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On the ProrrusioN of Prororrasvic FILAMENTS from the
Granvurar Hates on lhe Liavis of the Conmon
‘Weaser, (Dipsacus syloestris). By Fiaxors Danwiv,
M.B. (With Plate XIX.)

it connate leaves of the common teasel (Dipsacus sylvestris)
form, as is well known, cup-like receptacles surrounding the
stem of the plant. In the rain-water accumulating in these cups
numerous inseets are drowned, and their dead bodies convert the
water in which they lie into a strongly animalised fluid.

In the autumn of 1875 T examined the leaves of the teasel, in
the expectation of finding the same evidence of the absorption of
the products of decay as may be observed in the remarkable
trichomes lining the bladders of Utriculariad The glandular
liairs or richomes on the leaves of the teasel proved, however,
to be too much shrivelled for the experiment, although the leaves
were not themselves withe In the summer of 1876 1 re-
commenced the inve )y examining transverse scetions of

1 leaves mounted in dilute ammoniacal solutions such as those
which are absorbed by the glands of Drosera, Pinguicula, &e., and
oularia, and which my fther s shown
able phenomena of “aggregation.”
examining the transverse seetion of a teasel leaf (under
s objective No. 8) I observed a translucent, somewhat

Hartnack’

ighly refracting mass scated on the sunmit of one of the glands.

1 imagined it to be resin, excreted in the form of a fila-
mentous mass. 1 was therefore astonished to obscrve a few
woments later that its distinetly altered. On finding
similar filunents on several neighbouring glands 1 became con’
vinced that the subject was well worth investigation.

The first idea that presented itself was that the filaments were
protoplasmic_organs specially adapted for the absorption of the
fluid containing decayed animal matter collected in the teascl
cups, This theory was overthrown by the following facts. The
teasel is a biennial, and during its first year’s growth consists of
a mere tosette of radical leaves, the cup-bearing stem being
formed during the second year. ~But the supposed pseudopodia
are found nof only on thé connate leaves of the sccond year's
wrowth but on the radical ones produced during the first scason.
They are also found in Dipsacus pilosus, whose leaves are not
sufficiently connate to retain water, and which can therefore
capture no inscets. These facts prove conclusively that, whether

1 “Insectivorous Plants,” p. 418.
YOL. XVIL—NEW SER,
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or not the glands have anything to do with the absorption of the
putrescent fluid in the cups of D. sylvestris, some other function
must also be performed by them in the economy of the plant.
Another idea which occurred to me was that the filaments might
be low organisms of the nature of a Myxomycetes, living para-
sitically on the summits of the glands. The reasons for dis-
carding this view will be fully given in the sequel.

The trichomes on the connate leaves of the sccond year’s
growth all have the shape of glandular hairs (except a double
row of simple_ multicellular hairs on the midrib); the scedlings
possess in addition numerous long hairs or prickles, the chicf
portion of which consists of a single large conical cell, sometimes
-85 millimeter in length, and -09 millimeter in breadth ab the
base.  The y/tmt]ul/u' trichomes are of two kinds, exempli-
fied by figs. 1 and 18, The trichomes of the fig. I type are of no
further interest, as they do not produce motile flaments. The
other varicty (fig. 13 and the other drawings) consist of a pear-
shaped multicellular head, about <05 millimeter in length, and a
wnicellular cylindrical stalk a little over -03 millimeter in length,
supported on a cushion-like cell projecting to a variuble extent
above Lhe level of the epidermis; the whole trichome is about
-, th millimete sthof an inch) in height.  Tn the El.mda on
the second year’s leaves the cells forming the |
usually contain a few bright spheres of a e
the latter may be removed by alcohol, and then the n:
cells become clearly visible. These large drops of
often ..bbu.t especially from the g

granular and cloudy pro-
however, somctimes to be
13, Both

ch produce

topla Plle drgi of i 1
found in the seedling’s leaf-glands, as shown’ in fig,
the trichomes of the fig. 1 type, and also those wi
filanents, occasionally contain a good deal of starch.

The stalk-cell exhibits a simple network of streaming. pro-
toplasm and a large nucleus. | have once or twice observed
streams of protoplasm in the transparent cells forming the pear-
shaped heag of very young glands. The glands are often capped
by accumulations of resinous sccretion, and this is more fre
quently the case with the second-year leaves than with the sced-
lings. ~ These seoreted masses agree with the bright spheres
found withiti the cells in exhibiting the following reactions,
which show “them both to be of a resinous nature. They are
soluble in_ether or alcolol, are coloured pink by tincture of
alkauet ; they are not blackened by osmic acid, as would be the
case with a fatty substance. The crusts on the outside of the
glands, contrary to what might be expeeted, are stained yellow
with fodine. 1t appears, therefore, that the resinous secretion is
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formed in drops in a vacuol rotoplasm in the gland-cells of
the trichomes, and, pussing u.m%h the cell-walls, collects on
the external surface of the gland. In his paper on glandular
trichomes Hanstein® dg ribes a method of secretion in which
the product collets in a blister-like cavity beneath the cuticle,
which bursts and allows it to escape. On dissolving the resinous
crusts from the te glands 1 have occasionally seen a similar
bladder of cuticle subsiding or bursting.  Martinet? describes a
similar process, and cousiders it pathological and of only
accasional occurrence. 1 imagine that in the case of the teasel
the esseutial act of secretion, se. the elimination of a resinous
product from the cells in \\lnLll it is formed, is a normal
process ; but possibly the method of elimination may vary, so
that a bladder may of may ot be formed. The resinous matter
is secreted only by the trichomes of the types shown in figs. 2
3, 4, 13, &e., tat is to say, only by those from which the
wotile filaments are produced
Zhe motile filaments—Narious forms assumed by these
remarkable bodies arc shown in figs. 2, 3, 6, 7, 8, 9, and 16.
The typical form consists of a simple tiread-Tike body slightly
clubbed at its free end, ‘Phe filament shown in fig. 3 was nearly
“1 millimeter in length, and about *0012 millimeter in breadth
at the thickest place. The dimensions vary extremely ; for in-
stance, the thickness may be reduced to that of the very delicate
filament seen in fig. 6, whose length cannot be estimated because
of the complicated tangle in which it is arranged.  Another and
far more elaborate knot of flawents measured 2 millimeter in
length ; if it was composed of a single filament, which is quite
possible, the latter would certainly have been 2 millimeters in
Iength when uncoiled.  Bven the comparatively thick filament
iu fig. 2 measures “+ millimeter in length. These entanglements
are of common oceurrence, and usually consist of a labyrinth of
sweeping curves lying close up to the gland. Fig. 6 was
sclected from the curious angular disposition of the coils. Again,
the thickn rger when compared with the length, as
in the smaller mass 2 and 35 and thick, partly dumb-
bell shaped masses may be combined 5o as to produce a branched
filament, as in fig. 16. Iu fig. 4 an almost spherical filament® is
seen. In fig. 16, again, rather thick flaments are seen, one of
which forms- & loop by having its distal end attached or closely
applied to the summit of the glnd. The formation of loops is
an extremely common phenomenon ; they do not scem to be

1 ‘But Laitung) 1srs
s des Sc. Nat.,” 1865.

e e s express any motile mass, of whatcver
shape it may be, arising from & gland.
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formed by the distal end of the filament becoming attached to the
gland, but I believe that they arise as loops, or that two filaments
unite and form a loop immediately after emerging from the
gland.  Variously beaded forms are shown in fig. 9, and a crowd
of irregularly shaped masses in fig. 7.

The filaments are with the very rarest exceptions attached to
the summit of the gland; and when the actual place of attach-
ment can be made out, it is‘found to be at the point where the
radiating cells meet in the centre of the dome-like surface of the
gland, or at least on the junction line between at least two cells.
The substance of which the filaments are composed is trans-
lucent, highly refracting, and_quite frec from granules. The
filaments are in constant tremulous Brownian movement, showing
that they are of a gelatinous consistence. 1 liope to prove that
they consist in part at least of protoplasm, but I have not suc-
ceeded in showing the presence of albuminoids by any of the
usual micro-chemical tests. Neither the rose-red colour with
syrup and sulphuric acid, nor the xanthoprotein test with nitric
acid and ammonia sucuu:dlzll properly, though a distinet faiut
tinge was produced by the latter means. ‘The filaments, how-
ever, assume a bmm yellow colour with iodine, but T presume
that no great wu"lnl ought to be attached to thm reaction. The
filaments’ are not_ stained by ordinary colouring fluids, such as
logwood, anilin, &e. Tt will be shown that The substance of
which they are composed consists in large measure of a resinous
substance mingled in_some way with the protoplasm, and 1 pre-
sume that it is this circumstance which interferes with the above
reactions.

Protrusion of the motile filaments from inside the glandular
trichomes.—1 have hitherto spoken of the filaments as mercly
attached to the surface of the glands, but they are in fact pro-
truded from the inside. There can be no doubt of this, for
glands may be obscrved whose dome-like summits are quite
naked and bare, but which may be seen after a few moments to
be surmounted by a minute projection which grows up into a
normal filament by visible increments in length. T cannot posi-
tively state by what means the flaments traverse the external
cell-walls.  Ti might be supposed that apertures would be found
10 allow of their transmission. By stripping off the epidermis
a bird’s-eye view of the summits of the trichomes is obtained,
and if any apertures exist they would be probably visible in
this way, but no such appearance can be scen.  But the tops of
the trichomes ought to be cut off by sections parallel to the sur-
face of the leaf, to decide the point with certainty. 1t
tremely unlikely that apertures should exist, and the protrusion
of the filaments can be explained without assuming their exist-
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ence, for semifluid secretions undoubtedly pass through cell-
walls, and there is no difliculty in believing that gelatinous pro-
toplasm may do the same.) The migration of blood.corpuscles
occars where no special apertures exist for their transmission,
The protrusion of Alaments was first observed in scetions
leaves mounted in a dilute solution of carbonate of ammonia ;
but the presence of this salt is not necessary, as the filaments
issue forth vigorously in distilled water. ~ A very slight film of
moisture on the surface of gland is sufficient to allow of pro-
trusion taking place. Tor T have seen filaments protruded when
looking vertically down on to the surface of a damp leaf.
Whether they are protruded from a perfectly dry leaf 1 camot
ascertain.
Movements of (he filaments.—The most remarkable mo
ment exhibited by the filaments is a violent contraction. "Phis is
especially well scen by irrigating a preparation with di
acid (2 or 8 9G). In figs. 3 and 4 a (il
and after treatment with dilute acetic acid.
that the whip-like filament
ed on the summit of th
the act of contraction the substance of the filament 1s denser and
more highly ref raction is not so violent
its course may be w 1t usually begins at the free end of
the filament ; a ball appears at the distal extremity and increases
in size as it rapidly approaches the gland, being conneeted with
it by the remaining uncontracted portion of the filament, which
urse quickly diminishes in length. I have also seen the con-
jon begin at the proximal or attached end of the flament ; a
lmIl forms on the surface of the gland, and increases as the ex-
tended portion diminishes. These violent alterations in form are
frequently preceded by a wost beautiful phenomenon whic
have called ““mouiliforin” This is shown
in fig. 9; here the filament retained this form for some time, and
was 1n fact in a chronic state of contraction. The “acute” moni-
liform contraction presents the same appearance, but lasts only a
few scconds.  Sometimes the moniliform contraction invades the
whole filaments so rapidly that it scems simultancous; in other
cases it is distinctly scen spreading along the filament. W hen
the constrictions bebween the “beads” are not especially deep,
the beads and the spaces between them appear alternately light
and dark as the focus is changed. 1 have sionally seen a
womentary appearance of alternate fight and dark bars througli-
out the whole length of the filament, instantly followed by violent
¥ See a paper by Max Cornu, “Sur le clieminement du plasma au travers
de;,n\unhmnu: Vivautes non perforées,” * Comples rendus,” Jan. 1ath,
1877.
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contraction. This appearance may be due to a moniliform con-
traction in which the outlines of the beads and constrictions are not
perceptible, or may possibly be duc to the contraction occurring at a
séries of equidistant points, the refractive index being raised at
each point in consequence of the increased density of the tissue.
Tt should be added that contraction frequently occurs without
being preceded by moniliform appearance.

T have hitherto spoken as if after the completion of the act of
contraction the filument were always found massed into a spherical
body on the gland from which it took its origin. This is nor-
mally the case, but in rare instances a long filament becomes
entangled with a neighbouring gland, and when contraction takes
place the filament snaps in two, one portion remaining attached
to its own gland and t} emainder actually contracting on to the
foreign surface by which it had been entangled. Tt must be
noted that filaments frequently break loose from their attach-
ment, and while in thi hm, sta lr are capable of contracting and
exhibit other signs of v . These two observations are im-
portant because they l]nu\v some light on the nature of the act
which T have ealled contraction. A friend suggested that possibly
the filament may not undergo a true contraction, but that its
movements may be governed by changes occurring within the
gland, so that the filament itself is merely passively acted on by
these internal agencies. But it is evident that this cannot be the
case, because freely floating filaments are capable of contracting,
and because the distal portion of a filament exhibits the same
power independently of the proximal portion.

Cuuses tnducing contraction.—In the present section T shall
examine only those causcs which produce the violent changes of
form which I have hit lled ““ contraction.”  Und, ain
conditions the filaments assume an amwboid state in which
gradual alterations in shape spontancously oceur; it is obvious
that these movements may quite as justly be supposed to be due
to contractility ; but these movements are excluded from the
present discussion, and will be considered in the sequel.

Aectic acid—The contraction caused by this reagent has
already been described. The filaments are very sensitive to ifs
action, and contract violently when exposed to a solution of 1
per cent.  Also distinetly with a much weaker solution, *2 per
cent. ; but on the other hand some filaments were found in a half
expanded state after three hours” immersion in 4 per cent. acetic

aci

Alter the protoplasm of the filament has been killed by the
action of acetic acid, a remarkable change occurs. The con-
tracted mass swells and becomes more transparent, and produces
a pile of polyhedral vesicles, whose shape is determined by mutual
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pressure, so that it somewhat resembles in appearance a heap of
soap-bubbles, as shown in fig. 5. 1 may remind the reader that
when a colourless blood-corpuscle dies it swells up into a transpa-
rent sphere, owing to the imbibition of water, and I believethat the
formation of the soap-bubble mass is duc to the protoplasm of the
filament imbibing water at a number of different points.? This soap-
bubble appearance is not specially connected with death by acetic
acid; it appears to be a result of any kind of death, and may be seen
where the filament has been killed by other xv.xbvnl« (such as |
per cent. solution of chloride of gold) or by heat. ~On the other
hand it is not the invariable accompaniment of any kind of
death, simple balloon-like w being often produced by the
Iing of the protoplasm in a single mass.

Sulpluric acid—By irrizating with 2 per cent.
sulphuric acid contr everal times produc
solutions were not tried.

Hydrochloric acid—As my father found this a
ous to Drosera, a dilute solution (2 .) was tried with the
teasel.  Contrary to my expu it” proved poisonous,
always ruu~|n;, contrac Imn and death of the filament.

Boracic ac s not poisonous in a weak solution.
Several long and delicate filaments were found protruded after
being immersed all night in -2 per cent. solution, and they con-
tracted at once with dilute acetic acid. In this case the teasel
agrees with Drosera,as boracic acid is not poisonous to the latter.’

Citrie acid.—'This acid is not poisonous to Drosera,*and is so
to the teasel, but I cannot speak decisively as to how pois
itis. A mluunn uf 1 pvr cent. rapidly causes contraction. A
solution of *5 pei g
and also kills the
tion of this strength for bebween seventeen and eighteen houd
two others were not made to contract by five hours’ immersion in
the same solution.

Osmic acid—The action of this highly pnnul\ous acid has
surprised e much, - As s well known, its usual effect on
is to kill it inst sly without altering its
ance. This is not the case with the filuments of the teasel,
with weak solutions of the acid, which act like acetic or
sulphuric acids, but not. so vigorously, and sometimes not com-

1 L record in my notes that on irrigating with 4 per cent.
solution of osmic acid a whip-like filament ¢ contracted into a
barred and knobbed eylinder.” I then irrigated with water, and

olution of
eaker

d not poison-

e 3

* < Handbook for the Physiological Laboratory,” p. 12.
* Perups this may be conneeted with the Glanient’s power of cotracting
at a number of equidistant points
s luscetivoraus Plauts,” p. 191. 4 Ditto, p. 194,
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the filament subsequently showed itself to be still alive by
changing its form and contracting with dilute acetic acid. This
filament was therefore made to partially contract without being
killed, instead of the normal effect of the poison being produced,
viz. death without contraction. After numerous trials 1 conclude
that irrigation with acid of this strength either causes complete
or almost complete contraction, or else no effect is produced and
the filament withstands the poison. This is a remarkable fact,
as the glands are soon killed and blackened by 3 per cent. osmic
acid ; it shows that the filaments, when once protruded, are inde-
pendent of the life of the gland.  With 1 per cent. osmic acid T
succeeded in obtaining a different result; a filament began to
contract and then died in a partially cxpanded state, and after-
wards resisted the action of strong acetic a In another
instance the filament was half poisoned by osmic acid and ouly
contracted after prolonged irrigation with 20 per cent. acetic acid.
In another case a nent contracted partially with osmic acid and
then withstood 20 per cent. acetic acid, showing that it was killed
by the osmic acid.

Various salls.—Carbonate of ammonia in dilute solutions, viz. :
1 per cent., causes moniliform contraction ; the filament becomes
partially concentrated into a ball, and then recovers, and extends
tself again. The most interesting points in connection with this
salt have no bearing on the simple contraction of the filaments,
and will be discussed later. ’1Im same remark applies to the
carbonates of potassium and sodium, both of which cause con-
traction in § per cent. solutions.

Clloride of gold in } per cent. solution causes rather languid
contraction.  But the hlmnuna are killed by it, and become
transformed into soap-bubble masses.

Nitrate of silver in § per cent. solution has the same effect,
viz. contraction and death, followed by the production of a soap-
bubble mass.

lodine.—A solution (Schacht’s) composed of iodine 2 grains,
iodide of potassium 6 grains, water 2 ounces, was employed.
Violent wmoniliform contraction is produced, and the rounded
mass into which the filanent is transformed by contraction is
stained yellow. In one instance the contracted mass consisted of
two paris, a heap of transparent soap-bubbles and a yellow mass.
There can be little doubt that the iodine and not the iodide of
potassium is physiologically active in this solution. When
diluted so that the iodine is about in the proportion , per cent.,
the solution is not. poisonous, or ouly slightly so. 1t s known to
bave stimulating but not poisonous effects on germinating seeds.!

Alcohol.—Strong contraction is produced by irrigating with a

' Heckel, ¢ Comptes rendus,” 1875, p. 1170.
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drop or two of methylated sp The subsequent effect of
alcohol has puzzled and astonished me more than any other point
in this research.  First of all, the contracted mass seated on the
top of the gland turns of a greenish colour. It then begins to
diminish in size, and ultimately cither almost or quite disappears.
At first T was repeatedly deceived by this appearance, and believed
that the filament was actually retracted within the gland. What
ly happens is that a great part of the flament is dissolved by
the alcohol.  The reaction with alkanet shows that resin is con-
tained in the filaments. 1 presume that it is spread through the
protoplasm of the filament, and corresponds to the metaplasm of
Hanstein, or is intimatcly connected with the protoplasm in some
other way.  The results of treatment with alcohol seem to show
that the quantity of resin is very large compared with that of
the protoplasm. — In some cases a minute shrivelled ball remains
after treatment with alcobol ; in other cases the contracted fila-
ment breaks loose and floats away before the alcohol has com-
pleted the solution of the resin contained in it; in a third set of
cases the whole of the contracted filament disappoars under the
influence of uleohol.  Lknow not how to explain this phenomenon.
The summit of the gland is sometimes hollowed out slightly, and
is difficult to examine accurately with high powers; it is possibl
that the minute remnant of protoplasm remaining after the resin
is dissolved, and which would necessarily be shrunk by the
alcohol, nubht be overlooked within the hollow on the summit of
the gland.  Again, it is conceivable that if the resin is very
intimately distributed throughout the substance of the filament,
its sudden removal by a powerful solvent might cause the disin-
tegration of the remnant of protop

T a filament, killed by osmic acid n an extended condition,
and which was certainly dead (as it did not contract with 20 per

i seen which 1 cannot
ed with methylated spirit with
the intention of dissolving the resin of the filament and leaving a
protoplasmic skeleton in an extended position.  But the ilameut
ran together in a manner which could not be verbally distin-
guished from contraction, although it had more the appearance of
a filamnent of spun glass melting into a button than the normal
act of contraction.

Clilorgform—Applied in the form of a vapour, choroform
causes contraction. A thin transverse section of a young leaf
was suspended by means of a drop of water to the under surface
of a thin glass cover, forming the roof of a gas chamber. The
chamber had the usual arrangement of tubes, one being connected
with a washing bottle (in which the chloroform is placed, covered
by a luyer of water), the other cither with the mouth of the ob-
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server or with an aspirator.  Observations made in this way
ablished the fact that the vapour of chloroform causes con-
traction of the filaments. recorded in one case that the
filament under observation “did not contract directly 1 tasted
the chloroform.” The following observations show that chloro-
form produces a’ temporary narcosis of the filanents :— August
9th, 4.30 pn. A filament was made to contract by the vapour
of chloroform ; by next worning at 9 am. it hed altered in
shape, being more elongated than when it first contracted, al-
though it had by no means recovered its original whip like
form. On drawing chloroform through the chamber it con-
tracted again. J.)mmg this aspiration, a fully extended filament
was seen to contract;! this filament had escaped the effect of
the previous day’s chloroform, as it had not then been protruded.
Pure air was then rapidly drawn through the chamber, and by
one oclock the second eontracted filunent had partially assumed
an elongated form, aud was again made (o contract by aspiring
the chloroform.?

Glyeerine.—A prepavation was irrigated with glycerine, and a
filament was seen to contract slowly, @ sliggish-looking beading
making its appearance. 1t ultimately became spherical, and re
mained unaliered for half an hour; it was then thoroughly
irrigated with water, and still continued unchanged in appearance.

Syrup of sugar also produces contraction.

Quinine.—An aqueous solution of % 96 of sulphate of
quinine was employed, and contraction was observed in several
cases.  This result agrees with my father’s observation that
quinine is poisonous to Drosera.®

Camplor—This substance was tried because my father has
shown it to be a powerful stimulant to Droser; The washing
bottle connected with the gas-chamber was half lllw.l with vm(el
in which a few lumps of camphor were floating ; an atmosphere
strongly impregnated with camphor was thus produced. The
filunent could ot be made to contract by draving the camphor-
laden air through the chamber. A 4% 9% (i.e. natural) solution
of camphor was prepared, and by irrigating with this fluid con-
traction was distinctly and repeatedly produced. Conwentz has
shown that camphor is a poison to thé cells of Cladophera, fracta®.

" Contraction was here procoded by an unusual appes which may
be best described as a wrinkling, aud is different from the mouiliform
contacton

is nothing v ial in the narcotizing influence of chloroform,
or Dlagnte hok anul 5, dilute acids have ocoasionally been obscrved in
a slugeish, narcoti
H asstivorous m..u) p. 201
+ Thid, . 200.
s <Bol Zeitung, 1874, pp. 401, 417. Goppert scems first to have
observed ihie poisonous elféet of camphor on plants.
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1t is certainly poisonous to the glands and filaments of the
teasel; but the latter are not excited by it as is the protoplasm
in the tentacles of Drosera.

Curare.—A solution which had been used for curarizing frogs
was employed to irrigate preparations with ; it made Lheﬂlmncnt
become slightly transparent, as if effected by ammonia, but did
uot paralyse or kill them.  Curare is not poisonous to Drosera.!

Cobra poison.—A solution of about } 9§ was used for irriga-
tion; it produces a peculiar form of LOII'.IIILC]()I!, with an in-
tense wrinkling, and zig-zag appearance of little darting side
filameats. It is not poisonous, and the filament shoots out

i it appears (o be a powerful stimulant to the filaments,
srees with my fathor’s observations on its extra \un]llmxy
exciting ellects on the protoplasm in the tentacles of Dre

St

A solution of 1 % of acetate of strychnine was

prepared, but the salt was not all dissolved, and the solution
probably 75 %. Tn some of the experiments, simple
contraction was the result.  But in several instances a
able phenomenon occurred. T lnent began to cont
then suddenly became wmotion)
extended condition.  The filaments we
could not be made to contract by subs
strong acetic acid.  This fact is important, for it shows that the
contraction ordinarily due to acetic acid is not a chemical effect
on the substance of which the filament is composed.  For it is
extremely unlikely that both osmic acid and strychnine should
possess the power of hindering the clemical effect of acetic
acid.  On the other hand, the behaviour of the filaments with
strychmine agrees to some extent with that of the tent
of Drose I\Iy father found that a solution of acctate of strych-
nia (stronger than + %), when applied to tentacles which had
begun to move, allowed the latter to go on bending for a short
time, and then killed them in a semi-contracted state.? ln a
few cases the filaments were rendered sluggish, without being
killed by the strychnia solution, and a parallel cffect was noted
by my father i Drosera.  Strychmine has the same power as
ammonia of causing the appearance of drops of resin in the
epidermic cclls.

Heat.—1In Vlora® of last year (1876, p. 177) there is a
careful research by Velten on the effect of heat on the streaming
of profoplasn. e discusses various instruments for the ex-
amination of microscopic objects at different temperatures, He
concludes that the most accurate are Sachs’ heating-box (‘Warm-
Kasten’), and a_modification of an apparatus of Nigeli’s. The

! “ usectivorous Plants,” p. 205
* Ihid,, p. 200.
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¢ Warm-kasten”! is deseribed in Sachs’ ¢ Text-book of Botany,’
Bog. Tr. p. 668. Velten’s instrument is fully deseribed and
figured in ¢ Plora” (loc. cit.)

In my observations on the filunents of the teasel T have
made nse of both of the above apparatus; in this way, no
serious error can occur. 1f the filaments were linble to contract
spoutancously it would, of course, be impossible to make any
trustworthy experiments, but this is distinetly not the case; the
filaments remain extended with great constancy for long periods
of time. Again, if they contracted when washed to-and-fro by

! Mr. Hawl :Ivy ]us constructed a box of this description fnr we, which

answers admirably. At his suggestion it was made o soldered
tiu-plate, which u s 10 ba/Mors, daraklo;dan sing i cure i3, tukva 10
drain the water out thoroughly afier use. Mr. Hawksley has also substi-

i with felt for the cardboard cover. According m
i portion of the tube of the microscope ought (0

to ym vent undue cooling of the objective.  Veltew's u,;.nb
simple than Sachs’, and can be fitted up by any one for
Dimself. A small glass vesscl is placed on the stage of the microscope, 1he
objeet 10 be examined is supporta ed on a wooden frame, so that mun Lln,
vessel is filled with v s surrounded by iton all

obj nuwlmsImhp\wnulhllu,a\ face of the water Jike an immersion ll-m 'lhu
temperature is regulated by a current of hot water flowing in at the bottom,
and a siphon carrying off the surface-water at the opposite edge of the
vessel. Both tubés are provided with taps, and the water should be made
1o flow by drops and not in a quick continuous curreut. A thermometer is
kept in the water close Lo the object. Velten cemented his thin cover-
glass to prevent the plqmrulmu under observation hr,uwd(slurhul 1 have
found it more convenient to employ the following device - iece of stout.
lead-foil is cat into the shape shu\m in the woodeut. ll\e objeet is

Leudfoil clamp for holding a microscopic object belween two thin glass
covers.

mounted between two thin glass covers and placed over the squa
in the lead-foil ; tie four flaps are then gently bent up (the hinge
dotted on the ﬁvum) s0as to clamp the glass slides together, and the object ean
now be placed in water without any danger of the cover-glasses soparating.
This plan has the advantage of lmvm" the preparation aceessible to re-
agents after the heating experiment has been concluded, and from being
botween two thin leus the object is rapidly aflceted by the changes in tem-
perature of the surrounding water.
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currents in the water in which they are mounted, observation
would be difficult, at least, with Velten’s apparatus; but this is not
the case, for I have often seen the filaments violently shaken by
the current without contracting. In the following experiments T
(hought it necessary to give the time at whick the various tew-
peratures were attained, because Kithnel has shown that time is
an important element in heat experiments on protoplasm.

Baperiments with Vellew's apparatus.

Tnboth 1 and 2 the record of experiment begins when the
vessel had been filled with warm water.

Euperiment 1.—Aug. 19th.
e, Temperaturs.
4.26 pan. 34° Filament extended.
4.36 40 »
444 45 ot
458 56 Filament contracted.

Beperinent 2—Aug. 20th.

12 noom Fitament oxlonded.
1950 507 pan. »
L2 1er s
12 fm Filament partially contracted. Observation

ntinued on a different flament in same
o

57 hl'm\uxt cunlmctud

periment 3.—Nov. 2Tth.

imen mounted in cold water, a cur-

it of cold water flowing Lhm\lgh vessel.
Filament extended.

1015 12 Filament still extended.

10.20 315 0r32  Filament and another on nu;,l.bourmg tri-

chome contracted ; vessel of water was

then allowed to cool somewhat.
10.25 The filament extended again
1037 285 Filament contracted.
1126 19 Pt sppearad suin. - Between 1037
d 1129 it bad been subjected 1o ihe

{omperatares shown m Exporiment 4.
Filament still extended.

11.41

11438

1144 I‘llun\u\l contracted.

1147 Al allowed to cool slightly.

essl

1150 38 A frsal Mt SO0, 't e pre-
paration, still extended.

1152 417

*“Das Protoplasma,’ 1861, p. 10
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Time,
1153 30"

1159
12.20 pm.

5 pan.

10.3¢" 15"
1041 15"

10.43
10.45
10.46" 30"
10.48" 45"
1051
10.5:

10. :.1' 307

3 m, 95"

56
5.58' 30"

6.36' 30"
43

6.45
6.52' 20"

v
6.59" 20"
7
7.4 30"
749

Temperature.
2 C.

4k

50
25

cold

FRANCIS DARWIN.

Filament_contracted ; as are all the fila-
ments in this preparation.

After 1159 vessel allowed to cool.

All the filaweuts (2 in number) contracted.

Nov. 28th.
Two filaments slightly re-extended; they
were therefore not killed by temperature
of 50°

. Baperinent 4,—Nov. 21th.

A flament o, tho preparation used in

Bxperiment 3 still extended.

Filimtox suatrastal Wtcioos Uhmenizien
this section of leal contracted, but one is
found still extended.

Filament extended.

Filament contracted.
Eaperiment 5.

A number of filaments utcndul

Filaments still extended.

Several flamen(s contracted.
ore filaments contracted.
Allcontracted. Vessel of wal

cool.
A single thick, partially expanded flament.
Filument still exteuded
Filament contracted.

allowed to

Eiperiment 6.
No filaments visible,
A filament extended.

TFilament contracted. Ohsmvulmn T
diately transferred lament
(B5461ule) i the sammé reparubin,

“Phis, the sceond flament, -
sorvation transferred Lo third Glament.

Third filament extended.

Thiird flament contracted.

ended again,.

Jontracted (owing o a mistake in e
ving, it may )uw. contracte
grees lower), faviogs couled siuce
875" Fiameal sill contractod.
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he important result derived from these experiments is that,
although there is most remarkable variability in the temperatures
at which contraction took place, yet no filament withstood
without contraction a temperature of more than 57° €. No in-
creased activity was observed at lower temperatures.

The following experiments were made with Sachs’ heating
box:

Zoperiment 1.

Time.
1226 Filament extended.
1237 Fi);nm.nt contracted. The microscope was

removed, another specimen mounted
&l Ilu.n replaced.

Tila xtende
i‘ll.unn‘,nt contracte

L.

peri
Filament exiended.

moved

Tilament contracted ; n
' “obscrved.

ud repluced. Fresh fil

103 Fresh filament contracted.  Microscop
1140 807 10 moved anid pint () observed.
121 435 Filument contr

The average of contraction hmn the experiment
with Sachs’ box is 45- 4, (I\c average for the series with Veltew's
np]mmtu: huu" 38:7°, the average of the whole of both series
being

I’lu.[/t(ulx/ulm/u[w/;.» By using « modification’ of the cl
trodes uaun“_y employed in" microscopical work the filaments
were easily subjected o the influence of the induced current.
Clear and unmistakeable contraction was thus produced, and the
observation was several times vepeated. Noocontraction was
produced until the current was approaching the strength at
which water is decomposed.  ‘The filaments were not thrown into
a state of activity by weaker currents; and this agrees with
Heidenhain’s observations on the hairs of Tradescantia (quoted
by Sachs, ¢ Physiologic Végétale,’ p. 85). e found that weak
currents produced 1o effect on the protoplasm, while strong
currents rapidly stopped all movement.  On the other hand,
Briicke and Max Schultze (quoted in Sachs, < Phys. Vég?, p. 86)

[ gueeecded s oasily with this modifled arrangoment, whon I filed
with the ordinary form of microscopic clectrodes,
deseribing. 1 am indebted for the suggestion to Prof. . Ray Lankester,
He pointed out that the object to b od might bo placed in a drop of

g from the under surfa hin glass uxvrr, just as in the
gas-chamber.  One electvode is Gixed e o it of the thiu glass,
e otber is movable and is brought cautiously into the field o vision until

clusely upproaches the object. —This arrans s showw iu the aceon-
p‘..,, g woodeut, which gives the instrament i seetion,

z
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found that delicate trembling filaments darted out from the

e

Microscope electrodes.

S, stage of microscope; G, glass slip; ¥, block of cor
modelling wax; w, w, fine wire passing through M; B,
conneeted with bnltoly T, the other clectrode fixed to I ub
object to be examined hanging in a drop of waler; C, thin glass ; T,
tube of microscope with objective; S, a Stricker’s binding scrow
is an ordinary glass slip, 1o which is »
I, which supports the iz ctrode.  The lnLlL is_represe
e black line, 1. Tt consists of a sheet of platinum foil nearly as wide
as the glass slip to whose upper surface it 1s cemented, n...chmu from
L to the fixed block, F, it then passes up the vertical external face of

, and bending at right angles ends in a point, and is cemented to the
mm surface of T and the under surface of the thin glass-cover, C.
‘The movable electrode consists of a block of mmldlm" wax, M, pierced
by a finely pointed wire, w (such as is used for i the canula of
aliypodermic syringe). To use the instrument, MlL objeot is placed at
o, suspended iu a drop of water, and w and E are connected with the
battery or Du Bois coil.  For connceting the platinum plate B with
the coil a single one of Stricker’s binding screws may be used. 'The
poiut 2 ought to stand up like a spring, o that by sliding up M, and
slipping w bencath the glass cover C, the point of w presses gently
against the under surface of C (w does not touch the under surfac
in the figure). Supposing that a section of a teasel I
b, the poiut of w cau be made to approach any desired filament ;
this is effected the cube of modelling wax, M, is fixed by a hLLl:. l'nu
pressure, to the glass slide, and on closing the key the filament is
subjeeted to the action of the current.

M, lunp of
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streaming protoplasin in the hairs of the nettle when subjected
to an induced current.

Mechanical stimulation—By gelting o filament exactly into
the centre of the field of vision, and screwing the objective down
soas to press on the cover-glass, the filument can be made to
confract. ‘This observation was repeated several times, and in
some cases, by focussing up rapidly, the flawent was observed
in the act of contraction from L]n; elicet of the previous pressure.

Awahoid or aggregation movements.—1his term is applied to
a series of appearances which, though not essentially differing
from the mouiliform contraction already described, are more
conveniently considered  separately. Tt would, perhaps, be
better to call them simply aggregation movements, since they
more closely resemble the changes observed in the tentacles of
Drosera when excited by the absorption of nitrogenous matter
than any other phenomena.

“The most striking variety of aggregation-change which occurs
in the filament is due to the action of dilute solutions of car-
bonate of ammonia, or of an infusion of meat, and is. partially
produced by weak solutions of carbonate of potassium and sodiun.
A detailed experiment will best illustrate the nature of the
phenomenon in question.  July 10th, I pan., a young teasel

as eut from the plant by severing, both below and
above the bases of the leaves, the stalk which passes like a
vertical axis through the cup. The small section of the stalk, thus
freed from its atlachment to the plant, was divided in a median
plane in such a way that one half of the stalk remained attached
to each leal 5 one half was placed in a Solution of carbonate of
ammonia (4 96, and the other in distilled water. On July 11th,
al S o, transverse seetions were cul from both specimens and
examined.  In the water specimen the filaments were long and
delicate threads, whereas - the sections taken from the half
fmmersed in the ammonia. solution they presented a totall,
different appearance. The glands were Al by trans-
parent sawsage-shaped and rounded masses of low refractive
mdex.  Subscquently sections were cut from the water specimen
and were irrigated with § 94 of carbonate of ammonia. A filament
was seen to umlugu moniliform contraction, and then became
partially extended 5 nearly all the filaments in the preparation
became changed into variously shaped transparent masses, and
distinet changes of shape were seen. A few transparent masses
produced by tmnersion for an hour, i } % solution of carbonate
of ammonia, are seen in fig. 7. Remarkable changes of form
oceur; large bulging masses quite alter their shapes, snake-like
filaments disappear and others appear, spheres coalesce with one
another, and, m fact, the wass of filanents is in the course of

VOL, XVIL—NEW SEK, s
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an lour or so completely transformed and altered in appearance.
The glands are coloured of a faint green by the ammonia solu-
tions.  The results obtained with fresh and putrid infusions of
raw meat have surprised me still more than the changes produced
by ammoniacal solution

July 18th, 10.50 a.m.—Sections cut from a_ young leaf of
sccond year’s growth were mounted on slides, some i distilled
water, others in an infusion of raw meat ; owing to a mistake in
the notes T caunot say whether it was a fresh or putrid infusion.
The specimens were examined at 3.30; those mounted in water
showed only fine whip-like filaments, whereas in the meat speci-
wmens there were found enormously long and bulky filaments ,
something like those shown in fig. (1. The same kind of result
was obtained by five hours” immersion i fresh infusion of meat,
also in the following instance with putrid infusion.

July 20th (between 11 and 12 noon).—A young €cup’ was
divided in the manner deseribed above, one Dhalf being placed

in distilled water the other in putrid meat infusion. J |Aly 23rd,
10 amn. (about seventy hours after immersion).—Scetions were
cut from both halves and examined.  In the meat specimens

there were astonishing masses of spherical and pear-shaped tran-
sparent filaments with some rope-like ones as much as 96 mm.
(s inch) in length. Changes in form and in position were seen to
take place. The masses exactly resembled in appearance the trans-
parentfilaments which are scen attached to glands after irriga-
tion with dilute solution of carbonate of ammonia, but here tluy
were attached to no glands ; they seemed to have been poured out
in enormous quantities and o have freed themselves from all
attachment.  Unfortunately no record was kept of the condition
of the corresponding hall of the “cap” which had been in dis-
tilled water ; but from this fact it is probable that they presented
the normal appearance with thread-like or slightly moniliform
filaments.  On July 26th, at noon, the glnds appeared to be
dead, but the protoplasmic masses (which were not, attached to
glands) were still in movement. Fig. 11 was sketched with the
camera lucida.  The masses were bright and highly refracting.
A curiously moniliform mass (not figured in the plate) was also
seen in very rapid movement.  One mass was made to run into
a sphere and was alnost or entirely dissolved by methylated
spirit. As I found that an infusion of putrid meat was faintly
alkaline it appeared possible that the results obtained with
ammonia, with carbonates of potassium and sodium, and with
meat infusions, were all due to their alkalivity.  But this is cer-
tainly not the case, as precisely the ordinary results were obtained
with meat infusions carefully neutralised with dilute citric acid.
Why solutions of cwbonate of potassivm wud sodium should
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have the same effect as nitrogenous or ammoniacal solutions, [
canmot say. These salts produce aggregation in Drosera and
in this way they again yesemble ammonia 1 acf
fuwill be seen from the above account that the effect of infu-
sions of ment 1s to cause an enormous and probably abnormal
production of filaments which usually free themselves from their
attachment. D some cases the filaments ave very transparent,
like those produced by mmmoniacal solutions ; in other cases they
do not dilfer in refractive index from the uulm.u_y filaments,
which are usually bright and highly refracting. In the latter
case the filaments resemble those shown in figs. 8, 9, and 15 ;
.15 are represenied the rapid movements of a free and
wed filament.  The change from fig. 8 Lo fig. 9 took
in about half an hour; the (-mmmlv beaded filawent
in fig. 8 had doubtless originally issued from the trichome as a
simple whip-like body. The aberrant forms produced by slow
contraction are exemplified in fig. 12, for in this case also there
is little doubt that the mass was originally a simple filament,
1w, unfortumately, unable (o say to what canse this litter kind of
wovement is due. L have scen curiously shaped or activ
moving filwnents in fresh specimens mounted in distilled water ;
this scems to negative the view that the changes in question are
due to the absorption of nitrogenous matter.  But it must be
rvemembered that a transverse section of a young leaf mounted
in water is practically exposed 10 a nitrogenous fluid owing to
the death of the protoplasm killed in the young leaf-cells in
making the sections. 1 can only repeat that these ges do
wider some nuknown conditions certainly oceur, and that som
what suntlar changes ave certainly brought about by immersion
i infusions of meat and solutions of carbonate of ammonia.
Nature and plysiological relations of the filaments.—1 have
now given sowe account of the physiological behaviour of these
remarkable filaments, Before proceeding further it will be well to
attempt the discussion of the question, what relation does the
power of proteading filinents bear to other processes of vege-
table physiology ¥ When | first observed the filaments 1 found
it extremely difficult to believe that they were protoplasmic organs
issuing from the glands. 1 was even inclined to suspeet that
they might be parasitic organisms of some unknown kind which
merely fixed themselves on the summits of the trichomes to avail
themsclves of the putrescent fluid retained by the connate h-,AV('
of the plant.  Snch facts s those given in one of Mr. Dallinger’s
mewoirs,! should make one cantious in rejecting such a thet Ty,
nevertheless 1believe it may certainly be dismissed.  Ibis impos-
Practical Notes on Heterogenesis,”  Popular Scicnce Review,” Oct.,

i fig

S
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sible to believe that parasitic organisms would scat themselves al-
most without exception on the same part of the gland. Some of the
very rare cases in which a filament was seen seated on the side of
a trichome proved after all not to be exceptions o the rule; for,
by making them contract, they proved to be attached b
connecting filaments with the ‘summit of the glnd. 1i i
very convincing fact that the trichomes of the fig. 1 type never
produce a filament, although they are apparently as well fitted as
the fig. 2 type for the abode of a parasite. Again, the fact that
(ilaments found on the leaves of seedlings reared in a hot-
house and far from their pavent-plants (from which they might
otherwise be infected with the supposed parasite) seems to me
strongly against the parasite hypothesis.

Puiting aside any view of this nature, we seem fo be r
to two theories—(1) That the filaments are protrusion
resinous protoplasm of the glands. (2) That they consist of
si gelatinous  consiste and that the
movements which oceur are not due to vital activity inherent in
the substance of the filiments, but are due to purcly m
causes. The movements might be supposed Lo be similar in
Kind to those observed by Professor Ray Lankester' in the
coloured blood-corpuscles.  1le found that the merest trace of
the vapour of ammonia caused a wrinkled wave to travel over
the surface of the corpuscle, simulating contraction. A stronger
dose causes the protrusion from the corpus s which
collapse when ic acid is sabstituted for These
movements are believed by Professor Lankester to be purely
meehanical in nature.  As another instance of purely physical
elfects ¢l to “vital” movements may be cited
Sachs” r h, “Ucber die Bmulsion Iiguren, &
Previous investigators had believed the movements of swari-
spores in relation to light were truly vital in nature. hs has,
however, proved, by obtaining similar phenmmxm with emulsions
of oil, ihat they are the di resil t of slight differ-
ces in the temperature of surround i
I shall now bricfly consider the b
relation to the above-mentioned theol

) the vital ; (2) the mechanical theory.

In favour of the mechanical Zeory we have the fact that the
filaments undoubtedly contain a lirge percentage of resinous
watter, which might conceivably give rise to mechanical pseudo-
contractions. Aumn, it might seem that there is a greater
i priori probability of such pseudo-contractions occurring thun
of the protrusion of a highly resinous protoplasm throngh the

1 Quartaly Jmnmmr rmm, seupieal Seicuce,” 1871, 1. 3
“¥lora, Nrs. 16, 17, 18, 15

Eviois of The/tlamenisdia
, which may be called
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ali-wall of ane of the higher plants.  But the balance of pro-
bubilitics is reversed when we inquire into the canses that induce
the Tor it is ble that violent

shiould be mechanically or chemically produced by such different
reagents as very dilute acids, alkalies, solutions of chloride of gold,
sulphate of quinine, camphor, or by a[uml'urulurn below 57° C.

On the other hand, the whole behaviour of the filaments

(except the results of i ‘Lmuu with alcobhol) points to the

lusion that the are ted with living matter.
In this point of view the more m.pmmm features in the beha-
viour of the filaments are the following :

1. The “spontancous™ movements.

2. Contraction being produced by various
acetic acid or sulphate of quinine in very dilute solution:
by the vapour of chloroform.

3. Death in an extended or not fully contracted condition
being produced by solutions of osmic acid and acetate of

nine.
. Contraction heing produced by subjeeting the filaments to
a temperature below 57° C.; o’ the action of the induced
current ; to mechanical violen

5. Not ouly do these agencies cause contraction, but
the filament is reduced by them to a motiouless condition,
in which no farther contraction can be induced, and in which
the filament swells up in consequence of the imbibition of water.

On the whole, the balance of evidence seems to me to be
strongly in favour of the view that the filaments of the teasel
cousist of protaplasm in which a large proportion of resin is in
some way mingled.

Probable funcl

such as
and

agents

—1 shall now endeavour
to conneet the above-d phenomena with known facts in
physiology, and to make a conjecture ab what scews to be the
wost probable function of the filaments. The class of facts
which appears to be most nearly related to the phenomena is
that of seeretion. There ean be little doubt that the protrusion
of filaments is closely related to the seerction of resin, for caps of
accumulated resin are fouud on the summits of the ghmh while
inside the cells spheres of the same substance. No one
would hesitate to consider these crusts as resin secreted by the
glands. But the filaments resemble these crusts in several ways,
.g.in refusing (o be stained by ordinary dyes, in being colonred
by alkanet and by iodine, and'in being largely soluble in alcohol.
Moreover, incrustations of resin are only found o that v

of gland from which filaments are protruded. The view is mai
Mnul l)v many physiologists that an act ul cretion consists in
the d or deaths of protoplasm. Ivery mass of what is

0
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y called protoplasm, or plasma, is made up of two
distinet portions : one of these is traly living matter, and should
alone be called protoplasm; the other is not ulive, and is called
metaplasm (Hanstein).  According to Beale, all' metaplasin
must pass through the stage of protaplasm.  But whether or
not this be so need not here be discussed. 1t will be granted
in either case that secretions may be formed by the m(l.lplmm
increasing so that the protaplasin 1s annihilated.” Dr. Creighton’s
recent work? renders it haghly probable that the seerction of
wilk takes place on t punuplv; a new plastid arises within
2 mammary gland-cell, and is entirely converted into oil. |
would suggest that the nis an example of a
somewhat different form of protoplasmic scerction. 1 believe
that the portions of protoplasm destined to give vise by disin-
tegration and death to the scereted resin docs not proceed at
once to the full limit of disintegration, but that it issues from
the gland while still possessed of some vitality. 1 am aware
that many weighty objections may be raised against this view.
Lt way bé said that protoplastu containing so laege an amount
of lifcless matter could not exlubit activity, I support of tus
it might be pointed out, that the aceumulation of large quantities
of food-yolk in ova is associated with quicscence.  Secondly, it
may be said that the protrusion of living protaplasm is an
inconceivably wasteful method of getting rid of a secretion.

L will first consider the former of these objections.  The
process of aggregation, as it occurs in the tentacles of Drosera,
affords an example of loss of motility connected with an increase
of metaplasmic matter.  The spontaneously-moving masses of
coloured protoplisin in Drosera assume wnder certain conditions
vical form in which motion ceases, and this coudition is
prease i denwsity, probably owing o the
¢ ation of the lated into smaller compass.
T'his phenomenon seems to negative the view that the filaments
of Dipsacus could possibly be active while containing a large
quantity of resin.  But from another point of view, this argu-
ment s not quite fair. The motionless aggregated masses in
Drosera are so dense that they crack into star-like forms? when
pressure is made on the cover-glass. But before this intense
condition of aggregation was reached the metaplasin wust have
been at ieast moderately condensed, and in this condition the
masses were still wotile. There is another possibility which

' ¢Bot. Zeilung,’ 1868, p. 710.
2 ‘](ul.om of the Medical Officer to the 1

vy Couneil,’ 1875, No.

vi, p. 17
k] ‘ Insectivorous ]7|A|l'\, p. 47.  Kor figures of these forms sce * Quart.
Journ. of Micro. Science,” July, 1876.
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should be considered, namely, that the flaments way consist of
aliquid core of resinous matter, surrounded by a tubular shell
of protoplasm.  Professor Ray Lankester, who was kind enough
{0 examine preparations of [iving glands, suggested this idea.
e rewarked that the moniliform contraction gave him more the
impression of a tube closing on its contents than of any possible
contraction of a solid body. [ think this view ought to be con-
sidered, though L am not at present inclined to accept it.

"I'o return Lo the second of the ubove objections—viz. that the
protrusion of protoplasm is an incredibly wasteful method o
scereting.  I'wo answers may be made to this objection. Tt
must be granted that if a wasteful, it is also a rapid way of
retingg, and it is imnpossible Lo kuow of how great importance
it may be that what is- probably an exerction should be rapidly
climinated. [ the second place, it is quite possible or probable
that the filaments have not adhered to their original funetion of
removing waste products, but have assumed other functions. [t
is perfeetly conceivable that a protruded mass, consisting in part
of true, living, protoplasm, should, on finding itself surrounded
by a nitrogenous fluid, absorh and transmit nutriment Lo the
leaf. We know from iy father’s observations on Utricularia
that the trichomes lining the bladders are markedly affected by
the absorption of nitrogenous fluids.  And we have the same
kind of evidence in the case of the teasel. My father found
that a weak solution of the poison of the cobra-snake had a
powerfully stimulating effect on the tentacles of Droscra, A
solution of about 4 % produccd more active aggregation
than can be produced by any other weans, except, perhaps,
2 moderately high temperature,  The same solution of cobra
|ml~u|\ was tried with the teasel; it not only produced a state of
activity in the filaments as already deseribed, but was rtainly
absorbed by the trichomes. At 4 pan., when the solution was
applied, the contents of the trichomes were merely granular,
next morning the cells contained definite masses, which slowly
changed their forms.  (Sce fig. 10.) This appearance must be
considered as ““aggregation” ;5 and when it is remembered that
agaregation ouly occurs i Ui elands of Droscra, Pinguicula, Utri-
when excited, it must be allowed that we have
evidence of the excitement, of the glands of the teasel by the
absorption of the cobra solution.  But too much stress must
not be laid on this phenomenon, as on some wsions it entirely
fails with cobra solution, and is a very rare oceurrence under any
circumstances, and fig. 10 was drawn from a specimen simply
mounted in waler for two or three days.  Moreover, it scems
to have nothing to do with the filaments, for 1 have seen it on
two oceasions in the glands of the fig. 1 type. [ may here

st
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mention another phenomenon which I do not understand, but
which is the almost universal result of treatment with & or 4 %6
solution of carbonate of ammonia. It consists in the appear-
ance of numerous bright, highly refracting drops of resin in the
epidermic cells, which gradually run together and form large
spheres, They are very easily soluble in methylated spirit, and,
no doubt, consist of (he same resinous watter seereted by the
glands. A similar effect was extre emely well marked, and re-
peatedly scen in preparations mounted in 75 9% solution
of acetate of stryehnia.  No other substances secm to have the
same power, and the phenomenon must remain unexplained.
At first sight the protrusion of filaments, and the iges which
oceur in them, appear to be isolated phenomena wnrelated to
any known physiological process, ¢ pl. i 4 certain way with
secretion. 1 believe, however, that some relationship must
exist between the protrusion and amaboid movements of the
filaments, and the process of aggregation as it occurs, for
example, in the tentacles of Drosera. . The physiological meaning
of |]w latter phenomenon is ab present unknown 5 we know, at
Teast, that variously shaped protoplasmic (7) wasses wiake their
appearance and widergo incessant movement. i these masses
were to traverse the external cell-wall, and protrude into the
surrounding medium, they would closely resemble the filaments
of the teasel. The following are the points of resemblance be-
tween the protruded filaments of the teasel and the aggregated
masses of Drosera :

(1) Both consist of homogeneous, highly refracting masses
of protoplasm, imbued with a large quantity of metaplasm 5 the
Tatter being ?) in Drosera, resinous in Dipsacus.

e with glandular organs, which not only

<

Both are_conne
seerefe certain substances, but also absorb nitrogenous materials,

The comprehension of (he relations between the processes of
protrusion and aggregation is rendered more difficult by the
fact that true aggregation takes place within the trichomes of
the teasel.

The production of filaments is not an unknown occurrence in
the ordinary protoplasmic contents of cells. Max Schultzet
describes in the stinging hairs of the nettle the appearance of a
certain number of threads projecting from the parictal protoplasin
into the eell-sap; their free extremities are swollen or clubbed,
and they are in a state of trembling movement. These appearances
are only seen when the electric current to which the hair is
subjected is nearly strong enough to kill the protoplasm.

I have occasionally seen these internal filaments, for instance in
a gland which bore also an ordinary external filument. By careful

1 Quoted by Sachs, * Physiologie Végétale? (French translation), p. S6.
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focussing with No. 9 [Hartnack T made certain that there was a
filament actually inside the gland ; and it was proved not to be
outside by irvigating with methylated spirit, by which means
the external filament was made to contract while the inten
one was nnallected.  The same appearance of trembling clubbel
filaments was seen in one of the large conical hairs on the seed-
fing teasel-leaf.  hree of such flaments are marked by crosses
i 125 the largest of the three waved to aud fro, and re-
winded we closely of one of the ordinary external filaments.

Relation belween the geweral structure of the Teasel and the
protrusion of Jiluments.—The conclusion to which the study of
the filanents and the glands seems to lead is, that they are both
capable of absorbing nitrogenous fluids.  T¢ will be well to
consider whether or not the general structure of the teasel is in
any way co-ordinated with this power.

Tn the first place, it is quite certain fhat the plant is well
adapted for catching and drowning insec

The connate leaves form cups holding hum 12 to 100 c.c. of
fluid 5 the leaves are smooth? .‘h.hul‘;,']\ those of the scedlings
are rough, with large prickly lairs) and are inclined st as to form
a large angle with the hovizon and a small one with the vertica
they form, therefore, two steep and slippery slides, leading to a
pool of water. The stalk of the plant is covered with sharp
prickles, but these cease where the stalk dips into the water in
the cup. 1f it were not for the loss of the prickles at this
point, & ladder of escape would be provided for the drowning
victims. T have seen a beetle struggling to get out, and
observed liis tarsi slipping over and over again on the smooth
The cups undoubtedly form a most “efficient trap.  In
some wild teasets the following inseets were found :—In one cup six
large malacoderm bectles, from half to three quarters of an ineh
in length, one fair-sized caterpillar, and two flies; in another,
seven of the same beetles, one earwig, a bluebottle fly, besides

' Prof. Kerner believes that the “ cups™ of the teasel are a_ protection
1o the flower against the attacks of ants nml other w 1;,less insects who
might stea uN» nectar without b the spe cont
Tienicie DI ISoINEMING d6x, Dluron gewel ..m.m.r o Giste, i the
¢ Proceedings of the K. K. Zoolog. Botan. (x‘m 1l t, Vienna,’ 1876, he
supports, wih stzong arguments, the. theory that. many flowers are thus
protect ould, however,be the frst o adit t  given struct
may e u.-m“,ml {hrough serving more than ouc useful purpose.

urious that in the lust century Erasmus l)mwm Should ke Femarkad
ou the protective function of the *hason med by conuate leaves of
the teasel. He even alludes to mectar as one of the treasures to be
guarded in s kind of way, although e was nol, of course, aware of
the true relations existing between flowers and iuseets. (S o
the Plants,’ Note 6.)

* The glands do not
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aller flies and much débris. A much larger number of
ts were counted in some other teasel-cups, but the notes
and the loss was only discovered when it was too late
to make fresh observations. The water contained in the cups is
alinost always muddy from the débris of dead inseets ; and when
the old leaves at the base of the stem wither, and can no longer
hold water I have seen them swarming with Staphylinide and
(usc-eating beetles. T tried a number of experiments

number of the same kind of umlmnlmm beetles,
and placing one half in water, the other in the fluid of the tease I
cups.  The result showed that beetls e drowned much more
rapidly in the teasel fluid than in pure water.  Whether there is
a narcotizing poison in the fluid, or w r, as is far moj
lml)lL the olliness or stickiness u! the decaying fluid causes the
insect’s spiracles to be blocked up, 1 cannot The fact that
large ~luus are oc ly drowned in the cups is in favour of
the poison hypothe , if dropped into the
teasel-cups, can erawl up th

From these varions considerations 1 believe that the plant
does profit by the inscets caught in the cups. This question
Lhope to decide by a comparative experiment, in which a number
of teasels raised from seed under similar conditions will be
divided into two lots, one half being starved and the other fed
with insccts or picces of meat.

But whether or not the glands which find themselves immersed
in the putrid fluid of the teasel-cups take advantage of their
position to absorb nitrogenous watter, there is no doubt that the
protrusion of filaments is not a habit originally developed for
this special purpose 5 for, as above explained, the glands on the
scedlings which do not form cups, and therefore cateh no inseets,
have well-developed filaments. But it may be answered that
they are developed in the scedlings by a kind of inheritance from
the adult plant.  Even if this reasoning were permissible the con-
clusion that the filaments are specially adapted in relation to the
Leaf-cups is demolished by the following fact, already alluded to.
“Phe other British species of teasel, . pilosus, has no leaf-cups,
and therefore cannot entrap insects, yct ves bear glands
and these produce contractile filuments.  If we grant that the
filaments have any power of absorbing nitrogenous fluids, and
this can haidly be denied, the only thec ory Uhat § nggests itsell s
the following : —That the flaments absorb the salts of ammonia
from the rain-water and dew which fall on the leaves, and that it

is this power which is modified in the adult plant so as to cnable
the filaments to (. dvantage of the animalized fluid retained

ly stated that filaments can

by the leaf-cups. It has been alre
is merely damp. 1t does

issue from the glands when the le
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not, therefore, seem impossible that an «lnumm d filament ahou]«l
crawl or spread itsell over the sur f the le: af, its prox
end remaining attached to the gland ; il i s Way ammonia
might be absorbed and_ transmitted to the gland, from the dew
or rain collected on the leaf. The following observation seems
to show that the filaments can adhere to smooth surfaces ; and
this faculty, in conjunction with their powers of contraction and
extension, would enable them to crawl on the surface of the leaf.
A free or unattached filament being in the field of the micro-
scope, the preparation was irrigated with methylated spirit. The
filament did not float away with the current, but evidently
adhered to the under surface of the cover-glass.  When the
aleohol reached it the filament actually contracted against the
force of the current, showing how firuly it was attached to the

glss)
Schlasing? has shown that the leaves of the tobaceo-plant,
when supplied with the vapour of carbonate of ammonia, yield on

analysis a greater amount of witrogen than other plants not thus
treated. My father vemarks that the vapour may be, perhaps,
absorbed by the glandular hairs on the leaves. Dr. Gilberdd
also states that Aaolph Mayer has “ experimentally shown that
plants can up nitrogen by their leaves from ammonia sup-
plied to them in the ambieut atmosphere.”  There is, therefare,
nothing extraordinary i the belief that the leaves of the teasel
d\l:ml) ammonia from the atmos) phere 5 the novelty is merely
iu the method of absorption, viz. by protoplasmic flaments.

Ttis therefore important to know whether the amount of avail-
able ammonia in the atmosphere is sullicient to be an item
in the food of the plant. MM, Schlising and Mayer (as quoted
by Dr. Gilbert) appear (o believe that’ the absorbing action
“takes place in a very immaterial degree in natural vegetations.”
This may be from a fack of absorbing organs on the part. of the
leaves, or from the small quantity of ammoniawhich is available for

' This observation suggested that the flaments might in the adult
plant erawd over the dead bodics of the drowned inscots, and thus absorb a
strongly nitroy 1 therefore cut thin scetions of T
ced the minute fragments thus obtained
round and among the glands on a ;Ln“nu M a IL.AM leaf.  But not a
single Gilunent._applied Htself to a weat. 1 also thought, that
the filaments might have the power of scaing; i s floatiug in
the wuddy water of the caps. a number of experiments in the
hopes of ecitig: the casion, : Pregaralious Were ircivated with. Sucly
divided carmine suspended in slightly ammoniacal fluid, but no- particlcs
were ever scized by the filaments.

> Iuscotivorous Plauts,” p. 353 5 for the original sce ¢ Comptes rendus,’
June h, 1874.

s

-

Address delive
1876,

ed at South Keusington at the Science Conferences,
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absorption. Dr. Gilbert (p. 5) gives the amount of ammonia which
falls in rain and minor aqueous deposits per acre at Rothamsted a
6+46 pounds per annum.  Boussingault! found 00079 grm. per
litre of ammnionia in rain water in the country districts of France.
In dew he found as much as from *001 to ‘006 grm. per litre.
The average of three anal » given of the amount of
organic matter in rain water is “028 grm. per litre. Is it not
possible that some of this organic matter (which
water to putrify when kept) may be absorbed by the fi
On the whole, it does not seem impossible that a plant should
derive benefit from the nitrogen in the rain and dew which falls
on its leaves.

es

Conelusions.

The f\xl]n\\ mg isa summary of the u‘~uh> \\h\Lh T believe to
e asis of

1 ’llm (lm nLnneuts are not par organisms, but are
the normal productions of a particular form of glandular tri-
chomes on the Leaves of the seedling and sceond-year plants.

2. That they st of protoplasm in some way intimately
(:ollurc(r.-(( with resinous matter.

. That the_function of the protoplasmic portion of the
h]nmult was originally to assist in the act of tion, but that
it has been subscquently utilised by the plant as a mode of
nutrition.

That the protoplasmic filaments have the power of absorh-
ing nitrogenous watter, and that in the scedlings they probably
absorb ammonia from the rain-water and d n adult
plants they absord the products of the decaying inscets for the
capture of which the plant is adapted.

5. ‘It some obscure_correspondence may exist between the
protrusion of the llaments and the process of aggre

Nore 1o Mr. F'rancis Darwin’s Paver.

T beg leave to that I have witnessed almost all the f:
deseribed in the foregoing paper, and can vouch for thei
racy. To the best of wy judgment, the whole case is a mnat
remarkable one, and well déserves the attention of physiologists.

Cnarres Darwin,

* ¢ Watts’ Dict. of Chemistry,” v, p. 101415,

© The Complete Work of Charles Darwin Online



	1877_teasel_A216_001
	1877_teasel_A216_002
	1877_teasel_A216_003
	1877_teasel_A216_004
	1877_teasel_A216_005
	1877_teasel_A216_006
	1877_teasel_A216_007
	1877_teasel_A216_008
	1877_teasel_A216_009
	1877_teasel_A216_010
	1877_teasel_A216_011
	1877_teasel_A216_012
	1877_teasel_A216_013
	1877_teasel_A216_014
	1877_teasel_A216_015
	1877_teasel_A216_016
	1877_teasel_A216_017
	1877_teasel_A216_018
	1877_teasel_A216_019
	1877_teasel_A216_020
	1877_teasel_A216_021
	1877_teasel_A216_022
	1877_teasel_A216_023
	1877_teasel_A216_024
	1877_teasel_A216_025
	1877_teasel_A216_026
	1877_teasel_A216_027
	1877_teasel_A216_028

