire pulvinus vaw 59 mm
upper parenchyma .. 054 ”
fibro-vascular  axis .. (%45 "
, lower parenchyma - ... 0-60 "
Thlckness of eel 1-walls in superior parenchyma = 090036 to 00054 "
inferior parenchyma == ... ...0*0018 "
Transverse d|ameter of the entire pulvinus 1.77
. i lateral parenchyma a OS5
» >, ., fibro-vascular axis woum 063
» >, » lateral parenchyma .. we 0-57

These figures very clearly show the vertical comprori of the Dulvinm **
a whole, and dso the excess in vertical compresson of the fibro-vascular bundle the
horizontal diameter exceeding the vertica 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 diffeence between the opposed masses of
parenchyma which make respectively for elevation and depresson. Both are adike in
being composed of two distinct strata of tissue. The outer of these is relatively densein
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 cdl-wadls aso differ in the two strata
In the outer one they are provided with numerous smal pits like those in the walls
of the pulvinar cells of the other nyctitropic leaves which have been previoudy
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 Sze. The latter pits 'have
more or less circular or ova outline and a thickened rim, and are closed by a d Ny
membrane which in its turn shows secondary pits or actua orifices of shal
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 cdls, 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 wals of the cdls in the deeper strata both
above and below the fibro-vascular axis do not differ from one another to an
appreciable extent, and are aike of very consderable thickness save within the 7

ca.ta

of the pits. The cdls throughout the entire thickness of the parenchyma both a % ear(:la;
below the bundle contain chlorogyll, but the numbers gf gqr@mggﬁﬂ@ in the cells of

the degper stratum of tissue are much (@reater than these iim e pRficill e th'
Implies a corr&pondlng excess ©f chloramipll in the irffesior as comPared Wik +v A FOS

Naleu Wltn tne superlor
mass, %emg that the excess m thlckn&es WhICh the former presents is entirel ¢ OWino- to
an excess in the thickness in the deeper stratum of its tissue, the thickness mjth" Arff
cia stratum being aike both above and below thefibro- vascularaX|s Ti r NTA

L 5. "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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agueous solution of osmic acid and mounted in saturated solution of acetate of potash.
The superfica stratum then acquires a strong brown-madder tint, whilst the deeper one
remains dmogt unatered 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 till 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 consstence of the fibro-vascular bundle, its
vertica compresson, and its relatively smdl bulk in relation to the masses of pulvinar
parenchyma, unite to render it peculiarly liable to vertical flexion in connection with
dterations*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 shal occur.  The
characters of the cdl-wadls in the superficid 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 functiona 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 excessin fluctuations of turgescence, and the excess
of tissue providing specid facilities for filtration alowing for such fluctuations taking
place in large amount with great rapidity. The greater thickness in the cdl-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
adso 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 bdief 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 axse 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. Conversdy the loss in turges
cence attending remova 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 eevation of the petiole, and absence of such stimulation to divergence or
depresson. But, as has been aready 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 dista 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 consderable variations. It is a factor the power of which normaly rises
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under the same circumstances as the strength of the mass of pulvinar parenchyma making for
glevation increases, and hence, under normal circumstances, maximal elevation of the prim-
ary petiole does not coincide with maxima strength of the parenchyma making for ee-
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 Ieverage’ so that
athough its strength attains an absolute maximum under such circumstances, the tissue i$
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 extensve movements of ,the primary petiole in
connection with variations in the degree of solar stimulation of assimilatory function in the
tissues, but aso for the-ready occurrence of such movements under the influence of various
other conditions. The primary petiole is constantly in a postion 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 aterations in distal leverage or in the relative strengths
of the opposing masses of parenchyma must inevitably lead to movements of the pefiole
in one direction or another. Any increase in dista leverage must tend to induce
depression or divergence of the petiole, not merely in connection with coincident com-
presson 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 a which the cdls of the inferior parenchyma have
attained the greatest degree of turgescent increase in capacity of wiliich 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
dista 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, especialy when these are developed suddenly, they are liableMd
be followed by depresson of the leaf. On the other hand, we have aready seen how
rapid loss of weight in the distal parts of the leaves, as the result of excessve
evaporation there, may lead to extensve 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 especialy 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 excessve structura 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 ledf, 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 excessve locd 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 osmatic pro-
perty in the cdl-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 loca pressure affecting
filtration must inevitably lead to sudden movements. Active turgescence of the excessve-
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 cdl-sgp 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 a a hlgh level. The superior mass of parenchyma is not devoid of tissue pre-
senting specid 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 weskening of the inferior than of the
superior mass.  Under ordinary circumstances the loss of strength in the superior mass
is thus conceded by the greater loss taking place in the inferior one, and it is only
where the action of any agent inducing a fal 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 dso permit of rapid gain, -processes of rapid endos
mose being provided for by the excessvely porous character of the cdl-walls and the
abundant chlorophyll contents of the deeper stratum of tissue. The process of eevation is,
of course, never s0 rapid as that of depresson, because it is resisted by distal leverage,
and is mainly carried out by osmoss 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 vishble 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 excessve textural facilities for escape of fluid from the tissues of their
motor organs, and, further than this, the effects of gradua locd aterations in tur-
gescence in the latter may be more than discounted by coincident alterations in distal
leverage, so that eevation in place of depresson 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 loca 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, afect the leverage of the
distal portions of the lesf, 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 norma course and depression results.

The secondary pulvini differ structurally in many respects from the primary ones,
and much more closdy 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 verticaly,
and therefore presents no specid 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
falen parald 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.—Tota breadth of pulvinus e 1*06 m.m.

Breadth of external mass of parenchyma ... 033
fibro-vascular  bundle e 0r33

axillary mass of parenchyma e OF345

Section 2.—Transverse diameter of entire pulvinus ... . I*8
' of outer parenchyma .. O3
of fibro-vascular bundle e 030

of axillary parenchyma .. 036

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

Vertical diameter of entire pulvinus N

s Superior parenchyma .. 039
fibro-vascular  bundle e O3B
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 aso 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, fals dightly short of that of the inner one,
as in the fird section. The walls of the cdls 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 cdl-wadls in the superior and inferior
parenchyma of the primary pulvinus. The tissue of the interna or axillary mass is
glightly 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 cels 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
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parenchyma, are dight excess in bulk (Plate VI, Fig. 7), dight excess in the thickness of

the walls of the congtituent cells, and dlight excess in chlorophyll content. There are no
intfinsic structural features in the secondary pulvini implying such instability in equilibrum
of postion 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

extensve and especialy of rapid extensve 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 remova of solar stimulation; but there is very much less tendency to the occurrence
of extensve and rapid, movements under the influence of other factors than there is in

the cae of thp primary petioles and pinnules—conditions which determine the fullest

depression of the primary petioles and maxima movements of the pinnules often leaving the
secondary rachises dmogt entirely unaffected (Plate V, Figs. 12, 13); and, if the intrinsic
structural peculiarities of the tissues of the secondary pulvini done be taken into account,

this is not so much a matter for surprise asthat extensve movements should occur at all.
The opposing masses of pulvinar parenchyma acting on the relatively strong fibro-vascular

cord differ so dightly in character from one another that, if attention be limited to them,

if would be hard to explain the occurrence even of regular nyctitropic movements of an
extensve 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 extensve 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 anomay 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 specidly 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 composad of tissue which is wesk
dike dtructuraly and functionadly, and consequently presents little resistance to com-
pression, so that, when turgescence rises in the axillary parenchyma, (displacement is
effected not so much by compresson of the tissue of the outer parenchyma as by com-
presson 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 a an advantage in
effecting displacement because it has a resistent bass 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 equadly 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

ANN. ROY. BOT, GAKD. CALCUTTA VOL. VI.
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in this case a0 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 condderable extent. Theré 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 gradualy.
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 exceptionaly 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 aike 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 amost
entirely absent, and, as a rule, at the utmost very limited; but when deep depresson 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
verticaly so as to present an elongated dliptica 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 - =+ 0735 mm.
Thickness of parenchyma to the left of the flbro-vascular bundle .., @12«
Breadth of fibro-vascular bundle ol S
Thickness of parenchyma to the right of the fibro-vascular bundle... 135 -
Vertical diameter of entire pulvinus w039

of superior parenchyma wnn (0-18 .

of fibro-vascular bundle w006 "

of inferior parenchyma w015 «
Thlckness of cell-walls of inferior parenchyma w# 00054

» . of superior _ om Y

It is evident that the extreme verticall compresson of both the entire
and of the fibro-vascular bundle provide even greater facilities for vertic fIIX|on
than are present in the primary pulvinus. The organ has not, however, to struggle
with any excessve dista leverage as the primary pulvinus has, and practicaly 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 norma 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 hadf 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 dlightly 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 cdls of the inferior parenchyma
have watls 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 cel-wals 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 possble in a natural condition of full turgidity, the freshly
cut sections ought to be alowed to be in water exposed to light for some time, so
as to alow 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-wals 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:

ANN. KOY. BOT. GARD. CALCUTTA VOL. VI.



92 THE CAUSES OF FLUCTUATIONS IN TUEGESCENCE

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 str'ength 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 consderable
turgescence of the cel-wdls.  The former is a condition which is a 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 aufficient 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 cdl-walls, and its abundant protoplasm, provides the conditions for
great fluctuations in assimilatory. turgescence, and aso 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-vasculér
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
cel-sap as the result of assimilatory activity, that it is capable of overcoming the
resistance to which it is exposed. Any depresson in genera assimilatory activity
must weaken it in the struggle which it has to maintain, because its strength ts
mainly dependent on active protoplasmic turgescence, whereas that of its opponent *
predominantly owing to mere physicall properties of the cel-wals. But it*m St alo
necessarily be weakened under the incidence of any influences giving rise tod = ™
in the general supply of liquid or favouring filtrative loss because of the strietary
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 aso 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 caculated to give rise to aterations in
locd filtrative processes.

There can be no question that the motor organs of Mimosa pudica present struc-
tural peculiarities which are of a nature specialy 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
severdly exhibit bears a direct relation to the textural facilities which they individualy
offer for rapid. filtrative redistribution. In the case of the primary pulvinus, very
exceptiona 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, anhd in greater part struggling against great
resstance, both loca and connected with distal leverage. In the tertiaiy pulvini, too,
gamilar facilities are present owing to the excessve ddicacy and loose texture of the
superior parenchyma which has to contend with the overpowering structural strength of
the inferior one and the passve direction of the fibro-vascular bundle; and in both
primary and tertiary pulvini the capacity for rapid movement reaches a maxima
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 excessvely 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 concluson 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 possble fluctuations in turgescence in opposing masses of tissue. It done is
enough to show how erroneous the idea is that, in the opposng masses of tissue in
pulvini, we have to deal with differences depending solely on invisble molecular structure,.
and not on the presence of any visble differences in organisation.*

CHAPTER XI

Theories regarding the niotamente of the leato ot ffiimom pabdica.

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 essentidly 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,
dthough the regular periodic movements are commonly adlowed 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

# e Es handelt sich also aueh hier wieder nicht urn sichtbare Organisations ver haltnisse, aus denen sich die Reizbnrkeit
erklart, sondern um die unsichtbare Molekulstrukiur." Sachs, Vorlesung XXXV, 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 amost 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 podtion which, a 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 investigationsin 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 aready
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 artificidly-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 aford an exact index to t\i 5'82

 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 Gewebesysem 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 al possble variations in degree of amospheric humidity.
Mbreover, it is as a rule only in the tropics that phenomena of foliar movement occur
with' auffident frequency, and on a suffidently large scde, 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 possble to
determine how far any phenomena occurring in individual cases are really of peculiar
and spedific nature.

The movements which are executed by the leaves of Mimosa pudica are exceptiona
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 leaves generaly abound,, it very soon becomes evident that the peculiarity is
one of degreer and not of kind. The movements under certain circumstances are
performed with exceptiona .rapidity, and in connection with the incidence of many dight
disurbing* influences; but in the leaves of Neptunia they may aso occur with considerable
readiness .and rapidity, and in many other common nyctitropic leaves we find examples
of movements arising under circumstances smilar 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 dmost 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 concusson
of a dista pinna may be aufficient to induce complete and very rapid action in a
leef of Mimosa pudica; under smilar circumstances, dow and limited action of a certain
number of pinnules, and possibly a certain amount of convergent movement in the pinna
subject to concusson, may occur in the leaves of Neptunia oleracea: in Pilhecolobium
saman a single concusson fails to produce any appreciable effect, but movements arise
under the influence of a certan number of repeated concussons, the pinnules
gradualy rise, the secondary rachises gradually converge and become depressed, and
the primary petiole converges where the primary pulvinus retains its activity; finaly, in
Cassia alata very repeated agitation is necessary in order to secure the occurrence of any
gppreciable 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 maxima movement in the leaves of Mimosa pudica and dow
and gradual movements in the case of other nyctitropic leaves, the displacement, whether
rapid or retarded, tending invariably to the establishment of the nocturna position. The
impact of a single heavy drop of rain is in many cases suffident 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 sufficet to cause maxima 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 efect in the leaves of Cassia alata. Under exposure to
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the influence of hot dry air and adry 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 a 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 propertf% 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 al cases, and the differences as resulting
merely from the rate at which it is passible for it to produce an appreuable effect
Water will escape more rapidly from a vessd with alarge 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 aford rio
satisfactory grounds for supposing that they are endowed with any pecullar 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
aufficient 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 aterations in conditions affecting loca 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 essentia
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 mdvement 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 der
normal- circumstances, the tissues of Mimosa pudica contain an exceptionally Iaroe b Ik f
liquid under very high tension, and that this tension is maintained in spite of exceptlonal
facilities for general transpiratory loss and for loca redistributions of masses of”. ater
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 tenson must be
liable to undergo constant fluctuations in degree corresponding to any flugt at:on i
relations existing between root-supply and transpiratory loss of water. Haberlan t &flrﬂ’]'
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
congtituting a gpecific, mechanica nervous system for the propagation of stimulant
impulses inducing active contraction of the protoplasts of the motor organs; but, even if it
be 90, this does not dlifedt the question of the instability of equilibrium between genera
supply and loss of water. The maintenance of high liquid tension within the seive-
tubes* demands a congtant supply of water to satisfy the excessve osmotic capacities
of the cdl-sgp which they contain. Their excessve turgescence only implies
an additional drain upon the general <ock of water which is dso subject to
excessve transpiratory loss. The presence of any extensive sysem of tissue eements
of exceptionaly high osmotic capacities, such as the saive 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
sream of water along the course of the water-conducting tissues of Mimosa pudtca
must in g 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 dl the active tissues in like amount or by a certain cass of them
in excessve amount. In either case the facilities for transpiratory loss remain excessve,
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 dong the course of
the water-conducting system. Whenever atmospheric conditions are such as to favour
transpiration, turgescence can, therefore, be fully maintained a a high levd 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 itsedf most rapidly and readily in those tissues which present the
greatest textural facilities for the escagpe of water. Loss in tuigescence originating
in any disturbance between the relations of general supply and loss of water will
not occur with equa rapidity everywhere; for the rate of loss must be dfected 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 previoudy were. But in the motor organs of Mimosa pudica, and especidly in
those of them which are most subject  to rapid movements, we have to ded with
opposing masses of tissue which differ very greatly, from one another in the textura
facilities which they provide for rapid filtrative escgpe 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 generadly,
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 cohsiderable aterations in relative strength must thus
be rapidly established and, the equmbnum of podtion being correﬁpondmgly disturbed,
movements must occur with proportionate rapidity.

But if al the movements of the leaves of Mimosa pudica, apart from those which
attend the presence or absence of solar stimulation or other agencies affecting assmi-
latory activity, owe their origin to such purely physica 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 il is
saturated and atmospheric humidity excessve, the capacity for movements and the rate
and extension with which they occur are aike at a minimum, and it is when the il is
relatively dry and atmospheric humidity low that they attain their maxima development.
It would be strange indeed were this not so, seeing that conditions of atmobspheric 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 a a given standard. All the
tissues may not possess osmotic capacity in like degree, but the conditions are such as to
adlow them dl 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 genera
loss of water. The only loss of water which is going on is that connected with assimi-
latory decompostion, and this is amply covered by the excessve root-supply. But when
the soil and air are not saturated, the equilibrium of turgescence can only be maintained
s0 long as general supply and loss of water continue to bear a uniform relation to one
another. Any .rise in loss without corresponding increase in supply must make for de-
creased turgescence, and any fdl 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
assmilatory activity and therefore osmotic property.

It would be easy to multiply examples of experimenta 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
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are contained in Appendix E. - The effects of exposure to the influence of saturated soil
and amosphere in diminishing capacity for movement are constantly presenting them-
sdves in the most conspicuous fashion in various ways. Whilst working at the subject
| have had constant occason to take specimens of Mimosa pudica from the garden
in which they are grown to my ‘laboratory which is stuated at a distance of about a
mile <Bam it. When the transfer is effected during periods when atmospheric humidity is
relatively low, even .dlight displacement of pot plants is followed by extensve movement
of the leaves, and the agitation to which they are exposed during the drive over the
rough road which intervenes between the two locdities 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 decrees&, and when humidity of soil and atmosphere are a a maximum,
the plants undergo al the agitation to which the transfer exposes them either with-
out exhibiting any movements a al, or movements of only the mos limited and
partia kind. Paralel phenomena make their appearance under the influence of artificia
eevaion or depresson of amospheric humidity. If two plants luted into carefully
stoppered and waxed pots be exposed side by side in two hermetically seded chambers
one containing a vessdl of water and the other a vessdl of pure sulphuric acid, their
leaves are of course coincidently exposed respectively to a saturated and to a very dry
amosphere.” 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-cdled irritability also make
their appearance. The leaves in the saturated atmosphere become highly devated and
extremely expanded, and after an hour or two of exposure they fal 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, adso show extreme
expanson and elevation, but are very susceptible to agitation, even dight shaking of
the chamber being followed by depresson of the primary petioles and complete
assumption of the nocturnal postion by the pinnules. So, again, when a leaf or a
portion of a shoot bearing several leaves is separated from a plant a a time
when ar and soil are aike 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; whils when atmospheric and telluiic
moisture is excessve, no movements whatever manifest themselves for some time, and
the movements which ultimately do occur are very dowly, imperfectly, and gradually con-
ducted. Under conditions of maxima moisture, the primary absence of ‘any movement
whatever, and the delayed and impefect character of those which ultimately occur,
become wonderfully conspicuous. Under such circumstances, shoots will frequently stand
exposure to al the disturbing influences of separation from the axis, and of considerable
and relatively prolonged agitation without showing any appreciable movements. | 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 artificia
escape of liquid from the tissues produce minima effects as regards movement.” When
the ar and soil are both moderately dry, amputation of the tip of a dista pinnule is
normaly followed by immediate and rapid action in the injured pinnule and simultane-
ous, or practicaly smultaneous, action in the apposite one, rapid spreading centripetal
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action aong the pinnules of the same secondary rachis, convergence of the one or
it may be of al the other secondary petioles, rapidly spreading centrifugal action along
the course of ong two or al the other secondary rachises, and maximal action in the
primary pulvinus leading to thfl fullest depresson 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
excessve moisture the injury to the pinnule produces no immediate movement even
locally, gradual exudation appears conspicuousy at the site of section, and this is
presently followed by dow 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 dll others, very dow and imperfect elevation of a certain number of
other pinnules in the distal hdf or third of the same pinna occurs. Both rate,
amount and extenson 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
?egard 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 equaly 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 dista 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 logica concluson
therefore which can be arrived a from the data is, that the differences in the phenomena
of movement presenting themsalves 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 physica 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 itsdf in  connection with the
presence of excessve atmospheric humidity which is even more inexplicable on the
theory of active protoplasmic contraction. In cases in which not only both ar and
0il are saturated with moisture, but recent rainfal 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 - specid irritability of the primary
pulvini, ffequently manifest themselves. In such cases, after amputation of the tip of one
of the d&td pinnules, either no movement at al occurs in the pinnules, or dow imperfect
movements occur in the injured pinnule alone, or in it and in one or two negh*
bouring ones, and yet rapid and profound depresson 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 excessve 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
sats of organs. But this is a concluson for which no evidence exists savethe 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 loca opponent, but aso with
the depressant action of distal leverage; and it is clear that any accumulation of rain-
drops on the pinnse mus incresse 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 depresson 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 depresson, 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 oppostion under the circumstances, are aided in securing depresson 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 pogtion is decreased in the primary pulvini and increased in the
tertiary ones. But, if this be so, a fdl 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 condderable 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 |everage, 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 themselvesin 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 artificialy saturated atmosphere in a
moist chamber, if sufficient illumination be provided, the pinnules and secondary
rachises of the leaves- assume their maxima diurnal position of extreme expansion.
But the primary petioles, in place of tending to snk as th&y do wunder 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 occasiondly
that any conspicuous rapid elevation of the pinnules manifests itsdf. On the theory
that movements are essentidly 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 dista portions of the leaves are
saturated with moisture and have been continuously exposed to conditions favouring active
assimilation, their weight must attain its maxima 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 assmilation causes sufficient
increase in leverage to aid materially in inducing a depresson 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 excessve 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
raptdly 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 actua
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 Smilar nature. It has aready been pointed out that when plants which have been
for some time in the shade, and whose pinnules have attained a maxima degree of
expanson are exposed to strong, direct sunshine, either as the Jesuit of the naturd
diurnal dterations in distribution of the latter, or of transfer from one locdlity 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 previoudy were. If
atmospheric humidity be very low and the soil very dry, the movements are continued
until the pinnules have assumed their maxima nocturnal position. If, on the other hand,
atmospheric and telluric aridity bg not very great, the displacement is only a partial
one, but it is aways suffident 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 a the same level as when transpiratory
loss was considerably less, but it is capable of maintaining enough turgescence to
prevent the pinnules from passng on into the fully developed nocturnal position.
But when amospheric humidity fdls very low, and when the supply of water in
the soil is very small, the disproportion between root-supply and transpiratory loss
becomes excessve, and the movements are carried out in maximal degree. The
phenomena are piecisely parald 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 exceptiona facilities for
transpiratory loss and for rapid redistribution of liquid which the tissues of the
leaves present. Parallel phenomena of exceptionaly 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 dmost as brief as that
auffidng to -give rise to" sensble eevation 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 specialy locdised loss in turgescence as the result of exposure to
increased transpiratory loss; and in both cases casss dike 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 specid functional endowments in the protoplasts of the motor
organs of Mimosa pudica might lead to a beief that the paralel phenomena of the
movement of the pinnules was owing to some directly stimulant action of the sun's
rays, were it not that precisdly 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 sunshlne
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 ol moisture
is suDDlled to the plant whose leaves are exposed to a dessicated atmosphere), attain a
mJn & decree of expansion. The displacement which occurs in the leaves in the
77T "hamber under exposure to direct sunshine may be fairly credited to the onset
T % %in amount of transpiratory loss, for, as the exposure implies continous elevation
“* 1 " rature within the chamber, absolute atmospheric saturation cannot be present
0= \? ®In so far as illumination and temperature go, the two plants are exposed to
wat..- oIvllke conditions, and yet the pinnules undergo only dight displacement in the
P"ecﬁs“ ‘e and complete displacement in the other, thus leaving the differences in
fr’;ﬁsplratory loss as the only factor accounting for the differences in the result of

exposure in the two cases.

I11 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
Movéments” attend excessive transpiration caused by other means- If a pot-plant of
Mimosa pudica in which the leavés are in the normal diurna 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
B the movements, and as we find the latter manifesting themselves at temperatures
under ' which the diurna position is fully mantained so long as the ar is

id, the only thing which is left to account for them is the excessive transpiratory
P‘ssto 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
varies Wi heie to which the plant was previously exposed, sudden rapid movements
ths atmosp

- 4 lortam number of them accompanied occasionally by sudden depression
mav occur in a tcimiu

-~ .. - <«tnp But a still more remarkable phenomenon normally follows
ohetheemmmary penuit?*  s#* v
0 w rﬂ_cnﬁﬁll noig ihe HRI anetxpgs%rdp (vQFe R%'pf)'e?%&' e E\S/a”qf andplgn¥ 8t erredthc%

its original envwonment at atime when |ts pinnules " have only partlally 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, al
or a majority of the prlmary petloles become suddenly and rapidly depressed. Now, this
IS a sequence of events w

: e Ia all s in which exposure in a sulphuric acid chamber is mentioned, it is assumed that effectual means,

slimilar to those described on page 77, were taken to secure that the only additions to atmospheric humidity were derived
from transpiration.
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are essentialy dependent on active stimulation and contraction of Ihe protoplasts of the
mptor organs, unless indeed on the groundless assumption that exposure to hot and dry air
acts as a edfic simulant of the protoplasts of the motor organs of the tertiary pulvini,
and exposure to cool, moist air as a spedfic 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 al the turgescent dements 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 actua loss in turgescence
which will .occur ineindividual masses of tissue will be rapid and extensve in direct
relation to thp facilities which they provide for the escape of liquid from the interior
of the cel-dements of which they are composed. But the tissue-dements in thosa
‘mases of tissue which make for the diurnal pogtion in the primary and tertiary
pulvini afford much greater facilities for the escape of liquid, than those which make
for the nocturnal postion. 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 diurna position. But, in the primary
pulvini, the loca 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
locd pulvinar opponent, but is strengthened in respect to the total resistance which it
has to overcome, and hence elevation and not depresson 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 eevation of
the pinnules occurs, and distal leverage, in place of undergoing any farther decrease,
begins to increase. Simultaneously another important factor affecting the genera dis
tribution of fluids throughout the tissues comes into play. The rapid cooling following
transfer to the cod air necessarily implies rapid contraction in al 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 efett 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 aso
serve to occason sudden movements, apparently as the result of the obstruction to
onward flow of water which it induces if pushed beyond certain limits; but any
obgtruction 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 aufficent to give rise to dow, progressve movements of elevation of the pinnules,
which, under certain conditions of soil and atmosphere, may ultimately lead to a full
assumption of the nocturna 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-caled stimuli. When leaves are gently detached
from the axis, €levation of the pinnules and a certain amount of convergence of the
secondary rachises usualy 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 excessve humidity, whilst, when soil and air are
dliike 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 maxima 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 dow 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 excessve, or the sunshine is veiled and comparatively feeble,
the movements are often merely of the dow, 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, incison 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 find
dow progressve movements of elevation. Where, on the other hand, the movements

have been throughout of a dow, 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-
cdled 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 norma relation to the axis, exposure to
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direct sunshine normally occasons only dow insensbly progressve movements. Why
should exposure to the sun's rays only give rise to movements which, judging from
the parald phenomena occurring in non-motile leaves under similar circumstances, are
unequivocaly dependent purely on increased transpiratory loss, so long as the leaves
retain their norma connection with the axis, and to movements dependent on active
Jprotoplasmic 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
occasons active contraction of the protoplasts of the motor organs, why should it cesse
to do so? why should continued exposure be accompanied by partia recovery of the
diurnal podtion? These are questions which the theory apparently can answer only
by means d* a series @ arbitrary assumptions.

But if this theory be incapable of accounting for the phenomena, can that which
ascribes the occurrence of rapid movements to purely physic 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 “the 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 dfet must be a general loss in liquid tenson throughout the entire ledf,
and consequently a tendency to increased drain upon the active tissues. In cases where
the tissues”re excessvely 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 completdy suffident 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
al occur, or any which do occur are dlight 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 eventualy 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
diurna 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 postion of
the pinnules aford 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 pinnulestend to pass on rapidly into 'the nocturnal postion. 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 amost or entirely absent
when the pinnules exhibit congpicuous movement, and under norma circumstances they
never exhibit the same activity as those of the pinnules do. If transpiratory loss be very
active, any liquid which escgpes from the turgid pulvinar tissues on the sudden disturb-
ance of equilibrium of genera 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 themsdves 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 & .ter
separation.  But if transpiratory loss be dlight, the tissues will retain a considerable
amount of water, especialy where atmospheric and telluric humidity have antecedently
been high for some time, and this, of course, is avalable to saisfy the osmotic capa
cities of the active tissue elements to a greater or less extent. Mere separation’ from
the axis has in no way afected the functional properties of the active tissue elements
remote from the site of section, it has only removed them from al connection with
root-supply of water; and, so long as the inherent water-conducting system retains a
aufficient quantity of water, this is of no importance. Whilst the water-conducting
system contains a aufficent 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 tissuesin the tertiary
pulvini which make for the diurnal postion 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 aso present greater structural facilities
for absorption, will appropriate a correspondingly large share of the store .of water
remaining at disposa. With this they will increase in strength, and a reversion of the
pinnules towards the diurnal position must follow. But if, when this reverson has
been fairly established, the lesf be suddenly exposed to direct sunshine, a sudden rise
in transpiratory loss of water must a once ensue, and with this a renewed drain upon
the tissues, leading as before to specid 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 dow, progressive alterations in postion of the
pinnules, like that which occurs in leaves «ill 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 edablished to give rise to the occurrence of rapid resumption of the nocturna
position. Subsequently, under continued solar stimulation, a renewed struggle for any
remaining reserve-water sets in, and a tendency to recovery manifests itsef in greater
or less degree, never, however, leading to anything beyond very partia resumption of
the diurnal position because of the limited amount of water which is available. Finaly,
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 postions 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 a 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 postion 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 experimentd 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 , protoplasts more irritable or more contractile than they are whilst
retaining their norma 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, finaly, 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 bdlief, 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 efect 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 dike excessvey humid are much less ‘irritable’ than
leaves or shoots attached to the axis when soil and air are both very dry.

The other theory can, a 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 previoudy been exposed to a prolonged period of abolished transpiration. Under
these circumstances they are likely to contain a consderable excess of water within
the water-conducting system beyond the bulk which is absolutely necessary to maintain
active turgescenceq, under the existing conditions of immediate transpiratory loss. The
amount of surplus will, of course, vary very consderably under different ~circumstances |
but where the humidity of the soil is relatively high, it may wdl attain such a
levedl as to auffice in coincidence with dight 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 locd
demand for root supply, as the locad water-conducting sysem 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 excessve 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 excape of liquid is auffident to give rise to a consgderable fadl in the liquid
tenson present throughout the water-conducting system directly, or primarily throughout
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the system of Sevetubes in the bast, as Haberlandt maintains, this may wel 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
pogtion aford 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 eevation 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 aterations 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 originaly
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 cdl-sap connected with continued assmilation. But as the masses
of pulvinar tissue which afford the maor facilities for filtrative loss are dso 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
estdblished 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 progressve 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 dowly 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 insensbly 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 dow and
insensibly progressive character, but may be conducted as rapidly, or dmost as rapidly,
as those attending the origina 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 consderable fdl in liquid
tension, and, with this, sudden and excessve drain upon those masses of pulvinar tissues
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which d&ford, specid facilities for filtrative escgpe 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 postion even under the new conditions of transpiratory loss;, but, as the latter
continues, they again become weskened, and the various parts of the lesf 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 specid 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 edrly morning. The tissues have for so long been exposaed 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
rdations 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 actualy 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 pogtion 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 din-
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 adso fina aid 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 ou* 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 paralel to detached leaves containing a
large amount of reserve-water. The continuous supply of water ascending from the
roots replaces the loca reserve of water in detached leaves in which only dow insen-
sibly progressve 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 maxima diurnal postion impossble, 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 excessvely depressed, a modified diurnal postion 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, eventualy tell on the amount
of water available for the up-keep of turgescence in al cases where root-supply is absent,
or isincapable 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 specialy
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 smply to the
sudden increase in transpiratory drain, acting upon the pulvinar tissues which make
for the diurnal position at a time when they are specialy structurally weak owing to
their incomplete development; but it appears probable that, in part at al 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 fdl 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, andMif 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 aso 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, tll 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 excessve 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 whilgt, in the mature axis, epidermis has been replaced by strata of corky tissue
protecting the deeper portions of hypoderma with a dense impermesble coat, and
fliere is no system of great intercellular channels, like that in the hypoderma of the _
petioles, to aford accommodation to fluids escaping from the interior of the tissue
elements (Plate V, Figs. 8, 15). The phenomena are the pardlels of those occurring in
e of exposure of shoots to the action of chloroform-vepour in which superficia
exudation of liquid occurs in young, green shoots and is entirely absent in mature,
woody ones. Running paralel 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 aong the
course of the axis, just as they occur both centrifugally and centripetally after the
application "d heat to points in the course of petioles; but in old, woody shoots they
occur in centrtfuga 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 loca obstruction to water-supply. Where the shoots
are still young and soft, heating leads, not merely to sudden locd expanson 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, athough any
free escgpe 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 supeficid
exudation, and the density of the texture throughout the hypoderma affords no
goace for any appreciable bulk of liquid save within the interior of the cdls,
and hence any sudder rise in temperature is practicaly expended in giving rise to
corresponding expanson of the gaseous contents of the water-conducting system*
Where any appreciable exudative discharge of liquid of turgescence takes place as
in the cae of young oft shoots, two factors affecting water-supply come into
play; there is both sudden expanson of the gaseous contents of the water-con-
ducting system, and a sudden establishment of an abnorma locd 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 loca 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 loca exudation
occurs, where no local drain is established, we have to deal with obstruction aone,
which can only tell centrifugaly, or, in extremely locdised fashion, centripetally, and
consequently, it is only centrifugaly, or, in the immediate neighbourhood of the site of
origination, centripetally, that any movements connected with sudden diminution of water-
supply will occur. Where loca obstruction and drain coincide, movements related to de-
fective supply of water may occur in both directions; where obstruction aone is present,
they can only occur centrifugaly or in the immediate neighbourhood of the site in which
the obstruction originates, because everywhere beyond this area in the centripeta 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 reise to active protoplasmic
contraction in the motor organs will account for these phenomena, because none of thém
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 |, Fig. 1). This conssts of a stout, upright
metal tube closed at the upper extremity, provided with a number of dender, short
lateral branches, and with a closdy 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 SHe The
branches are open at their extremities, and can readily be connected with suitably weight-
ed pieces of glasstubing by flexible joints of rubber-tubing. The majority of the glass
tubes are seded 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 continuoudly from
the capillary extremities of the open tubes, and the flexion of al 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 a some point in their course.
The distal discharge of water from the capillary orifices represents transpiratory |oss,
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 fal 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 passve structural properties. But in the proxima part of the apparatus the
conditions of water-supply and loss remain undtered., or, if anything, a rise in pressure
takes place, and hence there is no weakening of the joints or depresson 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 ledf.

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 thé 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 norma leaves
when conditions of telluric and atmospheric moisture are very high. Where conditions
of moisture are dofr so excessive, movements in norma 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 maxima 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
dightest 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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fal to a low levd and temperature is high, it is very difficult to secure strictly
localised pinnular movements, or even dtrictly 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
diffuson of movement subsequent to sudden depresson of the primary petiole is no
doubt mainly owing to the sudden upward pressure to which the pinnules are exposed
from the ar during the course of the rapid descent of the leaf, and to the fact
that, in the poStion 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 locd
filtration, but it will naturally give rise to different ultimate effects according® to the
degree to which the turgescent tissues are aready exposed to active drain of liquid.
The upward pressure of the ar 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 normaly exerts on its distally situated neighbour.
Just as primary petiolar depresson is followed by an entire absence of pinnular
movements under conditions of high humidity, so in many cases under sSimilar
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 |t
acts, without any evidence of any alteration in pulvinar turgescence.

The mutua relations of the laminar surfaces of adjacent pinnules is amply sufficient
to account for diffuson of movement as a mere result of diffuson of conditions
favouring filtration, so long as the movements follow a centrifugal direction only
The successve laminae in their mutual relations precisely correspond to the successve
cards or blocks of wood in the old familiar childish game of " Jack going to market."
Primary displacement of one a one end of the series is al 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 sSituated neighbours, which would amply <auffice to
give rise to displacement under conditions of unstable equilibrium, will fail to produce
any appreciable effect.  The propagation of movement aong 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 dlffuson &
movements along the course of the secondary rachis, centripeta propagation

be so S|mply accounted for; as, there is no sati sfactory a&tdmoA th\gf when |hanfTJ(IJIt

diurnal position, each sucoessive Iarm na exerts any condderable active down

on the upper surface of the one behind it. It is possble, however, thatluch 17ezZ
may, in certain cases at al events, be present in some degree, and i, fr o
is, its sudden removal on the elevation of the depressant plnnule must oi T fy
equivalent to a rise in the relative strength of the inferior pulvin t o ConTsQp -B

&
the depressed pinnule, and con uentl a factor caculated t 0 ot Pgréilgynja o-
ep p # Seq Y Y &*ve rise to disturbance

|n the equmbrlum of posutlon m the latter.  The fact, however, that movement of
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the pinnules ‘originating in connection. with contact is much less liable to be diffused
to any condderable exteni centripetaly than centrifugaly, seems to indicate that any
such remova of pressure is a factor of no consderable importance; and it appears
probable that the spread of centrifugal movement is aided by, and that of centripeta
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 locd increase in pressure caused
by contact implies a mere locd redistribution of water and no diminution in the
sock available for the maintenance of turgescence.  The mechanica 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 cel-ssp and conse
quently the turgescent capacity of the cels depends. On the cessation of the
filtrative disturbance, they will, therefore, at once begin to regain their norma 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 eements of the active tissues, al of it, a al events, which passes into
the intercellular system of gpaces, isliable to be rapidly removed under the influence
of continued active transpiration, and this, under the circumstances, implies an absolute
diminution in the entire sock available for the up-keep of turgescence.  The tissues
which primarily lost turgescence in connection with increased filtration reman 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 locdised to one
or other of the individual pinnules, it is little wonder that, in the presence of external
conditions implying maxima instability of postion, a certain extengoxi of movement
should occur even in cases in which the direct mechanica 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-caled stimuli is followed by more or less extensve propagétion
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 themsdves effident causes of widey
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. ‘Incison of the axis or petiole,
or amputation of portions of the laminae of pinnules, is followed not merely by movemests,
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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 rgpidly*, 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 excessve, 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 loca 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 tissfes, 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 diffuson 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 aufficent 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 excessve humidity, after incison 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 occasondly 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 localissd movement in the primarily affected plnnule
amputation or incison of the tip of a pinnule is followed by movements extendin
aong the entire course of that secondary rachis, a 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 diffuson of movement, incison or amputation
is attended by movements which are often propagated throughout the entire area of the
leaf. When contact-" stimulation" is attended by strictly locaised movement, incision
or amputation is ordinarily followed by movements extending over a portion of the lesf
and when contact is attended by a limited amount of diffuson of movement, incision .
amputation is ordinarily followed by movements extending throughout the entire lesf
The only possble explanations of these differences are either that incision is a str n
stimulant to protoplasmic contraction, or a more effident determinant of alterations m%
pre-existant relations between supply and loss of liquid than contact is. Accordlng* to tI
ordinarily accepted theory we mast assume that .it is the former without howe

any independent evidence that it actually is so ; according to the purely phydcal thlor§
of movement we are not obliged to make any groundless assumption, as the phenomeria
are such as to leave no room for doubt that it actually does give rise to greater



IN THE MOTOR ORGANS OF LEAVES. ' 119

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 diffuson of movement than mere contact
impulses are, but in this respect it fals 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 individua pinnules are never of a strictly
locadlised nature. Even under conditions of maximal humidity a certan amount of
diffuson of movement occurs; under circumstances when incison 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 incison is followed by movements extending over the
entire lesf, 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 gpecfic protoplasmic stimulation, but it is
only to casual observation that it does so. The evidence of the occurrence of any
consderable exudative loss of liquid from the tissues is certainly not as a rule so
conspicuous as it is, in cases wheae the continuity of the tissues is interrupted by
means of incison. 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 incison we are dealing with mere rupture in the continuity of the tissues, and, o
long as amospheric humidity is not excessvely low, any liquid which escapes
naturally tends to accumulate locally, and therefore to appear conspicuoudy. But
where the tissues are injured by the application of heat, localised conditions for excessve
evaporation are necessarily present, and therefore an absence of local accumulation
of liquid does not imply an absence of loca exudation. Where a consderable mass of
soft succulent tissue is present, as in the case of young axes, the locd application
of heat is often followed by conspicuous indications of exudation even in spite of
the attendant excessve 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 hedling 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 actualy injured tissues, but a cause for sudden increase in transpiratory loss
in -neighbouring and intact ones. This in itsaf is auffident to account for the fact
that heat should be a more dficient determinant of movement than incison is. In cases
of incison the primary ateration in the condition of the tissuesis a strictly localised one;
whilst, in cases where heat is applied, there is not merely intrinsic loca change in the
tissues in the immediate Site of application, but an ateration in the extrinsic conditions
to which neighbouring tissues are exposed. But another circumstance aso comes in to
render heating a more efficent cause of extensve movement than simple rupture
of the continuity of the tissues is. The liquid which exudes from the tissues on
incison very rapidly evaporates and condenses when exposed to the air, and goon forms
a protective stratum precluding farther escgpe from the divided surfaces, and as the
local injury to tissue is extremely limited, the site of incison ceases to be a wesk
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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
incison. 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 aready seen, any dead mass of
tissue represents a permanent site of abnormally excessve drain upon the general stock
of liquid. The details which were given in Chapter |l 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 sufficent 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 lesf or shoot turgid beyond any point in which the tissues have .
been killed by means which do not in any way interfere with the efiGiency 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 adso amost inevitably establish a permanent abnorma drain

upon the water-supply generaly, and with this the liability to diffuson ‘of move
ments naturally increases.

In cases of contact-" stimulation” we induce mere local redistributions of liquid
within the tissues; in cases of incison 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
abnorma drain. The tendency to diffuson of movement is a 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 paralel 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,- weinsist 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 Jitmcsa 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, severa distinct theories have been adv {
to explain the phenomenon of the diffuson of movements beyond the ste in e
they are originally induced, or, according to the ordinarily accepted theory, to exol_ATIR!
diffuson of "stimulation" from one part to another. According to the older’ aﬁ* =@
Dutrochet, Sachs, Hofimeister and Pfeffer, fluctuations in the pressure oft'hé NN
of liquid traversing the wood played the part of mechanica stimuli to th "~ . A"f72?*
and contractile elements in the tissue of the motor organs. At a later period a%cﬁ'm?kan"*
attention was first attracted to the fact that, as a genera rule, the protoplastof W 2
table fissues are not isolated, but afe ponne,ctgd with one.2uaIr & ¥ +d torm a con-

tinuous reti'cuium, 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 " Reieitende 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 specia 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 cal these into activity. His theory is mainly
founded on fhe fact that be -wes 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 " lleieitende system' is specifi-
caly and essentialy related to the phenomena of propagation of movement. His own
experimental results indeed force him to alow 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 "Reideitende systemy" and is forced
to alow 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 sievetubes, in the
experiments on which he founds his decisive regjection 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 “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 diffuson 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 aludes to the necessity which
arises in such cases of taking specid 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 siévetubes at all, is unnecessary for the occurrence of propaga
tion of movement, and yet maintains that the presence of such a system is specrfrcally
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 successve areas at intervals along the course of as' ol
axis, and yet propagation of movement will take place from points on the piminTal ¥1°
of the lowest dead area to points situated on the distal side of the highest one ¥F o
example, taking a smal plant and searing the axis in two points so that o%e or' ~°*
leaves are situated below the lowest seared area, one leaf between the two seared ™M
and several beyond the distal seared area, it will be found that, when extérnal condjt”'
are such as to favour the occurrence of propagation of movements, the applicati(%no"
heat to the base of the axis is followed by action in al the leaves alike, whether ben h
between, or beyond the seared areas (vide Appendix G). It is easy to deter neat-.,
such cases, by means of sections carried through the entire thickness of the 'aST 't 1
the tissues have been completely killed throughout (Plate V, Fro 7. Th" f - -—at

demonstrates that any continuity of living protoplasm is unnecessary and on Haﬁeﬁ[a%ﬁt/
theory forces usto assume that the initial impulses originating in his specific dn' S
system undergo a primary transfer to the wood, a return to the spedfic cond‘1 ctfrn'
system, a renewed transfer to the wood, and a renewed transfer in +W vC -,
Xij. [ X . Ji oo gpecific conduct-
ing system, ere they teII on any leaves situated beyond the distal seared area  Swrel
the specificity of the "Reideitende system is, under such circumdtances’ hard t© ¥ o 7
But it is not only by such experiments that the groundlessness of Hgb J1~"""
assumption may be demonstrated. The phenomena, which have been dreadd =~ ©
as following the local application of heat to points in mature, hard af™ ~ escnaed
conclusively opposed to it. In such cases, if the diffuson of movement we ~ ~ . A
dependent on the propagation of fluctuations in pressure along , system |ACPFR8"tI204
with liquid, it ought assuredly to take place in both directions alike. But* -tK AN
certainly does not do; for, whilst granting that external conditions are favo TKE ~ " "~
occurrence of movements, centrifugal diffuson normally occurs with the Ly rto'tlie
and to an indefinite extent, centripetal diffuson is normally entirely absent A ®C" tainty
exceptional caess in which it does occur, is entirely limited to the very inimid®f' "* A
bourhood of the site at which heat is applied. In any continuous™ system "of%{¢81 An
with liquid, the local application of heat to any particular point in itg® co AN
inevitably give rise to an increase in pressure which must be propagated in blrot‘ﬂ'ﬁ "
dike ; and, if increase in pressure throughout the system were* an essenf Ctions
determining the occurrence of movements, movements would certainly nv f5t - actor
in both directions, alike. But as a matter of fact, the rise in pressure T~ themselves

both directions, whilst movements occur only in one. P“’pagated in
Haberlandt is unquestionably right in maintaining that much % + lic -

exudes from the tissues of 31imos% pudica on incision is derived f° ,& hpgh« wiuch

tissues of the <oft bast, but the latter do not hold any truly specifié" e' " A

occurrence of propagation of movement. They provide an ann gedil oV %o A

sudden escap; of liquid from the tissues, and hence an apna™~w * A 21°
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 excessve turgidity and their structure
Wilder thém effective agents in securing the loss of large quantities of liquid on inci-
son 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
(Ehder 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 excessve 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 aready pointed
out the presence of any extensive system of excessvely osmotic elements is in itsdf an
element favouring instability of equilibrium on the relations between genera loss and

ply of liquid in less highly osmotic tissues. When any great loss in turgidity occurs
SJlfhi‘U ity apart from any alteration in its functiona activities, and consequently of its
Ws[notic 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 fal of pressure probably induces additional filtrative escape from
<V active tissues. The " Beidleitende 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 aready seen, similar effects may be produced by means of changes taking
place within the wood.

Haberlandt afirms that any fluctuations of pressure within the system of selve-tubes,
wnether of a positive or negative nature, are capable of acting as stimulants to the con-
1nactile tissue of the motor organs. But the phenomena attending the loca application of
th a,t to mature, hard axes show that fluctuations of pressure within it are not necessarily
eficent factors in determining movements, and aso that it is only negative fluctuations
in genera liquid pressure that are anywhere efficient. In such cases we have postive
fluctuations in liquid pressure arising within the sSeve-tubes in both directions aike, 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 incison, 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 dike, 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 Sevetubes, of obstructions
aisno- in the water-conducting system of the wood, of sudden contraction m the
p-asediis 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
-sgble to be followed by the occurrence of spreading movements. Negative fluctuations

general liquid-pressure are the specific determinants of all spreading movements which
m
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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 norma 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 incison or
heating of the axis, or those attending excessive transpiration by the« third. We have thus
to deal with three distinct classes of movements in so far as their causaion 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 dtrictl
localised to the areas directly subjected to the abnorma conditions, and within which
depression of functional activity, and consequently of osmotic property, takes place
Movements induced by loca increase in filtration, . where this done comes into play ar(;
equally unattended by any diffuson. Itis only where, and only so far as, conditions
affecting the relations of general supply and loss of water are present that any pros
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

E. J. H.~Eeg. No. 6466J—320-18-12 94.



APPENDIX A.

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

WHEN detached shoots of Mimosa pudiva are set in water and have a fresh absorptive surface
provided by subagueous 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 al the pinnules be gently cut of, no sensible increase in petiolar
depression usually occurs in spite of the escape of a certain amount of liquid from the tissues which
Kecessaily attends the procedure, and presently steady progressive elevation of the petioles sets in.  The
amount of absorption of water taking place a the cut extremity of the shoot is insufficient to secure
elevation qf 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 auffices to do so wliea the leverage is
considerably reduced by the remova 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: Il. Exposure to an environment implying excessve
transpiratory loss: 111.  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 eevation 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
amost immediately in the mgjority 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 visble 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 fir¢ movements which manifest themsdves 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 successve 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 ke primary pulvini of
leaves of Mimosa pudica.

. Depression of the primary petiole.

. Extreme devation of the primary petiole, followed by depression.

. Depression of the primary petiole.

. Rotation of the primary petiole, followed by depression.

Depression of the primary petiole,

N
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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 genpra
loss in turgescence the movements of the primary petiole are aways 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 a al is, however, sufficient to show how unfounded is Sachs
statement that " die Unterseite allein ist aso 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. i )

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 |.—June Uth, 3 PM. Rainfalling 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 al
caes 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 al cases very dow 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 amost all cases succeeded the dlightest contact impulses. The
influence of distal leverage in assisting to determine petiolar depresson 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, & 792
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excessve, and yet the primary pulvini were excessvely 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 dightly 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 lesf beneath the point
of orlgln of the lower pair of pinnee gave rise to little, and, in some cases, to no petiolar depression,
and was presently followed by extreme petiolar elevation, athough 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 petlolar movement, but very clearly a direct relation between
the laiter and* the amount of dietal leverage. Had depresson 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 aong the course of Haber-
landt's " Reizleitende system,” or originating in any other fashion, this could not have been the case
as maxima fluctuations in pressure and maxima injury would under such circumstances have inevitably
led to maximal in placa of minima movement. But, as it is a purely physical process, the tendency to
petiolar depresson originating in connection with the fal 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 lesf 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
excgpe aftending 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 depresson 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 aso 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 |.—A pot-plant, the leaves of which were in maxima 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 arriva there the pinnules of al 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
avesel of water so that the projecting roots were immersed, and the eutire apparatus was set in
a seded chamber. The pinnules rapidly assumed the maxima 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 remova 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 afirmed 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 Il.—A plant with seven leaves and 222 pinnules yielded 231 C,C. of water in
twenty-four hours.
EXPERIMENT |1l1.—A plant with nine leaves and 579 pinnules and weighing 4*32 grammes Yielded

340 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 203 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
15 C.C. water in four hours. .

The following experiment illustrates the results following a disturbance of the norma 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 dso 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 vessd of water and was exposed to diffused sunlight. At 11-23 A.M. the pinnules were all amost 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 al more or less highly elevated. The water-vessel was now
replaced and a fresh absorptive surface provided by subagueous divison 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 paralel 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 &l 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 a 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 d.iminution ‘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 ASSMILATOBY ACTIVITY ON THE OCCUEKENCE
AND CHARACTER OF THE MOVEMENTS OF THE LEAVES OF MIMOSA PUDICA.

VARIATIONS, in ogmotio 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
excessve “amospheric and telluric humidity is conspicuoudy 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 dow 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 cdl-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 cel-ssp 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 wel become effident 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 wactivity, as it
normally implies a decrease in osmatic capacity, not only comes into play to give rise to dow, 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 fal 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 effet which the latter will
produce is likely to be greater than when it comes into play a 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, “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 fal 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 aso afects 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 |.—A shoot of Mimosa pudica, bearing five leaves, was detached from a plant at
6-40 A,M. Wwithout any special precaution to avoid disturbance of the leaves, all of which, asis 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 alowed
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 pincnul&s
assumed the normal diurnal position amost completely. Two hours later the petioles remainéd as
before, but the pinnules had assumed a position intermediate between the norma diurnal and
nocturnal ones. Acoording to the ordinarily accepted theory of the causation of the movements in
the leaves of Mimosa pudica, we are cdied 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, finaly, 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 depresson 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 aufficient to give rise to considerable filtrative discharge of
liquid, and consequent loss in turgeeoeiiee, in those sites in which specia structural facilities for the
escape of liquid from the interior of celi-cavities are present, and hence movements occurred connected
with sudden fal 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 watef
within the water-conducting system, or on account of active transpiratory loss, which was precluded”
~ the atmospher'ic 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 de  #
was absent. On subsequent exposure to sunlight, even under conditions implying no fresh MP
of liquid and permitting of relatively free transpiratory loss, the rise in osmotic capacity iu the cllI~ »
was sufficient to determine active abso ption of the reserve water in the water-conducting system Eiil)
therefore to determine a rise in the turgescence of the pulvinar tissues leading to a resumption dMh

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 conspicuoudy in the pinnules than in the .
petioles, because the action of local loss of turgescence in the tissues of the primary pulviui wWasnrn?
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 depresson of assimilatory activity, or in other word

decrease in the osmotic capacity of the pulvinar tissues in giving rise to a greater IsiaBHi" nomal

occurrence of movements, or as it would be commonly described to "increased irrit VI'f v A the
strikingly demonstrated in connection with experiments, like the following, is wri A tr*l__l’”;r/' s very
are gently amputated without any mechanical disturbance of the plants : ~ o tins of axes

EXPERIMENT II.—June 3rd. Both il and air very humd—Ax 8 A M thQe lleg

. . - | ) di
position. Amputation of the tips of axes was folfowedl merely by the exudafi@eoirere m f“”d o
liquid from the cut suface At 7 PM. the leaves were in full nocturna position” f At a Z &
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the tips of axes was followed by no conspicuous exudation, but by centripetal propagation of
movements of petiolar depresgon to many ieaves along tho course of the injured axis.

EXPERIMENT Ill.—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 maxima diurnal position. Amputation of the tips of =~ axes
led to loca exudation of liquid, but was unattended by the occurrence of any petiolar movements.
f)-30 'P.M.—The leaves were in full nocturna 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 al the differences which are present—that al 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 ar® 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;—

Average aimospheric humidity at various Umis of day. 100=saiuration.

1892.
6 AM. 8 AM. 10 AM. 4 PM. 10 PM.
January vee e 902 857 62-5 40-5 78-25
February ... w345 71-4 48-6 350 74-8
March e . . 880 75-6 48-75 310 71-75
April .. 878 77-75 63-0 54-0 810
May e 890 79-2 70-6 592 85-2
June - e e 920 82-25 73-25 73-75 90-0
July . e 960 90-25 86-75 83-0 92-5
August ... 948 89-0 80-4 78-4 91-4
September ... T 9575 85-5 77-25 77-75 92-5
October ee ves ver 952 82-6 72-6 65-6 91-4
November ... ave .. 877 77-75 59-5 47-0 920
December ... . e 8625 79-5 53-25 35-75 88-25
Annual averages ... 906 81*3 66-3 56-9 8575
1893.-
6 AM. 8 AM. 10 AM. 4 PM. * 10 PM.
January ... 930 900 630 406 834
February ... ... e W75 87-5 71*75 63-0 910
March ... ... ... 9425 8825 600 = 545 83-25
April .. 9125 80-75 64-75 5440 8525
May ... .. .. 892 81-0 6920 598 81*40
June e 92-75 8625 8450 82'75 8925
July .. 928 88-0 84*40 - 8240 890
August U 0] 87-5 S'0 77-0 AGO*5
September ... e ... 9*25 90-25 8525 8275 b2'75
October >, 98 840 7825 73*25 A0
November ... ... 85 76*75 620 57-5 920
December ... ... .. 9425 8225 64*25 5025 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 diffuson 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 const
followed by the deepest petiolar depression quite apart from the presecce of any extrinsic distal loadin
The effects of simple mechanical "stimulation" aso vary very conspicuoudly in degree at different timBs
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 piur‘ﬂ;l%
and pinnae are in their maxima 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 vessd 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 sedled chamber containing a vessd 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 severa 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 loss; but the
equilibrium was a very unstable one, and consequently movements were very readily induced under tl/
influence of any factors either favouring increased filtration in the tissues of the motor organs’ ’; m;;
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 seded chamber contg.ury
vessel including a plug of cotton-wool soaked in chloroform. The leaves dowly and gradual” Assu%ea
the nocturnal position more or less completely, and after some time death of the entire plant ocTT #
In this case the assumption of the nocturnal position was clearly simply owing to thé actioro”the
affiBghetio 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 dpen pot.
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EXPERIMENT VI.—The basd and termina portions of the solitary axis of a smal 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 postion 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 norma 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 sedled chamber containing
a vessd of strong sulphuric acid, so as to secure the occurrence of continuous, active transpiratory
loss. After the flxpiry of hdf an hour, and when the leaves were in maxima 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
dow, progressive character.

EXPERIMENT VIII.—A plant in a carefully waxed and luted pot, 0 as to secure maxima
transpiratory loss, and whilst the leaves were in full diurna position, was suddenly introduced into a
chamber containing vessdls of both strong sulphuric acid and chloroform.  After a brief interval
fumerous 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 postion, was again
introduced into the chamber. After a considerable interval had eapsed, numerous pinnules became
abruptly elevated throughout amost all the pinnae of all the leaves, but no depresson 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 haf a minute, rapid spreading elevation of the pinnules set in in many pinnae. The
elevation was, however, incompletely carried out. No depresson 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 sedled chamber containing vessds of chloroform and of water. No rapid action
whatever occurred; but merely very dow, 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 seded chamber containing vessds of
chloroform and of pure sulphuric acid. Rapid movements of elevation presently occurred in a number
of pinnules, and, &fter an interval, the primary petiole of the uppermost ledf, the pinnules of which
were il 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 seded chamber containing vessds of ohloroform and
of sulphuric acid. After an interval of fifty seconds some pinnules in one loaf became relatively
dowly and partially elevated, and after a further interval of two minutes al the pinnules of one pinna
of another lesf acted in a similar fashion. Elsewhere only dow, 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.

[I.—The rate a 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.

ANN. ROY. BOT. QARD. CALCUTTA VOL. VI.
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IIl.—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 actugl death, are purely
locdlised 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.

Theﬁe 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 drgans. 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
Tepid pinnular movements are phenomena of normal occurrence on exposure to a desicoated atmosphere
containing vé\ponr of chloroform, whilst rapid petiolar movements are absolutely exceptional, would remain
a hopeess 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 decreas
in the osmotic oapaoity of the cell-sap, or with influences facilitating local filtration within tl
tissues of the motor organs, or disturbing pre-exigenfc relations of equilibrium between general sup TM
and loss of water, all the phenomena beoome readily explicable. Where plants or portions of pra{nts
are exposed to the influence of the vapour of ohloroform in a saturated or practically satOrated
atmosphere (as in the case of experiments V, VI, and X) pinnular movements occur; but they are of the
dow iusensibly progressive character normally present in cases where diminutions in turo-HsoencT
occur iu connection with decrease or remova of normal stimulation. They are of the same Eharacr
as those occurring periodicaly 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 V1) conditions favouring transpiratory loss are considerat®
greater, the rate of movement increases, because here the escape of liquid from the interior oPf]’
cells of the motor organs accompanying depression of protoplasmic functional activity is faoilitat d -H®
continuous evaporative loss from the tissues generally. Where, finally (asin experiments VIII X ~ Tx~¥
depression in osmotic capacity is associated with exposure to a desiccated atmosphere, conditfo * ~ ~e--1),
for relatively rapid, considerable fluctuations in turgescence are manifestly present ¢ sindh Pr_?V'd-ing
suddenly executed movements make their appearauoe. Such movements are rdc 'h ** Wil this
distributed throughout the different parts of the leaves. They ocour constantly i’ the AVe5 evenly
excegitly i e iy ptlees oA InB0) i i .fn“““t::zsz,;z::e
Are we to suppose that the vapour of chloroform under certain oircumstanoes * ﬁtantly
stimulant to the protoplasts of the tertiary pulvini, whilst it does so only ooga' °'1? ALT™

primary pdvini and has no stimulant effect whatever oy those of the Setlon(ﬁlrgna:;febm t“ftsels aura
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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 diffr from one another in structural
peculiarities and in their relations to other parts of the lesf. Loss in osmotic capacity, and excessve
transpiratory loss, work hand in hand in making for the elevation of the pinnules, which is determined
'by the excessve structural strength of the inferior mass of pareuchyma in the tertiary pulviuus; the
same factors come into play locadly to give rise to a tendency towards depresson of the primary
petiole, but here the weskening 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 excessve trailspiratory loss. Finally, in the secondary pulviui
there is an dsence 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 excessve, is equaly inefficient; but the loss of
osmatic property connected with the depresson 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 2J1A108A 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 |.—January 27th, G PM. Pinnee and pinnulesin maximal nocturna position. Primary
petioles highly elevated, but becoming deeply depressed on cuntact impulses.

EXPERIMENT |l.—January 28th, G20 P.M.

EXPERIMKJST |Il.— February Jst, G20 P.M. . . .
T. TTr s .y oon Results precisdy similar to those of the previous day.
EXPERIMENT IV.— February 8th, G P.M. ! 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 dmost in maxima nocturnal position.
Primary petioles horizontal or slightly elevated.

- October 11th, 830 P.M. Pinnse and pinnules iu maximal nocturnal position. Primary petioles
horizontal or dlightly elevated.

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

The observations of the 27th and 28th January and of the 1«, 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 dtill small, the pinnag, 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 al cases the primary
petioles were highly elevated, as in such leaves, apparently in connection with deficiency of distal
leveiage, excessve elevation of the primary petiole is of constant occurrence. The laminar portions

* Sl s VolesuDgen ; Yorlesung, XXXV, 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 bdief in the occurrence
of deep depression of the primary petiole as a norma 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 n<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 depresson (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 unstablé
one owing to the coincident depression of osmotic capacity within the pulvinar tissues at ati
when they have till to contend with very considerable distal leverage ; and hence very sligh?
disturbances, which are quite incapable of inducing deep depression in unloaded leaves exposed
to solar stimulation, readily auffice 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 ‘dit 1
extremity gives rise to much more constant and extensively propagated movements of t" %8
depression when it occurs after the leaves have assumed the initial nocturnal position than Eﬁ:rt;:
comes into play whilst they are still subject to solar stimulation and in the rpaximal dm-l'ml'0
This, perhaps, affords an explanation of the origin of the bdlief ; for it is conceivable that de one.
depression may spontaneously occur in the case of pot-plants with limited root-surfaces and °p petiolar
abnormally dry nocturnal atmospheres, the limitation of supply of water and continued ~ e.xpms‘ed to
piratory loss co-operating to play the part of slight mechanical disturbances or o?ﬁé“'e NEA
agencies disturbing the liquid-equilibrium of the tissues. Even if this be the case, however if ' A«n8re
affects the fact that, under normal circumstances, deep depression of the petiole is not ' '™ 1 ° Wa
tropic phenomenon. -~ & normal "yeti-

/l.—That when the primary petiole is deeply depressed during the day in consequeng  of
0
* o

"stimulation,” its leaf hangs loose and pendulous; whereas when in the S0 ¢ ..
during the early part of the night it is rgid.* * pesien

It is hardly necessary to discuss this question, seeing that, in plants grown unde ]
... . . . . . nm 61 olroUmu
stances, the position of deep depression of the petiole, whether it arises diurnally , noctux”
its appearance under precisely similar circumstances and is induced by the same AAA Yx makes

however, be pointed out that it is not true in regard to plants grown under normal eT ~'f It wun
the leaves hang loose and pendulous when petiolar depression has arisen diurnallv IrcUmSBnoes that
the action of any so-caled " stimulant " agencies. 7.m conse(luance of

Ill.—That sudden exposure to absolute darkness® apart from any other disturb’
is attended by the occurrence of sudden movements in the leaves A Sond%oncs

The following notes show the nature of the results of experiments in w 'ob, Lt
wer in maximal diurnal position, were suddenly introduced into the absolute ¢, k gf' wnose legyes
dark-room in which black velvet curtains covered even the small windows of 0o 1 * Photographic
only source of light under ordinary circumstances.— ' Sourdd g rass 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,  2PP™“aWe change in the
: ANMApu«ure ot fifteen minutes a certain

* Sachs Vorlesungen; Vorlesung, XXXVII,FH‘_’““_‘ :
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amount of pinnular elevation was recognisable. After an exposure of thirty-two minutes the pinnules
occupied a postion 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 amost 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 efficent factor in giving rise to the occurrence of
sudden movements, and that it is in itsdf unattended by the occurrence of deep petiolar depression
even where it has acted 4"'i"g 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, conversaly,
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 remova of stimulation, and the decrease in turgescence of the tissues of the motor
érgans 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 dow and insensibly progressive character, as is the case with all movements arising
under similar circumstances. In al cases in which the occurrence of movements tending towards the
assumption of the nocturnal position in the leaves of Mimosa pudica can be unequivocaly traced to
aterations in protoplasmic functional activity acting aone, the displacement is invariably of a dow
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 fal 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 dea only with
depresson 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
aone. The sudden introduction of a plant into a desiccated atmosphere is, as a rule, followed merely
by very dow progressve 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 dea 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 i
lest themsdlves 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

dumal (_and nocturnal cnd.hon by the stigmaic orn‘lcatI %[[tﬁ%r ‘(XNI]] rtlp]% ff%r[ mg} Hg H88
BBHIBA > Y b%yth&]elal\éavesyfgf M 4 pillica | inger t?’?.n”:enol of of =2t ™

implying excess m trauspiratory loss iu felamon to root-supply of water. "".uons

APPENDIX E.

THE I"UENCE OP HXGKOMETKIC CONDITIONS ON THE i
MIMOSA PUBIEL peci{ee or “BBITABILirr» O¢

Tur effect of hygrometrio conditions in mﬂuenemg
rapid*ond extensively diffused movements jr *' - °

opaimetd  dta  The eqaimats ae; A, tZLTA "V T | w'the fllo A

under A illustrating the character and extension cf the | o ffTM 77 " «n thoSe incjuded

stimulant” agencies under conditions of * " 1t o "osT" - , AN A 1asMMCE of SoCalkd

illustrating the phenomena presenting themsdves under thetuuencl o T Z u T ~ ~ &
was normal or depr "uuence ot sundar agencies when humidity

@ oceurrence of

GROUP A.-HTIMIDITY EXCESSIVE.

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

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

EXPERIMENT |.-June 23rd. Temperature 7T6°F., atmoyherie humidity 97 per cent 7?7 e »
@t g

fallen steadily for some hours and wa, still fulling heaoily; everything drenched with™ moisturé-A
of the tips of terminal pinnules was followed by a pause, during which drops of e, 1, :Io;l ~smputat|0Q
the divided extremities of the mid-rib and the larger veins on the cut surface  Flevatl
pinnule, of its fellow, and of one or two adjacent pairs of pinnules followed sowl & " "bo‘ ,th" Nilred
subsequently occurred in one or two others, but pinuular movements never «<e '/'i 7”‘&“‘”"evaltlon
course of the injured pinna). """ extended aong the entire
EXPERIMENT I1._July 19th. Temperature 80°*, atmospheric humidity 97 no "
rain had fallen during the previous nig'tt and continued to_fail gently at the vV f = “#R¢ Continuous
was drenched with moisture. The leaves were in maximal diurnal position and ‘ox €n&inetm  Eyeryihing
loaded with adherent gsops of rain—pAmputation of the tips of terminal ' A1 "A s Usre healy

sow .iddirrguiguio2iio-. *i* numbér ol uber eqde. A

* Sddi# Vcrlesungen Yorlesung, XXXLl 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 depresson of the primary petiole
usually occurred, the movement immediately succeeding elevation of the injured pinnule, or of it and
its fellow.

EXPERIMENT |II.—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 aof 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 pinhae.
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 till 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—Ammputation of the tips of terminal pinnules was followed merely by dow 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 depresson 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
b§/ very dow 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 excessve 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 merning. The sky was bright, but the sun teas veiled
by cloud. Everything ivas drenched with moisture. The leaves Wire in maximal diurnal position andin
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. Sow elevation of the injured
pinnule then took place. This was succeeded by a pause, after which the uninjured termina pinnule
acted. Another pause ensued, followed by dow movements of elevation in a certain number of
pinnules in the outer haf 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 fdlow, 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 dow elevation of the pinnules of the injured pinna, tho
movements being in many cases confined to the terminal third or haf of ifcs course. The primary
petiole in some coses became depressed immediately after elevation of the injured pinnule and its fellow.

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

EXPERIMENT VIII.--June 24th, 8 AM. Heavy shoivers of rain hadfallen 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 AM. Air very moist and ground saturated owing to haiy rain <n
the previous day.—Amputation of the tips of axes Wes followed merely by the esudatioa of a laige
drop of flui<>on the cut surface.
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EXPERIMENT X.—August 20th, 1 AM. 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.

lo,—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 teasfalling 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 XI11.— 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 al the pinnules, save one or t\fo
isolated ones, in amost 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 sedled moist chamber. After it had
remained within it for some time the cover of the chamber was severa times momentarily partially
displaced and an open flame applied to the tips of the terminal pinnules of one of the distal pinnae
of severad leaves. The application was followed by the occurrence of dow 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 ledf, 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, dow and partial €eevation
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 seded sulphuric acid chamber, complete and rapid action
occurred throughout the whole of the injured lesf and was propagated to all the other leaves on
the plant.

EXPERIMENT XVIIl.—A pot-plant was placed in a sedled moist chamber. The leaves became
extremely elevated and expanded. After an interval of two hours and a hdf, 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 gl 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 pinnee of leaves of plants growing in the open ground was followed
by very dow and imperfect elevation of the pinnules of all the pinnag, and by dow and incomplete
depression of the primary petiole. There was never any propagation of movement to any other leaf.

EXPERIMENT X X.-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 dow and imperfect
elevation of al 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 XX1.-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 dow, incomplete elevation of the pinnules of al the pinnae
and very dow, incomplete depression of the primary petiole of the injured leaf. No propagation of
movement to any other leaf occurred in any case. -

EXPERIMENT XXI1.—June 16th, 8 AM. 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 pinnea was followed by dow and amost complete elevation of the pinnules
of the injured pinna, and by dow, 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 AM. Atmospheric temperature 77'5°F. Humidity 97 per cent.
Rain had fallen continuouslyfor some hours previous, and was till falling heavily. Everything teas drenched
with moisture.-The application of flame to the tips of termina pinnules to the extent of actually charring
them was followed by dow action of the pinnules, never extending over more than three pinnag, 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 lesf.

 EXPERIMENT XXV.-June 26th, 8 AM. 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 dow but almost complete elevation of all the pinnules of the injured pinna, depression "oi the primary
petiole, partial action in the pinnules of the proxima pinna of the injured side and in those ot the
opposite distal pinna. In one or two instances incomplete elevation aso occurred in the pinnules of the
remaining pinna. In no instance was there any propagation of movement to any other ledf.

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 dow elevation of the pinnules of the injured pinna, and by incomplete elevation in thdse of

the remaining ones. Depression of the primary petiole did not occur, and there was no propagation of
movement to any other legf.

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

EXPERIMENT XXV II.-July 20th, 8 A.M. Atmospheric temperature 80-5°. Humidity 95 per cent.
Heavy rain hadfallen 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 fficient to occason 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 sievetubes, and as usua 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

the time of the exBerlment not only must the entire water- condugmg %@m hgvg EBHEQIH%

of water, bt frarispiratory loss &f water must Rave Been practiddlly absent. But this being g, ee”;f;@ﬁ
is no reason why a temporary obstruction or arrest in the passage of water along the water-c d txT™
system should have given rise to the occurrence of any centrifugal propagation of movement; for’\W|tﬁ
minimal transpiratory loss and the presence of large quantities of reserve-water within the Wate ' |T*0t“
ing system, there was no immediate demand for continuous root-supply in order fullv t' oot
demands of the motor organs, and the temporary obstructive effect of the gaseous expansion nan11tt ”ﬁ
have entirely disappeared ere such a demand arose. °

EXPERIMENT XXVIIL—July 24th, 8 AM. Atmospheric temperature 78-£>°F. Humidity 94

The morning iras cloudy. Very heavy rainfall had occurred shortly before the period of experiment anlel T**

thing was drenched W|th moisture—Sewing points in the course of mature avo* w* -PU J  «any-
. c J L- XT. n Li £ T_ i = Was followed oulv bv

slow imperiect action in the first leat beyona the |njured pomt

GEOUP B.-HUMIDITY MODEEATE Oil LOW.

‘a—Results following amputation of terminal pinnuies 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 Dlma* A .
of (he primary petiole of the injured leaf. T ma deep ®pxaggon

EXPERIMENT XXX.—Complete action throughout the whole of the injured lesf
EXPERIMENT XXXI|.—Complete action throughout the whole o the |n|ured I f

the primary petiole of the one next above it on the axis. -e8- and depression of
EXPERIMENT XXXIL—Complete action throughout the whole of the injured ledaf
EXPERIMENT XXXIIl.—Complete action throughout the whole of the injured kat
EXPERIMENT XXXIV.—Complete action throughout the whole of the |n|ured }*al 1

action throughout the whole of the leaf next above it on the axis. "= fj almost compne
EXPERIMENT XXXV.—Complete action in the injured loaf and in 'he

the axis. TV One next ghove it on
EXPERIMENT XXXVI.—Complete action in the injured leaf, followed bv com | .

next below and the one next above it on the axis. v de aohon in the one
EXPERIMENT XXXVII.—Complete action in the injured lesf, followed b>

one next bedow and the one next above it on the axis. ~ complete action in the
EXPERIMENT XXXVIIl.—Complete action throughout the whole of tl

EXPERIMENT XXXIX.-Complete action throughout the whole of then '-'1Vred A

EXPERIMENT XL.—Complete action throughout the whole of the ~ ~ ~ e
the first leaf above it on the axis; depression of the primary £ Inojured agf; complete action in
pinnules of the third leaf above the injured one. - Petiol e aud 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 lesf and depresson 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 lesf
bdow 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 aove it
and in one below it on the same axis.

EXPERIMKNT LIIl.—Complete action in the injured leaf ; followed by complete action in al 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 aove it on
the axis.

EXPERIMENT LV 1l.—Complete action in the injured lesf and in al 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 84'5°2%. 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 dow, 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 lesf.

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.

c—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 al the eleven leaves situated on the distal side of the point of application.” No
action whatever occurred in any leaves on the basa 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. B

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 amost 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 excessve loss of water is present. It is, of course, possible to
imagine that such a relation between protoplasmic irritability and hygrometrio conditions might o
but there is certainly nothing to explain why it should do so. But if we regard the movéments*
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 praaence froes

o . o N . . 0.
external conditions favouring the occurrence of rapid disturbances in liquid enrFiy>nn™ *. _a'.

A AMuuiuuum must necessaril
also favour the occurrence of rapid movements. The series of coincidences is of such a nature ty
whilst the ordinarily accepted theory is quite incapable of accounting for it the phvsi®®l theory con
readily do so; and this being so, there can be no question that the latter has 'here, as in many other
cases, the better claim to acceptance.

AN

APPENDIX F.

ON THE EFFECTS WHICH FOLLOW THE LOCAL APPLICATION OF HEAT TO APPAQ TT
COURSE OF AXES OF MIMOSA PUDICA. T AS IN THE

As has been*pointed out in*the body of this paper, the effects following the looad application of
heat to points in the course of axes of Mimosa pudica are different in the case of youno-, ¢ft
shoots from those which present themselves in mature, woody ones. In both cases extensive cn(%n{‘ 6 rla)
propagation of movement is constant; but in the former case centripetal propagation frequentl o
to a certain extent, whilst in the latter it is entirely absent, save in cases wherever the point 0f" Turs
tion is in the immediate neighbourhood cf the first leaf below it, and then is coﬁfine% t thA A
The following data aie derived from a series of experiments on mature shoots in which Qﬂ;‘% A
in some cases effected by means of the application of an open flame, in others by th =~ ~ - »a Wax

heated forceps, and in still others by focussing the suu's rays by means of a Ien_§ & Aloyment o

a—=FEffects following application of an open flame.

EXPERIMENT |.—Flame applied midway between two leaves—Action in nil fi,® i [ . e i
N . i T u tl Qe |egves 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 Ill.—Flame applied near the inferior leaf and at a considerable distance from the superior
one—Action in al 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 lesf 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 al those above it.

In a series " thirty similar experiments in which complete movements occurred in al the leaves
on the axis beyond the point of application, movements occurred in the first leaf beneath it in only
five instances, and in al of these the point of application was very close to the origin of the primary
petiole from the axis.

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

EXPERIMENT XIl.—Focal point close to the origin of the leaf beneath and about two inchesfrom the
one next above it—Complete, spreading, centrifugal action in all the leaves above the point of applica
tion; no action whatever in any lesf 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 al 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 al the
distally situated leaves or in a considerable number of them, action only occurred beneath the point of
application in five instances, and in al 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 aready been pointed out in Appendix E, the results following the loca aioplication 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 fal of rain. Spreading centrifugal action occurred in al 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 AM. Atmospheric temperature 80'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°I5. Humidity 94 per cent. The
morning uas cloudy; very heavy rain hadfallen shortly before and everything was very tcet._ Searing of axes
was followed only by very dow, imperfect action confined to the first lesf 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 ceﬁtrifugal mdévement 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-ysem, and the stream
traversing the latter only auffices 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 sm le
system of channels traversed by a stream of water which escgpes at the °distal extremity in the
same bulk as it enters at the proximal one, but a reservoir containing a large store of water™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 excessve assimilatory 5,4 Oosmotic properties under the
influence of solar stimulation. But the application of heat to a point in an axis does not d&f
assimilatory and osmotic properties of the motor organs of the leaves in any Way and consequerﬁll"
so long as the water-conducting system contains a supply of water from which tin}y 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 - thé
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 #in"
case is precisely parallel to the absence of movements attending the separation of leaves or shoot®
from a plant under conditions of excessve humidity. In both cases alike there i3 an arrest f 8
supply of water; but, in the case of detachment, not only is the arrest an absolute and permanent””
but it is accompanied by a certain amount of active loss of liquid from the cut end of the f ¢ne,

shoot; whereas on the application of heat to the tissues of a mature axis nwA +, noole o

. emvsvw wIIPOrAr i
to root-supply is present. In both cases alike the maintenance of the tnrgescence of Porary oustruction
the motor organa

is for the time being fully provided for by the local store of water within the water ¢
and consequently any brief, temporary arrest of root-supply is incapable of mducmg Lo&ELTnTof’
any movements, and any permanent one can give rise to movements onlv nf*. +k  ® J _“uireuce vi

—— vl .
of the surplus water stored up within tha water- conductmg system I" 11er A Buua expenditure
Lil {mmCy

diate effect follow the arrest of root-supply ; and where the arrest’ | T KU kOkk Mk

supply sets in ere expenditure of the store-water has occurred, no movement J 3{' (::1? 00::5 r;;;‘::: '
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on the other hand, the arrest is a permanent one, movements of a dow, insensibly progressive character
W ultimately set in in consequence of the gradual fall in turgescence attending the expenditure of
tkee sorplivis Wéfer. -

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 |.—An axis of Mimosa pudica was thoroughly seared at two distinct levels by means of
the appllcanon of the points of a strongly heated pair of forceps. The higher seared area measured
079" and the lover 0*3" in length, and subseguent 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 severa 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; al 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 Il.—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 IIl.—An axis was thoroughly seared at two points in its course. On the following
day al 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 microscopica 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 al 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 al six leaves. .

EXPERIMENT V.—A plant was treated in the same way as that o the preceding experiment. After
complete recovery of the norma 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 al 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 loca death, but loca 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 excessve 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 effectualy
interrupts the continuity of the turgid system of sieve-tubes as any loca excison 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.
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Selaginclla serpens.

Ditto ditto.
I?itto ditto.
Dittd ditto.
Ditto ditto.
Ditto ditto.
» Ditto ditto.
*  Ditto ditto.
Ditto ditto.
Ditto ditto.
Mimosapudica.
Ditto ditto.

PLATES-

PLATE 1.

Portion of inferior surface and margin of leaflet, showing strong,
rigid marginal frame .

Under surface of leaflet; central portlon S

Upper surface of leaflet; stained with vesuvin ; showing porous

character of cells
Superior surface of leaflet; mornmg
Ditto ditto; after sundown
Ditto ditto; ditto
Ditto ditto; midnight
Ditto ditto; after exposure in achamber contalnlng

sulphuric acid and chloroform
Superior surface of leaflet; morning
Ditto ditto; after sundown

Position of ayoung, immabile leaf at an early stage of development

natural size.

Position of a somewhat more mature, immobile leaf; natural size.

Pithecolobium saman.  Extremity of a growing axis; showing positions of young,

Ditto
Ditto

Ditto

Ditto

ditto.
ditto,

ditto.

ditto.

immobile leaves.

Primary pulvini of leaves of various ageson anaxis; natural size.
Vertical sections of primary pulvini of various ages; showing
gradual development of superior parenchyma; natural size.
Tertiary pulvinus of a young, immobile pinnule; longitudinal,
vertical section S
Tertiary pulvinus of a mature freely moblle plnnule longi-

tudinal, vertical section

Mimompudica. Position of a young leaf jUS'[ before the onset of nyctltroplc move-

ments.

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

opposing masses of pulvinar parenchyma.

PLATE II.

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

Ditto ;
Ditto ;

Ditto ;

Ditto ;

colours.

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.

_ pulvinus and base of the lamina of a pinna viewed from the under surface

GARD.

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

CALCUTTA VOL. VI.
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DESCRIPTION OP

6, Bauhinia corymbosa; secondary pulvinus; transverse vertical section of laminar expan-

7.

8.

Dtto
Ditto

ditto;
ditto;

sion in the nocturnal position . . . .

secondary pulvinus; tissue of under surface of petlolar portlon

ditto ditto; tissue of upper surfacs of petiolar portion

PLATE III.

1. Cassia sumotrana €xtremity of growing axis; showing positions of the various parts

2.

3

4.

5. Leucacnaglauca;

10.

1.

2.

3.

4.

Ditto

Ditto

Ditto

Ditto
Ditto

D'dto

Ditto

Ditto

Pithecolobium mmau;, primary pulvinus, vertical transverse section; from a very VOUDE

Ditto

Ditto

Ditto

ditto;

ditto;

ditto;

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

secondary pulvinus and base of lamina of a pinna V|ewed from the

under surface; showing spiral arrangement of the opposed
masses of pulvinar parenchyma

portion of ‘a leaf; showing diurnal posmon of mature but stlll

ditto;

ditto;
ditto;
ditto;

ditto;

ditto;

ditto;

ditto;

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 séction of primary pulvinus showing the very

excentric position of the fibro-vascular axis .
ditto ditto ditto ditto

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 .

transverse horizontal section of secondary pulvini of a distal palr

of pinnae.

pinnules beginning to assume the nocturnal position; showing

pulvinar expansion over base of under surface of outer half of
lamina

PLATE IV.

leaf ; showing excess of inferior parenchyma

primary pulvinus, vertical transverse section ; from a mature Ieaf .
showing excess of superior parenchyma .

secondary pulvinus, vertical, longitudinal section; showing
excess in thiokness and in chIorophyII content of the inferior
parenchyma

secondary pulvinus, vert|caJ transverse seotion; showmg great
vertical compression of fibro-vaseular axis

x 50
% 400
X 400
X 10
" X 10
X 25
X 10
X 10
x 10
x 10
x 10
x 20
X 25



PLATES.

Tio. 5. Pitheeolobiumsaman; secondary pulvini and rachis, vertical transverse section; showing
2

Fi* 6.

Fig.* 7.

Fig. 8.

Fiy. 9.

Fig. 1

Fig. 2
Fig. 3.

Fig. 4.
Fig. 5.

Fig. 6.
Fig. 7.
Fig. 8.
Fig. 9.
Fig. 10.

- Fig. 11
Yig. 12.

Pig. 13.

Fig. 14.

Ditto

Ditto

Ditto

Jitto

Mimosapudicas

Ditto
Ditto

Ditto
Ditto

Ditto
Ditto
Ditto
Ditto
Ditto

Ditto
Ditto

Ditto

Ditto

Ditto

the relation of the inner side of the inferior masses of
" parenchyma to the bevelled surfaces of the rachis

ditto; secondary pulvinus; a, tissue of inferior, S, of superior paren-

chyma

ditto;: tertiary pulvinus, vertlcal transverse sectlon of dlstal portlon

showing -excess of chlorophyll in superior parenchyma of a
thick, opaque section

ditto; tertiary pulvinus, vertical transverse seotlon of basal portlon

showing excess of chlorophyll in superior parenchyma of a
thin, transparent section

ditto; tertiary pulvinus; tf, tissue of superior, b, of inferior paren-

ditto;
ditto;

ditto-,
ditto:

ditto;

ditto;

ditto;

ditto;-

ditto;
dntto;
ditto;

ditto;

ditto;

ditto;

chyma

PLATE Y.

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

pinnules in full diurnal position, viewed from above

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

transverse section of mature axis; showing uniform density of tlswe
throughout its entire thickness .

fctomata of inferior epidermis of apinnule

stomata of superior epidermis of a pinnule

vertical section of lamina; showing very open tissue .

diagram showing the divergence of the pinnee in a leaf; blue" 68—
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 maxima 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 lesf
in which nyctitropic movements had not yet appeared

primary petiole; vertical, transverse section ; showing large mtercel-
[ular channels
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X 160
X 150
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DESCRIPTION OF PLATES
PLATE VI.

Fig. L Mimosa pudica. Primary pulvinus; longitudinal vertical section. ~Treated with 2%

I
QQ
XN

Fig. 1.

Fig.
Fig.
Fig.
Fig.
Fig.

~

Fig.
Fig.
Fig.

Fig. 10.

o U WN

© 0o

solution of osmic acid, so as to demonstrate the thickness of the
superficiad and deep strata of parenchyma in the superior and

inferior pads .
Ditto  ditto. Primary pulvinus; transverse vertlcal section smllarly treaIed S
Ditto  ditto. Ditto; vertical section of deeper stratum of parenchyma

treated with vesuvin

Ditto ditto. Primary pulvinus; horizontal %Ctlon of d%per stratum of paren-
chyma treated with vesuvin

Ditto ditto. a> Secondary pulvinus, J, primary pulvinus; vertlcal transverse sectlons
Ditto ditto. Primary pulvinus; vertical, Iongltudmal section ; stained with picro-

carmine i
Ditto ditto. Secondary puivini of termmal pinnoe ; honzontal Iongltudlnal section .
Ditto ditto. Ditto ditto; ditto, ditto

Ditto ditto. Secondary pulvinus; section of base of outer side; showing bracket
Ditto ditto. Ditto ; section of base of inner side

Ditto ditto. Ditto ; sections of base, a, inner, b, outer side

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

carmine
Ditto  ditto.  Tertiary pulvinus ; tissue of inferior parenchyma .
Ditto  ditto. Ditto; cell from inferior parenchyma
Ditto  dttU. _ - : : n . .
Ditto  ditto. Di.tto D tissue of superipr parenchyma
Ditto; cell from superior parenchyma . . . .

PLATE VH.

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 o
Ditto ditto of Mimosapudica . . .

Vertical section of secondary puivinus of Cassia aJata showmg Iammar expanson of
parenchyma over the base of the outer haf of the pinna

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

Portion of one of the laticiferous tubes of Euphorbla anthuorum showmg the nucle—
ated protoplastic lining

Epidermis of Euphorbia antiquorum: showmg stomatio orlflces through Wh|ch |atex
exudes wheu the tissue is exposed to the influence of the vapour of chloroform

A «
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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 sail

and air. . . . . . 99
Absence, primary, of nyctltroplc movements in very

young leaves . 72
.y .- 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 relatlon to turgescence .37
productive of movements in Mimosa pudica

and othe? nyctitropic plants . . . « 95
Agitation >as a cause of increased filtration in

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

Mlmosa pudica to relatively dry— .
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

Arrangement of the pinnules in the leaves of Mlmosa
pudica as favouring centrifugal propagation of

movement. . . . . .
Assimilation, accumulation of products of, as a

factor i n determining position . 82

, effects of variations in the act|V|ty 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
Axes, effects following separation of |leaves from—
— of Mimosa pudica, effects of localised applica-

tion of heat to— . . . *+ 112 & Appendix F

——, phenomena of propagation of movements

102

.114

115

.98
107

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 o—. . . . 9
— — - rex, action of chloroform*on the leaves of— . 89
Bryophyllum calycinum, action of chloroform on the

leaves v . .e e ex -7

C.

Cassia alata, effects of water of high temperafure on
the tissues of — .
o conditions determlnlng the diurnal
assumption of the nocturnal position by the leaves
of— . . . . . . . .
— positions of various parts of the pinna
of, at an early stage of development
, movements of pinnae d—
, rotation of pinn© of— .
, pulvinar tissue of, structurally opposed
to rapid filtrative 10'ss of fluid by the cells
, movements of the leaves of— .
. , diurnal and nocturnal positions of the
pinnae of—. . . . . .
— ———, structural features in motor organs
of—

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

. , absence of movements in very young
and in old leaves of —

—, position of the pinnae in very young
leaves of— . * . #
slowness of rate of movements in the
pinnae of— . .
Cassia sumatrana, effects of water of hlgh tempera—
ture on the tissues of—. .
.. , conditions determlnlng the diur-
nal assumption of the nocturnal position by the
pinnae of —

, nyctitropism of leaves of, trsr:-
sitory. . . . . .
* initial absence of movements in
the pinnae of—. . . . . . )
, Characters of the movements in
pinnae of, at various stages in the evolutlon of the
leaves . .
9 structuraJ features iii puIvini of—
——— ¢ period "d maximal movement in
pinnae of— '
[ r—

, relations of movements in the
leaves of, to evolution of pulvinar tissues
I P , rotation of pinnae cf, transitory
——, movements of, slowly executed
, relation of slowness of move-
ments in, to structural features in the pulvini .
Célls, relation of structure of Walls of, to rates of
movements i n different leaves
____, pitting of, in pulvinar tissues of Plthecclollum
8am an.

Chloroform, effects of vapour of, on leaves of
Kaianchoe I'aciniata, 61. Bryophyllum calycinum,
7. Euphorbia antiquorum, 7. Begonia rexy 8—9.
Begonia hernandaefolia, 9. Cassia sumatrana -+

1335

.38

.51

51
53

57
59

59
60
61
@2

62

12-13

63

.64

64

65

, 65"

C6
66

66
57

.70
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Chloroform, effects of the vapour of, on the flowers of
Hibiscus rosa-sinensiss 23-24, |pomoea hederacea . 24
Chlorophyll, relative excess of, in tissues making for
the diurnal position of nyctitropic leaves . . 54
L , excess of, in the inferior pad of the
primary pulvmus in Mimosa pudica .o 84
Clitoria lernatea, peculiarity of the blue colour‘ng
matter in the flowers of— . . 25
Coincidences between degrees of loss of turgldlty
and changesin colour of tissues . . . 26
Colour, effects of fluctuations in temperature on.fin
flowers . 22
— —, changes in, determ|ned byfluctuat|ons of
turgescence . . . . . 40
.normal changes in, in flowers of Ipomcea
hederacea . 24

Concussion, movements arising under the |nf|uence
of, in nyctitropic leaves . . 95
Conditions normally determining assumptlon of

maximal nocturnal position by nyctitropic leaves . 47
determining nyctitropic movements gene-
rally. . . . . . . . A48
— 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: propagatlon of movements
in the pinnules of Mimosa pudica after mechanical

stlmulatlon . 94
— , abnormal, as affectl ng phenomena of
movement . 94

determlnlng movements in the Ieaves 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, asa cause of pro-

pagation of movements in Mimosa pudica . .117

Contraction of gaseous contents of the fibro-vascular
tissues as a causo of movements in Mimosa pudica 105

Convergence, action of the fibro-vascular tissuesin
making for— , . ¢ e e e e . 70

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 pos;—
tion of nyctitropic leaves relatively late ' - 49
s Of pulvinar tissues in leaves of Pithe-
colobium *aman, 53, of Cassia alata, 62, of Cassia
sumatrana
Differences, structural, in the upper and Iower pads

91
_in the tertiary pulvini of Mimosa pudica .

INDEX.

Effects of mechanical stimulation, incision, and heat

on water-supply. . . . . N0
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. . . . 0S
, abnormal stablllty 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

Cassa 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 o—. . . . . . . 7
- : laticiferous vessels o— .97
Evolution, divergent lines -of, in the animal and
vegetable series . . 4
Expansion, gaseous, as an obstruct|on tothe ascent
of water along thefibro-vascular system . .105
, 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 weaknees of Haber-
landt'stheory 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

o onthe rate of transpiration in Mimosa
“pudica Appendix B
. ~—e 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 contrnurty of
tissues as a cause of disturbance of pre-existent

equilibri'um between supply and loss of liquid .15
P.
Factors_ of movement in young pinna of Cassia alata 62
inductive of movements in Mimosa pudica 124
Features, structural, in the motor organs of Mimosa
pudica . . . 83

Fibro-vascular tissues, persistent softness and flexibi-
lity of, m the primary pulvini of Mimosa pucUa . g



INDEX.

Fibro-rascular tissues, forme of, in highly developed

- . . 13
pulvini. . . . . * .

2 , extreme vertlcal compression

A of, in thesecondary pulvini of Pithecolobium saman, 20

C9. and in the tertiary pulvini of Mimosa pudica

relation of, to the movements 73
in Leuccena glauca . . . . .

Filtsation, facilities for, in relation to rates at which
movements are executed . : . - 76
in relation to the structural features of the

walls of cells . 67
-7 faC|I|t|es for, in relation to the maintenance
of turj; escence 57
. , special facHltlesfor |nthe prlmary pulvml
ofM\mosapud\ca. L R 86

Flexion, vertical,, structural features favouring in
secondary pulvini of Pithecolobium saman, 609,
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 inliquid pressure, only negative ones act
as stimuli to the movements ascribed to active
protoplasmic contraction in the motor organs of

Mimosa pudica . . . . . 123
Fluid, redistribution of, facilities for, provided by
the intercellular spaces . &

¢ discharge of, asa predecessor of the oceur -

rence of movements in Mimosa pudica induced by
rupture of the continuity of the tissues ' » 118

Function, predominance of contractile and irritable,
in animals, and of assimilative, in plants . . 6

G.

Gaseous contents of the water vascular system, alter-
ations in volume of, as causes of movements in
Mimosa pudica 105, 132

Green colour of the masses of tissue in the secondary

and tertiary puivioi of Pithecolobium saman

which make for the diurnal position .o 69
Guard-cells, distinctive features of, as nyctltroplc ap-
paratus . . . . . . Al
H.

Haberlandt, his theory in regard to the propagation
of movements in Mimosa pudica . . . .121
Heat, effects following the application of, to the
leaves of Mimosa pudica under various conditions

of humidity. . . 100
—, effects following Iocallsed appllcatlon 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— . .119
——, 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 on acidtiy of the cell-sap L. 23

157

Hih'scus rosa-sinensis, changes in the colour of the
flowers of, determined by cessation of protoplasmic
activity. . . . . 23-24

. ms €effects of congelation on the
colour of the flowers of— . 23

Humidity, atmospheric and telluric, in relatlon to
the movements of Mimosa pudica * . . e 98

Hygrom”tric conditions, influence of, on the pheno-
mena of movement in Mimosa pudica Appendix K

I
Instability of nocturnal position of the petioles of
Mimosapudica ,.---~-80
Intercellular spaces, smallness of, in pulvinar tissues

of Pithecolobium saman and Leuccena glauca, as s

compared with Mimosa pudica . . o ¥
Ipomoea hcderacca, effects of fluctuations in tempera—
ture on the colour of the flowers of— . =2

-, normal changes in the colour of
the flowers of—.

, effects following congelation of

the flowers of— . 25
Irritability as a cause of movement |nthe|eaves 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 hrgh tem-

perature on the leaves of—. 11-12

L , diurnal variationsin the reac-
tion of the cell- sap of. . . 21

.. . , effects foIIowmg the exposure
of the leaves of, to vapour of ammonia . . 28

L.

Laminae, mechanism of the movements of, in pinn® )
o f nyctitropic leaves . - . 49

L eaves, changes of colour in, as |nd|cat|ve of altera—
tions in the chemical constitution of thecell-sap . 20
, wilting of, in hot, dry weather > . . .37

, diurnal assumption of the nocturnal position
in nyctitropic, during hot, dry weather . . .37
I nyctitropic movements of— . . 45

, position of, im Leuccena glauca before the
establishment of periodic movements e 72
Leuccena glauca, relative weakness of the petiole of— 71
o rotation of the petioles of— .. n

_ _ _ .y persistence of movements in the leaves
of - . . . . . . . 72

~—, Ppinnules of, unfolded from the
outset. . . . . . . . P38
—, movements of the leaves of— .n
Leverage, influence of, on nyctitropic movements 60, 52

N ¢ 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 posrtlon of the
petiole in Mimosa pudica . . 81,86
increased by adherent water .101
e asa 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 Ieaves d—* 62
, positions of the various parts of the
leaves of, at an early stage of development 52
Y irritability of the diurnal position of
the petiole of, owing to distal leverage 52
e structural facilitiesfor the occurrence
of rapid filtrative losses in turgescence provided by
the pulvinar tissues of— 57
, movements of— . 76
, structural features of leaves of— 76
1 positions of very young leavesof — . 79
, movements of, not invariably sud-
denly executed. 87
Motor organs, structural features of— 50
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 eIevatron of the two
halves ofthe laminae of pinnae . . .63
— = Of leaves, variations in the rates oi—e 66
— , variations in the rates of, in relation to
structural features in the motor organs . , 67
; , progress of, in the pinnae of Cassa
alata . o . . . . 69
, absence of, in very young and in old
leaves of Cassra 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 Ieaves of Cassra suma-
trana . . . . . . * * . 65
, 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. S . : 67
' persistence of, in leaves of Leucana
glauca . . . N L. . 712
, 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 pvAdica essentially determined
by the same causes which give rise to movements
in other nyctitropic leaves . . R . . 93
-, exceptional character of, in Mimosa
pudica . . . . . %5
— 1, characters of, in Neptunia oleracea . 95
B not always sudden in the primary petiole
o f Mimosa pudica e . g7
—*", conditions under which maximal, occur
in leaves of Mimosapudica 98
" of Mimosa pudica minimal under condi-
tions of saturation of the soil and air . 98
= , 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
-, sndden, in detached leaves of Mimosa
pudrca under the influence of exposure to direct
sunshine . .
—— . . i ) * * . + 106
—, centrifugal propagation of, on localised -
app hcat.on of heat to mature axes of Mimosa
pudica . .
- * . . . . . T 20
— — -, limited extension of, in Mimosa pudica
« Whendetermined by mechanical stimulation - * Qg7
— , extensi,,n.of, in Mimosa pudica after
.. rupture of the contmuity of the tissues 17
.extension of, in Mimosa pudica \tt,
exposure to heat
- , factors inductive of, in Mimosapudica .' 1y
N.
Negahve fluctuates in lig«ig premreas gay .o f
the occurrence of movements in Mimosa pudic, 123
Neptuma oleracea, movements of leaves of - : o5
Nocturnal position, condition, determine ' th. )
assamptiond— -, .o, e €
— . ‘ - - - 75
. 1, assumption of, by leaves of Mimosa
pudica j .
: ._ - ' . - 78
' one of reversion to apreviously
permanent one .

— e St w . 80
Tl 1 ! extrené instability ‘of, in the
—petioles ol Mimogapudica - 80

A AN e h fliﬂ Uainment oir dttrine A A
Nyctitropic movements in protoplasts of s;agindu' 8l
serpens s . . \
—_ ) N ' 41
« in guar J-cells of stomata 5
, causes of, in leaves R 46
. ’modrfrcatron and  gae
nppressio swnnl
J 9PR n of, Wltdl‘eks:ng Que ofdeap
—_——— 56
" .rates at which conducted 56
0.
Oranges, effects on the turgcoence of fciw
posure to chloroform, &e. v tollowing oy
Osmic acid, effects of, on the Itllrg;s .27
. . i cenece of
fertile filaments of Pizopoz,, ——— the
-e"ts d, on the leavesh'S,, " , = %
lﬂﬂluiafa Kalcmca‘we

-

: " ' R 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 o— 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 A . 79
, facilities for, provided by the
primary puIva of Mimosa pudica . 85
Persistence of movements in the leaves of Pithecolo
Hum saman . . . 67
Petioles, cause of excessive eIevation 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 o— . 27
Pinnae, nyctitropic movements in the laminae d— .48
, diurnal and nocturnal positions of, in Cassia
alata ) o . . - 99

<

, hocturnal position of, in Cassia alata, not
determined by any rise in turgescence in the tissues
making for it . \ .61

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
, arrangement of, in Mimosa pudica favour-

able to centrifugal bropaéation of movements 115, 117
, effects following amputation of the tips of,

in Mimosa pudica . 118
Pithecolobium  saman,* conditions determining diur-
nal assumption of the nocturnal position by the

38
Ieaves of—
, position of the various parts
of the leaves of, at an early stage of development . 51
— N movementsin mature leaves
od— . . . 51, 67
— -, relative stability of the diur-
nal position of the petiole in, owing to distal lever-
’ . . 52
age . - - » - L] . -
— -, pinnules of, unfolded from
the outset . . . . . . . 53
-, development of pulvinar pads
. 53
of - . . . . .
— e e ——-, persistent movements of
leaves of—. - - o
57,

Pitting of coll walls in relation to filtratlon . ‘

159
Pitting characteristic of pulvinar tissues giving
rise to rapid movements . . , , 57
. very conspicuous in the pulvinar tissues of
Piihecolobium saman, 70, and of Leuccena glauca 74
of cells of pulvinar parenchyma in Mimosa
pudica . . . o e 8 4
Poisons, action of gaseous and liquid, on the turges—
cence of vegetable tissues . . 16—18
Portulaca grandifiora, effects of temperature on
expansion of the flowers of— . 22
Position, diurnal assumption of nocturnal, by Ieaves
37, and by stomata . . . 46
, period of maximal nocturnal, ia nyctitropic
leaves . . 47
, hocturnal, distinctive features of tissues
making for— . . .49
, diurnal, distinctive features of tissues
making for— . . .49

-, hocturnal, one of reversion to a preV|ous|y
permanent or previously diurnal one

. » 61
= nocturnal, of different pinnae in one and
the same leaf of Cassia sumatrana may be conspi-
cuously unlike . 63

s, diurnal and nocturnal of Ieaves of Pilhe-
colobium saman . .

. . . 67

, nocturnal, various conditions determining

the assumption of, by the leaves of Leucasna
glauca L ) . . 75

Pothos violacea, wilting of leaves of, under exposure
to direct sunshine . 103

Products, accumulation of assmilatory, in relation t0
position . _ . . R . 832
Propagation of movements in Mimosa pudica regu-
lated by conditions affecting supply and loss of
water . . . . - . . . . 102
» causes of, of movements in Mimosa
pudica 150
— of movements in the pinnules of
Mimosa pudica after mechanical stimulation occurs
most readily centrifugally. . . . 117
of movements may occur in spite of
repeated interruptions in the continuity of Haber-
landt's * * Keizleitende system" . \2l
of movements through masses of dead
. il and Appendix G
of movements in Mimosa pudica only
occurs in connection with negative fluctuations in

tissues

liquid pressure . . . . J]23
Protoplasm, relation of activity of to turgescence . 19
, tissues making for the diurnal position
relatively rich in— ¢ o ¢ . | 49
, active contraction of, in relation to the

movements of the leaves of Mimosa pudica . . &6
Pulvini, structure oi— 49, 54
——, structural features of, in relation to rate

of fluctuations inturgescence « . . 57
, structural features of, in pinnse of Cassia
alata, 60 and of C, sumatrana . .. 64
-, tertiary, action of, in Leuccena glauca . T4
, secondary, structural features of, in

Mimosa pudica . .
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E.

Rachises, bevelled character of the upper surface of
the secondary, i n Mimosa pudica 91
Rain, as a cause of movement in nyetitropic leaves 63

——, assumption of nocturnal position by nyctitropic
leaves during violent— .70, 95

—="_adherent drops of, as an agent in modifying
the movements of the leaves of Mimosa pudica 101
Rate of movements in loaves of Pithecolobium saman 67

of movement in relation to structure of the
motor organs .57, 70, 96

“— of movements in theleaves of Mimosa pudica

in relation to the structural features of the motor
organs .93

of movements in the Ieaves of M|mosa pudlca

regulated by conditions affecting supply and loss
of water. 102
Respiration as a cause of d|m|n|shed dlstaJ Ieverage 82

Reversion towards the diurnal position daring the
latter part of the ni?ht. . 81

Roots, evidences of limits to the act|V|ty of in rela-
tion to absorption of water in Mimosa pudica 78

, supply of water by, as a preventive to the

occurrence of sudden movements in the leaves of
Mimosa pudica on exposure to direct sunshine Il
Rotation of pinn© of Cassia alata 63, 69

, periodic, frequent in pinn© and pinnules,
absent or inconspicuousi n petioles 61

, absence of, in the movements of the Ieaves
of Plthecoloblum saman . 68, 69

— permanent, of the petioles of Leuccena
glauca L I I % 71

S.

Selaginella  serpens, nyctitropic changes in the " colour

of the fronds of, in connection with fluctuations in
protoplasmic turgescence . 40
y , structure of the fronds of— 41

¢ variations in the turgescence of

the protoplasts of the tissues of, apart from varia-
tions in the capacity of the cells P 42

, entrance of air into the cells
of— . . . . . 42

, changes of colour in old fronds
of- . . 43

Sieve-tubes, accordlng to Haberlandt a mechanical
nervous system in Mimosa pudica . .97

-— . not a specific apparatus securing the
propagation of movements in Mimosa pudica . 122
Solar stimulation, effects of, on turgescence .47

Spaces, small size of intercellular, in puhinar tissues
of Pithecolobium saman and Leuccena glauca 74
Stability of position in relation to leverage 67

Statements, erroneous, regarding phenomena nor-
mally presented by Mimosa pudica A ppendix D

Stimulation, fluctuations in liquid pressure as a
cause of— . . . . ' 120

“ stimuli" determining movements in Mlmosapudlca

very in. power in direct relation to their effect on
supply and loss of water. 115

INDEX.

Stomata, nyctitropic movements of—.e

, distinctive features in guard-cells of—
, opening and closure of, determined by the .
structural and functional differences between the

guard-ceils and the common epidermal cells . 45
, relation of numbers of, to rate of nyctitro-
pic movements 73

— relative numbers of in the leaves of *
PU/tec& fobium saman and Leuccena glauca

, number of, in leaves of Atimosa pudica

Strata of tissue in the pads of the primary pulvini of
Mimosapudica ' ' ' ' . . b

75
76

Strength, structural and functional, of tissues in
relation to age ' . . . 64,
Structural features of motor organs . Ly .50

of pulvini of Lcuccena glauca

in relation to the movements of the leaves 73
o the motor organs in Mimosa
pudica . . . . 83, 89
- in the secondary pulvin* of
Mimosa pudica accounting for the characters of
the movements of the secondary rachises . . 9
- == of the tertiary pulvini in
Minosa pudica . . . . . . v 90
r. of the tertiary pulvini in
Mimosa pudica as especially adapted to provide
for the occurrence of sudden movements under
any conditions affecting supply and loss of water 93
Sunset, factors at, determining decrease in turges-
ceuce . .47
Sunshine, effects of exposureto dlrect on the posi-
tion of the pinnules of Mimosa pudica . . 103
—direct, as a cause of suddrn movements in
detached leaves of Mimosa pudica 106
+, effect of sudden exposure to, on very young
leaves of Mimosa pudica . . . . 112
T. )
Telluric humidity in relation to the movements of
Mimosa pudica . 98
Temperature, action of high, on vegetabletlssues 11, 15
, action of low, on vegetable tissues 116
, effects of fluctuations in, on the colour
of the flowers of Ipomaa hederacea 22
', effects of, on expansion of the flowers
of Portulaca grandiflora 22
Tension, high, of liquids in the tissues of Mlmosa
pudica . . . . . 99
Theories regarding causation of movements in Mimo-
sa pudica . B , . . 93
Tissues, distinctive features of, making for thedlurnaJ
position of nyctitropic leaves . 49 55

, late development of the, making for the e
diurnal position .

. . . e 49
, dead, an abnormal drain on water-supply 120
, dead, experiment! demonstrating propagation
of conduions inductive of movements through-
, Appendix G
Transference, effects of sudden, to a relatively cool
. and moist atmosphere on plants of M.mosa pudica 105
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Transpiration, effecH of variations in activity of, on
turgescence

L
.——, nocturnal cessation of —

-, effects of excessive, on leaves of Puthos

violacea and Mimosa pudict 103
, facilities for, in the Ieaves of Mlmosa
pudica . . . . . . 77
, loss by, in relation to distal leverage 92
-, experiments in regard to amount of,
i n Mimosa pudica Appendix B
Tropics, prevalence of nyctltroplc phenomena in
the—. ) . 95
Turgescenco definition of— L ' . . 1
, tymses and results of— . . 1
, existence of, apart from presence of
living protoplasm. . 1
, immediately dependent on purely phy5|-
cal ‘causes . . . . . 1
—, causes of fluctutions in—  « « o+ ¥
v -, FeSUlts Of fluctuationsin—  » . ¢ 3
‘, distinct from saturation . - ’ 5
—, fluctuations in, effected b'y alterations
in the osmotic properties of the cell-sap, but not
by alterations in the filtrative properties of proto-
plasm . . . . . . . 20
-, coincidence of loss of, with change of
colour in the flowers of Ipomcea hederucea 25
.examples of persistence of, in absence
of any living protoplasm L . M 26-37
of fertile filaments of Pilobolus crystal-
. . . . 28
linns . B . . . .
-, effects of osmic acid on the, of Pilo-
fis crystallinus 28
-, artificia mamtenance of, by means of
. . 28—32
exposure to vapour of ammonia  *
__ ., factors determining fluctuations in— 40
. 40
_— variations in, of protoplasts apart fream
alterations in the capacity of the cells containing 2
them. . 48
=t¢——— — conditions providing for maximal -
S , relation of, to strength of masses of
tissue .. . . . 49
o — , fluctuations in, in relation to relative 49

strength of opposed masses of tissue ¢ . .

Turgescence, diminutions in, under various conditions
as a cause of the assumption of the nocturnal posi-
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tion by the leaves of Leuccena glauca .75
— of cell-walls in relation to structural
Strength. 92
V.
Variations in rate at which movements are conducted 56
, causes of, at which movements are
conducted. . 57
- in stimulant action of sunllght on tissues
of dtfferent plants . . . 71
5, explanation of, in the degree of " irritabi-
lity" of the leaves of Mimosa'pudica at different
times of day. . . . 109
Vascular tissue, peculiar form of the, in the secon-
dary pulvini of PUhecolobium saman 69
W.
Water, effects of, of high temperature on the tissues
of Kalnachoedlaciniata,\\, 12, of Cassia sumatran®
12, 13, of Cassia diala 13—15
, relations of atmospheric and telluric, to
turgescence . . . 37
- , variations in root- supply of, in relation to
diurnal assumption of the nocturnal position 38
, arrest of supply of, as a cause of movements
in nyctltroplc leaves . 5%
, loss of, by the tissues of the motor organs in
Mimosa pudica under various conditions of hu-
midify. . . . . .101
-, adherent, as a cause of increased Ieverage on
the primary pulvini of Mimosa pudica . . « 101
, abnormal drain on supply of, determined by
death of tissues : 120
Water-conducting system, effects of variations in
volume of the gaseous contents d— 105,112
Weights of the various parts of the leaves of Mimosa
pudwa . . . 77
Wilting of leaves in hot, dry weather . 37
Wind as a cause of the diurnal assumption of the
nocturnal position by the leaves of Pitkecolobium
saman. . . 70
, action of, on various nyct|trop|c Ieaves . + 95
Wood, influence of, in determining the assumption of 0

the uccturnal position.
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A NEW AND PARASITIC SPECIES

OF

CHOANEPHORA

BY
). 1). CUNNINGHAM, M.B,, F.R.S, CIE

IN the edrly 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. | he extension of the
blight was greatly influenced by the character of the atmospheric conditions prevaent
at the time. During periods of continuous cloud and rain with maxima 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. | was at first inclined to suppose that is was connected with the
presence of ‘one of the various species of Sclerotinia, or other closaly 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,
hhowever, 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 I X, 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 mycdlium 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 individua filaments can be more readily traced in these than in
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sections of the laminar tissues. In such sections the -whde depth of the reen
hypodermal tissue is seen to be permeated by enormous mycelial tubes /'Plate %/III
Figs. 12—17). The larger of these run more or less paralld with the Iéngth of thé

axis and are crowded with vacuolate, coarsely %ranular, colonrlpua. «, 1 i
, .. - v vuluurie, s or pale ochreous

protoplasm exhibiting very active streaming movements. The largest tubes give, of
numerous somewhat finer branches which are provided with flatten & h& toral
processes closoly applied to the outer surfaces of neighbouring cells (Plate "VTFF,
Figs. 12b, 14, 16, 17). Here and there branches pass df 0°bligly towards the
epidermis, and, when they reach substomatic spaces, dilate and completely fill th
One or sometimes two processes are given df from this swelling and force th€¥®
out through the stomatic orifice to form secondary dilatations beyond it and ¥- u/N
the fertile filaments are in their turn given of (Plate VIII, Figs. ' 22« 'ipT “tm®
filaments become somewhat dilated terminally so as to form a capitulum, and frot th' °©
number of conidiiferous capitella corresponding to those of Choanephora CuminoAmL " *
given off. In detail, however, the characters of the capitella are very distinct in tIT »
species.  When mature the capitella of the species here dealt with are abruptly indaté
and resemble the conidiiferous cells of BotryUs cinerea Pers., rather than the rou ¥ -€d capi.
tella of Choanephora Cunninghamiana. Moreover, when the conidia become (W hed the.
capitella never form the beautiful funnels from which the genus derives its % #°  whieh
is no doubt owing to the origina difference in their form and to the ah any
appreciable differences in the thickness of the walls over their latera & gl
faces. The number of capitella present in different instances varies consid»2
many cases may amount to ten or more. Tho truncate extremity becon®® ° reéd ~ =+
short sterigmata each of which gives origin to a conidium. The conidia S(ge  wxta
are very deciduous and fal of much more readily than those of Oh&? ..T ~ mature
hamiana do, this being partially, no doubt, owin-, to the absence of funuelT T <™/~
cultures in nutritive infusions the conidial fructification comparatively rarel ¥ 2akas’ .
appearance, and when it does occur is feebly developsd. The capitula are gauif “_S
capitella few in number, or they may both be completely suppressed and thsterignihty
arise directly from the stem in more or less peronosporoid fashion (Plate IX Fio™10).

The conidia when mature have average dimensiens .of 0-Olox 0*008 '"m °' ‘' are
fusform in outline and are provided with a.finely longitudinaly striate e'T A
in® thus both in form and structure from the conidia of Ghoanepdiora. "ugkamians
(Plate 1X, Figs. 1, ir,.18). This conidia fructification is the only one whichThave eyer
met with on the plant as a parasite on Ipomce* ruhro-ccemlea, but probably ygospores
may be produced within the tissues when external conditions cease to favot “ ghe
duction of conidia. Under favourable conditions, however, during its’ parasiti® -
the mycelium produces conidia fructification ulone and in enormous profusi, £X*Stence
to say, it only produces that form of fructification which is associated _>h'
nutrition and vegetative growth. Both in regard to this species and t<T pjc©°>5'Ve
Cunninghamiana the result of artificial cultures appears conclusively to sh °
tional conditions are the main factors determining the particular form w|['T * Duttin
cation shall assume in individual instances. Where very abundant yn t ), ~ Ut

present purely vegetative growth occurs; short of this conidial fructifi "e ~ SUPP'V 1S

appearance; with greater diminution of supply the sporangial and zygos' /-\-Tdctzﬁp/\ oi[tlz
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The gspecies is certainly capable of parasitic existence on other hosts than Ipomcea
rubro-ccpri(lea. The conidita 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 dill of conidia type., In this it differs from Choanephora Cunninghamiana the conidia
or .spores of which when sown on Zinniaflowers fal to give rise to any. blighting of
the latter. As | have more than once observed Zinnias affected by what on casud in-
spection | took to be Choanephora Cunninghamiana, there can be little question that these
flowers occasondly play the part of natural .hosts to the other species.

The, diffuson of the blight in Ipomcea rubro-coeruka seems to be mainly determined
by direct contact with previously effected 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 conidia 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 norma 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 fructificaion comes to present an amost peronosporip
character (Plate JX, Fig. 10). In certain cases only a single termina conidium may
be.present (Plate 1X, Fig. 10).

- When cultivated in infusons 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 aone or associated
with varying numbers of zygospores, and it is only in extremely concentrated infusions,
specidly of Hibiscus, that conidia fructification aso 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. excessve. Under norma circumstances they
are produced in”~far greater numbers and attain a much greater szo than those of
Choanephora Cunninghamiana ever are or do (Plate VIII, Figs. 3, 20" JPate I1X, 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 amost
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 vavular fashion alowing 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 fudform in outline ‘and
provided with a finely striate brown epispore (Plate 1X, Fig. 2). They have average
-dimensions of 00168 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 isin the latter. They are at once definitely distinguishable f
from the sporangic spores of the Qhoancphora Cunninghamiam (PIatTtF" VoA A

20) owing to the fact that one or ordinarily both of the extrl v s =88+ 13 U
bundle of fine, long, radiant, colourless processes, which in some c"_léo)\ VANN K
colourless protrusion and in others appear to emerge directly fr 2gmate from a

*1 WhIC\ the

cpispore is absent (Plate VIII, Fig. 19, Plate IX, Ifigs.’ 2V S"rPi
resemble the rudimentary mycelid processes of certain o th, Tth™ « "~ grongly

a . .
have a mycelial function as is indicated by the facts that the s tad rece an(i *em to
or aPPear in variabl7

to undergo a very considerable increase in Sze without correspondTnc>
that occurring both in the case of the conidia and in that, f f| ~ VeUoron) like
Ciwanephora Cunninghamiana, previous to the emergence of ser, * 1 ti’;)“ rannc *peres of
in cases where they are cultivated under conditions of defect"~ ™ eS\antx also {hg
dospore is not unfrequently developed as a direct extenson of th

o utiition a hlamy”
(Plate IX, Fig. 5i. When the latter is the case the parallelL mAfo Protoplasm

Ithizidieal organisms becomes very striking indeed, because as will -2 gpores to
the chlamydospores on germinating in most cases riv¥_ri;L * "+ .P"®*°"% be shown,
filaments. 9 A enfin to pagyngiferoud

The epispore of the spores and that of the conidia in ca
undergo any considerable increase in bulk ere germinatirgg Iy
of a germina tube, a phenomenon which does not attend t .
conidia or spores of Ciioanephora Camiinghamkna (Plate 1X Fv"lﬁl"lll"Oll °oR 8 the
does riot, however, follow the same course in the two ca’ses L0 oA Al yhture
takes the form of irregular fissuring, whilst in the case of th © Aen on A SpoTes i
broken (> into a number of distinct fragments (Plate IX F° %Ml tdg eniyre s
of rupture of the epispore of the sporangic spores clerly X' A The Occurrengg
of such ‘a phenomenon in the case of conidia is nojust ground fo” that the oc

A o WACh Wy |tter
I’fgpt Qli e« AN emer@encd

currence
parallels of unisporic sporangia; for, if the conidia are to be re<* '253741nx the |atter as
ground, Lhon in a case like the present the sporangic sporesfded A Such on Ajg
same light, and this leaves the presence of the motlAr-splordfii/x A re9arded jp the
‘Even where conidiifcrous filaments produce a single conid'hm noluM ynaccounted  fy
become unisporic, as is not unfrequently the case under the infI%®7 A A Sporangia
tioa, the difference between the two forms of fructification ro A"~ °f %"*ive nutri_
ever (Plate IX, Figs. 10, 11). “Cmains 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 Wnor germing| i bes,
other hand, have never more than one tube, and this invariabl A « A8P°® on the
us to leave the stes of origin of the radiant processes intact Ap?'' A8 Perally g
When the medium furnishes sufficient nutritive supply, the gems n; ate Nige. 3, 4}.
gial spores and conidia alike rapidly lengthen, ramify, and givo'orio-A188 °f Pot'l sporan.
aseptate mucorine mycelium  In cultivations in artificid media"tf" A ** “"¥3cteristic,
dthouffh of considerable - magnitude, and as a rule laro- t "'® mycdid filaments
Canninjhamiana (Plate VIII, Fig. 18; Plate IX, Fig. °y, © " of Chouncphora
proportions which many of them do when the plant occurs .paraty ***11 the colosaj
in artificial cultivations presently gives origin to an abundant >e ¥+ ‘"' Mycdium
ments, which appear first at the margins of the medium ax? .f?°" % P giferous fila-
‘properties of the latter diminish, over its entire surface, :I;]Le'ward% “ the nutritive
is highly concentrated a certain number of conidiiferous fli A Where W medium

----- hmenis - ee Rasaiated 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 essentia
determinant of the appearance of zygosporic fructification, for, in two cultivations conduct-
ed sde by sde in portions of one and the same specimen of a medium, zygospores may
be entirely absent in one and admost entirely replace sporangia in the other. When the
medium is a very dilute one chlamydospores aone are produced (Plate VIII, Fig..21).
The phenomena attending tfie germination of the chlamydospores differs in different
instances. In a certain number of cases they give origin to a myceium 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 1X, Figs. 7, 9).
When the nutritive medium is not excessively poor, two or more chlamydospores may bo
formed in the course of individua mycelid filaments, but, when the nutritive properties
of the medium fdl 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 smple 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 genera ap-
pearance ~ Plate VIII, Figs. 4, 5,5);in others one of the conjugating elements is much
larger than the other, the difference betwten them in certain cases becoming so ex-
cessve 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), anl in a few cases the spore appears to be
of a truly azygosporic character and the product of a single mycelia process only (Plate
VIIIl, Fig. 11). In some instances the conjugating processes take origin from the
same mycelia 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), athough these
never are present in such numbers as to give rise to the formation of the complicated
sclerotioid mases 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 specid 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 mycdia filament (Plate VIII, Fi® 7). The
mature zygospores are of a deep brown or aimost black colour and have average diameters
of 0*067 mm; They rarely contain any massve accumulation of oil in the form of
a large globule, but, where such a body ise present, it can be readily determined that
the cpispore, like that of tho sporangiad spores and conidia, is findy 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 conidia one, it appears probable that
they are the source of sporangia aso.
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A specid 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 specia points
of dfinity 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 maxima nutritional facilities, but ts rather
indicative of a fadl in-these and in the activity of vegetative growth. Similarly, in the
case ot the purely saprophytic Chomephora Cunninghawana zygospores are uever 'produc-
ed until comparatively late in the duration of any culture and a 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 conidia fructification is produced'
Choanephora Cunhvnghamiana in its normal site on the flowers of Hibiscus roha-sinenm
primarily produces nothing but excessve mycelia 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 dso ~frequently occur abundantly in
association with an impoverished conidid fructification in artificia cultivations in infusions
of Hibiscuspetals. When mycelia growth is very active and vigorous the conidiiferous
fructification reaches its maximal development, and it is only when the condltl
providing for maximal mycelial growth and.fully developed conidiiferous fructlflcatbn
are absent that zygosponc fructification begins to appear. Turnin°- to the
species of Choanephora, no one who has ever seen the enormous development "whlch
the mycdial system attains W|th|n the tissues of Ipomcsa rubro-cceruhi as spared
with that which it presents in infusons of the host-plant or of Hibiscus petas c
entertain any -doubt that the nutritional faC|||t|$ provided bv the artifio®l -~ A-

s i it 77 VAuLiLon media aip

vastly inferior to those provided by tho living tISSUGS of the host plant. But zyg

appear rarely or never to occur in the tissues of the host-plant when conditbtT%A®
most favourable to mycelial extension and enormous production of conalt"f —Agar©
tification, whilst they occur in extreme abundance in many artificia cult' ™M o
in these are associated not with the conidiiferous, but with the spor ANTN o
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uctification, whi e of Choanephora Cunnjnghamiana can bam”, *°'™ ne
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becomes so great that chlatnydospores alone are produced. If, then, we take genera
nutritional activity rather than the production of sexua 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 this, adaptation to parasitism on phanerogams the plant shows closer afinities 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 specidised 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
tonnecting 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 conidia, for conidia fructification occurs aone 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 excessve 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 specia
relation to the conidiiferous series of higher fungi which culminates in the Basidiomycetes,
and the latter to the sporangiferous series culminating in the Ascomycetes. Specid fini-
ties to various groups of Phycomycetes are dso indicated by the phanerogamic parasitism,
the occasonad Peronosporoid fructification, and the Rhizidiseoid character of the sporangial
spores of the speties here specialy dealt with, and by the markedly oomycete characters
which the sexua 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 specid
attention. In so far as its sexua fructification is concerned it is less specialised than
the Oomycetes, and in respect to its conidiiferous and sporangia fructifications less
gpecidlised 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 Smsoni, Cunningham, n.sp. Conidia and spores fusform, 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 iufmgons &c.
Calcutta. |



DESCRIPTION OF PLATES.

Plate VIII, Fig. 1. Portion of an axis of Ipomma rubro-ccerulea, Hook, covered with
conidiiferous filaments of Choanephora Smsoni and with a portion

of a leaf which served as the source of infection adherent toit . Nat. size.
» » 2. Oonidiiferous filaments of Choanephora Sr/tsoni emerging from the
surface of an axis of Ipomaa rubro-cce>uka = = . x 25
» . % 3. Sporangia fructifioation of Choanephora Smsoni from a culture in
. infusion of petals of Hibiscus rosa-sinensis = . X 79
» Y . 4. Zygospores of Choanephora Smsoni at an early stage of development X 400
& " » 5. Zygospore of Choanephora Simsoni with two twisted processes arising
a the site of origin of the sporogenic ones . . X 400
" » . 6. Zygospore of Choanephora Smsoni at an early stage of development
‘ showing the very unequal magnitude of the sporogenic processes
which have not yet conjugated . . = X 400
J " » 1. Zygospore of Choanephora Smsoni, showing one of the conjugatrng
processes already completely emptied whilst the other is till
crowded with ochreous oontents = = X 400
" i , 8. Zygospore of Choanephora Smsoni® showing numerous barren prooesses
' asociated with the sporogenic ones = . . X 400
" " » 9. Zygospore of Choanephora Smsoni, containing a Iarge globule of 0|I
and showing the striate character of the epispore . . X 400
M " . 10. Zygospore of Choanephora Smsoni, showing maximal drfferenoe in )
' sizes of the conjugating elements . . . . . . . . x 400
B ” » 11. Azygospore of Choanephora Smsoni. . . X 400

" i ,,12. Mycelium of Choanephora Smsoni in the hypodermal trssue of an
axis of Ipomosa rubro-cceruiea, and the lower portion of a eonidi-

ferous filament emergent through a stomatio orifice = . x 150

B " » 13. Portion of mycelium and base of a conidiiferous filament of Choane
phora Smsoni. . . X 660

- B . 14. Portion of a mycelial frlament in the hypodermal trssue of an axis
of Ipomcearubro-ccerulca . . . . . A x 830
" " » 15- Ditto - ditto ditto ditto . X 830
” ” . 16. Ditto ditto ditto dito . . .. . x 830
" " . 17 Ditto ditto ditto ditto x 830

B B ,» 18. Portion of amycelial filament from a culture of Choanephora Smsonl
in infusion of the petals of Hibiscus rosa-sinensis . . X 400

j» " » 19. Buptured sporangium of Choanephora Smsoni, showing characters of
sporangio membrane, columella and spores =~ . . . . . . x 400
» 2> » 20. Sporangia of Choanephora Smsoni . . . & x 79

» » » 21. Chlamydospores developed in a very dilute mfuson of the petals of
‘ Hibiscus rosa-sinensis . X 400
» » » 22. Summit of a conidiiferous frlament witn conldla stlll adherent x 150
» » » 23. Summit of a conidiiferous filament, showing form of the capitella x 150
Plate 1X, Fig. 1. Conidia of Choanephora Smsoni. : X 830
» » » 2. Sporangial spores of Choanephora Simson X 830
>j » v 3. Germlnatlng conidia, showing ruptured epispore .o x 830
» » »! 4, Germrnatlng sporangial spores, showing ruptured epispore e« x 830
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DESCRIPTION OF PLATES,

5. Germination of sporangial spores in very wesk infusion of petals of

Hibiscus rosa-sinensis, showing formation of a chlamydospore
directly from a spore _ o

6 Formation of a chlamydospore d|rectly from a germlnatlng coni-
divm . . . . . . ... .. .

7. Germination of chlamydospores with dlrect formatlon of sporangl-
ferous filaments.

8. Small sporangium of Choanrphora Smsoni containing a few spores

onl
9. Germination of a chlamydospore with direct formation of a bisporic
sporangium

10. Forms of conidnferous fructification of Choanephora Simsoni from

artificial cultures in infusions of petals of Hibiscus rosa-sinenm .

11. Minute sporangia containing one or two spores only . .. . " e«
12. Sporangium of Choanephora Cunninghamiana . . e e ..
13. Ditto ditto ditto.

14. Myoelium of Chcanephora Cunninghamiana from an art|f|C|al oulture
15. Sporangia of Choanephora Cunninghamiana . . ..
16. Germination of sporangial spores of Choanephora Cunnlngham|ana
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
Hibiscusflowers

19. Sporangial spores of Choanephora Cunninghamiana

20. Germinating conidia of Choanephora Cunninghamiana

21. Zygospore of Choanephora Cunninghamiana S ..
22. Ditto ditto ditto L
23. Ditto N ditto A ditto, showing one. canjugating

element entirely empty whilst the other is still full
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
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INDEX.

A.

Artificial cultivations, absence of conidial fructification
o* Choanepkera Simsoni in—. )
Ascomycetes, relation of Choanephora S|mson| to— .
Atmospheric conditions in relation to the progress of

the blight of Ipomcea rubro-cosrulea

B.
relation of Choanephora Cunning'

Basidiomycetes,
hamiana to-*- .. . -
Botrytis cinerea .

C.
Capitella, characters of, in Choanephora Simsoni
Chcetocladiu.m, parasitism of— . .
Characters*of the capitella of Choanephora Simsoni e
— — — of the spores ditto ditto .
of the zygospores ditto ditto
, generalised, of the genus Choanephora .

Chlamydospores, conditions determining the forma-
tion of— . . .
germination of—

LY

as a direct source of sporangial
fructification. . . . .
e grising directly from spores or
conidia .
Choanephora, differences between
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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, FR.S, the Director of the Botanical
Survey of Indiaa 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 materialy to our knowledge of the distribution of freshwater Algee
in the Indian region. Of the Algee collected by Mr. Burkill, 36 species and a
number of varieties were previoudy 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 morphologica features, we have been compeled to place as the
type of a new genus—Euadridiim. The other is an Alga belonging to the Proto-
coccacege, occurring as free-floating colonies furnished with stout horns. This we have
named Burkillia cornuta. Two other Algee 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 cdls usudly 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).

ANN. RpY. BOT. GARD. CALCUTTA VOL. VI.
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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. gesammete Susswasserale
(Hedwigia, 1900). =

(8) West, W. 8 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). : v

To these should be added a few records by Dr. Zeller of Alg. collected b
Kurz in Arracan and British Burma (vide Journ. Asiat. Soc. Bengal i A
1873) ; two Desmids from Rangoon described by Joshua (Journ. Bot Feb-' 1§8t ?!
and several records for Bengal, Ceylon and Singapore by Bor<*e /B|h filk 1T &°
Vet.-Akad. Handl. xxiv, No. 12, 1899). T ke by

Four other papers are of great importance in connexion with the geographlcal
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 l -a

( ) g - ( . " ver.iAAHaI]I_ Hand’l. XXii! tfo. 9
16y6). %

(12) Gutwinski: Alg. Insula Java. (Bull. Acad. des Sciences, Cracovie® Nov. 1902)

(13) Lenunermann: Tiber die. von. Dr. W. Vol; auf seiner Weltreise gesammelten sussw
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* Rumber
than any other group of fresh-water Algae. The Desmidiacero exhibit moT cﬁ“f”

geographical peculiarities than most other families of fresh-water Algce T l;i"“ ie
the records of these plants in the East Indies are relatively very sbraE)T °U9h
furnish material for a very interesting discusson on their distribution™*

-.-S part

of the world. A large percentage of the species are ubiquitous in al Jr
many others have a wide distribution in the tropics of both hemispher® A1~ A
are a number which appear to occupy a definite geographical al,.. “_‘,“t there
Indian region. a tne Nrmxs-

Even from the meagre information which is available at the
Desmids appear to be confined to an area extending from Indpa aI"O"’\ Certain
Burma and the Maay Peninsula to Sumatra and Java, and th A~ ~®yloar acros,
Some of the Desmids which so far as is known are confinel't AT- 0 Queemland,
area canbe tabulated as follows. _ w P thls Ado-Malayaa
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SPECIES. India. | But mati.| Ceylon Sr?;:?f:e Sani. | Symalray Queens:
Closterium pulehellum W. ft G. 8. W. . . . . . . . . . .. » | X X «
W Anostamosum WAEE G B W, o i e e e x . X
Pieurotinium annul Mi um (Josh) W. ft G.8. W. . . . . . . ...... X X X
" Kayii. (Arch) Rabenh*. . . e L 2 « X s X *
- Burmenses (Joah.) pob. e wm ae e ¥ - x
" glonas%m (Juwva,) W, & G. 8 W. [ X x X x
Kuapirnm truncotsm Joah, W - X x . - x
" Iumidlm. Wall. T X X X X x®
" aspernm Botye ™ X -
a diddltoidEs Wo ft G 8. W. oo s i e e e o X X X
. gratlephorkm s We . flee Go Se Weime + e o e 7 . X X -
2 puleherrimum W, 5. G. 8. W, v wn w0 v e a . X X -
- coralloides Joah, .. i o i i e e X X X
Wisrasterias onomais TIED. . s = ww an X X X N
- Mdoi, (BQrgdh Waft Go 8- Wer o+ mee e e v e wee ae X X X X x
Comaritm umm'm Joak. e wm me b mm e e - X X X X -
”» mbdeoratum W, EG 8. W, .. .« . L . X X X x .
. medioscrobioulatum W. ft. G. S W. . . . . . . ...... X X "
w MM T b e e X X X
" pseu&wownx;tu-m Noidst. Tar. ellipsoideum VT. ft G. S. W. - " X X X X *yy
- suhauritulatum W. & G. 8. W. var. truncatum W. ft. G. S W. ... - X X
- Askenaryi Selimidle e are am e e X - X »
t obsolttum (Hantzsch) Rainach tar. Sitvense Gutw. . . .. ... .. X X X X X X
" TTACE W fh Gu SeWer %88 o e s e e o e et am x X - X
Innthidium galnaidim (Jeah LW .G 8. W, e v wvs oe e e e X X -
" Bengaticum Tota, o X X
” acanthophorm Nordat. ... ... .. . X X X .
Staurastrmm pinnatum JTUM. e e o e S e e e X X X X
" engifernm TP e o o e me e X X - - '
B orsumTurn. L X X "
N saltans Joah. me e e e e e e e X X X
o indentatum W. & G, S. W, . . X X - -~
. tamphorum W. ft G. 8. W. - X X
N longiiraehiatum (Borge) Gutw, e . " - X X
Dr.mu'fi'm??."gé“.c.‘i’i"““; ‘ e e m m e - X ’ X
-

« Also knewn from Hong Koug, from
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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 Indo-Malayan
region. Such are:—Clostenim 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. bldentatum
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 Indo-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 |ts 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 Waddy and backwaters of the dream. 1 Febr

Aot

No. 21503. Bhamo; near the river. 1 Febr. 1904.

No. 21551. M ~ ~ Bhamo;, among paddy-Bdds at the foot of the hills.

No. 21975. Minywa, Pegu Didrict. Alge from the Pegu- Sttang Ganal wMh 1

muddy water. 6 Jan. 1904. + hloh has verg
No. 22124. Kyauktaga, Pegu Didrict. In dear dagnant poods on a dav soil 7 T

Joo4. J B Jan,
No. 22192. Kyaukse; a pod which probably dries up later in «

9 Jan. 1904. - T e iy geagn,

No. 22193. Singaing, Kjaukse Didrict. In shalow pools much nw,
and near irrigation canas 10 Jan. 1904. “Srown with weeds
No. 22263.. Kyaukee, Algee from the river bed. 11 Jan. igos

No. 22513. Manpwe, N. Shan States, in pools neal the railway. 18 Jan. 1904.

No. 22557. Lashio; - from a dream in the hills three n. *our -
of Lashio. 19 Jan. 1904. miles to the south-esat



No.

No.

No.

No.

No.

*No.

No.

No.

No.

No.

22598.

22677.

22880.

22999,

24120.

24193.

24150.

24451.

24483.

24505.
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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
v;rapped in two leaves.  [Unfortunately the specimens were too frag-
mentary for identification, but the Alga was most probably an Entero-

morpha—G.S.W.]

Katha. Algce from a swamp on the course of a smdl stream. 27 Jan.
1904, '

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.

Thayetmyo; in the river Irrawaddy. 19 Febr. 1901.

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.]

Mansang, near Hsipaw. Algae from .a marshy open place in the forest.
17 Jan. 1904.

In the mountains east of Kawkareik; in rapidly running water. 5 Mar.
1904. .

Myawadi. In the swift river which here forms the boundary of Siam.
7. Mar. 1904.

Between Thingan-nyi-naung and Kawkarelk. In a side channel of the
stream running down to Kawkareik; water ooming from springs in the

forest. 8 Mar. 1904.

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. 'Yizagapatan. 9 Dec. 1902. Alga in ditch at the side of salt works.

No. 24674. Burdwan, Aug. 1903. Algte from flooded ricefields.



180 FRESH-WATEB ALGJ2 FEOM BURMA.

SYSTEMATIC.

- Class: CHLOROPHYOE"J.
Order : CEDOGONIALES

Family: (EDOGONIACE.S.

Genus: (Edogonium Link.

1. (EDOGONIUM sSOCIALE 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. ' T 4

Crass cell veget. 15-17 /*; altit. 3-4-plo mgor;
oogon. 38/h; 3H*.
cdl, 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- H

im
1 c. 1900, p. 149, t. 23, f. 118.

e

Forma oogoniis 2-4 continuis e edlulis suffultoriis crassoribus.
Crass odU. veget. 7-5-97/t; altit. 3J-5-plo major;
. cdl, affvdt. 85-11/*; , 2]-4-plo
oogon. 20-22/*; , 20-23/*;
0000 . 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 cdl, veget. 6'7-8 /*; altit. 3-5Jplomgjor;

.  oogon. 165-17/*; , 20-25 [*;
000 . 153+, 1822 fi;
cdl, antherid. 5-7-76/*; , 3543 F. (Pl. xi, figa.i, ,).

Hal.— Backwaters and banks of the Irrawaddy at Bhamo (No. - 21502).

The -antheridia were 2-4-ceUed, and the copores were somewhat smaller than in th*
German plants -U tne on

g'naI'
4. (EDOGONIUM LONGICOLLE Nordst. Alg. aq. dulc. et Char. Sandvic_ 1S7S 9
t. 2, f. 11, 12; Hirn, 1. c. 1900, p. 263, t. 45, f. 278. T P
Var. sNecaLFJsE Nordst. Alg. et Char. |, 1880, p. 13, t. 1’ f 23

>

Crass cdl, veget. 55-7 f*; altit. 3|-4fplo major;
» 00gon 17-19/%; [ti-21 /*;
0000 . 15-17/%; , 12513-5/*.

Hab—Mansang near Hsipaw (No. 24193).

This ocourred. abupdantly, ang the oogonia were 2-6eeriatA Ve« « J _ _
were observed. g ° A orangia or og Maadria
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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., l.e. 1900, p. 321, t. 51, f. 327. '

Forma pbmIiLA Him, 1 c p. 322, t. 51, f. 328
Crass, cell, veget. 105-12//,; altit. 2-3-plo, major;
oogon. 33/, ., 28/
cell, androsp. 1/~ o, 8h
Bab.—Mansang near Hsipaw (No. 24193).

A sterile species of Bulbochcete was observed from Momauk, east of Bhamo
(No. 21551).

Order: CHAETOPHORALES.

Family: GOI£0CEETACEJE.
Genus : Coleochcete Bréb.

6. COLEOGHMETE SCUTATA Bréb. ; Rabenh. Flor. Europ. Alg. 1868, iii, p. 390.
Bab.—Mansang near Hsipaw (No. 24193).

Family: HEKPOSTEIEACEJE.

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).

llab.—Near the river a Bhamo; epiphytic on a sterile species of Spirogyra
(No. 21503).

Tlie plants observed were of interest on account of the presence of the sexua organs. The
latter weére 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 amost 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 cel of the
filament. Since examining the antheridia, we are inclined to regard them as consisting of from
one to three odls, from each of which one or two 4-cilisted 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 amost destitute of a mucous covering, fcujfcthe 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. 1971
Lat. fil. 9/i.

Hal.—Near the river at Bhamo (No. 21503).

Family: GHJETOPHORACEJE.

Genus: Myxonema Fries.

9. MYXONEMA SUBSECUNDUM (Ktitz.) Hazen, Ulotrich. and Uhse:oph U S 1902
p. 207, t. 36, f. 3.

Stigeoclomum  subsecundum  Kiitz. Phyc. Gen. 1843 p. 253" Reheih F or
Europ. Alg. iii, 1868, p. 376. ) o

A form with the cells 48 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: MICROTHAMNIACEE.
Genus.  Microthamnion Nag.

10. MICROTHAMNION CURVATUM sp. n. (Pl. xi, figs. 14-16).

Plants minute microscopies rarnosissmre, axe principali non evidenti ¢ ramis ot

ramulis crassitudine equalibus, brevibus et valde confertls I3-cp11n|«| K/ -V
i u j. -i uy"\larlDus apicibus

ramorum et ramulorum valde et gracile curvatls, obtusis; celulis cylindricis et
elongatis, diametro® 9-20-plo longioribus, chromatophcris  brevibus tenuibus et
parietalibus, singulis, cellulas non complentibus.

Crass, cdl, veget. ram, et ramul. 16-2¢2/*.

Hab.—Mansang near Hsipaw (No. 24193).

This spedes oocurred in aébundance in marshes & the ebovemerationed loclity, fredy floeting
anong other alg». The plant grons » ocompedt tufts with a deddedy 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 thé 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, XJotrich. and Chsetoph. IT. S. 1902,
p. 191, t, 26, f. 1, t. 27, f, 2-4.

(2) Microthamnion strictisssmum Eabenh., 1859; Krypt. Fl. Sachs. 1863, p. 266; Flor. Europ.
Alg. iii, 1868, p. 375; Hazen, Ulotrich. and Checetoph. U. S. 1902, p. 191, t. 26,
| 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!/. drictissmum 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 snce examined some of Gookes original specimens, thus
obtaining conclusve 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?2uch longer. It differs from M. strictisssmum in its shorter branches, in their
- curved extremities, and in its narrower cells. The branching is dso much more open and spreading,
than in M. strictisssimum, and the general aspect of the plant is wholly different.

The chloroplast of M. curvatum more nearly resembles that of M. dtrictissimum than that cf
M. Kutzingianum® It is smal and rather narrow, and only covers a portion of the cell-wall.

All the plants observed were freefloating, 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 sze and length than in the other species of this

genus.

Order: CLADOPHORALES.
Family : CLADOPHOMCEJE.

Genus: Rhizoclonium Kiitz.

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/*; cdlulis diametro usque ad 7-plo longioribus.

Hal.—Banks and backwaters of the Irrawaddy a Bhgno (No. 21502). In rapidly
running water in the mountains east of Kawkareik (No. 24450).

ANN. KOY. BOT. GARD. CALCUTTA VOL. VI.
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Genus: Cladophora Kiitz.

12. cLADOPHORA CRISPATA (Roth) Kiitz. Tab. Phycolog. iv, t. 40, f. 1
CL crigpata forma |. 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: VAUCHERIACEZJE.

Genus: Vaucheria DC.

13. VAUCHERIA ORENTALIS sp. n. (PI. xi, figs. 3-9).

V. aguatica 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 seﬁle
prppe antheridium terminalem, oblique ovato cum apice subproducto ; antheridio C|rC|nJato-
.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 dlied to V. scrobiculata Magn. et Wille (in Wille, Sydamerik AI*I 1884
p. 38 t. 2 f. 57-59), a South American spedies in which the reproductive organs ©are aI
devdoped a the ends of rather long fructiferous branches. It s, hovve/er a much )
gpecies, and the oospores are not scrobiculate. DA% ower

It should dso be compared with V. terrestris Lyngb. and V. hamata (Vauch) Lyn b h |h
of which are much larger species with shorter fructiferous branches, -0

The filaments of V. oriental are somewha contorted, and the branching is more prof *
is usualy the case in gpecies of this genus. The sexud organs are occasondly de\‘/elop& fT
extremity of a long filament as wdl as on specid branches of the same extensive ccerr f“" P
the formation of the sexud organs the extremity of the reproductive branch becomes lt -
portion growing in a circinale manner to form the antheridium, and the other 108+

form a sessle oogonium. The antheridia coll appears to be cut df from the s T‘“'gmg ©
some time before the oogonium is separated. Ypportmg  branch

14. VAUCHERIA GLOBULIFERA sp. n. (Pl. xi, fig-. 10),

V. aguatica et tenuis, filis flexuosis parce ramosis; 00 on*#

ovoideis, binis sypra partgn tpretulparanterha filementi guboppolu§us BeSgibuS? obHque

oosporis globosis glabris oogonia nDn complentibus; antheridiis AU \f" “te truncato g

inflatis, diametro 2"3"10 longioribus, binis ppoSitig et subhorLzonf v T N M
n AOA<SN ACE lullAntaiiter dispositis.
Crass, fil. 40-42/.; long: oogon. 90-100*; la. ociron Q21 - -.

59-61/x; crass, antherid. 23-30At. ° ' WAL diam.  oo*por.
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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.

A15. ZYGNEVA SFONTANEUM Nordst. Alg. ag. dulc. et Char. Sandvic. 1878, p. 17, t. 1,
f. 9 23-24; W. & G. S. West, Wew. Afric. Freshw. Alg. 1897, p. 40.

Crass, cdl, veget. 2V; crass cdl, fruct. 22-24/*;

long, zygosp. 21-25/*; lat,

zygosp. 19-25* (PL x, fig. 5).
Hab.—In springs on the river bank a Bhamo (No. 21501).

Z. spontaneum Nordst. is essentialy tropical in its distribution, and there appears to be a
certain amount of confuson with regard to its identity. The specimens originaly described by
*Nordstedt from the Sandwich Is. possessad 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.
Schmidles plant is possibly a form of that species with a different type of conjugation.

The appended table of measurements is for doser comparison of the different forms of
Z. spontaneum with Z. Heydrichi Sohmidle (Bntwick. Zygn. u. Caothrix, 1897, p. 169, 170, t. 5,

f. 5-7, 10, 11>—

Cr cell, Cr cell, . ’
?/?get. ?ﬁ?ctif. lat. : long. long, zygosp. lat. zygosp.
Z. spontaneum
Sandwich Is. ... ... 14-18/4 20-24/4 1:1 18-21/4 16-21/4
(aplanospor es) (aplanospor es)
Z. spontaneum
W. Africa 16-18/4 19-25/4 1:134 24-31/4 21-24/4
Z'  spontaneum .
Burma ... ... 214 22-24/4 1:23 21-25/4 19-25/4
Z. Heydrichi
Australia ... ... 20, 1" 1H* 32/4 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. SPROGYKA 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, céII, veget. 17/*; long, zygosp. 44-50/*; lat. zygosp. 25/*.
Hab.—In springs on the river bank at Bhamo (No. 21501).

17. SPROGYRA EXILIS sp. n. (Pl. x, figs. 11-13).

S. cdlulis vegetativis diametro [|-4-plo longioribus, extremitatibus non replicatis;
chromatophoris 2, crassis, marginibus irregularibus, anfractibus 17-2; conjugatione
sealariformi, cellulis fructiferis non inflatis, sed cellulis vegetativis inter cellulas fructiferas
multe inflatis; zygosporis oblongis cum polis vade rotundatis, nonnungquam paullo
irregularibus, cellulas fructiferas psene complentibus.

Grass, cel, veget. 27-30//,; crass, cdl, inflat. inter cell, fruct. 47-49/,; long,
zygosp. 36-45/*; lat. zygosp. 27-80/*.

[lab.—In shallow pools, Singaing in Kyaukse district (No. 22193).

The mogt remarkable feature of this Spiroayra is the great inflation of those cdls of the

femde filament which have not succesded in conjugating. Sometimes these dterile, inflated cdls
dternate with *he femde gametangia throughout the entire length of the conjugating filaments.

8. exilis should be compared with 8. decimina, from which it is easly distinguished by its
narrower filaments, thicker chloroplagts, and its oblong zygospores.

18. SPKOGYRA 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 Hassy
Crass, cell. *eget. 31-32"; long, zygosp. 49-51y; lat. zygosp. 28-5-31/*.
Hal.—Near the river at Bhamo (No. 21503).

19. SAROGYRA ORIKNTALIS sp. n. (PL x, figs. 9, 10).

S. cdlulis vegetativis diametro 3-5E-plo longioribus, extremitatibus non repli-
catis; chromotaplioris 3, angustis, laxis, marginibus subintegris sed paullo irregulari-
bus, anfractibus 1-1f; 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/*.

[, 1, springs on the river bank at Bhamo (No. 21501).

The greatly-inflated femde gametangia of this species are very characteristic. It somewha

reembles S. decimina, from which it differs in its narower filaments and in its inflated
fructiferous cdls.

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 13 ° ' '

Forma cellulis vegetativis et zygosporis paullo majoribus quam in forma typica
chromatoplioris plerumque 3. o
Crass, cell, veget. 42-46”"; long, zygosp. 73-92/*; lat. zygosp. 42-46/i.
#ai.-Kyauktaga in th« Pegu district (No. 22124). Also SWincr in the
Kyaukao district (No. 22193). T & '
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The fom of this gedes obsaved from Burma wes dightly larger than usud, and the number
a* chromaophores was generdly three. It wes dmod identical with gpedmens examined  from
Koh Cheng in the Guf of® Sam, but the vegetative odls were dightly thinner. It is one of
the commonet tropicd gpedes of the genus and is subject to much variation. A edies described
by Schmidle (Alg. aus Nyassa Seg, 1903, p. 76, t. 3, f. 2) S Fullebornel is probably referable
to 8. decimina. The only difference is in the somewhat narower chloroplags

Var. PLENA var. n. (Pl. x, figs. 6-8).

Var. cellulis vegetativis paullo latioribus et brevioribus, diametro [|-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 spedmens obsaved weare veay dightly larger than usud, but othewise exactly typical.
In some of the filaments globular golanospores were noticed.
22.. SPROGYRA 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 Agx

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.
Habd ~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. 2-8s
De Bary, Conj. 1858, p. 80, t. 2, f. 15. '

Var. ELLIPSOIDEA var. n. (Pl. x, figs. 14, 15).

Var. sporis transverse rhomboideo-€llipsoidels.
Crass. cdL veget. 9*6-11-5; long. spor. 27-28,*; lat. spor. 21-23".
llab.__ Mansang near Hsipaw (No. 24193).

25. MOUGEOTIA PRODUCTA sp. n. (PL Xx, figs. 16-19).

M. cdlulis vegetativis diametro 12-20-plo longioribus; sporse quadrate, lateribus
coDcavis vel levissme convexis, angulis productis et truncato-obtusis, ssgpe tortse cum
angulis duobus in planitie perpendiculariter disposita ad planitiem angulorum duorum
alteriorum ; aplanosporae oblique doliformes apicibus productis truncato-obtusis: mem-
brana sporee punctata, firma sed tenuiori ad angulos.

Crass, cdl, veget, 7-8/*; lat. spor. 29-37%V; long, aplanospor. 33-37/-
lat. aplanospor, 17-18". ‘ ?

[lab.—In a ditch a 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.. 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 asexua spores bein®
formed in filaments not otherwise ooncerned in spore-formation, but they were similarly produced if
filaments which were also taking part in conjugation (Pl. 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 Mougeoti
and Gonatonema are here combined in the same species, and can be observed in different parTa 0?
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 cdls by the for™"
tion of new cell-walls in a manner strictly comparable with the method of formation of the ©""a"
produced as result of conjugation, and we have regarded their formation as due to the stimulus® WihnR
had aready caused conjugation to take place in another portion of the same filament (W 1& G s
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 * A ¥
So far as could be judged from preserved material, the spores much resembled those of (3‘5nal&e'”
ventricosum Wittr. and most probably orginated in a similar manner. a onema

Mougeotia producta is of specia interest, as it shows that although aplanospore-formation is the
sole type of sporeformatibn in Gonatonema, yet it may go on abundantly in a Mou ed'i 1 ‘th
sporeMormation as a result of conjugation; and if both types of spore-formation areT sToJ"tg eTist
in other species of Mougeotia, it.may be necessary to place Gonatonema merely y * S/.\.tion of the
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 thwe‘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. Ralfsi De Bary, Conj. 1858, p. 76, t. 4, f. 23-25.
Lat. cell. 9-lI'Gw.

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. 0'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. '

#af.—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. 36-497; lat. 22-26,*; lat. constrict. 21-5-25/*; long, zygosp. 42/~; lat.
zygosp. 31/~ (Pl. 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, . 162, t. 2, f. 8-11.

Long. 27/*; lat. constrict. 15*5/*.

Hab—n 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. MAOR West, Alg. W. lIreland, 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/*; (Pl. xm, fig. 1).
Eab.—Mansang near Hsipaw (No. 24193).

The Bumee gpedmas were dightly amdler than the origiﬁd British exanples but were other-
wie vay dmila.  Some individuds wae ewvdopad in a large irregular mess of mucus

Genus. Netrium (N&ag.) 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. 1215/ 19, ' o
I"oug. 35-42/*; lat. 11-13".

Eab.—Springs on the river bank a Bhamo (No. 21501). In the Van
Mudon (No. a4505). Between Thingan-nyi-naung and Kawkareik. In sid* ™~ gyi at
stream (No. 24483). ¢ Channel of

34. PeENIUM CLEVEI Lund. Desm. Suec. 1871, p. 85, t. 5 H,
Forma ELONGATA. ( Pl. xm, fig. 2). !
Forma cdlulis elongatis et paullo angustioribus.

Long. 128/x; lat. €3'5-34-57; lat. isthm. 30/*.

Bab.—Mansang near Hsipaw (No. 24193).

35. PENAIM ADKLOCHONDRUM Elfv. Anteek. Finska Desm. 1881 p 17 f 1 .
Forma minor et. paullo brevior. T R T f13;

- Long. 26/x; lat. 12/x; lat. apic. &8 (Pl. xm, fig, 15).

Bab.—In the Kangyi at Mudon (No. 24505).

36. PENIUM CUCDRBITINUM Biss. Desm. Windermere, 1884 197 .
W. & G. S West, Brit. Desm. 1904, p. 94, .. 9/ f "y * = 7 ™
Var. SUBPOLYMORPHUM NbFddtt Hreshw. Alff, N, Zoni 1000 ’
W. & G. S West, 1. ¢ p. 95 t 9 f. 19 ,0. & Pr 7 w7 i 203
Forma cellulis leviter constrictioribus et apicibus latioribus
Long. 78/7; lat. 38/*; lat. isthm. 34~. (Pl. xuI, fig, 14).
Hab—n swamp, Katha (No 22677).
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Genus : Closterium Nitzsch.

37. CLOSTERIUM DIbymotocum Corda, 1835; Ralfs, Brit. Desm. 1848, p. 168,
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 (Pl. 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. 1804, 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 (Pl. xm, fig. 17).

Bab.—Mar]sang near Hsipaw (No. 24193).

The outer margin of this smal form only occupied 138° of arc, the ourvature of the cdl
thus agreeing more nearly with that of Cl. parvuhtm N&g. than that of Cl. Venus. It is,
however, much smaler 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 cdls " Cl. parvulum Nag. forma" The curvature of his plant
is, however, too great for Cl. parvtilutn, the apices are aso 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. Il. Desmid. 1803, p. 79, t. 1, f. 24), but it
is of much larger size. Eaciborski has aso figured a similar but dlightly 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. BURMENSE var. n. (PL xm, fig. b5). _
Var. minus, cellulis diametro 6-7-plo longioribus, minus curvatis; membrana
achroa.
Long. 38-58/*; lat. 7-85/x; lat. apic. circ. 2-2"7/x.
Bab.—Mansang near Hsipaw (No. 24193). In swamp, Katha (No. 22677).

ANN' BOY. W. WARD. CALQUTTA 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 consders to be Cl. abruptum West (vide Gutw. Nonn. Alg. Nov.
1896, p. 36, t. 5, £ 4 a-h).

42. CLOSTERIUM LEIBLEINII“Kutz., 1834; Ralfs, Brit. Desm. 1848 n 11 fi <¢ os
f. 4 W. & G. S. Wed, Brit. Deem. 1904, p. 141, t. 16, f 914 = ™
Lat. 25*. -
Bab.—Momauk, east of Bhanio (No. 21551).

Var. RECURVATWM var. n. (Pl. iy, fig «).

Var. apicibus rotundatioribus, subiter et leviter recurvatis.
Lat. 36/,; apicibus 187/. inter se digtantibus;, lat. apic. circiter 55y.
Hob.—With the typical form (No. 21551)

This variety of Ol ZLeibleinii appears to be a

recisely simj .
N Ehrenbergii desoribed by Gutwinski (Flor. Glon. P y eimilar form to the var. yodolicum of

Okolic Tarnopola, 1894, p. 37, t. 3, f. 12).

p- 166, t. '
f. 15, 186. Ty e N

Long, (apicibus inter se distantibus) 214"; lat. 47,; lat. apic. drc 9,
Hab.-In springs on the river bank, Bhamo (No, 21501) '

) er thick blunt apj i : .
thi L gala‘cgem- apioes, i this respeot resembling the form of

. 18), (vide Gutw. Noan. Alg. Nov. 1896, p. 39,

44. CLoSTERIUM MAXDUM (Wood) Schmi 1 1
1midle
Ezxsic. 1896, No. 1392. o e,

Cl. acerosum .
Amer. 1874 var. mazimum  Wood, Freshw. Alg. N.

Nordst., & Lagerh. Alg.

Forma apicibus paullo crassoribus et subtruncatis.
Long. 366-508/,; lat. 36-42M; lat. apic. 85-9-5y.
Hab.-M-pl]mu, four miles to the east at the village of N/

22880). ¢ = "yauugngyr'n (No.
45. CLOSTERIUM CORNU Ehrenb., 1830; W. & G S Wpd RV T,
p. 157, t. 20, f. 1-5. * West) bnt Desy 1904,
Long. 173/t; lat. 7'5/t; lat. apic. 2'5/t.
/lai.—In swamp, Katha.
We do not se any characters auffident to sparate Cl C . _
Ins. Java, 1802, ,. 582, t. 36, f. 11) fram the typical farm """ V"' o x"oeee Q””_”- (Alg.
very much in width, and the cdl-wall is sometimes of a vyliny Ty apioe8 of this Bpecies v .y

j«uow or ydlow-brown colour.
46. CLOSTERIUM SUBSTRIGOSUM sp. n. (Pl. ,m, g )
CL macilentum Br6b. var. substriggsum' Ra*h “n e,
p. 369, t. 6, f. 38. - 777" Desmidyja Ciagtonia, 1892,
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CL -parvum, cellulis diametro circiter 30-plo longioribus, parte mediana celulse
resta curn marginibus parplliclis, 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 unagaaque 5; locellis apicalibus
elongatis et corpusculis—?—includentibus.

L'ong. 186/*; lat. 5¢7F; lat. apic. 1-3M.

Hab.—Mansang near Hsipaw (No. 24193).

The Closterium described above is evidently the same as that figured by Raciborski from
Audrdia under the name of 'CL macilentum var. stibstrigosum.’ His messurements are—long.
155-215/,; lat. 56/x; lat. aic. 2i. The Bumex foams had dightly narower apices
Eaciborski dates that the Audrdian plant is " foma intermedia inter (7. macilmtum et C.
strigosum, Eomicdjluis sub goice magis attenuatis quam in 0. macilento,” but we do not think it
is near ether of those species CL macilentum Breb. is much larger and the atenuaion of the
cdls is very gradud from the middle to the goices which ae by no means vey narrow. CL
strigosum Breb. is a much larger and douter pedies with incurved, rapidly attenuated apices,
which are rot dravn out into long processes

The ap|ces of CL substrigosum are dravn out into long, narrow, colourless processes with parale
margins, into which the chloroplasts do not enter. The apicd vacuole thus oocupies more than
onethird the length of the semicdl.

47. CLOSTERIUM GRACILE Brf£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, df) 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. HYBRDUM 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. ag. dulc. et Char. Sandvic.
1878, p. 9, t. 1, f. 10-12.

Long. 430Mm; lat. 31/*.

ffab.—In swamp, Katha (No. 22677).

50. CLOSTERIUM DECORUM Brf£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.

ANN. HOT. BOT. GARD. CALCUTTA VOL. VI.
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Long. 2427; lat. 20/ ; lat. apic. 5*. (Pi. xiii, fig. 20). The number of striolations
visible across the cel 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 Kawkarelk 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*-Il. '

(No AZZ-M%:B,)tW eeU Thilinnynang and Kawkareik, in the side-chaniml of , stream

52. CLOSTERIUM ROSTBATUM Ehrenb., 1832; Ralfs, Brit. Desm. 1848, p. 175
t. 00) f. 3. * o

Bab.—Momauk, east of Bhamo (No. 21551).
5. ~- "M J h . e nb. 834; W. * G- S WeSt> Pyit
p 90, 1. . 9-13. )

Hab.—~Kyauktaga in the P di
(No. 2t103) egu district (No. 22124), Mansang near Hsipa,

Desm. i;

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. TumibuM Mask. Further Notes N. Zeal. Desm. 1889 29 TR Y o«

T * 8 lamex B I Iatap|03183* L £

Bab.—Mansang near Hsipaw (No. 24193).

This Desmid occurred in abundance, and it only differs from Maskell's New 7. 1
having a rathe narrower aghmns The flattened granules at the aplces of fi1 880w Variety in
or ten in numter. o thw

When the cedl becomes disarticulated into two semicdls, the obligue * f
old half-cells sometimes becomes very evident. This area of junction grad’ [~ o the new and
and forms for a short distance part of the wall of the other iceli ™ JK‘““ A Uke s Wedye,
showing this overlappiDg area appears at first sight to be furnished with ~—“d® @ & Binoh semion
on each sde of the ishmus (vide PI. xiii, fig. 9). This ructure was «xe OWnWardly_cryved hook
Docidium rotundatum Turn. (Freshw. Alg. E. India, 1893, p. 37, t"71TM<é53»ted by Turner in
appearance figured in a somewhat exaggerated manner. Turner's 1™] %), and the ook Hke
of this varigty. BpeCles BeeMg 10 be meely o fumm

55. PLEUROTENIUM TROCHISCUM W. & G. S. West, Some N A
p. 235, t. 13, f. 4, 5; Freshw. Alg. Ceylon, 1902, p VTl %*? 1896:

Long. 342,; lat. ad bas. semicel. S-**; lat. « mMed. semicel,, Z, .o ‘..?. 8<
Xab.-In the Kangyi at' Mudon (No. 24505). wn ht apicy  2]ft

semlcells were nine



PLEUROT"ENIUM. 195

The specimens agreed exactly with those observed from Ceylon and from severa parts of the
Utiited 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 ' Docidium tesselatum/ Judging from the experience we have aready obtained of the
inaccuracy of many of Joshuas figures and descriptions, the identity is quite probable. Both species
~are adso 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. PLEUROTENIUM 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 semicelularum non undulatis; tuberculis 34-36 ad apicem
(18-19 visis). ‘

Long. 680-1130/x; lat. bas. semicell. 36-66/*; lat. ad med. semicel. 29-56/*;
lat. ad apic. 33-559*. (PL xm, fig. 11).

ifgj.—Mansang near Hsipaw (No. 24193).

This Phurotcenium occurred abundantly and was very variable in size, the largest specimens
being double the sze of the origina Indian plants. The semicells in al cases had one slight basal
inflation, parallel or subparalel sides without any trace of undulations, and a very sdlight inflation
under the apex, which was dlightly contracted immediately beow 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 aso states "margine leviter undulatum,” but his figure indicates
amost paralel sides. The figure given by Borge (l.e. t. 1, f. 11) of a form from Cuba has not
more than 18 or 20 tubercles a 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. Pl. magnum, cellulis diametro 17-19-plo longioribus,
fere rectum ve leviter curvatum; semicelulae cylindricae, ad basin leviter infla®, lateribus
paralelis (7 levissme undulatis?), apice leviter inflate, tuberculis parvjs 30-36 (visis
16-19) ornato. :

Forma orientalis (Turn.) nob. Apice semiodlularum noa inflato sed paullo expanso, tuberculis
36-44 (viss 18-22) ornato.

Forma cylindrica (Turn.) nob. Cdlulis diamétro 10-plo longioribus, ad apices cum tuberculié
38-40 (visis 20).

57. PLEUROTIBNIUM  CUYABENSE Borge, Alg. erst. Regnell, Exped. ii. Desmid

1903, p. 84, t. 2, f. 8.

Forma INORNATA. (PL xm, fig. 10).

Forma paullo major, apicibus semicdlularum sine tuberculis.

Long. 600/*; lat. ad bas. semicell. 54M; lat. ad apic. 31*5*.

Habn—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. semicdl. 25-34*5/,; lat. ad med. semicell. 18-
5u; lat. ad apic. 15-20/*.

Hah.—Kyauktaga, = Pegu district (No. 22124). Singaing, Kyaukse ditrict.
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 a the base of the semicells, and S3verai

smaler ones just above it. The lateral margins above the undulations were parallel and the apex
truncate.

Var. CrRASIUS Lagerh. Algol. Bidr. 1886, p. 199.
Long. 560"; lat. ad bas. semicel. 54/*; lat. ad med. semicell. 46k ; lat. ad
apic. 32K,
Hab.—Momauk, east of Bhamo (No. 21551).

It is hardly possble to separate this variety from Pl. maximum (Reinsch) Lund., and it is
questionable whether it would not be better placed as a form of that species. The undulations
a the base are variable, and the genera proportions are much nearer those of PL maximum,

59. PLEUROTENITM TRABECULA (Ehrenb.) Nag.; W. &. G. S. West, Brit. Desm. i,
1904, p. a09, t. 30, f. 11-13.
Hab.—n 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 SNUOSUM Lenorm.; Ralfs, Brit. Desm. 1848, p. ,85; W. & G S
West, Brit. Desm. ii, 1905, p. 20, t. 36, f. 1. C

Long. 65/4; lat. 34'5/x; lat. isthm. 9'5y.

Hab.— In the Kan-gyi, a Mudon (No. 24505).

62. EUASTRUM ANSATUM Ralfs, Brit. Desm. 1848, p. 85, W. & G S W t
Brit. Desm. ii, 1905, p. 27, t. 36, f. 10-13. ' ™ !

Hab.—Between Thingan-nyi-naung and Kawkareik, in the sde-channd of
stream (No. 24483). N

' 63. EUASTRUM _INERMIUS (Nordst.) Turner, Freshw. AIg.IE. India, 1893, °+p, 86
t. 10, f. 51, ! ?

E. spinuhmm Delp. . subsp. inermim Nordst. Alg. et Chay .\ iQan - n #

vr o EowY > AJOU, p. tf, t#
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Var. BURMENSE var. n. (Pl. 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 unumguemqgue.

[ong, Ob/L; 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. & (. 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. 27~29y; crass. -30/*.
(PL xiv, tfg. 3).
- Ha'?>— Mansang, near Hsipaw (No. 23193).

This interesting spedies gopears to be wdl characterized by reeson of the mamillae protUber—

ances across the base of the samicdls In sde view it is even more characteridtic, being unlike
any other Euastrum of its kind. It has only previoudy been recorded from Queendand,

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 If-plo longius quam latum, profundissime constrictum
sinu angustissimo-lineari extremo subampl'iato; semicellulae 5-lobag, incisuris lateralibus
non profundis et subapertis, iis superioribus profundioribus quam iis inferioribus s
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 unumgwemgue et verrucis emarginatis duobus
intra lobum polarem; a vertice visse oblongoellipticae, tumore prominenti emarginato
ad medium utrobique, polis leviter trilobis; a latere visse subovatse apice subacuto,
prope basin tumore emarginato et apicetn versus tumore emarginato minore utrobique.

Long. iOfi; lat. 28*5//,; "lat. isthm. 7-8li.

The above description and measurements are taken from one of Joshua's original specimens,
of which we aso 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, lat. 28/*; lat. isthm. 7'Ofi; crass. 19* (Pl. 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. (Pl. 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. 13,,
Hab—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 the,polar "1 b .

0 e 18
truncate, the incisions below the polar lobe are small open notches, and the IateraJ lobes ar

& more
projecting and quadrate.

"We are inclined to believe that the var. trigibberum Lagerh, may possbly be the same _1 1
Joshua had in view when he originally described his E. coralloides. He describes and  figures nT
two basal tumours, whereas all the Euadra of this nature have one central one and gené r&l t‘;;
lateral ones, and as we have found his figures and descriptions to be inaccurate with regard to th
tion of the tumours on other species, we think this may aso be the case in E. corallmd&e sq'h"'
view is further supported by the fact that Borge (Trop. u. subtrop. Siissw.-Chlor. 1899 p 26 -

% TR
{ . 31), figures three basal tumours on specimens of E. coralloides which he examined frontsmgapom

68. EUASTRUM PULCHERRMUM W. & G. S West, Freshw. Alg Ceylon 1902
p. 153, t. 20, f. 11.
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. ¢

Long. 44/x; lat. 295/x; lat. isthm. 9*4"; crass. 1754
Rob.—Mansang, near Hsipaw (No. 24193).

This varigty diffes principdly in its bilobulate laterd lobes and in the dbeence of th L
teeth dong the laterd marglns The centrd tumour is fumished with four large granula aﬂ“ﬁ‘}
tumours within the laterd and polar lobes are ds0 quadrigranulate.

69. EUASTRUM DuBIUM Nag. Gatt. einz. Alg. 1849, p. 122, t. 7D, f 2
E. {obulatum 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. N
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"; lat 13-14-5"; lat. apic. circiter 8-9/*; lat. isthm. B'8-4?4p*
crass. 85", - ’
Hab.—In the Kan-gyi a Mudon (No. 24505).
The var. tritum dffes from dl foms of E. dubium in being less prominently lobed and in it*

rounded poler lobe. The cdl-wdl is dso dedtitute of markings The giicd notch varii in deah
and width in the dfferet gpedmens absaved.
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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 gex is retuse and not incised. Moreover,
the Burmese plants have not the charecterigtic vertical and side views of E. erosum,

70. EUASTRUM BHAMENSE sp. n. (Pl. xiv, fig. 5).

E. minutum, circiter ||-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 vise
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. 9x.

Hab.—In "springs near the Irrawaddy, Bhamo (No. 21501).

This amdl spedes diffes from E. binale (Turp) Ehrenb. in its more pyramidae cdls with
undulate latera margins and undulate apices It has dso a more prominent gpicad notch, and the
samicdls aré dedtitute of a centrd protuberance. It is nearest to E. bindle var. sublobatum W. &
G. S Wed, but differs in its undulde Joex, its degper apicd notch, and in the absence of the
protuberance from the centre of the semicdls.

It should ds0 be compared with E. doliforme W. & G. S West (Some Desm. TL S 1898,
p. 289, t. 16, f. 12), from which it is diginguished by its smdler sze its undulate agpex and

more rounded apicd angles, as wdl as by the dence of the protuberance a the bese of the
smicdls.

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.—n 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/14, f. 32, 33.
Forma angulis inferioribus subrectangularibus, granulis intra angulos inferjores nullis.
Long. 26/*; lat. 19/*; lat. isthm. 4-8/*; crass. 11/* (PL xiv, fig. ).
Hab.—Mansang, near Hsipaw (No. 24193).

This form resambles very much Cosmarium midzyrzecense Eichl. & Gutw. (Nonn. spec. ag. noy.

1894, p. 165, t 4, f. 9), but diffas in the form of the gpex and in the absence of the median
protuberence in the verticad view,

Euastridium gen. nov.
Cellulse iis FEuastri subsimiles sed non-compressce, sinu latissime aperto, sine

incisura apicali; semicellulse a fronte visse subtrilobse, apice retuso, a latere visee
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.11),

E. magnum, circiter If-plo longius quam iatum, profunde constrictum, sinu late
aperto extreme obtuso; seaicdlula; trilobatse; lobis lateralibus crasss et subsemi-
circularibus; lobo polari subrectangulari, constricto ad basin, angulis late rotundatis
apice retuso; cum tumoribus magnis duobus trans semicellulas disposes; seniicelluté
a vertice vise circalares et 8-lobatse, lobis magnis regularibus et subsemicircul'aribus
lobo polari subquadrato cum angulis latissme rotundatis et lateribus concavis- semi
odlulae a latere visse ut a fronte vissee. Membrana dense scrobiculata, scrobiculis multe
majoribus super lobos basdes 8 et angulos 4 lobi polaris.

Long. 158-162/*; lat. 98-102**; lat. lob. polar. 50-63y; lat. isthm. 45y.
Hab.—Mansang, near Hsipaw (No. 24193).

A number of specimens of this handsome Desmid were observed, and its charvacte
constant. The semicdls in front view are three-lobed, the lateral lobes being large™ ‘;I;TM_******
whereas the polar lobe is smaler and more rectangular. All the angles are broadl ~ & "mated,
the cell wall is densely scrobioulate. The scrobioulations are much larger at th, "'”’“”(*ed, and
the exterior of the odl-wal to be rough at those point, The sinus is very w\/vel ovArTT
apex of the polar lobe is slightly retuse. But it is in the vertica view thatT.,*T T A8l e
from all others with which we are acquainted. Having a body more akin to Euastrl = T**“ diff v
and 8lobed when seen from the vertex, amost reminding one of th, ! o 1e1s clicular
exhibited by certain of the rayed species of Staurastrum. The 8 lobes ay VoL 'y"‘metry
sponding to the lateral lobes of the front view, the apioa part of the er ont- htv A oBltion: ocone_
is this actinomorphic character which renders it impossible to place thy n avmt‘il A |°bes. It
or Micrasterias. One of the primary characters of these genera is the . egm'“ D el v avenyn
very considerable) in the plane of the front view, but in this new Burmes"l}msm’\ A oACU AAA
of any such compresson. We have, therefore, established a new An o Uo trace
extraordinary actinomorphic Desmid. * nasindium—to include this

omorphI’, s,

The front view bi'ars some resemblance to certain species of Euastrum
open, and tbe lateral lobes shorter and more inflated than in any
likewise no specia notch such as is present in most species of Euastrum !
Euastridium with Euastrum are such as E humerosum Ealfs forp t" ;t;: A forms connecting
Eiesengebirges, 1898, p. 38, t. 2, f. 3), but in this case the Iobmg as 2117, (2chrsdér (Bear - Algen
quite a different nature. i the veltical view is of

but ﬁle SANUS %S laore
Apecy _Iﬁlﬁ Of that &°UUS.  There is

Genus. Micrasterias Ag.

75. MICRASTERIAS FOLIACEA Bail, in Ralfs Brit. Desn. 1848

3; Johnson, Species of Micrasterias, 1894, p. 57 \ & 'ipll-z-lf) *e 5 T
Var. ORNATA Nordst. Desm. Brasil. 1870 n 991 + o \ ’

> Mo« L, MM o

Long. 67/*; lat. 71/*; lat. isthm. 11-5y; l4. lob. polar. 3(V fpl °
Hab,-Mansang, near Hsipaw. (No. 24193). P XIVefig 22y
The latera lobes were less divided than in most forms of th'iss
C eC|es- an<i
<whet irregular. P the lobules \ o6 £ome

76. MICRASTERIAS INCISA Bre*tb., 1839 :; in Kiitz_ Pi

Turn. Fresw. Alg. E. India, 893, ,. §9, ti"" L 1845, p_ 134 g
Holocystis incisa Wall. Desm. Low. -BenMI| 1Qca roor Y9 A
Var. MANSANGGNSE var. n. (Pl. xiv, fig. i8) s 13> foo4s S5«

Ll
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Cdlulse 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 ; crass. 16".
Hob.—Mansang, near Hsipaw (No. 24193).

The Burmese variety resembles var. Walliclriana Turn, more than typicad M. incisa owing to
the asence 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. (Pl. 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.
jilk—Mansang, near Hsipaw (No. 24193).

This variety varies much in the angles (or processs) of the polar lobe, which”are sometimes
laterally produced, sometimes abruptly truncate, and dso in reative depth of.divison of the latera
lobes. In some gpedimens the lateral lobes are dmogt  entire, and in others the auperior and
inferior latera lobules are short and rounded. The granulation of the angles of the polar and
lateral lobes dso varies very much. It is digtinguished from typicd M* Mdbii by its proportionately
greater width across the bae of the samicdls by the broadly retuse gpex of the polar lobe by
the more prominent scrobiculate tumour within each lateral lobe, and by the attenuated poles of
the verticd 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 diffe's however, in the
reduced lateral lobule?, and in the replacement of the severd smdl tumours within each lateral lobe
by one much larger one.

The vertical view of M. Mobii var. burmense is dmog exactly smilar to that of M. Mabii
yar. Bidleyi, a vaiety described from Singapore.
Var. INTEGRUM wvar. n. (Pl. 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
leviter productis et rotundato-eonicis.

Long. 126~ ; lat. 102p ; lat. lob. polar. 70y ; lat. isthtn. 26/*.
Hub.—Mansang, near Hsipaw (No. 24193).

angulis superioribus

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 conica or even submamillate, but never truncate as in typical 3f, Jlldbii.

Genus: Coswarium Corda.

79. COSMARIUM OBSOLETUM (Hantzsch) Reinsch, 1867 ; Nordst. Alg.
1880, p. 7, t. 1, f.

t. 56, f. 1-3.

et Char, i,
9; W. & G. S. West, Brit. Desm. ii, 1905, p. 133,

Var. SrvENswv 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.
f. 19.

Forma TRUNCATA. (PI. xv, fig. 17).
Forma paullo major,

ii, 1895, p. 297, t. 240,

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).

81l. COSMARIUM SUBLATEREUNDATUM. W. &. G. S. West, Alg. Madag. 1895, p.
60, t. 6, f. 1

Forcna lateribus semicellularum 6-7-undulato-crenatis, apice paullo
et leviter 2-tfadulatis. Pyrenoidibus binis.

Long. 37/*; lat. 34*5/*; lat. apic. 15-15-5/7;
(PI. xiii, fig. 13).

Bab.—Momauk, east of Bhamo (No. 21551).

angustioribus

lat. isthm. 10/*.; crass. 17/*.

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
Long. 27/*; lat. 19/*; lat. isthm. 4-5*. (PL xiv, fig. 1).
Hab.—Mansang, near Hispaw (No. 24193).

rotundatis.



COSMARIUM. 203

83. COAREUM BIREME Norclst. Desm. Brasil. 1869, p. 212, t. 3, f. 33; W
& 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. (M. xi, fig. 17).
Yof. sinu e 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/*.
Hab.*— 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.—n 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 INMEQUALIPELLICUM W. & G. S. West, Alg. Madag 1895, p. 54,
t. 6 f 28, 29. :
jiab—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.

(@ 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. &*.

Sab.—Inthe 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. 10",

Hab—Burdwan, in flooded ricefields (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. 217; lat. 14//,; lat. isthm. 3*.

Hab—Manpwe, N. Shan StaIesI(No. 22513). In swamp, Katha (No. 22677).:

91. COSMARIUM ANGULOSUM Brf£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. 64
Long. 17'4/x; lat. 11/*; lat. isthm. 3*5M

H b.—Singaing, Kyaukse district (No. 22193).

93. COSMARIUM NORIMBERGENSK Reinsch 1867; Algenfl. Frank. 1867, p. 113, t. 9,
1 2. |
C. llammeri 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. 11-5-15-3y; 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. 23LC

Hab.—n the Kan—gyi at Mudon (No. 24505). Between Thingan-nyi-naung and
Kawkareik, in the side-channel of a stream ,No. 24483).

Another fom of this spede3 had the laerd margins of the semicdls dightly covex and th,
goex fantly retuse. It was dso rddively a little broader than typicd C. exiguum.

Long. 15/*; lat. 10%; lat. isthm. 2*27; crass. 6-5*.
Bab.—In swamp, Katha (No. 22677).

95. COSMARIUM TURGIDUM Br£b. in  Rafs Brit. Desm. 1848, p. no, t. 32, f- 8
Var. LIGATUM var. n. (Pl. 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/*.
Hab#_In the Kan-gyi at Mudon (No. 24505).



COSMARIUM. 206

96. COSVARIUM CONNATUM lirEb. 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. Wes* 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. cosvARIUM 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. (Pl. xiii, fig. 12).
Var. minor, apicibus truncatis.
Long527/4' lat. 14'4-15-3/*; lat. isthm. 13/*.
Bab.—Mansang, near Hsipaw (No. 24193).

99. COSMARIUM PRAINII sp. n. (Pl. xiv, fig. 12).

C. submediocre, psene 1Mplo 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 unumqguemque;
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 GLAFHYRCeOTOM Sp. n. (PL XIV, %8. 16, 17).

C. mediocre, circiter lj-plo longius quam latum, profundissime constrictum, sinu
aperto interdum angustiori ad extremum ; semicdlulae transverse dlliptico-oblongae, mar-
ginibus lateralibus paeue sernicircularibus, apice late truncate et subrecto; membrana
grosse granulata, 'granulis subconicis magnis 6-7 ad marginem lateralen® unumguem-
que, apice glabro, granulis prope basin semicdlulae multe minoribus et regione basali
glabra, cum scrobiculis minutis circa granulos in centro semicellularum; a latere visas
depresso-circulares; a vertice visse late dlipticae, 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 closdy
related to any other described species of the genus. The very deep constriction, the large sze and
conica shape of the granules ; the smocth, truncate apex of the semicdls, 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 comparson are C. paradoxum Turn, and C.
pnvgrandiforrm Schmidle.



206

FRESH-WATER ALG” FROM BURMA.

101. COSMARIUM TRACHYDERMUM W. & G. S. West, Alg. Madag. 1895, p. 64,
i. 86 f 9o

Var. ELLIPTICUM var. n. (Pl. xv, fig. 18).

Var. semicellulis subellipticis, apicibus convexis.
Long. 52fi; lat. 38-40/*; lat. isthm. 197; crass. 25".
Bab.—In springs on the river bank, Bhamo (No. 21501).

102. cosmAsiumM RENIPORME (Ralfs) Arch, in Journ. Bot. 1874’ p 92
Hab.—n springs on the river bank, Bhamo (No. 21501).

103. coswARIUM LATUM Bré'b. Liste Desm. 1856 D ml_2_K.ﬂt t s *
Biss. Scott. Desm. 1894, t. 2, f. 10. ' ’ 14t #1lo5 Ron &

Cellulse lj-plo longiores quam latse; semicellulje rectano-ulares . s infartas
. . . . . . A ' angulis inferioribug
rotundatis et angulis superioribus magis qiyndatig, apiee £ 72 Se retuso in py
granuhs subparvis, depressis; a vertice visse oblongs, polis rotundatls edio ;

Long. 68/t; lat. 547; lat. isthm. 18/*; crass. 29-5y.
Hah.—In a small pool, Kyaukse (No. 22192).

The form seen wes rather more rectangular than the general gap of ¢,
granules were dightly smdler and more numerous. But for its retafes ' °
have been placed under C. quadrum Lund. The granulation was v .E[,,.7°”'°“8 M Amost
Nordst., but there were no punctulations between the granules @~ ~  © A of o sblaum
C. ablaum Nordst., C. orthoplerwn Roy & Biss » G marg wat *  (Lg' Lun<ly o, M« Breb.,
~ C. compersum Rafs are al species which require further' invest®aticT ud} A & BigSw and

104. COSMARIUM MULTIORDINATOM W. & .f.,t.. g TIT. ¢ wrr -
1897, p. 121, t. 367, f. 1. vonn Weler AT A Freshw.  Alg.

Var. BURMENSE var. n. (Pl. xv, fig. 19).

latnmi  and the

Var. angulis superioribus semicelluiarum'leviter TMA *e .
majoribus et ad margines conicis. '°'adationbus, granulis paullo
Long. 77-8-V; lat. 59-5-64"; lat. isthm. 19,,; crass. 41".
Bab.— Mansang, near Hsipaw (No. 24193).
This variety differs chieflly in the somewha larger sze and o
The conicd granules are principaly evident round the margin* o of ea{l{ Ao s granuleg,

the centre being more rounded. The scrobioulations between “the ,a;lj Sex1Ce118: the granules in
and under no conditions of foousdo they exhibit any angularity. S *Wsx are 6mall o ed  pitg

105. COSMARIUM  SUBDECORATUM W & ft s w * T

165, t. 8, f. 13. " " West: Desm_ gingapore, 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. * 7o« Exsic_ 1880, No. 383;

Var. crenis lateralibus 7-9, crenis apicalibus 4 ft *

cum series verticalibus 5-7 granulorum circ = '“M°"® supra isthmum
horizontali singrttla granulorum fi_ft, ICx O+ & inferne cum s«iA



COSMARIUM. 207

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).

g. 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 daso 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 al 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 basa row of granules across the semiicells.
Specimens of C. binum from Burma and Ceylon resemble Raciborski's form more than the original
Brazilian exarﬁplei An amost 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; celulse a vertice visas polis rotundatis.
Long. 41//,; lat. 29-5-31-5/*.; lat. isthm. 13/*; crass. 20* (Pl. 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, Wedv
which it resambles very much in the shgpe of the samicdls.

109. COSMARIUM QUADRIVERRUCOSUM sp. n. (Pl. xv, fig. 14).

C. parvum, paullo longius quam latum, profundissime constrictum, sSinu 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 €dllipticag, verrucis magnis
truncato-retusis binis ad medium utrobique. '

Long. 23/*; lat. 217; lat. is"hm. 52z ; crass. 15*.
Hab.—In the Kan-gyi at Mudon (No. 24505).

110 COSMARIUM TRIVERRUCOSUM sp. n. (PL xv, fig. 16).

C. parvum, psene I|-plo longius quam latum, profundissime constrictum, sinu
angusto-lineari extremo ampliato; semicellulae transverse oblongo-rectangulares, angulii

ANN. ROY. BOT. GARD. CALQUTTA VOL. VI.
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inferioribus subrotundatis, lateribus subrectis (vel levissme convexis), angulia superioribus
late rotundatis, apice levissme convexo, cum granuio uno ad angulum inferiorem ‘et
granulis parvis duobus intra angulum, aerie granulorum magnorum 5 intra et juxta
gpicem et granuio uno ad angulum superiorem unumgquemaque, verrucis rotundatis 3 trans
centrum semicellularum ; a vertice vise late dlipicc© venucis rotundatis 3 ad medium
utrobique, granulis parvis 3 ad polos, et serie granulorum 7 intra marginem lateralem
unuraguemque; a latere visse subcirculares, verruca rotundata magna ad medium lateris
uniuscujusque et granuio magno juxta apicem utrobique.

Long. 31/*; lat. 2250u,; 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 semiodls and by the three lafge rounded Fiartd
in the oentre of each semicell. The Tertical view has more obtuse poles, and the apical serfeB

large granules projects dightly above the apex in the front view. of
From C. Wellkeimh Schmidle (Ost-Africa Desmid. 1898, p. 38, t. 2, f. 25 it diffem i th
from of the semicdls, in its condriction, in the dispostion of the apical granules' and i e
absence of any granules above the isthmus. ' the
It might also be compared with C. cyathiforme W. & G. S. West (Some N Amer D«dn 189
p 248, t. 15 f. 9). mery  UeBmy &

111. COSVARDM BURKILLII 8p. n. (PI. X1V, fig. 13).

. C. submediocre, paene lj-plo longius quam Ilatum, profundissime congtrictum
smu angusto-lmean extremo subampliato; semicdlulae subrectangulares, angulis basalih”
levissme rotundatis, lateribus paraleis, angulis superioribus rotundotruncatis JZ
truncato et subrecto, cum granuio singulo ad angulum basdem *f ~ ' TETE
(drc. 6) ad et int. ,a5ne» laade, amn sgfe NN NZZ
unumguemque prope apicem et granulis magnis binis infra dentem in cent A
cellularum granulis magnis circiter 14 in seriebus obliquis et verticAlibus ordinatis
scrobicuhs minutis inter granules; a latere vise subcirculares; a vertice vise W f --
granulis 5 ad medium utrobique, polls trigranulatis, cum granulis intra regionem”P--¢®,
et juxta medium marginum lateralum ; membrana panctata. - poiarem

Long. 47+5%; lat. 34/t; lat. isthm. 10/*; crass. 2dw.
Hah.—ifén%\ng, near Hspaw (No. 24193).
This spedies shoud be compared with C. Freemanii W. & G. g. Wet:
Var. RECTANGULARE var. n. (Pl. xiv, fig. 14). ' .
Var. minor, angulis superioribus semicelularum minus rotundatis t granulia
dentatis 3 instructis, granulis centralibus magnis propius ad apl cem,
Long. 37-5—38-5/*; lat. 25-5—27/t; lat. isthm. Sfi+ crass. 205/*.
Hab.—With the typical form, but more abundant (No. 24193,

112. CcOSVARIUM BLYTTII Wille, Norges Ferskv. Alg, 1880’ P 9) 1 £ 7
A b - .
Bab.+r n spsprgsgs oron thide rikiger bbakk, BBbamo (I M\
Bhamo (No. 21551). ' K. %“’1))“ WMamaakl,  east of
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113. COSVARUM SUBCOSTATUM  Nordst. Desm. Ital. 1876, p. 37, t. 12, f. 13.
Long. 31 fji] lat. 26”;Jat. isthm. 82",
Bah.—In the Kan-gyi at Mudon (No. 24505).

Forma. ( =7? 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. 68/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.—n flood rice-fidlds, Burdwan (No. 24674).

114. cOSVARIUM SUBALATUM W. & G. S. West, Alg. Madag. 1895, p. 63, t. 7, f. 31

Pyrenoidibhs singulis ; apicibus minus undulatis.

Long. 18—21M; 15*5—19/; lat. isthm. 4—4*3".

Bab.—In springs on the river bank, Bhamo (No. 501). Mansang, near Hsipaw
(No. 24193).

115. COVARUM TESELATUM (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. (Pl. xiv, fig. 15).

C. subparvum, circiter 2|-plo longius quam latum, leviter constrictum, snu parvo
exc&vato; semicdlulae cylindrico-oblongae, lateribus rectis, angulis basalibus levissme 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 semicdlulse granulis circiter 26.

Long. 61M ; lat. 24/A; lat. isthm. 18K,

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 paralel sides of the semicels, by broadly rounded apices, and the
more excavated constriction.

It should aso be compared with C. pseudamcenum Wille (Sydamerik. Algfl. 18&4, p. 18, t.
1, f. 37).

Genus: Xanthidium Ehrenb.

117. XANTHIDIUM SANOSUM (Josh.) nob.
Cosmarium spinosum Josh. Burm. Desm. 1886, p. 647, t. 25, f. 3, 4.

We have examined a number of Joshuas origina 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; semicelulae elliptico-subsemicirculares, angulis

ANN. BOY. BOT. GAKD. CALCUTTA VOL. VI.
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basalibus late rotundatis et apicc subtruncato, margine laterali unoguoque spinis minutis
5-7 (plerumque) pradito, spinis ad angulos basdes goggee subirregulariter dispositis et
numerosioribus; a vertice viste eliptic®, spiuis minutis 2-3 ad polos et seriebus leviter
divergentibus duobus spinoruni intra polum unumguemgue; a laicre visa subsph®ric®,
spinis rainutis 2 ad apicem; membrana delicatissme 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. dne spin. 42/, cum spin 4P-5y-
lat. isthm. 23M; crass. 32", T

Hab.—Rangoon. (Joshua).

Joshua's description of «Cosrnarium spinomm” is very incomplete, and his figure is inexact
He figures a single row of prominent scrobiculations across the base of each samicel but hk
specimens show a zone of these scrooieulations composed of two or three rather irregulr row™
The number of pairs of lateral spines i. commonly five or six, but near the basa angles of -tHe
samicdls there are often one or two additional ones. '

There is little doubt that Xanthidium pukhrum Turn. (preshw. Alg E India 180S , mo
t. 13, U0, meedy a fom of X s~ n . The seicells ae "o thgtmé’\ “ShepET 1
smus and the isthmus are precisdy similar, and he dso fiewe3 o, J0 BU“P  tne
scrobiculatiions aoss te bese of the semicélls. The addiional mm - f Oy 4%y 'ows o larger
. e . . . oc—® &« tu yasal .
sometimes met with in the Burmese species. Turner's vertica view rf in A L\ abgles  &re
view (|7 io 6) 1S ObviOliglyinaccurateé

We are inclined to think that X. brevicorne Turn: is dso & form of )
having failed to find the sufface markings. X eximium Turn  f ouy, | *1 BpinBum, - Turner
view to its relationship with X spinosum. ' also be Qning jnto with a

Forma membrana scrobiculata in parte pentmli %" - ni
minutissma punctata. P mkkk BEMICarum et me.brana tota

Long, sne spin. 4849/*. cum spin. 50"51'_u,- kt  «n .
spin. 42«48-5M; lat. isthm. 20-5-23/.; crass. 31~ (Ph ,, ~~ A 89437 ogym
H

-, 8)
Hab.—In the Kan-gyi at Mudon (No. 24505). )

118. XANTHIDIUM BURKILLIl sp. n. (Pl. xv, fig. io)

X. submediocre, tarn longum quam latum (sine spinis), profunde o * e
angusto extiomo ampliato et extrorsum aperto; semicdlul®e ;. I.-'Ons"”";]“m> sinu
parte infeiidfi ventricosa, angdlis besdiibus rotundatis, angulis TRAHT BPNexegone,
mamillatis et spina elongata recta instructis, parte superiori 147 wwwd o apicalibus
subrecto; a vertice visse subellipticse, polis bimamillatis mamill II-"."l 1°.°”°aYAS) apice
cum spiois divergentibus instructis; in centro semicelularum L™ PO unhseiusque
scrobiculorum 4 juxta et supra ishmum ; angulis mamillatiss . . A~ !nerassato et oo

dispositis. Amicellularum subirregulariter
Long. gine spin. 44/,, cum spin. 73-77,,; lit. gine spin ,, ..
77-81/.; lat. isthm. 16-5/.; crass. 24M; long, spin, 18'5-20M, ' **-*5/S cum spin.

Hub.—Mansang, near Hsipaw (No. 24193)

This spedes posseesses the same number of spines as X. antilo (Bréb
are more irregularly digposed, rather longer, and each one is dta if T A Kiite, but they
projection. Cned a the apey of a mamillate
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119, XANTHIDIUM SXMAMILLATUM sp. n. (Pl. xv, figs. 11, 12).

X. submediocre, pauHo longius quam latum (sSine spinis), profundissme constrictum,
snu late aperto et obtuso; semicdlulse transverse suboblongo-elipticae, parte superiori
marginum lateralum trimamillato, mamilla unaquague spina perlonga recta prsedita
spinis inferioribus subhorizontaliter dispositis, spinis superioribus et medianis sursum
divergentibus, projectione parvo infra mamillam inferiorem utrobique, apice concavo vel
nonnunguam recto; a vertice visss dlipticse, 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. -isflim. 7"5-9°5/*; crass. - 18-23/*.

Hab.—Maitsang, near Hsipaw (No. 24193). In the Kan-gyi at Mudon (No. 24505).

This gpeoies comes nearest to X Bengalicum Tarn., but is distinguished by its widely open
sinus and the form of the semicellss 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 sefhicdls is somewhat variable, and may be represented by an internal thickening of the
cell-wall, or by a very small, projecting tumour.

Var. ROBUSTUM—va. n. (Pl. xv, fig. 13).
Var. sinu minus aperto, spinis inferioribus et medianis utrobique brevioribus
et vaidioribus, spinis superioribus minutis (multe reductis).

Long, sine spin. 45*, cum spin. 52-54/*; lat. sne 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. Desn.-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 semicelularum elevation et

minus retuso.
Long. 20-24M; lat. sine spin. 16-19/i, cum spin. 43-46/*; lat. i&thui. 4-3-53/*

(PL xv, fig. 7).

Hub.—Mansang, near Hsipaw (No. 24193).

121. ARTHRODESMUS CURVATUS Turn. Freshw. Alg. E. Jndia, 1893, p. 135, t 11,
f. 31, 33; t. 12, f. 2, 7, 13 15
Var. BURMENSS var. n. (Pl. xv, fig. 9).
Var. cdlulis diametro circiter I;|-plo longioribus, sinu plus aperto ; semicellulis
obsemicircularibus, apice valde convexo.

Long. 47/%; lat. sine spin. 36*5%, cum spin. &A* J I%- 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. (Pl. xv, fig. 4\

A. magnus, paene 1°plo latius quam longus (sine spinis), profun<?ssime’ con-
strictus, snu aperto acutangulo; semicdlulae éliptico-fusiformes, ventre plerumque
convexiori quam dorso, angulis lateralibus subacutis spinam sublongam rectam vel
curvatum ferentibus, spinis subhorizontaliter dispositis vel leviter divergentibus, a
vertice vise fusformes, polis acutis spinatis. Membrana glabra.

Long. 44-46'5/A; lat. sne spin. 57565, cum spin. 78-90/*; lat. dsthm. 95/,
crass. 20-2V.

Hal.—Mansang, near Hspaw (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 vertica view. The'under side
of the semicdls is dso more convex than the upper side, and the spines are slightly divergent.

123. ARTHRODESMUS LEPTODERMUS Lii-tkem. Desm. Central China, 1900, p. 120,
t. 6, f. 17-19.

Forma semicdlulis a fronte et a vertice viss ad polos minus attenuatis, sinu
ad extremum leviter angustiori.

Long. 38-5 lat. dne spin. 38542*, cum spin. 46-50/x,; lat. isthm.
8-9'5/i; crass. 204. (Pl. 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, tut the spines are a little longer. A. mihor Turn. (Freshw. Alg. E. ludia, 1893, p. 234,
t. 11, *» 29) is posshly a smal and rather more inflated form of the same plant.

Another closdly 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 seinicdlularum paullo depressis.
Long. 16/4; lat. sine spin. 217, cum spin. 26*5%; lat. isthro. 6"
Hah—Mansang, near Hsipaw (No. 24193).

Genus: Saurastrum Meyen.

125. STAURASTRUM ARCULATUM Breb. Liste Desm. 1856, p. 142 t 1 f 23
Long, cum apic. 19*5%; lat. 19*5%*; lat. isthm. 77,
Hab—Mansang, near Hsipaw (No. 24193).
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126. STAURASTRUM MUCRONATUM Ralfs in Ann. Mag. Nat. Hist. 1845, p. 152,
t. 10, f. V6; W. & G. S. West, Alg. N. lreland, 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.” XAPO'E (Schmidle) nob.

- . lkapoce Schmidle, Alg. aus Nyassa-See, 1903, p. 74, t. 2, f. 11.
The Hesmid dexribed by Schmidle under the name of . lkapoce is only a variety of S.
| eptoder mumy, Lund, with the angles less produced, and with the spines didtinctly larger and more

upwadly directed. The cdl-wdl is d0 punctate.

Forma cellulis paullo angustioribus, spinis interdum pauIIo 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.
. %nerme Turn. 1. ¢ p. 131, t. 17, f. 8.
Long. 52/s lat. max. 26—28/*; lat. isthm. 17/. (Pl. xvi, fig. 11).
Sab.—Mansang, near Hsipaw (No. 24193).
K. inerme Turn, can only be differentiated from . unguiferum by the absance of the dhort
terminal spines, and is therefore bes regarded as var. inerme of that species

The specimens obsaved from Burma are not exactly like the description and figure given by
Turner of his Indian forms The ddes of the samiodls are draighter, and . towards the base are
vay faintly retuse. /The upwady directed angles are somewha thickened and dightly incurved
ove the gpex of the samicdls asin . unguiferum forma major Turn. \

S. unguiferum var. inerme is very closdy alied to . corniculatum Lund., but is proportionately
narrower, with the angles more produced and less spreading. It is dso interesting to note the
existence of a spinate form of &. corniculatum—S. corniculatum var. spinigerum West—which occurs in

Europe and Austraia.

129. STAURASTRUM UNICORNE Turn. Freshw. Alg. E. India, 1893, p. 107, t. 15,
f. 16.
Var. cevlaNom 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 o
lat. isthm. 54¢ (PI. xvi, fig. 2). ’
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Hal.—Mansang, near Hsipaw (No. 24193).

S. unicorne is a very varlable speues of which there are five defcribed varieties. Turner state*,
in his d&crlptlon of S unicorne that the spine at the extremity of each angle may be curved
straights convergent, or divergent. In the specimens of . unicorne var. ceylaMcum described fromi
Ceylon the terminal spines were curved and slightly convergent

130. STAURASTRUM CUSPIDATCIM Bre'b. in Menegh. Synops. Desm 1840 n 22fi.
Ralfs, Brit. Desm. 1848, p. 122, t. 21, f. 1; ,, 33, f. o P T
Hab.—Mansang, near Hsipaw (No. 24193).

131. STAURASTRTIM  PRAINIlI sp. n. (Pl. xvi, fig. 10)

St.  magnum, circiter tarn longum quain latum, .funde conMrictum  sinu
angusto apicem versus dexnde extrorsum valde ampliato; semicellul* transver;e sub.
elliptict, axce late truncate (interdum levissme retuso), angulis lateralibls ™«
ruamma parva intus excavata spinam brevem ferente; a vertice vis* triangutar”
latenbus in medio retusis, angulis late rotundatis apice extreme snhit«r f i %
producto et spina brevi praBdito; membrana glabra e emees o€ 13V Iter

Long. 86-88,; lat. sine spin. 73-90,, cum spin. 79-100,; ]a. isthm. 2.6-28,
Bab.—Mansang, near Hsipaw (No. 24193). '

This species differs from H. mojmculum Wolle and' &. magnum Well* i > o

wider, in the flattened apices and more inflated angles of the semi_ 11 'I.L welng proportionately
apical part of the sinus, and in the short spines which arise fr Ssr;'&'lg]ei h IT tbe mucd narrower
angle. The inflated angles are most clearly seen iu the vertical vi® o

ow ™ projection at each
It should aso be compared with &. conspicuurn W. & G S W

by its relatively longer cels with more inflated lateral angles each .rom AfL IS distinguished

short spine situated on the extremity of a hollow mamillate 1' r of WOy turnisiie( ity o
projection. The cell-wall is also smooth,

132. STADRASTEUM BIFIDUM Br”b. in Ralfs, Brit. Desm i*u« .
Desm. Suec. 1871, p. 62, t. 4, f. ,. Ttomvewr P> 215e Lund,

Lon 31-5,; lat. sine in. 29-31,, cum I 4856 w .
(PI. xwgflg 7). ¥ spp %> lat.  1sthm. s

Eab.—Mansang, near Hsipaw (No. 24193).

133. SI',&‘URASTRUM SUBTRIFURCATUM W, & n. Q W - ,
1896, p. 258, t. W, f. 24. S. WesSt: Soffle N A_er. pesm.

Var. MAXMS nob.

S. subtrifurcatum Schmidle, Ost-Afrika Besin. 1893 56

S. subtrifurcatum forma major W & Q s w'Poew g ¢,
p. 295, Tx WSty Mol Alg. i, 100>
Var. mgor, semicdlulae a fronte visse si,, apertior'

a vertice visss angulis subinflatis et acute = TotnnNjAl% leviter retuso g

(sed leviter retusis in medio). unaatis, lateribus subrectis
Long, sine spin. 58,, cuin spin. 84-86*5,; I;t S[ne . :
105-108/*: Jat. isthm. 15,. (Pl. xvi, fig. 15). * ' ° =~ 8m8 54555 = .um 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 aso 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 &. tridens-Neptuni W. & G. S. West (Welw. Afric Freshw. Alg.
1897, p. 177, t. 36, f. 7) should be placed as a from of &. mblrifurcatum, but we distinguished
it from the latter species at the time of its publication. In &. tridens-Neptuni the three spines
a 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 . 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 &. longispinum (Bail.) Arch, than to . 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, fig. 5).

St. mediocre, paullo longius quam latum (sine spinis), profunde eonstrictum, sinu
valde aperto et rectangulari; senricdlulse late triangulares, marginibus inferioribus
rectis vel subrectie, apice levissme retuso (subrecto), angulis leviter bilobatis, lobo
inferioii spina valida loDga subdivergenti instructo, lobo superiori spinis binis multe
minoribus horizontaliter dispositis instructo; a vertice viee triangulares, lateribus
levissiine retusis (subrectis), angulis in spinos validos longos productis, intra angulum
unurnguemaue spinis binis parvis prope basin spinee validae; membrana glabra

Long, dne® 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 &. Irecmanii var triquetrum W. & G. S. West (Freshw. Alg. Ceylon,
1902, p. 177, t. 21, f. 22), but is easly distinguished by the large simple aculel at each angle,
by the triangular semicells, and by the rectangular sinus. The three pairs of small spines at

the apex of each semicel are aso situated much nearer. the angles; they are shorter than those
of &. Freemanti, much less divergent, and in the vertica view they do not project beyond the

margin.

135. STAURASTUUM MANSANGENSE sp. n. (Pl xvi ‘fig. 4).

St. parvum, circiter tarn longum quam latum, profunde constrictum, sinu
acutangulo et aperto angustiori ad apicem: semicdlulae rabtrapezoideae (vel late
truncato-pyramidatae), lateribus et apice leviter convexis, angulis basdlibus et superi-
oibuK verruca emarginata prseditiss, cum verruca emarginata ad medium  marginis
lateralis uniuscujusque, etiam verrucis emarginatis duobus juxta et infra marginem
apicalem: a vertice visee triangulares, lateribus leviter convexis, angulis in verrucam
emarginatam subiter productis, serie verrucarum emarginatarum 4 intra marginem
lateralem unumquemque et Spinis minutis geminatis prope angulum unumguemque
utrobique.

Long. 26/*; lat. 24-5"; lat isthm. 75/*.

Hab.—Mansang, near Hsipaw (No. 24193).

ANN. ROT. BOT. GARD. CALCUTTA VOL. VI.
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This gpecies closdly resembles &. 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 vertica view. The four warts forming a chain across the dorsal part of the

semicells from angle to angle are bispinate in &. 8ubmontioulosum, but they are only emarginate
in 8t. Mansangense.

136. STAURASTRUM BURKILLII sp. n. (Pl.. xvi, fig. 3).

St. magnum, rotundato-ellipticum, circiter 1"Mplo longius quam latum, profunde
constrictum, sinu valde aperto (late ovato) apicem versus late conico ad partem
exteriorem contracto; semicdlulas dliptico-subsemicirculares, ventee convexo maraine
exteriori semicirculari cum undulis depresss 7, angulis basadibus; in ' mamillos
rotundato-conicos deorsum productis;, a vertice vise triangdares, lateribus leviter
concavis, angulis latissme rotundatis in medio cum incisone 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 Saurastrum is related to . Zahlbruckneri Litkem. (Desm. Central China 1900
p. 125, t. 6, f, 41-43), but is a once distinguished by its extraordinary sinus, the deepfy 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 L £ oo
var. mamiUatum—h** been found in Siam (vide W. & G. S. West, Freshwa/chloroDhJ’\lf\"n N~
1901, p. A t 3 f. 3537). Ths vaidy is pindpdly disinguished by L WSLT‘& 5
bimamUlate angles, and in a sense it stands intermediate between typlcal 8t 7 Mh ke
S. Burkillii. In the latter the angles of the semicells are still more deeply' c'feff'mct}]m’ "
being particularly evident in the verticad view, in which the broad angles possess '?“tr T
deep median notch. It is, however, the sinus, at first widely onen ani N -e & relatlvel
which gives the distinguishing aspect to &. Burkillii. i )

- UMM th<m partlall clo8ed

Yy >

137. STAURASTKUM PUNCTULATUM Br6b. in Ralf's Brit. Desm 1848
oA a *n b p- 130 t,

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 Ift

Brit. Desm. 1848, p. 133, t. 21, f. 8. v Boas Raits
Var. oBTUSLOBUM Be Not. Desm. Ital. 1867, p 59 t 4 f
Freshw. Alg. N. Zeal. 1888, p. 41, t. 4, f. 19.°* * 7 47 Nocxg

Long. 24-5/t; lat. 25-277; lat. isthm. 75/x.
Hal.—Momank, east of Bhamo (No. 21551).

139. STAURASTRUM RETUSUM Turn. Freshw. A|2 F Tmi-

f. 13. S TTYA 1893 b4, t. 13,
Var. puncruraToM Eichl. )
t, 5’ i 44. & GUtu NOna A Al goN .oV, 1894, p- 174,

Long. 20%; lat. 20y; lat. 75%, (Pl. «, fig. 30-32).
Hal.—Mansang, near Hsipaw (No. 24191).
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This variety varies very much in the foom of the semicdls The Burmese specimens are less
pylamidate, with convex ddes and the apices ae broader and less retuse (PL  xv, fig. 30).
We dso figure for comparison some examples from Ceylon which show condiderable variation in the
foom of the semicdl. We have previoudy mentioned that the "var. punctulatum® probably differs
in no way from Turner's &. retmum, as al the tropicd forms of this spedes which have snce
been found are punctulate, and Turner himsdf was very doubtful concerning the point.

140. STAURASTRUM LAEVISPINUM Biss. Desm. Windermere, 1884, p. 195, t. 5, f. 5.
Var. TROPICUM var. n. (Pl. xvi, fig. ).

Cdlulae 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, siné 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. (Pl. xv, fig. 25).

Celulse 1M-plo longiores quam late, angulis rotundatioribus cum spinis distinctis
binis instructis; membrana irregulariter granulata.

Long. 37%5-39AS 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 samicdls characterise this variety. It is
granulate dmogt as in var. subarcuatum (Wolle) West. .

142. STAURASTRUM PROTECTUM sp. n. (Pl. xvi, fig. 12).

St. submediocre, psene duplo latius quam longum (cum processibus], 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-
lares; lateribus subrectis, angulis in processus validos productis, verrucis parvis bidenti-
culatis duobus ad medium martinis lateralis uniuscujusque 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 goedes is nearest to &. 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 dender spines, in the ring of dx agpicad warts (which are smdl and bidenticulate—not
bifurcate processes as in 9. arcuatum), and in the possesson of a pair of smdl bidenticulate warts
a the midde of each sde of the vertica view. There are thus twelve bidenticulate warts on each
semicdl, a ring of sx apicad ones and three pairs of latera ones The processss are gmooth in
outling, but exhibit a few scattered punctulations.

Wolle has figured a Saurastrum (Desmids T S. 1884, t. 46, fig. 13 and 14) under the name of
. arcuatum which somewhat resembles St. protectum, but his figure is not very good. If Wall€e's vertical
view is correct, his plant agrees with S. protectum in the possesson 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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K. eyattoide, Josh. (Burmee Desm. 1886, p. 642, t. 23, figs. 22, 23) may possbly be
relaed to . protectum by resson of the fom of the vertica v*w, but it is destitute of the
Dizenticulate 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. GkAaciLius W. & G. S. West, 1. c. t. 8, f. 35.
Forma minor, cum annulis duobus granulorum circa processus unamguemque.

Long. 26*5//,; lat. axn proc. 29-3ip.
Hab.—Mansang, near Hsipaw (No. 24193).

144. STAURASTRUM HEXACERUM (Ehrenb.) Wittr. Gotl. J1. Setv. Alg. 1872
Desmidium hcxaceros Ehrenb., 1838. boa

Saurastrum tricorne (Br<Sb) Menegh. Synops. Desm. 1840, p 225- RM
Brit. Desm. 1848, p. 134, t. 22, f. 11; .. 34, f. 8a b

Sab.—Momauk, east of Bhamo (No. 21551).

61,

145. STAURASTRUM CALODERMUM sp. n. (Pl. xv, figy 26).

St. parvum, _circiter tarn longum quam latum, leviter constrictum; semicelluw.
ncudiformes, basi mflata cum senebus transversis tribus grandlo oCMiIn" uiae
processus breves crassos productis, annulis 4 granulorum circa n™ U°ﬂ’“'“' anguhs in
annulo ad basin e granulis geminatis formatis, apicibus rproce&m A

apice semicellulg leviter convexo et granulate; a vertice-' T =~ tndenticulatw,

processibus cruciformes), angulis in processus crassos aTenuato °U2df Do ulares ccum

: . . . 8 . :
Talde concavis, processibus cum nnnulis granulorum ornatis (m] . Pcttuctis, lateribus
e granulis geminatis formatis), cum annulo granulorum ffem!nal°n A s¥*M Processuum

Long. 26,; lat. (cum proc) 26-32-6,; lat. isthm. 9.5, T & An
Ilab.—Mansang, near Hsipaw (No. 24193).
The only species approaching S. calodermum is 8l basidentatum T*

(0]1101‘. AN Pinma,\

1892, p. 8, t. 1, f. 5), but the former is distinguished by the ihfl'ég‘glc.ﬁ?
he desply concave median part of the ddes of the verticd view AT

of tha Semicelrg by
granules at the agpices of the samicdls - vana Ry th

e ring of geminate
146, STWRASTEUM CAPITELLATUM sp. n. (Pl . g% 2a\
St.  parvum, circiter Ifplo latius quam longum (cum Ny, .h
strictum; semicellulse subtrapeziformes, marginibus inferiorib = “®S8US)>  |eviter con-
latis, apice convexo et verrucoso (verrucis bidentioiilat;* .C%"°@VIse |eviter undu-
superioribus in processus breves crassos subcapitatos productis , *-h = VSIS ), angulis
denticulis minutis circ. 10 (visis 6), trans basin semioellulal &P*'~%8 pPrecessuum cum
granulorum minutorum; a vertice visse quadrangulares " ]af, Bf cum seriedus g 0hys
processus crassos subcapitatos productis, verruca bidentic 1 +* UYS ConeaVxss a,qylis in

utrobique et verruca emarginata minuta iutra basin nol * * SUPTa basin grocesquum
— e sesuum

Long. 29%; lat. 26-33y; lat. isthm. 9. 5M. nNNN
Bab.—Mansang, near Hsipaw (No. 24193).

This species dtands nearest to . ceylanicum W. &. (J 8 Y
compared. Wests  with whioh it ghould b®©
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147. STAURASTRUM MONTICULOSFORME sp. n. (Pl. xv, fig. 33).

St. parvum, paullo latius quam. longum (cum processibus) profundissme con-
fitrictum, snu aperto acuminato ad apicem; semicelulse subdlipticae, margine inferiori
-valde ventricoso, margine superiori convexo, angulis in processus breves et crassos horizontal-
iter dispositos productis, cum annulis circ. 3 granulorum circum processus unumaguemaue,
apiciE)us processuuui tridentieulatis, verrucis conicis duobus (distantibus) infra marginem
gpicdlem semicelularum; a vertice visss rhomboideo-dlipticse, 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 §meral outline of the front view this species closely resembles . polymorphum Bréb.,
but it is a ox& 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 &. 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 hifurcate at the apices, and in the conica apica warts in place of spines.

It should dso be compared with . 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 conicad warts do not project above the apex of the
semicells of . monticulotiforme, whereas the corresponding dentate projections of &.  monticulosur/i,
aways stand out prominently.

148. STAURASTRUM TETRACERUM Ralfs, 1845; Brit. Desm, 1848, p. -137, t. 23,
f. 7.
Var. TRGRANULATUM var. n. (Pl. xv, fig. 19).
Semicdlul.se cum processbus paullo brevioribus et vaidioribus, a vertice viss
lateribus trigranulatis.
Long, sine proc. 1(V; cum proc. 19-21/*; lat. sine proc. 7*58*5*, cum proc.
22-247; lat. isthm. 4-2/*; crass. 5'8-6".
Hab.—Mansang, near Hsipaw (No. 24193).

This variety differs from . 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 S. 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 ‘founded and the
central wart is absent.

149. STAURASTRUM GYRATUM sp. n. (Pl. xv, fig. 27).

St.  minutum, 2*-plo latius quain longum (cum processibus), modice constrictum;
semicdlulse subtriangulares, lateribus et apice leviter convexis, angulis superioribusin
processus longos tenuissimos horizontaliter dispostos subiter productis, marginibus
processuum delicatissme serrato-crenulatse, apicibus processuum minutissime  tridenti-
culatis; a vertice vise triangulares, lateribus leviter convexis, angulis in processus
longos rectos productis, proceseibus oblique dispositis e angulo unoquogue; membrana
glabra.

Long. 12#; lat. sine proc. 95", cum proc. 27°5-28"5/*; lat. isthm. 4.

Hab. -Mansang, near Hsipaw (No. 24193).
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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. Ssjo. from the apex the semicell
is triangular, with three dtraight processes, one margin of each process being a direct continuation
of one of the three sides.

It is perhaps nearest to St. tenuissmum W. & Gk S West (Alg. Madag. 1895, p. 78 t 8
f. 43), but is distinguished by the horizontal postion of the proceses in ‘the front view, by « theif
obligue 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 9Q0
211, f. 9. e o o T P- Ny, ot

Forma processibus paullo longioribus et angustioribus.

Long. 18-19/*; lat. cum proc. 27-32/*; lat. isthm. 67/x.
HaJ—Mansang, near Hsipaw (No. 24193).

151. STAURASTRUM PARALLELUM sp. n.

St. parvum, circiter 2-2fplo latins quam longum (cum DroCQgSlbUS} leviter
constrictum; semicdlulae subquadratae, anguhs basalibus levissmp ™ nj *e '
. i i wiooAuie lotunaatis, ansnals
supenonbus in processus longos rectos honzontaliter dispositos productis: m-3gmKu
processuum serrato-dentatis, apicibus processuutn tridenticulatis, apice semicellul B.ov-

ato et late truncato-retuso; a vertice visss triangulares, laterihm w* Y* s

[ J J- . ' w<>diuus leviter concavn
anguhs in procesws longos productis, marglnlbus processuum denticulatis
magna_truncato-emarginata intra marginem laterlem  unumuem 'St CUm VetrUCa
lorum 10 circa basin semicellularum. aue.aMylo  granu-

Long. 17M; lat. sine proc. circiter 7*6", cum proc. 32-5-37 1'5

iTA.—Mansang, near Hsipaw (No. 24193). M2 3sthme Sl

This Staurastrum is characterized by the eevated apex of th® * Is e horizontally
disposed, serrate-dentate processes, and by the ring of granules round B vlage At geivicel1s_ |y
does not appear to be very closdy related to any other described species’ & o

152.  STAUEASTBUM SUBINDENTATUM sp. n. (pi. xvj g8 ., 22)_

St. subparvum, duplo latius quam longum (CUm oo € dbus
constrictum; semicdllulae quadrato-trapeziformes, verruca bigramdatk._a' - 8VPProfande
incisura subprofunda et aperta supra verrucam bigranulatam» .34 P&SIM UtroPigue,
processus longos levissme et gracile incurvatos productis  \A - BUPErionibyg  ip
minute et acute nodulosis, apicibus processuum tridetiticulatis JPF9™PUS  Processuum
elevato spinis parvis 4-5 prsedito (Spinis ssePe gemioatis); . &1 ¥«Hulae leviter
corpore late elliptico, polis in processus longos acute nodulosps..u” ~ P393t

utis 4-5 (plerumque geminatis) intra marginem lateralem copporia Spinis minw
Long. 30-31y; lat. cum proc. 54-62,*; lat. isthm. 7-6-8 o " Ytrebidue
Hah—Mansang, near Hsipaw (No. 24193). A Cxmo U

This species is nearet to St. indentatum W. & G. g% v gg F
g6 t. 22, f. 10-12), but is digtinguished in the front view by i ™. Alg. Ceylon, 1902
by its broader and more quadrate semioells, with differently arraneedpr°P°”'°”a“*'y heater breddth-
the different character of the apex (which is elevated and furnished” ~."%"uca, at the sd&s and b
also more dender, and their apices are tridenticulate. 1, ihe Verfigal .”‘ spines). The pr J_
broadly dliptic (not globose), and the margins of the ,,Ce€Sseg are, ™" the A7 of the semiodl Ty

10Ugh as « the front view,
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It should dso bo compared with S. lepidum Borge (Trop. u. subtrop. Siissw. Ohlor. 1899, p.
30, t. 2, f. 45), from which, it differs in the verrucation of the semiodl, and in the nature and
direction of the processes. In . lepidum the margins of the processes are denticulate in front view
and smooth in the vertical view, whereas in &. subindentatum the processes are nodulose, each nodulation
being equaly developed all round the processs On the apices of . lepidum are four prominent
teeth ,forming the corners of an elevated area, and very conspicuous at the sides of the vertical view
but in . subindentatum there are no corresponding teeth on the elevated apex.

153. STAURASTRUM COMPSOBRACHIATUNT sp. n. (PL xv., figs. 23, 24). _

St. subparvum, circiter ||-plo latius quam loneum, modice constrictum; semicdlulae
campanulatee angustee s=d  inflatee ad basin, parte superiori marginum lateralum late
divergenti, (apice 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); . a vertice vise dlipticse, 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 a Mudon (No. 24505).

This pretty little Saurastrnm was obsaved in abundance, and does not appear to be dosddy
dlied to any other spedes It is readily didinguished by the graceful curvature of the processes
which are at firg horizontd, then strongly incurved with the goicesturned outwards. The margins of
each process are minutely crenulate, and the goex is fumnished with a pair of amdl spines asymmetri-
cdly digposed. The andl denticulations, dbove and bdow, & the bases of the processes wee
preseut on al >the spedmens examined. The large truncate protuberances in the middle of the
upper pat of samiedls are d0 very characteridtic.

154. STAURASTRUM GRACILE Ralfs, Brit. Desm. 1848, p. 136, t. 22, f. 12

Var. verrrroosuM W. & G. S. West, Alg. Madag. 1895, p. 77, t. 9, f. 1
Lat. cum. proc. 80 fi.

Hab.—Mansang, near Hsipaw (No. 24190).

155. STAURASTRUM SONTHALIANUM Turn. FresW. Alg. E. India, 1893 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 verticd view with anooth margins, but we do not find this

to be the ca=
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 &. Sehaldi is a vey poor one the front and verticd views
of which do not correspond. The vertical view gppears to us to be tha more accurate. In addition
to the row of emarginate warts along the three ddes of the goex of . Sehaldi, there is dso a
row of stout spines bdow them, which are somewha variable in dze and character.

Another gpedies closdy allied to S. Sebaldi is &. 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 rdatively smdler body of the semicdls, the
more dender processes, and in the aisence of the rows of stout spines beneath the emarginate warts.

The specimens observed from Burma were smdler than Reinsoh's origind examples, and the

margins of the basal part of the semicdls were undulate, but in other respects they agreed with
what we have aways regarded as &. Sebaldi Reinsch.

157. STAURASTRUM ZONATUM Borgesen, Desm. Brasil, 18110, p. 46, t. 5, f. 48.
Var. PRODUCTUM var. n. (Pl 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/,.

llab.—In the Kan-gyi at Mudon (No. 24505.)

In this veriety the processess of one semicdl aternate with those of the other. The len th
of the processes is condderably greater than in any other forms of 8t. zonatum. ' s

158. STAURASTRUM LIMNETICUM Schmidle. Ost-Africa Desm. 1898, p. 52 t 4 f 5
b - Ll .
Var. BURMENSE var. n. (PL xvi, fig. 13). ’

St. mediocre, circiter I-|-plo latius quam longum cum processibus, profunde con
strictum, sinu valde aperto apiculato ad apicem ; semicellul* late cuneato. apice valde
elevato et subtruncatoy aagohs in process longos denticulatos (process™ L quisque
annulis trxbus vel quattuor denticulorum pr«ditis) regulariter et sursum curvatos rao
ductis, apici'bus processuum conspicue trispinatis;, , vyeftice visa. 5-radiate eJL "

parvo, angulis in process longos trispinatos productis; processibus alterius semiceuZ

cum Us altertus alternantibus. * «mii «Araias

Long, sine proc. 31-32,,, cum proc. 54-58 M lat. sine proc chv 17
77-92/,; lat. isthm. 7-5-8-5 ,. '

P A CUC: 1774 cum P~c

Jiab.--Ir+ the Kan-gyi at Mudon (No. 24505).

Joshua (Burmese Desm. 1886, p. 643, t. 24, f. 1, ;) dexribes a spedes fm  T*
the name of S. platycerum, the vertica view of which ressmbles that oE S anet_'_ -8 W ma under
but the processes are stouter and the body rather larger. Joshuas des;oriptiqm | T? A Bamme,
imperfect, and if his fig. 1 on pi. 24 represents the front view of St plat" =~ “8.A wxx VW
of a caricature. &. limneticum var. Burmense occurred abundantly, and itoAT"™ A A A mUch
form of the semicells with their elevated apices, and the direction of curvar® “¥anece of aspeot  ipq
distinguish it from . platycerum. auro of tlle nrocesses at once

. limneticum var. Burmense also resembles S. stellinum, Turn tVres
p. 119, t. 15, f. 6), but the form of the semicdls is quite diffe,r‘err[ and |' A B fndiar 1893
and upwardly curved. Moreover, the processes are furnished with thr o —f plottSgag gre gracefully

L:1:] . .
dentioulations, and are not irregularly and minutely undulate as i, St ©°* A f'ngS of condpicuous

peculiar marks present a the base of the semicdls of the Wfo #"/f‘e"‘hum Turn., nor are the
L. Burmense. 'ASAN found iN <. jimmetkum
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It should adso be compared with typical &. 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 . 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 dso armed with three much longer spines.

Compare dso with &. 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 closdly 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/*.
Hah—In the Kan-gyi a 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 . mbpolymorphum (Borge, Alg. erst.
Eegnell. Exped., ii. Desmid. 1903, p. 107, t. 4, f. 13) is a very close adly of &. dtstentum
"Wolle; in fact it can scarcely be separated from it. Another very closdy allied species is &. Enghri
Schmidle (Ost-Afrika Desmid. 1898, p. 56, t. 4, f. 13).

161. STAURAST&UM QUADRICORNUTUM Roy & Biss. Jap. Desm. 1886, p. ‘940, t. 268,
f. 4.

Long, sine proc. 17//,, cum proc. 31/x; lat. sine proc. 15/*, cum proc. 30uj lat.
isthm. 6-5//,.

Hob.—Mansang, near Hsipaw (No. 24193).

162. STAURASTRUM HANTZSCHTI Reinsch, 1867.

Var. cooNGRUM (Racib) W. & G, S Wedt, Some N. Amer. D&m 1896
p. 257, t. 16, f. 15.

K. Renardi Reinsch var. congruum Racib., 1889.
K. Hantzschii var. depauperatum Gutw,, 1892.
K. intricatum Delp. (in parte).

AHN. ROYI BOT. GARD. CALCUTTA VOL. VI.
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Long, sine proc. 36*, cum proc. 44/4; lat. sne proc. 26/, cum proc. 38/*;
lat. isthm. 1-1*5M

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. sne proc. 22/, cum proc.' 82/*;
lat. isthm. 11*5%.

Hab-_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. 4Q 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* (Pl. xvi, fig. 16). -

Hab.—Mansang, near Hsipaw (No. 24193).

The specimens examined from Burma possessed all the main features of Gutwinski's variet
such as the large size of the cells, the longer processes, and the more upwardly diverging superigl’
swhorl of processes but they curioudy did not possess the character from which he named his variet
The denticulations near the bases of the process were in no ingances bidentate. Another rath®
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% geag Gut ..
expressy states that they were absent from the specimens he examined from Java. winski

Genus: Onychonema Wallich.

165. ONYCHONEMA LEVE 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 IGW

xii, fig- 8). '
Sab.—Manaang, near Hsipaw (No. 24193).

Numerous spores were observed of a large form of this gediea (long. 21-23/_* . I_<'t sine spin
28-30, cum spin. 41-44/4; diam. spor. cum spin. 23-26*), but we are uncertain whether the shpulci
be regarded as zygospores or aplanospores. They were very dmilar to zygospores of thi: °_
.hich'we have examined from the United States y, W. & . s. Western N

(PL

1896, p, 232, t, 12, f, 16, 17), but possessed fewer spines. Never more thau two set | | ===
observed attached to one of these spores and always at opposte sdes of the 2 T wa;e
gise the
contents

166. ONYCHONEMA COMPACTUM sp. n. (Pl. Xii, Tgs< 6> 7Y

O. magnum, filis compactis non tortis; cellulae |j.pio j '
s SO Ceari - 3.0res quam longe,
profundissime conatrict*, sinu perangusto-lineari 4 extremum 1 . . ?
eviter ampliato
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semicdlulse transverse oblongo-trapeziformes, lateribus convexis sursum convergentibus,
angulis inferioribus rotundatis, angulis superioribus processus breves crassos 2 oblique
dispositos ferentibus, apice latissmo et recto, cum seriebus duobus punctorum (ssepe
indistinctis) trans semicellulam unamguemque; a vertice visss anguste elipticae, ratione
axium circiter 1 X 2*5; a latere visse subcirculares.

Long. 20-23/*; lat. 27-29/* ; lat. isthm. 6-7/*; crass. 12/*; long. proc. apic. 2'8-3"2/4.
Hal.—Mansang, near Hspaw (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, cdosed sinus. The apical connecting-processes, by. reason of
their shortness and stoutness, are aso 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 al 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 globose et gladbrae, intra cellulas singulas formatse.

Long. 16-17/*; lat. 26*5-30/,; 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 tridentula’ occurred in abundance, and the plants were
of great interest owing to the formation of aplanospores within the individual cels. 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 amost 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 cdl is often unequal, resulting in an asymmetrical mother-cell.

168. HYALOTHECA BURMENSS sp. n. (PL xn, figs. 1-4).

H. mediocre, filis non tortis, sine vagina mucosa; cdlulse paullo latiores quam
longse, subquadratse, non constricts, lateribus subangulariter convexis, apicibus late
truncatis rectisque; a vertice vise circulares. Zygospone late oblongo-dlipticae,
marginibus irregulariter undulatis vel nodulosis prsecipue polos versus.

Long. 18-20 fi; lat. med. cdl. 22/, lat. apic. 19-20/x,; long, zygosp, 29" |
lat zygosp. 22-23/4.

Hab.—Mansang, near Hsipaw (No. 24193).

ANN. BOY. BOT. GTARD- CALOUTTA VOL. VI.
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The cdls of this gedes are very little broede than long, and are widet in the middle The’
zygopores are vay charadeigic, being dlipticoblong i, general shape and exhlbltlng variaus
irregularly-disposed  protuberances

169. HYALOTHECA MUcOsA (Dillw.) Ehreab., 1840; Ralfs, Brit. Desm., 1848, p. 53,
t. 1, . Z

Hab. —Mansang, near Hsipaw (No. 24193).

170. HYALOTHECA UNDULATA Nordst. in Wittr. & Nordst. Alg. Essie 1879 No 248
fasc. 21, 1889, p. 33. ' yrox0 Zme

Long. 13-4-16-3/*; lat. 6-7-7'7wm.

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 Bretb, 1836; Rabenh. Flor. Euron Al, 19«0 e
p. 154. P ok 1868y, Ul
Aptogonum Desmidium Ralfs, Brit. Desm., 1848, p. 64 t. 32, f. 1

Var. TETRAGONUM W. & G. S. West, Freshw. Alg. Ceylon, 1902, p 193,
? Aptogonum tetragonum Delp. Desm. subalp. 1878, p. 75, # 3 ¢ x* OQJ
Long. 15'5-17-5/s lat. 25-31-5*. (Pl. xn, fig. 5). » o > o =

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< 85 %, vB: Rabenh.
Long. cell. 27/t, cum stip. 40/*; lat. cell. 15*.
Hab,—Mansang, near Hsifoaw (No. 24193),
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Family: PLEUROCOCCACE&

Genus: Urococcus Kiitz.

175. UROCOCCUS TROPICUS sp. n. (PI. xi, figs. 17—21).

Cdlulss vegetative magnae, subspheericae, dlipsoideae, ovoidese, pyriformes ve
gubirregulares; membrana cdlularum crassa et conspicue lamellosa, valde et excentrice
incrassata; cdlulae paucse (usque ad 8) coloniain formantes, cellulis irregulariter dispositis
et dstipitatis, stirpibus crasss irregularibus lamellosis et plus minusve confluentibus.
Chromatophoris vade, granulosis, cum pyrenoidibus 1 vel 2 inclusis.

Propagatio cellularum divisone in omnes directiones.
Long. cell. 19-36*5*; lat. cdl 13-33/*; crass, membr. cell. 3-6/*; diam. colon,

usque ad 158*.

Hab—In the Kan-gyi a Mudon (No. 24505),

This *Alga is characterized by the thick-walled cells, which are supported singly or in small
colonies by hyaline stalks. These staks are gradually developed and are very firm. They are
conspicuoudy lamellose and more lees irregular at the margin. The cels multiply by division,
which may occur in any direction, but no colonies were observed consisting of more than eight
oells. The cels soon break away from the small colonies, and each proceeds by cell-divison and
the growth of the tough hyaline stalks to build up anew colony (vide PL xi, figs. 17—19). The
stalks are colourless and very tough, and where a number of cels have been growing side by

side, they frequently codesce 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
sze and greater irregularity of the cells. The cell-walls are aso 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, amost entirely filling the interior of the cell, and
it contains one pyrenoid (or rarely two). None of the cells contained the red-brown pigment

which is so characteristic of the other species of this genus.

Family: HYDBODIOTTAOE.
Genus: Pediastrum Meyen.

176. PEDIASTBUM TETRAS (Ehrenb.) Rafs in Ann. Mag. Nat. Hist, xiv, 1884,
p. 469, t. 12, f. 4.
Micrasterias Tetras Ehrenb.
jlas—Mansang, near Hsipaw (No. 24193). Between Thbingan-nyi-naung and
fiawkarelk, in the side-channel of a dsream, (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 gpeomans dosavad weare 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 a Mudon (No. 24505).

Family: PROTOOOCCACE" (or AUTOSPORAOEIE).
Genus: Coelastrum Nag.

179. R ASTRUM CAMBRICUM Arch, in Quart. Journ. Micr. Sci. 1868, p. 65.

C. pulchrum Schmidle in Berichte Deutsch. Bot. Gesdlisch, X, 1892, p. 206
f. 11, f. 1; Bohlin, Alg. erst. Regnell. Exped. I, Protococc., 1897j'p 35*
t. 2, f. 4-10. oot

jyab—Mansang, near Hsipaw (No. 24193).
Burkillia: gen. nov.

Cdlulee laxe aggregates coenobium subglobosum formantes;, cellulis 8-16- ? i,
ccenobio unoquoque associatis, globosis vel subgloboss (rare ovoideis); membrana
cdlulae 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 intrd
cellulam matricalem oriuntur.

180. BUSKILLIA CORNUTA.  sp. unica. (Pl. xii, figs. 19-21).
Character idem ac generis.

Diam. cel. 13-18/*; long. corn. 7-17 /*; diam. coenob. 75-88/*- diam oon"ld
2-7-4,. ' rE& T

Hab.—Mansang, near Hsipaw (No. 24193).

The cdls of this genus are loosdy aranged to form a coencbium of irore or Iess 1
shape, and esch individual cdl is furnished with a stout, conicd horn, which aises from 8Pq®°@!
base dmost equa to the diameter of the cdl. The horn is solid, and generaly exhibits a \Pe2d
Indicative of the layers of which it is condructed. It gradualy arises by a tbickenw= f T *
wirfaee of the cdl-wal directed to the outsde of the colony. > 4 that

Eeproduction takes place by the formaion of 8-32 smdl gonidia within the h
These are st free by the gradua dissolution of the mother-cdl-wdl, which becomes '% T her-cell.
this time the whole colony rapidly dissociaes The gonidia are non-motile, but theit” Gl Ous. At
was not observed. “lopmens

A few indances were observed of what appeared to be a process of renrmH,»- v

from the origind mother-cell, but nothing definite could be ascertained froh THE%— * Pud A
One of these cdls is figured on PI. XII, fig- 21. P *ved examples.

The nearest genus to Burkillia is perhgps Schmidle's Lauterborniella (Schmide B *t X .
Planktonalg, 1900, p. 149, t. 6, | 2, 3), m which the cambium condds of four luife ~¢Ruéniss
cell possessing two horn-like spines. oells, each
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Genus: Scenedesmus Meyen.

181. SCENEDESMUS BIJUGATUS. (Turp.) Kiitz.
Achnanthesbiyuga Turp.

8. quadricauda (Turp.) Br6éb. var. ecornis (Ehrenb.) Ralfs.

Jral—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 aobliqua 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. cel. 24-27/*; lat. cell. 6-7-7-8/*. (Pl. 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,
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. cdl, 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).

Protococc. 1897,

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.) Breb.  Alg.
Achnanthes quadricauda Turp., 1828.
Scenedesmus caudatus Corda, 1838.

Falaise, 1835, p. 66.

Hab—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. X

Micrasterias jalcata Corda, Aim. de Carlsbad, 1835, p. 206’ t 2 f 29
Ankistrodesmus fusiformis Corda 1. ¢, 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. ' * TP
Sab.—Banks and backwaters of the Irrawaddy a Bhamo (No 21502) Mansa
near Hsipaw (No. 24193); very large specimens. e Uny

Var. AcCICULARIS (A. Br.) G. S. West, Treatise Brit. Freshw. Alg. 1904
p. 223. : '

Rhaphidium aciculare A. Br., 1849.
Ankistrodesmus acutissimus Arch., 1862.
JEfel—Momauk, east of Bhamo (No. 21551). Mansang, near Hsipaw (No. 24193)

188. ANKISTRODESMUS CONVOLUTUS (Rabenh.) G. S. West, Treatise Br|t Fr b
Ale 1904 n 224, eslw.

Rhaphidium convolutum Rabenh. Flor. Europ. Alg. iii J868 46
Ankistrodesmus convolutus Corda, 1838, =Euglena?) ' . P fnon
Sab.—In springs on the river bank, Bhamo (No. 21501).

189. ANKISTRODESMUS QUATERNATUS sp. n. (PL xn, figs. 23-25"

Celulse luuatse et subcrassae, diametro circiter 4-plo Iongiore; 1

chromatophoris magnis sine pyrenoidibus; cdlulse quattuor coloniam maces*
cellulis distantibus et regulariter ordinatis, marginibus concavis cellu!El
directis; colonia a vertice visa cellulis cruciatim ordinatis. rum Introrsun;

Long. cell. 23-24'5/x; lat. cell. 7-7*7/*.
Hab.—Mansang, near Hsipaw (No. 24193).

r tUndatlsr

7rmantes>

This spedes is characterized by the regular digpodtion of the four cdls .
by the lunate fom of the cdls and by their obtuse apices compadng the colony,

Genus: Oocystis Nag.

190. O©OOCYSTIS SOLITARIA Wittr. in Wittr. & Nordst, AIa V e
fasc. 21, 1889, p. 22 cum fig. - - x3X8C. 1879 No. 244;

#.._Mansang, near Hsipaw (No. 24193).

191. oocysTis crASSA Wittr. 1L c. 1880, No. 355; fae 21 | «

Hab.—Mansang, near Hsipaw (No. 24193). moor 788 pro22,
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Genus. Nephrocytium Nag.

192. NEPHROCYTIUM AGARDHIANUM Nag. Gatt. einz. Alg. 1849, p. 80, t. Il 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).
jBatt—Mansang, near Hsipaw.

Genus. Ineffigiata W. & G. S. West.

[H4. INEFFIGIATA NEGLECTA W. & G. S. Wed, Alg. S. England t897, p. 5083;
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: PALMELLACEJE.
Genus: ApiocystlS Nag.

195. APIOCYSTIS BRAUNIANA Nag. in Kiitz. Spec. Alg. 1849, p. 208; Gatt. enz.
Alg. 1849, p. 69, t. Il A, f. 1
Hab.—In springs on the river bank, Bhamo (No. 21501).

Genus. Glceocystis Nag.

196. GLcEOcYsTS GIGAS (Kiitz) Lagerh. in Ofvers. & k. Vet—Akad. Ferh
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 a Mudon (No. 24505).

197. GLCEOCYSNS VESCULOSA Nag. Gatt. einzell. Alg. 1849, p. 66, t. IV F.
Hab.—Momauk, east of Bhamo (No. 21551). Singaing, Kyaukse district (No. 22193).

ANN. 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-
Lemim. Gen. Ophiocytium, 1899, p. 29, t. 3, f. 3-5. ' tox
Hah—Kyauktaga, Pegu district (No. 22124).
This and several other spedes of the genus Ophiocytium are generaly distributed in the Swam 5
and stagnant pools of both temperate and tropica regions. n
199. OPHIOCYTIUM. COCHLEARE (Eichw.) A. Br. Alg. unicell. 1855; Rabenh. Flor
Europ. Alg. iii, 1868, p. 67; Lemm. l.e, p. 30, t 3, f. 10-12. :
Forma; diam. cell. 85~ (Pl. xi, fig. 13).
Hab.—Mansang, near Hsipaw (No. 24193).

200. OPHIOCYTIUM BICUSPIDATUM (Borge) Lemm. l.e, p. 31, t. 3, f. 13-15. 0 ma,'us
Nag. var. bicuspidatum Borge, Siissw. Chlor. Archang. 1894, t. 1 f 7~

Small forms; diam. cell. 6*5*.

Hab.—In swamp, Katha* (No. 22677).

201. OPHIOCYTIUM PARVULUM (Pérty) A. Br. Aig. unicell. 1855, ,. 55. Lemm

> .
l.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 “* R3XV&

curvata instruct*.
Crass, cell. 5-5-5"; long. spin. 3-7-4-7Ii.
Hah—In swamp, Katha (No. 22677).
This spedies differs from O. Lagerheimii in its solitary habit, its broader and much Ior,ger e

and in the very much shorter spine. It is more deuder than O. cochleare (Eichw\ A *™~

cl are more elongate and not closely coiled. Wi, Av % and the

Genus: Tribonema Derbes & Solier.

203. TRIBONEMA BOMBYCINUM (Ag.) Derbes & Solier, Mem. sur nhvsiol Al- [«™
p. 18, t. 4, f. 16-21. pDy8101_ Alg: 185b,

Conferva bombycina Ag., 1817; Riitz. Spec. Alg. 1849, p. 37:. Lagerh Stu(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.—n springs on the river bank, Bhamo (No. 21501),

TJis plant is commonly found in springs, in dow 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: CENTRICA.
Family: MELOSIRACEE.

Genus. Melosira Ag.

204. MELOSRA VARANS 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 Kawkarelk, in the side-channel of a stream (No. 24483).

205. MELOSRA GRANULATA Radfs in Pritch. Infus. ed. iv, 1861, p. 820.
Bab.—I, the Pegu-Sittang cana, Minywa, Pegu district (No. 21975).

Order: PENNAT E.

Family: FRAGILARIACEJE.
Genus. Fragilaria Lyngb.

206. HRAGLARA VIRECENS Rafs 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.

jlafl—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 Klitz. Bacill., p. 68, t. 29, f. 37« W. Sm Brit T)f
, p. 70, t. 11, f. 84.
Hab.—Singaing, Kyaukse district (No. 22193).

209. SYNEDRA ACUS (KUtz) Grun. in Abh. k. K. ,ool.-not. Gesellsch. Wien xn
18523 p. 390 S

Hab—Neat the river at Bhamo (No. 21503). In the rjyer | Jir™ AA
Thayetmyo (No. 22999). er Mramddy at

Family: EUNOTIACEJE.

Genus: Eunotia Ehrenb.

210. EUNOTIA BICEPS Ehrenb.
Synedra biceps W. Sm.

Eunotia flexuosa Kiitz. var. bicapitata Grrun.

«.».-Momauk, east of Bh.mo (No. 2155;). Maasang, near Hdpaw (No. 24193).

F

iiynedra lunaris Ehrenb.; W. Sm. Brit. Diat. i, p. 69 t 11 £ 89
Hal.—Momauk, east of Bhamo (No. 21551). In  +K it e
(No. 24505). “he Kan_gy' at  Mudon

212. EUNOTIA PECTINALIS (Dillw.) Rabenh. Flor. Europ Al
Himantidiutn pectinate Kiitz. Bacill., t. 16, f. 2,
Hab.—Kyauktaga, Pegu district (No. 22124).

g 1, 1864 A T8,

213. EUNOTIA PEMERUPTA Ehrenb.

Var. BIDENS (Ehrenb.) Grun. Eunctia 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). Tor T onBy S

215. EUNOTIA EHEENBEEGII Ralfs forma.

Frustulea very small, in the valve-view somewhat arcuate a
dorsal margin rather elevated and 6-8 undulate. '
Long. 18-217; lat. 4'8-5/t.

Hab—la springs on the river bank, Bharao (M,, Qi"nn_ bundant
; Xuuljy abundant.

ermination,

Plces “8pitate-truncate,

We are indebted to Mr. E. Lemmermann of Bremen for this gt
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Family: ACHNANTHACEJE.

Genus: Achnanthes Bory.

r16.-  ACHNANTHES &p:

Vaves linear-lanceolate, with obtuse extremities, lateral margins finely undulate
with about 21-22 undulations from pole to pole. Strise coarse, about 9 in 1<V.

Long. 66/*; lat. 16

Hab.—In the mountains east of Kawkareik (No. 24450).

The only species of this genus with undulate or crenulate margins are A. crenukta Grun., 1880
“Pla™ S/noDS Navic. Diat. ii, p 195; Le Dlatom|Tgﬁ|, . 50, t. 9 f. SM) and A. %9%5)%5

{.. 'TM“ BT, <o 0o o @ ¥ S Ko [\ ¥ é- \ >

and the Burmae Dlatom does not agree with ether of them. We hope to enquire into thw form

futher a a future date.
217. A. HuncaBicA Grun. (1863).

Achnanthidium hungarkum Gran. Verh. 1863, p. 146, Pl. 4, f. 8.

Haom —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.) Kltitz.
j*._Mansang, near Hspaw (No. 24193). In the] Kan-gyi at Mudon (No.
24505).
220. NAVICULA MADR Kiitz. Bacill., p. 97, t. 4, f. 19.
Pinnularia major Rabenh.; Flor. Europ. Alg. i, p. 210.
Sab.—n the Kan-gyi a Mudon (No. 24505).

221. NAVICULA VIRIDIS Kitttz. Bacill., p. 97, t. 4, f. 18.
Pinnularia viridis Rabenh.; Flor. Europ. Alg. i, p. 212.

Hab.-In swamp, Katha (No. 22677). Between Thingan-nyi-naung and Kaw
kareik, in the gide-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 (Rafs) Grun.
Sab.—In the river Irrawaddy, Thayetmyo (No. 22999).

224. NAVICULA CRYPTOCEHALA Kiitz.; W. Sm. Brit. Diaa » w + T *

155.
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 CUSPDATA 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 a Mudon (No. 24505). Between Thi
Kawkareik, in the side-channel of a stream (No. 24483). S**Myi-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.
“Hat —In ditch, Vizagapatam (No. 17916). Singaing, Kyaukse District (No. 22139)
231. NAVICULA TUSULA Ehrenb., 1840. ' -
Sauroneis 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).

Genué.: Vanheurckia Brdb.

3> : %0 Bréb; Van wt Di_to
M)V 0, Mf . S"* - - Ty - A
Navicula rhombm Ehrenb.; W. Sm. Brit. Diat. i, p. 46, t. 16, 1 129.
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Frustulia rhomboides (Ehrenb.) De Toni.

Var. 8AXONiICA¥Rabenh) G. S. West.

Frustulia sazonica Rabenh.

Navicula crassinervia BrEb. in W. Sm. Brit. Diat. i, p. 47, t. 31, f. 271
"Hah.—In ditch, Vizagapatam (No. 17916).

Genus: Sauroneis Ehrenb.

234. STAURONEIS PHCENICENTERON (Nitzsch) Ehrenb.
Hal.—n 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. GYROSGMA ACUMINATUM (Kiitz.) Grun.

Hab.—Banks of the Irrawaddy a Bhamo (No. 21502).
237. GYROSGMA 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 lrrawaddy, Thayetmyo (No. 22999). Mansang, near Hsipaw (No. 24193).
In the Kan-gyi at Mudon (No. 24505).
230, 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. OCOOCONEMA EHRENBERGH (Kiitz) G. S. West.
Cymbella Ehrenbergii Kiitz.

Hab.—Banks of the [rrawaddy and near the river, Bhamo (Nos. 21502 and 21503).
Myawadi (No. 24451).
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242. COCCONEMA CUSPDATUM (Kiitz.) G. S. West.
Cymbella cuspidata Kiitz.
Hab.—In springs on the river bank, Bhamo (No. 21501).

243. COCCONEMA TUMIDA Breb. forma CARTATA.
Forma polis capitatis.
Hab—Momak, east of Bhamo (No. 21551). Kyaukse (No. 22263).

244, COCOONEMA VENTROCORUM (Ag) W. &. G. S, West.
- Cymbella ventricosa 'Ag.
Bai.-Minywa, Pegu district (No. 21975). Hsipaw (No. 24120).
245. ocoocooNevA ceToaM  (Kiitz) G. S, West.
JEncyonema ccespitosum Kiitz.
Hab.—Kyaukse (No. 22263). In the mountains east of Kawkareik (No. 24450),
Myawadi (No. 24451). ’

246. coocooNevA  HELVETICUM  (Kiitz) W. & G, S, West.
Cymbella Helvetica Kiitz.

Hab.—In the mountains east of Kawkareik (No. 24450).

247. COOOCONEMA LANCEOLATOM  Ehrenb.

jJa.—Momauk, east of Bhamo (No. 21551). In the mountains east of Kawkareik
(No. 24450).

248. COCOONEMA CYMBIFORME Ehrenb.
Hab.—Hsipaw (No. 24120).

Genus: Epithemia Br6b.

249. EPTHEMIA GBBERULA (Ehrenb.) Kiitz. Bacill. t. 30, f. 3.

Hab.—Between Thingan-nyi-naung and Kawkarelk, in the side-chan™ *
sream (No. 24483). cT Uel ot

Family: NITZSOHIAOEIE.

Genus: Nitzschia Hass.

250-  NITZSCHIA SGMA W. Sm.

Hab.—In the Kan-gyi a Mudon (No. 24505).
Var. rRGDA (Kiitz.) Grun,

Hab.—Kyaukse (No. 22263).

251. NITZSCHIA VERMICULARIS (Kiitz.) Grun.
Hab.—Kyaukse (No. 22263).
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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 DISSPATA (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. TENUis (W. Sm.) Grun.
Hab.—Lashio (No. 22557). In the mountains east of Kawkareik (No. 24450).

257. NITZSCHIA AcCICULARIS (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?al—Minywa, Pegu district (No. 21975).

260. SURIRELLA LINEARIS W. Sm.

jldlee—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. EQY. BOT. GARD. CALQUTTA VOL. VI.
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261. SURIRELLA OVALIS Brée'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 Kiitz.
Hab.—In stream, Lashio (No. 22557).

Class: MYXOPHYCE.®.

Order: HORMOGONEJE.

Family:  STIGONEMACEJE.

Genus : Hapalosiphon N&g.

263. HAPAL-OSIPHON '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 precisdy 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 sauffident quantity for us to be perfectly certain of its gedfic 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 digrict of Angola, West Africa'.

Family: NOSTOCACEJE.

Genus : Nostoc Vauch.

264. NOSTOC HUMIFUSUM Carm. ex Harvey in Hooker's Brit. Flora ii n 39
] .
Kiitz. Spec. Algar. p. 301; Rabenh. Flor. Europ. Alg. ii, p. 183_r
Var. FLUITANS var. n. (Pl. XI1, figs. 27, 28).

9-

H

Var. thallo gelatinoso fluitante, subgloboso vel irregulariter subellintico
compresso, diametro 1-0-6 mm. »Uueiupuco,

Crass, cell. veg. 2-5-2*8/*; diam. heterocyst. 3-8/*.
Sab.—Mansang, near Hsipaw (No. 24193).
This variety oocurred in abundance, freefloating among athe AUrse
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Family: OSCILLATORIAOEIE.

Genus: Plectonema Thur.

#65. PLECTONEMA WOLLElI Farlow in Bull. Bussey lustit. 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 MAMSCULA 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, 1L c. p. 125, t. 3, f. 15.

Crass, trich. 135/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. OWLLATORA 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.—n 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).

ANN. 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. 5 tID f 1
’ L] L]
Gonium glaucum Ehrenb. :

Hab.—Banks of the Irrawaddy a Bhamo (No. 21502). Singaing Kyaukse
district (No. 22193). : o)
274. MERISMOPEDIA "ERUGINEA Br6b.; Rabenh. Flor. Europ. Alg. ii, p, o7
Hab.—Near the Irrawaddy at Bhamo (Nos. 21502 and 21503). i

Some of the colonies oontained upwards of 3000 cdls and on reaching this large size th
were usudly curled up. This form is probably identicd with Merismopedia convoluta BFEb. A

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). a
Genus: Chroococcus Nag.
276. CHRoococcus MINOR (Kiitz.) Nag. Gatt. einz. Alg. 1849, p. 47 t1A § 4
#&. Kyauktaga, Pegu district (No. 22124). S
Summary.
___—-___-__q—-__‘__‘f——.___————____
Genera. Species. | vaieties,
—
CHLOROPHYCB-K—
(Edogoniales s L e oor oo 2 s
Chaetophorales ... ‘ue s 5 5
Cladophoraies ooe rea e oo ooe 2 , 2
Siphoneae * e rae e 1 2
Conjugate .- 20 159
Protococcoidese ... .- 13 24
HETEKOKONTJE—
Confervales .- o> es ‘e 2 6
BACILLARIEJE—
Centricfie or oo .o ‘e 1
Pennatce ‘e o e - il 15 5?
S TTIRVHYCEE 6
Hormogonese ... e aas 7
Ooccogoneae s i eSS ves 3 10
_ 4
_
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DESCRIPTION OF PLATES.

(EXPLICATIO  ICONtIM ).

a, ay a'=cellula vel semicellula a fronte visa,
by V. = , " " a vertice visa.
c ” , . a latere visa
d = semicdlula a bas visa,

PLATE X.

Fig. 1-4* Berposteiron confervicola Nag. x520. The brisles are broken of near the base as
~is usual in preserved epecimens of this species, an, antheridium; oo; oogonium;.
00", oogonium from which the cosphere has escaped.
B - 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. .
11-13. » exilis sp. n. x520. 11, vegetative cell; 12 and 13, portions of conju-

gating filaments.
» 14-15. Mougeotia parvula Hass., var. €elipzoidea 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, x120; 8 and 9, x520. an> antheridium; an'
developing antheridium; 00, oogonium; oo\ developing oogonium; /*, fructiferous
branch.

" 10. Vauchen'a globulifera sp. n. x520 an. antheridium; coy 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 compact, 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 Bréb. var. tetragonum W. & & 8. West. X520.

: 6-7. Onychonema compactum sp. n. x520.

= 8-10. " lave Nordsi x520. 9 and 10, zygospores (P) of larger form than

fig. 8. '

» 11-15. Eyalotheca dissiliem (Sm.) Bréb. x520. 11, vegetative filament with vertical views
of forma bidentula (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. B subprotuberans W. & G. S. West var. mbquadratum var. n. X520.

" 18. subcrenatum Hantzseh forma X 520.
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Fig.

9

»

19-21.

22.

23-25.

26.
27-28.

29-32.

©CNo@ A NP

14.

16-17.
18.

19-20.
oi ,

Burkillia cornuta gen. et sp. n. x520.

FRESH-WATER ALG"J FROM BURMA.

19, colony showing disposition of horned

cells ;» 20, three cdls from a disociated colony showing ewape of non-motile
gonidia  (Q). _
Tetraédron bifurcatum (Wille) Lagerh. forma, x 520.
Ankistrodesmus quaternatus sp. n.  x 520.
Scencdesmus incrassatulus Bohlin.  x520.

Nostoc humi/usum Carm. var. fluitan* var. n. 27, oolonies, natural size; 28 small
part of colony, ' '

Hapahsiphon WelwiUchii W. & G. S, West. x520. h, heterocyst; sp, spore.

x 520,

PLATE XIII.

Cylindrocystis diplospora Lund.- var. major West. x520.

Penium Cletei Lund, forma, elongate x 520.

Cylindrocystis pyramidata W. & G. S West. x520. 4, zygospore.
Closterium pulchellum W. & G. S. West var. Burmense var. n. x520.
Leibleinii KlUtz. var. recurvatum var. n. X520.
Cosmarium turgidum Bréb. var. ligatum var. n. x520.
Pleurotaenium ovatum Nordst. var. tumidum Maskel. X520.
Cuyabense Borge forma inornata. x 520.

cristatum (Turn.) Borge. x 520.

Cosmarium viride (Oorda) Joshua var. trumatnm var. n. X520
sublatereundatum W. & G. S. West forma. x520.

Penium cucurbitinum Biss. var. subpolymorphum Nordst. forma. X520
adelochondrum Elfv. forma, x 520.

Closterium incurvum Breb. x520.

Venus Kitz. var. x520.

didymotocum Oorda. Small form, x520.
substrigosum sp. n. X520.

decorum Bréb. forma minor, x 520.

9

PLATE XIV.

Cosmarium contractum Kirchn. forma. x520.

Euastrum serratum Joshua, 550. This drawing was made from
orlginal Burmese specimens. Cae
Euastrum asperum Borge. x520.

validum W. & G. S. West, forma. x520.

Bhamense sp. n. x520.

dubium Na&g. var. tritum var. n. x520.

pulcherrimum W. & G. S. West var. divisum var. n. x520

coralloides - Joshua var. subintegrum var. n. x520. * e

serratum Joshua “forma x 520.

inermius (Nordst.) Turn. var. Burmense var. n. x520

Euastridium Prainii gen. et sp. n. x520.

Cosmarium Prainii sp. n. x520.

Burkillii sp. n. x520.

7"

Aar. rectangulare var. n. x52Q.

Mamangense sp. n. x520.
glaphyronotum sp. n. x520.
Micrasterias incisa Bréb. var. Mamangense var. n. x 520

Mobii

n

(Borge) W. & G. S West var. Bu.rm&ee var n

&L n.
VBT, integrum vap, "

j
°x  Joshua's

,0
X )20

% 520,



T?ig. 22. Micrasterias foliacea Bail. var. ornata Nordst, x520.
9w  23. trdpica Nordst. forma. X520.
PLATE XV.
Fig. 1. Xanthidium $pinosum (Joshua) nob. x520. The drawing has been
executed from one of Joshua's original Burmese specimens.
fo  2-3. Xanthidium spinosum (Joshua) nob. forma. x520.
99 4. Arthrodesmm fusi/ormis sp. n. x520.
99 5-6. Arthrodesmus Uptodermus Liitkem. forma. x520.
n 1- ” triangularis Lagerh. forma. x520.
f> 8, w ¥ curvatus Turn. x520. Specimen from Ceylon.
M 9. " 99 var. Burmensis var. n. x520.
" 10. Xanthidium BurkiUii sp. n. x520.
, 11-12. 99 sexmamillatum sp. n. x520.
9 13. R , var. robustum var. n. X520.
” 14. Cosmarium quadriverrucosum sp. n. x520.
9  *15. y muttiordinatum W. & GK 8. West var. Burmense var. n. x520.
" 16. 99 triverrucosum sp. n. x520.
o 17. ” dispersum Johnson forma trumata. x520.
" 18. 99 trachydermum W. & Q- S. West var. ettipticum var. n. X520.
" 19. Staurastrum tetracerum Ralfs var. ftrigranulatum var. n. x 520.
” 20. " mucronatum Ealfs. var. subtriangulare W. & GL S. West. x520,
, 21-22. 99 subindentatum sp. n. x520.
, 23-24. 99 compsobrachiatum sp. n. x520.
” 25. " Avicuia Bréb var. rotundatum var, n. x520.
” 26. 99 ealodermum sp. n. x520.
" 217. " gyratum sp. n. X/520.
- 28. 99 tauphorum W. & GK 8. West forma Burmense. x520.
” 29. » capitellatum sp. n. x520.
. 30-32. 99 retusum Turn. var. punctulatum Biohler & Gutw. X520.
are specimens from Ceylon.
» 33. 9% montkulosiforme sp. n. x520.
PLATE XVI.
Fig. 1. Staurastrum Imvispinum Biss. var. tropicum var. n. x520.
” 2. 9 unicc_)m_g Turn. var. ceylanicum W. & Gt. 8. West forma. x520.
3 99 BurkiUii sp. n. x520.
" 4y w ilansangense sp. n. x520.
:: 5, dkparatum sp. n. X520.
» O« P Sonthalianum Turn, forma. x520.
Ty bifidum Br*b. x520.
:: O 99 leptodermum Lund. var. lkapom (Schmidle) nob. forma. X520.
” 9, » Sebaldi Eeinsoh forma orientalis. x520;
" 10. 99 Prainii sp. n. x520.
” Us " unguiferum  Turn. var. inerme (Turn.) nob. x520.
" 12, 99 protectum sp. n. x520.
13, limneticum Schmidle var. Burmense var. n. X520.
” 14, R zonatum Borges. var. productum var. n. X520.
" 15, Y subtrifurcatum W. & GK S. West. var. m”k nob. x520.
16. 99 sexangulare (Buln.) Lund. var. bidentatQm. Gutw. forma. x520.
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Craterospermum laetevirens (A. Br.) Wittr. 187
Cosmarium viride (Corda.) Josh. var. truncatum 205
Cylindrocystis Menegh. . . 189
Cylindrocystis Brée*bissonii Menegh. . . , .189
Cylindrocystis diplospora Lund. var. major .190
Cylindrocystis pyramidata W. Sf G. 8. West . 189
Cylindrocystis subpyramidata W. Sf G. 8. West .189
Cymbella cuspidata Ku'tz. 238
Cymbella Ehrenberqii Kiitz. 237
CymbellaHelveticaKiitz. 238
Cymbella ventricosa Ag 238

D
Desmidium Ag. . 226
Desmidium  Aptogonum Brdb var. tetragonum W $

G. 8. West . . . . 224
Desmidium hexaceros Ehrenb 218
Desmidium Swartzii Ag . . . 226
Didymocladon sexangularisBuln. ., . » , 224
Didymoprium Borreri Ealf s. . 226
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Gonatozygon monot aenium De Bary-

Gonatozygon monotaenium var. pilosel

Gonatozygon Balfsii De Bary.

Gonium glaucum Ehrenb.

Gymnozyga Ehrenb.

Gymnozygt* moniliformis Ehrenb.

Gyrcsigma Hass

Gyrosigma acuminatum (Kntz) Grun

Gyrosigma Spencerii (Queck) O. K.
, H

Hantzschia Grun.
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Hapalosiphon Welwitschii W. 8f G. S
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Hyalotheca Burmensis
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I
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Mougeotia Ag.

Afougeotia laeterirens (A. Br.) Wittr.
Mbugeotia parvula Mass.

Mougeotia parrula var, ellipsoidea e . . «
Mougeotia producta

Myxonema Fries . . .

Myxonema subsecundum (Klltz) Hazen . . .
N

JSTaricula Bory.

Navicula anglica Halfs

Navicula crassinervia Bréb.

Navicula cryptocephala Kiitz

Navicula cuspidata Kiitz. . .
Navicula dicephala Ehrenb .
Navicula elliptica Kiitz. Tar. oblongella Nag
Navicula fir ma W. Sm.

Navicula Iridis Ehrenh

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 Nd&g.

Nephrocytium Agardhianum Nag
Netrium (N&g.), W. $ G. S. West. . .
Netrium Digitus (Ehrenb.), Itzigs. Sf Bothe .
Nitzschia Hass. . . .
Nitzschia acicularis (Kutz) W. Sm. . B . .
Nitzschia oommunis Rabenh

Nitzschia dissipata (Kiitz) Grun. var. medla V. Reurch

Nitzschia linearis (Ag.) W. Sm.

Nitzschia obtusa W. Sm..

Nitzschia Palea (K(tz) W. Sm . . .
Nitzschia scalpelliformis, F. HeurcJc . . .
LNitzschia Sigma TT. Sm. var. rigida (Kuitz.) Grlm* *
Nitzschia vermicularis (Kiitz) Grun.

Nostoc Vauch. . . .
Nostoc humifusum Carm. var fthans .. .
O

Oedogonium Link.. . . . N
Oedogonium capitellatum  Wittr. B B .
Oedogonium longicolle Nordst. var. Senegalense .
Oedogonium oblongellum Kirchn. . . . .
Oedogonium sociale Wittr. . . . . .
Onychonema Wallich . . . . R
Onychonema compactum . . . . .
Onychonema laeve Nordst. . . . B B
Oocystis Ndg. . . . . . . . .
Oocystis crassa Wittr. . . . . . -

Oocystis solitaria Wittr. ~ . . . . .
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Ophiocytium bicuspidatum (Borge) Lemm . 230
Ophiocytium cochleare (Eichw.) A. Br. 232
Ophiocytium elongatum. 232
Ophiocytium majus Nag 232
Ophiocytium majus N&g. var. bicuspidatum Borge 232
Ophiocy tium parvulum (Perty) A. Br. 232
Oscillatoria Vauch 241
Oscillatoriatenuis Ag , 241
P
Pediastrum Meyen 227
Pediastrum Boryanum Menegh. 227
Pediastrum duplex Meyen var. resticulatum Lagerh e 228
Pediastrum Napoliensis Ralfs 228
Pediastrum pertusum Kiitz 228
Pediastrum Tetras (Ehrenb.) Balfs 227
Penium Breb. . 190"
Penium BrSbissonii  Ralfs. *  + o« + . . 189
Penium adelochondrum Elfr.. . 190
Penium Clevei Lund., formaelongata . . . . 190
Penium cucurbitinum Biss. var. gubpolymorphum . - 190
Penium Navicula Bréb. .390
Pinnularia major Kabenh 235
Pinnularia viridis Rabenh 235
Plectonema Thur. . . . . . . .ol
PlectonemaWollei Farlow. 241
Pleurotsenium Na&g.. . 194
PleurotaBQium cristatum (Turn) Borge : 195
PleurotaBnium Cuyabense Borge 195
Pleurotsenium Indicum (Grun.) Lund. . . . . 19
Pleurotaeuium ovatum Nordst. var. tumidum . . 194
PleurotaBninm Trabecula (Ehrenb.) Nag. . . 19
Pleurotsenium trochiscum W. & G. S. West . 194
Polyedrium tetrcedricum "N'ag. var. bifurcaium W|IIe 230
Protococcus gig asKiitz . . . . . 231
R
Jihaphidium aciculare A. Br. . 230
Rhaphidium conuolutum Rabenh. . 228'
Rhaphidium fascicwlatum Kiitz . 230
IthaphidiumpolymorphumJ?re8en  var. falcatum Habenh 230
RhizoeloniumcKiitz. . 183
Khiz8cloaium hieroglyphicum Kiitz. e« ..
S
Scenedesmus Meyen . 229
Scenedesmus acutiformis SchrO‘der var. Brasmen3|s 229
Scenedesmus acutus  Meyen . . 229
ScenedeBmus bijuijatus (Turp.) Kiitz. . . . 229
Scenedesmus Brasiliensis Bohlin 227
Scenedesmus caudatus Corda . . 0
Scenedesmus denticulatus Lagerh. var. Ilnearls Hansg. | 929
Scenedesmus incrassatulus Bohlin . . . 29
Scenedesmus obliquas (Turp.) Kiitz . . . .
Scenedesrr_lus quadrioauda (Turp.) Breb. . . . 29
Scenedesmus guadricauda  (Turp.) Breb. var. ecornis
(Ehrenb.) Ealfs. .

Spirogyra Zitk ' ot s 22
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Spirogyra decimina (Miill.) Kiitz.  »
Spirogyra exilis
Spirogyra gracilis (Bass.) KUtz
Spirogyra longata (Vauch.) Wdtr
Spirogyra maxima (Rass) Wttr.
Spirogyra negleota (Rass.) Kiitz . . .oee
Spirogyra orbicularis (Rass.)
Spirogyra orientalis
Staurastrum Meyen
Staurastrum apiculatum Breb .
Staurastrum Avicula Breb. var. rotundatum
Staurastrum bicoronatum Johnson
Staurastrum bifidum Breb.* . .
Staurastrum birotatum - .
Staurastrum Burkillii . . !
Staurastrum calodermum
Staurastrum capitellatum
Staurastrum compsobrachiatum
Staurastrum cuspidatum Breb. . *
Staurasfcrumdilatatum Ehrenb. var, obtusiloban
Staurastrum disparatum
Staurastrum distentum Wolle
Staurastrum gracile Ralfs var.
G. S West
Staurastrum gyratum
Staurastrum Hantzschii Reinsch var. congruum
Staurastrum hexacerum (Ehrenb.) Wille, .
Saurastrum |kapoae Schmidle.
Saurastrum inerme Turn.
Saurastrum intricatum Delp.

M
.
.
.

verrucosum

«

Staurastrum Isevispinum .J5m. var. tropicum
Staurastrum leptacanthum Nordst.
Staurastrum leptodermum Lund. var.
Staurastrum limneticum Schmidle
Staurastrum Mansangense . . *
Staurastrum monticulosiforme
Staurawtrum  mucronatum Ralfs.
[/ ] P West
Staurastrum parallelum LI

StaurastrumPrainii
Staurastrum protectum

Ikaf)ose )

Va]’. . - -
subtriangulare

Staurastrunapunctulatum JBrfy
Staurastrum quadricornutum Roy SF Biss.
Staurastrum Renardi Eeinsch var. congruum Racib.”

Staurastrum retusum Turn. var. punctulatum Eichl’
S Guitto.

Staurastrum Sebaldi Reinsch

Staurastrum sexangulare (Buln.) Babenh. var. biden-
tatum Gutw. .

Staurastrum Sonthaliannm Turn .

Staurastrum subgemmulauum W. & G. S West var.

#

gracilius . . . . . .
Staurastrum subindentatum B,
Saurastrum suUrifurcatum Schmidle . . . .
Staurastrum subtrifurcatum W. & G. 8. West . .

Staurastrum tauphorum W. & G. 8. West . . .
Staurastrum tetracerum F}alfs. var. trigranulatum
Saurastrum tricorne (Breb.) Menegb. . . . .
Staurastram unguiferum Turn. var. inerme

rage.
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Stanrastrum unicorne Turn, var. Ceylani<;um W. Sf G

S. West. . . . . .
Staurastrum zonatum Borgesen var. productum .
Stauroneis Ehrenh
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.
Surirella robusta Ehgenb. yar,

Heurck. .
Surirella spiralis Kiitz * . . . . .
Synedra Ehrenh
Synedra Acus (Kiitz.) Grun
Synedra biceps W. Sm. . .

Synedra lunaris Ehrenb. . .
Synedra pulchella Kiitz .
Synedra Ulna (JSfitzsch.) Ehrenb.

splendida (Ehrenb.)

T
Tetrsedron Kiitz . . . .
Tetrffldron bifurcatum (Wlle) Lagerh . . .
Tetrapedia Beinsch. . . . . .
Tetrapedia Eeinschiana Arch. . * . .
Tribonema Derbes Sf Solier . . . . -

Tribonema bombycinum (Ag.) Derbes Sf Solier .
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Ulothrix Kiitz . . .
Ulothrix subtilis Kiitz, var. tenerrima
Ulothrix tenerrima Kiitz, ,
Urococcus Kiitz .
Uroccccus tropicus

v

Vanheurckia Breh.

Vanheurckia rhomboides (Ehrenb) Breb var.

(Eabenh) G. S. West , .

Vaucheria DC. . . . .
Vaucheria globulifera , . .
Vaucheria orientalis . . .

b4
Xanthidium Ehrenb..
Xanthidium BurKkillii.
Xanthidium jpulchrum Turn.
Xanthidium sexmamillatum.

Xanthidium spinosum (Josh.) W. & G.

F'4
Zyguems dg. . .
Zygnema gracile Hass . .
Zygnema lovgatum Hass. -« . .

Zygnema maximum Hass. . .
Zygnema neglecta Hass. . .
Zygnema orbiculare Hass. . R

.Zygnema spontaneum Nordst.
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INDEX TO PLATES

New speciesarein boldtype.

A

Ankistrodesmus quatematus

Arthrodeamus ourvatus Turn .

Arthrodesmus fusiformis

Arthrodesmus leptodermus Liitkem

Arthrodesmus triangularis Lagerh. .
B

Burkillia cornuta . .
C

€losterium decorum Brib. var. breve

Clogterium didymotocum Corda .
Clogterium incurvum Brib. . . m #
Clogerium Lebleinii jfii™2; var. recurvatum
Clogterium pulchdlum TF # G. 8. West var. Bur mense*
Olosterium substrigosum 4 ,
Closterium Venus Klitz . . . . [
Cosmarium Bnrkillii. . . [ ]
Cosmarium Burkillii var. rectangulare
Cosmarium oontractum Kirchn.

Cosmarium dicbondrum W. &$ Q. S. West var. subhexagonum .

Coamarium digpersum Johnson forma truncata .
Cosmarium glaphyronotum. . . . N
‘Cosmarium Mansangense . .
Cosmarium multiordinatum W. fy G. S. Wesx var. Burmense

Cosmarium Prainii. . . . . . .
Cosmarium quadriverrucosum. .

Oosmarium subcrenatum Hantzsch . . .
Cosmarium sublatereundatum |IF. & (?, S. West

L]

Cosmarium subprotuberans TT. Ar G. 8. West var. wbquadratum

Co*marium trachydermum W. 8f G. S. West var. eIhpoum
Cosmarium triverrucosum. . : . N
Cosmarium turgidum £&<*J. var. I|gatum . .
Cosmarium viride (Corda.) Josh. var. truncatum
Oylindrooystis diplospora Lund. var. méjor

-Cylindrooydtis pyramidata TT. Sf G. 8. West . . * *
D
Desmidium Aptogonum Brtb., var. tetragonum W. & 0. 8.
E
Euastridium Prainii. . . . . .
Euastrum asperum Borge . . . . . . *
Euastrum Bhamense : % )

Euastrum coralloides Josh. var. sublntegrum
JBuastrum dubium Nd&g. var. tritum . . ,

Euastrum inennius (Nordst.) Turn. var. Bunnenie

Plate.
Xii, figs. 23-125
xv, figs. @ @
XV, fig. 4
xv, figs. 5 6
x> fig.' 7

xii, figs.. 19-21

xiii, fig. 20
xiii, fig. 18
xiii, fig,. 16
iv,fig.f5
xiii, fig. 5
xiii, fig. 19
xiii, fig. 17
xiv, fig. 13
xiv, fig. 14
xiv, fig. 1
xii, fig. 16
xv, fig. 17
xiv, figse 16,17
»v, fig. 15
xv, fig. 15
xiv, fig. 12
XV, fig. 14
xii,figr#]_g
xiii, fig. 13
xii, fig. 17
v,% 18
*» fig.;16
xiii, fig. 7
xiii, fig. 12
xiii, fig. 1
Xiii, fige3 4

xii, fig. 5

)(|V.)> &% U

XiV> w« 3
XV) g 5

° XiV> f|g' 8

XiVlfi&lG
~v, fig. 10
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Plate,

Euastrum pulohertfmum W. &f O. fi. Wesi var. divisim =« » XV, fig. 7
Euastrum serratum Josh. . . - Xiv, f!g. 2,9
Euastrum validum W> 8f 0. 8. West . Xiv, fig. 4

H
Hapalosiphon Welwitschii W. 8f 0. 8. West =+ . xii, figs 2032
Herpesteiron conf ervicolaNag =+ o o & & x,”flg_s 1—4
Hyalotheca Burmensis . T . . xil, f_lgS 1—4
Hyalotheca dissiliens (8m.) Brib. . . . xii, figs. 11—15

M
MIcrasterias foliacex Bail. var. ornataNordst, - = « - -  Xiv,fig.22

. . . . xiv, fig. 18

Micrasterias incisa Bréb. var. Mansaugense W 1
Micrasterias Mobii (Borge) W. 8f 0. 8. West var. Burmense. +  « XV, figs 19,20
Miorasterias Mobii var. integrum . . . o+« Xxivfig 21
Micrasterias tropica Nordst. ' - X, fig. 23

% Microthamnion curvatun) - xi,figs 14—16
Mougeotia parvula Has*. . ¢ o o | x, figs. 14, 15
Mougeotia producta ‘ ‘ _ . . X, figs. 16—19

N
Nostoc humifusum Carm, var. fluitans « « » + xif, figs. 27, 28
u. O
CEdogonium oblongellum Kirchn.  + R xi, figs. 1, 2
Onychonema compaction . o e e xii, figs. 6, 7
. xii, figs. 8—10

Onychonema Isave Nordst. . . . * R,
. . xi, fig. 13.

Ophiocytium coohlearo (Eichw.) A. Br. * : o
OphiOcytium elongatum. - <. . . xi, figs. 11,12
P
Penium adelochondrum  Elfv . . xiii, fig. 15
Penium Clevei Lund, Jorma elongata . xiii, fig. 2
Penium cucurbitinum Biss, var. subpolymorphum -+« i fig. 14
Pleurotaenium cristatum (Turn.) Borge e .. Xl fig. 11
Plextrotaenium Cuyabense Borge - -+ =+« .« Xii,fig. 10
Pleurotsenium ovatum Nordst. var. tumidum . - = - -  Xiii,figs 89
S

Scenedesmusiucrassatulus Bohlink « = . o« .« e Xii, fig. 26
Spirogyra decimina (Midi) Kuz . « » « « o « X/figs.6-8
Spirogyra exilis . . . . . . . . . . X, figs. 11—13
Spirogyra orientalis e e e e e X figs9, 10
Staurastrum Avicula Breb. var. rotundatum . .« o+ o+ XV, fi0.25
Staurastrum bifidum, Breb. . . . . . - . . xvi, fig. 7
Staurastrum birotatum . . . . o« e o« o+ Xvifig.13
Staurastrum Bur killii.... « =« « « » xvifig.3
Staurastrum calodermum . . . . . . . . xv, fig. 26
Staurastrum capitellatum . . + « o s = xvfig.29
Staurastrum compsobrachiatum . . . o s o+ = XV, figs.23,24
Staurastrum disparatum . . . .« = s =+ Xvi fig. 5

. . . xv, fig. 27

Staurastrum gy ratum.... . .



260 FRESH-WATER ALGJE FROM BURMA.

Staurastrum Isevigpinum Biss. var. tropicum .
Sauragrum leptcdermum Lund. var. Ikapose
Saurastrum limneticum Schmidk var. Burmense .
Staurastrum Mansangense

Staurastrum monticulosiforme

Stauragtrum mucronatum Rai/s var. subtrlangulare W 8f G. 8
West.

Staurastrum Prainii.
Staurastrum protectum. .
Staurastrum retusum lurn. var. punctulatum EIChL Sf Gutw.
Staurastrum Sebaldi Reihsch

Staurastrum sexaDgulare (Buln.) Lund. var. bldentatum 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 . . R
Staurastrum unguiferum Turn. var. inerme (Turn.) e
Staurastrum unicorne Turn. var. Ceylanicum, W. fy G. 8. West
Staurastrum zonatum Borges, var. productum

-

T
Tetraedron bifurcatum (With) Lagerh.

U
TJrococcustropicus

\Y
Vaucheria globnlifera
Vaucheria orientaUs _

X
Xanthidium BurkiUii.
Xanthidium sexmamiUatum.
Xanthidium sexmamiUatum var. robusium - . - .
Xanthidium spinosum Josh.

Z

»
Zygnema fepontaneurt NordsL ¢ ¢ « ¢ o o X,

B. S. Prew—14565-306-26-2.1908—J.S.

Plate.

xyi, fig. 1

xvi, fig. 8

xvi, fig. 13
xvi, fig. 4

xv, fig. ;33

XV, fig. 20

xvi, fig. 10
xvi, fig. 12
XV, fig. 30—32
xvi, fig. 9
xvi, fig. 16
xvi, fig. 6

xv, figs. 21,22
xvi, fig. 15
XV, fig. 28
XV, fig. 19
xvi, fig. Jl
xvi, fig. 2

xvi, fig,. 14

jft, fig 22,
xi, figs. 17-21

xi, fig. 10
xi! fig. 3—9

xv, fig. 10
xv, figs. 11,12

xv, fig. 13
xvMig8, 13
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